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FOREWORD

This Final Technical Report has been submitted by LATSEC,
Incorporated, 7852 Ivanhoe Avenue, La Jolla, California, under
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Report covers the period 5 October 1970 to 5 October 1971. Other
contributors to the report are the following: Alexandra Andrich,
Diana Aruffo, Judith Garrett, Dr. Paul Krasnopolsky, James
Peebles, Kathleen Roberts, Larissa Toma and Chuck Walrad. The
RADC project engineer was Andrew Kozak (IRDT).

This technical report has been reviewed by the Office of
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Information Services (NTIS).
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ABSTRACT

This report describes an optimization phase of the opera-
tional machine translation system designed by LATSEC, INC., and
designated SYSTRAN. The most distinctive characteristic of
SYSTRAN is the absence of pre-editing. Whenever SYSTRAN's
operation is initiated on the computer, it reads in
tapes containing raw and unedited Russian texts, carries out
dictionary and table lookups, performs all syntactic analysis
procedures, and prints out translated texts without human di-
rection. Optimization during this phase was primarily focussed,
as directed in the Work Statement, on update and correction.

The former task included further development of homograph rou-
tines, improved handling of adnominal genitives, numbers, proper
names, abbreviations, sequences of tenses, and adverbs and so-
phistication of article insertion, in addition to the larger
task of implementing the Segment Analyzer Program. The latter
task, dictionary optimization, was directed at correcting human
errors, using special dictionary print programs to pinpoint
errors in existing entries, and at updating the dictionary,
using diagnostic messages provided by the computer during update
to prohibit introduction of new errors. These messages indicate
specific reasons for rejecting invalid transactions. Optimi-
zation in the area of semantics was limited, since the major
emphasis of the Work Statement were dictionary and parsing
improvement. The optimization effected improves the handling

of polysemantic lexical items by examining their context. This
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report, however, reflects SYSTRAN's readiness to incorporate
greater semantic advances and describes directions which seman-

tic optimization must necessarily take in the future.
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TECHNICAL EVALUATION

Final Technical Report, "Optimization of SYSTRAN System" on Contract
F30602-71-C-0091, LATSEC, Inc.

The optimization effort described in subject report consisted
of the following tasks in order of descending emphasis: (1) veri-
fication and modification for inclusion in the SYSTRAN dictionary
system of {a) an additional 50,000 compound S&T dictionary entries
directly absorbed from the Mark Il Russian Master Dictionary, and
(b) an additiona?! 70,000 S&T stem entries; (2) output translation
improvements based upon wnalysis oaf homographs, adverbs, adnominal
genitives, numerals, proper names, sequences of tenses, abbreviations
and article insertion; (3) further sentence-wide improvements on the
syntactic level (parsing) and semantic lavel (contextual solutions);
(4) implementation of means for improving efficiency of SYSTRAN
processing on IBM 360/65 equipment.

The above tasks have been carried out concurrently with main-
tenance of a fully operational Russian-English MT capability
throughout the reporting period.

Dealt with effectively under 7ask (1) is a critical and demand-
ing requirement of MT -- compilation of a large MT lexical and
grammatical data base for extensive text coverage. The following
are represented in SYSTRAN dictionaries: physics, electronics,
computer hardware and data processing, aviation and space, mechanical
engineering, biology and medicine, metaliurgy, military sciences,
chemistry, earth sciences and mathematics. The total data base
includes approximately 144,000 stem entries, 160,000 compound entries
and 3,300 idiomatic and phrasal constructions. Subject report
explicates the use of a SYSTRAN dictionary update subsystem, but
not reflected are the often overlooked consistent efforts by those
1inguists whe have proofread each of the added 130,000 entries,
providing equivalents and syntactic coding as required for MT
operations. Task (2) is addressed to solutions of severe target-
janguage problems caused by the above listed elements of the source
tanguage. Detailed classifications, especially for treatment of
homographs, together with large sample lists of class and subclass
members (including fllustrative computer translation), reflect
essential linguistic components for an operational MT system.

Task (3) deals with automatic sentence-structuring of larger com-
ponents, as clauses and phrases, required both for definition of
logical relationships and word order rearrangement; a Segment
Analyzer Program has been implemented for these purposes. Contextual
resolution of polysemantic words has proceeded on a modest scale for
priority reasons. Generally, resolution is achieved by taking the
intersection of assigned semantic properties and syntactic relation-
ships of a set of lexical items in text, where at least one item is
polysemantic in the target language (see p. 40-42). A modicum of
contextual information is utilized for treatment of pronouns during
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translation (see p. 118, 119). For Task (4), measures ‘o improve
SYSTRAN processing efficiency have been implemented in tne area of
automatic dictionary data processing (see p. 92-84). The current

b SYSTRAN System output rates are reported in the range of 250-300,000

] English words per hour of elapsed time.

N The System operates on an IBM 360/65 with a minimum of 512K

E bytes of main storage. Peripherals are: two IBM 2314 direct access

k. facilities; two IBM 2401 tape drives (7-channel, 800 bpi magnetic

i tape); IBM 2540 card reader for SYSIN; IBM 14C3 printer for SYSOUT:

g 360 MVT or MFT 0S. The system cons1sts of 27 operat1ona1 programs

5 and 19 utilities (total of 51,373 instructions), and is programmed .

in 360 Direct Assembler Language.
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5
g INTRODUCTION

1. GENERAL
This report describes an optimization phase of the SYSTRAN
(System Translation) machine translation technique., During this

phase some important milestones were reached in the development

of an c¢perational machine translation system, which may have an

impa ¢ on current linguistic theories. Included is a description

R e S UL e, ol ol s ci ity

of che basic tasks performed during this period. 1In addition to
its translation capability, the developed system is also capable
;E{ of gathering data for its own further improvement and of testing
§ : grammars.

This revort takes into consideration the fact that the

§ goals, methods, and feasibility of machine translation have

; heen controversial issues during the past ten years. SYSTRAN

is presented as a typical example of an open-ended system

b e, maneam

which develops a computer intermediate language before carry-
ing out any translation., SYSTRAN's parsing technique is com-
pared with that of humans. In addition, the approaches taken

at semantic and contextual levels are illustrated.

7 ¢ A O L N s S W R 4

Before the report enters into any of the above mentioned
3 considerations, illustrations accompanied by explanations are
used to present SYSTRAN in toto. It is hoped that, by this

y means, a better understanding of the System and its optimization

will be afforded. Chapters I through V are devoted to the
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description of the work carried out under the contract. Each
contains translated samples showing how the tasks envisaged
within the work statement of this optimization phase have been
fulfilled.

It is significant that this refinement effort was directed
primarily at the systematic correction of errors. These errors
had been made mostly at the level of human dictionary coding.
They have been detected by analyzing large amounts of ccmputer
output. In order to detect and rectify these errors, it was
necessary that the computer utilize its existing codes in trans-
lating texts. Only the computer itself can produce all the
logical consequences of any particular coding schema. No human
being, no matter unow well versed in Russian grammar, can cor-
rectly assess the consequences of the coding~-or lack of
coding-~he specifies. It is possible, however, with training,
to achieve a very high degree of error recognition in trans-
lated output and to deduce, using one's own knowledge of the
parsing rules, what sorts of codes, by their absence or improper

assignment, resulted in the translation error.

2. A SCIEMATIC INTRODUCTION TO SYSTRAN

This section is designed to give a basic explanation of
how the SYSTRAN translation process operates. Three different
schemata are snzluded, giving (1) an overview of the entire
process from input ¢f the original Russian text to final machine-
translated output as it is received by the post editor, (2) a

closer look at the actual machine translation process within the

2
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IBM 360/65, and (3) an examination of the‘special dictionaziés

| 1

formulated and used by SYSTRAN,
a. AN OVERVIEW. Any text selected for traﬁslation is
typed on an MT/ST equipéed with both Cyrillic and Roman characf—
ers, as well as numerals. (The SYSTRAN System can also feceivé
inpput directly from punched cards. This pérticulaf input pro-
cedure is not illustrated here.) TheIMT/ST operator,‘while'
familiar with the Cyrillic alphabet, need have nb ﬁnowledgg of
the Russian language per se. No editing whatsoever is required,
so the operator simply types wha}ever appears in the text to be
translated, indicating a% appropriate points how much space
should be left for the later inclusion of grabhic matgrial
(e.g., diagrams and charts) wh%ch cannot be typed.’Thislmaterihl
can then be inserted in the translated output. 1
Each MT/ST cartridgelcah cbnta}n up to'24,000 letters, or
approximately 3,000 Russian words. As the text:is typed on the
MT/ST equipment, an MT/ST cartridge automatically receives a
particular bit configuation for eacﬁ lettér typeé. It is this
information that is converted fromyfhe cartridges to 360 tapes.
The conversion consists of the automatic transformation of the
bit configuation on the cartridges into 360 bit Eonfigu;ations.
A 360 tape can hold the contents of approrimately 600 MT/S?
cartridges, but any number of cartridges (or even half of a
cartridge) can be immediately converted and transui. *ted,

The converted 360 tapes serxrve as direct input to tu. trans-

lation system., The LOADTXT program reads the text into the
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computef while the 360 processes the text, the main frame taking

full advantage of the 2314 disk file system attached to it. The

‘disk file arrangement is specially suited to the translation

process, It is used by the high épeed:core primarily for dic-

tionary ancd compound expression lookups. Thg information: con-
tained in ;hese‘dictionaries, glossarieé,:etc., is constantly
utilized throughout the translation pfocess.

. The disks also contain the entire translation' system priof
to'its activation. Each section }program, routine, eté.) is
called by the contfoi program, INITCALL, and loaded into the
high'speed core as 'it is ﬁeeded. This thle process of
séquentiélicontrol is performed ehtirely automatically without
human interference. 1In other words, as soon as the text is
loaded in and'INITCALL is activatéd,ISYSTRAN carries out any and
all 'tasks necessary for dictiénary lookups, structural passes,
etc., until a.complete syntactic analys'is has been ach;evgd and
the total iqut has been translated. '

The translated product, still'on 360 tape, is then written

into a magnetic tape in a 1401 compatible format and subsequent-

ly printed out by an IBM 1403, The printed output contains

upper and lower case letters and suitable punctuation and spac-
J ' .

ing. The post editor therefore receives a translation on which

he can perform tasks similar to those of any editor working on

the products of a human translator.
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b. SYSTRAN SUPPORTING SYSTEMS. The most important part
of machine translation, in that it is the most basic part, is
comprised of its dictionaries. SYSTRAN's are stored in the
2314 disk file. The disk dictionaries necessary to SYSTRAN
translation processing are created by utilizing a series of
supporting systems. These systems can be described as follows:

(1) Stem Dictionary Update system maintains the

master tape of stem dictionary entries.

(2) Idiom/Limited Semantic (L. S.) Dictionary Update

system maintains the master tape of Idiom and
L. S. dictionary entries.

(3) Creation of L, S, Compound Dictionary system

creates the L., S. compound dictionary on disk
and updates the stem master dictionary with
this information.
The operational procedure of these systems is schematized
in Chart II, parts 1 through 3, and is explained in the follow-
ing paragraphs.

Stem Dictionary Update. (See Chart II, part 1l.) Updating

transactions for the dictionary are keypunched and read first
by an editing program {DEDIT). All codes entered on the card
are edited for correctness and formated for computer processing.
The edited transactions are then sorted to the master dictionary
sequence (stem and stem number) and are ready to update the
master dictionary. The update takes place in two operations.

In the first pass of the master tape, all stem entries except

()
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t additional forms of infinitive verbs are updated by the master
: update program (DUPDT). The infinitive verb carries a table of

the additional forms, and when the infinitive is updated, all

dictionary codes for the infinitive are written out for each
additional form. These records are then sorted in master dic-
Vlﬁ tionary sequence and the intermediate master dictionary created
.'{, by DUPDT is updated with these entries by the additional verb
stem update program (AVSPASS)., A listing of the new master stem
dictionary is prepared by a dictionary print program (DPRINT).

Idiom/L. S, Compound Dictionary. (See Chart 1I, part 2.)

The initial load of the master dictionaries on disk do not con-
T tain L. S. compound information but are used in creating the
"ﬂg compound disk dictionary. The first two programs (LOADTXT and
; MDL) of the SYSTRAN translation system are used to retrieve

A dictionary information from the disk for association with the

.Zﬁ individual words of each L. S. expression. These dictionary
7% codes are analyzed by a program (CLS3) to create an individual
‘lf &. S. compound record. (All L, S. programs are identified

by the letters CLS plus a number.) The principal word of the
expression is assigned by this program and a supplementary word
updating record is written to a separate file., The individual
compound records are sorted to principal word sequence and read
by the next L. S. compound creation program (CLS4). This pro-

gram creates a master compound record combining all L. S. com-

- —— . =

pounds which have the same principal word and topical glossary

into a single compound record. As these compound records are
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written on disk, their address is included in an index record
and written on disk for each principel word indicating the
location of the compounds for the different topical glossaries
for this word. An updating record of this index is written in a
separate file, The supplementary and principal word index up-
dating records are read by another stem dictionary updating pro-
gram (DUPDTLS) and the address of the index record and principal
and/or supplemantary word indicators are attached to the stem
dictionary mas:ier, Again, as in updating the stem dictionary by
DUPDT, the L, S. information for the additional forms of the
verb are written to a file and sorted to dictionary sequence.
The sorted records are read and the final new master stem dic-
tionary is created by the AVSPASS program. A repeat of the Disk
Dictionary Load system is performed to establish the translation
disk dictionaries with L. S, compound information. All disk
dictionaries are now ready for SYSTRAN translation processing.
C. SYSTRAN TRANSLATION PROCESSING. While there are in-
herent difficulties associated with substituting a computer for
a human translator, primarily due tou the computer's inabil-
ity to "understand," the computer's limitations in this respect
are overcome by SYSTRAN in utilizing the machine's great speed,
its unlimited capacity for storing source material, and its
ability to perform repetitous and tedious tasks without error.
The logic of the SYSTRAN translation process can be divided into

three primary phases: table lookup, syntactic analysis in the

s £ S e =
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source language and synthesis into the target language. (See
Chart III.)

The tables carxy information necessary for the accurate
translation of any source text. Many of them are accessed

through the use of addresses to variable lengths areas whick

© e AT RPN I R Rt S e TR

carry the expanded information on disks. The codes and address-

: es are affixed to the source text and carried from this phase
into syntactic analysis and synthesis,

LOADTXT executes the instructions for input and work

during this phase. As each word enters the high speed core, it
is matched against a table of high frequency words which also
contains the first word of all idioms. (S2e Chart III, Hich
Frequency and Idiom Lookup). Locating these words and separat-
ing from low frequency words saves considerable search time,
since the HF/Idiom Table is kept in the high speed core and
therefore does not have to be brought in from auxiliary disk
storage. Moreover, the meaning and grammar codes of high
frequency words are stored separately in a table accessed by

offset or address linkage., The addresses are stored with each

e T« v opat e o

word in the HF/Idiom Table and are attached to source text words
when matches are found. These text words are then stored in a
high frequency file,

Source text words which are not matched in the above pro-
cess are sent directly to a low frequency file for the main

dictionary lookup (MDL) program. MDL cualis in the words from

the low frequency file and accumulates them on disk. The

AATPECHS B S~ an ¢
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portions of text words, along with portions of stem tables
(which are a2lso on disks) are read into memory. (See Chart III,
MDL.) Stens are stcraed on three different disks, according to
length (1~2% characters, 4-7 characters, 8-24 characters). Each
entry, a scurce language stem word, has attached to it paradig-
matic set codes (PST) indicating the endings permitted for that
stem. There is also an address at each stem pointing to the
disk location of additional grammar and meaning information and
to Limited Semantic (L. S.) information if the entry may func-
tion in an L. S. expression,

After all the words in the low frequency file have been
processed by MDL and supplied with appropriate grammar and
meaning codes, they are sorted and put into a merged file with
the words from the high frequency file, At this point, all the
words with their codes are put back into their original s2quence
in the sentence and the sentence is ready for syntactic analysis.

The programs which perform the syntactic analysis are ini-
tiated and sequentially ordered by INITCALL, INITCALL first
calls GETSENTN to initiate the analysis of the words as they
function in the particular sentence held in the analysis area.
(See Chart III, Sentence Analysis Area.) The sentences are
called individually from the merged file into the analysis area
in memory. The first 88 bits (11 bytes) of each word's 160
bytes contain constant information which will not be modified by
the structural passes,

Words which have been determined by LOADTXT as components

10
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of L. S. expressions are marked as having been translated. Tﬁe
principal word of the expression will carry the: target meaning
of the entire expression. ‘

The structural passes (STRPASSO - STRPASS4) indicate the
results of their activity in the 1192 bits remaining for each
word in the sentence analysis area., The information placed in

these bytes is not static and may be re-evaluated during any

4
i

succeeding pass.

STRPASSO detects homographs' and resolves their part of
speech ambiguities by using special subroutires to analyze the
relationships of homographs to‘other parts of the senten@e.' For
example, it may decide that a noun/verb homograph functions %h
a particular sentence as an infinitive because i£|is immediately
preceded by a word which has an infiritive reqqirement. |
STRPASS0 also marks definite objects by setting appropriate bits
at the source text words. |

As STRPASS1 moves from right to left (sentence-end to
sentence-beginning), each part of speech (POS) code encountered
initiates subroutines to set switches indicating tﬂat word's
position and potential function.

STRPASS2 determines the function of punctuation marks.
Commas, semi-colons, parentheses, quotation marks, dashes, etc.;
all carry POS codes, just as individual words do. These codes
indicate functions of punctuation marks, and yield additional
information contributing to marking structures not revealed in

STRPASS1.

11
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STRPASS3 locates subjects and predicates. It uses two pri-~
mary toolsil PCS codes and a hierarchical search criteria based
on the probability of certain parts of speech becoming subjects
or prgdicates more commonly than others; The predicate is de-
termined first; then the subject search begins, Subjects and
predicates must agreé in number and gender (whenever applicable).

| STRPASS3 aiso analyzes commas with -indeterminate function.
Since the location of subject and pfedicate often aids in the
discernment §f embgdded clauses, some commas may how be recog-
nized as subsentence unit (SSU) separators. In addition, some

)
!
commas are clearly seen to be enumerative, in the case of mul-

tiple subjects and/or predicates., .

! "he. subject-predicate search in STRPASS3 may also occasion

_re-evaluation of a noun marked by STRPASS1 as an object. If no

other subject candidate is found, that object will be re-
evaluated as ﬁhe %ubject if a finite verb has been found during
the predicate search. ' ,

STRPASS4 looks at' the:entire sentence for words which have
not been previously recognized. STRPASS4 continues to operate
until it has marked all words as having governing or subordinate
functiohs. When words both‘govern and are governed in turn,
that situation will also be indicated.
| The thifd and lasg major paft of the translation process is
the synthesis into £he target language. This is accomplished,

basically, by branching on each part of speech. For example,

the rputines which translate verbs into English use tables ia

12
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memory. Selection of these tables depends in part on whether
thé verb is active or reflexive or whether or not the auxiliary
TO BE is used in any conjugation. Each table looks for tense,
aspect, person, number, conditionality, negation, etc,, to de-
termine which English auxiliary or pronoun should be used with
any particular verb.

There are also special routines for inserting English
articles (Russian has no articles) and for ensuring che proper
translation of prepositions. The rearrangement program takes
into consideration the unique word order requirements of the
target language. It contains rules governing word order in
English which, with the grammar codes, enable the program to
establish correct sequ-~ces of words and to direct that this

specified word order be printed in the translated output.
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OPTIMIZATION
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|l

1. INTRODUCTION

l
Optimization of SYSTRAN dictionaries during ‘this phase was

primarily directed at the correction of errors introduced at the

 human 'level duriﬂg coding. The key aspect .of dictionary opti-

mization has been SYSTRAN'S abiiity to check possible errors and

. . . ! . FY -
print diagnostic messages regarding the types of errors it en-

counters,

|l

Iméroyements in SYSTRAN's parsing abilities were dependent
to a large extent on corréction of dictionary codes, sinceé these
codes refer not only té meaning information,\but a%so tO‘imqu-
tant gramﬁatical information, such as parts of speech and govern-
ment requirements of entries., In addition, the SEGMENT ANALYZER
Program was instituted to analyze clauses and phrases by syn-

1

The Work Statement de-emphasized semantics in favor of lexi-

cal and syntactic improve..:nts. Therefore, the work effort in

\

this arealwas directed primarily at handling polysemantic lexical

items. Nonetheless, it is felt that a great deal of further in-

vestigation into the area of semantics is called for at this

time.. SYSTRAN is now ready to implement more sophisticated se-

mantic criteria in its recognition grammar. A survey of the

types of improvements envisaged in this area is presented in
! ' 1
section eight of this report ("The Future of Machine Transla-

tion").

18
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2, DICTIONARY OPTIMIZATION

SYSTRAN dictionaries have been considerably improved.
Grammar codes and synthesis codes were systematically checked
and whenever necessary updated or corrected. Meanings for about
70,000 stem entries and 50,000 compound entries were checked.
During the systematic checking and correction, full advantage
was taken of built-in SYSTRAN dictionary update features. The
SYSTRAN dictionary update program, which accepts corrections
or new entries, checks on possible errors on two levels and
prints a diagnostic message whenever it may be assumed that any
coding or keypunch error has occurred.

The first level of checking is performed directly on the
keypunched transactions by an edit program (DEDIT and IEDIT)
which immediately eliminates from the update process those re-
cords containing detected errors. The second level of checking
(DUPDT) occurs during the actual update of the dictionary master
tape and ensures the proper modification of the master file.
Prior to replacing the dictionaries on disk that are used during
translation, these diagnostic messages are analyzed, corres-
ponding correction transactions are prepared, and the dictionary
master tape is again updated. This update subsystem of SYSTRAN
is a powerful feature which assures that the working diction-
aries of this operational system can only be improved at each
update, without running the risk of introducing new errors.

In the following, a list of messages will be given which

the SYSTRAN dictionary updating subsystem may use any time an

19
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unacceptable update is presented to it. These messages contain

many abbreviations which refer to the SYSTRAN coding manual

and coding techniques.

It would be outside the scope of this

report to elaborate on all these messages and their significance

as far as update is concerned. The intent here is to give a

general illustration of the means by which an update subsystem

can prevent the incorporation of inaccurate data in the SYSTRAN

dictionaries.

SYSTRAN DIAGNOSTIC MESSAGES

A. DEDIT (used in stem dictionary update)

MSG

BAD TRAN CODE
BAD CARD CODE

BAD POS-BPQ
HF MARKED FOR/NOT FF
HF STEM L. GT 14

BAD PST CODE

NANP CODE ERROR
ANIM CODE ERROR
NO PREVIOUS 1R TRAN

PNAD CODE ERROR

BAD TG CODE

NO ENGLISH MEAN.
SEQ CANNOT BE BLANK
ILLEGAL SEQ

BAD DPQ
BAD SYN CODE

REASON

TRC(col. 28) not A,D,R, or M.

CARD NUM (col. 27) Not 0 thru 9 or
A thru F.

POS-BPQ not in valid program table.

DSN (col. 25) not 0.

Stem (col. 1-24) cannot be longer
than 14 char. for HF word.

PST (col. 42-44) may not be blank for
TRC = A or R.

PST, if present for noun/adj., must
be 001 thru 255.

Must be blank, - or 1l-3.

Must be blank, - or 1-5,

For TRC = 2R, there must be a pre-
vious 1R card.

Must be blank, - or 1-2,

Must be 0-~-9 or A-D.

Meaning must be present for TRC=A/R.

Seq. must be present for TRC=M/R.

Seg. - 1lst pos. must be 0-9, 2nd pos.
must be blank or 0-9.

DPQ is not 0, 1, 2, or 3.

If DPQ=0, SYN must be blank or 000.
=1/2, lst pos. must be blank or
0-9. 2-3 pos. must be in valid
table. =3, must be in wvalid
table.

20
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MSG

BAD ART CODE

BAD V/ADCODE

BAD VB CODE

NO FOL REF MN-EOF

NO FOL REF MN-ERR

FOL CD - PROCESSED

NOT PROC - PREV ERR

TRAN CODE ERROR
NO PST COL 42-44

NO AV STEM
PREP CODE ERROR

SYN/VAD GT NUM WDS
INVALID STEM NUM
BAD DSN FOR POS

POS 8X, BAD DEN
NO GENDER

ILLEGAL HOM CODE
NO FF PST

INVALID VBLS CODE
NO CONT. LONG STEM

BAD LONG STEM DSN3X

TRC = M WITH REF IND

T i S 1 s o e s b A e e s An W e e AR bt AN (W, ST WIS L NP RRASIN

REASON

Must be blank, - or 0-7.

If DPQ = 0/1, muct be blank, - or 0.
=2, must be blank, - or 0-5.
=3, must be blank, - or 0-9,

If DPQ # 3, must be blank, - or 0.
=3, must be blank, - or 0-3.

Meaning card specifies REF, but is
last card in input.

Meaning card specifies REF, but next
card is no~ for same stem and/or
TG.

The card following preceding error
card is printed for reference -
it is not rejected unless noted
in following error message.

Meaning card specifies REF, but fol-
lowing ref. meaning card was re-
jected, sc this card is also re-
jected.

TRC must be A or R for card A~F or D
for cards B-F.

PST col. 42-44 may not be blank for
card A.

Cards B-F have blank AV Stem.

Prep. code must be blank, 29, - or
00-68.

lst pos. SYN for noun/adj or VAD for
verb is greater than num. words
in meaning.

DSN must be 1lst Pos 0-3, 2nd Pos 0-8.

Dictionary Stem Number and POS do not
corcespond.

POS 8X is inappropriate with this DSN.

Gender must be supplied for this
to be translated.

Homograph code must be numerical, not
alphabetic.

PST codes must be supplied for full
forms.

No S, P, or O.

Stem longer than 24 characters with
no following card.

The verb is not allowed because it
has more than 24 characters.

Any change in nonreflexive verb af-
fects ref.exive form.,

Additional messages may be specified by the coder if the mes-

sage isn't already available on the coding sheet.

The following

21
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salmples of messages SYSTRAN has used are self~-explanatory:
NO ADD, DEL, REP
BAD SYMBOL
UNDEF SYMBOL
NO MULT FMT
BAD MEAN SYMBOL

NO SECOND CARD

B. IEDIT (used in Idiom/L.S. dictionary update)

MSG REASON

NO R CARD No Russian card for this English card.

ERR CD CODE Card code not A thru D.

REJ-ENG CARD ERROR Russian card rejected because of pre-
vious English card error.

NO E CD FOLLOWING No English card for this Russian card.

UNMATCH SEQ English card does not match on card
seq. num. with Russian card.

BLANK RUS. EXP. Russian expression not entered.

lst WORD GT 14 Length of lst word in Russian idiom
longer than 14 char.

RUS. EXP. TOO LONG After separating commas with spaces,

the Russian expression is greater
than 55 char.

OVER 8 WORDS IN EXP Russian L.S. expression contains more
than 8 words.

BAD PO CODE L.S. PO must be blank or 0-7.

BAD PDA CODE L.S. PDA must be blank or 0-2.

C. DUPDT (used in Stem dictionary update)

REJ- REASON
MSTR EXISTS TRC=A for existing stem entry.
MSTR IS AVS Transaction for add verb. stem. - may

only be updated by "Verb Endings
Coding Sheet."

NO MASTER STEM Stem does not exist for this trans-
action.

NO OA TRAN There was no previous transaction card
OA to establish stem entry.

CHG TO NEW REC Change to a stem just being entered.

22
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4 é REJ- REASON
X g DUP TRANS Multiple transaction card for updating
3 3 same section of stem

Y E UNMATCH SEQ Meaning seq. does not exist for this
H 4 change.

. E MATCH ON SEQ Meaning seq. exists for this add.

i ; REFL MEANING Cannot delete reflexive meaning. Re-
£ 1 flexive meaning is deleted auto-
: { matically when deleting non-

P ? reflexive meaning.

hkf ! AV STEM NF Deletion for non-existent add. verb

R } stem reference.

-3 : AV STEM EXISTS Add. verb stem reference already
.8 ! exists for add transaction.
¥ REFL VS NONR TRC interferes with refle.cive-non-

: . reflexive relationship.
3 ) AVS STEM Don't delete stem if next card is an

L . AVS card for that otem.

' NO TARGET MEANING Meaning must be present for TRC=A/R/M.

LIST OF ABBREVIATIONS USED IN MESSAGES

L
i o ot

TRC = Transaction Code
DSN = Dictionary Stem Number
A = Add
R(Rep) = Replace
. M = Modify
4 DPQ = Primary Part of Speech in Target Language
= PST = Paradigmatic Set Table Codes
3 SYN = Synthesis
lZ VAD = Verb-Adverb
4 AV = Additional Verb
Sy REF = Reflexive
i : EOF = End of File
N ‘ MN = Meaning
b i GT = Greater Than
K ) NANP = Noun-Adjective/Noun-Participle
! ; FF = Full Form
; PNAD = Participle Modifying Neither Verb Nor Adjective
) PO = Prepositional Object
§ PDA = Prepositional Object Definite Article

23
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In addition to updating the dictionary, a good deal of

correction of existing entries was necessary to ensure that all

‘ - " . v N
QLR p SO T pa st 0 X

&

entries carried all the proper grammar codes. The size of the

SIS

dictionary made it requisite to discover automatic means to pin-

Casy Ze s

i point sections of the dictionary requiring intensive review, to

. appropriately code deficient entries, and then to update the

_ dictionary with the corrected codes. For this purpose, Special

54

§: | Dictionary Print Programs were designed and implemented to be

g : used when certain entries were discovered which lacked neces-

sary codes; when new codes or coding methods are devised to be
A incorporated in certain categories of entries, or when consis-
s tent erroneous coding has been discovered and can be isolated

4 for editing by a few preliminary tests (i.e., RMD nouns ending
in AM, AMI, AX).

i The followiry special dictionary prints were programmed,

run, and coded in these categories:

NS S "
ARG S

PRty

ENTRIES LACKING VITAL CODES

i

DPRT PURPOSE

0l SYSTRAN verbs with a zero PST.

oidisiindkt

2Ny

23 Print record with no target
meaning.

:
$:
A

52, 56 SYSTRAN DSN 1X, PST 000.

57 SYSTRAN verbs with PST E000000000
incorporated from Library of
Congress records.

63 SYSTRAN verbs with syntax area
either blank or all zeros.

70 Gender and number equal to FF,.

24




e (o
LENY

R
ARy

o
|
RiN
AR
£
LA

‘ ‘
R

i3,
*
5+

(Z

NYY

R S

2151

Potpc tig sl

BRI TN

iE

DPRT
04
09

14
17
18

27-45

47

51, 67

53

54
63

W CODES OR CODING METHODS

PURPQSE
Stems with Homograph indicators.

POS 14 (Proper nouns, Common '
names) . oo

All Russian hyphenated stems.:

All POS 18.

All BPQ 53. !

Noun PST's converted to Full-
form; PST 198 for possible con-

version to the PST 204.,
PST 198.

Slashed English meanings to !
ensure that both -a slashed and
a non-slashed entry exist.

All PST's converted to full
forms.

POS 24. ' .
BPQ 30, to assign BPQ 3D, 3E, or

3F on the basis'of its tendency
to be used as a predicate.

ERRONEQUS CODING DISCOVERED

DPRT
13
15
62

71

PURPOSE
, ———
RMD nouns ending in.AM, AMI, AX.
Stems ending in NEIW. |
Full forms with FF in the PST.

Nouns with genitive requirement.
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-3.t .PARSING OPTIMIZATION

By utilizing. 160 bytes' for each word in any sentence under
analysis, SYSTRAN allows access to all grammatical and semantic
inforpatipn pertinent to that word in an§ possible context.

The information Eontaﬁned in the 160 byteé attached to each
wérd of the sentence (as briefly diséussed later in this chapter)
expresses the syntactic interconnections of the sentence in a
manner understandab}e to the computer. The algorithms of the
various programs which supply the]codes held in these bytes are
guided by'the principleg'of the SYSTRAN grammar. This grammar
grew out'of the necessity of applying the computer to natural
‘ianguéges. |
BAs Dykema points out, grammar began as a philosophical
'inquiry,into the nature of language.l 'The most methodological
and global inquiry into aﬁy system can be carried out by the
‘computer if' a suitable sthware system exists. SYSTRAN has all
the prerequisites of such a system. Its system is modular, has
' several subsystems composed of major programs subdivided by
minor‘progfams, and‘further subdivided by major and minor rou-
tines. These programs and routines may, whenever necessary, call
generalized or specialized sﬁbroutines, which in turn use nested
roptines]for special inquiries and special coding tasks.

The SYSTPAN grammar,brgaks away from many traditional gram-

metical concebts. For example, the parts of speech are devel-

nged accesding to the requirements of the system. Hence there

o

>Xarl Vi, Dykema, "Where Our Grammar Came From," Readings in
2oplied English Linguistics, H.B. Allen, ed. N.Y., 1958,p.5.
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are many more parts of speech within SYSTRAN than the eight or
fifteen of human grammars. These parts of speech are estab-
lished on two criteria: the primary parts of speech are based
on congruence of primary function; the secondary parts of
speech, on differtiae within the primary groupings.

4. SEGMENT ANALYZER PROGRAM. The Segment Analyzer Pro-

gram was defined and incorporated in SYSTRAN's parsing apparatus
T to improve syntactic analysis. The program scans the sentence

t@ : for specified subordinate clause initiators, coded as such in

s it o
P ~

the stem or idiom dictionary. All words within a clause are

.
o bnsed?,
wegidiay

marked according to the type of clause initiator. Parenthetic

words are also marked. Any words in the sentence which are not

S

marked in thic way as belonging either to subordinate clauses

S
®

or to parenthetic expressions or within parentheses are given
main clause indications. Phrases (participial, gerundial, pre-
positional) are marked. before the SEGMENT ANALYZER is activated.
:ﬁ They are regarded as parts of the clauses to which their first
word is attached.

4&% At each word of the sentence, two bytes are used by the

;b SEGMENT ANALY.®ER. One contains dictionary information, indi-

i cating, for example, that the particular word may initiate a
specific type of subordinate clause, or that it may begin a
second main clause, or c(hat it belongs to a parenthetic expres-

sion or to an idiom. The other byte indicates the level to

which the word belongs. An Fl in this byte indicates that the

word is part of the first main clause; an F2, that it is part

of the second main clause, etc.

27
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The following pages contain lists of (1) subordinate
clause initiators, (2) parenthetic words, and (3) words which
almost always begin new (second or third) main clauses (i.e.,
coordinate clauses).

The SEGMENT ANALYZER was designed and implemented to es-
tablish a "level" mode of analyzing subsentences, so that lower
level (embedded) clauses might be more accurately recognized
and handled. It replaced the use of "sentence cuts" in estab-
lishing subsentence units. Trained linguists checksd 3YSTRAN's
level output and concluded that level codes do work much more
efficiently and accurately than cuts; subsequently, further
improvements were made in recognizing levels: rules were estab-
lished for recognizing colons as main clause initiators; commas
were recognized as clause initiators as they simultaneously in-

dicated phrase ends.

SUBORDINATE CLAUSE INITIATORS

Code Type
0l Qualifying Clauses
KAKOl, WHAT
KOTORY1l, WHICH
CEl, WHOSE
02 Qbjective Clauses

KTO (in all cases), THAT
CTO (in all cases). THAT

03 Subject Clauses
KTO, WHO
CTO, WHAT

04 Predicate Clauses

KAKOV or KAKOl, WHAT
KAKOV or TAKOV, LIKE

28
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05 Clauses of Time

KOGDA, WHEN

POSLE TOGO, KAK, AFTER
PREJDE CEM KAK, BEFORE
S TEX POR KAK, SINCE

V TO VREM4 KAK, WHILE
MEJDU TEM KAK, WHILE
POKA, WHILE

POKA NE, UNTIL

06 Clauses of Place
GDE, WHERE
KUDA, WHERE
OTKUDA, FROM WHERE

07 Clauses .f Comparison and
Result
KAK, AS

KAK BUDTO, AS IF
TAK, CTO, SO....THAT
TAK CTO, SO THAT

08 Clauses of Cause
POTOMU, CTO, BECAUSE
OTTOGO, CTO, BECAUSE
TAK KAK, BECAUSE, SINCE

09 Clauses of Purpose
CTOBY, IN ORDER TO

10 Conditional Clauses
vsSLI, IF
ESLI BY, IF

11 Concessive Clauses

X0T4, THOUGH
NESMOTR4 NA TO, CTO, IN
SPITE OF THE FACT

Fl First Main Clause
F2 Second Main Clause
F3 Third Main Clause
50 Parenthesis

29
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CODE 99:

PARENTHETIC WORDS

BESSPORNO

BEZ SOMNENI4
BEZUSLOVNO,
DE1STVITEL6NO,
DOLJNO BYT6,
DOPUSTIM,
ITAK,

ARARRRARR

NAWEMU UDOVOL6STVIH,
NESCAST6H,

RADOSTI,

SCAST6H,

SOJALENIH,
UDIVLENIH,

IX UDOVOL6STVIH,

KAJETSA4,
KAK VIDNO,
KAZALOS6,
KONECNO,
MOJET BYT6,
NAKONEQ,
NAOBOROT,
NAPRIMER,
NAVERNO,
NAVERNOE,
NESOMNENNO,
OCEVIDNO,
ODNAKO,
ODNIM SLOVOM,
PO MNENIH
PO SLOVAM
PO SLUXAM,

PO
PO

SUSESTVU
SVEDENI4M,

PO VSEl VEROATNOSTI
pOJaLUL,
PO-MOEMU,
PO~-MOEMU MNENIH,
PO-VAWEMU
PO-VIDIMOMU
PREDPOLOJIM,
PREJDE VSEGO,
RAZUMEETS4,
SLEDOVATELG6NO,
SLOVOM,

STALO BYT6,

TAK SKAZATS,

A
\'
\Y

CASTNOSTI,
KONQE KONQOV,
OSOBENNOSTI,
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UNQUESTIONABLY

UNDOUBTEDLY

UNDOUBTEDLY

REALLY

PROBABLY

LET US ASSUME

THUS

TO OUR DELIGHT

UNFORTUNATELY

FORTUNATELY

FORTUNATELY

UNFORTUNATELY

SURPRISINGLY

TO THEIR DELIGHT

IT SEEMS

AS IT APPEARS

IT SEEMED

OF COURSE/CERTAINLY

PERHAPS/MAYBE

FINALLY/AT LAST

ON THE CONTRARY

FOR INSTANCE

PROBABLY

PROBABLY

UNDOUBTEDLY

APPARENTLY

HOWEVER, BUT

IN A WORD

IN THE OPINION

ACCORDING TO

IT IS SAID

IN ESSENCE

ACCORDING TO THE INFORMA-
TION

IN ALL PROBABILITY

PROBABLY, PERHAPS

IN MY OPINION

IN MY OPINION

IN YOUR OPINION

IT SEEMS/IT APPEARS

LET US SUPPOSE

FIRST OF ALL

IT GOES WITHOUT SAYING

THEREFORE /CONSEQUENTLY

IN A WORD

THAT MEANS

IN OTHER WORDS

SPECIFICALLY

AFTER ALL

IN PARTICULAR




V SAMOM DELE, ' IN FACT
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: VERNO, ' ' PROBABLY
1 VERO4TNO, . PROBABLY
VIDIMO, ' APPARENTLY/EVIDENTLY
s VIDNO, ' APPARENTLY/EVIDENTLY
N VO-PERVYX, IN THE FIRST PLACE
g | VO-VTORYX, IN THE SECOND PLACE ;
i VPROCEM, * HOWEVER
3 ZNACIT, THAT MEANS
i )
el ‘ |
'wg The above-listed parenthetic words are also available in'
g SYSTRAN's idiom dictionary imbedied within commas.
L |
. S
S ‘
: ; CODE 98: COORDINATE CLAUSE INITIATORS
. I .
; DA
3 . NI
k| A |
o NO ‘ : S
g ; ODNAKO
- .TO '
S :
A : . ILT
. i
E - LIBO
g-_ { : 1
5 PO3TOMU
g . ZATEM

R
7
g

i

b. REARRANGEMENT. During this 6ptimizatioh,phase, several
, . :
rearrangement procedures were tested, especially those concerning
complex sentences. It was found that rearrangement of the sub-

ject and predicate in both the main clause and the subordinate
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clause resulted in awkward and confu51ng Engllsh sentences, since

the predicates of both clz ises were juxtaposed at the end of

"o A - the sentence. It was also discovered that, if in the Russian

'

= ! sentence the predicate precedes the subject, then rearrangement
should be effected only if in the translation the subject and

: | predicate are not separated by twelve or more words..

1 ' | P I

Special subroutines have been incorporated into the main

2 program to improve SYSTRAN's rearrangement techniquei These sub-

1

. routines carry out range searches of the 1tems to be rearranged

- A The predlcate range search encompasses all objects (direct and
e |

iy indirect) of the verb and all of its adverbial modifiers. These

-Jg : items are marked so that they may be moved with the verb. A

2 1 '
gL ! double indexing technique makes it possible to rearrange items

b within the spec1f1ed range, as well as to move all the items

& 1

spec1f1ed by the range as a unit. (Adverbs which should not.be
}

! rearranged carry codes to that effect.) ,
Slmllarly, the noun range routlne checks for all modlflers
! , of the subject(s). ‘Further routines were 1ntroduced to Qeter—
mine the proner governors of prepositional phrases occurring
5ﬁ' between constituents marked for rearrangement. Additional
.routines were_required for names, English letters, mathematical
formulae, etc., to determine their prcper point of attachment

I

before rearrangement was effected.

f ! c. A COMPARISON OF HUMAN AND SYSTRAN PARSING. The fol-
lowing ' sentence has been chosen to illustrate SYSTRAN's present

parsing capabilities by comparing two grammatical analyses of
) , ,

i
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it: one done by Soviet linguists in Russia; the other, by
SYSTRAN.
The sentence, from Sevbo, I. P., "0 gromozdkosti sintak-

. . v . . . .
si¥eskix structur," Naucno-Texnifeskaja Informacija: Automati-

zacija perevoda tekstov, ser. 2, No. 2, Moscow (1971), p. 42,

is the following:

PO 3TOMU PCVODU UMESTNO VSPOMNIT6, CTO KOGDA UDAETS4

ISKLHCIT6 Iz POSTRCENI4 KAKOGO-LIBO FRAGMENTA TEORII,

NAPRIMER, AKSIOMU VYBORA (SM. NIJE) NE BOLEE DOROGO1l

QENO1, CEM TA, KOTOROl MY RASPLACIVAEMS4 ZA NEPRIATIE

KONTINUUM~-GIPOTEZY V UPOM4NUTYX OBLAST4X MATEMATIKI, TO

GOVOR4T, CTO 3TOT FRAGMENT TEORII, PO SUSESTVU, NE ZAVISIT

OT AKSIOMY VYBORA.

This Russian sentence was analyzed by SYSTRAN's parsing
program and codes were attached accordingly. It is not the
aim of this report to enumerate and elaborate upon all the
codes developed and used within SYSTRAN. Rather, the aim is to
show the results of human and mechanical parsings of the same
sentence. Figure 1 shows the human analysis; Figure 2, the
SYSTRAN enalysis. This type of diagram is used here only be-
cause it is the type used in the Soviet article. Unfortunately,
the graph does not allow many SYSTRAN analysis codes to be shown.
For example, while SYSTRAN points from a governor to a grverned
word, and back to the governor from the governed word, tha.
cannot be shown here.

The numbers and letters along the right-hand side of Fig-
ure 2 indicate SYSTRAN clause levels: F1l identifies the first

main clause (F2 would indicate a second main clause); 02 iden-

tifies a CTO clause; 50, words with parenthesis; Cl, a
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KOTOROl clause; etc. (See list in I.2.a.)
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The major difference in the illustrations is the attachment

i RS S

of the first CTO to the rest of the sentence. The auman analysis

3 P i
G SR A A S
(it

attaches it directly to GOVORAT, which is linked to TO which,

e

.fﬁ in turn, is linked to KOGDA. TO is attached to nothing except
pﬂ% KOGDA and GOVOR4T. This reflects the major difference between
‘fj the human translator and the computer: the human can intui-
4 tively infer the author's intention, while the computer must
g rely on what the author has actually written.

In this particular instance, the author, ignoring tradi-
tional rules of Russian grammar, has omitted the comma between
N CTO and KOGDA. (Normally, any new subordinate clause marker
hﬁ will require a comma.) The human analyst “"reads in" the comma,

‘ﬁ thereby creating or recegnizing that the KOGDA clause is embed-
3 | ded in the CTO clause. The computer, meeting this unusual cir-
g cumstance of adjacent subordinate clause initiators which are
not separated by a comma, has no indication that two subordinate

clauses are initiated virtually simultaneously. Therefore (Fig-

ure 2), it assigns a CTO clause marking to CTO, to KOGDA and to
}i the entire ensuing clause.

N It will be seen, however, in the following, that the trans-

lated output, i.e., the actual translation done by SYSTRAN, was

not affected by this failure to identify the KOGDA clause sep-

arately from the CTO clause:
IN REGARD TO THIS IT IS APPRCPRIATE TO RECALL THAT WHEN
IT IS POSSIBLE TO EXCLUDE FROM THE CONSTRUCTION OF ANY

FRAGMENT OF A THEORY, FOR EXAMPLE, THE AXIOM OF CHOICE
(SEE BELOW) NOT BY A MORE EXPENSIVE PRICE THAN THAT BY
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WHICH WE PAY FOR THE NONACCEPTANCE OF A CONTINUUM HYPO-

THESIS IN THE MENTIONED REGIONS OF MATHEMATICS, THEN IT

IS SAID THAT THIS FRAGMENT OF A THEORY, IN ESSENCE, DOES

NOT DEPEND UPON THE AXIOM OF CHOICE.

In order to further demonstrate SYSTRAN's parsing abilities,
another sentence, analyzed by L. N. Iordanskaja,2 is illustrated,
along with SYSTRAN's analysis of the same sentence. Again, the
codes used by SYSTRAN have been “traanslated" into a format com-
patible with that chosen by Iordanskaja. In her diagram, she
used arrows to point from governors to words they govern. It
should be kept in mind that SYSTRAN's hexadecimal output also
shows pointers from governed words back to their governors.
Figure 3 shows Iordanskaja's analysis; Figure 4, SYSTRAN's
analysis.

In this particular instance, SYSTRAN's analysis was more
detailed than the human cne, in that it shows the connections
between, as well as within, clauses. Thus, KOTOROE points back
to TREBOVANIE.

Moreover, the human analysis leaves the conjunction A dang-
ling. It is not shown to be attached to any other word in the
sentence. SYSTRAN, however, recognizes that both KLADOISKATELEM
and UCENYM are complements of BYT6., It recognizes this relation-
ship by recognizing a relationship between NE and A: if a comma

and A (,A) are preceded by NE and a noun or adjective, and if no

2L, N. Iordanskaja, "Automaticeskij sintaksi®eskij analiz,"

Kibernetika v_monografijax, 2, izd. Nauka, Ncvosibirsk
(1967), p. 49-74.
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- o

, predicate is found in the A phrase, then the nouns or adjectives
following NE and A serve parallel functions. The incorporation

of this grammatical principle also allowed SYSTRAN to differen-

tiate between UCENYM as a dative plural and UCENYM as an instru-
R ; | . .
mental singular. Therefore, the following translation was

achieved: -

G
4
d . i
¥ :
P .
)
J

THIS IS ‘THE REQUIREMENT WHICH CONTEMPORARY SCIENCE TO AN
ARCHAEOLOGIST PRESENTS, IF HE WANTS TO BE NOT A HUNTER,
BUT AN AUTHENTIC SCIENTIST.

+

4. SEMANTICS |

5 | - For couaputer systems such as SYSTRAN, it is best to regard

. . - . ,
S the neaning of any iexical item as an aspect of performance and

o to class certain lexical forms as items characterized by expo-
H
nential features known in the outside language as primary dimen-

sion. That is, the meaning of a woxd varies within certain

LEeey

P , " definable limits accqrding to associative relations built within

sets of circumscribed syntagmatic variables.

o

TIRTVIRS RIS PRI
sibestarl i eaiiey

i :  The task from which impkovements related to semantics are

i

to emanate consists primarily of selecting polysemantic wcrds

establishing existing syhtagmatic relations, and devising a

S working procedure which automatically narrows the wide diver- ;

5
;
!
H
?
3
S
3
Dy
1
3
3

genceé of relationships regularly occurring in Russian techno-

' ' logical texts by establishing valid generalized rules.
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The available evidence shows, for instance, that the word
KOLICESTVO furctions with several meanings, two of which possess
distinctive denotations, each depending on the semantic category
characterizing the word with which KOLICESTVO is grammatically
and syntagmatically associated. 1In the translation, either of
two different meanings is assigned: AMOUNT or NUMBER.

AMOUNT denotes an aggregate on the sum total of two or
more quantities and KOLICESTVO carries this meaning when it forms
a grammatical unit with words that belong to the semantic cate-
gory comprised of items designated as collective or non-unit
nouns. These are 50L6, MASLO, PAR, VODA, NEFT6, TEMPERATURA,
TEPLO, BIOMASSA, KISLOROD, SAXARY, PRIMES6, POROWOK, TALLI?,
ORTOFOSFAT, PLATINA, KALIl, GELIl, MED6, KREMNI1l, etc.

NUMBER, on the other hand, denotes the sum total of a col-
lection of units and KOLICESTVO carries this meaning when it
forms a grammatical unit with words that belong to the semantic
category comprised of items designated as countable or unit
nouns. These are IZMERENIE, PLENA, TOCKA, ZERNO, INGIBATOR,
VARIANT, OB7EKT, PREDSKAZANIE, MIKROORGANIZM, BAKTERI4, MOL-
LEXULA, FERMENT, SPORA, CLEN, MIKROB, MUTANT, QIKL, ZAMYKANIE,
SLOl, etc.

Although the above-listed nouns may share several semantic
categories, the two mentioned he.e suffice in order to write a
program which clearly distinguishes between the two meanings and
selects the approp.iate one during the structural analysis of

KOLICESTVO, provided all pertinent codes are attached to both

41
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KOLICESTVO and the words in the list.

As an example, two sentences are given here to illustrate
SYSTRAN's capabilities in carrying out improvements on the level
of semantics.

V TABL. 3 PRIVEDENY REZUL6TATY 3KSPERIMENTOV, V KOTORYX

IZUCALOS6 VLI4ANIE SILY TOKA I KOLICESTVA JELEZNOGO POROWKA

V POKRYTII.

In this sentence KOLICESTVA is grammatically tied to
POROWKA. This activates a program which selects the meaning
AMOUNT.

DL4 KOLICESTVENNOGO OPREDEﬂENIA FAZ MIMENEN TOCECNY1

METOD, KOTORY1l SVODITS4 K PODSCETU KOLICESTVA TOCEK,

PRIXOD45IXS4 NA KAJDUH FAZU 1IZ OBS5EGO KOLICESTVA ZEREN.

In this sentence KOLICESTVA is grammatically tied to TOCEK
and ZEREN. This activates a program which selects the meaning

NUMBER .
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SECTION III

FURTHER IMPROVEMENTS EFFECTED DURING OPTIMIZATION

1. INTRODUCTION

In order to demonstrate GYSTRAN capabilities in translating
Russian sentences into English, live data were used to sub-
stantiate each discussion in this section of the report. Dur-
ing output analyses, sentences were selected on the basis of
the particular areas covered by the Work Statement in order that
they could be used as practical examples illustrating the
appropriate improvements. Homograph examples are shown at the
end of this section in reductions of actual computer print-outs.

a. IMPROVING THE TRANSLATION OF HOMOGRAPHS. Russian words
identified as homographs (lexical or morphological) are entered
into the Stem Master Dictionary as full-~form ent~‘es, each
identical form carrying its appropriate grammar codes (i.e.,
both morphelogical and syntactic information) and the corres-
ponding meaning with its synthesis codes. The full-form entries
comprising a homograph are differentiated in the dictionary by
a sequential number, or, a Dictionary Stem Number (DSN).

DRUGOM, for instance is entered under DSNOO and DSNOl, and the
codes indicate that the '00' entry is a noun, masculine singu-
lar, instrumental, animate with the meaning FRIEND while '01' is
an adjective (actually, a noun-adjective ambiguity), masculine,
neuter, singular, locative meaning OTHER, The numbers '00,'

'01,' '02,' are assigned to the different entries of the
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homograph according to descending order of predicted use. All
entries identified as homographs carry the necessary code HM
(homograph) .

During translation processing within the Main Dictionary
look-up pass, a textword that is in the dictionary as an HM
entry is matched with the entry having DSNOO., A normal output
processing record is built containing the associated grammar
and target language meaning., At this time multiple output
processing records are prepared for each of the additional
homograph entries in the dictionary.

Prior to parsing, a standard analysis area is built for
each textword in the sentence. This area provides for a maximum
of 105 words per sentence. Following this area is a provision
for an additional 30 analysis word areas where the multiple
homograph word entries are placed. Each word entry in the
standard area that is identified as a homograph entry contains
in a byte the relative word sequence in the combined analysis
area of the first additional homograph entry for that word.
Then each additional homograph entry contains the sequence nunm-
ber of the next until the last which has a zero sequence num-
ber.

In Structural Pass Zero (STRPASSO) the standard analysis
area is scanned for homograph indications and routines are
activated by routine numbers carried as dictionary codes in the
stem. Each routine examines the environment of the word in the

sentence and a decision is made as to the desired part of speech
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for the function of the homograph. .Using standard processing

MACROS, the homograph record for thls part of speech is located

RS

i
g and this analysis word entry is moved to the. location in the
é standard area. It may be that the desired entry is the one ,
‘§ already in the area, in which case no movement: takes place.
f; Each successive word is scanned for a'homograph indication ,
B until the end of the sentence is reached The standard analysis
.
jéi 3 area contains; at this point, the flnal grammar and target
b language translation pointers to be used throughout the trans-
J l ' I | \ [
-3 3 lation process for that sentence.
i For the purpose of avoiding discrepancies that might result:
?xﬁ ; from the presence of homograph-type words, selected groups were
3 established on the basis of which homographs can be properly
P
& dealt with at specific points during the translatlon processes. |
% g These groups are given below, contalnlng appropriate examnles ‘
3 }
F 5 . e s » .
?? and a brief description of the solution 6f the homograph ambigu-
& a I
- ity. .
! '
PREPADR
;i Resolves Preposition/Adverb Ambiguity
.
& i HM: MIMO SVERXU
: NAPROTIV ' SZADI \
¢ POPEREK VBLIZI ' |
POSLE - VDOL6
POSREDI VNUTRI
: POVERX VOKRUG
’ POZADI VOZLE )
PREJDE VPEREDI !
SBOKU - VSLED !
45
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! ! ' i
'PREPADR scans to the right from the homograph’ for three
words, searching for a word in the genitive. If the genitive

! |
: is not' found, the preposition-homograph is replaced by the
&‘ 1 ' ! . H

- 4 adverb-homograph.

3 PROFR . | ,

‘, w | ) '

S Resolves Profession/Titie Ambiguity

. : HM: AKUSTIK/A BIOMEXANIK/A

: ! \ ANALITIK/A 'BOTANIK/A

; ASTROBIONIK/A | GENETIK/A
A ASTROFIZIK/A MATEMATIK/A
= ! AVIAMEXANIK/A ‘RENTGENOTEXNIK/A
Hﬁ ' ~° AVIATEXNIK/A . SEMIOTIK/A
o ' ’ A3ROMEXANIK/A TERMO3NERGETIK/A
. BIOFIZIK/A TEXNIK/A I

4 , BIOMATEMATIK/A
\%é : *  This réutine selects the title-homograph when a proper
! y o . ’

P name follows the current word within three words or the current
fﬁ " word is modified by ZNAMENIT or IZVESTN, or the governor or the
?? modifier to the left resolves the ambiguity grammatically. It
x: selects the profession-homograph when the current word is
. 1 ' |

! i ‘ ‘ .

E governed by PO, PRO, or KASATEL6NO, or the governor or: the
fﬁ modifier to the left resolves the ambiguity drammaticélly.

DRUG

Résolves'Noun/Adjective Ambiguity

4 : v
+ HM: DRUGOM

BELOM (in acoustics)
PRAVOM : ,
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DRUG scans four words to the left of the current word in
search for a vehicle~word requiring the locative case. 1I1f this
condition is satisfied, the adjective-HM is used. If not, the

noun-HM is selected.

NACR

Resolves Noun/Verb Ambiguity

HM: NACALO

NACALA
This routine selects the verb-HM if the current word is

followed by an infinitive or if there is neither a finite verb
nor an auxiliary, nor a short form neuter singular in the sub-
sentence. It also selects the verb when a neuter finite verb

or an auXiliary is encountered which is enumerated with the

current word.

EST6R

Resolves EAT/Present Tense Auxiliary Ambiguity

HM: EST6
This routine searches three words to the left of the
current word for a word with an infinitive requirement, If
found, the infinitive~HM EAT is used, ctherwise the finite verb

form, present tense, singular or plural, of the auxiliary BE

is used.
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INADR

Resolves Instrumental/Adverb Ambiguity

HM: CAST6H POLNOST6H
DNEM QELIKOM
KRUGOM R4DOM
LETOM SKACKOM
NOC6H UTROM
OSEN6H VECEROM

This routine asks if the word to the left of the current
word is an adverb or 'NE'; if so, the adverb is used. If the
word after the current word is a verb or short form adjective,
the adverb is used again. If a verb follows the current word
and requires the instrumental case, the adverb homograph is
used. If the word after the current word is an adjective,
adjectival noun, pronoun adjective, or a participle and the
word before the current word is in the instrumental singular,
the noun homograph is used. If there is an instrumental gover-
nor to the left, the noun is used. If the following word i5 a
noun (pure noun, proper noun, or profession) forming an adnomi-

nal genitive construction, the noun homograph is used.

VPARTR
Resolves Short Form Present Passive Participle

Masculine/First Person Plural Present Indicative

HM: DOPUSTIM SOKRASAEM

IZBIVAEM SORBIRUEM
IZGIBAEM SRAVNIVAEM
IZLECIM STEKLUEM
MODELI RUEM STR4SAEM
OB74SNIM SUMMIRUEM
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3 | OTDAVAEM SVODIM

E OTVODIM TERPIM

A OSUTIM UPROCN4EM

b O5USAEM VIDIM

g PERERASTAEM VMATYVAEM

A PERETACIVAEM VMEN4EM

i PEREVODIM VNOSTM

E POLOJIM VOOBRAJAEM
g POSYLAEM VOZBUDIM

E POZNAVAEM VOZGON4EM

H k PRINIMAEM VO2GORAEM

4 : PRIPISYVAEM VYCISLAEM

4 3 PRIVODIM VYSTAVLAEM
3 ! PRODOLJAEM VY4SNIM

k- PROIZVODIM ZABIRAEM

k! PROXODIM ZABYVAEM

2 RASPOLAGAEM ZADUVAEM
. RASSMATRIVAEM ZAKARMLIVAEM

9 ‘ RAZDELIM ZAMEN4EM

‘A : RAZLAGAEM ZAMETAEM

E REGULIRUEM ZAMORAJIVAEM

5 SGORAEM ZANIMAEM

3 i SJIMAEM ZAVISIM
r ; SKLON4EM ZNACIM

[ SMEN4EM ZRIM

B SMEWIVAEM 3KSTRAGIRUEM
7 SOEDINIM

This routine checks the word before the current word.
If a finite auxiliary, the short form participle homograph

is used. It is also used if the scan to the left locates

e ¢ At e e RO S

ON or a nominative singular case noun. The verb is used if

MY is found in the left scan. It is also used when MY is to

the right, provided no adjective or accusative noun, or parti-

1 ciple is to the lett,

E NEUTFM

Resolves Neuter/Feminine Ambiguity

HM: JELEZO
JELEZA




NEUTFM determines if the current word is preceded by an
adjective, then it is the adjective which, on the basis of
grammatical agreement determines the correct choice. For the
resolution of the ambiguous -A ending, the neuter-HM is chosen

when a noun immediately precedes since this suggests an adnomi-

nal genitive construction., The ambiguous ~U, ~E endings present
a need for a further search within the sentence for governors

which resolve this ambiguity.

VESR

Resclves Verb/Noun Ambiguity

HM: VESTI
This routine selects the infinitive if the word pre-
ceding the current word has the infinitive requirement. In all

other cases, the noun is used.

SUTR

Resolves Verb/Noun Ambiguity

HM: SUT6
This routine checks simultaneously to the left and

to the right of SUT6 for a nominative plural noun. If both

are found, the verb homograph is used. 1In all other cases, the

noun homograph is set in the translation.
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NPREPR

Resolves Noun/Preposition Ambiguity

i | HM: POD
.[ﬁ ‘ This routine looks to the right of the current word for a
‘.f . noun phrase [i.e., (adverb) + (adjective) + noun] in the instru-

4 mental case. If such a noun phrase is not found, the noun homo-

graph (meaning and codes) replaces the more common prepositional

;é entry.

|

e UJER

Y Z Resolves Comparative/Adverb Ambiguity
-

. HM: UJE

: This routine checks on the word following the current word.

' If it is a common noun, proper noun, or a noun denoting a pro-

i
? fession and it is in the genitive case and if the word preceding
i
- the current word is an adjective, adjectival noun, or participle
also in the genitive case, the adverb is chosen. If the preced-

ing word is not in the genitive case, the comparative is chosen.

CONJAR

Resolves Conjunction/Abbreviation Ambiguity

HM: A
This routine sets the current word to the abbreviation

A homograph if the word is capitalized and does not begin the
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sentence, The abbreviation HM is also selected if a comma
follows, which is in turn followed by the letter 'B,' a
period, or closed parenthesis. If a comma follows the current

word (and there is no 'B' after it), the conjunction is chosen.

FIMNAR

Resolves Feminine Instrumental Singular/Masculine

Nominative-Accusative Singular Ambiguity

HM: PROBO1
This routine checks the word immediately to the left of the
current word. If it requires the instrumental (i.e,, if it is
's,! 'NaD,!' 'POD,' or 'PERED'), the feminine noun is chosen. If
an adjective or participle is found immediately preceding the
current word, it is checked for case. If nominative, the mascu~

line noun is used, and if instrumental, the feminine noun is

used.

NCOMPR

Resolves Noun Feminine Dative-Locative/Comparative

Ambiguity

HM: GUSE
This routine scans to the right for the word 'CEM' and, if
it is found, the comparative homograph is chosen. If an adjec~
tive or participle is found immediately to the left or in a scan

to the left, and if it is locative or dative and feminine
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singular, then the feminine noun homograph is chosen. If the

last two conditions are not met, the comparative is selected.

VSEMR

Resolves Locative-Dative/Instrumental Ambiguity

HM: VSEM

This routine checks the word in front of the current word.

!

If it is one of the prepositions 'V,' 'NA,' '0/0B,' or 'PRI,'

the locative/dative form of 'VSEM' is chosen., All other cases

point to the instrumental form of the word.

ABVBR

Resolves Imperative/Abbreviation Ambiguity

HM: SM,

This routine checks if the current word is

the 'sentence

beginning. If it is, the imperative homograph is selected. If

a numeral directly precedes the current word, the abbreviation

¥ i

is chosen. In all other cases, the imperative form is used.

KOMR

Resolves Noun/Pronoun Ambiguity

HM: KOMU
KOM

If the word encountered is KOMU, and there

adjective or participle immediately to the left,

53
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Homograph is used. If the adjective or participle is in any

)
TR R £

other case, ;the pronoun is selected. If no adjective or parti-
E ciple is encountered, there is'a scan to the right and the lefi:

K for a word requiring the dative or a word requiring the accusa-

.
bl

e tive., If the dative requirement is found, the pronoun is used,

! i
while the noun homograph is chosen if an accusative requirement

S s

o %
ZiL

. i
is found. : v

LA S

IIf KdM is the current word, and the word immediately to

|
its left requires the locative case, the pronoun is used., 1If
P ,
none exists; the noun homograph is chosen.

(e s

o

SPCR .

Resolves Masculine/Feminine Ambiguity

RIS
R A e B

. HM: SPOR/A

it
£

S

H l This routiné scans to the right of the current word to the

Shaadis

end of sub~sentence unit for 0 or GB. If found, the masculine
§ , E 'SPOR' homograph is’se;ected. ‘If a genitivg plural follows the
'cufrent word, it is made the feminine 'SPORA.,' If the word

:g ; before the current word (an adﬂective) ends in -1 and the cur-

\rent word has a null ending, the masculine homograph is chosen.

If the adjective ends in ~¥YM, again the masculine is chosen. If

!

i

1

g . the current word ends in -~OM, the same choice is made. If the
< i .

; ‘ current word ends in -01, the feminine homograph is used. More

endings are checked, and the appropriate homograph is assigned.
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b. ADVERBS. 1In the effort to improve éXSTRAN's transla-

tion of adverbs, work was carried out using live data from

which sentences containing adverbs wére extracted and sorted

according to the nature '‘of needed improvements. Certain ad-
! ! H

verbs were selected<and, on-the basis of existing SYSTRAN

rules, methods were sought by which additional, or neﬁ rules

. e g s T O AT £ TS SR PO SRTONS AR

could be devised and, upon being tested during fresh computer
3 runs, incorporated into the ‘System. 'A special subroutine de-
signed to deal with those single-word Russian adverbs which are

best rendered into English as adverbial phrases comprised of
1 ' .

,;} prepositions aﬁa nouns is described below. The prepositions
ks

‘;’i function normally (as synseqantic‘words), while the nouns are:
u_;; the carriers of the meaning. ;

ﬂ% ‘ A representative example of an adverb of this sort is the

*fzi word VNACALE which has the meaning IN THE BEGINNING when most

:32 appropriately.translatgd into English, When:thi$ adverb is con-

;% corded with a word functioning as predicate (or, whieh itself

:é% is concorded to the left with an auxiliary), and the natural] |
&f% word order is maintained, the translation is stylistically

} ) ! !
awkward:

. « . UNACALE NE VOZNIKAET . . .

« « o DOES NOT IN THE BEGINNING ,ARISE o o e ' ‘
l . 4
This substantiates the new ESYN modifications. ;The "adverb"

| .
or "POS 30" routine checks the English area of the Dictionary

Meaning and checks for the words AT, BY, FOR, FROM, IN, and TO
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.;? followed by a space and another word. ;f these cohditiods are
,g ﬁ: met, the adverb is rearranged behind the predicate and the con-
? 4 cord betweeh that adwerb and berb is broken.i Other adverbs,

»i ; should they precede thg verb, remain intact fof'the new: ESYN
’i H [ fnsérts. , Thus the ?ranslatioﬁ becomes as'follows: ‘ '
iz | . . . VNACALE NE VOZNIKALT . . .

i | . < . DOES NOT ARISE.IN THE BEGINNING .. . .

3 : | , \ |

"§ i : Should the sentence be modified by insertion of additionai
- , \ , .

:3 : adverbs located before the finite vérb, the translaﬁion would

iii ; | be similar to the féllowingaexample: .

‘g P . . . VNACALE NE OCEN6 CASTO VOZNIKAET . . .

Ag é ' . . . DOES NOT ﬁERY OFTEN ARISE IN THE BEGINNI&G ¢ e .
7 ;; i '

ﬂ? g ‘ | Other one-word Russiag aéverbs actually used’in scientific‘
'; ? texts have been encountered and are now treated according to the
Lo i .

E rules of this POS 30 Routina,

é % Exqmpleé are give. oelow:
g 1'1:3 Y

' .
fFor THE FIRST TIME

'DETAL6NO

IN DETAIL

NADOLGO ’ ’

FOR A LONG TIME
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Additional adverbs falling into this group can be compiled
as they are found in the texts in order that they also may be
subjected to the rules of this routine, and contribute to the
amelioration of the translation procedure.

Further modification to the ESYN programs affecting POS 04
(finite verbs) and POS 44/48 (infinitives) has been accomplished.
The new rule splits the inserted auxiliary material before the

first adverb concorded with the verb. The formula is as follows:
Aux + Adv + Verb (finite or infinitive)

In case of an infinitive, the TO, having been suppressed at

the verb, is inserted before the adverb. The formula is:
TO + Adv + Vexb (infinitive).

In case of finite verbs, only the main verb form and, for
reflexive verbs, the reflexive pronoun are inserted at the verb
while the auxiliaries, pronouns, and negations are inserted be-

fore the adverb. The formula is
Aux/Pron/Neg + Adv + Verb (finite)

The procedure described in this rule will ensure that the collo-
cated expression ODNOVREMENNO VY4VL4ETS4 is translated IS
SIMULTANEOUSLY EXPOSED.

Special "adverb" routines based on an adverb as the current
words are being developed for the purpose of improving the trans-

lation procedures. Two such lexical routines whose current
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words are XOROWO and SOVSEM are given here.

The XOROWR is initiated by che text word XOROWO which

carries the dictionary meaning WELL. This translation is modi-

fied to GOOD when the word functions as a predicate or when it

is not concorded toc right or left,

Example:

When XOROWO is

WELL.

Example:

or

XOROWO, CTO V OCERKAX, POSV45ENNYX OTDEL6NYM
INFEKQIAM . . .

IT IS GOOD THAT IN DESCRIPTIONS, DEVOTED TO
SEPARATE INFECTIONS . . .

concorded to the right or left, it is translated

3TI REZUL6TATY XORO'70 SOGLASUHTS4 S DANNYMI
DRUGIX ISSLEDOVATEL:.1l.

THESE RESULTS WELL AGREE WITH THE DATA OF
OTHER INVESTIGATORS.,

INFEKQII OPISANY XOROWO.

THE INFECTIONS ARE DESCRIBED WELL.,

The SOVSEM Lexical Routine is initiated by the text word

SOVSEM which carries the dictionary meaning ENTIRELY. This

translation is modified by preceding and following verbal ele-

ments.

If SOVSEM is preceded by a negated finite verb, negated

auxiliary, or negated infinitive, the translation is made AT

ALL.
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Example: ONI NE AGGLHTINIROVALIS6 SOVSEM V BOLEE POZDNIE
SROKI.

: THEY WERE NOT AGGLUTINIZED AT ALL IN LATER
1 PERIODS.

SOVSEM preceded by a non-negated verbal is rendered ENTIRELY

from the SYSTRAN Dictionary.

Example: ONI AGGIHTINIROVALIS6 SOVSEM.

AYE

THEY AGGLUTINATED ENTIRELY.

" .,"v"‘::;“l ’ £:2 '4‘”‘ (“\ =

ALL to SOVSEM.

:2 If SOVSEM is followed by the negating particle NE and a
.jﬁ , correctly negated word, this negation is dropped and the trans-
:%é ‘ lation is modified in one of two ways, depending on whether or
;:% not MALO ILI are in the same clause. If SOVSEM is preceded by
igg MALO ILI, the meaning IF is assigned to ILI and the meaning AT
N

|8 Example: MIKROBY MALO ILI SOVSEM NE VIRULENTNY,

THE MICROBES ARE LITTLE IF AT ALL VIRULENT,

If neither MALO nor ILI are there, the meaning IN NO WAY is
assigned to SOVSEM,
| Example: 3TOT METOD 4VL4ETS4 METODOM, KOTORY1l PRIMEN4ETS4
: ILI SOVSEM NE PRIMEN4ETSA4.

; THIS METHOD IS THE METEOD WHICH IS APPLIED OR IS
’ IN NO WAY APPLIED.

SR T KT E ey s LA e N R STCE S S R

; Additional adverbs were selected and special "adverb"

routines were developed for them. Three such lexical routines

59

B AR D TR TR Yt s o o — _ = =




A ST
£y R

P

e S YT D
i
ot

RO

et

=3
3
B
Y
3
X4
e
A
\:x
psc
e
)
T3
N,
< i
8
h

B
&)

*
poy
3

&
e
pans
o

SN Y s R
RS

whose current words are DAVNO, OBRATNO, and VES6MA are also

given here.

DVNOR

This routine is initiated by the text word DAVNG which has
the dictionary meaning LONG. The routire functions only if
DAVNO is concorded with a word functioning as predicate. 1In
this case, DAVNO has its meaning modified, and the predicate
is made perfective.

Before any other operations, the word order of the sentence
is modified in those cases where DAVNO is concorded with a pred-~
icate to its left. If the predicate is a short form adjective
or participle, the dictionary meaning LONG is retained and the
predicate is made perfective by inserting HAVE/HAS (depending
upon number) before and BEEN after DAVNO., The fourth verbal
form (past participle) is used.

Example: DAVNO IZVESTNO, CTO VYDELENIE CISTYX KUL6TUR
SV4ZANO S BOL6WIMI TRUDNOSTMI,

IT HAS LONG BEEN KNOWN THAT THE ISOLATION OF
PURE CULTURES 1S CONNECTED WITH LARGE DIFFICUL-
TIES.

If the predicace is verbal, it is always made perfective as

described above. (If the verb is past tense, HAD is used instead

of HAVE/HAS). The translation of DAVNO is rendered A COMPARA-
TIVELY LONG TIME if it is preceded by SRAVNITEL6NO (which is

eliminated from translation).
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Example: 3TA PROBLEMA IZUCAETS4 SRAVNITEL6NO DAVNO.

THIS PROBLEM HAS FOR A COMPARATIVELY LONG TIME
BEEN STUDIED.

If the predicate is a past tense reflexive verb, DAVNO is

ot ey 40 WA, BRI T RTINS

rendered LONG AGO.

Example: 3TO DAVNO 4VL41L0OSé USTANOVLENNYM FAKTOM.

B ’ THIS WAS LONG AGO AN ESTABLISHED FACT,

" - OBR

This routine is initiated by the text word OBRATNO, which

carries the dictionary meaning BACK (TGl = INVERSELY). The
“fk meaning INVERSELY is used if OBRATNO is directly followed by a

;:I , form of the adjective PROPORQIONALG6NYL.

-
o

Example: POSLEDN44 MEN4ETS4 OBRATNO PROPORNIONALG6NO
CETVERTOl STEPENI DIAMETRA.

Cowtis.

I R
el inraw il

THE LATTER VARIES INVERSELY FROM THE MACHINE.

[
S

- The meaning BACK is used if (1) OBRATNO is directly

followed by either of the prepositions V or NA governing the

o e

Ty
228

accusative, or if (2) OBRATNO is preceded by the conjunction

Saheiatens

I which is preceded by the accusative object of eitber of the i
prepositions V or NA, or if (3) OBRATNO is directly followed
by the preposition OT and within five words to the right there i
follows the preposition X, or if (4) within the sub-sentence
unit to the left of OBRATNO a word is encountered beginning

with the clusters UXOD, PERE, or STEKA.
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Example: ONI LETELI OBRATNO NA ZAPAD.
THEY FLEW BACK WEST.

or: PROISXODIT MIGRAQI4 MNOGIX VIDOV PTINQ, LET45IX
S MEST GNEZDOVYX NA ZIMOVKU I OBRATNO.

(THERE) OCCURS A MIGRATION OF MANY TYPES OF
BIRDS, FLYING FROM THE NESTING GROUNDS TO
WINTERING AREAS AND BACK,

or: REZUL6TAT DE1STVI4 PEREDAETS4 OBRATNO OT RUL4 K
KOMPASU.

e e xta A
RE S SLI VL

THE RESULT OF THE ACTION IS TRANSFERRED BACK
FROM THE WHEEL TO THE COMPASS.

LR &7

or: NA KRYWKE KONDENSIROVALAS6 ISPAR4H5A454 JIDKOST6
I STEKALA OBRATNO V BAK,

% ON THE CEILING CONDENSED THE EVAPORATED LIOUID
AND FLOWED BACK INTO THE TANK,

The meaning VICE-VERSA is used if OBRATNO is immediately
preceded by the conjunction I but it is not preceded by the
3 accusative object of V or NA.

1%_ Example: 3TO PEREMESENIE FRONTA PRIVODIT K IZMENENIH
.+ XARAKTERA OTVETOV NE1lRCNOV S TONICESKOGO NA
FAZICESKI1 I OBRATNO,

THIS SHIFT IN THE FRONT LEADS TO CHANGE IN THE

: CHARACTER OF THE ANSWERS OF THE NEURONS FROM
o ; "TONIC" TO "PHASAL" AND VICE-VERSA.

VES6MAR

| This routine is initiated by the text words VES6MA (diction-
ary meaning AGAIN). When VES6MA is followed by a verbal, its

meaning is given as COMPLETELY.
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Example: 3TO VES6MA OSLOJN4ET PRAKTIKI IMMUNIZAQII.

L ok oy

THIS COMPLETELY COMPLICATES THE PRACTICE OF
IMMUNIZATION. ' '

When VES6MA is followed by a long form adjective or

participle, its meaning is VERY,

Example: 3TO MOJET BYT6 VES6MA OGRANICENNYM,

THIS CAN BE VERY LIMITED,

. n e A ANRTE T PR AN

f:} g When VNOV6 is followed by a verbal, its meaning is made

g AGAIN.
- .&4 ‘
.  % ‘ Example: POSLE CEGO VNOVé PEREVIVALI NA VYWEUPOMANUTYE
4 AFTER WHICH THEY AGAIN REWOVE ON THE AFORE-
. MENTIONED MEDIUM. .

A When VNOV6 is followed by a long form adjective and

!
participle, its meaning is NEWLY, ‘

Example: VNOV6 OTKRYVAEMYE ANTIBIOTIKI OKAZYVAHTS4 UJE
OPISANY.,
NEWLY DISCOVERED ANTIBIOTICS ARE ALREADY
DESCRIBED.
c. PROPER NAMES. An important development effected during
this optimization phase has been the recognition and automatic
translation of proper names and initials. This is accomplished

by two routines: NAMER in Structural Pass 0 and NAMCHR in

Structural Pass 4.
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NAMER is designed Fo establish "Name Units" of variable

EFe
Lo mon ]

)
!

| .
lengths in non-homogenous material. The initiating characteris-

! I
tic in the input material is initial capitalization. The envir-

o
Gy

onment is then checked for possible ihitials,; given names and/or

Aoy

'lpatronymics'in the standard dictionary and/or titles of pro-

fessions, This material can occur either in a normal [title +

o
I ieiy

given name(s) + last name] sequence or in the reverse biblio-
1 i .

i

R g
Car AR

graphic order: [lgst name + given:name(s)]. The difficulty is
'compoqnded by the variability in material, by the fact that last
name and initials may eit?er be not-found words or words with

;;« ' other parts pf speech assigned in MDL (Main Dictionary Look-up),

and by the fact that the sentence often contains only one

capitalized last name without any initia.s or titles to confirm
its function.

Many names are encountered for the first time in each new

Sad i
PR LA

text and so must be processed automatically without inclusion

s
"3
o e e 6 mekaar 2o mat

in the standard dictionary. The|"name units" must be identified

and structurally linked for correct synthesis of the English

vt o . v

text. .This includes .the correct placement of prepositions and

.
%
29
3
%
=
e
el
E:
4
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articles (though these are seldom used). In addition, in order
to assign the proper case, gender, and number to the "name
units," the endings and environments of the names must be

examined.

| Thus, all the ambiguities created by dictionary status

G SN EF L NGV sy £ B2 s 03 oo €8

are overcome before structural analysis of such critical areas ;

as noun government and subject-predicate relationships occurs.

cdgs
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NAMECHR further refines the treatment of those names which
were not taken from the standard dictionary (the not-found
words). In order to use the nominative-~singular Russian as the
normative English name, the bit structure after structural
analysis is checked and the endings accordingly altered. Fol-
lowing this, transliteration of the name is carried out on the

new stem to ensure correct assimilation of the name into English.

d. NUMERALS. Provisions for the structural analysis of
literal and written cardinal and ordinal numerals are made in
all five structural passes. The position of each routine is
determined by the need in succeeding passes for the codes and
relationsiiips it establishes,

The two routines in Structural Pass 0, SPOR5 and SPOR6,
set the preliminary codes necessary for the proper recognition
of basic grammatical relationships in Structural Pass 1. The
first routine, SPOR5, deals with the irregular government of
the written cardinal numerals DVA, DVE, TRI, CETYRE, OBA, and
OBE and of all literal cardinal numerals ending in 2, 3, or 4.
It sets up the appropriate case, gender, and number codes for
recognition in later passes of the concord of these numerals
with following nouns. It also provides for the plural trans-
lation of the noun to be modified.

The second routine, SPOR6, performs an even more basic
function: it examines not~found words in order to isolate

those which are literal ordinal numerals (3-GO, 15-E, etc.).
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The isolated numerals are then assigned the case, gender, and
number codes appropriate for their endings and for the noun
which follows them., Further provisions are made to translate

the ordinal numerals with the appropriate English equivalent

NexEL

(3RD, 15TH, etc.).

W

In Structural Pass 1 the underlying structural relation-

3 g e

AL b

ships are established. The NUMBER10 routine has separate

branches for literal cardinal numerals ending in %, for literal

[y

; cardinal numerals ending in 1 (except 11), and for all other

cardinal numerals. Ordinal numerals are treated as adjectives

et Sl
PR DR

T for the analysis of potential concord. Literal cardinal numer-

als ending in % are placed in an adnominal genitive relation-

ship if the noun following is in the genitive. Otherwise

they proceed through the routine for all other cardinal numer-
als.

The OBAR in Structural Pass 2 completes the handling of
the irregular government of OBA, OBE, DVA, DVE, TRI, and
CETYRE which was begun in Structural Pass 0, SPOR5. The cross
reference codes for this relationship are inserted in this
routine,

In Structural Pass 3, cardinal numerals are included in

the list of subject scans. A literal cardinal numeral is

accepted as a subject if it is neither governed nor an apposi-
tive and if the predicate is not a short form neuter singular
adjective. A written cardinal numeral must be in the nomina-

tive case or govern or modify a noun or govern the preposition

66
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2 % I2 to be accepted as a subject. Special provisions are made to
ensure that the numeral subject agrees in number with the
English predicate.

ORDNUM in Structural Pass 4 was written to correct the

possible concord of a cardinal numeral with a noun phrase modi-
fied by an ordinal numeral and to provide for the insertion of
the particle "OF" before an ordinal numeral which does not
modify a noun.

The execution of these structural routines, linking each

ot e e e = TR N g M T

cardinal or ordinal numeral, whether written or literal, with
; a noun or verb with which it is syntactically related, often

s determines the corresponding English translation.

e. ADNOMINAL GENITIVES. During the systematic analysis
of SYSTRAN output, the shift towards sophisticated problems
. became apparent. Disregarding dictionary problems, which are
o simultaneously corrected during the output analysis procedure,
: the factors which influence translation are those complex
situations which come to the surface only when a system reaches
a high level of automatic parsing capability.

The following example is an illustration of the higher
level problems. (Due to the length ~f the sentence, only
the section relevant tc the problem will be given.)

Example: ., . . NA VOZNIKOVENIE POSTO4NNOl SOSTAVL4HSEL
SKOROSTI VETRA V NIJNIX SLO4X . . .

- BB S AT T WL WY WIS prwont wms © TR P T

s
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The SYSTRAN translation is:

e« o« « ON THE EMERGENCE DIRECT COMPONENT WIND VELOCITY IN

THE LOWER IONOSPHERE LAYERS . . .

It is o.vious from reading this translation that the
adnominal genitive relationship between SOSTAVL4HS5El and
SKOROSTI was not at first recognized. Upon analyzing the
printout of the sentence analysis area in the computer high
speed core memory, at the time when the translation took place,
it became clear that both POSTO4NNOl and SOSTAVL4HSEl were
recognized as modifiers: of SKOROSTI, due to the fact that they
have common cases and genders. Their part of speech reflects
that they are noun-adjective ambiguities. If such noun-adjec-
tive words can modify a noun, according to the present rules
such syntactic connections should have preference.

On the basis of the above example, the following additional
rule was added: If a noun-adjective is preceded by a modifier
and followed by a noun, an adnominal genitive relationship
should be preferred (if codes allow it) rather than a modifier
relationship. After the incorporation of this rule, the above
sentence portion was translated as follows:

+ s+ « ON THE EMERGENCE OF THE DIRECT COMPONENT OF WIND
VELOCITY IN THE LOWER IONOSPHERE LAYERS . , .

Many similar higher level problems have been encountered.
In all cases the modularity of SYSTRAN made the easy inclusion

of the improvement possible.
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f. VERBS + OBJECTS. Instances have been encountered
1

demonstrating that some Russian vebe!may function transitively
and that they may also, without ény change in‘theif lexical
meanings, require a specific preposition which expresses the
verb-object relationship by assuming the role gf the‘govérnor;
As an example, the verb SUDIT6 is considered here‘and two
sentences are given to illuétrate the two érammafical phe-
nomena. | ‘ ’ o
First, SUDIT6 is used as a transitive verb ;equiring its

|
object in the accusative case.

ONA STAVIT SEBE QEI6H IZLOJIT6 VPECATLENI4 OCEVIDQA,

SKRYVAVWEGO SVOE IM4 POD NAZVANNYM PSEVDONIMOM OT RABOTY:

TOGO "BAKTERIOLOGICESKOGO OTR4DA CSKVANTUNSKOlL ARMII"™,

DE4TELE1 KOTOROGO SUDILI NA XABAROVSKOM PROQESSE..

Second, SUDIT6 is used with the prepdsition 0B which
governs the cbject in the locative case.

TOL6KO TAKOE SRAVNITELG6NOE ISSLEDOVANIE POZVOLIT SUDIT6

OB ISTINNOM ZNACENII TOGO ILI INOGO KOMPONENTA KLETKI V
VIRULENTNOSTI KUL6TURY.

!

While in the first example the direct-object requirement
is treated in the normal manner during the structural analysis,
in the second example this requirement mustlbe suppressed. An
instruction must be implemented which' shuts off the accusative
requirement once the preposition O or OB is encountered, there-
by inhibiting the recognition of ISSLEﬁOVANIE as the direct

object of the verb. The subsequent subject routine can then
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Rusgian narrative might be rendered by the past tense into
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correctly recognize 1t as the supject of the sentence.
Thls example leads to the hypothesis that this funct1on

of the prep051tlonal phrase 1n1t1ated by 0, OB may be related

to the fact that a proper Engllsh translatlon of the prep051tlon

is simply the omission of its meaning (SYSTRAN'S preposition-
) ) N

trans&atlon code 99). When the meaning of a prepqsition is

omitted, the English usage corresponds to an Englishtdirect

| i
object, the Equivalent’of a Russian accusative. Thus in each

case when a verb governs a preposition and indicates an omitted
translation for that word[ the accusative requirement should
| ' !

be suppressed.

!
g. SEQUENCE OF TENSES. puring the output analydis it
was revealed that sentences containing certain adverbial
expressions require special considerations with respect to

|
the translatlon of tense of the finite verb used in the partl-

cular sentence.$ Two such expressions were noted and clas ified

as a type of indicator 51gna111ng-that,the present tense in the
Englisn. The words were POSLE and, ZATEM, translated AFTER and
THEN, respectively. ‘

The English AFTER may be followed by the present tense
under limited conditions only. ' It has been observed that
in Russian narrative in which the’author deals with the descrip-
tien of an experiment or a scientific event which took place

in the past, the finite verb frequently occurs in the,present‘
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tense after prepositional phrases initiated by POSLE and ZATEM.

In English, however, in order to prevent any interruption

in the continuity of action with respect to time, these present-
tense finite verbs have been regularly rendered in the simple
past tense., The tense-conversion step can be accomplished

before the English Synthesis program is executed. Examples

follow:

CEREZ NEKOTOROE VREM4 POSLE OTDELENI4 AVTOMATICESKOl
STANQITI OT RAZGONNOGO RAKETNOGO BLOKA VKLHCAETS4 SISTEMA
ORIENTAQII.

R T a A

PO

AT A CERTAIN TIME AFTER THE SEPARATION OF THE AUTOMATIC
STATION FROM THE ACCELERATING ROCKET BLOCK THE ORIENTA-
TION SYSTEM WAS SWITCHED ON.

P EAE maes s 2ee

; POSLE POLUCENI4 SVETLOGO RASSYPCATOGO WLAKA VVOD4T
. ALAMINI1 ILI FERROALHMINII.

:};

&

i
:
3
§
,‘%

AFTER OBTAINING A WHITE FALLING SLAG, ALUMINUM OR FERRO-
ALUMINUM WAS ADDED.,

The adverb ZATEM appears to create a similar situation,
especially when the present-tense finite verb is in the third

person plural,

E
|
! ZATEM VYCISL4HT SODERJANT " KOBAL6TA I JELEZA V
g METALLICESKOM NIKELE.

}

H

THEN THE CONTENTS OF COBALT AND IRCN WERE CALCULATED.
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ZATEM PRIBAVL4HT =N ML VODY, =N G MOCEVINY I NAGREVAHT =N MIN,

THEN IT WAS TREATED WITH =N ML OF WATER AND =N G OF UREA, AND
HEATED FOR =N MIN,

In addition, other words which seem to influence the
choice of tense have been considered., The expression SLEDUET/IT
FOLLOWS indicates that the future tense in the Russian sentence
should be translated by the present in English.,

1z /=N/, KAK I IZ /=N/, SLEDUET, CTO 3TC USLOVIE BUDET
VYPOLN4T6S4 TUT V DOSTATOCNO BOL6WOM RAZMERE TELA.

FROM =N AS FROM =N, IT FCLLOWS THAT THIS CONDITION IS

FULFILLED FOR A BODY OF SUFFICIENT SIZE.

Also, the connector ESLI when followed in Russian by the
future~tense verb form (imperfective or perfective aspect)
should be added to the list of words to be considered for ren-

deing the present-~tense verb in English.
ESLI VY4SNITS4, CTO EGO POKUPAHT DL4 LECENI4 PONOSA, . . .

IF IT TURNS OUT, THAT THEY BUY IT FOR THERAPY OF DIARRHEA, )

g

h. ABBREVIATIONS. In order to attain high efficiecncy in I
translating abbreviautions by automated means, a more detailed
processing was devised and made effective. Prior to these nea- ﬁ

sures each abbreviation was assigned a code by which it was

identified by POS and BFQ in the dictionary and proc:ssed dur-

ing structural anaiysis as a common noun, No provisions,
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however, were made for further considerations on the syntactic
level. This approach was too generalized and, in terms of the
more sophisticated development of the System in other areas

of the linguistic aspects of the Russian languagz, no longer
adequate. Improvements were therefcre instituted.

The main effort was to review the existing file of abbre-
viations and to recode each entry along carefully designed
lines and, at the same time, to develop a methodology that
could be expanded and utilized either for coding the not-found
abbreviations revealed during each translation run or for sys-
tematically coding a dictionary of abbreviationsg. (The latter
would require the expansion of input conventisns to allow for
better differentiation of entries through the identification
of italics, variable capitalization, etc.)

&s a result of a thoroug't review of the existing file,
it was found that the standard POS/BPQ of 1C/13 should be
retained only for those abbreviations which perform a noun
function in the sentence. In this way, structural modifications
can be made to accommodate this large group more specifically.
What did emerge from the investigation was that in addition to
the noun function, abbreviations, depending on interrelations
of words in a sentence, also function as adjectives, adjectival
nouns, pronoun-adjectives, proper nouns, titles of professions,
superlative adjectives, adverbs, prepositions, participleu,
numerals, and verbals, Steps were taken to recode the file

according to these diverse functions,
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During the analysis it also became clear that certain
abbreviations needed to be considered as homographs and should
therefore bear codes indicating their candidacv for homograph
analysis. It is anticipated that this approach will prove it-
self rewarding and will increase in significance in the future
as more abbreviations are encountered., To illustrate the
importance of correctly zoding items which, dQue to their
versatility of function, may have an impact on their environment
as far as the grammatical structure is concerned, the Russian
8M is here considered. It has been encountered with two of
the following meanings: (1) CENTIMETER or CM., and (2) the
imperative form o. "see," i.e., SEE, q.v., vide, or cf. When
used as a unit of .easure, this abbreviation is preceded by a
numeral to which it is syntactically tied. When it functions
as a verbal, however, it is desirable that the System recognize
it as such, since tne structural analysis should reveal that
SM. is a predicate, or governs a direct object, or requires
certain prepositions., The sentence structural analysis will
be greatly improved as a result of this, yielding a better
translation,

A list is given below presenting the various noun functions
of abbreviations as they were encountered during machine trans-
lation output analysis, The POS and BPQ codes assigned to
these entries in SYSTRAN dictionaries are at the head of each

group of Russian abbreviations and their English equivalents,
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Pure Adjective

%9
g
:
%
N
2
:
v
¥
o
,
1
43

POS/BPQ = 20/20

ABS, ABS,
AMER,
AMERIK, CSAMER,
AMERIKAN
ANGL, CSENG.
AVTODOR, HWY,

BYY, FORM,

i C.D.A, CCS$A,P,

¢ FI2IC, PHYS,

; FOTOGR., PHOTO.,

; GEKSAG., HEXAG,
GOK CCSFCC
HJ. css,
IK. CCS$SI.R,
INFORM, INFO,
KRIT. CRIT,
KUB. cu.
LAT, CSLAT
MEXAN. .
MEXANIC. MECa.
MN, PL,
MOL, MOL,

; NAST, THIS
NE1TR. NEUT,
OTN. REL.

; OTRIQAT, NEG.

5 PER, TRANS.

' PEREM, VAR,

: PRIKL. APPL,

! QILINDRIC. CYLIND,

! RUS. CSRUSS,

: SPEQ. SPEC.
TCXNIC., TECH.
UCEBN. EDCNL,
uD. SPEC.
U.F, Cccsu,v.,
USL. CONV,
Uz Us
VOST, CCSE.
X.C. ccse.p.
XIMIC, CHEM.

R B e TN Y b i AR R
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3KSPERIM. EXPERIM.
3KSPONENQ. EXPON,
3L.-GRAFIC. EL.~DIFF,

4 3L, -MTKROSKOPIC EL.-MICRO.

§ 3L.-0PTIC, EL.-OPT.

: 3LEKTRIC. ELEC.
3LEKTROSTATIC. ELECTROSTAT.

| 3NERG. CSE.

} 3NERGETIC. ENERG.

' 4DERN. NUCL.

:

§

i

Adjectival Noun

POS/BPQ = 24/21

4 : If the noun and the adjective meanings differ in

‘ English, the adjective precedes the noun. ;
4
ARIFM, ARITH. i
AT, AT, :
2 ATM, AT.
3 C.M. F/M
N ED, SING./CS$U.
§: FILOS, PHILOS.
& F13z. PHYS.
» FR. C$FR./FR,
E GL. MAIN/CS$CH.
B IMP. IMP.
o ISPYT. EXP.
x J.-D.
. J.D. CCS$R.R.
i J./D.
A KN. BOOK
74 KV, Sq.
L' T. LIT.
MATEM, ’\
MAT, MATH.
MATEMAT.J
MED, MED.
MEX. MECH.
NC L.F.
REG. REC.,
SOKR. ABBREV.
TEXN. TECH.
UKV ccsusw
vC CCS$H.F.
XIM. CHEM.
XROMATOGR. CHROMATOG.




. !
- & ,
R % 4 Proper Names--Inanimate
SRY: % POS/BPQ = 14/11
SR Y
. ?
. f A ARMSSR CSARM CCS$SSR ; ' ,
E BSSR CC$BSSR ' .
'L; % FRG CCSFRG
» 2 GDR CCSGDR
. GSSR CC$GSSR !
_Hﬁ £ KAZSSR CSKAZAKH CC$SSR
. KNDR CC$KDPR
b KNR CC$CPR
s KSSR CC$KAZAKH CCS$SSR
fﬁf ) LITSSR CSLIT CCSbSR
S M.-L. CS$M.-CSL.
. R.N.R. CC$R.P.R, - i
mf,; : RSFSR CCSRSFSR
s SSSR CCSUSSR
SWA ccsusa o
Rt USSR CSUUKR CCS$SSR
3 38SR CCSESSR
e 3STSSR C$EST CC$SSR
} Titles of Professions , L
- POS/BPQ = 18/12
o CL.~KOR, CSCORR, ~C$MEM,
- INJ, ENG,
,4? INJ.-MEX. MECH. ENG, §
A INJ.-TEXNOL. TECH. ENG. H
KAND, MASTER i
PROF, PROF, é
g
Superlative Adjective ‘
POS/BPQ = 20/28 %
VYSW, HIGH (codes allow synthesxs

in ESYN)
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Adverb--Never Predicate

POS/BPQ = 30/3F

D.S.P. ' UNTIL NOW

. D.B. PROB.
! GL.OBR. . MAINLY
M.E. PERHAPS
, PRIBL, ' APPROX.

Preposition Requiring the Genitive Case

! POS/BPQ = 50/BA

IM. : NAMED AFTER |
VM, INSTEAD OF

¢
1

i
H

Preposition 'OKOLO'

- ‘ . . POS/BPQ = 50/A8
S OK. ‘ ‘. ABOUT
Pronoun-Adjective

PCS/BPQ = 28/22

l

K.-N. SOME

! Past~Passive Participle

'POS/BPQ = 80/83

, GRANEQENTRIR, ; FACE-CENTERED (and codes
| ' ‘ to synthesize it in
' o ESYN)
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Cardinal Numeral

POS/BPQ = AO/18

MLRD, BILL.
MLN. MILL,
TYS. THOUS.

Imperative Form of the Verb

POS/BPQ = 04/48

b s eLasawn s

SM. SEE (and codes to synthe-~
size it in ESYN)
(First processed as
HM) .

SR. COMP.

In addition to the items listed above, all

e i R SRR Ca LEAN Y TR R SR

SYSTRAN entries coded as POS/BPQ = 1C/1l3 were up-

<
-
b

dated and now kear codes indicating gender, number,
case, animation, preposition translation, and any
other applicable information. The purpose of all
these codes is to ensure a more correct structural

analysis and subsequently a higher-quality trans-

lation,
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; i. ARTICLES. The article routine has been improved, when-

ever logically feasible, to consider the following possibilities

in translating from the Russian language to English:

vy e s
g3bat

e

g 1. No article should be inserted in the translation.
E
A 2. The definite article should be inserted.

. 3.

The indefinite article should be inserted.

e

¢
. Several considerations must be utilized in the process of i
3 §
- . developing a workable tool which must dependably inserts the §
L b
R English article correctly. 1In scienti®ic literature, the %
- definite article THE is used more often than the indefinite %
2 . . . g
o article A or AN. With nouns standing alone, THE is used as ﬁ
R much as 95 percant of the time while with others, use of THE
B may reach a full 100 percent: in one instance, ABSORPTION
.fi received THE 225 times, but AN only 12 times; ABSENCE received
7

3 THE 135 times and AN not at all. Obviously, THE became the

primary target of investigation.

Nouns standing alone may. if they belong t» particular

2x conceptual categories, require the determination normally ex-

’§,' pressed in English by THE. This article, although iardly suh~-

ject to any collocational restrictions (articles are found in

almost any lexical environment in the language that the grammar

permits), can be shown as functioning "structurally"--outside

any grammatical reference--in English. This is substantiated

by observing article occharrence in a large corpus of running
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text. This fact alone, provided the field is investigated ex-

haustively, or nearly so, eliminates the normally expectéd

e oy,

search for some manifest relatlonshlp to the referentlal and

situational meanlng of the words concerned The range is

o gy

therefore narrowed to the ultimate or, at the most, immediate

constituent. This is primarily possible because the literary

4 e metrTArg M NS YRR

style of technical and scientific pubiicatidns tends to make .

use of sequence-type sentences rather than of situation;type

ones. ' | \ | ‘
The information below is the result of a preliminary '

analysis of nouns and their determiners. Thelexampie shows

nouns that prefer, to a certain extent, the definite article,

I
i

No. of THE . A/AN
Name Occurrence g ]
ABILITY 48 100 - i
ABSCISSA(S) 24 + 100 ! -
ABSENCE 135 100 -
ACCUMULATION 42 ' 93 7 .
ABSORPTION 267 95 5
VALUE (S) 102 | 95 , 5

Another way of considering the determiner is to look for
the presence of a formula or a number which, together with the
noun that follows it, forms an ideneifiable unit. fﬁe Qefinite
article is placed before such a unit as the following exaﬁples

t
illustrate (in the transcription formulas are rendered by "=X"
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R and numbers by "=N"):

: v THE =N =X LEVEL .
‘ ' THE =N =X, REGION
THE =N =X WAVELENGTH
THE =N AND =N ENZYMES
; THE =N AND =N LEVELS
Loy THE =N AND =N STATES
¢ THE =N AND =N SUBLEVELS

: _ THE =N CENTURY '
- ‘ ] ' THE =N COEFFICIENTS
AN THE =N DERIVATIVES
o f THE =N DIRECTION
b : THE =N DONORS
THE =N ELECTRODE
THE =N EQUATIONS
THE =N EXPERIMENTS
THE =N LEVEL '
THE =N MASS SPECTROMETER
y ' THE =N METHOD
5 ' ' THE =N NETWORK
! ‘ THE =N NEURONES
b THE =N OXAZOLIDONE .
A o '  THE =N PENICILLIUM STRAINS
k. ‘ THE =N PENICILLIUM CULTURES
‘ THE =N PHAGE
¢ THE' =N PHAGOLYZATE
A ‘ THE =N PHOTOGRAPHS,
i o . THE =N PHOYPHAGE
THE =N PLANE(S)
THE =N POLYGONS
3 , THE =N POLYPHAGE
i ‘ o : THE =N POSITION
g v THE =N PYRAZOLINE
9 . THE =N RADIATION
78 THE =N RANGE
i ' THE =N REFLECTION
THE =N REVOLUTION
) - THE =N RIBOFLAVIN
: THE =N SECTION(S)
THE =N SIGNIFICANCE LEVEL
THE =N SPECTROMETER
THE =N STATE(S)
THE =N STEROID DERIVATIVES |
THE =N SUBLEVEL(S)
; THE =N TRANSITION

'"THE ~N TYPE.
, THE =N VALVE
THE =N YEAR
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THE =N -~ DAY EXPERIMENT

! THE =N - NEURONES

! THE =N ~ PHENYL

‘ THE =N - POSITION

! THE =N - TYPE

§ THE =N - UNIT

E THE =N - VECTOR

. THE =N - NND DAY

g THE =N ~ NND DEGREE

¥ THE =NST CENTURY
THE =NTH CHANNEL
) THE =X AND =X ALLOYS
; THE =X AND =X AXES
' THE =X AND =X BRANCHES
THE =X AND =X CONTENTS
. THE =X AND =X CHRCMATOGRAPHS
' THE =X AND =X COMPONENTS
THE =X AND =X CULTURES
THE =X AND =X CELL(S)
THE =X AND =X ENZYMES
THE =X AND =X FORMS
THE =X AND =X LEVELS
THE =X AND =X MOLECULES
THE =X AND =X MODES
THE =X AND =X PARAMETERS
THE =X AND =X RATIOS
THE =X AND =X SYSTEMS
THE =X AND =X SUBLEVELS
THE =X AND =X TYPES
THE =X AND =X VALUES
THE =X ALLOY
THE =X ARE + complement
THE =X AXES
THE =X AXIS
THE =X BAND(S)
THE =X CELL(S)
THE =X COMPONENT
THE =X COORDINATE (S)
THE =X CULTURE
THE =X CURVE
THE =X CYCLE
THE =X DERIVATIVE
THE =X DEVICE
THE =X DOUBLET
THE =X ELECTRODE
THE =X ENZ2YME(S)
THE =X FORM
THE =X GROUP
THE =X ION(S)
THE =X IS + participle or complement
THE =X LEVEL(S)
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THE =X LINE (S)

THE =X MARTENSITE

THE =X MOLECULE(S)
THE =X PHAGE

THE =X RADIATION

THE =X RATIO

THE =X REACTION

THE =X REGION(S)

THE =X REPRESENTATION
THE =X SALT

THE =X SPECTRUM

THE =X SPHERE

THE =X STATE

THE =X STRUCTURE

THE =X SUPERSTRUCTURE
THE =X TRANSFORMATION
The =X TYPE

THE =X VALUE(S)

THE =X VECTOR(S)

THE =X WAS + participle or complement
THE =X WERE + participle or complement
THEZ =X =--BRANCH

THE =X --COMPONENT
THE =X =--ELECTRON

THE =X --~IRON

THE =X --~-METER

THE =¥ --PARALLAXES
THE =X --PHASE

THE =X =--PLANE

THE =X =--REGION
THE =X =--SPACE

THE =X --TH + noun
THE =X -=-TYPE

THE =X --~Z0NE

Work on the definite article in English also consisted of
examining a large body of texts for the occurrence cof THE before
words placed in complete sentences as modifiers of nouns. The
aim was to establish groups of words grammatically used as
adjectives which by themselves could adequataly define the noun,
necessitating the insertion of the definite article before it.
To avoid an approach considered nugatory in any manner, the

procedure was based on live and valid data which provided for
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a circumspect observation of the "ambivalence" generally
attributed to the English articles., The outcome yielded
empirically valuable figures which were systematically com=-
piled for the improvement of the article insertion program.
The search for modifiers influencing the choice of the
definite article went, due to the availability of factual

sentences taken from texts of various scientific disciplines,

beyond the conventional selection of adjectives (NEXT, SAME,

VERY, ONLY, PAST, ORIGINAL, etc.) by carefully looking at
modifiers which were consistently preceded by the definite
article and at modifiers which consistently prohibit the
presence of the article (EACH, EVERY, ALL, etc.) The table

below shows words which when modifying nouns are preceded by

G e AT D T AOYHIILT. 3 AN, I £ S LA TG o WARAE AT RN

THE.
No. of THE
Name occurxence %
X ACHILES + N 12 100
5! ACOUSTIC + N 37 100
o ADJACENT 22 100
e | ADJOINT 12 100
Q E AFOREMENTIONED 11 100
: AGGREGATED (+N) 3 100
- ALLOWED (+N) 5 100
& ALPHA (+N) 10 100
3 ANTIBIOTIC 22 100
ANTICIPATORY 10 100
APPROXIMATING 5 100
ARITHMETIC (AL) 12 100
ASCENDING 26 100
ASSOCIATED 5 100
AUDITORY 12 100
AUSTENTITE 19 100
AVAILABLE 15 100
: BACTERIAL 39 100
% BAROMETRIC 4 100
{ Y 85
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No. of THE
Name neecarrence %

BARATROPIC 4 100
BASE 41 100
BEST 81 100
BIOCHEMICAL 8 100
BLOOD 11 100
C$BOOLEAN 20 100
BREAKING 20 100
C$BROWNIAN 10 100
CALCULATED 85 100
CARBIDE 16 100
CSCASPIAN 22 100
CAULOBACTOR 7 100
CELLULOLYTIC 11 100
COMPUTATIONAL 13 100
COMPUTED l6 100
CONTRALATERAL 12 100
CORONARY 11 100
CORRECTED 9 100
CS$SDEBYE-CSHUCKEL 9 100
DECARBOXYLASE 5 100
DECIMAL 9 100
DEFORMED 13 100
DEHYDROGENASE 11 160
DEPOSITED 37 100
DESCENDING 10 100
DESCRIBED 36 100
D4SIRED 38 100
DETECTING 12 100
DETERMINED 12 100
ACTION + N 79 950.0
ACTIVE 87 89.0
ACTUAL 76 91.6
ARIAL 59 90.8
AIR 13 76.5
ALLOWABLE 11 90.9
AMINO 31 93.¢9
ANGULAR 56 94,9
ANOMALOUS 24 86.0
APPROPRIATE 17 85,0
ASYMPTOTIC 47 21.0
ATOMIC 12 92,7
AUTOMATIC 58 83.0
AVERAGE 154 91.0
AXIAL 31 96.9
BASAL 22 91.7
BASIC 139 94.0
BINARY Y 86.0
BIOLOGICAL 28 90.7
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No. of THE

Name occurrance %

BOUNDARY 78 96.8

CAPILLARY 14 87.5

CARBON 61 87.2

CATHODE 14 77.8

CELLULAR 19 95.0

! CENTRAL 64 85.4
! CHEMICAL 31 96.9
} COMBINED 18 90.0
5 COORDINATE 48 95,9
: CORRECT 24 92.3
; COSMIC 27 93.1
CRITICAL 155 95.1

CSDEBYE 17 94.5

DIELECTRIC 27 96.3

When certain nouns are used in collocation-type construc-
tions with adjectives, it is poseible to group them according
to conceptual categories to which they belong and to determine
whether or not certain adjectives warrant use of the definite
article. One such category is "parts of a living body" as shown
by the examples below:

THE CONTRALATERAL LEG
THE CONTRALATERAL BICEPS
THE CONTRALATERAL LIMB
THE CONTRALATERAL SIDE

Since the adjective also qualifies to be categorized

conceptually, groups can be developed permitting the applica-

tion of rules for the insertion of the definite article. One

such category is "proper name" as in THE CASPIAN GROUND-WATER
FLOW which is directly related to the name THE CASPIAN SEA.
When the construction PROPER NOUN + NCuUN is preceded by a modi-

fier the whole phrase is considered as one unit and is
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determined by THE, as in THE CRITICAL JOSEPHSON CURRENT,

Additional examples are offered below:

THE BOOLEAN COMBINATION
FUNCTION
MATRIX
MATRICES
SUBMARINES

THE BROWNIAN MOTION
PARTICLES

THE DEBYE FORMULA
FREQUENCY
RADIUS
SPHERE

TH® DEBYE-HUCKLE THEORY

S

In cases where neither the individual noun nor the adjec-

tive can decisively resolve the dichotomy, the search for the

signal is directed to both members of the coliocation to see

which of the particular phrases should be considered. Pre-

!
'
H
}
!
{

liminary checks have revealed that METHOD and PHASE, whenever
modified by ACOUSTIC and ASCENDING, respectively, received the

indefinite article but, whenever modified by DESCRIBED and

-

CARBIDE, received the definite article. Similarly, the phrase
MACHINE TRANSLATION almost never takes any article, but
TRANSLATION alone may take either THE or A,

It was noted that certain expressions were brought for-
ward as evidence or support of the subject matter discussed

E by the author. These words, for the most part modifiers,

& were enclosed within quotation marks and the quotation mark
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indicating the beginning of the "quote" was preceded by the

definite article THE. Below is given a list of expressions

extracted Ifrom scientific texts in which each of the expressions

A |
b was preceded by the definite article only.
: "ALL OR NONE" PRINCIPLE
N "ABBREVIATED" SYSTEM
A ? "ACTION SPECTRUM" OF . . . ,
E "ACTIVE" STATE _—
3 "ADULT" ONES
« 1 "AFTER EFFECT" IN . , .
. "ANNEALING" CURVE
p: "AVERAGE" OBSERVER
g | "BACKGROUND"
A "BEAT" TYPE
- "BIOLOGICAL" CLOCK
i "CELLS"
"CENTRAL" ION
S "CENTRAL" PARTICLE
g "CHARGING" OF ., . .
K "CLOCK"
T "COEFFICIENT OF MAXIMUM OF VARIANCE" '
! "CONE" INSTABILITY
- "CONSTANT" CORRECTION ' ,
g " CONSTRUCTION" :
E "CONTRIBUTION" OF ., . .
S "CORRECT" REPLACEMENTS
) "CRITICAL MASS"
P "DARK" CULTURES :
- "DARK" COEFFICIENTS !
. "DARK" VALUES
£ | "DERIVATIVES" OF . . .
E " DIOXANE"
. "DISCARDS"
b "DISSOLUTION" OF . ., . :
3 "EFFECT" FUNCTION
& "EFFECTIVE FETCH DIRECTION
K "ELECTRON" TEMPERATURE
-3 "ELECTROSTATIC" COMPONENT
b "ENZYMATIC" SIGNAL
4 "FILAMENTOUS" BACTERIA , |
0 "FIRST" CASE
& "FORCE" OF , . . !
', "FORM =N"
E: "FORM =X"
3 "FROZEN-IN" SYSTEM
e "GAS" OF THE SEGMENTS .
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"GENERALIZED HAMILTONIAN"
"GULF STREAM =N"

"HALF-MOON" ARRANGEMENT
"HALF-MOON" CHROMATIN ARRANGEMEN
"HORI ZONTAL EDGE" '
"HUMP" IN THE CHARACTERISTICS
"HYDROPHILICITY" '

" INCOHERANT" RADIOWAVE

"INTACT" ZONE

"INTERNAL CURRENT"

"LABELED" BASES

"LATE RECEPTOR POTENTIAL" =X
"LATE" =X

"LIGHT" CULTURES

"LIGHTNING" MECHANISM

"I,OCKING" OF THE IONS

" LONGWAVE" FORMS

"1.0SS CONE INSTABILITY" '
"MAPGIN COEFFICIENT"
"MARKUSSONOVSKI1" FRACTION
"MATURE" STATE .

"MAXIMUM SODIUN PERMEABILITY"
"MEASURED" SLANT RANGES =X
"MINIMUM" PRINCIPLE

"MINIMUM-B" PRINCIPLE
"MINIMUM-3" TYPE

"MINIMUM-B" CONDITION

“MODULAR DERIVATIVE"” OF « . .
"MONOMERIC" FORMS :
"NARROW" SITES

' "OPERATION CABOT"

"OXYGEN" EFFECT
"PEROXIDE"' RADICALS
"PHASIC" MONITOR UNITS
"PLATEAU" REGION
“POLAR" TIDE ‘
"“PROHIBITED" ZONE .
"PROHIBITED" INTERVAL
"RADIATION" PROFILE
"RED BAND"

“RED DROP"

"REDY BAND

" REMAYNDER"

" RESPONSE"

. "RETIMA"

TRIGHT HAND ROTATION"
"RODINA- =X" TYPE
“"SATURATED" ONES
"SATURATED" SYNTHETIC
"SECOND" PHASE
"SHEAR"Y




"SHOULDERS"

" SITE "

"SKELETOMUSCULAR" ONES
"SPIKES"

"STABTILITY MARGIN"
"STANDARD LIST!

"START LINE"

"STRELA" DIGITAL COMPUTER"
"STRENGTH - DURATION" CURVE
"SUBLAYER"

"TENSOR OF THE HEART"

! "TETANUS"

"TOTAL VARIATION"
"TRANSPARENCY INDEX"

. "TRANSITIONAL" SPECTRA

? "UNDAMAGED" SIDE

"VARIABLE COMPONENT"
"VELOCITY" SPREAD
"VERTICAL COSMIC PROBE
"WARM AND COLD PATCHES"
"WHOLE" CHARACTER
"WORKING" INTERVAL
"YES~-NO" TYPE

"ZAZER'S" EXPERIMENTAL PLOTS

s
¢
i
i
;
§

The given list establishes the fact that quotation marks
are used abundantly in scientific texts. The palpability of
the inf&rmation warrants a special classification of the
guoted expressiocns for the purpose of establishing the pre-
dictability of the occurrence of the definite article.

Codes have been established on the basis of the results
of these investigations and incorporated into the System. It
has also been possible to code verbs which, when functioning
predicatively, define nouns in such a way that definite articles
can be predicted for these nouns. Moreover, certain preposi-
tions (e.g., DL4 and V) have been coded as indicators of

definite articles for their objects.
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PROGRAMMING SPECITICS IN IMPROVING THE EFFICIENCY

OF SYSTRAN PROCESSING

1, SELECTION OF L, S, COMPOUNDS WITHIN TOPICAL GLOSSARIES

Original implementation of the Limited Semantics Compound

Dictionary did not allow for special selection of compounds by

topical glossary. As the number of L. S. expressions added to

the SYSTRAN master dictionary grew, a provision was made to

3 carry topical glossary indications; however, when the compound

¢ dictionary was created for use during translation processing,

.

all expressions were considered as belonging to the general

meaning category.

N
et
U

& By including all expressions in the dictionary, regardless
OQ\ of topical glossary for a common principal word, the generated
i

compound record became extremely large., Consequently, MDL

B (Main Dictionary Lookup program) was not able to attach the long
compouna information within the limits selected for efficient
processing through the sort following MDL and prior to the final

translation phase. The long compound information had to be

retrieved by the LSLOOKUP program in the final translation

phase. Additionally, selectior of matching compounds with the

text is more accurate in that the compounds are searched for a
match in the priority order specified for the text being pro-
cessed.

To create the L. S, Compound disk dictionary by topical
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glossary, the CLS4 program was modified. This modification
included the creation of an index file to the main dictionary
file., BAn index record v s created for each principal word and
contained the topical glossary indicator, disk address of the
corresponding compound record, and the length of the compound
record., The disk address of this index record rather than the
disk address of the compound record is passed to DUPDTLS (L. S.
address updating program) for including the address in the
master stem dictionary file. MDL was then modified to access
this index record. The index record is scanned for requested
topical glossary information, and, using the length specifica-
tion in the index, the compound record is either attached to
the text word or the disk address for later retrieval by LSLOOK-
up.

The LSLOOKUP program was modified to analyze the compound
records for a match with the text in requested topical glossary
sequence., Three disk track areas are provided for retention of
compound information, and, prior to accessing the disk file for
compound information, these areas are examined for the presence
of the desired compound already residing in memory, thus elimin-
ating disk retrieval time,

Parallel to making the before mentioned program changes,
the L. S. compound creation programs CLS1l and CLS2 were elimin-
ated and their functions included in the translation processing
programs LOADTXT and MDL since their contents were almost ident-

ical. By combining the instructions in common programs, any
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change to the basic mechanics of processing can be made to just
one program, eliminating updating and assembling of two separate
programs., Additionally, this method assures accuracy in per-
forming identical dictionary lookup of text w¢ s being trans-
lated and of L. S. Expression words for the creation of the

compound dictionary.

2. LEXICAL ROUTINES: IMPROVED HANDLING OF MULTIPLE-MEANING

WORDS

In that the selection of lexical routines to be activated
for text words being translated is partly based on the beginning
word characters of the text word, a standard binary search rou-
tine could not have been used., The lexical control program was
therefore initially designed with a sequential table lookup for
the routine desired. The number of lexical routines written at
that time were few so this method was about as efficient as the
binary search type.

As the number of lexical routines increased to several
hundred, the sequential search becs.ie time consuming. Therefore,
a special binary search routine was &dded to the lexical control
program to determine whether or not the test word has already
been translated by prior translation programs, in which case
execution of a lexical routine for this text word can be elimin-

ated,
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SECTION V

SYSTRAN AND THE CONTROVERSY ABOUT THE FEASIBILITY. OF
L

MACHINE TRANSLATION \

+
»
A
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SYSTRAN is being developed at a time of considerable con-

i .
troversy about machine translation, or more specifically, about
. . I
the expected quality of machine translation, in the United

States as well as abroad. In the United States a series of con-
ferences were held at the U, of Texas, devoted to the study of

high quality translation. In the Soviet Union, the jou;nél

g

Nauéno-Texnileskaja Informacija devoted a whole,article in its

6th issue in 1970 to the evaluation of the ‘quality of machine

translation. ! :

The Texas conference investigated the problem from both
philosophical and technical poih%s'of'view; we concern ourselves
with the latter in this technical report. There seeméd to be
general agreement that subject matter (knowledge) can be trans-

; ferred with fidelity;by automatic means.l. It w;s alsolagréed

that translators cannot keep up with fapid technological advances

and changes in technical terms, A large scale:machine transla-

S e a4 e

tion system can be updated, every week if necessary, with the

latest terminology thus assuring correct and unvarying transla-

t

lpinal Report, "Feasibility Study on Fully Automatic High
Quality Translation", University of Texas at Austin, Contract
F30602~-70-C~0129, p. 7.
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tion of technicadl terms and concepts.,

SYSTRAN uses topical glossaries to insure proper transla-

tion of technical terms which vary in meaning from one subject

. area to another. Not even one third‘df SYSTRAN's topical gloss-

arization capability is used at,this time. At present, meanings
are attached to SYSTRAN dictionaries in only 10 Subﬁect fields,
' | \ . !

;although the present System could'handle 36 subject field areas'

: \ :
on individual lexical entries as well as on compound levels.

'This means that SYSTRAN is ﬁresently equipped to translate .texts

in ten different specialized suhject areas, and is potentially
| !

ready to.translate in thirty-six areas.
J
The Texas report states that "programming' of many llnguls-
| !
tic algorlthms remains a slow and difficult task."? It should

be noted in this respect that this statement can be maintained

ohly if a suitable language to communicate with the compﬁter

‘does not exist. The SYSTRAN MACRO language developed by LATSEC,

INC. overcomes this hurdle and makes the programming of linguis-
l ¥

.tic algorithms a‘quich and simple task which can be carried out

by llngumstlc personnel themselves after a brief tralhlng per-

iod. The MACRO instructions’ are converted 1nto direct assembly

'language, allowing communication with the computer in the lan-

guage closest to the eomputer,'thereby making full use of the

s ! | 1
logical capabilities and the available high speed core of the

computer.

\

I

20p.cit., p. 14.
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There are twc further prime considerations in discussing
machine translation. One is time: "The need for virtually im-
mediate translation is one of the major reasons for concern with
machine translation."3 1In other words, given a choice between
overnight machine translation and a human translation in a fort-
night, today's scientist, cognizant of the prcblem of obsoles-
cence in scientific and technical writing, will tend to choose
the perhaps less elegant, but certainly more immediate, auto-
matic translation.

The other consideration is quality. (Nida and Bar-Hillel
havwe both remarked that the level of quality desired is relative
to the user.) For example, a physicist may be satisfied with a
faithful, if labored, transmission of concepts, while a stylist-
ician will require the idiom of the target language.

SYSTRAN's listing of L.S. compunds and idioms, in addition
to its numerous specialized lexical routines, allow the linguist
to greatly minimize stilted, too-literal translations by making
special provisions to attain translation equivalency for idio-
syncratic units or constructions as well as for individual lexi-
cal items. An example of this is the handling of the Russian

MOJNO construction. Consider the following Russian sentence:
NEKOTORYE FAKTY MOJNO UJE SCITAT6 USTANOVLENNYMI.

There is in this sentence, no overut surface subject, since

3op.cit., p. 6.
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MOJNO, an impersonal expression, functions as subject and predi-
cate. A literal, word-by-word translation could produce the

following:

SOME FACTS (IT) IS POSSIBLE (or CAN) ALREADY TO CONSIDER
ESTABLISHED,

Rearranging that translation would yield the following

slightly more readable sentence:

IT IS POSSIBLE TO CONSIDER SOME FACTS ALREADY ESTABLISHED,

SYSTRAN, rather than supplying an impersonal subject such
as ONE or IT, chooses the accusative object noun to serve as

surface subject, yielding the following translation:

SOME FACTS CAN BE CONSIDERED ALREADY ESTABLISHED.

The article in the Soviet publication, Naudno-Texnideskaja

Informacija (NTI), analyzes possible criteria which may be de-

veloped to evaluate human and machine translation. It stresses
the fact that no real attempt has been made to objectively eval-
uate automatic arnd human translation, It also stresses the

fact that human translation may demonstrate a good many inade-
quacies which usually do not occur in machine translation, The
smoothness of the human translation in comparison to the rough-
ness of machine translation usually influences any evaluation
adversely against the latter, The article elaborates upon me-

thods of evaluating translations and sets up various evaluation
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scales. The article also refers to the English~Russian machine

£

translation carried out in the Soviet Union.

g Segments of this article which have been translated by

o

SYSTRAN are given below. The translation reflects present

SYSTRAN quality resulting from a careful update of grammar codes

r; St
ATt

and English synthesis codes. The hundreds and hundreds of high~

ly sensitive algorithms incorporated into SYSTRAN can carry out

o P

their tasks only if the entries of the supporting dictionaries

are correctly supplied with all the necessary grammar codes. 2
pt systematic improvement on the grammar code level often requires

analysis of the occurrence of certain lexical items in context,

since the human mind is incapable of determing a priori all the

possible syntactic and semantic relationships in which a given

entry may function. The translation also illustrates where fur-

ther refinements are necessary. For example, in the sentence--

3TA PROQEDURA NE DAET, ODNAKO, OTVETA NA VOPROS, KAK
VLI4ET TOT ILI INO. TIP OWIBKI PEREVODA NA OB5UH OQENXU
KACESTVA.

--the Russian preposition NA may be governed by the noun

PEREVOD as well as by the verb VLI4T6. Since PEREVOD immedi-

ately preceeds NA, SYSTRAN recognized it as the governor of the
preposition, translating the preposition as INTO. 1In this case,
however, the requirement of the verb overrides that of the noun,
and the translation of NA should have been suppressed.

SYSTRAN's translation is presented in the following reduc-

tions of actual printouts. The output reflects a 1403 printout
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rather than a 360 printout which does not possess a colon,
semicolon or quotation marks. Consequently where such punctua-
tion should have occurred, blanks occur in the translation.
Following the English translation, the Russian original, which
served as direct input to SYSTRAN, is given.

The last translated paragraph oif the Soviet article states
that, for practical translation purposes, a full dictionary is
indispensable, implying that this need be augmented only by sim-
ple algorithms. We cannot agree with this statement. Although
a full dictionary supplied with correct grammar codes is of
great importance, simple algorithms cannot carry out the trans-
lation task. SYSTRAN's algorithms analyze each sentence from
every possible syntactic point of view and, in addition, utilize
a certain amount of semantic information. Previous decisions
are reconsidered repeatedly as a coding s heme of about 100
bytes (800 bits) is built up after each word to express the nec-
essary syntactic ties between the members of each sentence and
subsentence. The hierarchical analysis carried out by the algo-
rithms, which use sequences of subroutines and nested subrou-
tines to carry out high level logical decisions, can be cailed
anything but simple,

SYoTRAN's most powerful feature, however, is the open-
endedness of these sophisticated algorithms which makes them
amenable to further refinement. These refinements can be made
continually at either the syntactic or semantic level. It

should be kept in mind, however, that syntax and semantics
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E: are so closely interrelated that the construction of any ade-
3 guate grammar will require that as much care be devoted to the
N ; development of the semantic cor,onent as is given the syntactic
- component. SYSTRAN's present stage of sophistication makes it
] abundantly clear that semantics can and must be accounted for
3 ] in an automatic recognition grammar.
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? THE EVALUATION OF THE QUALITY OF MACHINE

A TRANSLATION.

)
I

b J V. A. Mcskovich, S. M. Vishnyakova.

: i

E

ks z The purpose of the work is the definition of the acceptable and

% permissible quality of machine translation provided both to postediting and
A

~i { to direct distribution without posteditings Such a study must be conducted
-

for the clarvification of the possibilfity of the practical use of
% experimental systems of machine translation (MT) and for the formulation of
requirements for the quality of the transliation which should be ensured by
the {mproved algorithms of HT,

The question of the permissible quality of machine translation is
today one of the central questions of the theory &nd practice of MT, whose

4 solution will in wmany respects contribute the substantjated prodiction of

g 101a
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fg
}; further works in this fielde e

'

3 The results of these works in the evaluation of the quality of

:g translation do not make it possibie to give a clear answer to the question,
4

¥

placed in these'works: how satisfactory is machine translation being

i

A obtained today? On the basis of these works it is possible to make only

that conclusion, that the texts machine translated, according to ail

li ‘ characteristics are inferior to the texts translated by man.

.g In connection with this ccnclusion let us note our difference of

b | |
:? f opinion with the being practiced in abovementioned and similar to them

> } 1
_E i works procedure of presentation in the same experiments of the texts

i : ;

.% i translated by peopley, and the texts machine translated. The fact is that
2 I fn the absence of the preliminary attribution of translation to a2 certain
-

; qualitive class jt is difficult to judge, what the text of the translation
: sets forthe Up to now a basis for the comparison of the qualitative

if charactervistics of ordinary and machine translation is absent. It is

?A unclear how is differed the maciine translation from the ordinary. human

translation can pogssess a mass of defjcienclies which can in principie be

5 by
&

absent from machine translation (for example the hypertrophy of the

_,.‘
BRI AT
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101b

SRS
Lpdidire,

)




el T E TR s QR ST

! I ] . : :
02-12-72 . ' PAGE 3

features of the individual siyle of a human translator in the translated

) 1

i
R T S R R DR

texty, etc.)s On the other hand, the"tsmoo%hness" of the grammatical

o’
Bt i
h

¥

e ' structure of human translation (even with its incomprehensibility) can

influence the subjective evaluation of the. test subjects towards

-
R X!

A i ‘ ‘ ' , ,

; overstatement, 0On the contrary, the rdughness of grammatiéal structure,
ke . - i

5 \

A chuliar toc machine translatibn, but unusual to man, can sharply lower the
S S .

evaluation of translation for hﬁs clarity.

2 |
S ‘ T f , :
fv & In this way, none of the frevilous works in the evaluation of the

, quality of transliation can be recognized satisfactory in every respecte.

gé‘ ] : When developing the procedure of the evaluation of the quality of the
S [ . ‘
% translations of patent texts it was necessary to anew develop all

procedures of experiments, taking into account all that is rational, which

I
was proposed in the works of our predecessors.
} 1

The principles placed as the basis for the procedure developed by us,

are reduced to the following: 1) the clear differentiation of three
' ! , I .
independent parameters of the measurement of the quality of the

i

translation: the clarity of translation, correctness of the communication

of the sense of original in'translation and acceptability of translation as

! 101c¢

L WP




".@xw 55335

ey

e P £ i
LR LR

02-12-72 PAGE 4

a whole; 2) the carrying cut of the experiments with texts which are

characterized only by some single type of distortions; 3) the absence in

the experiments of human trenslations; 4) the neutralization of the

factors, capable of dfistorting the real evaluation of translation; 5) the

utilization of the scales with the optimum scale of the gradation of

indicators; 6) the development of the positive establishment of the tcst

subjects for machine transliaticn before the beginning of an experiment.

The parameters of the measurement of the quality of translation chosen

by us are differed by relative independence and the important aspects of

the translation characterize: its clarity, the faithfulness to the

original and its acceptability. The clarity of transiation is basic from

the evaluated parameters of the quality of translation. To measure it is

possible according to the scales of the subjective evaluations of the"

clearness of the sense® of translation.

The second parameter of the evaluation of the quality of translation -

fts faithfulness to the original -~ fs in principle independenrt from the

first parameter. it {3 also measured on the basis of the subjective

avaluations of the test subjecis.

10la
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Finally, the third parameter - the acceptability of translation - is
the derived from the first twoe. fIn its measurement being accomplished zaisco
according to the 3cale of subjective evaluatio~ns, it is desirable to
refine, under which conditions the evaluated translation can prove to be
useful for the reader,.

For our purposes the five-or—six—point scale of evaluations will be
most appropriate. it makes it possible to evaluate all the essential
gradations of the indicator being studied and possesses a sufficlent degree
of generality (5)s To evaluate the clarity of translation we use the
following scale of evaluations:

— the sense of the entire text is clear and it causes no doubts;

- the sense of a text is clear, however gsingle sentences require some
reflections;

- only overall meaning of 2 text is clear;

- the overall meaning of a text is understood with difficulty;

-~ the sense of a text is absojutely unclear.

as a control procedure for the checking of evezluations the following

method i{s used by use The test subjects underline the unclezr to them

10le
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places of translation and copy a text, correcting the emphasized places of
transiation.

The evaluation of the faithfulness of transiation to criginal is also
produced by us according to the five-point scale of evaluations.
Lvaluations are formulated in the form of these definitions:

- translation transmits very well tne sense of originail;

~ translation transmits well the sense of original;

- translation in its largest part correctly transmits the sense of
original;

- translation in its largest part correctly transmits the sense of
original;

- translation in no way transmits the sense of original.

When evaluating the acceptability of translations to the test subjects
it is proposed to select one of the six versions of the answer:

le I consjder expedient the practical use of such translations in the
unedited form on the condition that the system of machine translation to
provide for the essential reduction of the periods of the output of signal

inforaation,

101f
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b &
.g ] 2. 1 consider expedient the use of such translations under the
'f § condition of a representation along with the translation of a draft.
3. I consider expedient the use of such translations under the
condition of a representation along with the translation of the original
A text and draft.
K 4, I consider expedient the use of such translations after their
: 33 ;
.
! insignificant editing.
12 i
: S5« I consider expedient the use of such translations even after their
{ essential editing.
; 6. I consider inadvisable the use of such translations voth in edited

o and in the unedited form.

In the course of experiments in the evaluation of the quality of

B o as 1y

+red

translations according to three proposed above parameters were used the

‘—\—!

R

standard translations of the texts of the points of the patent formulas

- 43 _‘:»:‘:«ft*.

from the weekly of" official gazette", executed by the experimental systenm

g

S

of Anglo-Russian machine translation of QNIIPI by a computer® ural=-4'%,

T
Yo e i
R

ety

R

Since in these texts the different types of the errors of transiation have

W)
SRR T

been presented in a composite form, it is difficult to judge as to what

101g
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. s . H !
degree onz or another type of error affects of translation. Therefore in
\ ' )

-

one of the series of experiments in the evaluation of the gquality of
’ I '

translation - when evaluating the faithfulness of translation to original -

the supplemental procedure has been intrcduced which makes it possible to
}

1

;ﬁ judge as tc what extent the different types of ihe errors of translation

have been presented in the evaluated text of translation. To the test

'

subjects It is proposed tc underline in the text of translation the

i
|

incorrect translations of terms by two features, grammatical errors by a

| !
t

dotted line and stylistic errors - by a wavy line. This procedure does not

o give, however,; an answer to the question how influences one or another type

¥ , H
&
ﬁ of error in translation into the general evaluation of quality.

! Therefore as text materials specially prepared semi-automatic

. i \ ) 1
Z translations are used by us also. Each of these translations is differed

only by one type of evaluation, In.experiments the gemi-aptomatic

|
transliations of the following nature have been presented:

1) the word-by-word translation with solved lexical and grammatical
|

i polyseaanticism;

2) the text with the correct transfer of tt. grammatical connections

101h
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between words, with the exception of the connections ‘between the components
. ‘ ) . , | :

b
\

' of the nominal word combinations being transferred word-by-word;

1
3) the correctly translatied text, but annotating in.thé case of the

rlexjcal polysemanticism of all possible equivalents of the words of the

initial language; ' ' ' o
! ' . | B
. 4) the correctly translated text, but'annoiating in 'the cases of the

granmqtical hoﬁonymy|of all possible equivalents of the homonyméus forms of

] I 1
! the initial language,

! $5) the correctly translated text, in which pa}t of the words of the

; initial language has not been transfe:red, but hss teen transliterated.

At the beginning of experfments‘the p&sitive establishment of the test

subjects with respect to the machine translation was attained. For this to

i
¢

' the test subjects was explained the purpoée of works in machine
! |

!

translationy and also the need for fgnoring when evaluating the translation

; |
i
i

i ' of its grammatical and stylistic correctness. The appropriate explanations

were introduced into the text of interrogatory forms.

Qur expééiments were produced by two serfes. In the first series the

texts of semi~automatic and machine translation uére presented to the test

1011
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02-12-72 PAGE 10
subject directly by experimenters. In tne second series an experiment was
that the test subjects answered the form according to the evaluation of the
quality of translation externally. in this form the texts of
semi-automatic translation were not jncludedy in it were presented only the
texts translated by a computer. Form was published in a periodical the"
questions of invention”, 1968, No. 5.

At the present time materjals on the first series of experiments have
been obtaineds On the second series of experiments material has been
processed partiallye oos

In this way it is possible to inter, that to the greatest degree the
untranslated vocabulary and to the smallest degree ~ the destroyed
grasmatical connections in part of the text make the quality of
transliations worse. The unsolved grammatical and lexical homonymy makes
the translation to a lesser degree worse. Consequently, in order to attain
the optimum quality of translation it is necessary under otherwise equal
conditions to provide for the system of machine translation with the full
dictionary, in which the entire vocabulary of the texts being translated is

included. The percentage of the words, not found in a dictionary, should

1015
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remain at the lowest level. The translation, intelligible to the reader,
car provide for the comparatively simple algorithm which works on the basis
of a full dictionarys This is proved by the fact that the text of
word-by-word translation and the text of the translation with grammatical
agreement, obtained by a computer, have identical evaluations. Exponential
in this plan is the fact that the ignoring of the connections between the
components of nominal word comtinations, and also unsoived grammatical
howmonymy influence the quality of translation to the smallest degrec.

Our conclusion in a somewhat different form has been repeated. With
the complication of the algorithms of the syntactic text analysis which
have as a goal the detection and the correct transfer of the grammatical
connections of the text of original, the degree of the clarity of the
translations being cbtained substantially does not increase. For practical
purposes a simple algorithm is sufficient, but a full dictionary is

necessary. SUBJECT CODE 0.
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ABTOMATHU3ALMS TIEPEBOAA

TERCTOB

VAK 651.926:681.39

OILEHKA KAYECTBA ABTOMATHYECKOIC NEPEBOJA

B. A, HOCKOBHY, C. M. BHUIKEAKOBA

Lleavio paGort sBasercs onpefenelne PpHEMAEMOro H  RO-
NCTHMOrO KayecTsa aBTOMAaTHYECKOro (epesoAd, PacCUHTaHHOPO
KaK Ha nOCTPEAaXTHPOBAHHe, TaK H HA HEMOCPEACTBEHHOE pac-
mpocTpaenne Ges mocTpedakTHpusakus, Takoro poma Hccaeno-
BanHe HEOOXONAHMO MPOBECTH AAR BHIRCHEHHA BO3IMOXKHOCTH OpaK-
THYECKOTO HCMONMbIOBZKHA IKCNCPHMEHTABHEX CHCTEM aBTOMATH-
yeckoro nepesopa (All) u ana dopxyauposk# tpeGobaHHR K
KAYeCTBY nepesofia, KOTOpufi Ao/en oOecnedHBATBCA  ycoBep-
WEHCTBOBAHKBIMY  aATOpHTMaMu  All

Bonpoc 0 AONyCTHMOM kauyecrBe aBTOMAaTHYECKOTrO nepesoaa
ABARETCA B KACTOALLEE BPEMA OMWHM H3I UEHTPAAbitbix BONPOCOB
Teoprit H npakTrrr A[l, pewenne Kotoporo GyAer Do MIOrOM
cnocodcTBopaTh 060CHOBAKKOMY NPOTHOIHPOBAHKIO AaNbHERAWHK
pafor B s5TOA 06aacTH.

TMpHHIHNY, NOMOXKEHHHe B OCHOBY Pa3paGoTanuofi HaMH Me-
TOAHKH, CBOAATCH K C/eRylomeMy /1) yeTkoe pasrpannuense Tpex
He3aBHCHMBIX NMapaMeTPOB H3MEPEHHA Kad4ecTBa NnepeBoma. MOHAT-
HOCTH MEpeBoaa, NPaBHALHOCTH NEpela¥H CMuCA2 OpHFHHANZ B
nepesoae M NPHEMAEMOCTH nepeBofa B UCMOM, 2) nposefexHe
SKCMEPHMERTOB C TEKCTAMH, X3PAKTEPHIYWUIKXCA TOALKO KaKHM-
UHGYHL OAHHM THNOM HCKamenuf, 3) OTCYTCTBHE B 3IKCMEpHMEH-
Tax O6biyHuLx nepesonos, 4) nefitpannzanus GakTopos, MOryuHy
HCKa3nTo PeaibHylo OLUEHKY nepesofta; §) NpHMEHeHHe wWwKan ¢
ONTHM2AbIILIM MaciiTaticM rpafjauHi npusnaxos, 6) BupaGoTku
NONCAHTCALHOR YCTOHOBKH HCNHTYEMBIX X MAllMHHOMY NepeBoRy
A0 paqana IKCMepHMeHTa.

Britenelnbe HANH fl2paMeTPH H3NEPeHHS KaueCTsa  fepeso-
Ra OTAHYAKOTCA OTHOCHTENLHOR HE3EBHCHMOCTHIO H XapPAKTEpH-

[ 3YIOT Bax(hble acMeKTH NCpepola‘ ero NCHATHOCTb, BEPHOCTL OpH-
[ ] THHANY H ero NpHEMA2MOCTb Torartiocts nepeBola asasercs oc-
° HOBHHM B3 OUCHHBAEMBIX NapaMeTPOB KayecTB2 nepenoaa. Hame-

Peayabratts 3Tax paBoT no ouenke KaecTBa Nepesofa He No3-
NONRIOT AATL YETKOro OTBeT2 Ha nocrasieHnwfi B 3THX paborax
BOTIPOC, HACKIALKO YAOBACTBOPHTE/IbHBIM ADJACTLA ABTOMATHYe-
CKHA nepeBoR, noAyuaeMunifi 8 nactonutee spema? Ha ocwopaniu
9THX paloT MOXHO CALNATH TOJIBKO TOT BHBOX, TO TEKCTH, nepe-
BefieHHNE MAWIHKCR, MO BCEM XAPAKYEPHCTHKAM YCTYNAOT TeK-
CTAM, NEPLEeREHHWIM HENCBEKOM

B cBR3® ¢ 3THM BHBOAOM OTMeTHM Halle Hecarnacde ¢ Apak-
THKYEMORt B YNOMAHYTHX BHle H MOLOOGHHX BM paboTax mpoue-
AVPOR NpPeABABAGHHS B ORHHX H TeX Ke IKCMePHMENTAax TEeKCToB,
nepeBeaeRHNX MIOALMA, H TEKCTOR, Mepesefernnbix Mawunamu. [e-
N0 A TOM, 4TO NpH OTCYTCTBHH NPeAB3PHTeNbHOR aTpuOYUMKH ne-
peBofa K ONPEfeNeHHOMY KaYeCTBEHHOMY KJacCy TPyano CYAHTH,
0 TOM, 4TO npeacTaBaeT cobof vexct nepesoda. o uxx nop or-
CYTCTBYET OCHOB3 018 CONOCYABJSHHA KaNeCTBEHHbX XaPaKTepH-
CIHK OBHYHOrO R MawHHHOro nepesona. HescHo, ueM otakyaer-
C MAWHHHLA nepesod OT o6HuHOre OOLYHBIA NEpPeBOA MOMeET
06nanaTs MacCOR HEAOCTATKOB, KOTOPLE NPHHUKNHANLHO MOTYT
OTCYTCTNIRATL B MAUWMHHIIOM fepenode (HanpHMmep, runeprTpodus
Yeps HILAHBHAYAALNNIO CTHAR HCAOREK2-NEPCBOAYHKA © NCpese-
fAennoM Tekere H T i) C APYroR CTOPOHH, <rAZAKOCTLY FPAMMa-
THUCCKOfl CTPYXTYpLi O6biuHOre nepesoga (aaxe npu ero teno-
UATHOCTH) MOXET 'LOBAHATL N CYGLEKTHBHYIO OMENKY HCMGITYe-
MUX B cropoily 37 srdwenns ouctki, HacGopor, wepoxosatocts
rPAMMATHUELKOR CYPYKTYPU, CHOACTBEHHAR MAWHHHOMY NEPEBOAY,
110 HENPHE {YHAR YENOBEKY, MOIKET PEINO CHRINTL OUENKY nepe-
BORA NIPH €r0 NOHATHOCTH.

Takum ofipa’oM, HH OfNa H3 npeabityx pabor no ouerne
KayecTDa fiepesofa e MGIKET GHTL BPH3IHANA YACBAETBOPHTEML-
Hofl Bo Bcex ovhowennax. [Ipn paspaborke Meroanxu OuCHKH
Kayecysa Nepeposon NAaTEeHTHNX TEXCTOB HEOGXOAHMO SLA0 3aHOBO
pa3paloTaTh BCC NPOLUEAYPH JIKCHEPHMENTOB, YUHTHAAA BCC TO
PaUHOHAJILHOE, UTO MDEANAraaOCh & PABOTAX MAlWHX npeawect

BEHHHKGOD,

PHTB €FO MOXHO M0 WKanaM CYOBEKTHBHHX CUEHOK «ACHOCTH
CMUCNas rnepeBona.

Bronofi napaMerp OueHrH KaYeCTsA MEPEBON3 — ero BEPHOCTL
OPHIHHANY — APAAETCA B NOHHUKNE HC3ZBHCHMHIM OT NEPBOro na-
paMerna. OH TaKkMe H3IMEPAETCA HA OCHOBAHHH CYOLEXTHBHBX
OlEHOK HCMHTYEURX.

Haxowen, Tperudl  napamerp — DPHEMACMOCTL  nepesona —
AIRNAETCH NPOHIBOAnaM OT ABYX nepeuix. Tlpu ero namepenuu,
OCYIWECTBAREMOM TaKXe MO [KAAe CYGLEXTHBHHX OUEHOK, MKeAi-
TENLHO YTONHHTD, fIPH KAKHX YCNOBHAX OUEHHBAeMuK nepesva wio-
AET OKalaThCR MONE3NBIN THTRTENO.

Aan #au#x ueneR nanbonee NOAXORHT NATH-WECTHSANNBHAA
whxana nueHck. OHa no3sosfeT OLEHABATL BCE CYWECTBOHHME
rpafauHy H3yyaemoro NpPH3HAKa W o6nanaer ROCTaToNHOR cTe-
nenbio oSunocth [5]. JInm oueHKH NOHATHOCTH nepeBoqa Mbi HC-
nonb3yeM CReNyOIUYIo LKAAY OUEHOX:

— CMHCJ BCErO YEKCT2 SCEH H HE BHIHBAELT HHKEKAX COMHC-
nHA;

— CMBICT TEKCTR HCEN, OAHAKO OTHENbHHC NPCA/ZIONEHHR Tpe-
GyINT HEKOTOPHX pasMbilneHkA;

— ncen TonLbko OGUIKA CcMBCA TexcTa:

-~ OBIUHE CMBICA TEKCTA NOHHMACTCS C TPYAOM:

~- CMBCJA TCKCTA ASCOMOTIO H2Acel.

B Kkauecrse XonTponbHOft NPONEAVRM RAR MPOBEPKH  OUCHOK
WANH NpHMensercs caeAyioiutnf nprem  Henuirvemule noluepxu-
BAIOT HOACHEIE HM MECTA Nepenolia H NCPENHCHBAY TEXCT, HCN-
PaRAAR NOMYEDPKHYTHE Mecra Mepesona.

Ouckra REPHOCTH NEPEBOAA OPHINHAAY TAKKE NMPOHIROAHTCR
HamH No NRTHGaAnLHOR wixane oieHok. Ouenkn HOPMYAHPYIOTCH
B BHQZ TAKMX ONpoReAvHrR:

— [IepeBOA OHCHL XOUPOWIO TEDEANET CMHCA OPHINNANA,

- NepeEon XOpOUIO Neparaet CMHCA OONTHHENR;

— fiepenon n Gonunedl  cBOth wACTH TNPABRABHO nepeRaer
CHHCH OPNIHRERY;

— nepeson & BomauCR CROCR GIZCTH  MPaBM.BKO  meperser
CMHCA OPHIMNANR;

— NAPEBOA COREPILEHHO HE REPEARET CWHCAA OPHIRHEAA.

1970 . ABYOMATMIAUME NXPGOORA TRHCTOS
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IMp# ouenxe NPKEMAEMOCTH MEPEBONOB ACNUTYEMHM npeianara.
ercd nOPSTL OQKH K3 IIECTH D3pHaHTUB oTBera:

1 Cuutaio nesicconGRa3NLIM NPAKTHYECKOE HCNOAKINNANIHE TA
KIX NEPCBOAND B HCOTPENAKTHPOBANHOM BHAC NPH YCAOBHH, YTO
CHOTOM  ARTOMATHUCCKOTD ficpeBOIA 06CCNCUHTD CYLILCCTBEHHO:
COXNAMMINHC CPOEND BHNYCKA CHrHANbHOA HHGOPMauHH.

2 Cuntaio ueseconBpasnnM HCNOALIOBAHHE TAKHX NCPEBOAOB
NPH VCXOHHUIE NPeACTARREeIHA HapAady ¢ nepeBoOaOM 4eprexa

3 Cunraio uenecoo6pasHHM HCNOALIODERHE TGKHX MEpesofon
PPH YCROBHW MNCACTABACHHR HapAAY € NMCPEBOOM OPHFHHANBHOIO
TCKCTA M uepTeXKa.

4. Cuntalo uenecoo0pasHLIM HCHONBIOBAHHE TAKHX NepeBojod
NOC/E HY He3NauureAbNO20 pelAKTHPOBAHHA,

Cunralo uenecc06pa3HuIM HCNONb3OBaHHE TAAHX NEPeBOAOB
H NOCne HX CYUW{ECTAENNO20 DRLAKTHPOBANHA.

6 CuHTaio HewlenecooOpa3HLIM HCNOAL30BANHE TAKHX Nepeso-
OB X8K B OTPENaKTHPOBAHHOM, TaK H B HEOTDEAAKTHPOBAHHCM
BHAE.

B x0ne KCNepHMEHTOB NO OlleHKe KayecTsa MEPEBOAOB NO TPeM
IPEANO® CHHBIM BHILLUE NapamMeTpaM GHiH HCNOALIOBAHH CTAHAAPT-
Hble Mepesont TEKCTOB NYHKTOB NATEHTHHX GOPMY H3 exeHeenb.
unka «Qfficial Gazettes, BHNONHeHHMe IKCREPHYiEHTANBHOR CH-
cTeMoft aHF0-PyccKOro aBToMaThueckoro nepescaa LIHHHIH na
3LIBM «¥Ypan-4». Tax XaK B 3THX TEeKCTax parAHYHHE THNH OUIH-
Gox nepeBOfia NPEACTABACHH B KOMHACKCHOM BHAE, TPYAHO cy-
AHTL C TOM, D KAKOA CTeMeHH TOT HAH HHOA THR OWHOKH 06yc-
ROBNKBACT Kauecyno nepeeofa. losToMy 8 OAHOR H3 cephi 9ic-
NEpHNCHTOB N0 OLUCHKE KayecTsa MCPesOAa — NPH OUeHKe Bep-
HOCTH N2PeROAD OPHIHHA 1y — BRCACHA ZONOANHTEALNAR MpouUeAy-
Pa. MO3BOAROWAR CYAHUTH O TCM, B KAKOR MEpPe Pa3be THNH OWH-
GOk (ICPCNOLA NPCACTABACHN 8 CILLP/RACMON TEKCTC Nepes.1ta,
HenutyeMuM npepnaracTcR noAsepkiyTs B TEKCTC NMEpEeBORA He-
NPaBlAbLHHE NEPCBON TEPMHIIOB RBYMA YSPTAMH, FPAMMATHUECKNE
OWKOKH BONNKCTOR YEPTOR M CTHARCTHYCCKHC OWHOKH — NyHK-
THPHOIt uepTOH. 3Ta NPUUCAYPa He ASCT, OAHAKO, OTBETA HA BOM-
POC, KaK GJHRET TOT HAX HHOR THn OWHOKK nepesons Ha ofinyn
GleHKY KavecTpa.

T103TOMYy B KAueCTRe TCKCTOBWIX MATEPHAN0B HAMH HCMOABIO-
BaNN TAKXe cMellHafbHO NOATOTORJENNNE KBAJHABTOMATHYECKHE
ne” *BOAN. K&XAHA HI 5THX Nepesonos OTJIHYZETCH TCALKG OXHHN
THNOM CUEHKH, B IxcnepHMeHTSX NPEACTSDJAEHN KBASHABTOMATH-
yecKHe MEPEEOAW CAeAYIOlIero Xxapaxrepa:

!} nocnosnmfl nepeson ¢ pewenHof Aekciueckofi H rpaMMaTH-
YECKOR MAOTO3IHAYHOCTLIO,

2) TeKer ¢ npasuabHof nepenavefl rpaNMATHYeCKHX  CBAsel

MCXKAY CAOBAMH, 33 NCKAOUEHHCM CBAIER MeXAY KOMNOHEHTAMR
HMEeHHBX CN0BOCOYETAHAR, NEPEBOARMLX NOCAOBHO;

3) NpEBHALHO MEPEBIALHHLIR TEKCT, HO C MPHBEASHHEM 8 CAY-
4Ae JEKCHYZCKOR MHOTO3HAYNOITH BCEX BOIMOKHLIX IXBHBIALH-
TOB CNOR HCXOANOTO A3NKA;

4) npamnaLHO mepeBeACHHMA TEKCT, HO C NPHBEICHHEN B CAY-
S3RX TPAMMAETHUCCKOA OMOHHMHH BCEX BO3MOMHBIX IXBHSANCHTOR
OMOHHMHUHLIX GOPM HCXOAHOTO A3bIKA,

5) NpasHABLHO NePeBCACKHLA TCKCT, B KOTOPON 4BCTH  CAOB
HCXORHOTO AILKA He NEPeBAIeiid, 8 TPAHCMITEPHPOBAHE,

K tayany IKCHEpHMEHIOD AOCTHra/Nach NOJOMHTEALHAS YyCYa-
HOBKS HCHNTYEMWX NO OTHOWEHRIO K MalunKiHOMY nepesony. Tlas
STOTO HCNLITYSMBM DPAIBACHANOCH Ha3HaYsHHe PabOT NO WGLIHN.
HOMY NEPEBOAY, @ TOXXKE HEOOYONHMOCTL HFHODHPOBAHHA  npX
OUEHKE N2P2BO/MA 10 FPAMMATHYECKON H FTHAHCTHUCCKOR npasnA.
Hocty., CooToercrsyolite PAZBACHENHA ObiiH BBEAECHN B  TEKCT
ONPOCHMX ANKeT.

Hawn skcnepHMERTH NPOH3BOAHAHCH ABYMA CepHAMK. B nep.
BOft CEPHM TCKCTH KBAIHABTOMHTIYECKOrO H ABTOMATHUECKOTO Nhe-
PEBORS MNCABABARANCH HCNMTYEMMM HENOCPENCTBEMIHO 2XCHEPH-
ueHTatopalt Bo BTOPOR CePHH IKCMIEPHMENT COLTONA W TOM, HTO
HCMHTYSNLIE OTACHAJAN 13 2NKETY NO OUEHKE Kave(Tsa fepesosa
3504910, B 9TY auKeTy He SKAIONIAHCH TEKCTM XBASHEBTOMATIME:
€XOTrG nepenona, B nelt GHAH TPEACTABACHN TOMRXO TPXCATH, ne-
penenennie s SLUBM Anxera 6uaz onv6ankosaie B XYPHaAe
«Bonpocw wioBperareascras>, 1968, M §.

K facTonuieMy spoMedHi NIAYHEHN MATEPHAAN 1O Tepsol ce-
P oxcnepHMonutTob (1o 3TOPOA CepHIt IXCNLPHKANTOD MITIDHAX
ofpadoran HaCTRNKO.

-]
®

e

Takuu 06pa3oM MOXNO cAeAaTh BWDOA, WTO B Ranbonuwed
CTEMEHH YXYAWANT KAaueCT80 NCPEEOAOD HENCPEBESCHNAR NCKCHKA
H B HaHWMeHbUICR CTenenH — pa3pywieHHN® FPAMMAaTHYECKHE CBA-
sH B yacTH tekcra, Hepeuseunan rpammartHyeckan K JeKCH4eCKam
CMOHHMHA yXYyAl2eT nepceoa B Menbuell crenenn Caegosatens-
10, 9To06H ROGHTLCA ONTHMAJLHOrO KavecTsa nepesosa HeoGXOAl-
MO TPH BCEX MPOYHX DaBHHIX YCJAOBHAX OGeCeyHTb CHCTeMy as-
TOMBTHYECKOTO MepeBola NOAKMM CA0BApEM, B KOTOPHA BEAKYEHA
BC JBKCKKA MepesomHMblX Texctos. [IpcueHr caos, He Haftnex-
RHX B C/0Bape, MOMKEH OCTaBATBUA Ha CBMOM HH3KOM YpOBHe.
IMepesopn, NOHATHHA wHT2TEMO, MOXKET OGECNCUHTL CPABHHTENBHO
HECAOMHBR aaropiTH, paGoTaiolWHA Ha OCHOBE NONHOrO CAORAPK.
3710 n0Ka3HBALTCA TEM, YTO TEKCT AOCJACBHOrC Mepesofa H TEKCY
NepenoRa C rPaMMaTHUECKHM COT/IaCOBAHHEM, NOAYYeHHWfi Ha
OlIBM, uMmeT OnMHaKOBHE OUCHKH. Tloxa3aTenbiuM B 9TOM naa-
He #ABARETCA M TO, YTO HTHOPHPOBZHHE CPA3EH MEXAY KOM{OHEH-
TAKH HMEHHBIX C/OBOCOYeTaRHA, a TaKkXe HepaspelleHAe rpau-
HATHYECKOR OMOHMMHEH BJHSAIT Ha KayeCTBO NEPeBOAa B HAIMEHH.-
tiefl  cremeHH.

Flosropiu Haw puiBoA B HecKoabko uHOA dopme. C ycroxHe-
HHEM AJITOPHTMOB CHHTAKCHYCCKITO AHAAH3Z2  TEKCTa, HMEOIHX
1eAbI0 O0HAPYXEHHE H RPABHALHYIO Nepenayy FpaMMaTHYCCKHX
cBn3eR TeXCTA OPHTHHAAZ, CTEMEHL IIHATHOCTII NONYyYaeMbix ne-
PeROAOB CYUIECTBEHHO ie Boapacraer, Jlasm npaxkTHuecKHX ueacfi
DOCTATIUEH RPOCTOR ANTOPHTM, HO HEOOXOAHM fCANMA croBaph

®
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SECTION VI

SYSTRAN AND THE CONTROVERSY ABOUT THE
STATE OF THE ART

Dispute or controversy about the feasibility of machine
translation continues to manifest itself, despite the findings
of the 197C-1971 study effort of American linguists and despite
the findings of respected Soviet experts. The latest contribu~
tion to this controversy appeared in the December, 1971 issue
of the journal Science in the form of a letter to the editor
from H. W. Sinaiko.

The approach in this letter depends on the writer's offer
of statistics in the form of percentages of "errors" in MT --
percentages arrived at by the writer by some unexplained method.
The thrust of the letter is certainly negative, even though the
writer admits that "it would be unwise to conclude on a less-
than-optimistic note because of one set of observations." None-
theless, Sinaiko's opinion that the "differences between the
1964 and 1971 MT systems were found to be slight and not con-
sistently favoring one or the other system" is certainly a less
than optimistic answer to the writer's apparently rhetorical
question: "what have we gotten for our money?"

This brusque question is apparently not an inquiry of pro-
gress made in the state of the art, but a prelude to the negation

of progress in MT., As such, it deserves close examination.
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The first point made in the letter is that the same article
was translated by a 1964 MT system and by a 1971 system. The
article in question was a paper (to bs read in Yugoslavia in
1964) written in English, and translated into Russian.

No mention is made of mistakes made by the human translator

in producing the Russian version. There were, however, errors

in the Russian translation--errors which detrimentally affected
the computer's retranslation into English. The futility of

such an exercise should be considered at this point. MT is de-
signed for practical purposes; it has neen developed to pro-

vide rapid and accurate translation of primarily scientific texts
for scientists who do not read the source language. It has not
been meant to serve as an academic merry-go-round of trans-
lingualism.,

Nonetheless, if humans want to use MT for such academic
exercises, MT will serve, if the human-translation input is
grammatically and orthographically correct. Unfortunately, this
was not the case with the article in question.

Concrete evidence is offered here for the purpose of
pointing out the necessity for using genuine Russian material
in cases where the machine translation effort is to demonstrate
recompensation to the investor. It is also intended to sub-~
stantiate the claim that SYSTRAN has been developed solely for
practical use,

The Sinaikc document was submitted to a native Russian,

Dr. P. F. Krasnopolsky, who on the basis of his long teaching
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experience in the United States, where he has been dealing

with both the Rugssian and the English languages, is well

qualified to judge the use of his native tongue and to deter-
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mine the instances where it is not used properly or where it

does not correspond to the standard literary language in which

:. i3
b
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i
2
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a native Russian naturally expresses his thoughts on paper.

.
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The discrepancies found by Dr. Krasnopolsky range from incorrect
use of Russian (perhaps due to insufficient grammar training),

to "Americanisms" and even Russian substandard expressions. For

E: a detailed analysis of the errors found in the Russian text

-f (sixty-five distinct and non-repetitive errors), see Appendix IIT.

} In brief, most of the errors, inadequacies and'inaccuracies

of the text indicate a poor knowledge of the Russian language.
In addition, the Russian text serves as an excellent example
p: of the types of errors human translators may make.

3 One of the most typical and unavoidable characteristics

N ‘;3,‘.‘

of human translation is the inevitable tendency towards slight

semantic discrepancies., These are inevitable because the

e B,

AT

human translator unconsciously carries to each text he trans-

|
lates his own prajudices and his own unique system of semantic

o

: associations, This, rather than an inadequate kﬁowledge of

s

Yoaer

Russian, may account for the translation from the English

"seemed to be . . . slow" (p. 4) into the Russian BYL MEDLEN °

TP
SRR Ty

b

which means "was slow." Obviously, KAZALS4 MEDLENNYM ("seemed

1}

]

.

o
X

« « « 8low") should have been used to achieve a precise
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translaticn. Clearly,!that something égggi to be the case
does not logically imply that it’ig the case. Yet, in the
article in which this impreéise translation occurs, Sinaiko
states that, with human traqslators "meaging was preserved
with high fidelity." One can oﬁly conclude that this optimum
qonaiti;n does not always hold.

Ironica11§, the aboéementioned errors in the human-
produced Russian translation of Sinaikofs a;ticle actually
bear witness to SYSTRAN's sophistication in machine transla-

tion. Words which do not exist in the language cannot be

jexpected to be translated, disrupted syntactical structures

: in the source language cannot yield normal sentences in the

targeF language, and, above all, no computer can infér
'anything.duping the structufal analysis whicﬂ is not explicitly
expressed in the input. If the input deviates from the
gtandérd Lse of allanguage: updates mugt be carried out prior

to 'spinning the tape. Any such deviation' forced upon such an

) ' H
operational s&stem as SYSTRAN will jeopardize its capabilities

and will only produce adverse effects.
‘ |
Sinaiko chooses'as indices of translation efficiency

: ;
w?at he terms'?characteristics of MT output,"” which are

"(i) untranslataed words and (ii) translated words that have
twolor more passible meamings in the 'target language (English
in this case).” It:is by the use of these indices that the

writer nullj fies che progres§ of MT: "The MT (1764) translation
H
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contained 1.2 percent untranslated words and 6.3 percent
multiple meanings. The MT (1971) translation contained 2.3
percent untranslated words and 5.3 percent multiple meanings.”
Unfortunately, he gives no indication of the miscellany
aggregate under the term "untranslated words." For example,

38 out of the 1,685 words in the text were not translated in
MT 1971; four were not translated because they were misspelled.
In other words, the computer correctly rejected human error.

Of the remaining 34 untranslated words, the following were

counted as untranslated more than once:

VVIDE (2)
NAXODILS4 (2)
TELEKONFERENQI4 (9)
KOLEBALAS6 (2;

At this point, two facts should be taken into account:
(1) as long as people create new vocabulary items {e.d.,
TELEKONFERENQI4) , dictionary updates will be required for
their translation, Fortunately, an MT system dictionary
can be updated incredibly quickly. (2! Words may remain
untranslated by a human translator if he is not equipped to
deal with terms in a specialized area., Just as a human trans-
lator expert in a specific field, e.g., thermodynamics, is
sought to translate a paper in that field, so myst an MT system
be equipped by dictionary updates (and special provisions for
subject areas) to deal with current articles in specified

fields,
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SYSTRAN is equipped with ten Topical Glossaries to deal
with texts in special topical areas. (Telecommunication is
not one of these areas.) When it does encounter words it is
not equipps:d to translate, its Not~Found Word Program anélyzes
the endings of these words so that the output can indicate the
part of speech and sentence function of the untranslated word.
In other words, the word does not remain simply "untranslated";
it is analyzed as far as this is possible in spite of the
absence of a translation equivalent.

Sinaiko's other index of translation efficiency, multiple
meanings, also requires a fair amount of discussion., First,
it must be pointed out that "multiple meanings", as he uses
the term, refers to the appearance in the translated output
of a series of words, separated by slashes, any one of which
may be chosen as a preferred translation equivalent by the
post-editor. In other words, this slashed entry format was
used as a convenience for post-editing. This type of trans-
lated outj.ut is initiated by Subject Code D, which is a
special utility of SYSTRAN, rather than an integral feature,
When Subject Code D is not selected, only one meaning, the
meaning appiropriate to the context, will appear in the trans-
lated sentence. Other possible meanings for the homograph
appear at the end of each sentence in the hexadecimal printout.

Sinaik« also neglected to explain how he arrived at his

statistics (5.3 percent multiple meanings). Again, many
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occurrences of multiple meanings were counted more than once,

just as the untranslated words were counted more than once:

TRANSLATION/TRANSFER (27)
EXPERIMENT/EXPERIENCE {16)
CONNECTION/BOND/RELATION ( 9)
RATE/VELOCITY ( 8)
POSSIBILITY/CAPABILITY ( 4)
REACH/ATTAIN ( 4)
AREA/DOMAIN ( 2)
COMPRISE/CONSTITUTE ( 2)
DIRECTION/TREND ( 2)
SEVERAL/SOMEWHAT ( 2)

The letter contained two more observations about MT/1971
which further reflected Sinaiko's negative opinion of the
progress of MT:

(1) "each of the approximately 80 English sentences had
had some editorial modifications, most of them extensive";

(2) "the rate of post-translation editing was slightly
less than the rate of human translation."

He does not define "post-translation editing” nor "exten-
sive.” Even the most fervid proponents of MT admit the MT
produces stylistically rough translations. Any sentient
editor, given a free hand, will be anxious to add these
stylistic corrections. Editing of this sort might have been
extensive, from Sinaiko's viewpoint, especially since the MT
translation he saw in March, 1971, was carried out in the
midst of a scheduled improvement phase which lasted through
the following month. At that time, routines were being

rewritten and had not yet been checked out. For this reason,
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several L. S, compounds were not recognized, rearrangement
did not go into effect, and article insertion was suppressed.
In sum, the translation on which he bases his figures was
not produced by a fully operating system, but rather by a
temporarily disrupted system.

It is difficult to discuss post-editing time regquirements
because there are various types of post-editing, requiring
greater and lesser amounts of time,

For example, a post-editor who checks translated output
for clarity of expression in the target language makes very
few corrections, and those are only the ones he considers
most necessary, if he wishes to forward it to scientists to
be read immediately. If the need is less urgent, he may add
stylistic changes.

On the other hand, if the post-editor is a bilingual
checking the fidelity of the translated output to the source
text, then his editing will take at least as much time as
he would originally have needed to translate each sentence
himself, since he must actually translate the source text
to compare it to the target text. However, once a system
is in operation, this latter type of post-editing is usually
performed only on specific problems in specific sentences,
when these problems occur. The sentence by sentence compar-
ison will, of course, be done by the experts who develop the

system, as they continually improve MT.
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The focal point of this discussion is a papex writﬁen
in English by Sinaiko and anonymously translated into Russian,
Appendices I and II contain the original English text ard
the translated Russian text. SYSTRAN's transiation of the
Russian is given below. This trénslation was déne in Decem~
ber, 1971, (Although this translation was done nine (9).
months after the text Sinaiko analyzed, it.should be fogically
apparent that the progress made in MT betwéen March and
December of 1971 could not exceed thé proéress made betwgen
1964 and 1971.) | o
While Sinaiko's translated text makes quite ciear the
time entailed in human transiation, since his letter to
Science implies the definite preferabi;ity of hﬁman transla-
tors, LATSEC, INC., employedla professional translator (who
has translated professionally from Russian to English.since ;
1963) to translate the same kext.thét was submiFted to SYSTRAN,
The initial translation was done on a dictaphone and took 1
100 minutes., After it was typed,:the translétof then spent
15 minutes "post-editing” his own work. The material was |
retyped, and then edited to achievg a smoother English text,
Three hours had elapsed since the material waé first presented:
to the translator. Needless to say, SYSTRAN's pransiation '
was accomplished within hinutes., Specifically, SYSTRAN
translation of this text took 22.52 seconds (éPU). However,

this is not an index of SYSTRAN's standard words-per~minute
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j translation rate, since a total dictionary look-up is neces-

1

sary, irrelevant of the size of the text and it was this look-

tp which consumed most Of the timé (11,65 seconds) ‘for the

i N

translation of this short text.. ’ i
! ' I '

4

There were 1,611 words in the text (disregarding
! , punctuationfand'control-wordq) translated by SYSTRAN, There-

? 3 | . fore, SYSTRAN's: CPU translation rate for this text was 257,530

. ' !
e Russian words per hour, |
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3

'} SUBJECT CODE 3. Experiments in the field of international

_i ! teleconferences. *

:

E

Khe Wallace 5inaiko.

bes
. Introduction,
ke
54 .
g Teleconferences refer to the meetings of people who are located far
X )'
I3 l::
4;' frow one another and therefore wust use any means for long—distance
4
% communication. At teleconferences, who do not have common language can

also be the participants. This report sums up some experimental results
conducted in the field of the teleconferences which specially relate: a)
to the different technical methods of the oral and written translations,
capable of being requiring at international teleconferences; and b) to

teleconferences, that use the different means of communication, *¥

¥ the paeper will be presented at the 15th international congress on applied

1llla
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psychology 2 - 8 August 1564 in | jubljana, Yugoslavia

** the more comprehensive study, into which these experim:nts entered, was

published G. Bavelas and others in the monograph of the teleconference:
the summary of a preliminary study, IDA, study s-138, MNovember 1963. Also
about the details of experimenis see Khe U, Sinaiko, the teleconference:

the preliminary experiments, the report 1DA, p-108, .ovember 1963,

- — -

Linguistic experiments,

Background and method. Research on the existing materials gave no
indicatfons that in order that {n the past practical research on the
technical methods used would occur by translators and interpreters of
foreign languages. Therefore we conducted a number of experimental
observations }or the measurement of some characteristic properties of
translation and interpretation. We used languages English and French,

because they predominate on international conferences and since the highly
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02-12-72 PAGE 3
skilled linguists who knew both languages, they were available as
experimental subjectse The material which translators and interpreters
usedy it was political in content: the published records of tte sessions
of the Security Council of united nationss During each experiment we noted
the productivity of the linguists from the point of view of &ccuracy and
speed expressed by a number of words per minute. Accuracy was evaluated by
the judge—expert who used the criteria of the state department used during
the selecticn of the professional linguists.
Results.

We studied two basic linguistic methods and several of their versions.
The first experiments were connected with the generally accepted procedure
of full translation. Were used the groups of translators, some from French
to Englisi, and others from English to Frenche Une experiment was
dedicated to the measurement of the full written trenslation being produced
in the normal waye The results showed, that for full translation much more
time was necessary, than for the actual session of united nations. ;, at the
sessfon of united naticns for the delivery of speeches one hour of time was

necessary namely approximately, whereas our groups of translators spent

1lllc




02-12-72 PAGE 4
3746 is watch to the full written French or English translation of these
same speeches. the full translation rate comprised on the average 5,4
words per minute. The accuracy of full translation was actually
irreproachatle: onr the average it attained 970/0, and among seven of each
of eight excerpts it waverd within the limits between 960/0 and 1000/0.

During another experiment we placed before the groups of translators
linguistic problems in reverse order, whereas normally in English-french
translators a native language is Frenchy, and the group of the translators
from French into the English language became accustomed to work only in
this direction. When for groups it was necessary to work under uncommon
conditions, their accuracy was somewhat lowered, especially in those which
hattecally the: snn¥%e fn Enaligh. (8i+r~n the g m 1~ of t +{r nslat «
excerpts was smally, Iin this experiment were not calculated the speeds of
translations; however, it is possible to say, that the condition the"
reverse linguistic problem™ had a tendency to slow down the work of
translators. ).

Yas also produced the final, but short experiment which was concerning

the technfcal methods of full written tranaslation. We chargesd to groups to
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translate back into the initial language the samples of the already

translated excerpts. Groups wcrked in the direction of the languages

preferred by themes Accuracy was very high: it attained 96-100c/0.

Numbers cf words per minute were not calculated, but reverse translation

into the French language required less time, than the initial tramslatjon

intoc English; analogous reverse translation into English was slower than

the translation from English into French.

Since for teleconferences the ordinary method of a written translation

was inadmissibly slow, we developed a new technical methods it could be

used in teleconferences, where the teletype was as the means of

communications We called this method" visual iranslation"., it is produced

by a linguist who reads in one language being obtained information and

simultaneously dictating the his translation tc a typist on a typewriter.

Were produced three experiments on visual translation, similar to the those

that were used in full written translation. as objects we used oral

professional transiators, but not written, because this method is based on

speed anc¢ rapid memorization. The records of the Security Council of

uni ted nations were transmitted, both in French and in the English language

llle
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02-12-72 PAGE 6
with the aid of the teletype equipment at a rate of 60 words per minute.

The first experiment on visual translation showedy that it is much
faster than full written translations, For the translation of the one-hour
sessfon of united nationg it was required 9,7 is wateh (21 words per
minute)s Accuracy was very high: on the average it attained 940/0, and in
two thirds of the total number c¢f excerpts it waverd between Y60/0 and
1000/0.

During another experiment we placed before visual translators a
reverse linguistic probleme The participating translators said previously,
that they will have the bad productivity which will be expressed in a lower
speed and the larger number of errors. So it happened: the average
accuracy of an Amerijcan translator was only 84o0/0, but of born in France
920/0. However, the speed of work was lowered only in one translator;
another, born in France, translated to the English language just as rapidly
as to French.

Finally we conducted one additional short experiment, using visual
translation for the reverse translation of material inte fts initial

language. Accupracy was just as high, ss in the first experiment on this

111¢
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type translation. Although the sense was completely preserved, however,

3
-
4 not all reversely translated wcrds were expressed identically with their
4
4
3 .
3 initial forme. Among interesting Engliish examples it is possible to
{i mention, that" terrible" tecame" howling"," shaking" was made' waveing",
‘i and" to allcw discussicn" was turned into" to permit debates", Relative to
E the speed of reverse visual translation we do not have data.
,g The test of the means of telecommunication.’
g
Backgrounde.
M i
# We conducted a number of ccnferences with the participation of the
E | )
3
ey
; groups of four and the penta of the man who were located far from one
.
£ .
‘ﬁ another and had to communicate with the aid of teletypey, telephone and in
3 only one instance televisions. With the exception of the television '
:g experiment, before conferences was placed the problem to conduct
: negotiations. The participants conducted the game, during which they 'had
to distribute resources among the group, united by the gene¢ral purpose, as,
for instance, a union, but to every object were given different secret

instructions. Every conference was conducted within the fromework of some
}
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urgency, iJ e. it was necessary ‘to fulfill the group goal in the shortest
. i

pbssiblé peviode
o

Among fourteen teledonf.rences which we conducted, there was not one
!

. tdentical from the viewpoint of language, 'structure of the network or

chajrman’g responsibilitiess At some conferences were networks" with a

i
)

party line" or open: each infcrmation being sent by an individual
H

parftcipant, was obtained by all otherss. Some networks were strongly

centralized, where fhe’participant of conferences could turn not to all
| ,

, .
others, but only to one or to two of theme At some sessions the chairmen

were,y; but not in all cases. We conducted several teleconferences with the

! , I
groupy in which cne person spoke only in French, so that it was necessary

to dse a translator. For the rurpase cof training we had also several

conferences, at which all participants were present face to face.
. . J

I ' H
H

Resul ts.

The participants of conferences preferred to negotiate with the aid of

i

the most impersonal means of communication. Teletype was the favored

sethod of the conducting of negétiations, and by least popular conferences
| ‘
1 [
were face to face. A television and a telephone were acknowledged by the
! ! )

n
111lh
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-g intermediates between these extremes. The participants of conferences

;Q suidy that they have a possibility of manifesting much greater

N

5% intractability, using teletype, than with all other methods,

ef For the conducting of negctiations at teleconferences teletype allowed
'i the determined advantages single in its kinde First, it was very useful to
f have a printed record of all informationse In the second place, the need

-ii

a3 for composing informations for a transfer on teletype assigned on the

e

#

2

participants of conferences a known discipline, which does not always

relate to direct conversational communication. (However, despite the more

3 compressed languagey accepted at teletype conferences, at these conferences
¥

&

B | of agreement they were attained much more slow, than at sessions face to
-

' f face or on a telephone)s Thirdly, on some teletype networks there was the
-

9 ! present possibility of a bilateral and simultaneous transfer (for example A
% could send an information to v at the gsame time that to the v it sent its

iy notice to A)e This possibility had advantages as compared . ith the other

methods, but it also created ccnfusion, disrupting the normal sequence of
negotiations, Fourthly, in the case of the centrslized teletype network

the picture which indicated the great potential power of its chairman uas

111i
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02-12-72 FAGE 1u
obtained. it had an absolute control over who with whon was found in
telecormunication, and at its station could edit the passed informations,
them detain or change crder. Fifthly, since teletype does not have a
mechanism fcr feedback for the checking the fact that an addressee actually
obtained or understood sent to it an information, that for the achievement
of this it is necessary tc use a supplemental procedure. In the
negotiaticns with the afd of the oral communication ~f confirmation they
are transmitted in the form shert answers; at sessions the non-verbal
confirmations in the form of the mimicry or gestures are face to face also,
Sixthly,y a skillful translator was able bilaterally to visually translate
teletype informations (from English to French and vice versa), which
corrected the disadvantageous position of the non-English-speaking
participant of confererce as ccmpared with others, that led negotiations in
the English languages. Finally, it i3 necessary to note, that at the
teleconferences equipped both teletype and by telephone communicaticn, the
participants ;arely used the latter.

Our short experiment on the utilization of a teluvision at conferences

detected no special advantages in the fact that the persons the leading

1113




02-12-72 PAGE 11
negotiaticns and far away, can see being localed each other. 1{in the
contrary, in the opinicn of the participants of these sessions their own
mimicry and the other non-verbal manifzstations only contribute the delay
of the work of conference, having distracted the attention of viewers. The
participants cf conference alsc did not approve of the television
equipment, in which they could see not only those, with wnom they led an

interview, but alsc themselvese.

Conclusion.

In the coming years will te reached the large technical successes
which will permit the groups c¢f the far being located peogple to confer with
each othere In order to make such teleconferences effective, it is
necessary to learn much which concerns how to use these technical
capabilities with the greatest benefit for humanity. We represented a
resume about the last preliminary experiments relating to two little
studied factors in connection with tie conferences at a distancey, namely:

to the linguistic profession and means ot communication. The just now

obtained experimental resuits which were here mentioned, they can be as

111k
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f% guiding landmarks for the those for whom in the near future it is necessary
-

j§ to develop the procedures of teleconferences. Furthermore, we think, that
- "*

g

v : we succeeded in visually confirming the practicability of the experiments

B 5

“

%% A dedicated to the variable amounts of teleconferences. we hope, that the

\g ",

jﬁ other interested ucenye-bixevicristy will study by these problems tied with
e |

f%j them. It is completely possible, that on one fine day such a peeting, as

o

& today international congress, will be conducted in the form teleconference
25

?: and each of us will sit at its writing desk in its own country.

+
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SECTION VII '

SYQTRAN'S PUSTTION

A grammar can be used to teach 1anguéges or to‘anal§ze
them. The use of a machine g;ammér for tranélaiion has one
main goal: to free the human intellect from tédious, mechaniL
cal chores in order tha£ it.may'pursue its proper vocation--
creativity. : v

The purpose of scientific ana teéhnical éranslation is to
facilitate the rapid transmittal of new developments inlhnman'
knowledge from one country or one.culture to another. Unifqrm
translation overcomes language barriers ang individnal igio-
syncratic preconceptions. Because of this, it can be a valu-
able contributor to mutual understanding and an impetus to
mutual aid in development through the.sharing of iéeas. Thgse
two conditions are probably among 'the most important'pref
regquisites to world peace. '

Uniform translation can best be achieved by macnine
rather than by humans for several reasons. First, a nnmputer
has no "native" language. It can translate equally well from
language A to language B, from B to A, on from X to Z.‘ Second,
a computer has no preconceptioné or cultural biases regarding
any language it 3eals with, or regarding the people who speak
the language. Third, it hasn't .the educational limits of

i

humans., It can store almost unlimited information from any

112 ; . )




| number of subject flelds.;

These ‘three factors must 1nev1tably play a:large part in '
proQucing unamblguous information, free from bias, prejudice
or preconception.l A grammar which is instrumental in producing
Funambiguous ihformation by overcoming language barriers can be

i

regarded as a definitively positive asset:in language science.
1

Such a grammar is the SYSTRAN grammar. “ !

SYSTRhN, like any grammatical theory, must be tested for
adehuacyu If it.does not adequately account for the phenomena
it purports to} it should be modified or discarded. Many lin-
guists have apparently decided that the most efficient way to
test a grammar is to use computers (cf; Woode, Kuno,‘Hays, etc.)

The unblased computer provides the best evaluatlon of a

1

grammar because lt blindly carries out '‘any and all operations
specified or allowed by - the grammar, delivering up, in its
output, all p0551ble consequences of the' theory programmed
into it. The computer is the presiding master of loglc.

SYSTRAN Wwas designed to be used by the computer_for trans-
lation purposes. Therefore, it is, a reoognition‘grammar.: As |
it is used again and again for computer trapslations,,it is
constantlyltested for its adequacy in accuratelf transmitting
informatiqn from Russian. to Engl}sh with fidelity and inteili-‘
gibility. As a result of this constant testing, SYSTRAN is
continuously modified and improved.

' i

SYSTRAN, as an automatic recognition grammar deéigned

specifically for computer use, must be supplied with a

113




sufficient number of well-orcanized grammatical and semantic
codes in order that it may carry out its function. These
codes must be designed in response to the capabilities and
requirements of the computer.

The most obvious example of grammatical coding specifical-
ly designed for the computer is SYSTRAN's approach to part of
speech categorization. SYSTRAN has two major divisions:
primary parts of speech and secondary parts of speech. Primary
and secondary part of speech assignment is oriented towards
the fullest utilization of the categorization. For example, the
Russian pronouns EGO, EE, and IX function either as personal
pronouns or as possessive pronouns. In many instances the
three function in the same way in the source language., There-
fore, their primary part of speech (POS) is POS78.

When the target language equivalent is chosen, it becomes
necessary to specify which ¢6f the three is to be translated.
For this purpose, secondary (BPQ) parts of speech are assigned
(7B=EE, 7C~-EGO, 7D=IX).

The design of the SYSTRAN grammar also allows codes to
express special types of relationships extending over several
clauses., For example, the ESLI-TO or KOGDA-TO logical relation-
ship can be coded. If this were implemented, when SYSTRAN
encountered either a ESLI or KOGDA clause, it would simultan-
eously be alerted to expect a TO clause later in the sentence,
It then could use this type of information in establishing

clause levels within the sentence discussed earlier in this
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report (II, "A Comparison of Human and SYSTRAN Parsing").
These codes, if implemented, could have shown that the ESLI
clause is logically related to the preceding clause in the
sentence quoted from Iordanskaja (see Figures 3 and 4). In
implementing codes of this sort, it first must be determined
what linguistic analysis is most appropriate. For example,

in this case, the linguistic analysis must determine if ESLI
is logically related to the preceding predicate in the KOTOROE
clause, or if its relationship is with the main clause.

The point to be made here is that SYSTRAN is ready to
devise and implement codes of this sort, as soon as SYSTRAN's
data gathering feature compiles a sufficient number of sentences
to allow all these and similar problems to be solved. These
data can then be analyzed by persons trained in SYSTRAN grammar
concepts. The result of the analysis can be incorporated into

SYSTRAN, thereby further improving the System.
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SECTION VIIT
THE FUTURE OF MACHINE TRANSLATION

As recently as 1964, Eugene Nida remarked that "despite
the enormous storage capacity in modern computers, they are
nevetheless incredibly less complicated than the human brain,

14 cells."1 In equating complexity

which has approximately 10
with the number of cells in the human brain, Nida implied that
the computer was less complex because it had fewer "cells.,"

Less than a decade later, a 1971 prognostication of the develop-
ment of the computer predicted "radical changes . . . in the
area of mass storage technology. Whichever methods--lasers,
holography, magnetic bubbles, etc.,--are used, they promise
greater access speeds and vast storage capacities~-as great as

1013 14 2

or 10" bits.,"
In effect, computers will soon have memory capacities
equivalent to those of the human brain. Such an eventuality
requires system designs able to make the most efficient use of
the resources soon to be at our disposal. SYSTRAN's open-ended

design anticipates these developments.

1Eugene A, Nida, Toward a Science of Translating, Leiden,
1964, p. 263,

2"A Quarter Century Lock Ahead at the Computer," Communica-
tions of the ACM, Vol. 14, No. 9, Sept., 1971, p. 615.

116




s
R
9
74
s
4

2
H&ditn

4520

o A
oz

P
SQSS

43
i

.

K

-4

In the following, a few examples will be given to show how
the SYSTRAN concept can use such expanded memory capacities to
improve the quality of machine translation. This concept has
already been proven to be valid not only for Russian-English
translation but for translation between other source and target
languages.

The first step will be the development of a much more
detailed topical glossarization of-the individual entry level
and of the compound level. The compound concept will be expand-
ed to include interrupted compounds, thus taking into considera-
tion the mutual interlocking influence of several words irre-
levant of the position of occurrence.

Presently, an operationally oriented semantic categorization
is being developed within SYSTRAN. Such categorization makes it
possible to introduce general types of multiple-meaning resolu-
tions by determining how semantic categories carry out their
influence within definable syntactic connections., 1In the follow-
ing sentence segments, the verb RASTI occurs with two different
meanings: INCREASE and GROW. The choice of either meaning is
dependent upon the subject's carrying semantic code: "animate.,"
In the first example, the subject TEMPERATURA does not have the
"animate" code; consequently the translation is INCREASE, In
the second example, the subject BAKTERII carries the "animate"
code;: therefore the translation is GROW,

(a) .+ . . A TEMPERATURA GAZA BYSTRO RASTET PRI
UVELICENII SKOROSTI.
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. « +BUT THE TEMPERATURE OF THE GAS RAPIDLY
INCREASES AT THE INCREASE OF VELOCITY.

(b) . . . I OKRUJAH5El SREDY, V KOTORO1l RASTUT
BAKTERII . . .

« « o AND OF SURROUNDING MEDIUM, IN WHICH
BACTERIA GROW . . .

The SYSTRAN dictionary system can accomodate, in variable
length format after every dictionary entry, up to 2,048
semantic codes, expressing similar types of semantic categori-
zation. In addition to recognizing and using semantic cate-
gories for multiple meaning resolution, SYSTRAN also makes use
nf contextual information and has inherent capabilities for
resolving semantic ambiguities on the contextual level. A
typical example of SYSTRAN's ability to retain contextual in-
formation is the retention of human and animate codes after each
sentence is analyzed.

Such codes are retained for the last sentence's subject or
for its last object--or for a pronoun if it occurred at the end
of the sentence. The code is placed into analysis area. This
area is available before the main analysis of the sentence. If
it is needed, the information in the 160 bytes reserved for a
hypothetical zero word is not cleared when a new sentence analy-
sis begins. The indication not to clear the information in these
bytes is given by the "remembering" routine whenever there is a
necessity to transfer information from one sentence into another,
With the help of this contextual feature, SYSTRAN can easily

decide that, in a specific sentence with two identical
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pronouns, one EE refers to an inanimate noun, and that its
translation should be ITS, while the second pronoun should be
HER.

Once a pronoun has occurred, and semantic codes from its
noun antecedent have been transferred to it, this pronoun can
serve as an originator for these memory codes.

SYSTRAN is also open for the introduction of a systematic
remembering feature for nouns in order to improve the selection
of definite articles during translation. Each time a new noun
occurs with an article, it will be remembered. 1In addition, a
renembering count can be introduced, which will allow the estab-
lishment of "weighting" criteria. In other woxrds, previous
occurrences of nouns under analysis can be "remembered" to
determine how often it occurred with definite articles and how
often it occurred with indefinite articles, or without articles.

To further contextual analysis, SYSTRAN can easily be modi-
fied to retain whole paragraphs or even larger text segments in
the high speed memory in computer analyzed form. With only
150,000 bytes of additional core, up to 50 sentences can be kept
in the memory where there is immediate access to every dic-
tionary code in the sonurce or target language. Moreover, each
word in these fifty sentences would carry its codes in the
computer intermediate language.

The following examples demonstrate the sorts of distinctions

SYSTRAN is potentially able to make in choosing an appropriate
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translation out of several possible meanings for a given lexical
M item:

. ESTESTVENNO ZAKLHCIT6, CTO SLOl NA VENERE SOSTOIT
: IZ LED4NYX CASTIQ

3 ZAKLHCIT6 = CONCLUDE

DIAPAZON PERIODOV MORSKIX VOLN ZAKLHCEN MEJDU 8 I

12 SEK

3

- ZAKLHCITS = INCLUDE

3

VYDELENNYE NAMI PARAMETRY IZMERENI4 KACESTVA PEREVODA
¥ OTLICAHTS4 OTNOSITEL6NOl NEZAVISIMOST6H

VYDELENNY1 = SELECTED

¢ :

-4 RASSMATRIVAETS4 PROBLEMA PROISXOJDENI4 PRODOL6NYX VOLN,
A VYDELENNYX RANEE V MIKROSE1SMAX TIXIX RALONOV SSSR

; VYDELENNYX = PICKED UP

f TEPLOTA VYDELENNA4 V 4DERNOM VZRYVE NAMNOGO BOL6WE CEM
5 3KVIVALENTNA4 TEPLOTA VSEX GIDRO3LEKTRICESKIX STANQI1

VYDELENNA4 = RELEASED

7

a
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EXPERIMENTS IN INTERNATIONAL
TELECONFERENCING¥*

H. Wallace Sinaiko

Introduction

'feleconferencing refers to meetings among people who are
remote from one another and, therefore, must use some means of
telecommunication, There may also be some participants in tele-
conferences who do not all share a common language. This re-
port summarizes some of the results of experiments on tele-
conferencing, particularly those having to do with: a) various
language interpretation and translation techniques that might
be required in international teleconferencing; and, b) tele-

conferences using different media of communication, *¥

Language Experiments

Background and Method. Background studies failed to show

any previous experimental research on the techniques used by
language translators or interpreters. Therefore, we ran a
series of pilot studies to measure some attributes of transla-

tion and interpretation. We used English and French because

* Paper to be presented at SV Internaticial Congress of Applied
Psychology, August 2 - 8, 1964; Ljubljana, Yugoslavia,

** The larger study of which these experiments were a part has
been published in A. Bavelas, et al Teleconferencing: Summary of

a Preliminary Study, IDA Study S$-138, November 19¢3. Also for
more detall on the exper‘ments see H. W. Sinaiko, Teleconferenc-
ing: Preliminary Experiments, IDA Research Paper, P-108;
November 1963,
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of the prominence of these languages in international conferen-
ces and because highly skilled linguists who knew both languages
were readily available as experimental subjects. The material
handled by the translators and interpreters was political in
content: published minutes ¢f United Nations Security Council
meetings, In each of the experiments we scored performance of
the linguists for speed -- expressed below as a words-per-
minute rate -- and accuracy. Accuracy was rated by a single
expert judge who followed the Department of State criteria used

to select professional linguists.,

Results. We studied two basic language techniques and
several variations of each. The first experiments were con-
cerned with conventional, full translation techniques. Teams
of translators were used ~- one doing French-to-English and the
other English-to-French., One experiment was intended to measure
full translation as it is done traditionally. Results showed
that the time required to do full translation was very much
longer than the criginal UN meeting. That is, in the UN meet-
ing the speeches were delivered in about one hour; our transla-
tion teams spent 37.6 hours to fully translate the same speeches
into written Frencﬁ or English. The full translation rate aver-
aged 5.4 words per minute. The accuracy of full translation was
virtually perfect: average ratings were 97% and seven-eighths
of all passages were scored between 96% and 100%.

In another language experiment we reversed the target lan-

guages of the translation teams. That is, the English~to-French

I-2
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team had translators for whom French was the native tongue and
the French-to-English team was accustomed to working only in
that direction. When the teams were required to work in these
unaccustomed directions there was some loss of accuracy, parti-
cularly for the English-speaking team. (Because the sample of
passages translated was small, no translation rates were com-
puted for this experiment; we can report, however, that the
"reversed target language" condition tended to slow down the
translators.)

A final brief experiment was done with the full translation
technique. We had the teams re-translate back into the original
languages samples of already-translated passages. Teams worked
in the direction of their preferred target languages. Accuracy
was very high: all passages were scored 96% to 100%. No word
rates were computed but re-translation back into French took
less time than the original translation into English; similarly,
retranslation back into English was slower than the English to
French translations.

Because conventional full translation seemed to be un-
acceptably slow for teleconferences in which the medium of
communication between participants was teletype. We have called
the technique "sight translation." It is done by a linguist
who reads an incoming message in one language and dictates a
simultaneous translation to a typist. 72hree experiments, paral-
leling those for the full translation technique, were done on

sight translation. We used professional interpreters as
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subjects rather than translétors because the'teqhnique empha-
sizes speed and short term memoxy'. fhe UN Security Council
minutes were transmitted via 60~word~per-minﬁte'telétype equip~
ment, both in French and English, - ‘ : I

The first experimént on sight translaticn ;howed it to
be muca faster than fuil translation. The one hour UN megting
required 9.7 hours to be translateh (21 words per minute).
Accuracy was very high: £he average score was 94% agd two-
thirds of all passages were ra;ed 96% to 10C%.

We reversed the target langﬁagés of the sight translators
in another experiment. The interpreter-suﬁjects thémselves

predicted that they would perform poorly in terms of slower
rates and more errors. This was, in f;ct, what happened:
average accuracy scores wére 84% and 92% for the American and
native French interpreter, respectively. However,'franslation
rates went down only in the case of one interpreter; tﬁe othe;——

the native French subject--worked as fast into Eﬁglish as he

had into French. ;

Finally, we conducted one short experiment using:sight
translation to re-translate material back into its or;ginal
language. Accuracy scores were as high as in the first s?ght ‘
translation experiment. Althougﬁ meaning was pfeserved with
high fidelity, not all words were re-tran;lated into the%r
original identical form. Some interesting English examples
of these changes are: "flagrant" became "blatant," "tottering"

i

became "vacillating," and "to allow discussion" became "to
t

I-4 ’ !




permit debate." We have no data on the speed of sight re-

ranslation.

1
t

\ , Telecommunications Media Experiments

Béckground,] We ran a series of conferences among groups
of four and five people who were remote from one another and
who had to communicate using teletype, telephone, or, in one

case, television. With the exeeption of television, these

.conferences involved a negptiation task. Participants played

i

a game in which Qhey'had to allocate resources to a common

"group goal, as in an alli%nce,lbut with individual differences

in the secret inétrﬁctions given,to each subject. Each confgr-
ence was conducted with some 'ur =5 .y; that is, the group goai
Jas to be mgt as soon as , )ssible. ’
In'the fourteen ‘.. .econferences we ran no two were iaenti—
cal in terms of ne wo K structure, chairmanship role, or lan-
guage. Some conferences had a "party-~line" or open network:
every message qent‘by a participant was rece;ved by all the
others. Some netwqus were highly centralized and permitted
a conferee‘to.address‘himself to'one or two, but not all, of
the others. There were conferénce chairmen in so%e meetings
but noé all, We raA severa} teleconferences with one French-

speaking subject in the group so that an,interpretér had to
!

be used. We also ran a few face-to-face practice conferences.
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Results., Conferees preferred to bargain using the most
impersonal communications medium. Teletype was most preferred
as a negotiation medium and face-to-face meetings were least
popular. Television and telephone were assessed as between
these extremes. Conferees said they cculd take much tougher
positions using the teletype than with any of the other tech-

niques.

Teletype offered certain unique advantages to negotiation
teleconferences. First, the accumulated printed record of all
messages was useful. Second, the need to compose messages for
teletype transmission imposed a discipline on the conferees
not necessary in direct voice communication. (However, in
spite of the generally more terse language used in the tele-
type conferences, these meetings were much slower in reaching
solutions than the face-to-face or telephone meetings.) Third,
some teletype networks provided true, two-way simultaneous
transmission (e.g., A could send a message to B at the same time
B was sending a message to A). This capability was an advantage
over other media but it also created confusion by disturbing
the normal sequence of bargaining. Fourth, the presence of a
chairman in a centralized teletype network demonstrated the
tremendous potential power of such an individual. Teletype
chairmen had absolute control over who communicated with whom;
the chairmen could also edit, delete, or change the sequence
of messages going through their stations. Fifth, because

teletype has no built-in feedback mechanism to insure

I-6
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that the addressee of a message has actually received or under-
stood what was sent to him, this must be done procedurally.
Acknowledgments in voice~mediated discussions are easily trans-
mitted by brief answers; face-to-face meetings also include non-
verbal acknowledgments such as facial expressions or gestures,
Sixth, a skillful interpreter was able to handle two-way sight
translations of teletype messages (English-to-French and vice
versa) which put a non-English-speaking conferee at no obvious
disadvantage from other conferees who negotiated in English.
Finally, in teleconferences with both teletype and telephone
available to them, conferees rarely used the telephone facili-

ties,

Our brief experience with television as a conference medium
showed no particular advantage in having remote negotiators see
each other. On the contrary, the participants in this meeting
felt that their own facial expressions or other non~verbal
behavior might have hurt the progress of the session by dis-
tracting the viewer. Also, the conferees did not like a
television arrangement in which they could see themselves as

well as the other parties with whom them were talking.

Conclusion

The next few years will bring great technical advances
enabling groups of people who are physically remote to confer

with Jne another. If such teleconferences are to be effective

I-7
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a good deal needs to be learned about how to arrange such
technical capabilities for optimum human use. We have summar-
ized some results of recent preliminary experiments on two
areas about which little is known in the context of remote
conferencing: language services and communications media. The
immediate tentative results reported here might provide some
guides to people who have to arrange teleconference procedures
in the near future. Beyond this, we believe we have demonstrat-
ed the feasibility of experimentation on teleconferencing
variables. We hope that other interested behavioral scientists
will address themselves toward these and related problems. It
is not inconceivable that some day a meeting, such as today's
International Congress, will be conducted as a teleconference

with each of us in his own country at his own desk.
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ONHTE B OBJACTH MEXIYHAPOTHHX ?
TEJI&COBENAHKRC

X. Yonnec Cunalixo

Bresnexue

TenecoBemaHUa ¥MMEWT OTHOmMEHHE K BCTpevuaM awpgelt, KOTOpHE
HaxomAaATCA BEAJAK IYT OT LZpyra M IO9TOMYy LOJXHH HOJb30OBATHLCA
KakuMn-T0 cpencTBaMu LA ganpHe#t ceasu. Ha TeleKOH}e peHIuAX
MOI'yT TakKXe oKasaTkCA YUYACTHHKH, He HMewmue obfmero AswKa. J3TOT
AOKIak pe3nMHPyeT HEKOTOphe pe3yJdrTaTh ONLHTOB, HNPOBENIEHHHX B
obnacT TelecoBemaHuil, KOTOphHE CHELHANBHO OTHOCATCA!

a/ K pPas3sJHYHEIM TeXHHUEeCKHM MeTOoJaM YCTHHX K IIHUCbMEHHHX IIepeBOJOB,
MOrymux NOHaZOOUTHLCA Ha MexIYHapOILHLHX TeJeCOBEemMaHUAX; H B/

00
K TejeKOH(EepeHIHAM, NOJNb3YKIHMCA PA3JIHUHBIMH CpeLCTBaMH CBA3H.

oﬂoxﬁax 6yner npeicrasieH Ha 15-oM MexzysapomnoM KoHrpecce 1o
lpuknaguo#t Ilcuxoaoruu 2 - 8 ABrycra 1984 r. r Jlwb6aaxne, Krocrabun.

°°Bonee nogpobHoe HCCIeLOBaHHE, B KOTOPOE BOWJH BTH ONHTS, OBIO
onyGnuxoBaHo r, Basenac u xp. B MOHOrpaduum TellecopemaHusa:
PespMe IpelnBapUTeSbHOIO MCCIelOBAHMA, IDA , HccaeloBaHue

I

s - 138, Hoa6ppr 1963 r. Taxxe 0 mOZPOGHOCTAX ONHTOB CM. X. Y.

Cunatfiko, Tenecosemanua: [lpeinBapuTeabHbe OHHTH, Joxkaan IDpa,
p - 108, Hoabps 1963 r.
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JIUHIBHCTHUCCKHE OIHTH

Ilpeanocuaky ¥ MeTon. HsyueHue cymecTByomUX MaTepraloB He Lalo

HHKaKHX ykasaHuil Ha TO, uUTOGH B NpPOmMIOM NPOHUCXOLHMIO NPAKTHUECKOE
A3yUeHNe TEeXHUUYECKHUX MeTOJ0B, NPHMEHAEMhX NHCBMEHHBIMH M YCTHHIMU
IepeBOLYMKAME MHOCTPAHHBHX A3LKOB. [l0370My Mbl NpPOBEJM DAL ONLITHHEX
HabnoreHu#t 1aA U3IMEHEHUA HEKOTODPHX XapaKTepHHX OcobeHHocTeit
NHCHLMEHHOTO K YCTHOrO nepeBoia. Mi NONL30BAIMCh A3bLIKAMU aHrauiic-
KMM ¥ (QPaHIy3CKHM, HOTOMYy UTO OHM NDEOGJIanalnT Ha MexLyHapOJIHbIX
KOH}EpEeHUHAX ¥ T.K. BHCOKOKBaJIUOUIMPOBAHHHE JHUHTBUCTH, 3HABIHE
o6a A3bKa, OHJIM B HameM DACHODAXKEHHM B Kaue€CTBE OKCHNEepPUMEHTaJbHBIX
06BbeKTOB. MaTepuas, KOTOPHM IOJb30BAJUCH NHCHMEHHHE ¥ YCTHHE
NepeBOJUKKH, OHJ IOJHTUUECKOTC COLEPXAZHUA: ONyOGIKKOBAHHHE IIPOTO—
koJbl 3acenanu#t Cosera BesonachHocru O6bemuHeHHbX Hanuit. Bo Bpema
KaxIOro OmhTa Mb OTMEYaJil NPOU3BOLUTENLHOCTH JHHTBHCTOB C TOUKH
3PEHUA TOUHOCTH U CKODPOCTH, BHPaAXEHHON UUCJIOM CJIOB B MHHYTY.
TouHOCTE OLSHUBaJACh Cyibeii-3KcnepToM, KOTOPHH NOAB30BAJCA KpHU-
repuAamu T'ocynapcrBerHOro lenaprameHra, OpUMEHAEMbHMH IpH OT6Ope

npodeCcCHOHANBHEX JHHIBKCTOB.

Pesynbrarhl. Mh H3y4WJIM LBa OCHOBHMIX JHHIBUCTHUUECKHUX
MeTOLa KX HECKOJLKO MX BapuUaHTOB. I[lepshe OmuTH ObIEl CBA3AHH C
o6menpUHATON! METOLMKON NIOJHOrO NepeBoia. DHJIKH MCIOJb30OBAHH
Irpynns NepeBOLUMKOB, OLHH C (PaHLY3CKOro Ha aHrauickuit, a zpyrue
¢ asrazfickoro Ha o¢paruysckuii. OZHH OLBT 6BUI IIOCBAWEH M3MepPeHH
IOJIHOr0 DHCBMEHHOTrO NepeBoia, NPOM3BOAMMOIO OOLIUHLIM HYTEM.

Pesyabrars moxkasaiu, YTO AJA MOJHOTO NepesBoja TpeboBalOCh
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ropasno 6oapme BpPEeMEHH, uUeM Aaa caMoro sacelanund O6belUHEHHHX
i

Hamuit. A uMeHHO, Ha 3acelaruu O06beruHeHHmx Hauuit naa npousHe-
ceHua peuelt TpeGoBaicA NPUGIMIUTENBHO OJMH YaC BPEMEHH, TOIIa
KaK Hamy TPyl DepeBOLUMKOB pacxonoBain 37,6 uacoB Ha HOJHHI
nuceMeHHE#l QpaHuysckuiff uam aHrauiickuif nepesol 9THX caMbx peueif.
[lonrraa ckopocTh IepeBoja cocTaBidsa B cpelHeM 5,4 caoB B MUHYTY
TouHocTer NOJAHOTO mepeBoja Oba daKTuuecku 6eaynpeuHoi: B cpejHeM
ona gocrturana 97 o/o, a cpeIy¥ ceMH M3 KaxbX BOCBMH OTDPHBKOB OHA

xoaebanach B npegenax mexiy 96 o/o u 100 o/o.

¥
¢

Bo BpeMA Zpyroro onmra MH IOCTaBUJIU [epel I'pynnamMu nepe-~

BOLUMKOB JHHIBHCTUUECKHE 3anaud B O0OpaTHOM NIOpAdke, TOrja Kak
HOPMaJIbHO y aHIJN0~(pPaHUY3CKUX NEePEeBOLUUKOB POILHHIM A3LIKOM aBNACTCA
dpasuy3ckuit, a rpynna n2peBOJLUMKOB C ¢PaHUYy3CKOro Ha auraufickuil,
a rpynna nepeBOJUUKOB C (PAHUY3CKOI'O Ha AHrJAMiCkUH A3bLK NpUBHKJIA
paboraTs TOJABKO B 3TOM HanpasleHuM. Korza rpynnaM Opumioch
paboTUTL B HEOOHUHHX YCHOBHAX, MX TOUYHOCTB HeCKOﬂbKO‘HOHHSHﬂaCb,
0COOEHHO Yy TeX, KOTOphHE B OCHOBHOM TI'OBOPHJM TNO-aHIIUICKH.
/T.K. o6pasel NepeBeiEeHHHX OTPHIBKOB Obll Mal, B 3TOM ONHTE He OHIY
NOJCUUTAHS CKOPOCTH IIepeBOLOB; OLHAKO, MOXHO CKa3aTh, uwé yciaoBue
"o6paTHOit AUHIBHCTUUECKOH Zazaun" uUMeNO TEHIEHUMW 3aMEUJHTh
paboTy nepeBOsUUKOB./

Bel Takxe NpPOM3BELEH OKOHUaTeJbHh, HO kopOTxnﬁ OILIT,
KacaBmuiicA TeXHHUECKHX METOLOB IOJHOIO NHCbMEHHOIO nepeaoﬁa. ‘
Mb mopyuuau rpynnam nepesecTH OOPaTHO Ha NepBOHAUAJABHBIY ABEHK
o6pa3lb y¥e nepeBeleHHHX OTpPHBKOB. ['pynmw pa6oTaju B

HanpaBleHUN HUMH NpelNOUUTaEeMbX A3bKOB., TOWHOCTH OHJa OUEHb
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BECOKOH: oHa gocruraia 9§ - 100 o/o. - Uuecna cIOB B MUHYTY He

, ! i
6 noncqnfaum, HO ofpaTHuit nepeBol Ha ¢paHuy3CKUH A3bIK nOTpe6O-
N BaJ MeHbNE BPEMEHM, HeM NEePBOHAUANBHHI IIepeBOJL. Ha aHTJIMHCKHil;

k- AHOJOTHUHBIl O6paTHH{ flepeBO] Ha aHTJAMicKU# OHa MelJgeHHee, ueM
: : \ 1 !
X - nepesoJ ¢ aHrJAMACKOro Ha ¢paHUy3CKUi.
. i |

¢
{ , | : ,
rs T.x. nad TeJecoBemaHuif OGHUHH{ CIOCO6 NMCHMEHHOTO IEePeBOLA

RASEATINE

S Podndia

| 6B HELOMYCTHMO MelJleH, M paspaboTany ,HOBhE TexHuueckuit MeTOZ.

OH MOr DpUMEHATbCA Ha TeJeKOHPEePeHUUAX, I'Ae TeleTafil CAyxul

CpelCTBOM CBA3M. MH HasBajn ITOT MeTOL "3pUTENhHHM NepeBozoM".

ot 5

Ty

QH IPpOHU3BOJUTCA ﬂHHfBHCTOM, uuTawmuuM Ha OJHOM A3LBIKEe INoJgyuaemMmoe

"

,cooGueHue ¥ OJHOBPEMEHHO IMKTYOUMM €ro HepeBO) LepeNHCUHKY Ha

FF O e

] : .
nnmymeﬁ MamHHKe. BhuIO NpOonu3BeleHO TPH OHNuTa CO 3PHTEJBbHEM

Griss,

nepehoxoM, IOLO6HEX TeM, KOTOphHe NPUMEHAJNMCH IPH NOJHOM NHCHbMEH-
| ! \ 5

+HOM TlepeBole. B xauecrse OﬁﬁexTOB MbEl OONB30BAJHKCE YCTHHIMH

S T w L
NP
SERAOR L

AR

©n g

1 nepeaonquxamn-npo@eccuonanamn, & He IIMCbMEeHHhMH, IIOTOMYy UTO 3TOT

grtas

o
o

MEeTOL OCHOBAH Ha CKOPOCTH M OhICTPOM 3AMNOMHHAHUH, HpOTOKOﬂM

g TePRAE

CoBera BesonacHoctu O6bvepuHeHHHx Hauuit 6baM mepenaHe, Kak Ha
|

t
DPaHLy3CKOM, 'TaK M Ha aHTJAMICKOM A3HKE C NOMONbLI TeJeTakmroro

j 060pYLOBAHKHA CO CKOpPOoCThio 60 CJOB B MKHyTy.‘ |
}§ ' [lepBuit onmr 06 BPUTEJbHEIM nepesoaomlnoxaaan, YTO OH
i
! ropasio cxopee, ueM IOJHHH MUCBMEHHEI] nepeson. Jaa mepesona
OLHOYACOBOI'0 3acelaHus Oﬁ%eAHHéHHHX Hanut HOTpéGOBaHOCB 9,7 uacos

}
/21 caoBo B MuHyTy/. TOuHOCTHL OHJA OUEHb BHCOKOH; B CpelHeM oOHa

i zocTurana 94 o/o, a y ABYyX TpeTelt obmero uucia OTPHBKOB OHA

xosebanack Mexty 96 o/o um 100 o/o.

' i
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Bo BpeMa ApyTroro ONHTa MH IOCTABMIM Nepel 3pHUTEeJbHHMH

nepeBoOZUMKaMil OOLATHYKW JHHTBHCTHUECKYH 3amavy. YuacTBOBaBmUE

NepeBOLUNKY CKasaJH 3apaHee, UYTO y HHX OyAeT IIOXad HNPOU3BOLU-

AT S R TR 8

; TeJbHOCTh, KOTOPaA BHPA3HUTCA B MEHbIEH CKOpPOCTH ¥ GOJbleM uucie

omub6ok. Takx OHO U CIYUHJIOCh: CPelHAA TOUHOCTE aMEPUKaAHCKOI'O

TEANLY.
=

# nepeBoAuKKa Omaa Jaumb 84 0/0, a y DPOLHMBmEroCA BC panuuu 92 o/o.
3 OnHako, CKOpPOCTbL paboTh NCHUSHUIACHE TOJABKO Yy OILHOT'O MEPEeBOAUMKA;
Apyro#, popuBmuiica BO PpaHuuu, NepeBOLUN Ha AHIAUHCKUN ABHK

CTOJNb Xe OHCTPO, Kak U Ha (paHUY3CKHUli.

b Hamociaenoxk Mel NpoBeJid elle ONMH KOPOTKUIl SKCIEPUMEHT,
NOJNb3YyACh 3PUTEJNBHHM NEPEBOLOM LA O6GPaTHOrO IepeBola Marepuala

; Ha ero nepBOHauaJbHHE A3bik. TOUHOCTEL 6BJI2 CTONb X€ BHICOKOH,

o Kak ¥ B IIep3BOM OIbITe C NepeBOAOM 3TOro Tuna. XOTH CMbCH Obl

i HOJHOCThI0 COXpPaHeH, OAHAKO, HEe Bce 06paTHO MNepeBeleHHHE C/HO0Ba OBJIH

BHpaxeHs HIEHTHYHO C HX NePBOHAUANBHON DpopMmoii. CpelLH HHTEpPeCHHX

AHIAUACKUX IPUMEPOB MOXHO YHOMAHYTBH, “TO "yxacHuil" crax

s

TR

"pomuwumum", "rpacymuiica" cpenanca "xoaebawomumca", a "nosBOAUTH

T )

paiagide

Aucxkyccun' obparuiocsk B "paspemuts gebarth". OTHOCHTEIBHO CKOPOCTH

.

Ease

06paTHOrC 3PUTEJLHOTIO IIepeBOoja y HaC HeT NaHHHIX.

i
S

3

e

Hennranue CpelcTB TEJECBA3U

YL
N DR

SR

[pennoceakd, Mb npoBeaM pAX KOHOGEPEHUUA IPH yuaCTHH

e A A SNy
ey

b rpynn 43 4Yerbipex H HATH YeJOBEK, KOTOpble HaXONHIXCh BLaJR APYT

OT Apyra M AJOJNXHH ObJIM coobmarbca Mexiy cO60i C IOMOWBK

Teaeraiina, TeJedoHa ¥ B OLHOM TOJBKO cCaAyvae TeJjieBU3UN.
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3a HCKJIWUEHHEM OIbTa C TeJeBH3He#, ICpSr COBENAHUAMK OhJa NOCTAB-
Y

e

Srixaly

g JeHa 38jaua BeCTH NeperoBopH. YUYACTHUKHM IPOBOLWIM MUIDY, BO BpeMA

AL

N
st B e

KOTOpPOR OHU NOJXHH 6BJM DPACOPELENUTH PECCYpPCH Cpely I'DYIIH,

ob6renuHeHHOH ob6meil uesablo, Kak HanpuMep COKN3OM, HO KaxIOMy OOBLEKTY

imginniloia

O6HAM TaHH pasJUUHBE CEKPEeTHbHe HHCTPYKUMH. Kaxiasa KOHpepeHUHR

ML

IPOBOZMIACH B paMKax HEKOTOpo# 6e30TJaraTelbHOCTH, T.€., TPe6o-

ot MR
o

BaJOCh YL OBJETBOPHThH I'PYNINOBYKH Liedb B BO3MOXHO KpaTuaimu# CpOK.

T
X ey

G
T

E: Cpenu ueTHpHAZLATH TEJEKOH(DEepPEeHLHUHt, KOTOpPEE Mbl 1[DOBEJH,

s,

B He 6BUIO HM OJHOH MIEHTHUHOH C TOUKM 3PEHUA 43bIKA, CTPYKTYDPH CEeTH

AR

Han ob6asaHHOCTEH npencenarend. Ha HeKOTOpPHX KOHPepeHUMAX ObIH

2%

ceTH "c napTuiHOM JMHHeH" HAKM Xe OTKpHTHE: Kaxioe coobmeHue,

e

0

b S S

BrIChJiaeMOe OTHEeJbHBM YyWaCTHHKOM, NOJAYyYaJO0Ch BCEMH OCTaJbHLHIMH.

o

BEED

HeKOTOpHe ceT# OHJIM CHJIBHO LUEHTPaJu3HPOBAHH, TAEe YUACTHUK

] 7

cosemaHuit mMor obpamaTbCa He KO BCEM OCTAaJbHLHM, a TOJBLO K OLHOMY

UAY IBYyM U3 Hux. Ha Hexorophx 3acelaHusax OwBaau npenceiartTedy,

?} ’ HO He BO BCeX CcJyyaAx. M NIpOBEeJIM HECKOJbKO TeleKOoHdepeHuui ¢
k.

;é rpynmno#f, B KOTOPOi#i OLHH YEJOBEK I'OBOPHJ TOJBKO NO-(paHLY3CKH,
lé TaK 4YTO NPHMJIOCH NOJbL30BATLCA NEPEeBOAUHKOM., C LeJbl TPEHHUPOBKHK
%' : Mbl MMEJH TaKxe HeCKOJIbKO KOHpepeHuuil, Ha KOTOPHX BCE YUACTHHKH

OPpUCYTCTBOBAJH JHOOM K JHLY .

PesyapTaTh. YWacTHHKM KOHGepeHUHHA NpelnouUTaly ILOroBapHU-
BaThCA C IOMOMmbI0 Haubosee O6E3JMUUHLIX CpeACTB CBA3U. Tederain O
H3aK06JeHHHM CNnoco60M BeNEeHUA NeperoBopoB, a HauMeHee HONYJNAPHbMU
6L COBemAaHWA JUUOM Y Auny. Teaerususa u TesedoH ObUIM HNPUIHAHB

NPOMEXYTOUHHMHY MeXIy 3THUMM ‘KpaHHOCTAMU. YHaCTHUKH KOH(bepeHUUit

I1-6
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FOBOPHIM, UTO OHM HMEWT BO3MOXHOCTH HPOABAATE rOpasio GOabmYH
HECroBOPUYMBOCTL, NOJNB3YACH TeJETaAlNOM, ueM IPH BCeX HHHX METOLAaX.
DA BeLEHHA IIEPeroBOPOB Ha TeleKOHDepeHNMAX TeaeTain

IPEeNOCTaBiAAN ONpeLeJeHHNe M €IMHCTBEHHHE B CBOEM DOJE IpeHMy-
mecrsa. Bo-mepshix, 6bI0 BechbMa MOJNE3HO MMETh NEUATHYH 3aNHCH
Bcex coobmeHuit, BO-BTOpHX, HEOOGXOLMMOCTH COCTABIATH coobmeHua
;nﬂ'nepenaqn IO TeleTalily Hajlaraja Ha YYAaCTHUKOB KOHQepeHuuit
M3BECTHYH LHCLHMIUIKHY, UTO He BCErJa OTHOCUTCA K IPAMOH pasro-
BOpHO#t cBazM, /OLHAKO, HeCMOTpA Ha Golee cxaThii A3BK, O6HUHO
NpUMEHAEMbH Ha TeneTalmHNX KOHPepPEeHIMAX, HA 3THX COBEMAHMAX
corianeHHa LOCTUraJUCh ropasjo MelJeHHee, UEeM Ha 3acCelaHMUAX

JQUUOM K JHULY MAM 1O reledoHy/. B-TpeThux, Ha HEKOTOpHX Teje-
TalNHEIX ceTAX CylecTBOBaja HACTOAMAA BO3MOXHOCTD JBYXCTOpPOHHE |

¥ OLHOBpeMeHHO!l mepesauu /Hampumep, A MOT HOCHIATH coobmeHue 1o
anpecy B B TO camoe BpeMA, KOrZa B BLHCHJAX CBOE H3BEMEHHE IO
anpecy A/. 9Ta BO3MOXHOCTH HMEJS IpeuMynecTBa N0 CPaABHEHHUKH C
APYTHMH crnocobamil, HO OHa Takkxe cosjajiaja saMemat.h CTBO, Hapymas
HOpMAJIbHYH0 NIOCJELOBATENbHOCTL NEPEeroBOpOB. B-ueTBEPTHX, B cCAyuae
UeHTpar#30pOBaHHON TeleTainHo# ceTH moiyualack KapTHHA, yKa3bBaB-
wad ra rpoMalHyn NOTEHLHaJbHYO BJIACTL e€e npelrcerareid. OH UMeJ
a6COTTHb KOHTPOJb HAJL TeM, KTO C KeM HAXOLWJICA B TeJEeCBA3H, X
Ha cBoell cTaH v¥¥ MOr PelaKTHPOB&TH NPOXOLUBLHE coodSwerua, HuX
3848PKHBATh HJIH XK€ MEHATb OUepelHOCTb. B-NATHX, Tak Kak Tejeraiin
He ¥MeeT MexaHusMa o6paTHOM CBASK AJNA IPOBEPKM TOrO, UTO agpecar

AeiCTBUTEIBHO NIOJNYUHJ HJIM NOHAJN DOCJAaHHOE eMy coodlleHHe, TO

II-7
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AJA NOCTHXCHHA 3TOro INPHXOIKUTCA NPHMEHATH ILOIOJHUTEJNBPHYI

LR

npouesypy. Ipu neperoBopax C IOMOULBO TI'OJOCOBOY CBA3U IOLTBEPX-—

AC€HUA NepelanTCA BBHAE KOPOTKHX OTBETOB; IPHM 3acCelaHHAX JHLUOM

ATy
Zadtsd

T a e
RS R

M =
et ST

K JHNY HMenTCA Taxkke OecClOBEeCHHE NOATBEDPKLEHUA BBHIE MHMHKH

UI¥ XeCTOB. B-MNECTHX, HMCKYCHHH IEepeBONUHK Ol B COCTOAHHM

i3
-
i
e ABYXCTODPOHHE 3PDHTEJBHO IIePEBOLHUTH TeJeTaiinHie CcOO6mMEeHHUA
g /c aHraufickoro Ha ¢paHUy3CKu# X HA060poT/, UTO HCHPaBIANIO
s
HEeBHTOLHOE IMOJOXeHHe He ICBOPHBIEro HO~aHTIUHCKHU yUHacTHHKa

" H‘"’?,‘»Sj,

KOHbDEepeHUMH IO CpaBHEHHO C ILPYr¥MH, BeJNUMK NeperoBOpH Ha aHraufic—
KOM A3HKe. HaKoHel, HAJO OTMETHTH, UTO Ha TeleKOHPEepPEeHUUAX,
060pYyLOBaHHHX Kak TedeTalinHol, Tak K TeledOHHOH CBA3BO, YUACTHUKHU

PELKO IOJAB30BalNCh HoclenHeil.

Ham xKOpOTKM#l OnBHIT C NPUMEHEHUEM TeJeBH3HUM Ha KOH(pepeHuuAx

He OOHapyXH) HHUKAKUX ocobHx IIpenMymecTB B TOM, UTO JHKUa Beirymue

. IeperoBOpH X HAXOLAmHeCA BIajleKe, MOTYT BHLETS APYT APYyTra.

£ : Hao60opoT, IO MHEHHD YUACTHHKOB 3TUX 3acelnaHu#t ux coberseHHas
MUMHKa M Ipyrue 6eccloBecHHe NPOABIEHHA TOJBKO CHOCOGCTBOBANH
3anepxKe paboThH COBeMAHUA, OTBJEKaA BHUMAHHE CMOTPAMHUX.

b | YUaCTHUKK KOHpepeHHUM Takkxe He ONOCODPHIM TeJeBH3MOHHOE 260pyLO-
BaH#e, B KOTOPOM OHHM MOTIJIH BHIETh HE TOJBKO TeX JULl, C KOTOPHMHU

-4 OHM BeJy cobeceroBaHHe, HO H caMHx cebdA.

3axngueHue

B TeueHue Gauxaijlmero paza jger O6yLYyT LOCTHUrHYTH 60JbmKe

TeXHHUYEeCKHe YyclexH, KOTODhe NpeloCTaBAT BO3MOXHOCTL rpynnaM Brajyu
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HaxOoRAMUXCA Jojed cOBemaThCA IAPYyr € ILpyroM. UYrolbw chexaTth Takue

TeJeKOHpepeHUUN 5(PeKTHBHHMU, NOPUIETCA y2HATH MHOrOe, Kacawleecd '
TOTO, KaK HCHNOJb30BATH ITH TEXHHUECKHE BOBMOXHOCTHM C HauGonbmei

NONb3OH LJNA ueJOBEeUeCcTBa. M OpeJCTABHIAM De3kMe O NOCIEeLHUX

NpeliBAPUTEIbHENX CHHTAX, OTHOCALMXCA K ABYM MAJO M3YUEHHHM
dakTOpaM B CBA3KM C COBEmMAaHUAMU HA DACCTOAHMH, a UMEHHO: K.
NUHTBUCTHUYECKO!N cayxbe M cpeLcTBaM CBA3H. Toﬁbxo-To'ponyquHue
SKCIepUMeHTaJbHLe peéyanaTu, KOTODHE 3LeChb OhUIM YOOMAHYTH, .
MOryT CJIYXHUTH TOYTEeBOLHHIMH BexaMu BJA JNHUL, KOTOPHM B Gauxaiimem

6ynymeM npuiercs paspabareHBaTh NPOLEAYPH TelekoHbepeHnuit.
KpoMe TOro, ms pymMaeM, uTO HaM yZajloCh HATJAALHO noxTBepxnib
OCymeCcTBUMOCThL ONHTOB, II0CBAMEHHEX nepemeﬁHmM BeJMuHaM Tejeco-
BemaHuifi. Mo HegeeMca, 4TO Apyrne.aannwepécosagnme yueHbe—
6HXeBUODHCTH 3akMyTCs STUMM M CBASAHHEMU © HHMH npobjieMaMH.
BnonHe BO3MOXHO, UTO B OIMH IpexpacHuili geHb Takoe cobpaHue, Kak
cerogHAmHuil Mexzynapoxun#t Konrpecc, 6yleT NpOBOAUTLCA BBHAS
TeJeKOHpepeHUUHd U KaxLhi# U3 Hac 6yneT cnﬁeTb 3a CBOMM NHCHMEHHHIM

CTOJOM B cBOeif coO6CTBeHHO# cTpaHe.
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