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" Problems of English-German Automatic Translation®

1. Aimsrand method

The two aims of the project deserlbed in this paper are
- 1. the practical aim of giving a mechanical procedure
for finding an eguivalent expression in German for any-
English input sentence and 24 the theoretical-ainm of
_Tinding the corresponding structures of the two languages.
~With both of these aims in mind, the empirical method was.
".adopted.

2. Structure of the dictionary

el Two dicticonaries are needed: an idiomatic dictionary

A and a lexical dlctlonary. Both have next to each English

© . entry the German equivalent (or equivalents) and the

-+ syntactic and semantic information needed for producing
- a correct Germen sentence, The lexical dictionary may,
for technical reasons, be subdivided into a dictionaryy
for words of high frequency and one for words of 1ow
frequency.

5. Syntactic Problens

_3.1. Morphcloglcal problems~ chooglng the correct German
‘ suffixes.

3.2, Lexzcologlcal problems: choosing the correct German
article, pronoun, relative pronoun or preposltlon.

%¢3. Word order: finding the correct structure of German
~word-groups and sentencca for the correspondlng
‘English structure.

- f

- 4, Semantic Problens

4,1, Solvable problems: the correct German equivalent
. of an ambiguous English word may be found by
testing the environment.

'i4.2.:Part1ally solvable problems: the correct German
equivalent can only be found by spproximation.
Possible solutions will be suggested.

“f{ -5, Exomples . o -
. " Exenples will be given for all the above problems.

i““‘ﬁectufalﬁéliveféd ﬁﬁ the Sumﬁer‘séﬁbdi of'Compﬁtatiéﬁdi,:
-+ Linguistics at the Centro Nazionale Unlver81tarlo ﬂ1 "
Calcolo Elettronico, Eusa,jSeptember 19?0..x,; :




1. Aims end method

The aim of any Autcmmtic Translation project is to give &

mechanical procedure for finding an eqﬁivalent expression
in the target language for any sentence in the source
language. The aim of any linguistic translation project

] is to find the corresponding structures of the languages

i. - dealt with. The two main problems that have to be solved

| by such & project are the difference of word order between

| the source language and the target language and the ambim- _

.fﬁ guocus words-of the source langusge for which the appropri%_

‘ ate word in the target language has to be chosen. The

- firs broblem is of major linguistic interest: once the
progect has been worked out, it will glve'us the parallicli
sentence- structures for the two languages 1niquest10n.
BSince there is no complett analysis of any Eanguage that .
could be used fqr the purpose of automatic transletion, )

- we decided to build up our project sentence by sentence. .
'Therrules which are needed for translating each sentence

- will have to be- included in the complete program anyway: 7
and the translation may be checked and corrected 1mmeﬁlate-"A
1ly. The progran.is split up into subroutlnes for each .

. word-class, so that a correction of the program in case o£_ 7

'ﬂ(}j}f an unsatisfactory translation does not compiicate the pro-
" grem unnecessarily. : ' |

2. Structure of the dictionary

'_The most important part of an automatic translation pro-
jeef is an efficient machine dictionary. For setting up
such & dictionary we have to ¥now what information it has

~to coﬁtain,’ﬁincerthié information is best obtained after

 experience with automatic tremslation, we started the pro~
~..Ject by assuning that the dictionary lookup had already.

;1}Ltaken rlace,. The.Engllsh sentengces to be translatedmwer@

j";,x'es_«m 1nto the computer word by'word wmth the Germen trans-:




Wmth the artlcles and relatlve pronouns only the gramm&~ 
tlcal information is given, but no translation is stored.
" With some of the other words that hawe several possibili- _
ties of translation only the one relevant to the sentence o
in question is stored, while with some embiguous words the |
arbiguity is solved by the progran. After the machine
‘dictionary has been set up, -all thalmblgultles have to be
_ solved by the progran. Idioms are placed in a separgte
~digtionary, since without such a dictionary a complicated .
routine would be needed for testing the environment of a :,?ﬁ‘
word that may appear in an idionm in order to translate it B
- corredtly. Apart form the solution of embiguities, the '4
‘setting up of the dictionary is merely a technical problem.
All the other problems are solved by the pragnﬂb"ﬁhattransu
lated the sinulated dlctlonary output.~

ﬁ,f;i'Thé structure*of the dictionsry is partly dependent on the jg} G
' ‘type of tomputer used. At present the grammatical informe 7.

©.. ation is stored in two machine-words, of 32 bits eadh

ﬁ ‘ called DECO and BECO, as shown in figure 1. When settlng

‘ up the conplete dlctlonary it will probably be advantageous :
' to have a few hundeed most frequent words stsred in the - A;a‘

-~core storage end the rest of the dictionary on disks. An-
ﬁther problem is .the size of ‘the dictionary. Theﬂgrogram.
recognlzes as a word a strlng of letters ‘between ‘blanks
‘or @ string of iletters between & blank and a punctuatlon
‘mark. It would. be inefficient to have all 90551b1e words E
in the dlctlonary Thus the nunber of nouns in the &1ctlon~ﬁ-ﬁ
ary may'be halved by 115t1ngonly the 51ngular nouns and
_letting the ‘progren desl with words that end in 's* and
don’t appear in the- dlctlonary' The same applles to verb
endlngs. It will have to be kept in pind that the smaller
the size of the ﬁlctlonary the larger the program and
vlce versa. )




1. definite article
" 2. indefinite article
3. moun
‘4, preposition
5. sdjective
6. verb
7+« relative pronoun

8.
9. comnma _
10.THIS,THESE
‘llgconjunction
.. l2.pronoun
. 13.infinitive
B  14,adverb

numeral

:g-16 intransitive verb
17.modal or auxiliary verb
©18.EE | |
9119 dative plural EN
20.dative plursl ¥ - '
21, | "
. 22.genitive
.. 23.dative
‘24.accusative masc.
25.MAKE ‘
" 26.masc.

L 27.fem.
’;”28 neuter o
”¢29.p1ural ' -
.?"A3O genitive sxng. ES
.03k, " " EN
o .:.32‘: e ‘- “;“_k-‘ B

2.
s,
n,

' 15.verb with 2 objects(give)l5.verb after whlch *to'not transl.

18.0F-group aftee noun T
'19.THAN o L

21. L . n ] S

22, " " v OEN

23. % v moEs o
25.. - |

26,

27. THERE LRE .
28. L
32. not found in dictionary

"BELCO
1. after definite article
naterial | , ﬁ
after indefinite article .
part of verb to end of clausewi_il
5. suffix ED / ANY . I
6. suffix ING o

7. verb after aux1llary / adverb :
without change of word order. -.:

8. end of adverbial group
9. TOO AND

10.quantity

11.0F

12.TO

13.FROM

14,4BOUT

16.verdb followed by 'to!, o
17.verd after relative pronoun~ ]*

20 .conpound noun'with N'” - -71511

verbs after which nouns are =
not compounded (call)




%s Syntactic problens

~

3.1. Since German is more inflectional than English, a.
subroutine had to be written that adds the German suffixes
to adjectives or to the inéefinite article according to

the gender, number and case of the folleing noun or %o
the noun itself. Gender and nurber are found in the dict-
ionéry output, while the case is determined by the posi-
tion of the noun in the sentnce (before the verb, after
the verb or after a preposition). Examples may be found
Q? in every sentence. One gremnatical item is stored .for the
following sentence. The getder of the last noun in the
gentence is nenorized, in case the }ollowing sentence
starts with *‘this' not followed by & nouns  We.are
eware of the fact that this is not a hundred per cent
solution.(Sentences 11 and 12) If ‘more' or 'most' are
followed by an adjective or adverb in English, the suffix
*er' or *est' is added to the German adjective.(Sent.39)

Fe2e The Germon definite article is chosen in a simalar
wéy as the suffix of the adjective and the indefinite
article, namely according to the gender, nunmber and case
of the following noun. (Examples may be found in almost
every sentence.) The Gernan article is inserted if an
English singular noun is not preceded by an article, un—
less this noun is classified as 'material'. (Sent. 3)

The relative pronoun is chosen according to gender and
nurzber of the preceding noun. This choice is in most
cases correct, but is still unsatisfactory. (Sent.5,23,39)
‘The case of the pronoun is deternined similarly to that

of the noun and the dictionary output is altered accord-
ingly.(Sent.32) If an English finite verb is translated
by nmore than one lexical iten in Gernan, the last of these
will go to the end of the clause{Sent.3%9)). Two nouns fol=-
lowing each othor will be translated by a compound noun
in German, unless they follow a verb like *call' which
pernits such a constellation. The necessary German infix
will be inssrted.(Sent.53)




%.%. Gernan word order is relatively free and the English
¢ word crder will in many cascs not be altered. But the
P German text will become fairly unreadable if the syntactic
| rules that exist are not adhered to. 1t is also one of
the aims of our project to obbtain a comparative structure
of English znd German. That is why our main effort from
the start has been to obbain the correct German word
order for each sentence. This concerms mainly the posi-
tion of the verb. When =z scntence starts with an adverd
or an adverbial group, it has to be followed by the verb
?_3% {Bent.5,32,33). In relative clauses the verb stands at
- the end of the clause (Sent.5,23,39) and in case there
~is an auxiliary or modal verb, it follows the nain verl
(Sent. 5)» In the main clause the infinitive stands at
the end of the clause (Sent. 32,33,53).

&, Benantic problens

~4.1. One of the most difficult problems in automatic
translation is the translation of words with rultiple
meaning. In scne cases the solubtion may be Hund by test~
ing the environment. Thus the word 'too! will be tronse
lated by *zu' if it precedes an adjective or an adverb

- and by ‘auch' in all other cases. It will then be in-
‘serted after the verb (Sent. 25). The correct transla-
tion is easily found when the word belongs to different
word-classes. If the different translations belong to
the sane wordclass they nay often be found by checking
the .envioconment. A verb may, for instance, have several
meanings depending on the prépdsitivh which follows it.

In sone cases the semontic information with the preceding
or following word may determine the translation of a noun
or a verb. Prepositions nay in general be translated
~ . correctly b& checking the preceding verb and/or follow-
- ing noun (Bent. 11)




4,2. In cases where there is no exact way of determins
ing the translatiocn, seversl approxinate solutions are
possible. One solution is having scparate dictionaries
for various kinds of texts %o be translated. Thus in

a genaral dictionary the word 'bush' will be translated
by 'Busch'y, while in a dictionary for the tromslation
of technical texts it will be translated by ‘'Buechse'.
A second solution is the statistical solution. The nest
freguent translation may be chosen as the dictionary
entry. In case this leads to nisunderstandings, the
second alternative may be given in parantheses. The
correct gender for pronouns may sonetimes be difficult
to find, because of their ambiguous relation to pre-
ceding nouns (Sent.25). Here the statistical solution
nay be the only feasible one.

5. Exanples

The following examples are ten out of sixty-four
sentences that have so far been translated. They are
taken from A.J.Herbert, The Structure of Technical
Englich, Longmansf, Greer and Co. Ltd., London, 1968.
The numbers behind the German translation refer to

the bits in DECO and SECO that are set to *1°'. If
there is no hyphen, SECO conteains only zeros, other-
wise the SECO entries nay be recognized by the numbers
following the hyﬁhen.




. MODERN - _'jg-“i“;5é75
- INDUSTRIE B - X
NEE BRAUCHT =~ = . &
 CONSIDERABLE ~ BEDEUTEND ~ 5
QUANTITIES MENGEN ' 3,27,29
voN @ ¢ 4,23
\;'I‘HIS‘- | DIES - 10
METAL METALL 3,20,28 - 2
; D 9
ENTWEDER M
4,2%
1
3,27
4,23 - 11
3,28 - 2
1.
4,23
3
5,27
4,23 -~ 11

Translation

j“ﬁ‘ DIE MODERNE INDUSTRIE BRAUCHT REDEUTENDE MENGEN VON BiESEMf
- METALL , ENTWEDER IN DER FORM VO EISEN ODER I DER FORM
VON STAHL




EISEN
‘BESITZT
meﬂmzsca

. EIGENSCHAFTEN

HAEEN
GEMACHT

ENTWICKLUNG
VON _
 ELEKTRISCH
ENERGIE.
“I’lOEGLICH




NON-METAILIC  NICET-METALLISCH
CONSTITUENTS -  BESTANDTEILE.

“BILDEN
EIN

FLUESSIG

SCHLACKE




PALSSES
OUT OF .

FURNACE
. THROUGH

GE SCHI"IOLZEN
EISEN

BOCHOFEN
DURCE




. NEGLIGIBLE

- QUANTITY
OF

. CARBON

g’ -
FOR EX4MPLE
_ WROUGHT-IRON

5BEHAVES”
 DLFFERENT FROM.
~IRON.

 VEICH

. CONTAINS

q”EISEN

ENTHAELT

EIN
" GERINGFUEGIG
. MENGE

“VON
KOHLEN&TOFF

i ]

ZUM BEISPIEL
SCHEMIEDEEISEN
5 'w
VERHAELT SICH
ANDERS 118
EISEN

ENTHAELT

- EIN

'\ MENGE
VON. _
'KOHLENSTOFF

Fa gL
Eini i

-

AG
Tt

<, 'y
A

EISEE-: y DAS EINE GERINGFUEGIGE PEEINGE KOHZDEVSTOFF ENTHAEIJB,
ZUI“I BEISPIEL SCHTIIEDEEISEN ‘QERH&ELT SIGH .&NDERS ALS 'EISEH\,
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SUmHIS

SEER
HART
SUBSTANZ,

-

" Translation

for Senﬁén

s

aF

e T

G

i



KOENNEN
ERHITZEN

STEEL  STAHL
ABOVE -~ UEBER
A EIN
. CERTAIN . GEWISS
CRITICAL - . ERITISCE
+ EMPER.TURE TEMPER..TUR
, )
UND
DARN
GESTLITEN

Lok

 DIFFERENT VERSCHIEDEN
~ GESCHWINDIGKEITEN

-

TLMPER.LTUR ERHITZEN , UND'GEST.TTEN IHM mm,
DENEN Gn.scammeﬁmm KUEHL ZU WEEDEN -




N A

S Ty

CRITICAL - -+ KRITISCH
TEMFER.TURE = TEMPER.TUR

‘g

CHMNGES . VERAENDERUNGEN

BEGIN - BEGINNEN

fai
STLTT FINDEN
IN

MOLECUL:R ~  MOLBKULAR
- STRUCTURE - STRUKTUR
vor




Oﬁ THE OUTSIDE

KUH-ILEI»‘{
SCHNELL
ZIEHT SICHE ZUSAMMEN

MEHR .
SCHNELL
L USSEN
LLS
 INNEN

4,25, 1P

6,13
14
6 — %7




"sWLL?E
DRUCK -~
-MUSS,-
SEIN
+MUCH o ovIEL
. GRELTER = - 'GROESSER
.. FOR . - FUER
omD - R
» ROLLING. - WALZEN:
COTHMN - ALS
- FOR. ' ¥UER
L BO? . . EEISS
“ROT . WALZEN
?
LBER
EALT
WALZEN
FRMOEGLICHT

'fT:OPER;TOREN ‘
- . PRODUZIEREN
- WLLZEN - -
~VON ‘
GROSS
GENnUIGKEIT
-5UND, S
;E§NFOERMIGKEIT”"

BESSER
anmmLaECHE
AFlNISCH

o T

DER W/.LZENDRUCK. M85 mz, GROESSER FOUEA. KALTES WALZEN /I8 FUER.;
‘HETSSES WALZEN SEIN, ABER ¥ALTES WALZEN ERMOEGLICHT DEN ‘OFE-
RATOREN WALZEN VON GROSSER BEN.VIGKEIT -UND EDNPOERMIGKEIT. ZU .
PRODUZTEREN (UND HI? - Eiﬁﬁﬁﬁmﬂﬁﬁﬁﬁﬁ~Gﬁaﬂgﬁﬂmﬁﬁ&ﬁﬂlﬁﬁﬁf-- =
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