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Abstract : ETOC (Easy TO Consult) is a translation aid that provides a useful capability for flexible
retrieval of texts from a bi-lingual dictionary or a translation database accumulated by the user or other
users. The retrieval mechanism is based on syntax-matching driven by generalization rules. A practical
response time is made possible by restricting the retrieval space, using a new data structure called a
quick-look-up table. This method has the following advantages: (1) the user can input an appropriate text
as a key, without using any special formal language, and (2) it is easy to produce domain-oriented systems
by collecting pairs of typical source sentences and target translations that are specific to a particular domain,

e.g., business letters or technical writing.
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1. Introduction

There are two types of translation that involve the use of computers: machine translation and translation
aid [kay82,melby87]. In the former, the computer is the agent of translation, while the human is the
assistant who answers questions from the computer or edits his machine's translation results. Most research
and development has been devoted to this type. In the latter, the user is responsible for translation, while
the computer provides him or her with the necessary tools, e.g., a quick-retrieval electronic dictionary or
an easy-to-use word-processor. Although the effects of the second type of translation have been broadly
identified, there has been little research on what kinds of function are necessary. While research on
electronic dictionaries is thriving in the computational linguistic community [wachowicz86,walker87,
chodorow85,tsurumaru86,nakamura87,jensen88], retrieval from conventional electronic dictionaries, as from
printed dictionaries, is restricted, because it is done by matching a key word against entry words. In the
next section, we argue that it is very useful to have the capacity for flexible retrieval of texts from a
bi-lingual dictionary or from a translation database accumulated by the user or other users. For this
purpose, we propose a new retrieval mechanism, based on syntax-matching driven by generalization rules.
The outline is as follows:

1. Input any text, including not only individual words but also phrases, and sentences, as a key.
. Match the key against all texts in the dictionary.
3. If any of them match, then the retrieval stops. Otherwise, the key is generalized according to the
generalization rules, and is tested again. In this way, the system finds the entries that are syntactically
close to the key.

We developed an experimental system called ETOC (Easy TO Consult), using a Japanese-English
dictionary (jese82], in order to confirm the effectiveness of the above-mentioned mechanism. In this paper,
we will explain the system's configuration, generalization, quick-look-up table, user interface, and retrieval
examples.

2. Translation Aid and Flexible Text Retrieval

Translation aid will make good progress if users can consult their machines about not only words, but
also more complex texts - e.g., idioms, special expressions, and sentences - when they encounter a
expression whose target equivalent they do not know, or for which they cannot select an appropriate
equivalent from many candidates. Figure 1 illustrates the proposed interaction between users and machines:
a user retrieves source texts that are close to the key, along with their translations; he or she can examine
the retrieved pairs of Japanese and English text, select the most appropriate one, copy and edit it, and
finally obtain the desired translation without difficulty. In this way, the key sentence, A, is searched and
results 1, 2, and 3 are returned by the machine. Their Japanese parts resemble the original key sentence.
Their English parts show three ways of translation: "VERB well", "BE a great VERB + er", and "BE good



at VERB + ing". The user selects the second one, and finally produces C, which is a good translation of
the key sentence.

Retrieval from conventional electronic dictionaries is done by matching the key word against entry
words, and thus it is difficult to consult a text which includes more than two words. In the pattern
"not only A but also B" there are four candidate key words: "not", "only", "but", and "also". The actual
entry is selected according to some arbitrary criterion, e.g., "not" may be selected because it is the beginning
of the pattern, or "only" because it is the head. For people who do not know the criterion or do not
remember the whole pattern, it is therefore difficult to retrieve this kind of text.

A. BUAGKAKED £ input Japanese text
W
RETR IEVE . by machine
W
B, ~li~H~3Fun
1. L) rausybraind (M) [5F0 ] retrieved pairs of
He plays the trumpet wvell. Japanese and English
2. B ) 2<ER M) [HE]) texts
You're a great actor.
3. B ) yr—F2RD (A T [HFV)
She is very good at baking cakes.
N2
EXAMINE by human
2. You're a great actor. selected English text
Vv
COPYSEDTT by human & machine
C. You're a great swimmer. final translation

Figure 1: Translation Aid and Flexibie Text Retrieval




In order to overcome this drawback, we propose the above-mentioned retrieval method, which matches
texts while generalizing the key according to rules. Using the example in Figure 1, we will explain our
method step by step.

1. The key and entries (A, 1, 2, 3) are sentences.

2. First, the key is matched against all entries.

3. The above fails, because there is no exact match between the key and entries. Next the key is
generalized according to the rules mentioned in a later section and tested again. After several trials,
we get the skeleton of the key sentence, B, and matched entries 1, 2, and 3 with the same skeleton.

In this way, our method allows the user to retrieve a text with more than two words. In this examnple,
the pronoun ~ & 7, the noun “ 7K k", and the adverb "k Z5* are deleted, and the final generalized key
pattern is composed of the function words ” ¥ ° and ” #: ” and the content word © 3 F " It is
especially useful 1o consult some combinations of content words (e.g., nouns, verbs, and adjectives) and
function words (e.g. auxiiary verbs and case particles) as dlustrated in Figure 1, Figure 4, and the section
on retricval examples. Extraneous elements in entries are ignored during matching. This method has the
following advantages:

* The user can consult the dictionary freely from various viewpoints, without conforming to the keys
that were given when the dictionary was constructed.

* The user has only to input an appropriate text as a key, and can do so without using any special
formal language, e.g., regular expressions, a database query language such as SQL (Structured Query
Language), or a programming language. Thus the user is not required to be a expert in linguistics or
computer science.

* The effectiveness depends on the quality and size of the dictionary. The better the dictionary, the more
effective the system.

- Itis easy to produce domain-oriented systems by collecting pairs of typical source sentences and target
translations that are specific to a particular domain, e.g., business letters or technical writing.

- It is easy to build multi-language systems by expanding the current dictionary to include corresponding
translations in every language.

* In contrast to machine translation, the translation aid system ETOC can deal with unrestricted and
natural language, because the lexical level analysis is relatively accomplished and robust, because the
system is interactive, and because the user is assumed to be cooperative and intelligent.

3. Configuration

The configuration of ETOC is presented in Figure 2. Our system has three data items - (1) a key, (2)
a dictionary, and (3) generalization rules - and three modules - (4) an analyzer, (5) a retriever, and (6) a



generalizer. In this paper, we deal with the analyzer and generalizer. The objective of the analyzer is to
structure both the key and entry at the same level. The generalizer and its rules must accommodate this
level. Several levels may be distinguished; for example, the lexical and syntactical levels. The deeper the
analysis level, the more precise the result and the higher the cost. Because Japanese has no explicit
delimiters (blanks) between words, lexical analysis (i.e., segmenting a text into words and assigning a part
of speech to each word) is necessary for almost every kind of Japanese processing. In this experimental
system, we used a lexical analyzer at our site [maruyama88], and found it to be useful and practical.
Because the system is interactive, we can ignore a certain level of noise in the retrieved result, as shown
in the section on retrieval examples.

(1) (2}
key key dictionary’ dictionary

(4) {5) [ @
D—B analyzer %D%retr jeve analyzel

3
goneralization
rules

e S

Figure 2: Configuration

4. Generalization



When the key does not match any entry in the dictionary, it is generalized. In accordance with the order
of rules listed below, the system determines whether each condition is important or not, and then deletes
or relaxes the less important ones. Briefly speaking, the system ignores the particular features of each
text, represented by the content words, and generalizes the key to the skeleton of the sentence and the
pattern of modality; in other words, it produces a sequence of function words. To date, the following
rules have beer adopted:

L If the order of case elements is not normalized, then normalize it (because in simple Japanese sentences

the order of case elements is freely changeable).

if there is a pronoun, then replace it with an arbitrary noun (because the replaceability of pronouns

is considered high).

If a phrase has a modifier in it, then delete the modifier.

If there is a noun, then replace it with an arbitrary one.

If there is a verb or adjective, then replace it one with an arbitrary one.

If there is a special case particle, replace it with a semantically similar one (for example, © 12 “ and

“ < 7 arc similar to cach other).

7. Ifthere is a case element, delete it (because in Japanese not only free case elements but also so-called
obligatory ones can be omitted).

N

P W

Rules 1, 6, and 7 are peculiar to Japanese, while the others are general. These rules are applied sequentially.
We assume that they conform to the way in which people want to retrieve text. Of course, when a user
wants to retrieve a single word, that word is absolutely important. But when he or she wants to retrieve
a larger text, not all the words are important. If it is impossible to obtain a exact match for the whole
text, the user may ignore content words instead of function words.

5. Quick-Look-Up Table

No-one wants to use a slow dictionary retrieval system. In order to speed up the response, we introduced
a data structure called a quick-look-up table. The idea is depicted in Figure 3. Each word in a set of
dictionary entries is registered in the table, along with the numbers of the entries in which it appears in
the table. This table is built at the same time as the system is constructed, and is updated each time a
new record is added. It is utilized to restrict the retrieval space. If a key consists of two words, the retrieval
space is reduced to the size of their intersection. The more words the key text has, the smaller the retrieval
space becomes.



{a)
it entry contenl (Larget translation)
1 BRIESCIT . She went to see the doctor.
2 HUIHETECTAL fle went to Tokyo.
3 PBUEGIK - e became a doctor.
{b)

word M

EE 1, 2

iT{ 1, 2

it 1

74 2, 3

T 1, 2, 3

EFE 2

n5 3

L2 1, 2, 3

& 1, 2. 3

Figure 3: Quick-Look-Up Table

Let T be the table and T(W) the set of records in which the word W occurs. For example, when we
retrieve ” ka ha isya i naru 7, since TI=T( 4 y={2,3}, T2=T{ 12 )={1.2,3}, T3=T(=E &)=(1.3}.
Ta=T(2)={1,2,3}, TS=T( 7z 3 )= {3}, we have only to check the records of TI&T2&TI&T4&TS5 = {3}.
In this experimental system the number of records in our dictionary 1s 16870, #(T{ #+ )} is 4153, H{T( %))
15 5984, and #(T{ ») & T{ % )) is only 909. This implies that when we are retneving a text such as
“A A'B % ” the retneval space is restricted to 909/16870, i.e., 5.4 percent of the si : of the dictionary.
Japanese function words are crucial to the way in which something is expressed, a:. ¢ consequently our
generalization rules try 1o leave as many function words as possible. It is importar.- 10 ensure that the
reduction rate of function words is sufficiently practical. Our quick-look-up table is implemented with
hashmg in LISP. We can use weil-studied database techmqucs, such as B-tree and RDB, to ensure there
is no problem if the system is scaled up.

6. User Interface

ETOC provides two interfaces for input. It allows the user (1) to type a key text from the command
line, or (2) to move the cursor to the text he or she wants to consult, and to pass the selected line to the
system by hitting a special key.
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§ T~ gy ) € 9ereralized (293)
Bn ()] 83 [EFF¥) TBRHRnEH,

The longer you look at this painting, the more amazing it bacomes.

eI on ) 20 [BE] ooy,

The more news we have the better.

Hirtnoun ]l zenovidilrsl {(2r] a3,

Thera is a mass of problems which have to be solved.

ERoBBIRI A [F] B (125) B,

Ye should leave as soon as peossible.

LN SEUR
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Figure 4: User Interface

The result window opens automatically to show pairs of Japanese sentences and their English equivalents.
Next, the user selects an appropriate pair, moves the cursor to it, and hits another special key. The selected
English sentence is copied into the English window. Figure 4 shows a example session: the user retneves
"ERNE RN DE Y X B, obtains six pairs, and picks the first one, “The longer you look at this

painting, the more amazing it becomes.”.

7. Retrieval Examples

We will show here ETOC retrievals with the following characteristic features: long-distance dependency,
idioms, the ellipsis symbol, aspect and finally a rather problematic one, semantic ambiguity. In following
examples, the line beginning with *= === ======* shows the input to ETOC, the second line shows the
number of entries found in the dictionary and the generalized key used for matching and the following
lines show retrieved pairs of Japanese sentences, whose keys are marked with thick square brackets, and

their English translations.



¢ ETOC supports the retrieval of long-distance dependency. Figure 5 exemplifies the results given by our
system: " 72 A 72 H" 1s an ADVERB, and "7 v " is an AUXILIARY ADJECTIVE for negation,
and they are often used together with the general meaning "not easy”. In Figure 4 " (¥ " is a
CONJUNCTION indicating a condition, “ ‘¥ ¥ “ is a PARTICLE indicating a degree, and together
they correspond to the construction “the + comparative, the + comparative”. Such combinations of con-
tent words and function words cannot casily be looked up in conventional dictionaries, and are very
important as the essence of the way concepts are expressed.

zzsz=zzzsz= I A7 ;‘J\‘{"_\l_'.:fpf_:[,\c
3 it 2 ~ o
AR TTAS [maih) oo [mun]) .
This wood is damp and won't ignite.
ZHROBRIFYTEHREEONE (2hrah]) oh ],
You don't really get good at English coaversation Jjust by taking classes
at school.
BErE-T (sl B> 2],
The door is warped and Jjust won't open.

Figure 5: Example (Long-Distance Dépcndency)

¢ Idiomatic expressions such as the one in Figure 6, are a tough problem, for which current machine
translation technology has no good solution. Our method is suitable for this kind of expression, however,
because ETOC does not require deeper analysis and can deal with such expressions simply by accumu-
lating examples. A literal translation of the first query is "Even if you boil it or grill it, you cannot eat
it”, and of the second query “making the neck longer”; however, the cormect translations are respectively
“tough” and “eagerly”.

===zzzzzzz BT HEHEWVWTDH

1 2 T K v T ¥

B [(BTLROTHL] BABVLEN,

He's a tough customer.

=zz====3z= FH2EL LT

2 ¥ &2 & < L T

i (M2RLT) EFORVER-TLS,

She's eagerly waiting for her son to come back.

Figure 6: Example (Idiom)




¢ As is shown in the next example (Figure 7), this system handles ellipsis symbols “ ~ *, " . .. “and
so on, which are often secen in ordinary dictionaries. These signs are easy to urderstand and can be

used by people who are not acquainted with computers.

s=z==zzzzz= ~l~%, . T 3

00 ~ L A~ T3
CONKOBHS (W] BEeHA- o3 E (£) [(+3) .

This high school baseball team does six hours of grueling practica

every day.

Eooxr (X)) vobt vy by (2] ISl TBER (T3] .
Cur teacher always holds George Washington up as an example when he
lectures us.

Veix (2] @ (2] [(F3) L@,

She is optimistic about whalever she does.
Figure 7: Exampie (Ellipsis)

e Figure 8 shows the retrnieval of a Japanese aspectual phrase, i.e., a VERB with an aspectual marker.
There is no simple correspondence between Japanese aspectual phrases and English ones. For example,
the Japanese aspectual marker T 4» 37 can be translated, depending on the semantic category of its
VERB, by the English aspectual markers ‘ing” (progressive) , “have+pp” (perfect), or ™ (simpie).
Consequently, it is not easy to translate an aspectual phrase. ETOC enables the user to retrieve
“individual VERB + T t» 2", The retrieval results shows that "L T3 *, * K-> T % " are

translated by the simple, " #f A T L+ 3 " by the progressive, and " 7% { L T ¥ 5 * by the perfect
aspect. With ETOC, the user does not need to know any linguistic terms such as “aspect”, nor to
consult a English grammar book, when he wants to translate a * VERB + T L\ 37 type expression.
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8 15 S PR S
e smeoeRi (HTvws]) .,

Ste reclly takes after her mother. evep in the way she walks.
R xxhtbg: (flcea] .,

My older brother looks more like my mother thun my father,
oL e~y FUELATEL (M3,

His way of talking is like his father’s.

zzxzzezzzz Foo, TN A

3 - o] T L z

WRIFARIZE R, TnTLHARII[R-2Tv2) .
She doesn’t cat so much. And vet lock how fat she is.
zoRABEE2:2 LS [KoTv3]) .

That baby is nice and chubby,

B [K-Tv13).

He's fat.

—===z====z==z ﬁ},_ T3
5 WA T B

FELRBYTIvOE-T (HATHS]),

The children are playing on the swings.
NERFENR-ATHEERZLL [BATHSE]
The little chiid is playing quietly by himself.

B Er R [(HATVD]) .

He's out of work now

===z===z==== LTV

1 nmdo LT w3

BuriewcgEze (ALTuns] .,

He has lost confidence in his ability.

Figure 8: Example (Aspect)

® There are at least two different meanings for the CONJUNCTICN “ #z # &7, concession and simulta-
necusness: the former is usually expressed by "but” and the latter by "while”. Such semantically ambig-
uous expressions cannot be differentiated by a lexical analyzer alone, and the user must clearly understand
each retrieved sentence. Figure 9 shows this ambiguous situation.

10



51 ~ mhe

SOOI I ARSI ST (2B e]), ML a,

This transistor radio may be small but you can hear it very well.
Brrezl [l o EeTiEBL.

It's very dangerons to drive while absorbed in Lhought.

Figure 9: Example (Semantic Ambiguity)

8. Conclusion

We have proposed flexible text retrieval, based on syntax matching, as a mechanical aid to human
translation. In this method, the key text and entry texts are analyzed, and the key is generalized in
accordance with rules until it matches one or more entries. We have shown the feasibility of the method

by implementing a system for Japanese-to-English translation.

Future tasks include:
* Implementing a reverse direction system, using an English lexical analyzer.

* Collecting multi-lingual and multi-domain data, developing accurate and usable generalization rule sets

for each data, and evaluating them.
* Developing a system based on deeper analysis.
« Utilizing this retrieval mechanism for language education tools.

* Devising a rule acquisition method, from session-logs of ETOC, based on techniques of learning from

examples.

* Enhancing this mechanism in order to generate target sentences automatically, as suggested by

Nagao[nagao84).

11
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