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Introduction

The machine translation project at the National Physical
Laboratory (NPL) has been terminated, It has always had as its
prime aim a demonstration of the practicability of translation by
computer of Russian scientific texts into BEnglish, In order to
test how far this aim has been fulfilled and further, to provide
evidence to guide a potential sgency interested in giving a machine
translation service, we have carried out an eveluation experiment
on our translations, the conditions of which as far as possible
emulated those of a translations service,

The results of this experiment are presented in this paper,
together with a summary of the translation methods used, The
paper as a whole will thus give an independent presentation of "what
methods produced what results®, For & comprehensive account of the
NPL translation techniques, see reference 1,

Evaluation of Translations

We have been concerned with the translation of scientifio
Russian texts only, In considering how we might evaluate the
results of our work, the context of use of scientific translations
imposed two main constraints, Thus, firstly, in the vast majority
of cases we would expect readers of translations to be themselves
experts in the subject matter of the material translated, i,e. they
would be reading the translations because these reflect their main
professional responsibilities, We may then expect that the inherent
background knowledge of such readers will ensure a high impetus to
their comprehension of translations and help them through syntactic
awkwardnesses and multiple-meaning choices, We would also expect
that only & small percentage of these readers would have any
competence in Russian, Secondly, the items of translation being
read by the above typical readers will normally be whole information
units (journal article, chapter of book, abstract, review, &c,), and
they will have the freedom to ignore unimportant sections of such
unite and to use sentence or paragraph context (or even remoter
references) to help elucidate obscure sections, More specifically,
a particular sentence may be poorly translated, but because the
reader can see that this is not an important sentemce or because
the context of (hopefully, better-translated) neighbouring sentences
clarifies its meaning, that sentence may not affect at all an
adequate comprehension of the whole,

Both these constraints are reflected in our evaluation
experiment, We ensured that our evaluators were expert in the
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field of the material they were evaluating, and also that they
commented on the adequacy of an information unit as a whole, not
on individual sentences,

We have included in this paper (PIG, 2(A)) a short passage
from one of the evaluated translations, as the full translation is
inappropriate for this printed version, However, the full
translation will be available for inspection at the presentation
of the paper, or the full translation of another paper can be
examined in reference 1,

The evaluation experiment

In order to fulfil the first constraint sbove, we invited
praoctising scientists to send in Russian papers, reflecting their
professional speciality and preferably in the fields of general
physics, electronics, or electrical engineering, Some papers
resulted from direct invitation, others resulted from an open
invitation published in our house journsl, "NPL Quarterly". We
undertook to send them the machine translations of their papers in
return for their comments on how useful the results were, We also
obtained second opinions from other specialists in the subjects
concerned,

\

These evaluators were therefore as far as possible typical
of the "customers" of a production MT service; in particular they
had a personal interest in the subject matter and usually little
if any knowledge of Russien,

In all 4 papers were received in response to our invitation;
of these 28 were translgted in fulll, Seven of these were dis-
regarded for various reasons2, and the remaining 21 were included
in the evaluation,

38 comments were received on 19 of these 21 papers, Of these
two were rejected for vagueness, and three brief comments from one
group were treated as one, s0 in all the experiment produced 34
comments on 19 papers,

1The other 16 are accounted for as follows: 4 was on a remote
subject; 2 were deferred since we had already translated three
papers for the same 'customer!; 4 were withdrawn; 3 were
translated only in part; end 6 were not reached by the date our
computer was scrapped,

23 were on inappropriate subjJeots; 2 were translated only by en
earlier version of the programs; and 2 were translated too late
for inclusion,



We had decided to give our evaluators a free hand in dis=
cussing the usefulness to them of translations of this quality,
This meant that a scale had to be devised by which their comments
could then be graded by us, A scale recently published in the
U,S.A, (reference 2) was considered but not adopted since we felt
that for our purposes more space should be given to the middle
range of the scale, The following wording was adopted:

8 PFully adequate., Meaning immediately clear, even though
not always conventionally expressed,

6 Mostly very good, A few sentences obscure, so that some-
thing essential may be lost, but normally clear enough.

4L Fair, Takes a good deal of time to extract meaning and
even then thers is no great confidence in it, resulting in a
partisl understanding,

2 Poor, Could only be useful to someone propared to struggle
hard, and even he would often be disappointed,

0 Useless, Although some semblance of meaning may appear
occasionally, it would never be worth the trouble of finding
it, ‘

The wording of this scale is not derived on any scientific basis,
but it has proved useful in practice, since when four of us came
to grade the comments by it independently, there was a good agree-
ment between our markings, Our four individual ratings for each
comment were reduced to a single rating (normally the mean) after
discussion, The range of scores is shown in FIG, 1; the mean
score is 5,6,

The spread is no doubt due to & real variation in the quality
of the translatlions combined with the prejudices and degrees of
patience of the evaluators, The lowest scores thus come from
impatient professional translators dealing with a poorer-then-
average text, while the highest ones are perhaps over-enthusiastic
supporters dsaling with a better-than-aversge text,

The consensus though, is that there is a real demand for
translations of this quality, and this result provides, we feel,
ample justificetion for mounting a broader evaluation exercise,
over a wider range of potential readers of such translations, to
strengthen, if possible, this verdict and meke it possible to
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FIG, 1 Assessment of usefulness of N,P,L. MT output,
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decide on the viability of a production machine tramslation
service based on our system,

Evaluators' critioisms

Apart from the opinions as to the general usefulness of
translation, evaluators® ‘comments contsined many particular points
of criticism which deserve discussion, We are able to comment
ourselves on some of these points from the position of having
done considerable development work, just short of full imple—
mentation, on techniques designed to overcome the particular
translation faults, PFull details of this further work are given
in reference 1, end specific points of reference are given below,

Most of these criticisms can be classified into three groups,
concerning respectively: (i) the English equivalents offered,
(ii) the syntaotic resolution and (iii) the word order,

A frequent critioism concerned missing or inmappropriate
equivalents, In addition to fully justified remarks of this
kind there were glso cases in which the meaning proposed, or pre-
ferred by the reader, was uncommon, Its absence from the
dictionary was the result of a preferential choice having been
made, a compromise between completeness and simplicity, The other
alternative, including 211 possible equivalents, would of course
drastically impair readability, The particular solution is often
very difficult and can only be achieved to a satisfactory degree
after long experience,

In other cases there is no obvious preference and the problem
is further aggravated by the very high frequency of occurrence of
the word, Here belong some special classes, for example all
prepositions and some very common words such as ® , a , and
910 . Prepositions can and should be resolved by considering
them together with either the §overning word or the governed com=-
plement (nominal or otherwise)!, (For example, yBeimuuTbh.. Ha..,
'£0 increase .... BY .e.e.'). For the awkward common words
specific syntactic sub-routines should be devised, In practically
all cases the solution is unique (see reference 1),

Only two evaluators complained about the necessity of
selection among two or three equivalents, This is a matter of
preference, but it seems to us that for a bona fide reader an
additional possibility of meaning (if it is not carried too far)
is more an asset than a disadvantage, even if it impairs to some

10n the lines already used for the recognition of idioms,
expanded to include non-adjacent words; see below in the
summary of methods,
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extent smooth rea.ding1. Until a semantic analysis can be
achieved, multiple equivalents are bound to stsy in MT,

A minor point, but nevertheless worth attention, was to the
effeot that when multiple equivalents followed each other, the
diffioulty in understanding increased out of proportion, For
example, cayqvaeTcs mpu eppears as: ‘occurs in ' when the

results with
actual meaning is often 'results in', This was undoubtedly a
real problem, which could perhaps be helped by using a longer
space between sets of multiple equivalents in the output,

Complaints concerning un-idiomatic translations (e,g, 'period
of work' instead of 'life=-time') would be allayed by more work
spent on our idiom list, which contained only about 540 items,
whereas 1,500 would be a more realistic figure,

Complaints about inadequate syntactic analysis, leading to
obscurities, ambiguities, and wrong resolutions, would have been
considerably reduced by e full implementation of the syntactic
routines deseribed in reference 1, One of the minor but
annoying ambiguities, which had been resolved theoretically, but
only partially implemented, was that of adverb/short adjective,
Order of clause components was a frequent subject of criticism;
of course they can be re-arranged according to the English usage
only after a complete analysis has been mads,

Among other things criticized was an inadequate treatment
of abbreviations and sbbreviated units, some of which were covered
by dictionary entries, while others were not, and this led to some
misunderstandings, Obviously this again is a matter for a more
complete dictionary?, The most difficult case is "nonce"
abbreviations (we met, for instance, meftTp. for HelTpPOHEHR
and produced ‘mnon-itr.', which helped no one') Here we see no
prospect of a solution,

Our "anglicizing" routine was criticized (while appreciating
the general idea) for umorthodox transliteration, which made it
more difficult to identify the word in a standard dictionmary, if
necessary’, A partial solution may be to exclude certain word

1Much can be said on this point, Readers, no doubt, will realise

how a velvet smoothness of translation may hide many a grievous
fault,

2With a fow exceptions, however, Thus 'B’' may be very trouble-
some, as regards the choice between the preposition and the
sbbreviated unit ("volt"), without a special syntactic sub-
routine,

3"I.'h:is criticism clearly implied soms knowledge of Russian,
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classes, e.8, acronymic abbreviations, which are obviously not
suitable objects for the routine (they can be automatically
recognized as clusters of cepital letters). - Also, in our
prefix-recognizing routine there is an inherent danger that a
"not-in-dictionary" word may have a part of the stem identical
with an accepted prefix, This applies in particular to short
prefixes, like He-— , in the above example of Helftrp.. There is
no general way of dealing with such words, The best solution,
in respect of both routines, seems to be, however, to include in
the output both the original (in Cyrillic, if possible) and the
synthetic equivalent for all “not—in-dictionary" words,

A few comments contained bouquets rather than brickbats,
One evaluator commented that the translation beceme easier to
read as he got used to the unusual 'style'; and another found
an instance where a slip in the published human translation had
reversed the intended meaning; our version of the passage,while
not perfect by any means, was certainly not mislsading in this
way.

Pinally, several evaluators commented that machine trans-
lations would need to show advantages in cost and speed over
human translations in order for them to be attractive as well as
acceptable, and these are indeed c¢riteria that we would ourselves
put Porward without fear of contradiction, We have not included
a study of cost and speed within this evaluation experiment, as
we do not have the market data to prepare a2 translation service
specification that we could then refer such a study to, However
it is evident that our machine equivalent of the human translator
i.e. input punching, machine translation and output printing
{(with no human ;gost-editor) will show a clear advantage on both
these points, It would be essential to fit this component,
though, into an overall translation system which was specified
carefully to fit the translation market,

In FIG. 2(A) is shown a facsimile of a short passage of our
machine translation into English of a Russian text on electric
furnaces, completely non-post-edited, The vertical lists of two
or three words are to be read as alternative ish correspondents
for the Russian word in that position, FIG 2(B) is a facsimile of
the original Russian text,

A summary of the translation methods

Text Preparation and Dictionary Look-up

The dictionary used in the NPL machine tramslation system
was developed from an early version of the Harvard Russian-English
computer dictionmary. Our dictionary contains about 18,000
entries (with additional cross-reference entries) covering the
fields of electronics and electrical engineering,

We chose to organize the dictionary on a stem and suffix
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English machine translation

FIG. 2(A)
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FIG. 2(B) Russian original text.

pacnpesesenust 87AEKTPHYCCKOro, ToKa .
BaHHe PACIVIaBJEHHOTO MeTalia

Candudam mexn. nays, doy. A. H, J]E’.Vll!HH
wescrud undycmpuarsunidt ancmumym us. Kyiouuwesa

ICKTpHYECKOro TO-  JieHHst TOKa B CRJOQWHBIX NPOBOAAWEX Cpefax mpi-
lyeckoit newd, KaKk  MeHAIOTCA TPH BHAZ Mofenedl: npoBoAALLHe M/IaCTHIL,
OALILOE TEOPETHYE:  HAH JINCTBI, BJACKTPOJINTHNECKNHE BAHHLL M DELUCTKH,
TostoMy Bonpochl, HAH ceTii. Hononb3opasue peuserok, Wi CeToK, i3
conua (/1. 1], Tpe- conpoTnpieHnil uMeeT GeccrnopHOe MPEHMYLUeCTBO No
uayuenns. Oco6yi0  cpaBHeHHIO € oCTa/ibHLIMH ONoco0ami, Tak Kak ng-
JaHHe ' pacnpefiene-.  3IBOJAET - HENOCPEACTBEHHO HCC/EL0BaTh pachpeneie-
AM MeTanioM. Bbi-  HHe TOKOB B MOLEJTH.

alne heud HacTos- Has ocywiectnieHus nonoGus_ GH3NYECKHX npo-
IMIJIEKCHOr0 pelie-  1eccoB 00bexTa H Monetd HeoSXOHM NPabHAbHBIA
‘0 nepeMeliHBakHA  BbIGOP KpUTepues moao6us. Heobxoaumbie # n0CTa-
eJeHHe "XapaKTepa TOYHbIE YCAOBHA NOAOGHA- PHIHUECKHX fABJIeHH ycTa-
nath Gonge pauno- HABAHBAIOTCA TpeTheil TEOPEMOH noxoGus, AOKAa3aH-
/ W KOHCTpyKuwio Hoit ewe = 1930 r. M. B. KupnudesniM.-

yucae H pasmemte- - OGUMA KpHTepHii noaobus.
X neyax, nNpaBHib- . » l‘/*_— :
' = Wy, -

H 3JeKTPOMaruuT
B. B Hactosweh rae /— JuHeitHble pa3Mepsi;

Cl TPHMEHHTEAbHO | . ° @ — YIJIOBAs YacToTa;
. { — MarHHTHas NPOHHLAEMOCTB;
aBEHHOM MeTasijie Y — yAReJbHag NpOBOAUMOCTb.
0T (OpMbI BAHHbI, [Tpu pasenctse @ # p O6vEKTa H MOLesTH Haubo-

PYWEHHUS SNEKTPO-  jee BANCHLIMH KDHTEDHAMH .-nofo6us #BAAIOTCS pas-
NEKTPHUECKHH TOK ~ Mepri W NpOBOAHMOCTH MATePHaNa CETKH MOACTI,
i Xapakrepuayercs . acnJaBJeHHbll B leyd MeTadJ MOJKHO [peacra-
ypapHenueM JIa- { puth B Buge cniowHOro 6Ji0Ka, a 3aTeM BhIpe3aTh H3
_Hero s/ieMeHTapHBIll Ky6 J0GOro pasmepa M onpede-
—0 - JHTb ©ro CQOTMpOTHBJIEHHE, 3aMeHHB 3JeMeHTapHbil
= Ky6 pacnidBReHHOr0 MeTa/iia y3/ioM 3JEeKTpHuecKokH
uenH MoJeJH, MOXGHO BBIABHTb pachpeje/eHHe TOKA
B HeM H, CMOJeJMPOBaB TaKkuM 00pa3OM BCIO BaHHY
feus, MOX(HO Y3HATb XapaKTep pacifipefesieHHA TOKa
)efibl; ] B ‘pacnnapJieHHOM MeTaasne. :
KOro nosst, ' ’ KOHCTPYKTHBHO <CeTOYHaf MOAeJb [pPeACTaB/ferT
co60li TeOMeTpPHYECKH NONOGHbIH 00beM BaHHbl B  3HA-
saerc neiicTeuem LUHTEJBHO YMEHbUICHHOM Macwrabe; .
SHHLIM TOWKaM Ha - CODNPOTHBJIGHHE 3/EMEeHTapHLIX KYOHKOB MeTalia
Tb BEKTOP NJQTHO-. HMHTHPYETCS CONPOTHBACHKEM COENUHHTEILHLIX NpoO-
L : BOJOB — WIAra Aueek moaenu. lllar ceTki 3aBuCHT OT,
reoMeTpHYECKHX pa3MepoB o0bexTa H MOXAEJH H, CJe-
nopaTeabHO, OT 06Llero KO/AHYeCTBa  fAyeeK MOAEIL
Tounocts MoOLenHpoBanus Oyaer .TeM Bhille, HeM
Goabwe uHcno sAveex. OQHaKO CAHMWKOM ~ 00/bUIOR
Uiicio AYeeKk yXyAulaeT yCJAOBIHA 113Mepenis i ypesi-
Gipaer raGapuThl MOZe/Nl Ii. MaTepHafblible 3aTPAThl

IKTpHUGCKAR uenv Ha H_ee.

—

TOKa 4epe3 Mac-
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basis, in which each entry contains a Russian stem together

with a coded list of suffixes whioh can combine with the stem,
This gave far fewer entries than would have been found in a full=
form dictionary covering the same words, Each entry contains
grammetical data and English equivalents of the Russian,

The stem and suffix orgenisation demanded that we create a
system of splitting Russian words consistently into stem and
suffix, fully desoribed in Davies & Day, (1961), The split is
made at the point determined by the maximum number of letters
which together form a Russien suffix or string of suffixes,

The maximum split technique sometimes causes too many letters
to be treated as part of the suffix, in other words, the split
is mads too early in the word, Such words are provided with a
oross-reference diotlonary entry which directs the search to an
entry in which the full information for the word is contained,

The dictionary is recorded on two reels of magnetic tape,
the entries being arranged in alphabetical order, Time of
consultation of the full dictionary is from 12 minutes upwards,
depending on the number of entries being sought,

A text for transletion is first punched on cards by an
operator who recognizes Cyrillic characters, though she cannot
read Russian, Symbols, punctuation marks and Cyriilic
characters are represented by one card column per character,
Provision is made for indicating a space to be left in the text
where an equation or group of symbols occurs, These will be
inserted in the translation by hand, The cards are treated as
a continuous medium, card boundaries being ignored, By this
means quite a long paper can be encoded on a relatively small
number of punched cards,

The text, now on cards, is fed into the computer, The
first computing process gives a serial number to each text word
and then splits the word into stem and suffix, When all text
words have been subjected to this process, they are then sorted
into alphabetical order, This is essential for optimum speed
of look-up in our serially organised dictionary,

The next programme in the translation sequence, the loock-
up programme, scans simultaneously through the dictionary and
the sorted text, secking dictionary entries corresponding to the
text words, The programme allows for the occurrence of stem
homographs and for the correct handling of cross~reference
entries, The output of the programme (which we call, following
Harvard, the augmented text) consists of the text words each
with the relevant dictionary entries appended,

Having obtained a set of augmented text entries, the

translation sequence then sorts these back to text order, using
the text serial number originally allocated to each text word,
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The result of this series of operations is a text in the
original order, with dictionary entries appended to all but a
few of the items, Symbols and punctuation marks do not, of
course, have corresponding dictionary entries, and there may
be words in the text which are not represented in the computer
dictionary, The latter are given special treatment in the
syntactic routines and tramslation output,

Provision is made in the dictionary for the representation
of idioms, using a method analogous to that used in an ordinary
dictionary., A "key word" is chosen in the idiom (normally the
least frequently occurring word), the idiom being represented
in the diotionary entry of the key word, The representetion
includes a list of the component words of the idiom, using which
the presence of an idiomatic text word sequence can be detected
before attempting any syntactic operations on the augmented text,
The dictionary entry inecluding the idiom contains the preferred
English equivalent, The dictionary includes coding for 540
idioms,

Words not represented in the dictionary are given special
treatment, as mentioned above, All text words which commence
with one of a set of 137 Russian prefixes are locked up both
with and without prefix, If the prefixed form does not occur
in the dictionary, but the unprefixed form is found, then the
entry for the uuprefixed form is included in the augmented text,
coupled with an English rendering of the Russian prefix, Despite
this provision, some text words will not intersect with the
dictionary., For these an attempt is made to determine part of
speech, case, pumber, etc., by an inspection of grammstical and
derivational suffixes, In the translation output the stem of
the not~in—-dictionary word is transliterated, aiming to anglicize
as far as possible the originsl word, A derivational suffix
is given its Epglish equivalent in the output rendering; any
prefix that was recognised is also given its English rendering,

From an augmented text produced by the foregoing procedures
it would be a simple mechanical process to achieve a word-for=-
word "translation", We felt this was not worthwhile, as the
application of relatively simple rules of grammar and syntax
greatly enhance intelligibility of such a product.

Russian Analysis Algorithm

In the first place we designed and implemented a system of
noun blocking and a simple predicate analysis, The results
obtained were not by any means 1deal, but we were encouraged to
extend and refine our syntactic processes, In our first
attempt the functions of Russian analysis and English synthesis
were oclosely interwoven, As our syntactic procedures were
extended to cover more features it became evident that it was
essential to separate the functions of analysis and synthesis,
In order to make this possible the linguistic model, described
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in Yates (this confersnce) was developed, The model permits the
analysis routines to express the Russian syntax as far as
necessary and facilitates a transformation to the corresponding
English sentence structure,

The analysis routines operate in a succession of passes
through each sentence, defined by major punctuation mark
boundaries (full stop, question mark and semi-colon)

The functions of the successive ;.pasges are as follows:

1, A preliminary pass which establishes from the augmented
text the terminal element for each discrete member of the
sentence, Punctuation marks are. indicated in the elements
for preceding or following senténce items, according to a
set of formal rules, ) .

2, A pass whose prime concern is the determination of nominal
structures, i.e, nouns and words with which they are closely
connected, such as adject:.ves or prepositions.

3. A pass which establishes lmks ’between adjacent nominal
: structures; the linked elements include genit:we qualifiers
end prepositional group qual:i.f’:.ers. ~

4, A pass which sea.rches for pqtential coordinating conjunctions
and examines the sentence elements or structures geparated
by such conjunctions, setting up coordinate groups where
appropriate,

5. A pass which creates'éihxple pi‘edicate structures, searching
for words with a verb role and then locating adjacent
sentence elements or structures’acting as verb adjuncts,

6., A pass whose function is to éxamine the role of some of the
more "difficult" words such as the verb 6HTE and its
inflected forms, and the persona.'l/possassive pronouns €ro,
ee and mx .

A full desoriptioti of these analysis routines is given in
reference 1, In the present paper we shell take a Russian sen=-
tence and note the effect of each analysis pass on it,

The Russian sentence reads:

BeapuMu ¥ 4epHEMA IHMJpAME M CTPEIEAME HOKABAEH

- MecTa BanECH rpasml.
The first analysis pass is not of particular interest in the
present context, Suffice it to say that a system of reference

addresses is set up which permits the scanning of the sentence
whilst its structure is in an incomplete state, -



The state of the sentence diagram after the second pass
has been completed is:=

Beanum. ...

YEPEHNA oo oo

nudpamm.. __ ..

B
CTpearaMH
IOKaBaEH
MecTa
aamEcH

FpaHmi.

One noun group hes been formed, of which the modifier is a
coordinate group of adjectives, Each adjective is marked as
a member in the coordinate group, which itself assumes the
properties of an adjective, i



The third analysis pass.has the function of creating
genitive and prepositional links, Only the former are
concerned in our sample sentence:-

FeZEMH....

D R

CTPpeXRKaMHA
IIOKa8aEH
Mecra____

380HCH_ __

rPEHANem o e e

Were there any prepositional groups following nouns, then the
prepositional groups would also be linked in as qualifiers,
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The second analysis pass ignored all conjunctions which
did not occur explicitly within simple noun groups (i.e,
groups with & single noun as head). The fourth pass, however,
seeks to join to existing noun groups any other nouns linked
by coordinating conjunctions:-

CTpeIxaME

NHOKas&aBsH

Mecra

sammcH__ _

hagel-B: 1 0 i S

In addition the pass groups together in coordinate groups any
similar words joined by coordinating conjunctions, whatever their
part of speech, Intervening punctuation prevents the formation
of coordinste groups, The coordinate group, when formed, is
given the grammatical significance of its component parts,
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The fifth anslysis pass has little effect on our sample
sentence, The plural, short form participle is the single
"yorb" member of its verdb groupi~

cq
Mb

CTPEJEAMH, o o e m e e @

NOEa8aEH...g— Y. V&

MECTA « o - H_gN&

BANACH . —

FPARANe ~ e m = ==

Were there adjacent adverbs or prepositional groups, these
would be included in the verb group with thé role of adjunct,
The fifth pass also has provision for negative and conditional
predicate structwres,

The function of the sixth pass is to try and resolve the
roles of certain more "difficult"” words, (No instances occur
in the sample sentence), For example, if one of the ambiguous
personaJ/possessive pronouns is encountered, a check is made to
see whother the following sentence element is nominal, If it
is, then the pronoun is joined in the element as a modifier, and
the pronoun is treated as possessive, Forms of the verb GHTBH

_which were not covered by the provisions of pass five, are also
included in the sixth pass,

Having completed the sixth pass, no further analysis of the
Russisn sentence is undertaken, The septence structure
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delineated by the analysis passes is not complete, since no
attempt is made to set up a clause structure, However, in order
to facilitate the task of the synthesis prooedure, all the
separate group structures (and any remsining separate elements)
are arbitrarily connected together in one or more higher groups,
presenting the appearence of a unified whole to the synthesis
stage, .

On the other hend if further analysis passes were applied,
particularly with reference to clause delimitation (for example,
see Appendix 1 of reference 1), then the sample sentence would
appear as:= :

Thick lines indicate those comnections which owr analysis routines
have created, and the thin lines indicate those which wouldShe¢+
oreated by additional routines, m

The translation sequence is completed by an English synthesis
process, This determines re-orderings, insertions, inflections
and selections of English equivalents, and, finally, the format
of the printed output, produced by the computer on paper tepe and
printed on a flexowriter, This process is described in the
companion paper, which also includes an account of the descriptive
model mentioned above, i
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