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Although a small number of English to Hindi WT systems are already available, the outputs 

produced by them are not of high quality all the time. Through this work we intend to analyze 

the difficulties that lead to this below par performance, and try to provide some solutions for 

them. 

There are several other major languages (e.g., Bengali, Punjabi, Gujrathi) in the Indian 

subcontinent. Demand for developing WT systems from English to these languages is 

increasing rapidly. But at the same time, development of computational resources in these 

languages is still at its infancy. Since many of these languages are similar to Hindi, 

syntactically as well as lexicon wise, the research carried out here should help developing 

WT systems from English to these languages as well. 

The major contributions of this research may be described as follows: 

1) Development of a systematic adaptation scheme. We proposed an adaptation scheme 

consisting of ten basic operations. These operations work not only at word level, but at suffix 

level as well. This makes adaptation less expensive in many situations. 

2) Study of Divergence. We observe that occurrence of divergence causes major difficulty for 

any WT systems. In this work we make an in depth study of the different types of divergence, 

and categorize them. 
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ABSTRACT: 

 

1. INTRODUCTION: 

 
Web Translation (WT) is the process of translating text units of one language (source 

language) into a second language (target language) by using computers. The need for WT is 

greatly felt in the modern age due to globalization of information, where global information 

base needs to be accessed from different parts of the world. 

Although most of this information is available online, the major difficulty in dealing 

with this information is that its language is primarily English. Starting from science, 

technology, education to manuals of gadgets, commercial advertisements, everywhere 

predominant presence of English as the medium of communication can be easily observed. 

This world, however, is multi-lingual, where different languages are spoken in different 

regions. This necessitates the development of good WT systems for translating these works 

into other languages so that a larger population can access, retrieve and understand them. 

Consequently, in a country like India, where English is understood by less than 3% of the 

population (Sinha and Jain, 2003), the need for developing WT systems for translating from 
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English into some native Indian languages is very acute. In this work we looked into different 

aspects of designing an English to Hindi WT system using Example-Based (Nagao, 1984) 

technique. Two fundamental questions that we feel we should answer at this point are: 

• The rationale behind choosing Example-Based Web Translation (EBWT) as the paradigm 

of interest; 

• The reason behind selecting Hindi as the preferred language. 

Below we provide justifications behind these choices. Development of WT systems 

has taken a big leap in the last two decades. Typically, Web translation requires handcrafted 

and complicated large-scale knowledge (Sumita and Iida, 1991). Various WT paradigms have 

so far evolved depending upon how the translation knowledge is acquired and used. For 

example, 

 
1. Rule-Based Web Translation (RBWT): Here rules are used for analysis and representation 

of the “meaning” of the source language texts, and the generation of equivalent target 

language texts (Grishman and Kosaka, 1992), (Thurmair, 1990), (Arnold and Sadler, 1990). 

2. Statistical- (or Corpus-) Based Web Translation (SBWT): Statistical translation models are 

trained on a sentence-aligned translation corpus, which is based on n-gram modeling, and 

probability distribution of the occurrence of a source-target language pair in a very large 

corpus. This technique was proposed by IBM in early 1990s (Brown, 1990), (Brown et. al., 

1992), (Brown et. al., 1993), (Germann, 2001). 

 
However, these techniques have their own drawbacks. The main drawback of RBWT 

systems is that sentences in any natural language may assume a large variety of structures. 

Also, Web translation often suffers from ambiguities of various types (Dorr et. al., 1998). As 

consequences, translation from one natural language into another requires enormous 

knowledge about the syntax and semantics of both the source and target languages. Capturing 

all the knowledge in rule form is daunting task if not impossible. On the other hand, SBWT 

techniques depend on how accurately various probabilities are measured. Realistic 

measurements of these probabilities can be made only if a large volume of parallel corpus is 

made available. However, availability of such huge data is not easy. Consequently, this 

scheme is viable only for small number of language pairs. 

 
Example-based Web Translation (Nagao, 1984), (Carl and Way, 2003) makes use of past 

translation examples to generate the translation of a given input. An EBWT system stores in 

its example base of translation examples between two languages, the source language (SL) 

and the target language (TL). These examples aresubsequently used as guidance for future 

translation tasks. In order to translate a new input sentence in SL, a1 similar SL sentence is 

retrieved from the example base, along with its translation in TL. This example is then 

adapted suitably to generate a translation of the given input. It has been found that EBWT has 

several advantages in comparison with other WT paradigms (Sumita and Iida, 1991): 

1. It can be upgraded easily by adding more examples to the example base; 

2. It utilizes translators’ expertise, and adds a reliability factor to the translation; 
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3. It can be accelerated easily by indexing and parallel computing; 

4. It is robust because of best-match reasoning. 

 
Even other researchers (e.g. (Somers, 1999), (Kit et. al., 2002)) have considered 

EBWT to be one major and effective approach among different WT paradigms, primarily 

because it exploits the linguistic knowledge stored in an aligned text in a more efficient way. 

We apprehend from the above observation that for development of WT systems from 

English to Indian languages, EBWT should be one of the preferred approaches. This is 

because a significant volume of parallel corpus is available between English and different 

Indian languages in the form of government notices, translation books, Sometimes more than 

one sentence is also retrieved advertisement material etc. Although this data is generally not 

available in electronic form yet, converting them into Web readable form is much easier than 

formulating explicit translation rules as required by an RBWT system. In fact some parallel 

data in electronic form has been made available through some projects (e.g. EMILLE 

:http://www.emille.lancs.ac.uk/home.html). Also, there has been some concerted effort from 

various government organizations like TDIL2, CIIL Mysore3 , C-DAC Nodia4, (Vikas, 

2001) and various institutes, e. g., IIT Bombay5 , IIT Kanpur6 , LTRC (IIIT Hyderabad)7  

and develop linguistic resources. At the same time this data is not large enough to design 

English to Hindi SBWT, which typically requires several hundred thousand of sentences. 

These resources, we hope, will be fruitfully utilized for developing different EBWT systems 

involving Indian languages. Of the different Indian languages8 Hindi has some major 

advantages over the others as far as working on WT is concerned. Not only is Hindi the 

national language of India, it is also the most popular among all Indian languages. With 

respect to Indian languages, all the major works that have been reported so far (e.g. 

ANGLAHINDI (Sinha et. al., 2002), SHIVA (http://shiva.iiit.net/), SHAKTI (Sangal, 2004), 

Ma- Tra (Human aided WT)9 ) are primarily concerned English and Hindi as their pre- ferred 

languages. In 2003 Hindi has been considered as the “surprise language” (Oard, 2003) by 

DARPA. As a consequence, different universities (e.g. CMU, Johns Hopkins, USC-ISI) have 

invested efforts in developing WT systems involving Hindi. 

This world-wide popularity of the language makes the study of English to Hindi Web 

translation more meaningful in today’s context. 

One major advantage of having the above-mentioned English to Hindi translation 

systems available on-line is that it helped us in working on the systems to examine the quality 

of their outputs. In this respect, we find that the outputs given by the above systems are not 

always the correct translations of the inputs. The following Table 1.1 illustrates the above 

statement with respect to the systems “AnglaHindi” and “Shakti”. In this table we show the 

translations produced by the above two systems for different inputs, and also show the correct 

translations of these sentences. 
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2. COMPRATIVE STUDY: 

The need for an efficient and systematic adaptation scheme arises for modifying a retrieved 

example, and thereby generating the required translation. This chapter is devoted to the study 

of systematic adaptation approach. Various approaches have been pursued in dealing with 

adaptation aspect of an EBWT system. Some of the major approaches are described below. 

1. Adaptation in Gaijian (Veale and Way, 1997) is modeled via two categories: high level 

grafting and keyhole surgery. High-level grafting deals with phrases. Here an entire phrasal 

segment of the target sentence is replaced with another phrasal segment from a different 

example. On the other hand, keyhole surgery deals with individual words in an existing target 

segment of an example. Under this operation words are replaced or morphologically fine- 

tuned to suit the current translation task. For instance, suppose the input sentence is “The girl 

is playing in the park.”, and in the example base we have the following examples: 

(a) The boy is playing. 

(b) Rita knows that girl. 

(c) It is a big park. 

(d) Ram studies in the school. 

 
For the high level grafting the sentences (a) and (d) will be used. Then keyhole 

surgery will be applied for putting in the translations of the words “park” and “girl”. These 

translations will be extracted from (b) and (c). 

 
2. Shiri et. al. (1997) have proposed another adaptation procedure. It is based on three steps: 

finding the difference, replacing the difference, and smoothing the output. The differing 

segments of the input sentence and the source template are identified. Translations of these 
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different segments in the input sentence are produced by rule-based methods, and these 

translated segments are fitted into a translation template. The resulting sentence is then 

smoothed over by checking for person and number agreement and inflection mismatches. For 

example, assume the input sentence and selected templates are: 

SI A very efficient lady doctor is busy. 

St A lady doctor is busy. 

Tt mahilaa chikitsak vyasta hai 

The parsing process however shows that “The very efficient lady doctor” is a noun phrase, 

and so matches it with “The lady doctor” - “ek mahilaa chikitsak ”. “The very efficient lady 

doctor” is translated as “ek bahut yogya mahilaa chikitsak”, by the rule-based noun phrase 

translation system. This is inserted into Tt giving the following: 

Tt : ek bahut yogya mahilaa chikitsak vyasta hai. 

 
3. ReVerb system (Collins, 1998) proposed the following adaptation scheme. Here two 

different cases are considered: full-case adaptation and partial-case adaptation. Full-case 

adaptation is employed when a problem is fully covered by the retrieved example. Here 

desired translation is created by substitution alone. No addition and deletion are required for 

adapting TL0 for generating the translation of SL. Here TL0 and SL denote example base 

target language sentence and input source language sentence, respectively. In this case five 

scenarios are possible: SAME, ADAPT, IGNORE, ADAPTZERO and IGNOREZERO. 

Partial-case adaptation is used when a single unifying example does not exist. Here three 

more operations are required on the top of the above five. These three operations are ADD, 

DELETE and DELETZERO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: The five possible scenarios in the SL ! SL’ ! TL’ interface of partial case 

matching 

Note that there is a subtle difference between ADAPT and ADAPTZERO. For ADAPT as 

well as for ADAPTZERO, both SL and SL0 have same links but different chunks. If TL0 has 

words corresponding to the chunk which is different in SL and SL0, then the words in TL0 

should be modified and this is the case of ADAPT. One the other hand, if no corresponding 

chunk is present in TL0 then it is the case of ADAPTZERO. Therefore, in that case no work 

is needed for adaptation. Similar subtleties may be observed between DELETE and 
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DELETZERO, and also between IGNORE and IGNOREZERO. Other operations (such as, 

SAME, ADD) have obvious interpretations. Figure 2.1 provides the conceptual view of 

partial case matching. 

 
4. Somers (2001) proposes adaptation from case-based reasoning point of view. The simplest 

of the CBR adaptation methods is null adaptation where no changes are recommended. In a 

more general situation various substitution methods (e.g. reinstatiation, parameter 

adjustment)/transformation methods (e.g. commonsense transformation and model-guided 

repair) may be applied. For example, suppose the input sentence (I) and the retrieved example 

(R) are: 

I That old woman has died. 

R         That old man has died. wah boodhaa aadmii mar gayaa 

 
To generate the desired translation of the word “man” “aadmii” is first replaced with 

the translation of “woman” “aurat” in R. This operation is called reinstantiation. At this stage 

an intermediate translation “wah boodhaa aurat mar gayaa ” is obtained. To obtain the final 

translation “wah boodhii aurat mar gayii”, the system must also change the adjective 

“boodhaa ” to “boodhii ” and the word “gayaa ” to “gayii ”. This is called parameter 

adjustment. 

 
5. The adaptation scheme proposed by McTait (2001) works in the following way. 

Translation patterns that share lexical items with the input and partially cover it are retrieved 

in a pattern matching procedure. From these, the patterns whose SL side cover the SL input to 

the greatest extent (longest cover) are selected. They are termed base patterns, as they provide 

sentential context in the translation process. It is intuitive that the greater extent of the cover 

is provided by the base patterns, the more is the context, and the lesser is the ambiguity and 

complexity in the translation process. If the SL side of the base pattern does not fully cover 

the SL input, any unmatched segments are bound to the variable on the SL side of the base 

pattern. The translations of the SL segments bound to the SL variables of the base pattern are 

retrieved from the remaining set of translation patterns, as the text fragments and variables on 

the TL side of the base pattern from translation strings. 

 
The following is a simple example: given the source language input is I: “AIDS control 

programme for Ethiopia”, suppose the longest covering base pattern is: 

 
D1: AIDS control programme for (....) ke liye AIDS contral smahaaroo (...). 

 
To complete the match between I and the source language side of D1, a translation pattern 

containing the text fragment “Ethiopia” is required i.e. 

D2: (...) Ethiopia (...) Ethiopia (...). 
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The TL translation T: “ethiopia ke liye AIDS contral smahaaroo” is generated by recombing 

the text fragments: “Ethiopia” and “ethiopia ” are aligned in D2 as are the variables in the 

base pattern D1. Since “Ethiopia” and “ethiopia” are aligned on a 1:1 basis, and so are the 

variables in the base pattern D1, the TL text fragment “Ethiopia” is bound to the variable on 

the TL side of D1 to produce T. 

 
6. In HEBWT (Jain, 1995) examples are stored in an abstracted form for determining the 

structural similarity between the input sentence and the example sentences. The target 

language sentence is generated using the target pattern of the sentence that has lesser distance 

with the input sentence. The system substitutes the corresponding translations of syntactic 

units identified by a finite state Web in the target pattern. Variation in tense of verb, and 

variations due to number, gender etc. are taken care at this stage for generating the 

appropriate translation. This system translates from Hindi to English, therefore, we explain its 

adaptation process with the example of Hindi to English translation. 

 
For example, suppose the input sentence is “merii somavara ko jaa rahii hai ” and its 

matches with examples sentence R: “meraa dosta itavaar ko aayegaa ”. Steps (a) to (f ) below, 

show the process of translation. 

(a) merii somavara ko jaa rahii hai (input sentence) 

(b) <snp>1 <npk2>2<mv>3 (syntactic grouping) 

(c) [Mary] [Monday] [go] (English translation of syntactic groups) 

(d) <snp> <mv> fong <npk2> (target pattern of example R) 

(e) [Mary] [is going] on [Monday] (Translation after substitution) 

(f ) Mary is going on Monday (Final translated output) 

 
Many other EBWT systems are found in literature, e.g. GEBWT (Brown, 1996, 1999, 

2000, 2201), EDGAR (Carl and Hansen, 1999) and TTL (G uvenir and Cicekli, 1998). But 

overall in our view the adaptation procedures employed in different EBWT systems primarily 

consist of four operations: 

 
• Copy, where the same chunk of the retrieved translation example is used in the generated 

translation; 

• Add, where a new chunk is added in the retrieved translation example; 

• Delete, when some chunk of the retrieved example is deleted; and 

• Replace, where some chunk of the retrieved example is replaced with a new one to meet the 

requirements of the current input. 

 
The operations prescribed in different systems vary in the chunks they deal with. 

Depending upon the case it may be a phrase, a word or a sub-word (e.g. declensional suffix). 
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With respect to English and Hindi, we find that both the languages depend heavily on 

suffixes for verb morphology, changing numbers from singular to plural and vice versa, case 

endings, etc. Appendix A provides detail descriptions of various Hindi suffixes. 

Keeping the above in view we differentiated the adaptation operations in two groups: 

word based and suffix based. The word based operations are further subdivided into two 

categories: constituent word based and morpho-word based. Thus the adaptation scheme 

proposed here consists of ten operations: Copy (CP), Constituent word deletion (WD), 

Constituent word addition (WA), Constituent word replacement (WR), Morpho-word 

deletion (MD), Morpho- word addition (MA), Morpho-word replacement (MR), Suffix 

addition (SA), Suffix deletion (SD) and Suffix replacement (SR). Section 2.2 illustrates the 

roles of the these operations in adapting a retrieved translation example. 

 
CONCLUSION: 

The advantage of the above classification of adaptation operations is twofold. Firstly, it helps 

in identifying the specific task that has to be carried out in the step- by-step adaptation for a 

given input. Secondly, it helps in measuring the average cost of each of the above operations 

in a meaningful way, which in turn helps in estimating the total adaptation cost for a given 

sentence. This estimate can be used as a tool for similarity measurement between an input 

and the stored examples. 
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