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Abstract. The paper addresses the issue of complexity okldpment of the interlingua interpreters in
multilingual translation when developing the intefiers of related languages. The development cgiggthe
interlingua approach is proportional to the numbielanguages needed to be interpreted in. The paesents a
design of a modular interpreter architecture wrasgracteristic is the ability of being layered is&veral levels of
abstraction. A level of abstraction refers to tlegrée of abstractness of language structures thet a certain
module as data and on which transformations arfemeed. We try to place characteristics of groupsatural
languages in the dislayered architecture of inttgos. The use of this concept reduces the cat\aflopment for
enabling some of the modules to be reused whenlajfsxg the interpreters of related languages. Tdea iof
abstract dislayering is demonstrated with an exangdl interpretation of e-speranto in English andv8he.
E-speranto is a computer language intended fordawp multilingual documents on the Web and alswisg as
an intermediate language in multilingual transkatio
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Umestitev lastnosti jezikovnih skupin v véslojno arhitekturo tolmaca
vmesnega jezika pri véjezicnem prevajanju

Povzetek. Clanek obravnava problem zahtevnosti (cenegalled proto-language), from which individual

izdelave tolmé&ev vmesnega jezika pri &ezicnem ; ;
prevajanju. Pri prevajanju z uporabo vmesnega gejskcena languages have developed in different ways due to

izdelave tolmaev sorazmerna Stevilu jezikov, v katerihVarious geographical and political factors. Withe th
Zelimo tolmditi. Predstavliena je zasnova modularneincreasing use of Internet, the interaction amolmg t
e e oS poie members of diferentlanguage _communites. s
abstraktnosti jeziko\/nih struktur, ki v nek modstapajo kot becoml_rlg more .and more intense. However, this
podatki in nad Kkaterimi se izvajajo transformacijg. interaction is limited due to the so-called langrag

razslojeno arhitekturo tolniav skuSamo umestiti lastnosti divide. The majority of the world population namely

skupine naravnih jezikov. Uporaba predstavijenegackpta ; o
zmanjSa ceno izdelave toltev, saj lahko pri izdelavi speaks only their mother language, and only a ritinor

tolmasev sorodnih jezikov ponovno uporabimo nekater§Peaks an additional or two foreign ones. Tha_ltﬁgw
module. Ideja abstraktne razslojenosti je prikazsmg@rimeru most of the Web contents are presented only irbipe

tolmatenja e-speranta v angtédi in slovensini. E-speranto  orld languages, whereby English is still the pikna

je ratunalniski jezik, ki sluzi za zapis djezicnih besedil na choice guages, y Eng P

svetovnem spletu in kot vmesni jezik pri ¢ezicnem ) .

prevajanju. P : P aez Several commercial translators of natural langsage
are already available on the market, for example[ 82,

Klju ¢ne besedevmesni jezik, veslojna abstrakcija, tolnéa  [4], [5], but again only the big world languagese ar

e-speranto, \gezicno prevajanje supported. In order to develop translators for thé
language pairs, about 47,610,000 of such unitsldhou
1 Introduction be made. A much more appropriate approach thantdire

_ translation is the use of an intermediate languttyes
About 6900 languages that are spoken in the wdd [y5king the number of translators proportional te th

are divided into language groups and subgroups. TR mper of languages in which a selected contetot fie

division is based on a common predecessor (the S%cessed

In this paper we propose an architecture desifpred
Received 6 October 2008 interlingua interpreters that further reduces tbst of
Accepted 12 December 2008 developing a multilingual system. The approach is
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based upon a modular architecture of the interpgetean interlingua. The document written in Esperanto
and arrangement of modules in layers. The modules would be carried over the network and inerpretea in
different layers differentiate by how “near” to thechosen language by the target computer. Althougi DL
natural language are the data structures that é¢méer presented a novel and
modules as data and upon which the operations adnteresting approach to machine translation, thseilte
performed. Some languages are related. Their gramnveere not promising in practice.

and syntax are analogous. These languages usaaity h  The interlingua KANT [8] is based upon controlled
a common ancestor, from which some characteristi€&nglish (a language with a limited scope of vocahyl
are preserved in spite of the evolution. If theand was created with the intention of translating
characteristics of a group of languages are seghratechnical documentation. Its interpretation produce
from those specific to an individual language, suckhiery accurate sentences, but due to the limitdd té
“stratification” of the language characteristicsnche use it is not directly applicable for general nmugual
linked with a dislayered architecture of interprete translation.

Treatment of common characteristics can be UNL (Universal Networking Languayeis a
incorporated in a module common to all the langsageomputer language for recording and exchanging
mentioned. By doing so the cost of the developnoént information [9] and it is basically intended for
interpreters for a certain group of languagesdsiced. = communication on the Web. It supports 15 languages,
which makes it currently the largest multilingugstem
intended for use on the Web. Its main deficiencthes
limited power of expressiveness [10] and poor
An intermediate language or interlingua is an austr intelligibility of texts written in this languageyhich
presentation of the content that is independemhfamy already proved as a disadvantage during the
natural language [6]. The record in interlingua tusdevelopment of Internet standards in the past.

contain the whole information required for genergti
text in a natural language. Thus, the entire mepnia
want to express in a natural language must be apbtu
in interlingua.

The advantage of using the interlingua is a two- [pocumentin
phase course of translation between two naturall tanguage
languages. During the process, the modules th&imper
the conversion from a natural language to the |pocumentin
interlingua (translators) are independent of thtss language
perform the opposite conversion (interpreters).
Moreover, the interpreters and translators of dfie
languages are also mutually independent. The effect
this independence is the reduction of the number gf

. . . igure 1: Translation by using the interlingua agmh takes
units that would be needed in case of direct meg)p'rblac:e in two phases. In the first phase, the tedord perform

among the individual languages. The cost of thtedat the conversion from a natural language to the lintra. In
approach is as high as(n-1) wheren denotes the the second phase, the interpreters perform the sitepo
number of languages among which we want to tramslatonversion. By using the interlingua, the cost o th
By using the interlingua approach, the cost of thdevelopment reduces ®@n, since only a translator and an
interpreter development reduces 2o, since only a interpreter for each language must be made.

translator and an interpreter for each languaget imeis

made. . Generation of a text from an interlingua can beiedr
~In the past, numerous attempts of creating asut in different manners [6]. Most often it is basen
interlingua  that would be truly universal andjanguage rulesrgle-basedl that define the conversion
independent of natural languages were conducted. #dm a source presentation to the target one. Asoth
most cases it was established that it is difficalt \idely used approach is based upon the semantic and
determine and present the meaning in a text. Thgagmatic knowledge of a certain fielnpwledge-
majority of interlinguas has a language-independepfaseg. The Statisticalandexample-basedpproach are
structure and a vocabulary (a set of contained@oisy not used widely in generation of texts from an
that is not entirely independent of natural lan@sg interlingua because they both require a bilingeabas
Some more notable implementations of interlingu&s awhich is, however, hard to create when one of the
presented in the next paragraphs. languages is an interlingua.

DLT (Distributed Language Translatigri7] was a The majority of the approaches of the rule-based
project of the development of a multilingual systém natural language generation from the intermediate
the 1980s that used an adapted version of Espeaantogpstract presentation has a modular design with two

2 Interlingua and its interpretation
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basic steps of conversion. They represent the déxicas the parameters of these algorithms. The adwauatag
transformation (conversion of the interlingua cgrtse such an approach is obvious. By using general
into language units of a natural language) ancciral  algorithms and language-specific rules, we can
transformation between the language structuresth b theoretically make interpreters for different natur
languages [6]. An example of a well-establishetanguages by parameterizing the same algorithnis avit
framework that uses such design is ARIANE [11]linguistic content of the language we want to iptet
ARIANE is a flexible framework for the developmentin.

of machine translation systems between languags pai On the other hand, the efficiency of such an
which can also be an interlingua and a naturallagg. approach is questionable. We find the following
The system separates the algorithms from the Istigui deficiencies:

content as the parameterization of algorithms. fdve
interpreters of the interlingua are based on ARIAKE
example [12], [13]. The multi-layered architectur
introduced in the continuation is in fact an upgraud
the approach used in the ARIANE system.

It is very hard to determine the algorithms that
would be so general to translate language strugture
%rom the abstract intermediate form to any target
language. Such mappings would have to consider all
particularities of all target languages;

3 E-speranto . Even ?f we could define such mappings, the
interpretation would contain many redundant steps,

E-speranto, also named HTDHy{per Text Description because the majority of procedures would not hawe a

Languag@ [14], [15], is a design of a formal computerimpact on certain languages (e.g. determining tse c

language for recording multilingual texts, whichnca specifying extensions in English is meaninglessgesi

also act as an intermediate language for multilhgu English does not use parts of speech inflectionthi

translation. The field of use of purpose);

e-speranto is Web communications. Its advantage ove _ . .

similar approaches (e.g. UNL) is especially thé The interpreter W'th all mplemented_ pr_o(?edures

intelligibility of documents both to computers aslinas would be very extensive and difficult to maintain;

to people. The latter already proved as an advantag With real-time interpretation, such as interptietas

many times in the past in the development of variowf Web pages, the redundant procedures would cause

Internet  protocols.  The  basic  syntax  oflonger response time and as a consequence worse use

e-speranto is based on the extendable markup lgaguaxperiences.

(XML), while the grammatical rules are based on

ESperantO [16] <sentence original="E-speranto is a design of a computer language.'™

feelings="declarative" organization="simple":>

Unlike Esperanto (and some other multilingua sswaser aecaiivpersonal naner munber="stngular”>

<word>E-speranto</word:

systems, e.g. DLT), the grammatical characterigties </sup3ect>

<predicate detail predicate="main" mood="indicative™ wvoice="active"

speranto are expressed explicitly by means of ragdad e ame gy, T PEESERE" person=Tthizd™

as this is more suitable for computer handling. XML <sunordinates

compatible with HTML Hyper Text Markup A -
Languag¢, which enables the inclusion of e-sperant O onsact detail_chjscterof genitive’ mumber-"aingular™
into webpages. E-sperahtds a computer language Soor LR ora>

whose functionality can be classed within the e torc/words

presentation layer of the 1SO-OSlinternational ofEr e

Standards Organization - Open System Interconnec e

model. i

4 Multi-level abstraction of procedures croemanean

and Ianguage representation structures Figure 2: Record of a sentence in e-speranto. Tasch

in the interpreter building element in e-speranto is a clause. A dais a

. . . . . semantic unit that corresponds to a sentence irataral
Since interlingua is an abstract representatiorthef language. Clauses are composed of sentence elements

content, the whole specificity of the language must introduced by XML tags. The grammatical charactiessare
contained in the process of interpretation in geari. €. expressed explicitly by means of XML attributes. eTh
natural language. The most frequent approach toralat concepts representing the essence of e-sperantnaaked in
language generation is the use of language-indemendEnglish for the sake of better intelligibility.

(generic) algorithms and language-specific rules #ct

To avoid the deficiencies mentioned, we suggest
! The e-speranto project is in the development sttg#,is why its _?_Ir?layec;!n% Ofl |Interpreterst I!’l Sevgralll 'ay?tf (F@G)
specifications are subject to change. The currgmecgications are € Indivi u"?‘ ayers contain modules wi P“?Cm”
available on the Web page http:/Avww.e-speranto.org that are applied on the language structures whieloa
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the same level of abstraction according to theetarglanguage-specific rules as the parameters of generi
natural language. In every phase of interpretatiomlgorithms is preserved. The use of the paradignois
execution is carried between modules on differerdbligatory, since a module on a certain abstradgosl
layers, whereby a module on a higher level isan be completely specific for a particular intentof
compatible with several modules on a lower level. luse. For instance, if the properties of a certangliage
general, a module on a higher level can contain thilistinguish it completely from other languages for
content (algorithms and language rules) that wouldhich the modules already exist, we can make a
otherwise be common to several distinct moduleg. (e.completely specific module if it is more convenient
for different languages of interpretation) on a ésw from the developmental point of view or the poirit o
level. view of efficiency.

Some typical procedures on individual layers can b The advantages of dislayering the interpretertman
identified. The first phase of abstraction contaihe exploited provided the content that can be plaged i
procedures that are in general characteristic athine individual layers is identified. In the next chapte
translation. The procedures are language-indepéndeeparation (abstraction) of the characteristica gfoup
and in general dictate the course in which thef languages from the actual characteristics of
interpretation is executed. An example of the meslul individual languages in the group is suggestednasod
on this level are the two modules that separate thilee possible ways of classification.
interpretation on the transformation of conceptsrfran
interlingua to language units in a natural language Layer of Specificity of
(lexical  transformation) and the  structural abstraction elements to a language
transformation of the intermediate representation |
structure to its target form.

Actual realizations of the specified transformasio
take place in the next layers of abstraction. Byspay
through the layers, the transformations become more
and more language-specific. The last layer consibts Course of
modules that perform the processing on the level of L
individual languages. These modules can also acces
dictionaries and are parameterized with the languag

Module

=
=

Interface
rules of the target natural language. Tr
The features of the described approach are: _ :
e High modularity of the system; \ H 7 /
» Every module has its specific place in a certayer Phase of _ _ i
of abstraction and phase of interpretation; interpretation Hales;of mfemmeadiate Rulgs el the
! layers of abstraction target language

* The modules combine procedures that perforigg,re 3: Dislayering of the interpreter based bateactness
specific content-related transformation of the l2a@e of data structures on which the procedures in iddiad
structures (e.g. the rearrangement of the treeseiige modules are applied. The procedures perform spamfitent-
accordance with the word order in a natural languagelated transformation of the language structured are

determined by sentence inclination); parameterized with language rules. Interpretatakes place

) in several phases. A module on a higher level strabtion
* As the modules need to be interconnectable, thigsses the execution to lower levels which proaegssre and
approach requires a uniform definition of the ifdees more language-specific content. The algorithmsrafividual
through which the modules are connected. levels use rules that become more specific withdsseending

. . . degree of abstraction.
The described approach actually implies

segmentation of algorithms over the abstract layers )

dependence on “how close” the language structwae th? Placement of natural languages into the

is the subject of processing is to a target languy layers of the interpreter

this process, every algorithm in principle remains

language-independent; however, a set of algorittinals Despite the common misconception that there exists

is used for interpretation in an individual langaagonly a handful of language groups, languages can be

becomes language-dependent. For this purpose,d setoughly divided in some ten language families that

modules needed for the interpretation of interlmgua further divided in subgroups. The Roman, Slavic and

natural language must be specified before the bégin Germanic subgroups that include the majority of

of the interpretation process. European languages are subgroups of Indo-European
By using this approach to organization of théanguages. Some features of the Slavic subgroup, fo

building blocks of the interpreter, the paradigmtieé  which the e-speranto is intended in the first place:
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» Fusional morphology(Slavic languages have thethe interpreted languages are not deprived of their
tendency to form new words by adding one or severakpressiveness, since it is possible to expres@silm
different morphemes to the already existing words);  anything with simple sentences.

Because e-speranto is a computer language, we can
w some parallels with the interpreters and tedos

of computer programming languages regarding the
« Difference between the perfect and imperfect verbterpretation. Namely, the process of interpretatis
aspect similarly divided into several stages. We distirgui

» Preservation of cases from the proto—lndo—EuropeaH ra
language(most Slavic languages have seven cases);

« Inflection of parts of speeclfagreeing in tense, * lexical and syntactical analysis of the sourcdezo

inclination, person, number, gender, case, etc.). . generation of the intermediate code

The dominant language in the world of electronig
communications is English, which belongs to the
Germanic subgroup of the Indo-European languades.sl compilation phase.
we compare the features of English with the already
presented features of the Slavic languages, westede
that:

code optimization, and

The lexical and syntactic analyses are performed
every time during the composition of a documengin
speranto and are provided by the development
e English has minimal inflection of parts of speeclenvironment. For this purpose the development
(inflection is mostly replaced with changes in therd environment based on the Eclipse platform was
order or with the use of other parts of speech, e.developed. The built-in XML editor performs the
prepositions); verification of the document conformity with the
e-speranto grammar, syntax and vocabulary.
The other phases of development are realizeden th
ES interpreter. The conversion of the
e-speranto document into the expressions of the
YMathematica language is analogous to the generafion
the intermediate code. The phase of code optimizati
It is not our intention to present the similastiand in the classical translators corresponds to thetatian
differences between individual languages in detait, of the intermediate representation structure toféie
to emphasize that we can make use of the resengdanthat is used in the process of interpretation ifE SN
in the development of interpreters. The charadtesis (compare Figures 2 and 5). The phase of optimizasio
that are common to a certain group of languagesean important since it enables, to a certain degree, th
introduced on an abstractly higher level than thial independence of the tree structures in INES from th
characteristics of individual languages in this ugro changing grammar and syntax of e-speranto, as the
The abstraction made by separating the commdatter is still being developed.
characteristics from the specific ones can be cciede The compilation phase is the main step of the
with the dislayered architecture of interpreters. interpretation in a selected natural language. Athée
case with the majority of the interpreters of the
6 INES —Implementation of the dislayered interlingua, in I_NES this phase is also realizedvio
steps. In the first step, the replacement of easper

Interpreter concepts and their attributes with the words irmrget

We relied on this architectural approach when nmkin@nguage (the so-called lexical transformation)etak
an e-speranto interpreter INESNferpreter of E- place, while the structurall transformauo_n is pqud
Sperantd. For this purpose we used two programmind) the second step. The interpretation in both sstiep
languages with different programming paradigms. Thearried out with the modules that are arranged timtee
programming language Java, inlayers of abstraction. The dislayered architectafe
which the connection with the InterAetvas made, INES with some distinctive procedures on individual
employs theobject-oriented paradigniThe core of the layers is shown in Figure 4. _
interpreter was written in the symbolic programming The first layer comprises modules that dictate the
language Mathematica, which is well known for thé&ourse of interpretation and are independent of the
rule-based programming and symbolic pattern target language. The layer is only aware of the tfaat
matching To simplify the initial development, we @ sentence in a na_tural Iangu_age_ contains thg ateme
focused on the interpretation of simple sentences. ( that express an action or activity (i. e. the prat#) and

sentences with only one vert)espite this limitation, the  holder of  this  action or  activity
(i. e. the subject). This layer also contains tigerdthms

2 The interpretation of simple sentences can be tried on for mpvements in the tree structure. A”.“’”g theo@'
e-speranto's Web page. possible methods the top-bottom, left-right apphoesc

« Unlike the so-calledsynthetic languagege.g. the
Slavic languages) which use morpheme inflection th
express different notions, English is aanalytic
language in which individual language units are usuall
made up of a single morpheme.
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implemented in INES. The individual subtrees ar§ An example of interpretation in English
identified according to their type; their transf@tion is and Slovene

then performed by the lower layers.
Although e-speranto is primarily designed for thavie

‘ First layer (language independent) ‘ Second layer (a group of languages) ‘ ‘ Thirdiayer (natural anguags) ‘ |anguages, it is not limited to this Ianguage grdUpan
also be used for interpreting in other languageth wi
Analysis Analysis of the somewhat limited accuracy. Let us have a look at an
o the ‘ S e example: the interpretation of an
e-speranto Analysis of the - - i
e i e L e-speranto record of the sentendé-speranto is a
T design of a computer languag€Figure 2) in English,
< which can be classified in the Germanic language
L[ e e il family, and the interpretation of the same sentence
Lexical ey L L[ goneten || € Slovene, a representative of the Slavic family. As
transformation ] S| KT g | | 8 .
| || rorstomaten | 2 8 already stated, the two language groups differ, rgmo
phitase ’—| Adverb . . -
s i other things, in the part of speech agreement. &\thi

Slavic languages use inflections for denoting caties

| Rearrangement of edges on Word order on the N R . e
L [ i | latter are indicated with word order or preposisi@nd
Rearrangement of edges. on Word order on the clause . . . .
Structural eckussion ||| |, oo only rarely with suffixes in Germanic languages.
transformation Pt g corfcin ]
Trea flatianing ‘ | Punciuation mark | E; — a set of all nodes that are subordinate to ttiernode

Conjunction generation

generation

NT; — a set of non-terminal nodes that are suborditaténe i-th node
Ti — a set of terminal nodes that are subordinatth&i-th node
Figure 4: Scheme presenting operation of INES. INEE@n | Li — @ set of terminal nodes that represent concepid are
implementation of a dislayered interpreter with tme%”bord'“ate to the i-th node .

- . g i — a set of terminal nodes that represent the laites of concept
architecture presented in the Figure 3. In INE®rephase of | ;14 are subordinate to the i-th node
interpretation is divided into three layers. Thegadures in
the modules in the first layer perform languagesjpehdent | Lin Ai=Ti, Tin NT,=E;
operations that are common to rule-based machamslation.
T s ! e el O o1 | ) Farhe cran s saani

! 3.) For every IO L pass the execution to a module on a lower layer

specific. with setA; as the parameter.
4.) Add a subtree which is a result of the transfation under 3.) to|
The modules in the second layer are closer to t%‘? nodeN;. .
L R .) For the current node find the 9¢T;.
language f?.ml|leS. These modules in g.eneral perfc .) For every root element @ NT; find the type of the subordinate
transformations of particular subtrees in accordamGubtree with m as the root element and pass theutize to a
with their type. The type of a subtree is deterrdibg procedure that performs the transformation of sackubtree withA;
th tacti d/ ti le th t elenignt functioning as the parameter.
€ syntactic anda/or semantic role the root elemen 7.) Add the results returned under 6.) to the nNde

performing according to the parent element in tle@ t| 8.) As a result of the transformation return a sabtwith the root;.
representation. In general, a subiree of a cetipe Table 1: Example of the algorithm for the subtree

corresponds to a particular C'a!*se or its part in ffansformation with a change of the layer of exiecut
sentence of a natural language. Figure 5 showbtaegu

that corresponds to a predicate noun in a natural Figure 5 shows a subtree in the form of a tree
language. , . structure of the Mathematica programming language.
The procedures with language-specific rules can Bg,e guptree corresponds to the noun phrase witign t
found in the third layer. These procedures mapptrés predicate of the analysed sentence. The mappirtigeof
of a tree structure to the elements of a naturajuage g piree to a structure which is closer to the lagguof
in a way that is specific to the language Ofnerpretation is carried out in the middle layBigire
interpretation. An example of such a transformai®n 4) on the basis of the algorithm presented in Tdble
the replacement of the e-speranto concepts and thehe ransformation depends on the type of the sabtr
attributes with the words of the target languageher The interpretation of the concepts within the tree
rearrangement of the tree edges in accordancetheth structure, together with their attributes (e.g. bem
word order in which particular clauses appear ia thdeep case, etc), is performed by a module on thesb
target language. The access to word and phragge| (“the layer of languages” in the Figure 4).
dictionaries is also implemented in this layer. Figure 6 shows the result of the transformation
performed by a module designed specifically for
English. The deep case, marked wifiGenitivein the
original representation tree, is expressed withatihding
of a branch with the prepositiaf to a node where the

1.) For the current node create a new root notle

=
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source tree contained a branch with the attribfitth®

deep case. e
il
[PrHoun |desig‘n| |xDbject,|
L~ ey
" ‘ \\x, o
« ‘ lancmage | }xCaseHod | Txktﬂ
design | Number | Object L i

| [computer |
[or ] |icomparer ]

‘;ngular‘ language Case [Nunber | |[nttribute|

Figure 6: Tree after transformation with a modyledific to
English. The deep case in e-speranto is expressed av
preposition in English.

ofGenitive singular |computer |

Figure 5: Noun phrasealesign of a computer langudgetior _
to the transformation in the form of the tree stmoe of the |ﬁ?ﬂ°\ﬂ

symbolic programming language Mathematica. b B S
[z=stovE] [zoudece
. . . . A
Interpretation of this structure in Slovene is he o DR
I_J_ezﬂ(a! | xate|

performed in a completely different manner, sinige t — |
deep cases in e-speranto are linked with the seheot
suffixes that are added to the word roots (Figuye 7
Selection of the suffix depends on the grammatieae  Figure 7: Tree after transformation with a modute fhe
that corresponds to the deep case in e-speranto §Rwvic languages, specifically with the Sloveniamngmar
Slovenian in this case to the genitive). Moreoverules. The deep case in e-speranto is expressédsuifixes
selection of the suffix also depends on the grarimamlat that are added to the root words.
gender of the Slovene equivalent of the e-speranto
concept_langgage (in Slovenigezik and its number. g Conclusion
The suffix -a is thus added to the root wolahguage
(jezik and the suffix egais added to the root word In this paper we introduced the idea of a moduéesigh
racunalnisk (racunalnigki = compute). The case must Of interpreters of the interlingua with a layered
be assigned to all e-speranto attributes that areweti ~ architecture on different layers of abstractione Tévels
from the level where the deep case is specifiedfotf Of abstraction refer to the degree of abstractoésbe
instance, the attributtormal were also subordinate to language structures that enter modules on a ceetegh
the attributecomputer the interpretation of the deepand are processed by the procedures that are
caseofGenitivewould be necessary also on this levelmplemented in the modules. The potential advantdge
(zasnova formaln-ega ¢analnisk-ega jezik-a, design ofthe proposed approach is especially reduction ef th
a formal computer language development cost of the interpreters in related
A module that supports the aforementioned@nguages, since the development of modules thegrco
mechanism of composing language units can also B common characteristics of languages is required
used for other Slavic languages by changing ondy tiPnly once.
content of the layer of languages. The idea of the abstractly layered interpreter was
In the presented example, interpretation in SleverPractically implemented on the interpretation of
(and other Slavic languages) differs significarflym e-speranto in the Slovenian and English languabes&
that in English. The difference lies both in thegaage two interpreters comprise a part of the modules itha
rules and also in the procedures on the basis afhwh common and a part specific to an individual languag
the rules are applied. Of course, we could create Adthough the languages belong to different language
generalized procedure that would perform the sanflbgroups, we were able to reuse about half of the
tasks on the basis of different rules for both 8tevand Mmodules or the programming code.
English. The usability of such a method for langesag ~ The INES framework is currently in the process of
that do not belong to the Indo-European languagemr being extended and upgraded. As at the time bémg,
(e.g. Japanese or Chinese) is questionable. Thénctionality enables merely processing of simple
development of general algorithms for processing tHanguage structures, it is not to be expected whtit a
language structures is a demanding task which mesjui further upgrading of its functionality the factor reuse
cooperation of a large group of people from differe in interpretation in two languages that do not shar
fields. The process is much easier if the developate many similarities will remain on this level. We eq
group uses the already developed modules on higHegtter results with interpretation of languagest i@
levels of abstraction and merely adds the conteattis ~ Similar both in syntax and grammar.
specific to their language of interpretation.
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Our future work will be towards two fields. Firste  [14] S. Omerou, G. Jakus, T. Filimonova, S. Tom&Zzi
want to perform a more thorough research in the Zapis veéjezicnih besedil v  e-sperantu,

optimal number of layers in the layered architestaf Elektrotehniski vestnjik/ol. 74, No. 3, 2007

the interpreters and determine the content thadsyé® [15] S. Tomai, Multilingual Web with E-speranto,
be placed into individual layers so that the faobér The IPSI BgD Transactions on Internet Research
reuse is optimally high. Secondly, we intend td the IPSI Bgd Internet Research Society, July 2007 Vol.
idea on a large number of Slavic languages andgess 3 No. 2

its advantages in terms of the cost of the intégpre [16] F. Amerio, G. Bonvecchiato, G. C. Fighiera,
development and the quality of interpretation. The Esperanto: Data and Facts2nd edition, FEI -
reference language will still be English. The isafe Milan, 2002

interfaces will be given some attention, too. Afogf

will be taken to assure conformity of data struesuthat Grega Jakus graduated from the Faculty of Electrical
are passed among the layers, particularly with mofkengineering of the University of Ljubljana, Slovanin 2007.

complex interpreters that combine a large number &€ is currently employed as a junior researcherttia
modules Laboratory of Communication Devices at the same Ifiacu

His research focuses on machine translation algost
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