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The feasibility of automated translation of scientific and medical docu-
ments remaing controversial. This report describes a minicomputer-
based German-to-English translation system (TRANSOFT) that em-
ploys word order rearrangement followed by word-for-word translation
and disambiguation based on context. This transiation system was
applied to a computer-readable version of Adler’s Knochenkrankheiten
(Bone Diseases), which contains 118,604 words, with 10,216 distinct
words in 7,211 sentences averaging 16.4 words each. The transiation
required 2,791 word rearrangement formuilas, 78 percent of which
were first used in the first half of the document, There were 2,392
occurrences of 12 potentlally amblguous terms, of which only 18 (0.8
percent) were not rasolvable from the immediate context. As foreign
language medical documents become increasingly available in com-
puter-readable Torm through computerized typesetting, electronic pub-
lishing, and improved oplical character recognition equipment, auto-
mated transiation systems may provide a rapid and inexpensive means
of obtaining draft translations.

The challenge of avtomated translation has been studied for aimost four
decades, but research on practical translators was curtailed in the late
1960s after it was suggested that ““fully automated high quality transla-
tion” was not economically feasibie [1-3]. Subsequent published re-
search in the fiekd has been conducted largely outside the United States
or has focused on selected theoretic issues [4-13). Recently, the Japa-
nese Ministry of International Trade and industry has launched an ambi-
tious plan for the development of advanced computer technology that
includes aulomated translation between Japanese and major European
languages [ 14]. Automated translation programs are now available com-
mercially {15,16). With advances in computer technology, automated
transtation has become increasingly practical for minicomputer and other
small computer users. This report describes TRANSOFT, a table-driven
German-to-English medical document translation system written in the
American National Standard MUMPS programming language, that was
used to generate a draft quality ranslation of Adler's Knochenkrankheiten
(Bone Disgases) [ 17,18]. The TRANSOFT system has the advantages of
user control of the vocabulary and grammatical rules, portability to a
variety of small computers through the MUMPS programming tanguage,
and quantitative measures of performance.

METHODS

A recent German language medical text, Adler's Knochenkrankheften
{Bone Diseases), was made available 10 us in computer-readable form by
the publisher, Georg Thieme Verlag [18]. The full manuscript, excluding
footnotes, table headings, and figure legends, was written from a nine-track
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magnetic tape to American Standard Code for Information
Interchange (ASCII) text files on disk on & Digital Equipment
Corporation POP-11/70 minicomputer running Intersys-
tems Corporation's M/ 11+ operating system and American
National Standard MUMPS programming language in the
Department of Laboratory Medicine of The Johns Hopkins
Medical Institutions. The computer-readable text was sub-
jected to pre-editing and then was transiated in its entirety
frorn German to English by TRANSOFT, a sentence-by-
sentence translation system written in MUMPS with control
information contained in two language-specific translation
tables, a word and idiom fexicon and a parsing table of word
rearrangement formulas. The MUMPS programming lan-
guage (Massachusetts General Hospital MultiProgramming
System}, which Is widely used for medical information pro-
cessing, was chosen for all TRANSOFT programs because
of its powerful character string opérators and its string-
subscripted arrays with implicit sorting [19-27). All lan-
guage-specific control information was incorporated into
two external translation tables in order to make TRANSOFT
easy to modify and maintain and readily adapted to other
translation tasks, such as medical English sublanguages
and formal logic [17].

Automated Pre-Editing. Preliminary computer editing
and reformating of the raw text file of Knochenkrankheiten
was carried out to provide a standardized document for the
subsequent translation steps. This pre-editing step was
performed by special-purpose MUMPS programs, using
rules that were applied sequentially to the entire file. All
control characters and typesetting commands were first
removed. German special characters were rendered in
American format, i.e., A, O, U, &, &, i1, and 8 were randered
as Ae, Oe, Ue, ae, 0e, and ss, respectively. Punctuation
was reduced to commas, periods. and parentheses as fol-
lows. Semi-colons, colons, exclamation points, and ques-
tion marks were replaced by periods. Asterisks, apostro-
phes, and quotation marks were replaced by blanks. Each
phrase delimited by dashes—such as this one—was
enclosed in parentheses. Each hyphenated word,
e.g.. Bang-Osteomyelitis, was converted to a single non-
hyphenated word, e.g., BangOsteomyelitis. Terms comtain-
ing numeric characters weare left unchanged, although
decimal numbers were expressed according to American
format, &.9., 27.4 rather than 27 4. Punctuation characters
other than leading or imbedded decimal points were buff-
ered on either side with a blank (space character) to simpli-
fy subsequent steps. The first character of the word at the
beginning of each sentence was changed to lower case to
sirnplify the later processing of nouns {which begin with an

upper case character in German). With the period as a

sentence terminator, each sentence was started on a new
fine and stored as a separate array element in the text file.
This pre-edited text file then served as the source document
tor ali subsequent processing by the TRANSOFT system.
Thus the first two sentences of Chapter One:

Das Skelett nimmt im Leben eines Individuums in vieler
Hinsicht eine zenirale Stellung ein. Es verleiht jedem
Lebewesen seine spozifische Kdrperform und ist bestim-
mend fiir die Architektonik des Kirpers.

104 July 1986 The American Journal of Medicine Volume 81

AUTOMATED TRARSLATION OF MEDICAL GERMAN—MOORE ET AL

were modified as follows in the pre-editing step:

das Skelett nimmt im Leben eines Individuums in vieler
Hinsicht eine zentrate Stellung ein .

es verlaiht jedem Lebewesen seine spezifische Koerper-
form und st bestimmend fuer die Architektonik des
Koerpers .
Lexlcon. A lexicon of words and ldioms is one of two
external tables of language-specific controt information
used by the TRANSOFT system, The lexicon consists of ail
acceptable source language words and idioms, their part of
speech deslgnators, and their primary and any alternative
definitions. A large portion of the lexicon can be defined
Initially for a given language pair using published dictio-
naries, and then augmented with additional vocabulary en-
tries as required for new documents, For our translation, an
initial German word list was generated from the pre-edited
Knochenkranikheiten source file by collating all character
strings bounded on either side by a blank, a task easily
pertormed in MUMPS using the SPIECE function. This list
was then expanded to include additional noun and adjective
declensions and verb conjugations, including separable
verh forms. Potential idioms (i.e., multiple word sequences)
were added by selecting all occurrences of word pairs,
triplets, quadruplets, and so on that appeared at least twice
in the source document. Words or idioms were accepted as
final fexicon entries by a bilingual speaker, who assigned a
default translation and a semantic class to each entry, using
the 19 semantic classes listed below. Most of these seman.
tic classes represent punctuation or ordinary parts of
speeach, although some reflect the unique requirements of
automated translation. For example, U is an ambigucus part
of speech commonly encountered in German, and F and Z
represent words often encountered in scientific documents
that require special processing:

. = period

. = COmma

{ = left parenthesis

) = right parenthesis

A = adjective or adverb, a.g., aktiv (active), eitrig (puru-
lent}

B = adverb only, e.g., besonders (especially}, dadurch
{thereby)

C = conjunction, e.g., und (and), aber (but)

D = definita or indefinile article or demonstrative pro-
noun, e.g., der {the), ein (a), dies {this)

F = foreign word or proper name

H = helping verb, e.g., sein (bs}, haben (have), werden
{become)

I = interrogative or relative pronoun, e.g., welcher
{which), warum (why)

N = noun, e.g., Anwendung (application), Auftreten (ap-
pearance)

P = preposition, e.g., auf {upon), bei (at)

Q = pronoun, e.g., es (it}, sich {itself)

U = verb, gerundive, or participle, e.9., aufgetreten (ap-
peared), entscheidend (decisive)

V = verb only, e.g., auftreten (appear), entscheiden
{decide)

Z = number or forrmulg, e.g., eins (one), zwei (two), and
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80 on, or word containing a numeric characler, measwe-
ment, or mathematical symbol

[ = left bracket (start character}

] = right bracket (stop character)

Each word in the lexicon was also assigned any number

of alternate transiations, which depend upon either the
sermantic clagses of neighboring words or a context register
of keywords maintalned at the time of translation. For ex-
ample, the word with the greatest number of entries in the
fexicon is ‘"der,” which has a default meaning of “the” and
more than 60 alternate semantic class contexts in which it
is translated as "of the,” "to the,” "which,” "'whose,” or
“to which.”* The final lexicon was then used as the word list
for a MUMPS spelling checker program, which examined
the pre-edited souwrce fila. Nouns at the beginning of sen-
tences that had incorrectly been placed in lower case were
detected In this manner.
Parsing Tables. A parsing table of word rearrangement
instructions, or parsing formulfas, is the secongd transiation
table used by the TRANSOFT system. Parsing formulas are
applied recursively by TRANSOFT te transform a sentence
in German (source) word order to its corresponding English
(target) word order, after which English-to-German word
and idiom substitution is performed. These parsing formutas
are akin to ’scripts,” “frames,” or “'‘patterns’ used in other
automated translation systems [6-9,12,13]. An unparsed
or incompletely parsed sentence in the source language
can be reprasented by the consecutive sequence of se-
mantic class designators, called a parsandum, for that sen-
{ence. A parsing formula consists of a key{i.e., sequence of
semantic class designators to be recognized in the parsan-
dum) and rearrangement instructions for the substring of the
parsandum comresponding to the key. For example, the
following German sentence:

Ooc Howrper kassl sich  durch st in der Mitte  gelush Schoin -
Ip N " o ] B PD N u N v ]
Tha body abows dsel Svough &  in the middle  pasasd  section  Shvide

has a parsandum of [DNHQPDPDNUNV}], where [ and | are
the start and stop character delimiters, respectively. The
substring DPDNUN is the key to an entry In the parsing
table. The rearrangement instructions for this key can be
expressed by an arrow diagram:

D P DN U N {old parsandum substring)

DN DB D QO {new parsandum substring)

or more compactly by the formula 0D 49p $Ap $ON 29N,
where the numeric prescript {preceding superscript) gives
the position of the semantic class designator of the new
parsandum, and the alphabetic prescript {including the box,
0} gives the value of the semantic class designator for that
word in the new parsandum. This parsing formula notation
can be made even more compact by ptacing the prescript
on the same line as the key and by eliminating the alphabet-
ic prescript when it is the same as its comesponding key
element, A box {D} indicates that the word is hidden in

subsequent recursive steps. In this example, the revised
phrase is:

¢thidden)

gefuelvten in  der mitte

{] P D N

passed in the middle
einen Schitt
D N
a section
(exposed)

where “gefushrten in der Mitte” Is hidden in subsequent
parsing steps. As a general rule, the hidden part of the
phrase is placed in target language (Englishy word order,
whereas the exposed part of the phrase is retained In
source language (German) word order.

During recursive processing of sach sentence by the
TRANSOFT program, either the entire parsandum, or its
longest matching substring, is matched to a key in the
parsing table, and a reduction is performed. This process Is
continued until the parsandum contains only one word
{parsing complete)} or no matching key can be found in the
parsing table (error condition). The recursive aigorithm is
mathematically guaranteed not to ¢cycle indefinitely If every
parsing formula contains a box [17]. In our study, sufficient
parsing formulas were included to handie every sentence.
For our example, there were three parsing steps, as fol
lows:

Parsandum Parsing Formula
[DNHQPDPDNUNV] 1ID40OPSODEON30OUN
[DNHQPDNV) 1020P30D40NSV
[ONHQV) 1{20D30N4VHED QSO V7]
[v] (complete)

Tha final, English word order is then determined as:

Owr Xoarpar Iaesit Zeflagen sich (arch  sinen Sctwitl pelushrien in der  Mine
1o N H v -] [ 4 o N LF} PO M|
The body aiows divide daaf fwough 8 seclion padasd W e midde.

The parsing table for this German-to-English translation
was generated incrementally by having TRANSOFT repeat-
edly translate portions of the source document, with a
bilingual speaker-reviewing successive translations and
entering additional parsing formuias. Initially, the empty
parsing table caused TRANSOFT 10 leave the source word
order unchanged, with English words simply substituted for
the German. This primitive translation then suggested re-
quired word rearrangement rules, and the appropriate pars-
ing formulas were entered into the computer interactively.
Portions of the source document wers then retranstated
using the updated parsing table, and the resulting transia-
tion was inspected for additional, supgested parsing formu-
las. This process was repeated until a satisfactory transla-
tioh was cblained. Using this parsing fornusa concept, a
moderately experienced bilingual speaker can rapidly as-
semble a parsing table for the types of documents he or she
customarily translates.

German-i10-English Document Transiation. The actual
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TABLE |

‘Sample Translations from Knochenkrankhelten (pages 1, 168, 318 [18])

Das Skelett nimmt im Leben eines Individuurns in vieler Hin-
sicht eine zentrale Siellung ein. £s verleibt jedem Lebewe-
sen seine spezifische Koerperform und ist bastimmend
fuer die Archilektonik des Koerpers. Gleichzeitig wird die
Groesse des Individuums entscheidend durch das Skelett
depraegt. Diese Formgebung durch das Skelel! ist propor-
tional und symmetrisch angelegt, wobei die Groesse der
einzelnen Skeletteile dem Gesamtskelett angeglichen ist.

Osteochondrom. Osteochondrome sind die weitaus haeufig-
sten gutartigen Knochengeschwuelste. Unter den benignen
Knochentumoren haben sie einen Anteil von 40% . Es han-
delt sich um eine knoecherne Neubildung, die von einer
breiten Kappe aus hyalinem Knorpelgewebe ueberzogen
ist und sich von der Knochenoberfiaeche piizivermig in die
umgebenden Weichteile vorwoeibt. Da diese Tumoren nur
langsam an Groesse zunehmen, machen sie oft erst spaet
durch gine Schwellung auf sich aufmerksam.

Traumatische Meniskuslaesion, Hierbed handelt es sich um
eine mechanische Zerreissung eines gesundsn Meniskus
meist infolge eines sporllichen oder beruflichen Unfalles.
Von dieser haeuligen Verletzung ist vor allem der mediale
Meniskus betrotfen (zehnmal haeufiger als der laterale
Meniskus), Man unterscheidet einen vollstaendigen oder
teilweisen Meniskusriss von einem haeufigeren Substanz-
riss, bei dem der Meniskus gespalten wird. Die Verletzung
erfalgt bei ploetzlicher Streckung und gleichzeitiger Rota-
tion im Knisgelenk, .

The skeleton comprises in the life of a individual in many regard
a central placement. It lends to every life form its specific
body form and is determining for the architectonics of the
body. Simullaneous the size of the individual becomes im-
pressed vpon decisive through the skeleton. This giving of
form through the skeleton is laid out proportional and symmet-
ric, whereby is adjusted the size the individual skeletal parts
to the skelelon as a whole,

Osteochondroma. Osteochondromas are the far and away most
frequent benign bone tumors. Under the benign bone tumors
have they a proportion from 40% . One is dealing with a new
bone formation, which is covered from a wide cap out of hya-
lin cartilage tissue and vaults in front of itself from the bone
surface mushroom-shaped in the surrounding soff tissue.
Since this wmors increase only siow on size, it make aware
upon itself often first late through a swelling.

Traumatic meniscus lesion. Hereat one is dealing with a me-
chanical tearing of a healthy meniscus most as a result of a
sportly or professional occupational of accident. From this
frequent injury is involved above alf the medical meniscus (ten
times more frequent than the lateral meniscus). One distin-
guishes a complete or partial meniscal tear from a more fre-
quent substance tear, at which is cleft the meniscus. The inju-
ry results at sudden stretching and simultaneous rotation in
the knee joint.

document translation step is straightforward, since all lan-
guage-specific control information resides in the lexicon
and parsing tables just described. The MUMPS TRANSOFT
program processes a source document sentence by sen-
tence, through the following steps. The sentence is read
from the pre-edited source document disk file into a local
array in processor memory. The sentence is $PIECEd on
spaces, each word or idiem (i.e., consecutive string of
words with an entry in the lexicon) is assigned a semantic
class designator, and the initlal parsandum for the sentence
is generated. Then at each parsing iteration, either the
entire parsandum of its longest matching substring is
matched to a key in the parsing table, and a reduction Is
performed according o the word rearrangement instruc-
tions specified by the parsing formula. This process is
continued until parsing is complete (the parsandum has
been reduced to a single sermnantic class designator) or until
no matching key can be found In the parsing table. The
German words, now in rearranged word order, are loocked
up in the lexicon for English substitutions. ldioms that were
unrecognized in the initial word arrangement but are reas-
sembled in the parsing step (e.g.. separable verbs) are
replaced with the appropriate English equivalents, and al-
temnate Iranslations, based on neighboring semantic class
designators or keywords present in a context register, are
now substituted. The entire source document is thus trans-
lated from German to English one sentence at a time,

Performance Evaluation, Performance evaluation for
this translation strategy includes assessing the efficiency of
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the parsing table and measuring the success of translation
of potentially ambiguous terms. Since TRANSOFT is table-
driven, its repertoire of idioms, alternate translations, and
parsing formulas can be extended almost indefinitely, until
an arbitrary level of translation quality is achieved. Carried
to the extreme, each whole sentence couid be translated as
aseparate “idiom” {2]. The obvious disadvantage in sucha
trivial strategy for automated translation is that the "idi-
oms' and/or parsing formulas used in translating earlier
parts of a document would almost never be reused for later
parts of the document, sc that creation of the lexicon and
table would be virtually equivalent to manuafly translating
the entire document. Thus we say that automated translator
A is quantitatively more efficient than automated translator
Bit, to yield final translations of comparable quality, transia-
tor A acquires fewer table entries than translator 8. An
aulomated translator is said to acquire a new lexicon entry
(or parsing formula) when it encounters the entry (or formu-
la) for the tirst time., Acquisition curves for a translator and
document can be obtained from the number of first occur-
rences of a lexicon entry (or parsing formula) as a function
of distance through the document. For graphic represenia-
tion, it is convenient to divide a document into deciles {10
percent intervals; for statisticat analysis, the document can
be divided in haif.

A second measure of automated translator performance
Is the satisfactory translation of potentially ambiguous
words in the source language that have two or more transla-
tions in the target language [28]. In a draft-quality transla-



for, the available disambiguation mechanisms should re-
solve at least major differences in meaning. The TRAN-
SOFT system employs three means for resolution of
potentially ambiguous terms: (1) provision in the lexicon for
multiple word idioms; (2) alternate translations of words
depending upon the parts of speech (semantic class desig-
nators} of neighboring words in the source or rearranged
text, and (3) aiternate translations based upon a context
register of subject matter keywords maintained by the pro-
gram as the translation proceeds. Words that are likely to
confuse TRANSOFT are those with multipie transiations
within the designated subject matter but without character-
istic neighboring words, For example, the German word
"Aufnahme’ may be translated as "{ordinary or roentgeno-
logic) photograph,” “(clinic) registration,” or "(biochemi.
cal) uplake,”” all In a medical context. In an effort o assess
ambiguity resolution in our translation, all occurrences of
12 potentially ambiguous words were exarnined, and the
frequency of resolvable and unresolvable ambiguities was
determined.

RESWLTS

The TRANSOFT medical document transiator translated
the entire computer-readable text of Adler's Knochenk-
rankheaiten {Bone Diseases). Samples of the resulting
translation, excerpted from the beginning, middle, and end
of the document, are shown in Table |. The docurnent
contains 7,211 sentences, 118,604 words, 10,216 dis-
tinct words, and 844,715 characters. This represents an
average of 16.4 words per sentence and 6.1 letters per
word. The distribution of words by semantic class is
shown in Table . Nouns (N) were the most common
semantic class, with 24,519 occurrences, followed by
adiectives {A) with 16,059 occurrences. The least com-
mon semantic class was the one for foreign words or

-proper names (F), with 640 occurrences. The document

required a total of 38,453 parsing formula look-ups of
2,791 distinct parsing formulas, This represents an aver-
age of 13.7 locok-ups for each parsing formula used, 6.3
formulas used per sentence, and 0.4 new forrrudas ac-
quired per sentence. The 20 most commonly used pars-
ing formutas are shown in Table lll. The entire book was
translated in 16.9 hours during non-peak periods of com-
puder activity (nights or weekends), an average of 7,025
words translated per hour.

The acquisition curves for the lexicon and parsing table
are shown in Figures 1 and 2. For the lexicon, 25 percent
of the words appear in the first 10 percent of the docu-
ment, and 71 percent appear in the first half of the
document (p <0.001). A slight increase in number of new
words near’ the end of the book comresponds to the
introduction of additional terminology about bone tumors
and cytophotometry. For the parsing table, 37 percent of
the parsing forrmulas are used in the first 10 percent of the
docurnent, and 78 percent are used in the first half of the
document (p <0.001). The stereotypic nature of sen-
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TABLE 1l Distribution of Words by Semantic Class
Number of
Semantic Class Occurrences

Period 7,211

. Comma 4,041
{ Left parenthesis 3,150
} Right parenthesis 3,150
A Adjeclive or adverb 16,059
B Adverb only 4,756
C Conjunction 3,523
D Definite or indefinite article; 15,174

dernonstrative pronoun
F Foreign word or proper name 640
H Helping verb 5,622
I interrogative or relalive pronoun 1,484
N Noun 24.519
P Preposition 10,892
Q Pronoun 3,266
U Verb or participle 6,190
V Verb only 5,143
2 Number 3,784
Totat 118,604
TABLE Iit 20 Most Commonly Used Parsing

Formulas {E = noun phrase, R =
prepositional phrase) -

Mumber of

Rank * Key Parsing Formula Occumences
1 [ON 1[2ED3ION 1478
2 DN 1EDZ2ON 1.304
3 PN TRP2ON 1,228
4 (PN 1{2RPIBN 1,150
5 NZ) 1N2D(3024D) 1,147
] DAN 1ED2DA30ON 1,133
7 PDN 1RP20030N 720
8 AN 1{EAZON 563
9 POAN 1RP20D3DA4N S61
10 IN TRIZON 520
11 [AN 1[2EA30N 507
12 (EV[ 1[20E3v4( 437
13 BON 1EB2OD30ON 3823
14 PAN 77 1RP20A3ON 356
15 [PNZ 1[2RP3IDN4D2Z 335
16 L | 1[20OR3V4]{ 333
17 DAAN 1020A30A4N 328
18 AAN TA20A3N 298
19 BPN 1RB2OP3DON 268
20 [rH[ 1[20R3VH4]{ 253

tence construction is further ilfustrated by Figure 3, in
which the acquisition curve for the first half of the docu-
ment alone is compared with the acquisition curve for the
second half of the document alone. These curves are very
similar, suggesting a uniformity of grammatical style
throughout the book. '
Two classes of potentiaf ambiguities were studied. The
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Figure 1. Acquisition curve for the word lsxicon. The
document is divided into deciles along the abscissa, and the
ordinate gives the number of first occurrences {acquisi-
tions) that occur in each decile of the document. In a tolal of
10,216 word acquisitions, 2,657 (25 percenf) new words
appear in the first decile of the document, and 7,227 (71
percenl) appaar in the first half of the document. Signife
cantly more acquisitions take place in the first half than in
the last half of the document (p <0.001). A slight increase
in the number of new words pear the end of the book
corresponds to the introduction of additional terminology
about bone tumors and cytophotometry.

first, nouns at the beginning of German sentences, proved
to be relatively minor. Five of 7,211 sentences began
with & noun that had been placed in lower case by the pre-
editor, since the corresponding lower case word was
another correctly spelled German word: three sentences
beginning with *‘Teile™ {parts) and two sentences begin-
ning with “Schmerzen’ (pain). These efrors were easily
corrected by a bilingual speaker, We then examined all
occurrences of 12 potentially ambiguous words: six small
words {(als, am, das, der, die, sein) and six nouns (Auf-
nahme, Band, Mark, Praeparat, Seite, Zug). Results are
shown in Table tV, All 1,761 occurrences of the potential-
ly ambiglous small words could be resolved from a few
surrounding words or semantic classes, but several of the
631 noun occurrences required human judgment to re-
solve the ambiguity. The single unresolvable occurrence
of *Aufnahme’’ was this sentence {p 74):
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“'Die Aufnahme erfolgt hauptsaechlich durch das Trink-
wasser."”

“The uptake results primarily through the drinking wa-
ter.1'he translation of "‘Aufnahme’ as ‘‘uptake™ rather
than “photograph’* follows from the immediately preced-
ing discussion of flucride metabolism and the absurdity of
making a photograph with drinking water. Likewise, a
single occurrence of “Praeparat” required human judg-
ment to distinguish between a gross or microscopic (slide)
preparation. The word “*Seite” occurred 335 times and
required 18 human judgments, usuaily involving common
sense for “eine Seite" (“one side”’ versus ‘one page").
In this book on bone diseases, “Band” (ligament or
intervertebral disk, band) could always be translated cor-
rectly from the immediate context, and ““Mark™ (marrow)
and “Zug" {iraction) each had a single translation
throughout the documnent, which was clear from the bone
disease keywords present in the context register.

TOO

600+

500

PARSING FORMULAS

4004

100+

1M 204 356 4in S5Ih 6th TN Bth 3th IOM |
NEW PARSING FORMULAS ACOUIRED BY |
DECILE OF SOURCE DOCUMENT |

Figure 2. Acquisition curve for the parsing table. The
document is divided into deciles aiong the abscissa, and the
ordinate gives the number of first occurrences (acquisk
tions) that occur in each decile of the document, In a total of
2,791 parsing formula acquisitions, 1,0271(37 percent new
parsing formulas appear in the first declle of the document,
and 2,165 (78 parcent) appear in the first half of the docu-
ment. Significantly more acquisitions take place in the first
half than in the fast haif of the document (p <0.001).




COMMENTS

Although drafi-quality automated translators have recently
become available commercially, it is not clear whether
these translators will handle the specialized vocabulary
and idioms of medical documents. Medical usage
changes rabidly, and even recently published lexicons
often lack the latest terminology. For this reason, an
autormated translator for medical text must allow the user
to easily update both the vocabulary and the grammatical
rules. TRANSOFT is such a table-driven medical docu-
ment translator written in American Nationa! Standard
MUMPS, for which the program source code has been
published {17]. With TRANSOFT, the user has virtuaily
compiete control over the choice of semantic classes,
default and altemate translations, idioms, and word rear-
rangement or parsing formulas. Additions and rrodifica-
tions to control tables can be made using either an inter-
active computer terminal or a cormmunicating word pro-
cessor, and the translator can be “fine-tuned” to produce
a fina! translation of arbitrary quality. Fine tuning, how-
ever, is tedious and decreases the efficiency of the trans-
lator, since the franslator is then more likely to need new
idioms and parsing formulas that it has never encountered
belere as it reaches the later part of the document.

The TRANSOFT system and other practical automated
transiation systems currently in routine use employ the
dasign principles of the Russian-to-English translation
system developed at Georgetown University [13). Other
automated translators of similar design are in use at Qak
Ridge Nationa) Laboratory and Wright-Patterson Air Force
Base for translating Russian to English, at the Luxermnbourg
headquarters of the European Economic Community for
transiating English to French, French to English, and En-
glish to halian, and also at the Pan American Health
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FIRST HALF [z
SECCOND HALF

PARSING FORMULAS

Ist 2nd 3rd 4th Sin 6th Tth 8th 9k i0th

NEW PARSING FORMULAS ACOURED BY
DECILE OF HALF-DOCUMENT

Figure 3. Acquisition curves for the parsing table applied
to the first half of the document alone (B) compared with
the acquisition curve for the second half of the document
alone (8). Each half-document is divided into deciles along
the abscissa, and the ordinate gives the number of first
occurrences (acquisitions) that occur in each decile of the
haif-document. The stereolypic nature of sentence com
struction in the document as a whole I8 suggested by the
similarity of these two document halves considered sepa-
rately.

TABLE IV List of 12 Ambiguous Words

- Humber

Tolal Defauti ARemnale Number of Requiring

German Word - QOccurrences Translation Translation Aliemates Judgmant
als 339 as than 69 1]
am 143 to the the most FE| 0
, das 164 . which . the 2 o
. der 131 » which the 3 Q
, die 818 , which , the 11 4]
sein 166 1o be its [ 1]
Aulnahme 5 photograph uptake 3 1
Band/Baend 40 ligament band 4 o
Mark 205 marrow medulla 0 0
Praeparat _ 7 preparalion miCroscopic 2 1

slide

Seite 338 page side 43 16
2ug 9 traction train ¢ i+
Total 2,392 208 18
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Organization in Washington, for translating Spanish to
English (5,13,29]. All these systems treat the text as a
series of independent, unconnected sentences, and each
sentence as a consecutive strearmn of words and idioms.
They contain relatively little “‘understanding” such as is
now being incorporaied in the more recent prototype
translation systems [6-9,12). Despite these limitations,
several Georgetown design systems have proved useful
and cost-eflective and constitute the majority of automat-
ed translation systems in routine use.

Although the task of entering new vocabulary and
usage may seem unreasonably burdensome, the first-
encounter rate for naw table entries in the source docu-
ment decreased rapidly. In the first 10th of the book, 25
percent of words and 37 percent of parsing formulas
were encountered for the first time; however, in the last
10th of the book, only 5 percent of words and 3 percent of
parsing formulas were encountered for the first time, This
confirrns our intuitive impression that medical text has a
stereotyped vocabulary and usage that tends o repeat
itseif. The German vocabulary of 10,216 distinct words in
this book of 118,604 words compares with an English
vocabulary of 11,642 distinct words in a file of 7,000
consecutive autopsy reports with 923,657 words [26]).
Thus, it seems likely that both the lexicon and the parsing
tables generated for the initial document in a limited
subject area will be largely appiicable to all similar docu-
ments.
1t remains controversial whether “fully automated high-
quality transtation’’ is a practical goat {28]. Our study does
not resolve this question, since the output shown.in Table |
is clearly a draft-quality transiation. At issue is whether a
computer prograrn, no matter how well-supplied with user
tables, can satisfactorily resolve ambiguities [2]. We were
surprised at how rarely ambiguities posed a serious prob-

lern within this specialized book about bone diseases. For
example, “Mark” occurs 205 times and always means
“marrow’’ (never “‘medulla” or *German mark’"); *“Zug"’
occurs nine times and always means “traction” {never
“train’ or ‘‘draft”). Likewise, “‘Aufnahme’ occurs 35
times, with 32 default translations of “photograph” and
three alternate translations of “uptake,” only one of
which could not be determined from a few neighboring
words. These findings suggest that if the autornated frans-
jator can determine the general subject matter from
keywords in the context register, then serious ambiguities
may be relatively rare.

The TRANSOFT system demonstrates that draft-quali-
ty, German-to-English medical ransiations can be ob-
tained on a minicomputer from a computer-readable
source docurneant. After an initial acquisition process, the
vocabuiary and grammar as reflected in the lexicon and
parsing tables settle into stereotyped patterns. Our find-
ings do not support the idea that ambiguities pose a
serious problem, as long as the appropriate contextual
cues are utilized by the autornated transiator. As foreign
fanguage medical documents become increasingly avail-
able in computer-readable form through computerized
lypesetting, electronic publishing, and improved optical
character recognition equipment, automated transiation
systems may provide a rapid and inexperisive means of
obtaining draft transiations {28,30,31}.

DEDICATION

This paper is dedicated to the memory of the late Prof.
Walter Sandritter, M.D, “Was ist das Schwerste von
altem? Was dir das Leichieste diinket: Mit den Augen zu
sehen, Was vor den Augen dir Ilegt."* (What is the most
difficult thing of ali? That which would seem the easiest: to
see with your eyes what actually lies before them) [32],
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