JANUARY 1906

THE INCORFORATED LINGUIST

HUMAN v. MACHINE
TRANSLATION OF FOREIGN LANGUAGES

by

J.- M. LUFKIN

This paper, which was presented af the 1965 Iutesnational
Convention of the Institute of Electrical and Electronics Engin-
cors in New York, was first published in the June 1965 issue
of that socicty’s " Transactions ou engineering writing and
speech”.

It is being reprinted by permission of the  publication’s
editor as well as that of the anthor, who is an employee of
Honeywell Tnuc., Minncapolis, Minn., an associate wember
of IEEE and a member of the American Translators Association.

What translation requires

THE translation of any kind of scrious subject matter,
whether it is done slowly and deliberately in an office, or
simultaneously at a meeting or conference, demands an
extensive knowledge of both the source language and the
target tanguage and a considerable acquaintance with the
subject. Thesc clementary truths need to be repeated from
time to time because they are frequently forgotten. The
whole world needs iranslators who have these qualifica-
tions, and it now nceds them more urgently and in greater
numbers than 1t has ever needed them before.

It is really astonishing that under these circumstances
the most naive notions about translation and, for that
tnatter, about language in general, still prevail even among
otherwise well-educated people. How often have we all
heard that so-and-so speaks “ five " or *“ six " or “ seven ”
languages flvendy! (That magic number seven; how often
1t turns upl) This story is ahmost mvariably false. { say
alntost invariably false, becanse there really are a few people
who can speak several languages fuently. But the person
who tells the story is usually himself quite ignorant of any
language other than his own, and the fellow who is said o
perform this miracle usually turns out to be unable to con-
verse, tn most of his fanguages, at any level mach above
that of a smali child. Winston Churchill is said to have re-
plied, when somcbody urged upon him, during the Battle
of Britain, the services of a man who could speak “ nine
languages Auently, “ My! What a splendid head waicer
he'd be!"* And a dozen vears ago I had the unpleasant

* Mr. André Hadamard of the United Nations interpreting seaff eells me
that Churchill was paraphrasing a remark of Talleyrand's.

task of checking up on the qualifications of three of our
counter-intelligence agents, whose personnel records said
they were “ fluent ™ in the language of a certain country
and who were turning in reports based on interviews they
had presumably conducted in that language. Nonc of
them, it turned out, could answer a single onc of a scrics of
questions like, ** Do you sec a cat?” which were put to
them orally. Since not one native American in a hundred
can carry on an adult conversation in any foreign language,
all you need, to pass for *“ fluent ™ is a litde gibberish.

Standards for translators

Although surveys arc published from time to time pre-
tending to show how meny scientists, for example, are
fluent in a given forcign language, I have never seen such
a report that I could belicve because they were all based
on the individuals’ own opinions rather than upon an ex-
amination. But although the term fluency has been used so
loosely that it no Jonger has a generally agreed upon
meaning, another term has been quite well defined, and
thatisa “ native knowledge ™ of a language. Our Civil Ser-
vice standards for translators and interpreters define a
“native knowledge” of a language as * the ability to
specak or write a language so fluently that the expression of
thought is structurally, grammatically, and idiomatically
correct, and expresses the range of vocabulary in the tan-
guage common to a persont who has received his edueation
through the high school level 1a a country of the language
or s equivalent!.” That is an execllent, practical defini-
tion and I commend it to all who have to hire or make
use of the services of translators or interpreters.

[t is gencerally agreed that if the translator knows one
language better than he knows the other—and he almost
always does—he should be rranslating from the lesser
known language into the better known one. This is not in
order that his smoothness may cover up his mistakes. ft i
because it is casier to grasp a difficult concept than it is to
express it in words; it is easier to see a thing than to de-
seribe it, Here again, our Civil Service standards are help-
ful2. They insist upon this distinction, although it
frequently ignored elsewhere with unfortunate results.
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Iris also generally agreed, among people who ave expe-
ricuced in technical translation, that o general acquaintance
with the subject can be as essenuiad as a knowledge of the
langnage. A professor of French literature may be fully
bilingual and be may have a huge vocabulary, buae if hic
knows lirtle or nothing about clectronics he will not be
of much help at a meeting berween Amecrican and French
engineers 1o discuss a new cireuit theory. The fact that
people are frequently asked to translate discussions they
cannot understand 1s a result of the all-too-generaily held
notion that the translator deals with words rathier than
jiteas.

Words are not ideas

But, “ words are to serve and tollow meaning, and not
the meaning the words,” as one of the greatest of transfa-
torst expressed it 450 years ago. This has become a
chehé among linguists, but ic is not well envugh known
among others. As the Russian research linguist, O. S.
Akhmanova has said, . . . The most important form of
translation in practice . . . presupposes . . . the replace-
ment of whole statements in onc language by cquivalent
satements m the other, Lo cquivalence in difference.
This latter is the basic problem of language and the main
subject of linguistics.”d

The need for ranslations

The nced for transtations is in pare suggested by the face
char Government agencies are now buying translations at
the rate of more than three million dollars a years. Further-
more, tae Natlonal Deiense Education Act, has awarded
more than theee thousand scholarships for the study of
foreign languages in che past five yearss, The funding
for tiiis has been about three and one-half million dollars.
As our military, cconomic, and cultural commitments
throughout the rest of the world increase, so, surcly, will
the urgency of our need for peaple who can handle forcign
languages. In fact, [ expect this urgency to rise so steeply
that within a very fow years we will have what is un-
thinkable today : a requirement for 3 reading knowledge of
a foreign language upon graduation from high school. To
anyonc who finds this suggestion preposterous, [ can only
answer that the absence of such a requirement is a vestige
of a kind of isolation which we really have not enjoyed
since the advent of the airplane.

Only a little more than onc half of the world's
scientific and technical literature is now published in Eng-
lish, and as the output of scientific and technical literature
wmcreases, the proportion of it which is in English decreases.
And although English is, to some extent, becoming a sort
of standard incernational fanguage for professional-level
conmmunication, there is little likelihood that it will ever
become anything like the standard language that Latin
once was. The generally ceccived notion that * everybody”
in Europe can speak English is an illusion. The profes-
sional man who reports this as a fact has not stopped to
think out the truth of the mateer; namely, that he has been
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introduiced, 1n all those confercnces and laboratorics, only
to people who could understand English. Tam by no means
alone in this observation?,

A graduate scudent with the proper motivation can
fearn to read scrious essays in a forcign language without
prohibitive cffort in 2 coursc consisting of ten two-hour
class sessions and about two hundred hours of study. It
might be assumed thae anyone who invested that much
eftort in acquiring a skill would preserve ic by reading a
little every day so that he would always have 1t, but it is
well known that this is not done. Nearly everybody in this
country who has a Ph.P. is supposed to be abic to read two
forcign languages. 1 doubt if one in twenty can read a
newspaper in either of those languages a year after he has
finished his doctorate. Incidentally, che ability to zead a
newspapet is a fair tese of a man’s ability to deal with a
language. it is frequently said, of an engineer or scicntist,
that he knows a certain language ** well enough to under-
stand teclmical articles in his ficld of specialization but not
well enough for more general subject matter,” or words o
that effect. Theee may possibly be some truth to chis if the
articles contain practically nothing bus symbolic expres-
stons such as equations or formulac, but I am afraid that
the whole idea is simply false. A man who cannot read a
newspapet is on very shaky ground indeed if he pretends
he can follow the complex stasements that are common to
practically all serious technical writing ac the professional
level. Furthermore, the ability to identify the subjece mat-
ter of an atticle, or even to get the gist of it, is by no
nicans the equivalent of an ability to understand its details.
Finally, no matter how many pages of cquations a tech-
nical discussion may contain, the expression of its essential
idcas usually requiees plain, everyday language.

The automatic translation programme

The first scrious proposals for mechanical translacion
were apparently offered a little more chan chirty years ago,
independendy, by a Russian, Smirnoff-Troyanski, and a
Frenchman, Artsouni. The idea was first taken up seriously
both i this country and in Russia shordy after the war
when clectronic computers became available.

The cost of Government-sponsored rescarch on auto-
matic translation has now passed the ten-million-dollar
mark and this does not include work on hardware, but
only rescarch in finguistics and machine programming,

A fifty-page survey of the work being done on mach-
inc translation was published in the National Science
Foundauon’s Current Rescarch and Development in Scivntific
Docummentation Ne. 13 i November, 1964, This survey
consists of short reports turned in by the project leaders
themselves and therefore offers no comparative review or
evaluation, However, this much is apparent: there are now
at least fifry different active projects in machine eranslation,
more than half of them being conducted outside of the
United States. Nearly ali of the fourtecn new projects
reported in answer to the National Science Foundation's
1964 inquiry are forcign. In Ammerica, several of these

o
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projects have been abandoned in recent years, and a num-
her of others have * backed up ™ into basic rescarch on the
structure of fanguage.

In addition to at least thirty different centres for
machinc translation in Europe and Japan, the National
Science Foundation report lists work being done at the
Bunker-Ramo Corporation, Canoga Park, Calif., the Uni-
versity of California at Berkeley, the Computer Concepts
Corporation, Los Angeles, Calif., Ohio State University,
Columbia, Georgia Institute of Technology, Atlanta, Har-
vard University, Cambridge, Mass., the IBM Corporation,
Yorktown Heights, N.Y., the Lockheed Missiles and
Space Company, Palo Alto, Calif, M.LT., Cambridge,
Mass., the Summer Institure of Linguistics, Santa Ana,
Calif., the University of Texas, Austin, Tufts University,
Medford, Mass., and Wayne Statc Universicy, Detroit,
Mich. However, the centre at Georgetown University,
Washington, D.C., where some impressive pioneer work
has been done, is no longer active, and the projects at
Washington State University, Scattle, and at the National
Burcan of Standards have apparently been terminated.

At the request of a group of Goverriment agencies, in-
cluding the Deparumene of Defense and the National
Science Foundation, the National Academy of Sciences
has crcated an Advisory Comumittee on Automaiic Lan-
guage Processing to advise the Government on mechanical
translation and related subjects. This commitree’s execu-
tive secrctary, who has his office in the Center for Applied
Linguistics, is in Washington. The Center for Applied
Linguistics is not a Government agency but a subsidiary
organization of the Modern Language Association of
America.

All of this effort, both in this country and abroad, is
presumably based on the assumption that useful machine
wanslations will be feasible sooner or Jater and that they
will be cheaper than human translation or will cost no
more and will have other advantages.

The need for an adequate grammar

The first scrious attempts to get a computer to translate
a foreign language look to us now, with the wisdom of ten
years of hindsighe, very foolish indeed. They scem to have
been bascd upon the incredibly naive assumption tha al
you need for translation is a dictionary and some simple
transfer mechanism. There were, of course, trained profes-
sional linguists in this work; and they were not stupid.
They knew that word-for-word translations would not-do,
but the carly exhibirs that were published of what the
machines could do in the way of translations did make
them look a lictle foolish.  Examples of machine translation
of scrious subject matter, by the way, arc exhibited much
less often than they used to be. One reason is that most of
the machines are not being used to ** transhte ”, for that
crude catly work resulted in an important discovery: We
did not understand any language well enough to program-
me a machine to translate it. So our linguists have gone
back tothe drawing beard, not to design new programmes
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for ncw machines but to chart the structure of language as
it had never been charted before. Needless to say, there
was a good deal of agonizing reappraisal. Linguistic
scientists had known, for thirty or forty years at least, that
the taditional grammars—for cxample, the artificial
Latin one forced upon English by 18th century gram-
matisns—were hopelessly inadequate as a description of
language. I do not know how many linguistic scientists
suspected the existence of the enormous gulf berween our
best descriptive grammar and the description of language
which we now know we must develop if we are ever to
have machine translation. But a good many linguists
here and in other countrics sct to work on this enormous
problem. Imaginc a livle bird who flies once a year to
the top of the highest peak in the Andes and sharpens his
beak upon it. When he has ground that mountain down
to sea level, so the pessimists tell us, these linguistic scien-
tists will have succeeded in analysing language®. My own
fecling is thac this analogy is unfair because there is more
than one bird; there is really quite a flock of them and they
arc all working very hard. But let us leave our beak
sharpeners for a moment and turn to another group.

Cerebral logic

Anocher group said in eifect, ©* Look, we do not need o
understand the structure of any language in all of its de-
tails; we have only to imitate what goes on inside the
brain of a competent translator.”

Now therc were several reasons to hope for success
from this approach. For example, nerve impulses arc
known to be digital in a way. To be sure, they are chemi-
cal and mechanical as well as electrical, and these three
aspects do merge at times, but they are basically digital,
and like those in a computer they are reversible. Further-
more, these impulses can be measured, and they turn out
to be quite slow compared to those in a present-day digieal
computer, for the nerve impulses seem to average abour
one millisccond. Besides, computers had been trained w
do a number of operations which undeniably imitate one
aspect or another of human thinking. Quite aside from
nathematics, there is the speetacular example of compurers
programmed to play chess. No computer has yet been
trained to defeat a Grand Master of chess, but some of
them have turned in creditable performances. To do this
they have to analyse fairly complex situations, and they
have to examine long trees or chains of branching alterna-
tives and make decisions after conducting scarches?.

But the analogy between playing chess and translating
a language trns out to have some serivus linutations.
First of all, the rules of the game of chess are so simple and
so few in number that they can casily be stored endire in the
mcemory of an clectronic computer.  Furthermore, che
chess-playing computer, although it does look ahead
{down various branches containing alternatives), docs not
look behind. In other words, it makes all of its decisions
without regard for what has happened previously. The
translator does almost exactly the opposite,
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projects have been abandoned in recent years, and a num-
ber of others have ** backed up ™ into basic rescarch on the
structure of language.

In addision to at least thirty different centres for
machine wanslation in Europc and Japan, the National
Scicnce Foundation report lists work being done at the
Bunker-Ramo Corporation, Canoga Park, Calif,, the Uni-
versity of California at Berkeley, the Computer Concepts
Corporation, Los Angeles, Calif., Ohio State University,
Columbia, Georgia Institute of Technology, Atlanta, Har-
vard University, Cambridge, Mass., the IBM Corporation,
Yorktown Heights, N.Y., the Lockheed Missiles and
Space Company, Palo Alto, Calif,, M.LT., Cambridge,
Mass., the Sunmuner Institvte of Linguistics, Santa Amna,
Calif., the University of Texas, Austin, Tufts University,
Medford, Mass., and Wayne State University, Detroit,
Mich. However, the centre at Georgetown University,
Washington, D.C., where some impressive pioncer work
has been done, is no longer active, and the projects at
Washington Statc University, Scattle, and at the National
Burcau of Standards have apparently been terminated.

At the request of a group of Govertiment agencics, in-
cluding the Department of Defense and the National
Science Foundation, the National Academy of Sciences
has created an Advisory Commitice on Automatic Lan-
guage Processing to advise the Government on mechanical
translation and related subjects. This committee’s execu-
tive sccretary, who has his office in the Center for Applied
Linguistics, is in Washington. The Center for Applicd
Linguistics is not a Government agency but a subsidiary
organization of the Modern Langvage Association of
America.

All of this effort, both in this country and abroad, is
presumably based on the assumption that useful machine
translations will be feasible sooner or later and thar they
will be cheaper than human transhation or will cost no
more and will have other advantages,

The need for an adequate grammar

The first scrious attempts to get a computer to transhate
a foreign language look to us now, with the wisdon: of ten
years of hindsight, very foolish indeed. They scem o have
been based upon the incredibly naive assumption that all
vou need for translation is a dictionary and some simple
transfer mechanism. There were, of course, trained profes-
sional linguists in this work; and they were not stupid.
They knew that word-for-word translations would not do,
but the carly exhibits thar were published of what the
machines could do in the way of translations did make
them ook a lintle foolish. Examples of machine teanslation
of serious subject matter, by the way, are exhibited much
less often than they used to be. One reason is that most of
the machines are not being used to ** translate ™, for that
crude carly work resulted in an important discovery: We
did not understand any language well enough to program-
me a machine to translate it. So our linguists have gone
back tothe drawing board, not to design new programmes
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for ncw machiues but to chart the structure of language as
it had never been charted before. Necdless to say, there
was a good deal of agonizing reappraisal. Linguistic
scicntists had known, for thirty or forty years at least, that
the traditional grammars—for example, the artificial
Latin one forced upon English by 18th century gram-
marians—wecre hopclessly inadequate as a description of
language. I do not know how many linguistic scientists
suspected the existence of the enormous gulf between our
best descriptive grammar and the description of language
which we now know we must develop if we arc ever w
have machine translation. But a good many linguists
here and in other countries set to work on this enormous
problems, Imagine a little bird who flies once a year 1o
the top of the highest peak in the Andes and sharpens his
beak upon it. When he has ground that mountain down
to seca Jevel, so the pessimists tell us, these linguistic scien-
tists will have succeeded in analysing language8. My own
fecling is that this analogy is unfair because there is more
than one bird; there is really quite a flock of them and they
are all working very hard. But let us leave our beak
sharpeners for a monient and turn to another group.

Cerebral logic

Another group said in cffect, ** Look, we do not weed o
understand the structure of any language in all of its de-
tails; we have only to imitate what goes on inside the
brain of a competent translator.”

Now there were several reasons to hope tor success
from this approach. For example, necrve impulses are
known to be digital in a way. To be sure, they are chemi-
cal and niechanical as well as clectrical, and these chree
aspects do imerge at times, but they are basically digital,
and like those in a computer they are reversible. Further-
more, thesc impulses can be measured, and they turn out
to be quite slow compared to those in a present-day digical.
computer, for the nerve impulses seem to average about
one millisccond. Besides, computers had been trained o
do a number of operations which undeniably imitate one
aspect or another of human thinking. Quite aside from
mathematies, there is the spectacular example of computers
programmed to play chess. No computer has yet been
trained to defear a Grand Master of chess, but some of
them have turned in credicable performances. To do this
they have to analyse fairly complex situations, and they
have to examine long trees or chains of branching alterna-
tives and make decisions after conducting scarchesS.

But the analogy between playing chess and translating
a language turns out to have some scrious limitations.
Firss of all, the rules of the game of chess are so simple and
so few in number that they can easily be stored entire in the
memory of an clectronic computer.  Furthermore, the
chess-playing compurer, although it does look ahead
{down various branches contining alternatives), docs not
ook behind. In other words, it makes all of its decisions
without regard for what has happened previously. The
translator does alinost exactly the opposite.
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Simuleancous translation

The simultancous translator or interpreeer, to take the
most convenient example, develops at the very ouset of a
given picce of work a context-frame of reference which
governs, cither very strictly or very looscly depending
upon how technical the subjeet mateer is, bis treatment of
ncarly every word or phrase. As he listens to the seneences
coming from the speaker, he analyses cach phrase for its
wmeaning and recasts that meaning in the words, idioms,
phrases, and sentences of the target language. He performs
vocabulary fookups ar a rate which has never been mea-
sured but which 1 suspect ;may run as high as several dozen
of alternatives examined and rejected in one second. He
considers the effect, vpon the meaning of cach word in the
speaker’s discourse, of all of the words which have gone
befere it, and of the few which come after it in the lag of
a few secouds which scparates his words from those of the
oniginal speaker. Let vs examine, as an examiple, a typical
“ subroutine " performed in the brain of a simultancous
rranslator. :

Suppase the speaker is speaking in English and that the
translator is eranslating him into German. Suppose thac the
speaker uses the word teke in a sentence. This word can
sometimes be translated by the German neliien, but more
often it cannot, and the German must use, instead, annefi-
mwen, asfuchmen, benehmen, einueluwen,  entnelimen,  fest
acfunen,  Binuchmen, witaclmen, or dibernelinen; or clse,
bringeis, or mithringen; or <lse, fillven, tragen, beforden,
atiflassen,  vertragen,  finden,  fassen, erfordern,  davern, or
brauchen'0. This example is guite typical. Suppose, for
example, that the English speaker uses in a technical
description the word stock. That word in English can be
made quiie exactly to stand for any onc of thirty very
different things or ideas. No other language wses one word
for the same set of things and ideas, and it is quite likely
that in one language or another there really are thirry
different words for what we call stock. Qr, to take an
cxample from another language, the French word porter
must be translated meo English by one of thirty or forty
different English words, the choice depending cntirely
upon the context it which the French word is used.

The translator’s choice of terms tn sitvations like these
depends vpon an analysis of the context in which the word
is used by the speaker. A competent transtator has most of
these alternnate terms in his head, and will examine some
of them consciously, and others subconsciously. In fact, it
is clear to me that mast of the mental processes of transta-
tion—and especially those done at the speeds necessary
for simultancous trangdation—are subconscious.  This is
one reasait why we know so litte about the fogic of trans-
lation, If ranslacion were a mere lexicographic operation,
if it were merely the systematic substitution of one word
for another, it would all be very simple indeed, But it is
nothing of the kind; it is almost unimaginably more
complex than that and we do not understand it. I suspect for
example, that most of the logical transactions which take
place in the translator’s brain are conceptual rather than
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verbal. There is apparently very litdde in prine on this
point, but the impression I have gained from cxperience
has been confirmed i conversations with several members
of the United Nations interpreting, staff.

The memory problem

To continuc our analogy between brain function and
compuitcr operation, the memory problem ean be said to
have two aspects: sizc or capacity, and access time. The
mathematician Von Neumann estimated the capacity of
the human memory to be about 2.8 times 1029 binary di-
gits of information!!. For readers who do not live on
familiar terms with numbers of that magnitude 1 can only
say that 2.8 times 1020 centimetres is the distance lighe
travels in 280 years. However, more recent theorists have
suggested that much of the information in the brain is re-
cetved and presumably stored not by discrete-point or digi-
tal processes but by continuous-line or analogue mechan-
isms which will ulamately prove even more ditheule o
mcasure and describe, In any case, and whatever the actual
capacity of the human memory may be, it is certainly

‘enough to enable a translator or interpreter who has access

to acither dictionarics nor grammars nor other reference
books to do perfectly creditable wranslations of extremely
wide-ranging technical discussions, on his feet, at the rase
of 150 or cven 200 words a minute. In other words, the
translator carrics in his brain a very large part of both the
vocabularies and the grammars of both languages, a gyeat
deal of information about the subject itself, and finally, if
he is to do a simooth, exact, and complete job, a grear deal
of information about the world in general outside of the
subject matter and the two languages involved. How all of
this information is stored there, and by what fantasticaily
subtle and complex associative logic the operating contre
of the brain gets access o it, we do wot know. [ think we
need to know for a great many reasons and not merely so
that we can design machine translation systems. | do not
claim that merely because most of it is unconscious we
do not understand the process of storage and retention at
all, but only that we do not yet know cnough about the
cerebral logic involved in any imtcllcctnal process to con-
struct a convincing model of it. This subject is of very
grear importance. Von Newmam, for example, saids
** I suspect that a deeper mathematical study of the nervou,
system . . . inay alter the way in which we look on mathe-
matics and logic proper .12 And so we have a number of
groups working on this problem, another flock of lictle
birds at the top of another mountain in the Andes diligently
sharpening their beaks.

Learning miachines

Bur there is still another approach. A gronp of physio-
logical psychologists now tells us ** Human thinking can be
explained in informarion-processing terms without waiting,
for a theory of the underlying neurological mechan-
isms." 13 This is a comparatively recent development, e
is a form of the celebrated Black Box Theory: you don't
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know what's in the box; you can litt it and shake it and
rattle it a litle, but you can’t open it and study its insides,
But you notice that it has input apparatus and output
apparatus and so you monkey with the controls until the
input-output relationship is about what you want. These
people, or others closely related to themy, are developing
what are called fearning machines. These are devices which
can be made to learn from their own experiences. They
are radically different from digital compuiters, which have
informacion inscred in chem, although digical computers
may include devices which have learning components and
a learning machine may include a corapuier. Bur the
essential feature of the learning machine is that it makes
use of experience to modify its own internal structure. A
classical adaptive mechanisim such as an adaptive autopilot
is not really a lcarning machine, It docs modify its re-
sponsc, that is, its output, so that that response bears a
specificd relation o the nput or experience it reccives,
but for the moment-or for the instant only. It does not
acquirc a “set  of permancnt characteristics. 1t does not,
in other words, acquire a new behaviour pattern as the
result of past experiences. Now a learning machine does,
and it may be possible that we shall sonte day have a learn-
ing machine to which we could feed a complete textbook
of physics, for example, in Russian, together with a
complete translation of that wextbook into English. The
machine’s expericnce would consist in comparing the
Raussian with the English, and the resule would be an enor-
mous set of very complex equivalents stored in its memory.
The hope is roughly this: If we could give such a machine
a big enough capacity, and a big enough sclf-adaptive
micchanisin, we could then feed it a hundred such texe-
boaks, together with transladons of all of them. Then,
after some such experience the machine could rake in a
Russtan text alone, and produce its own translation. This
whole idea 15 fantastic, but not quite as fantaste as it may
seem to those who are not aware of what has been done
recently in the ficld of artificial intelligence. Some machines
have now been butle which are acttally capable of generaliz-
ing from experience! 4. So there is another mountain in
the Andes with another flock of birds working on this
problem.

“Synonyms’ do not exist

As cvery translator and cvery editor knows, one of the
great abstackes to the public undetstanding of the com-
plexity of fanguage is the generally accepred notion chat
synonyns are two or more words with the same meaning.
Synonyms do not cxist in this sense between any two
languages, and not, as far as T know, within any one lan-
guage, The reason for this is that pure meaning does not
cxist, partly because a word has meaning only widnn a
phrase or a saatemient, This has become a cliché among
fguists, but it is not well cnough known among others,
The hopelessly erude word-for~word translation theory
was based wpon a faith in synonyms of this kind. Ic is
sometimes argucd that word-for-word translation is more
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useful for certain pairs of fanguages than for others, bur |
suspect that these pairs are probably, like Swedish and
Norwegian, so stmilar as to be not worth the expense of
translating. In any casc, to a linguistic scientist the picture
looks something like this: The words for the colours of
the rainbow in two different languages appear at first to be
more or less interchangeable, bur upon closer examination
it turns out that the word in one language and the corre-
sponding word in the other really have two very different
mednings. They do net represent the same colour; chey
represent two different overlapping bands of the spectrum,
This is not a minor point; it is treimendously important—
not because colours arc important but because the same
sort of speciral shift 1s common to many, many thousands
of pairs of words in any two languages. Let us take a fami-
liar example from French and German. The Geriman
word di and the French word e are sometimies transtated
by the archiac English word thew, because there s no
modern English equivalent of du or . But the marrer is
not that simple. The German di and che French 2 are by
no means interchangeable. The French expression is much
more intimate than the German one, as anyone who
speaks both languages and has lived in those countries can
testify. Thesc cxainples represent a whole class of semantic
difficultics which beset the machine translators.

Word-for-word translation

The word-for-word method, cven with its most ingen-
tous refincments, results in 2 morc-or-less uscless transla-
tion. Professor Yagve of M.LT. says that this mechod can
be made to solve * 80 per cent 7" of the problems, but that
“ the remaining 20 per cent . .. make all the differenes be-
tween an acceptable and an unacceprable transladon.”
This has not been said often cnough, and the outsider
looking into this field for the first ume must be warned
that moest of the exhibits of machine ranslation hat e
will see in the literature on this subject have been cither
pre-cdited or post-edited by human beings. The best ox-
ample of machine translation that 1 have scen appeared
fast year in a publication of the Select Cowmmitee on
Governiment Research of the United States House of
Representatives! 3. FHere is a paragraph from that exhibir,
described as a Y taw 7 oranslacon from the Russiaa, The
term “ raw 7 means at feast that the text has had no pose-
editing. T assumce that the Russian toxt had no pre-edining
before ic went tnto the machine.

KX cungress of Commitnist pare of Soviee Uinoi-—vonzress
of butlders of commnimEt SOCIY—Was N0 UDPOTLANL stage
i movemens/motion ol our coontry o Conununism. Cop-
gress iead Fup/disappointed resuits to grandiose achievenaents
of Soviet people, wreat revolutionars conversious, carned oue
i our country posie XX comgress of CPSU under leadensdup
of Clommumist party and  beg/its Leuln Central - Connuateee
headed by N. 5 Khruseh chiev, Congress took received sew,
third Progrannne of our parey, corvectly called  Commitiist
inanilesto of contemporary epochi, giving coacrere, scientinioally
proved plan of construcrion of comnunist toclety I auar country.

Why an original witl so much hotatr ty it was choseu
for this exhibit [ do not know. However, the result brings
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te mind Dr. Samuel Jobnson's famous observation about
women in the pulpic; * Sir, a woman’s preaching is like a
dog walking on his hinder legs. It is not done well; bur
vou are surprised to find it done ar all.”

The analysis of syntax and context

The problems we have just considered are solved by the
human translator with the help of the context or environ-
ment in which the werms appear. Again, our understanding
of how the human wanslator does this is not complete
enough to enable us to pregranune machines 1o do it or
even to programme machines to teach themselves to do it
Much the same can be said of the problem of the cffect of

syntax upon meaning. By syntax [ mean phrase and word
) £ P

arrangement within sentences together with inflexional
cndings and their cffect on the meanings of specific words.
In a highly inflected language like Latin, the inflexional or
case endings of the words tell a great deal about their
meaning, although English, for example, has lost almost
all of its inflexion. But even in Latin, this is not the only
key to meaning; there are many other syntactic devices
which affect it. Once again, these have never been codified
for any language. In fact, the two greae problems of com-
putational linguistics arc the analysis and symbolic re-
presentation of the cffects of syniax and of contexc upon
mcaninglo,

Even some of the most sophisticated attempts to make
sxact deseriprions of the effect of syntax upon nicaning
nave resulted M disappointment.  For example, one
American researcher said * {¢ was fele originally chat some
wo dozen rules might suffice w describe the noun phrase
1 cicher language. German was cxpecied to require more
han English, duc to the greater varicty of possible in-
lexional combinations. In actuality, about three hundred
ules interpreting the noun phrase in German have been
ccumulated.”)?  The Russians have also had  their
roblems. I, A. Mel'chuk describes how two linguists
crived a set of rules for determining the syntactic func-
on of a certain class of Russian adjectives from a study
f 700 cxamples, only to be refuted by another linguise
‘o was able to show contradications for nearly all of the
wefully derived ralests. Mel'chuk gocs on to point out

at general rules of this kind must be based upon the
alysis of whole sentences-—a task far greater dhan any
tundertaken, © No grammar,” one Amcrican researcher
s reported, * which is even remotely complete has ever
en compiled for any langoage, not even for  Latin or
nscrit, which has been onder investigation for miore
an two mllennia. It is probable that a reasonably com-
st grammar would be so complex that its compilation
witd not be feasible without the aid of a data processing
tem designed for that purpose.”19 This is an under-
rement. A number of computers which were expected
be used for machine twranslation have been turned
wead to the problem of jnvestigatng the structure of
guage itself. This, m fact, is what is usially meant
ay by the term computational linguistics.
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Some hardware considerations
It is clear that the major probiciny are oney of linguistic
analysis, not of computer programming or even of com-
puter design.  However, the problem of ready-access
storage for both vocabulary and for analytical instrucrions
is a very real one. Even so, it will surely be solved long
before the linguistic problems are solved. For example,
“* associative ” or content-addressable memorics are now
being developed which are smd to promise as much as a
thousand-fold incrcase in the speed of information retricval,
Such memories will no doubt be more urgently necded at
first for purposes other than language translation, but they
are definitely on the horizon and they offer a promising
solution to the problem posed by cxternal storage which,
although its capacity may be fully adequate, takes al-
together too much tme for the computer to consult
becanse it must be read all the way through for every
scarch. Intermal, quick-access storage equipment has not,
during the past decade, been big enough for the require-
ments of language translation. But here also the solution
scems to lie well wichin the foreseeable future. At least
one computer manufacturer now claims to have produced
a core memory that will store eight million characrers
any one of which is accessible in cight microseconds?®.

The machine amuck

A wachine equipped with a faitly complete vocabulary
but without the sorting mechanism that enables the human
translator to eliminate the implausible meanings, would
generate hage strings of alternate meanings. For example,
an English sentence with two words like open, and stock,
which can have about forty differcut meanings each,
could, in machine teanslation, resule in 1,600 different sen-
tences. Maost of these, to be sure, would be meaningless.
But a considerable number of them would nake sense,
with the wrong ideas. In fact, since principles ought o
take account of the worst possible examples, it is quite
possible for a sentence in English to contain twenty words
of which ten have muldple sneanings, not perhaps as
multifatious as those of eper and stock, but with, say, ten
variant meanings cach. A transiating routine that was not
closcly governed by syntactic and contextual controls
could gencrate ten milliard sentences. Translators need have
no fear of losing their jobs to machines under these condi-
tions. This arrangement could provide long joblife-
security for an army of post-cditors {the term pest-cditor
is a cuphemism used in mackine translation circles to mean
luman transtator). 1F, on the other hand, that expenditure
of manpower should be considered extravagant, the ma-
chine could be nstructed to generate only onc of the
possible alternatives. However, in the case just cited, the
adds against that single seintence being the right one would
be about 9,099,099,090 to 1, a ratio which will not be
readily accepted by people who have been caughe up in the
preoccupation with reliabifity which has lately become so
fashionable.
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The outlook for the future

What is the outlook for the future? The first few years
of rescarch into machine translation were more or less
dominated by the optimists. You have to have optimists.
As far as I know, practically nothing worthwhile gets
done without them. Bur in 1962, Ychoshua Bar-Hillel, a
giant in this ficld who had devoted eleven years of his life
to it, said that machine translation of natural languages
had * ended in failure.”21 {t is instructive to compare this
remark with a2 much carlier statement by the late Norbert
Wicner who said ro Warren Weaver in 1946, ** T am afraid
that the boundaries of words in different languages arc
too vaguc and the emotional and intcrnational conno-
tations are too extensive to make any mechanical eransh-
tion scheme very hopeful.”22 On the other hand, the
optimists arc fond of a five-year period. In answer to
the question, ** When shall we sce a machine translate?”
Professor Locke said in the * Scientific American’ in
January, 1956, © My best guess is within five ycars. By
that time there should be in operation one or more models
turning out a good deal better than a word-by-word
translation.” 23 In 1060, Franz Alt of the National Butcau
of Standards said that he thoughe that it would be “ at
least five years before a really satistactory system is
rcached.””24

We used 1o make fun of the Russians for their re-

“peated reinstatements of their ** five-year ” plans. But we
underestimated what courage, and taleat, and a tremen-
dous lot of hard work could do. Let us not underestimare
our linguistic scientists, The road ahead of them is going to
be very hard and very long. But if they persist, they will
soon know more about language and about the nature of
information and its transmission than their predecessors
have learned in several hundred years—whether they
. succeed jn machine translation or not. And, fmally, no
tone need fear that machines will replace translators any
‘more than that computers will replace miathematicians;
the demand for good machines and qualificd people in
both ficlds will go on increasing throughout the fore-
seeable furure.
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