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Abstract — The paper introduces an overview of 

a multilingual translation system based on  
e-speranto.  

 

E-speranto is a computer language intended for 
recording multilingual documents on the Web. It 
can also serve as an intermediate language, or 
interlingua, in multilingual translation. Its 
advantage over similar approaches is the 
compatibility with HTML and the intelligibility of 
documents both to computers as well as to people.  

The development of the e-speranto-based 
translation system consists of four stages. They 
include the development of language, tools for 
writing documents directly in e-speranto, 
interpreters of e-speranto and translators from a 
natural language to e-speranto. 

A proof-of-concept implementation of the 
translation system uses the components from the 
first three stages of the development. These 
components are organised using the client-server 
architecture model. 

By using a Web browser, the user can request 
the interpretation of a multilingual document. On 
the server side, the requests are passed to the 
interpreter of e-speranto. The result of the 
interpretation is a HTML document that is returned 
to the client. Language-specific data, such as 
language rules, word and phrase dictionaries, are 
contained in a database. The database can be 
located on the client or on the server.  

The interpretation of a document in e-speranto is 
realized in three steps that include semantic 
generation, lexical transformation and structural 
transformation.  

The interpreters implement a modular 
architecture. The modules are divided into three 
layers of abstraction. A level of abstraction refers 
to the degree of abstractness of language 
structures that enter a certain module as data and 
on which transformations are performed. The 
procedures in the modules in the first layer 
perform language-independent operations that are 
common to rule-based machine translation. The 
procedures in the second layer are typical of a 
group of languages, while the ones in the third 
layer are language-specific. 
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1. INTRODUCTION 
HE multilingualism is  gaining i mportance in 
today’s society when t he W orld i s i n t he 

process of globalization. The barriers and divides 
among different nations and cultures are blurring. 
A typical example of such a process in Europe is 
the uniting of nations and t heir economies in the 
European Union. While di fferent markets are 
merging into single one,  t he l anguage di vides 
remain. 

One of the demanding problems related to the 
multilingualism on the Web is the number of units 
needed for t ranslation am ong different 
languages. T he pr oblem i s bur ning s ince t here 
are pr actically no pol itical, geogr aphical or  any 
other kind of obstacles for the interaction among 
individuals. One can come across any language 
while using the I nternet. I n or der t o dev elop 
translators for all known 6900 languages that are 
spoken in the World today, about  47,610,000 of  
translators should be made. 

One of the possible solutions to this problem is 
the us e of  an intermediate l anguage or  
interlingua. Interlingua is an abstract presentation 
of t he c ontent t hat i s i ndependent from any  
natural language [ 1]. T he r ecord i n i nterlingua 
must c ontain t he w hole i nformation required for 
generating t ext i n a nat ural l anguage. T hus, the 
entire meaning we want to ex press i n a nat ural 
language must be captured i n i nterlingua. T he 
advantage of using the interlingua is a two-phase 
course of  t ranslation bet ween t wo natural 
languages. During the process, the modules that 
perform the conversion f rom a nat ural l anguage 
to the interlingua (translators) are independent of 
those t hat per form t he oppos ite c onversion 
(interpreters). Moreover, the interpreters and 
translators of di fferent l anguages ar e al so 
mutually i ndependent. T he ef fect of this 
independence i s t he r eduction of  t he num ber of 
units t hat w ould be needed i n case of direct 
mapping am ong t he individual languages. T he 
cost of the latter approach i s as  hi gh as  n(n-1), 
where n denotes the number of languages 
among which we want to translate. By using the 
interlingua appr oach, t he c ost of  the interpreter 
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development r educes t o 2n, since onl y a 
translator and an interpreter f or eac h l anguage 
must be made. 

2. RELATED WORK 
Numerous at tempts of  c reating an interlingua-

based multilingual system were conducted in the 
past. S ome m ore not able i mplementations ar e 
presented in the next paragraphs. 

DLT (Distributed Language Translation) [2] 
was a project of the development of a multilingual 
system in the 1980s that used an adapted 
version of Esperanto as an interlingua. The 
document w ritten i n Esperanto would be carried 
over the network and i nterpreted i n a c hosen 
language by  t he t arget c omputer. Although DLT 
presented a novel and i nteresting appr oach t o 
machine translation, t he r esults w ere not  
promising in practice. 

The KANT system [3] is based upon controlled 
English (a language with a l imited s cope of  
vocabulary) and was created with the intention of 
translating t echnical doc umentation. I t produces 
very accurate sentences, but due t o t he l imited 
field of use it is not directly applicable for general 
multilingual translation. 

UNL (Universal Networking Language) [4] is a 
computer language for recording and exchanging 
information and it is bas ically i ntended f or 
communication on the Web. It supports 15 
languages, w hich m akes i t c urrently one of  the 
largest multilingual systems intended f or us e on 
the Web.  Its main deficiency is the limited power 
of ex pressiveness [ 5] and somewhat lower 
degree of  intelligibility o f texts written i n t his 
language. The l atter already pr oved as  a 
disadvantage dur ing the development of Internet 
standards in the past. 

Generation of a text from an interlingua can be 
carried out in different manners [1]. Most often i t 
is bas ed on l anguage r ules (rule-based) t hat 
define the conversion from a source presentation 
to the target one. Another widely used approach 
is based upon the semantic and pragmatic 
knowledge of  a c ertain f ield ( knowledge-based). 
The s tatistical and ex ample-based approach are 
not generally used in generation of texts from an 
interlingua because they both require a bilingual 
corpus w hich i s, how ever, har d to create when 
one of the languages is an interlingua. 

The majority of  t he appr oaches of  t he r ule-
based natural language gener ation has  a 
modular design w ith t wo bas ic s teps of  
conversion. T hey r epresent t he l exical 
transformation ( conversion of  t he lexical u nits) 
and s tructural transformation bet ween t he 
language structures in both languages [1]. When 
generating text from an interlingua, the semantic 
generation is also present. During this step, the 
deep s yntactic s tructure of the c ontent is 
generated ac cording to t he s emantics in the 

interlingua representation. 
An ex ample of  a w ell-established f ramework 

that uses similar design is ARIANE [6]. ARIANE 
is a f lexible f ramework f or t he dev elopment of 
machine translation s ystems bet ween l anguage 
pairs w hich c an al so be an i nterlingua and a 
natural language. The system separates the 
algorithms from the l inguistic c ontent as the 
parameterization of algorithms. Several 
interpreters of the interlingua are based on 
ARIANE, for example in French [7], [8].  

3. E-SPERANTO 
E-speranto [9], [10] is a formal computer 

language for recording multilingual texts. Its main 
goal is t o ov ercome l anguage di vides i n t he 
Internet. A document in e-speranto is interpreted 
in a c hosen l anguage, w hen t he us er r equests 
the document to be displayed. 

The bas ic s yntax of e -speranto i s bas ed on 
XML (eXtensible Markup Language) which is an 
important t echnology on t he Web today. XML is 
compatible with HTML and t herefore e -speranto 
can be i ncorporated i nto W eb pages . S yntactic 
and grammatical rules are taken from Esperanto, 
but ar e ex pressed ex plicitly by  m eans of  
metadata.  

The main advantage of e-speranto over similar 
approaches is especially the intelligibility of 
documents both to c omputers as  w ell as t o 
people and c ompatibility w ith ex isting Web 
technologies, such as XML and HTML. 

The development of the e-speranto-based 
translation system consists of f our s tages. T hey 
include t he dev elopment of  l anguage, tools for 
writing documents directly in e-speranto, 
interpreters of  e -speranto i n a nat ural l anguage 
and translators from a natural language to  
e-speranto. When t he i nterpreters of  e -speranto 
are developed, the di splaying of  W eb pages  i n  
e-speranto will be possible. When the translators 
from nat ural l anguages to e -speranto ar e 
available, also m ultilingual t ranslation between 
different pai rs of  l anguages using e-speranto as  
an interlingua will be feasible. 

4. INTERPRETATION OF E-SPERANTO IN  
NATURAL LANGUAGES 

The interpretation of a document in e-speranto 
is based on tree transformations. A tree consists 
of s ymbols t hat denote c oncepts, c oncept 
attributes and t he r elations am ong c oncepts. I t 
contains enough information to perform the 
interpretation on the semantic, m orpho-lexical 
and s yntactic level. A tree i s r epresented i n t he 
syntax of Mathematica programming language in 
which the core of  the prototype interpreter INES 
(the INterpreter of E-Speranto) was made. 

 Because e -speranto is a c omputer l anguage, 
we can draw some parallels with the interpreters 
and translators of computer programming  
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Figure 1: Record of a sentence in e-speranto. The basic building element in e-speranto is a c lause. A clause is a 
semantic uni t t hat c orresponds t o a s entence i n a nat ural l anguage. C lauses are composed of sentence elements 
introduced by  XML tags. The grammatical characteristics are expressed explicitly by means of  XML at tributes. The 
concepts representing the essence of e-speranto are marked in English for the sake of better intelligibility. 

 
languages r egarding t he interpretation. 

Namely, the process of interpretation is similarly 
divided into several stages. We distinguish: 

• lexical and syntactical analysis of the source 
code, 

• generation of the intermediate code, 
• code optimization, and 
• compilation phase. 
The l exical and s yntactic anal yses are 

performed every time dur ing the composition of  
a doc ument i n e -speranto and ar e pr ovided by  
the dev elopment env ironment. F or this purpose 
the development environment based on the 
Eclipse pl atform w as dev eloped. T he bui lt-in 
XML editor performs the verification of the 
document conformity with t he e -speranto 
grammar, syntax and vocabulary. 

The ot her phas es ar e r ealized i n t he INES 
interpreter. The c onversion of  t he e -speranto 
document into the expressions of the 
Mathematica language is analogous to the 
generation of  the intermediate code. The phase 
of code optimization i n t he c lassical t ranslators 
corresponds t o t he adapt ation of the 
intermediate representation structure to the form 
that i s us ed i n t he pr ocess of  i nterpretation i n 
INES (compare F igures 1 and 2). The phase of  
optimization i s i mportant s ince i t enabl es, t o a 
certain degr ee, t he i ndependence of  the tree 
structures in INES from t he c hanging gr ammar 
and s yntax of  e-speranto, as  t he l atter i s s till 
being developed. 

The compilation phase is the main step of the 
interpretation in a s elected natural l anguage. I n 
INES this phase is realized in three steps. 

In t he f irst s tep, t he s o-called semantic 
generation is carried out . For eac h e -speranto 
concept a s yntactic s tructure is gener ated that 
represents the same meaning in a natural 
language as t he c orresponding e -speranto 

concept. This is in accordance with the principle 
of compositionality which s tates t hat t he 
meaning of a phrase is a function of its 
constituents and their position in a phrase. In the 
interpretation of  e -speranto, this phas e i s 
important for the generation of common phrases 
and idioms. 

In the second step (the lexical transformation), 
lexical units ar e f ormed on t he bas is of  
lexico-morphological attributes of concepts in  
e-speranto and linking of  t hese concepts to the 
lexical uni ts i n a nat ural language (e.g.  
e-speranto record {‘lingua’, tense: plural} is 
interpreted as ‘languages’ in English). 

 

 
 
Figure 2: Simplified representation of the noun 

phrase “design of a computer language” from the 
sentence in the Figure 1 i n t he f orm of  t he t ree 
structure of t he s ymbolic pr ogramming l anguage 
Mathematica.  
 

In t he third s tep, t he s tructural transformation 
is c arried out . T he t ree t hat comprises lexical 
units i s r earranged ac cording to the pur pose of  
the m essage ( e.g. t he m ood of  t he sentence), 
the syntax of the target language, etc. This step 
also includes the processing of  punctuation and 
conjunctions. Finally, the tree is transformed to a 
sequence of lexical uni ts r epresenting a 
sentence in a natural language. 
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Figure 3: Scheme presenting operation of INES. Every phase of interpretation is divided into three layers. The 
procedures in the modules in the first layer perform language-independent operations that are common to rule-based 
machine translation. The procedures in the second layer are typical of a group of languages, while the ones in the third 
layer are language-specific. 
 

5. ARCHITECTURE OF THE INTERPRETERS 
The interpretation is carried out with the 

modules t hat ar e ar ranged i nto three levels of 
abstraction [ 11]. A  l evel of  abs traction r efers to 
the degree of abs tractness of  l anguage 
structures t hat en ter a c ertain m odule as  dat a 
and on which transformations are performed. The 
architecture of  I NES w ith s ome distinctive 
procedures on individual layers is shown in 
Figure 3. 

The f irst l ayer comprises modules that dictate 
the course of interpretation and ar e independent 
of the target language. The layer is only aware of 
the fact that a sentence i n a nat ural l anguage 
contains t he el ements t hat express an action or 
activity ( i.e. the predicate) and t he holder of  this 
action or activity (i.e. the subject). This layer also 
contains the algorithms for movements in the tree 
structure. A mong t he v arious possible methods 
the recursive depth-first search algorithm is 
implemented in INES. The individual subtrees are 
identified according to their type; their 
transformation i s t hen per formed by  t he lower 
layers. 

The modules in the second layer are closer to 
the language families. These modules in general 
perform t ransformations of  par ticular subtrees in 
accordance with their type. The type of a subtree 
is determined by the s yntactic and/ or s emantic 

role t he r oot el ement i s performing according to 
the parent element in the t ree representation. In 
general, a s ubtree of a c ertain type corresponds 
to a particular clause or its part in a sentence of a 
natural language. Figure 2 shows a s ubtree that 
corresponds to a predicate noun i n a nat ural 
language. 

The procedures w ith l anguage-specific r ules 
can be found in the third layer. These procedures 
map the parts of a tree structure to the elements 
of a nat ural language in a w ay that is specific to 
the l anguage of  i nterpretation. A n ex ample of 
such a transformation i s t he r eplacement of  t he  
e-speranto concepts and their attributes with the 
words of the target language or the 
rearrangement of t he t ree edges  i n ac cordance 
with the w ord or der i n w hich par ticular c lauses 
appear i n t he t arget l anguage. T he ac cess t o 
word and phrase dictionaries is also implemented 
in this layer. 

The characteristics that are common to a 
certain group of languages can be introduced on 
an abs tractly hi gher l evel (e.g. on t he second 
layer for a particular group of languages) than the 
actual characteristics of i ndividual l anguages i n 
this group (the t hird l ayer). T he us e of  this 
concept r educes t he c ost of  dev elopment f or 
enabling some of the modules to be reused when 
developing the interpreters of related languages. 
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6. ARCHITECTURE OF THE SYSTEM PROTOTYPE  
The implementation of  t he t ranslation s ystem 

prototype (Figure 4 ) is r oughly di vided i nto t wo 
parts: t he c lient s ide and t he server side. The 
server s ide i s only present dur ing the 
development of the e-speranto language and the 
interpreters. When the language is standardized, 
the interpreters will migrate from the server to the 
client. The functionality of the interpreters will be 
implemented in browsers through the plug-ins. 

The performance of the system prototype can 
be tested on the project’s Web site [12]. 

6.1. Client side 
On t he c lient s ide, the documents i n  

e-speranto ar e c omposed. F or t his pur pose an 
integrated development environment (IDE) based 
on the Eclipse platform [13] was developed. The 
IDE pr ovides t he us er w ith the content 
assistance, doc ument v alidation, ac cess t o t he 
dictionaries and t heir ef fective use dur ing t he 
composition of documents. 

By using a Web browser, the user requests the 
interpretation of  a m ultilingual doc ument t hat i s 
located on the server. 

6.2. Server side 
On t he s erver s ide, A pache T omcat, a Java 

HTTP W eb s erver, handl es t he requests for the 
interpretation of  doc uments i n e-speranto. T he 
requests are passed t o t he INES. The i nterface 
between t he I nternet and t he core of  t he 
interpreter is written i n J ava pr ogramming 
language. 

 

 
Figure 4: Implementation of the multilingual 

translation system based on e -speranto us ing t he 
client-server architecture model. 
 

The sentences in an e-speranto document are 
converted to s ymbolic t rees. B eside t he 
transformation of  t he dat a structures, the 
compilation of a “starter script” is carried out. The 
script comprises trees that need t o be 

transformed, specifications of t he m odules t hat 
are needed to perform the interpretation, as also 
global variables and processing instructions. The 
module s election depends  m ostly on t he 
language of interpretation. 

6.3. Database 
The database is primarily located on the 

server, but  i t c an al so be l ocated on t he client. 
Database serves as a source of language-
specific c ontent s uch as  l anguage rules, word 
and phrase dictionaries.  

 

7. CONCLUSION 
In this paper we introduced a brief overview of 

the mu ltilingual machine t ranslation s ystem 
based on e -speranto. T he m ost i mportant 
features of the presented system are: 

• the use of an interlingua that is compatible 
with HTML and it can be therefore used for 
recording multilingual c ontent di rectly i n 
Web pages; 

• the use of an i nterlingua t hat i s s imple 
enough to be user-friendly, and is complex 
enough t o hav e enough expressiveness 
and unambiguity; 

• the s upport f or composing documents i n  
e-speranto by the tools dev eloped on t he 
Eclipse platform;  

• the i mplementation of  t he ar chitecture of 
the i nterpreters t hat al lows t he reuse of 
some modules and therefore it reduces the 
cost of the development of the interpreters 
into similar languages. 

Our further research will be towards the 
following f ields. We i ntend t o def ine t he f ormat 
and the content of  t he di ctionaries i n det ail. 
Moreover, w e i ntend t o upgr ade t he i ntegrated 
development env ironment w ith f eatures that 
would enabl e aut omatic publ ishing of the 
composed e -speranto documents on t he W eb 
server. We also want to perform a more thorough 
research i n t he opt imal num ber of  l ayers i n the 
layered ar chitecture of t he i nterpreters and 
determine the content t hat needs  t o be pl aced 
into individual layers. I n t his c ontext, w e w ill 
pursue the aim of optimally high factor of module 
reuse when interpreting into similar languages. 
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