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FOREWORD

This report summarizes and documents the activities in improving the
capabilities of the AN/GSQ-16 language translation complex performed
under contract AF 30(602)-2617. The objectives of this contract were
to expand further the linguistic capabilities of the AN/GSQ-16
(Mark II) system by developing a fully operational single-pass bi-
directional translation system, and by augmeénting the multipass
dictionary to satiefy the long-range goals as well as to perform
system studies to increase the ability and effectiveness of the
complex,
Both the bidirectional translation system and the expanded
multipass dictionary were demonstrated during the course of the
year, The results of the system studies are included in this report.
The lexicographic effort of this project were greatly aided
by the assistance of the Aerospace Information Division of the
Library of Congress and the MT group of Syracuse University.
The work at IBM Research was carried out ugder the direction

of Dr, Gilbert W, King and Dr, Ernest H, Goldman,
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This report describes the %//ccom'pl‘.s’hments for svempenr 1962 ll:r}th,c
development of the AN/GS(:)-lb language translating cfgw
a greater degree of sophistication in machine translation,> This in-
volved studies in linguistic research, convereion to a bidirectional
single-pass dictionary modet&and, in its incipient stage, to a multi-
pass mode,

The search and programming techniques developed during the
year, particularly the rapid subtable searching of core memory and
the program for generative grammars, are described along with the
basic linguistic researches into machine translation problems,
compilation of data for the grammatical feature of government in
Russian grammar, and generation of new grammar tables embodying
grammatical analyeis and sentence structure determination,

Improvements made, and those contemplated, to machine

components and to the system organization are also reported.
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Section I: INTRODUCTION

1.1 General

This report is intended to document the improvements in Automatic
language Translation accomplished during the past year under contract
AF 30(602)-2617, describing in some detail the current status

of the Russian-English MT dictionary, the associated language process-
ing procedures and methodology, and the organizations developed for a
next generation of the AN/GSQ-16 complex.

The objectives of this contract have been to advance the devel-
opment of the AN/GSQ-16 language processing system primarily through
improvements in the quality of translation. The effort has involved
developiné a final organization for the Russian-English MT dictionary
and refining the syntactic and semantic analysis technique, while
exploiting the earlier developments in the Rome Air Development Center
program in machine translation. Specifically, the work has been aimed
at bringing the MT dictionaries to operational status and at developing

an organization for a production system.

1.2 Background in Machine Translation

The development of an automatic machine translation system, under-
taken by the IBM Thomas J. Watson Research Center under contract

to the U. S. Air Force Intelligence Processing Laboratory, Rome Air
Development Center, has involved a systematic program of research
and development in linguistic theory, language processing techniques,
and system design. A description of the evolution of automatic language
translation from the AN/GSQ-16 Mark I language processing system to
the Mark II, and of the work performed to bring the Mark II system to
its present successful operational status is given in the Final Report
on Computer Set AN/GSQ-16 (XW-2); Contract AF 30(602)-2080, pre-
pared for the Rome Air Development Center, Griffiss Air Force Base,

Rome, New York.
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Concurrent with the development of the Mark II language proc-
essing complex, IBM Research has conducted an extensive program in
lexicon preparation to provide the system with a vast compilation of
Russian stems, endings, full forms, and idiomatic phrases, and their
English equivalents. This lexicon has been extens'i‘vely evaluated and
improved through the processing of several million words of Russfan
text.

In keeping with the evolutionary approach of the Air Force to
machine translation, IBM Research has developed two translation
capabilities for the Mark Il system: 2a new and operational bidirectional
single-pass translation mode, representing a transitional language
process between the former unidirectional single-pass mode described
in the final report of the Mark I system, AN/GSQ-16 (XW-1), and the
new multipass Sentence Analyzer mode developed under contract
AF 30(602)-2072 and described in the final report RADC - TDR - 62-
105.

Evaluation on a fairly substantial corpus has demonstrated a
marked improvement of this mode of translation over the unidirectional
mode. Accordingly, during the performance of this contract, the
entire IBM high-capacity MT operational dictionary has been converted
to the bidirectional format and has been randomly tested on large
volumes of text. The results indicate that a useful translation function
has been achieved which will more than adequately serve, in an interim
capacity, until the full capabilities of the multipass Sentence Analyzer
mode are realized,

The program of research and development in language proc-
essing techniques has resulted in significant improvements in the
accuracy, smoothness, and readability of automatic translation, and
has provided a sound base for continued development.

This report describes the tasks that were carriéed ouf in the

performance of contract AF 30(602)-2617 in connection with the development
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and construction of the Russian Master dictionaries for the bidirectional
single-pass program, the investigation of gramrﬁatical analysis routines
to be used in automatic translation of Russian to English, the linguistic

research into machine translation, and the studies of improvements to

the system organization,

1.3 Description of Tasks

1.3.1 Applied Linguistics

In the field of applied linguistics five separate tasks were pursued under
this contract. These were:

Further expansion of the Russian Master Dictionary (RMD).

This task consisted of correcting and modifying the information in the
dictionary, as well as augmenting it with new entries,

Development of the Single-Pass Bidirectional translation system.
This system, which made use of the RMD, was made operational during
the course of the contract. It is capable of translating randomly selected
Russian texts.

Development of the theory of microglossary organization. This
scheme of storing microglossaries makes use of one common dictionary,
and only words which are ambiguous are stored in separate glossaries.

Expansion of Multipass routines. The multipass routines devel-
oped during the previous year were further expanded.to handle more
complex grammatical structures.

Conversion of RMD to Multipass entries. This effort was
directed toward establishing a program capable of converting automatically

the entries in the RMD to the search input state entries and the final pass

and backup entries.

1.3.2 Linguistic Research

" , .
The label linguistic researc};' has been applied to a set of activities where
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deepef. as yet unformulated, aspects of grammar and notions of gram-

matical theory seem to impinge upon machine translation work, The

* activities of this nature that are currently considered to be of critical

interest for machine translation within IBM Reaea}'ch are 1) house~
keeping programs, 2) search strategies, 3) government information
and\ 4) Russian grammatical studies,

It has become increasingly obvious that only complete control
of sentence elements during automatic recognition procedures can
guarantee success. A program designed to effect this kind of control
is termed here a housekeeping program. Such a program should per-
mit the manipulation and assignment to tree structures of the various
syntactic elements of Russian sentences, It should also be consonant
with the demonstrably most powerful theory of grammar, and it should
be adaptable to a gradually expanding grammatical capability and to
any search strategy. A housekeeping program designed to answer these
demands has been studied and is being elaborated at IBM Research, A
description of its features is included within the Body of this report,

A recognition routine seems to be compounded out of a search
strategy and a set of grammatical rules. Given the totality of gram.-
maticdl rules for Russian,. in particular, investigators at IBM Research
are working to isoia.te the problem of a search strategy to determine the
distinctive features of various search strategies, and to determine whiéh
of these strategies may be optimum or to create an optimum strategy.

The concept of government, especially within a highly inflected
language like Russian, embraces countless grammatical facts that can
contribute much to the improvement of Russian-English M T output.
Even though government information has many deep implications within
the structure of Russian grammar, it seems expedient to gather the
data for simultaneous and/or subsequent study. For this purpose a ver).'

broad program for the mass compilation of governrnent data has been
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outlined in this report. Further study and refinement of this program
is envisioned before the ma~§s compilation is initiated by a group such
as the lexicographers at the Library of Congress. ‘

To ensure the continuing improvement of the existing translation
system, grammatical research in Russian has been intensified. A
method of study is proposed whiuh should lead to the rigorous formula-
tion of sound grammatical ryies for the Russian language. Some steps,
at least, have been taken toward the development of a substantial set of
constituent-structure rules for kernel sentences and a fair-sized set of
transformational rules. This ever increasing body of data will repres'ent
a prime source of sound grammatical information for the expanding pro-

duction system.

1.3.3 System Organization

At the completion of the Word Analyzer modification, the Mark II
(AN/GSQ- 16 language processor) had been equipped with the most
powerful data processing capabilities considered applicable to natural
languages. These capabilities have been extensively tested in the
analysis of Russian grammar performed in the machine translation of
Russian tc English.

During this period of test, the new processing procedures were
thoroughly evaluated in regard to effectiveness and efficiency. As part
of this improvement program, the entire system organization has been
reviewed and analyzed with particular attention being directed toward
those areas where increased efficiency would be desired in a prodiiction
model. This study has concentrated on the better utilization of the

core memory (lexical buffer) which has become a central component of

" the system. Accordingly, a detailed study and logical design have been

completed which exploit this component in theé performance of rapid sub-
table searches entirely within the core memory. An estirnate of anticipated
production rates has also been prepared for multipass translation of Russian

to English.
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Table 2-2 Intermediate Passes - Sentence Analysis Statistics
Total No, of Total No, of *Control" No. of Searches No. of No. of Searches No. of No, of
Entries, Average Table Size Entries, Avg. No. on "Control" '*Additional" on V"Addltionnl" Main Dict- Corg
No, of Characters in Characters of Characters Entries Entries Entries ionary Table
Per Entry Per Entry ; Searches Searches
100 Entries, 2,000 100 Entries, 22 — —_ - 2z
20 Char. /Entry 20 Char, /[Entry
500- , 17,500 70 , 47 430 6 — 53
35 20
240 , 9,600 240 , - _ .
40 40 29 29
1060 , 50,
35 37,000 25 25 1010 1 1 25
400 , 400 ,
35 14,000 35 ' 29 - — —_ 29

180 , 180, .

35 6,300 35 217 - - ~ 27

300, 300, ) -

40 12,000 40 24 — - —_ — 24
Undefined 33,300 32
700, 50, :
40 28,000 25 22 650 1 — 23
3000, 500 , ) . [
45 135,000 25 44 2500 e 44

360, 5,

25 9,000 20 31 285 — 33
Undefined 33,300 32
1600 , 250 ,

30 48, 000 20 33 1350 8. 33
Undefined 33,300 32
Undefined 33,300 32
2700, 300,

30 81,000 20 40 2400 1 1 40

Note 1: Data for the: four linguistically undefined passes are based on the average statistice of the twelve (12).
defined passes,
Note 2: For a 20-word sentence, a total of 522 searches is made for passes 0 through 15. For the AN/GSQ-16
System.the breakdown of searches shown in the last-two columns is for an 8, 000-word (36 bits/word)
memory, with core table size restricted to 35, 000.characters, providing for processing two
sentences, of 150 words: each, at a time. In this case there are 510 core table. searches and 12
Photostore searches,
Note 3: With a 16,000-word memory, there would be 84,000 character addresses for core tables. In this
case there would be 520 core table searches and 2 Photostore searches, $

Note 4: Total storage requirement for passes. 0 through 15 533,000 characters.
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Section 2: DISCUSSION

2.1. Applied Linguistics

2,1.1, Russian Master Dicticnary (RMD)

The Russian Master Dictionary (RMD) now in use contains approxi-
mately 137,000 entries, each consisting of 1) an acquisition number,
2) an argument containing a sequence of symbols designed to pro-

vide a correct match for the Russian input data, 3) a function con-
taining a translation, and, if necessary, information that indicates
where the Russian ending begins, and 4) a confix, giving grammatical
information about the Russian argument and English translation, If

the argument is neither a verb, noun, adjective nor adverb, the con-
fix field may be empty. Moreover, verbs that receive a nonpassive
translation when they occur with a reflexive suffix are stored with

a prefix in the argument field preceding the sequence of characters
designed to match with the Russian input. The translation for the
nonreflexive form of the verb is stored in the function field of an entry
with an argument preceded by the prefix (Q8) RN, while the transla-
tion for the reflexive form of the verb is stored in the function field

of a corresponding entry whose argument begins with a (Q8)RR. Verbs
whose English translation is irregular have, in addition to the regular
verb entries, special prefixed entries that contain in the function field
the irregular translations for the forms requiring it. Entries of the
last type have been added to the dictionary only very receﬁtly and

will be discussed below, The following are typical RMD entries:

A,

909334 XOROW GOOD (R7) JU
B.

#9814 VECER EVENING (R1) WR




e S,

C.
$21259
D.
p97752
E.
P17948
F.
$16995
G.
941692
H.
#17914
I.
$1938¢
J.
173747
K.
173749

GORI
V#SILU#OPREDELEN14
MEJDU

MEN6WE(, J#CEM
POVERXNOST6#KASANI4
(Q8)RN+POL6ZOVA
(Q8)RR+POL6ZOVA
(R3)VBV+LOMIL

(R3)VBD+LOMI

(DP3) BURN
BY#DEFINITION
BETWEEN |
LESS#THAN
TANGENT#SURFACE
TREAT

us

(DP3)BROKE

(DP3)BROKEN

{R4) DC

(RM) NU

(R4) LC

(R4) AE

(R6)VBVXUXO

(R6)VBDXUXO

(Here # is a symbol standing for "zero,'" used to distinguish.zeros
g

from the letter O.)

The first three entries are typical adjective, noun, and verb

entries ,respectively, while entry D although not an adverb in the

classical sense. always acts as an adverb, and is given an adverbial

confix,

Entry E is for a preposition and is thus not confixed. Similarly,

entry F cannot be confixed as it acts neither as a verb, noun, adjective,

nor adverb, Entry G, while acting as a noun cannot be considered as

a noun, since it declines internally and the present translating system
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does not handle such a case, The next two entries are for the verb

POL6ZOVAT6 which is translated ''treat’ when it occurs nonreflexively

and "use'' when it occurs reflexively,

The last two entries are for the

irregular past tense and past participle of "break,"

In the last few months, many extensive changes beyond the

usual additions, corrections, and deletions have been made as a

result of dictionary proofreading and analysis of translation output.

Initially, lexicographers eliminated the most glaring excesses

in assignments of multiple choices and deléted completely archaic and

very colloquial cntries,

Approximately 16,000 RMD entries were affected,

Such chénges as the following tended to make the output much more

readable,
TRI (PN)
TRI (PN)

SOROK (PN)
SOROK (PN)

POCTI (PN)
POCTI (PN)

POD (PN)
POD (PN)

VOZRASTU (PN)
VOZRASTU.

VES6
VES6

(DP3) THREE/RUB
(DP3) THREE

(DP5) FORTY/MAGPIES
(DP5) FORTY

(DP5) ALMOST/HONOR
(DP5) ALMOST

(DP3) HEARTH/UNDER
(DP3y UNDER

(DP8) WILL#GROW/AGE

(DPF) AGE {R1) SR

VILLAGE/WHOLE
WHOLE.
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The next improvement to the dictioﬂary involved approxi-
mately 25% of the entries, Originally, the machine lacked the ability
to rematch on input material it had already matched on, consequently
ceria,in entries have to be entered as full forms or as longer stems,
i.e., as complete words, or as forms containing part of an ending.
For instance, GOVORI and GOVOR4 were included in the dictfoha'ry
as longer stems to prevent the forms of the verb GOVORIT6 from
matching on the entry for the noun GOVOR, But the verbal ending T
is ambiguous, for it might come either from GOVORIT or GOVdR4T‘_

by assigning GOVORI to a special inflexional cl.ass. Similarly, in the
case of GOVORA, etc,, if the full form had been entered to prevent
conflict with the verb GOVORITé6 whose stem could then be entered
as GOVOR, then, since the machine could not: rematch on A, the
information that GOVORA is in the genitive case would be lost and
WUM GOVORA would be translated as "noise talking" rathe1; than as

"noise of talking," This deficiency prevented grammaticai analysis

‘and the translation (SAYS/TALKS or SAY/TALK) can be resolved only

whenever different Russian words (most often different parts of speech) '

had the same stem, as is often the case, To solve this problem, a
new way to store this type of entry was developed, This involved
adding in the beginning of the function field a so-called "DP" instruc-
tion which instructed the computer on how much of the matched in-
formation it should shift out. In almost every case the entry also
needed to be reconfixed. After these two major changes, the output
improved considerably.

For instance,

"At/during '"construction' molecules of fuel are used basically

2

+ et i eieasimrntenl
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three/rub building material: carbon, hydrogen and oxygen;"

became

"At during ‘'construction' of molecule of fuel are used basically
three building material: carbon, hydrogen and oxygen."

The next major change was the storage and confixing of verbs
with irregular English translations, These entries were needed to
take advantage of an unused capability of the Bidirectional Single-

Pass Translation System, the technical details of which will be ex-
plained in Section 2,1, 2.

Until the bidirectional translation system was developed,
verb forms that received an irregular English translation had to be
entered as full forms, thus losing the advantage of being able to go
through the bidirectional verb analysis. Thus, '""ON NE LOMAL STU
L64" was translated "he not broke chairs" rather than "he did not break
chairs," while "ON ZABYL KUWAT6" was translated ""he forgot eat"
rather than '"he forgot to eat." Approximately 4000 entries were affected
by this last dictionary change which also brought about a noticeable im-
provement in the translation output,

While the longer stems and full forms were being re-confixed,
entries were being made for phrases (such as entry G above) which
were set aside for use when the Bidirectional System could be re-~
‘written at which time the processing of such forms would be incorpor-
ated. These new entries indicate the end of the stem with a DP
instruction and have a confix for the phrase to indicate that it is
a phrase and also to give its part of speech, For instance the new

entry corresponding to entry G is,

041692 POVERXNOST6#KASAN14 (DP10) TANGENT#SURFACE (R2) SUP
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Here '"(DP10)" indicates that POVERXNOST®6 is the basic word in
the phrase, its stem ending with the tenth character of the phrase,
The confix (R2) SUP, gives grammatical information about POVERXNOST
and its English translation and indicates that the entry is for a phrase,
There are over 5000 such entries ready to be added to the dictionary.
A minor change made in the dictionary a few months ago
involved the deletion (by machine) of certain unnecessary and ‘
unused verbal stem entries (namely nonprefixed stem entries for

the so-called R-verbs)., Of course, this step brought about no altera-

tion in the output,

It should'be noted that there are now on hand for the RMD
many additions that are currently in the final stages of processing .

and that soon will be included in the dictionary.

2.1.2, Bidirectional Analysis

2.1.2,1 Iptroduction During the past year the Bidirectional
Single-Pass System with two-stem storage was developed and made
fully operational, Later, both the linguistic and technical capacities

of the system were enlarged to some extent,.as will be explained below,

The Bidirectional Single-Pass translation program now is in
the process of being completely rewritten to take advantage of the
speed and loglcal uniformity possible with single-stem storage, In
the new system each dictionary entry will be stored only once,
Moreover, the linguistic capacities .of the system will be significantly
augmented, including, among other things, the skipping of adverbs

and the use of mfcr’oglossaries' to resolve semantic ambtguiti‘es.,
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2.1.2.2 Current Linguistic Capabilities of the Bidirectional Single~
Pags System. The Bidirectional Single-Pass translation system

consists primarily of immediate environment analysis and is designed
to eliminate the most common ambiguities in the Russian language and
to smooth out the English translation, From the beginni’né the ropera.-,A
tional system has accomplished the following linguistic work: |

Genitive and instrumental noun pairs are linked and OF or
BY is inserted between the two elements, depending on whether the
second noun is in the genitive or instrumental case,respectively,

If the case of the second noun is ambiguous, the ambiguity is resolvéd
in favor of the geniti've and instrumental, If the ambiguity involves
both the genitive and instrumental cases, OF /BY is inserted between
the words,

In general, a noun is always translated as singular unless it
is unambiguously plural, or unless the ambiguity i{s resolved by one
of the other routines,

If, in linking noun pairs, the second noun is potentially genitive
plural, it will be given a plural translation and OF will be inserted,

If a potentially plural noun follows ;1 potentially plural ad-
jective that agrees with it in case, wilth no punctuation marks inter-.
vening between the noun and the adjective, it i8 given a.‘p'lura.l trans-
lation,

If a potentially plural noun is followed by a comma and then
by an adjective agreeing with it in case and number, the noun‘is
given a pluré.l translation, .

All adjectives following a noun and ending in OGO, EGO,
EGOS4, YX, IX, IXS4 are construed to be genitive and have OF
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inserted in front of them; those ending in YM, IM, IMS4, OH, EH,

EHS4, YMI, IMI, IMIS4 are treated as instrumental and have BY

inserted in front of them; adjectives ending in Ol1E1lE1S4 are

considered to be ambiguous and are preceded by OF/BY,

All singular short-form adjectives following a singular nom-
inative noun with which they agree in gender and number have IS -
inserted béfore them; plural short-form adjectives have ARE inserted
when they follow a plural nominative noun, -

No atterﬁpt is made to resolve ambiguous adverbs derived
from adjectival stems, but clearly adverbial forms are translated
as adverbs,

The adjective SAMY1, when followed by an adjective agreeing
with it in case and gender,is translated as THE MOST; otherwise,its

translation is ACTUAL,
Prepositions whose translation varies with the case they

govern are linked with nouns or adjectives which follow them,
When possible the proper meaning for the preposition is selected on
the basis of this linkage. Some gingular/plural ambiguity in nouns

may also be resolved by this linkage.
Verbs go through a relatively complex analysis'befor.e being

translated. First, they are classified on the basis of reflexivity. The

so-called "R verbs,'” consisting of those which change meaning with

the reflexive suffix S4 or S6, and those which occur only in the'xe-

flexive form,are not translated passively. The "non-R verbs." include

all other verbs, which, when they are reflexive, are translated pass-

ively., It also includes those verbs which occur only in the non~

reflexive form, (Both the r‘eﬁg‘xi-ve and non-reflexive occurrences of

5

4




R T P

R-verbs are treated in the same way as the non-reflexive forms of
non-R verbs, The discussion that follows.gives the treatment of
non-R verbs,)

In addition; all verbs are classified on the basis of aspect,

so that there are three groups of R-verbs and three groups of non-

R verbs: perfective, imperfective, and those that can be either per;,

fective or imperfective, depending on the ending,

The present-tense form of perfective verbs is taken to be
future and WILL is inserted before the English meaning, The third
person singular of present tense imperfective verbs is translated
by the "S form!' of the English verb,

Their passive counterparts receive proper translation,.

Most participles, with the exception of those whose transla-
tion differs significantly, are derived from the verb stems. They

are formed by adding ED to the English verb stem for all part~

15,

iciples other than the non-reflexive active participles which are formed

by attaching ING to the English stem,

Gerunds are translated by adding ING to the English stem.
For reflexive gerund of non-R verbs, BEING is inserted and ED is
added to the stem.

The infinitival TO is not normally inserted, except when the
infinitive is preceded by a noun or another verb (all forms but the
participles). If the infinitive has S4 at the end, and if it belongs to
the non-R clasgs of verbs, TO BE is inserted and ED is added to
the stem,

All other verbal forms are translated in the usual way, the

appropriate passive translation rendering the reflexive suffix for

A S
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the non-R class of verbs,

When a verb i8 immediately preceded by NE, with no punc-
tuation marks separating the two words, the translation of the
verb is modified by the correct"English form, All the rules dis-
cussed are followed, except that the inserted auxillary verbs are
the negative English forms,

When Russian BY directly follows a past tense verb, WOULD
is inserted, and the verb is translated in the present-tense form,

If NE precedes a past tense verb which is followed by BY, WOULD
NOT is inserted before the present tense form of the English trans-
lation, When, in both of the above cases the verb is a reflexive
non-R verb, WOULD BE or WOULD NOT BE is inserted before the
"ED'" form of the English verb,

When the verb STAT6 is followed by an infinitive, its semantic
translation is BEGIN, The meaning is then properly inflected to
render the tense, person, etc,,of the particular form of STATS6,
When STAT6 is not followed by an ‘infinitive, its semantic translation
is STAND/STOP,

All present tense forms of BYT6 (i.e,, BUDU, BUDEWS6,
etc,) are translated as WILL when followed by an infinitive. In this
case TO is not inserted before the infinitive, When anything else
tollows these forms of BYT6, their translation is WILL BE,

When NE precedes STAT6 or BUDU, the translation becomes
the correct counterpart of the above-mentioned forms,

Two important linguistic capabilities were added to the trans-

. lating system after it was already operational,

The first involved word derivation, When a word is not in
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the dictionary but is derived by a common rule from another word
tha.t.is in the dictionary, the program can recognize this fact, gener-
ate the correct translation, and then utilize all the grammaticél in-
formation latent in the word's grammatical ending.

The following derivations are made:

Russian Suffix English Translation for Suffix

1. Noun to Noun

IST IST
IT ITE
IZM ISM

K

w

ISTK ISTICS
IK I1CSs

Q

Noun to Adjective

ICN, ICEN 1C
CN, CEN 1C
ICESK 1C
CESK I1C
VIDN, VIDEN -LIKE
OBRAZN, OBRAZEN -LIKE
PODOBN, PODOBEN -LIKE
NOSN, NOSEN -BEARING




18

Russian Suffix

N

4N

AN

AL6N

ONALG6N

IVN, IVEN

EN, OCN, OCEN
SK

OV, OVSK

EV, EVSK
Adjective to Noun
OST

Adjective to Adjective
OVAT

EVAT

Eiw

AlW

N

Verb to Noun
ANI

ENI

AQI

4Q1

Verb to Verb.

L4

ovYVA

VA

IVA

YVA

English Translation for Suffix

AL
ONAL
IVE

NESS

ISH
ISH
EST
EST

ING
ING
ATION
ATION
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These derivations have been very useful with unanticipated
and newly coined words but also have the important function of limit-
ing the size of the dictionary by eliminating the need for entering
many semantically related words in the dictionary.

The following are examples of-typical derivations:

The stem NAPISAN (WRITTEN) can be used for the mascu-
line short form participle NAPISAN (WRITTEN) and for the mascu-
line participle NAPISANNY1, since N is a suffix in the adjective-
adjective derivation category. The noun PISANIE (WRITING) can
be derived from the verb stem PIS for the verb PISAT6 (WRITE),

The superlative adjective XOLODNEIWI1l (COLDEST) can be derived
from the adjective stem XOLODN (COLD). The noun VESELOST6
(GAYNESS) can be derived from the adjective stem VESEL (GAY),

The nouns LENINIZM (LENINISM) and STUDENTKA (STUDENT) can

be derived from the noun stems LENIN (LENIN)and STUDENT (STUDENT)
The adjectives ARTISTICESKIl (ARTISTIC) and TRUBOVIDNY1
(PIPE-LIKE) can be derived from the stems for the nouns ARTIST
(ARTIST) and TRUBA (PIPE),

The second important linguistic improvement in the opera-
tional Bidirectional system consisted in the utilization of its built-
in capaéity to handle irregular English verbs. Until recently, Russian
verbs that had irregular English translations were entered as full
forms or longer stems and thus were not able to take advantage of the
Bidirectional analysis. Thus, POWEL KUWAT®6 was translated WENT
EAT rather than WENT TO EAT, etc, Moreover, since almost
every Russian verb that had an irregular English past tense and past
participle - the passive and negative forms being the most numerous

here - would have required over 30 separate entries to insure a
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correct translation of all the forms, usually all of these forms were
not entered, semi-correct translations being preferred to an over-
bulky dictionary, In fact entries were usually limited to full

forms or longer stems for the Russian past tense and passive parti-
ciples. Even then, the negative past tense usually was not entered and
came out incorrectly, NE POWEL being translated NOT WENT rather
than D;D NOT GO. By adding three new tables to the dictionary, {a
table for the irregular past participles of non-R verbs that can occur
reflexively, a table for all the irregular forms of non-R and non-
reflexive R-verbs,v and a table for all the irregular forms of reflexive
R-~verbs), and making new entries for the Russian verbs with irregular
English translations, it was made possible for all the forms of Russian
verbs with irregular English translations to be translated correctly,

These verbs now go through the regular Bidirectional verb analysis,

as will be explained in detail in the following section,

2.1.2.3, Programming Aspects of the Bidirectional Single-Pass
Translation System Currently in Qperation. The format of the dic=

tionary used in the Bidirectional analysis differs from the format of
the RMD but the conversion of the entries is performed with the use
of a computer, Full forms remain full forms but other kinds of RMD
entries correspond to two or more entries in the Bidirectional dic-
tionary analyeis, as will be shown,

The original Bidirectional program has undergone minor changes
(word derivation has been added, for one) since it was first operational,
However, one very significant improvement that has been incorporated

has greatly increased the speed of translation, To understand the
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reasoning involved here, one must first know something about the
machine logic and about the storage of the Bidirectional dictionary
and control entries,

All the lexical information and control information used in
the Bidirectional System is stored serially along concentric tracks
on a rotating glass disc. When a word is being looked up, the disc
is read by a cathode-ray tube light source which steps across tracks,
sampling a small portion of each, until a comparator indicates that
it has gone too far, The beam is then brought to rest and the disk
rotation allows the reading of every entry on that track until a proper
match is made,

Now, the original method of storing Russian stems in the
Bidirectional dictionary included a table of all the stems (approxi-
mately 150,000) preceded by the prefix (R3)@9#. The logic of the
machine allows any character to be considered a correct match with
a zero,( (R3)VNE+BIT6) thus being considered by the machine a cor-
rect match with((R3)@§@#@ + BIT6), the three zeros following the
(R3) being used to "mask over'' confix information about the pre-
vious word. However, the logic of the machine also requires the
search for a word in this table to start at the beginning of the table,
This occurs because of the zeros which cause an entry search above
them, and there are good reasons for this logical requirement. But the
long entry search causes the lookup time per word to be a matter of
seconds, while a regular track search through a table of the same length
requires only a few milliseconds., A programming method has been

devised which will avoid storing dictionary entries in tables preceded
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with prefixes containing zeros., This method will be used in the new

(not yet operational) Bidirectional System with single-stem storage

‘and will be explained along with the rest of the program in Section

3.1,2. A temporary and minor hardware change was made to over-
come this problem until the new Bidirectional program would become
operational,

A general discussion of the current programming aspects
of the Bidirectional Single-Pass system follows:
I'. Nouns

Noun stems are now stored in the dictionary in two forms:
STEM TRANSLATION (R3)GIGZG‘3
(RZ)#99 + STEM TRANSLATION (rR3),,,L.G. G G

S'172"3

where (R3) is a confix used in noun analyslis, GIGZG gives gram-

3
matical information about the Russian stem and the English trans-

lation, L_ is the length of the noun stem, @ (zero) is the '"suppress

matching”s instru