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Abstract  

Machine Translation is a task of automatic translation a text from one natural 

language to another. Even after more than 60 years of research, Machine 

Translation is still an open problem. Work for the development of Machine 

Translation systems for Indian languages is still in infancy. This research work 

is an attempt to develop a Machine Translation system from Hindi to Punjabi 

language. A number of Machine Translation systems have already been 

developed though their accuracy needs to be improved.  Machine Translation 

is not a trivial task by nature of translation process itself. But Machine 

Translation of closely related languages eases the task. We call a language 

pair to be closely related if the languages have the grammar that is close in 

structure, contain similar constructs having almost same semantics, and 

share a great deal of lexicon. By closely related languages, we also mean 

closeness between the languages on the basis of features viz. common root, 

similar alphabets, similar verb patterns, structural similarity, similar grammar, 

similar religio-cultural and demograpohic contexts and references, a similar 

clearly displayed ability to blend with foreign tongues . Generally, such 

languages have originated from the same source and spoken in the areas in 

close proximity. Hindi and Punjabi belong to same sub group of the Indo 

European family, thus are sibling languages. It has been analysed that Hindi 

and Punjabi languages share all features of closely related languages. For 

such closely related sibling languages, effective word for word translation can 
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be achieved (Hajic et al., 2000) [90]. Thus for our system, Direct Machine 

Translation approach which seems promising approach has been used. 

The challenges in deleveloping Hindi to Punjabi Machine Translation system 

lie with major problems mainly related to the non-availability of lexical 

resources, spelling variations, word sense disambiguation, transliteration, 

named entity recognition and collocations. 

This research work addresses the problems in the various stages of the 

development of a complete Hindi to Punjabi Machine Translation system and 

discusses potential solutions. The thesis has been divided into eight chapters.  

The first chapter of the thesis introduces general concept of Machine 

Translation, various approaches to Machine Translation systems and key 

activities involved in Machine Translation. It also provides a formal description 

about the research question undertaken for this study. The objectives, need, 

and scope of the study have also been discussed. Then some of the key 

application areas of Machine Translation system are explored. Afterwards, the 

approach followed along with the reasons behind its selection to solve this 

research problem has been explained in brief. An overview of the design of 

the Machine Translation system undertaken to develop in this research work 

is provided later. The chapter concludes by presenting major contributions of 

this research work and an outline of the study.  

Chapter 2 discusses the existing work in the field of Machine Translation in 

India and outside India. This chapter on literature survey forms the basis of 

our work on developing the Machine Translation system and later on helps us 
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in comparing our work with the existing state of the art in Machine Translation 

system. 

Chapter 3 explains and compares Hindi and Punjabi languages with respect 

to orthography, grammar, and Machine Translation.  

Chapter 4 and 5 provide the design and implementation details of various 

activities involved in the Machine Translation system. Chapter 4 describes the 

system architecture and preprocessing stage. The chapter starts with the 

choice of approach and discusses the motivation behind its selection. Then 

the required resources are discussed followed by description of system 

architecture. The details of preprocessing phase which involves text 

normalization, Identifying Collocations, Identifying Proper Nouns are 

discussed. Then tokenization process is explained. The details of the 

translation system involving the identifying titles, identifying surnames, lexicon 

lookup, word sense disambiguation module, transliteration module and post 

processing modules are discussed in Chapter 5.  

Chapter 6 describes the post processing stage of the system. Chapter 7 

provides the evaluation of the system and its results. Chapter 8 concludes this 

thesis by providing a summary of the research work undertaken, contributions 

of this research work, limitations, and some directions in which this work could 

be extended in the future. In appendix A, the interface designed for text 

translation, website translation and email translation has been discussed. Test 

data set for intelligibility test and accuracy test is available in Appendix B and 

C respectively. The system has been rigorously evaluated and its accuracy 
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has been found to be 94% on the basis of intelligibility test and 90.84% on the 

basis of accuracy test. 
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Chapter 1  

Introduction  

The goal of automatic translation (also called Machine Translation, or MT) is 

to translate text from one human language into other using computers. MT 

was one of the first envisioned applications of computers back in the 1950ôs. 

Even after more than 60 years of research, MT is still an open problem. 

Nowadays, the demand for MT is steadily growing. All over the world, 

documents have to be translated into all official languages. This 

multilingualism is considered a part of democracy. Also in the private sector, 

there is a large demand of MT: technical manuals have to be translated into 

several languages. An even large demand exists in the World Wide Web. 

Thus, MT can help to reduce the language barrier and enable easier 

communication. This research work is an attempt to develop a Machine 

Translation system from Hindi to Punjabi Language. A number of Machine 

Translation systems have already been developed though their accuracy 

needs to be improved. However, there is no Hindi to Punjabi Machine 

Translation system available at the present.  

This chapter introduces general concept of Machine Translation, various 

approaches for Machine Translation systems and key activities involved in 

Machine Translation. It also provides a formal description about the research 

question undertaken for this study. The objectives, need, and scope of the 
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study have also been discussed. Then some of the key application areas of 

Machine Translation system are explored. Afterwards, the approach followed 

along with the reasons behind its selection to solve this research problem has 

been explained in brief. An overview of the design of the Machine Translation 

system undertaken to develop in this research work is provided later. The 

chapter concludes by presenting major contributions of this research work and 

an outline of the study. This work is based on the Devanagari and Gurmukhi 

scripts. Thus, the examples given in this thesis work are in Devanagari and 

Gurmukhi scripts along with their transliteration. For inline examples, 

transliteration will be provided in italics e.g. ÀßÑɟ (gahnǕ). The transliteration 

provided is based on transliteration software ï the GTrans, which was 

developed in the Department of Computer Science, Punjabi University, 

Patiala, Punjab, India.   

 

1.1 Machine Translation  

You feed a story written in Hindi into a computer system and out comes its 

translation in Punjabi, Oriya, English, Tamil and other languages. It is 

inexpensive, immediate and simultaneous. The language barriers melt away. 

The richness of other literatures opens up to everyone. The world is 

intellectually and culturally united into one. This is the dream of people 

working in a fascinating area of research called Machine Translation. Thus 

Machine Translation system is software designed that essentially takes a text 
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in one language (called the source language), and translates it into another 

language (called the target language). The source and target languages are 

natural languages such as English and Hindi, as opposed to man-made 

languages such as C or SQL. Translation, in its full generality, is a difficult, 

fascinating, and intensively human endeavor, as rich as any other area of 

human creativity. Machine Translation is an important sub-discipline of the 

wider field of artificial intelligence (AI). AI (among other things) deals with 

getting machines to exhibit intelligent behaviour. 

Though Machine Translation has been an interesting area of research since 

the invention of computers, in India it is relatively young. As a discipline it 

dates back to the early 1950. The earliest efforts in research date back to late 

80s and early 90s. The complexity of the problem was originally 

underestimated, and some early successful demonstrations of experimental 

systems led to unrealistic expectations which were hard to fulfill. This led to 

some skepticism, and funding on MT work almost ceased. In the early 

eighties, the Japanese Fifth Generation Computing Project revived interest in 

this work and some of the prominent works in India are the projects at IIT 

Kanpur, University of Hyderabad, NCST Mumbai and CDAC Pune. The 

Technology Development in Indian Languages (TDIL), an initiative of the 

Department of IT, Ministry of Communications and Information Technology, 

Government of India, has played an instrumental role in funding these 

projects. Since the mid and late 90ôs, a few more projects have been 

initiatedðat IIT Bombay, IIIT Hyderabad, AU-KBC Centre Chennai, Jadavpur 
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University Kolkata and Punjabi University Patiala. There are also a couple of 

efforts from the private sector - from Super Infosoft Pvt Ltd, and more 

recently, the IBM India Research Lab [1,2]. 

Machine Translation between closely related languages is easier than 

between language pairs that are not related with each other. Having many 

parts of their grammars and vocabularies in common reduces the amount of 

effort needed to develop a translation system between related languages. In 

this thesis, we will be discussing the Machine Translation system between 

closely related languages- Hindi and Punjabi. 

 

1.1.1 Background:  

Warren Weaver, a director of the Rockefeller Foundation, received much 

credit for bringing the concept of MT to the public when he published an 

influential paper on using computer for translation in 1949. The early 1950s 

were a period of intense research in MT in both the United States and Europe. 

1952 saw the first conference on MT, but it was not until 1954 that a 

translation system was demonstrated in New York. The reaction of public to 

this MT system was negative because many people thought that perfect MT 

was close at hand and human translators would be out of their jobs. In 1959, 

IBM installed an MT system for the United States Air Force, followed by 

Georgetown University installing systems at Erratum and the United States 

Atomic Energy Agency. Despite some success of early MT systems, MT 

research funding was on the verge of serious reduction.  
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The growing dissatisfaction of research sponsors caused the United States 

National Academy of Sciences to set up the Automatic Language Processing 

Advisory Committee (ALPAC) in 1966. ALPAC, whose members were the 

major sponsors of current MT research projects, was to evaluate the 

effectiveness, costs, and potential future progress of MT. Their findings, 

known as the ALPAC Report, concluded that MT was not useful and sufficient 

goal. The research was rather unsatisfactory to justify further funding from the 

United States government. The effects of the report rippled to cause most 

private sponsors of MT projects in the United States to withdraw from future 

funding. ALPAC also suggested the complete discontinuation of MT research 

in the United States and the computer aids for translators should be 

developed instead. So, for several years, MT research was virtually at 

standstill. 1976 marked a positive turning point for MT research when the 

country of Canada made public their Mateo System, which translated weather 

forecasts. Later that year, the European Commission purchased SYSTRAN, a 

Russian-English system. MT interest and activity has increased ever since, 

and MT has been established as a legitimate field of research. In the 1980s, 

MT software for personal computers appeared; the 1990s showed MT 

implemented as an online service. The 2000s have shown even more 

research into MT and many new, efficient hybrid algorithms. 

The advent of low-cost and more powerful computers towards the end of the 

20th century brought MT to the masses, as did the availability of sites on the 

Internet. Much of the effort previously spent on MT research, however, has 
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shifted to the development of Computer-Assisted Translation (CAT) systems, 

such as translation memories, which are seen to be more successful and 

profitable [3-18,21,22,23]. 

 

1.1.2 Approaches used for Machine Translation [19 -22]:  

There are a number of approaches used for MT. But mainly three approaches 

are used. These are discussed below: 

1. Rule-Based Approaches 

2. Data-Driven Approaches 

3. Hybrid Approaches 

1.1.2.1. Rule-Based Approaches:  

The current rule-based architecture of MT can be categorized into three 

areas: 

1. Direct MT 

2. Indirect MT 

3. Interlingua MT 

The Machine Translation has two generations to be considered during its 

development. The first generation Machine Translations are those which were 

done in 1960s and are called Direct Machine Translation. They used the 

direct approach of translation which was based on word-to-word and/or 
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phrase to phrase translations. Simple word-to-word translation cannot resolve 

the ambiguities arising in MT. A more thorough analysis of source language 

text is required to produce better translation. As the major problem of the first 

generation MT was the lack of linguistic information about source text, 

researchers therefore moved on to finding ways to capture this information. 

This gave rise to the development of the indirect MT systems which are 

generally regarded as second generation MT systems.  

1.1.2.1.1 Direct MT System:  

The direct method, also known as the ñTransformerò method was the strategy 

adopted by the earliest MT systems. It is the most primitive method and uses 

a one stage process in which the systems simply translate the source 

language texts in to the corresponding word-to-word or phrase-to-phrase by 

using the bilingual lexicon. For example - direct translation from Hindi to 

Punjabi for ØɟÖ Ñɭ Ĥ×ɟÖ ¾ɨ Ě×ɟØ Þɭ ÀÙɭ ÙÀɟ×ɟ ] (rǕm nǛ shyǕm kǾ pyǕr sǛ 

galǛ lagǕyǕ) is v~t oŀ  zSt o£Ä   pSv o~w ^w¤ w^~TS] (rǕm nǛ shiǕm nȊṲ piǕr 

nǕl galǛ lagǕiǕ). The basic characteristic for such type of translation is that it is 

very simple and one needs to replace a word of source language to a word in 

target language using a bilingual dictionary. 

They also perform some morphological analysis before looking into the 

bilingual lexicon for the root words. They will then perform the necessary 
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reordering of the words as according to the target language sentence format. 

The morphological processes may improve the quality of the translation but 

they donôt really analyze the structure of the source language. An example of 

the direct MT system is SYSTRAN. The Direct Machine Translation was the 

technique developed in 1950s where the computers were in an early stage of 

technical development with very less speed which resulted in long processing 

time. Due to these constraints the direct MT used a very straightforward and 

easy to implement approach. It supports the translation of source language 

sentences to the sentences of the target language having structures similar to 

the structure in the source language. As very little effort is made to 

disambiguate the source language, this technique canôt translate highly 

ambiguous sentences. The main problem of the direct MT approach is that it 

doesnôt analyze the linguistic information or the meaning of source sentences 

before performing the translation. Without this information the resulting MT 

system canôt always resolve the ambiguities that arise in the source sentence 

and /or during the translation. As a result, the direct MT systems canôt provide 

a quality translation of the source language text.  

The disadvantage of direct method is that it is unidirectional i.e. if the target is 

to be translated back into the source language, a different transformer must 

be used. It uses n2 translation modules for translations among n languages, 

thus making it exponentially large for multi-language translating. Other 

problems with the direct method involves are in relation to the structure of 
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sentences if these are complex. It requires complex grammatical analyses, in 

the absence of which word ordering in the target language sentence can often 

be wrong. So direct translation is very inaccurate for complex text, but has 

been implemented successfully with a limited number of lexical entries. It is to 

be noted that this direct approach is most suitable choice for language pair 

that are closely related to each other.  

1.1.2.1.2 Indirect MT System:  

Owing to the fact that linguistic information helps an MT system to 

disambiguate source language sentences and to produce better quality target 

language translation, with the advance of computing technology, MT 

researchers started to develop methods to capture and use the linguistic 

information in the translation process. The indirect method occupies the level 

above direct translation in the MT pyramid and is also known as transfer or 

linguistic knowledge (LK) translation.  

The transfer architecture not only translates at the lexical level, like the direct 

architecture, it also translates syntactically and sometimes semantically. The 

transfer method will first parse the sentence of the source language then will 

apply rules that map the grammatical segments of the source sentence to a 

representation in the target language. For example: 
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ñChildren like to play cricketò will be translated in Hindi as ÔċÃɭ ηŎ¾ɭÈ ¿ɭÙÑɟ 

ÒÞɰÏ ¾ØÍɭ ßʅ (bccǛ krikǛẞ khǛlnǕ pasand kartǛ haiṲ) 

In this example Verb Phrase ólikeô is translated into ÒÞɰÏ ¾ØÍɭ (pasand kartǛ), 

Subject óChildrenô is translated to ÔċÃɭ (bccǛ). 

After syntactically and semantically analyzing the sentence, we can easily 

translate a sentence even with different structures. In this approach word 

reordering is also done. Suppose in English the word order in sentence is 

SVO when translated into Hindi, the word order of the translated sentence will 

be SOV. 

The transfer approach uses n2 transfer modules, n analysis components, and 

n synthesis components, where n is the number of languages in the 

translation system. Thus, one of its downfalls is the sheer size of the rules 

needed for its implementation. 

1.1.2.1.3 Interlingua MT  System : 

The Interlingua or pivot approach appears at the apex of the MT pyramid. The 

main idea behind it is that the analysis of any language should result in a 

language-independent representation. The target language is then generated 

from that language-neutral representation. In a pure interlingua system there 
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are no transfer rules as a representation should be common to all languages 

used by the system. 

This approach requires only one interlingual transfer model whereas the 

transfer approach requires n2 transfer modules. The interlingual approach 

requires more analysis and is more abstract. It requires n analysis 

components, n Interlingua converters, n generation components where n is 

the number of languages in translation system. 

There are few problems with the Interlingua approach. It requires an analyzer 

for each source language and a generator for each target language. Analysis 

of source text requires a deep semantic analysis that requires extensive word 

knowledge. Unfortunately, the true meaning of the sentence cannot always be 

extracted. Additionally, if a text is analyzed as deeply as is expected, then 

much of the source authorôs style will be lost. 

1.1.2.2 Data-Driven Approach:  

There are four approaches using data driven method: 

1. Example Based MT 

2. Knowledge Based MT 

3. Statistics Based MT 

4. Principle Based MT 

1.1.2.2.1 Example Based MT:  
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Example-based translation is essentially translation by analogy. An Example-

Based Machine Translation (EBMT) system is given a set of sentences in the 

source language (from which one is translating) and their corresponding 

translations in the target language, and uses those examples to translate 

other, similar source-language sentences into the target language. The basic 

premise is that, if a previously translated sentence occurs again, the same 

translation is likely to be correct again. EBMT systems are attractive in that 

they require a minimum of prior knowledge and are therefore quickly 

adaptable to many language pairs. 

A restricted form of example-based translation is available commercially, 

known as a translation memory. In a translation memory, as the user 

translates text, the translations are added to a database, and when the same 

sentence occurs again, the previous translation is inserted into the translated 

document. This saves the user the effort of re-translating that sentence, and is 

particularly effective when translating a new revision of a previously-translated 

document (especially if the revision is fairly minor).  

More advanced translation memory systems will also return close but inexact 

matches on the assumption that editing the translation of the close match will 

take less time than generating a translation from scratch.  

wEBMT, ALEPH , English to Turkish, English to Japanese, English to Sanskrit 

and PanEBMT are some of the example based MT systems. 
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Figure 1.1:  Example Based MT  

1.1.2.2.2 Knowledge -Based MT:  

Knowledge-Based MT (KBMT) is characterized by a heavy emphasis on 

functionally complete understanding of the source text prior to the translation 

to the target text. KBMT does not require total understanding, but assumes 

that an interpretation engine can achieve successful translation into several 

languages. KBMT is implemented on the Interlingua architecture; it differs 

from other interlingual techniques by the depth with which it analyzes the 

source language and its reliance on explicit knowledge of the world. 

KBMT must be supported by world knowledge and by linguistic semantic 

knowledge about meanings of words and their combinations. Thus, a specific 

language is needed to represent the meaning of languages. Once the source 

language is analyzed, it will run through the augmenter. It is the Knowledge 



 

Language in India www.languageinindia.com 631 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

base that converts the source representation into an appropriate target 

representation before synthesising into the target sentence.  

KBMT systems provide high quality translations. However, they are quite 

expensive to produce due to the large amount of knowledge needed to 

accurately represent sentences in different languages.  

English-Vientnamese Machine Translation system is one of the examples of 

KBMTS. 

1.1.2.2.3 Statistics  Based MT:  

By the turn of the century, this newer approach based on statistical models ï 

where in a word or phrase is translated to one of a number of possibilities 

based on the probability that it would occur in the current context - had 

achieved marked success. The best examples substantially outperform rule-

based systems. Statistics-based Machine Translation (SMT) also may prove 

easier and less expensive to expand, if the system can be taught new 

knowledge domains or languages by giving it large samples of existing 

human-translated texts.  

A string of source language, Ů, can be translated into a string of target 

language in many different ways. Often, knowing the broader context in which 

Ů occurs may serve to winnow the field of acceptable target language 

translations, but even so, many acceptable translations will remain; the choice 

among them is largely a matter of taste. In statistical translation, the view is 
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taken that every target language string, ɕ, is a possible translation of Ů. Every 

pair of strings is assigned (Ů~ ɕ) a number Pr(ɕ | Ů ), which then is interpreted 

as the probability that a translator, when presented with Ů, will produce ɕ as 

his translation. Further the view is taken that when a native speaker of target 

language produces a string of target language words, he has actually 

conceived of a string of source language words, which he translated mentally. 

Given a target language string ɕ, the job of the translation system is to find the 

string Ů that the native speaker had in mind when he produced ɕ. Thus the 

chances of error are minimized by choosing that source language string for 

which Pr(Ů | ɕ) is greatest:  

° = argmax Pr(Ů | ɕ )          ééééééééé..(1) 

  

The argmax operation denotes the search problem, i.e. the generation of the 

output sentence in the target language. The term Pr(Ů | ɕ) is termed as true 

probability distribution that target language sentence Ů is translation of source 

language sentence ɕ. 

 Bayes' theorem is used: 

  
)(Pr 

)  | Pr( )Pr(
)|Pr(

z

eze
ze =       éééééé.éé(2)  

Since the denominator here is independent of Ů, finding ° is the same as 

finding Ů so as to make the product Pr(Ů) Pr(ɕ | Ů) as large as possible. Thus, 

at the Fundamental Equation of Machine Translation is arrived at: 

° = argmax Pr(Ů) Pr(ɕ | Ů )       é.éééééé.é(3)  
             Ů 
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Equation (3) summarizes the three computational challenges presented by 

the practice of statistical translation: estimating the language model 

probability, Pr(Ů); estimating the translation model probability, Pr(ɕ | Ů ); and 

devising an effective and efficient suboptimal search for the input string that 

maximizes their product. These are known as the language modeling 

problem, the translation modeling problem, and the search problem. 

Statistical translation systems works in two stages viz. training and 

translation. In training it ñlearnsò how various languages work. Before 

translation, the system must be trained. Training is done by feeding the 

system with source language documents and their high-quality human 

translations in target language. With its resources, the system tries to guess 

at documentsô meanings. Then an application compares the guesses to the 

human translations and returns the results to improve the systemôs 

performance. The whole process is carried out by dividing sentences into N-

grams. While training, statistical systems track common N-grams, translations 

most frequently used are learnt and those meanings when finding the phrases 

in the future are applied. They also statistically analyze the position of N-

grams in relation to one another within sentences, as well as wordsô 

grammatical forms, to determine correct syntax. After their training, the 

systems are used to process actual phrases and produce the translation from 

what ever it has learnt in training phase. 
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Despite some success, however, severe problems still exist: outputs 

are often ungrammatical and the quality and accuracy of translation falls well 

below that of a human linguist - and well below demands of all but highly 

specialized commercial markets.  

Moses, CASIA, Chinese-to-English, Google translate, LDV-COMBO and 

MARIE are some of the examples for statistical approach based MT systems. 

1.1.2.2.4 Principle -Based MT:  

Principle-Based MT (PBMT) Systems employ parsing methods based on the 

Principles & Parameters Theory of Chomskyôs Generative Grammar. The 

parser generates a detailed syntactic structure that contains lexical, phrasal, 

grammatical, and thematic information. It also focuses on robustness, 

language-neutral representations, and deep linguistic analyses. 

In the PBMT, the grammar is thought of as a set of language-independent, 

interactive well-formed principles and a set of language-dependent 

parameters. Thus, for a system that uses n languages, n parameter modules 

and one principles module are needed. Thus, it is well suited for use with the 

interlingual architecture. 

PBMT parsing methods differ from the rule-based approaches. Although 

efficient in many circumstances, they have the drawback of language-

dependence and increase exponentially in rules if one is using a multilingual 

translation system. It provides broad coverage of many linguistic phenomena, 
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but lacks the deep knowledge about the translation domain that KBMT and 

EBMT systems employ. Another drawback of current PBMT systems is the 

lack of the most efficient method for applying the different principles.  

UNITRAN is one of the examples of Principle based Machine Translation 

system. 

1.1.2.3 Hybrid Approaches:  

Hybrid approaches to MT are becoming increasingly popular research 

subjects. The general idea behind hybrid approaches is to use a linguistic 

method to parse the source text, and a non-linguistic method, such as 

statistical-based or example-based, to assist with finding the proper 

interpretation. 

1.1.2.3.1 Example -Based MT and Stat istical -Based MT  

EBMT works very well translating sentences that are already represented in 

its translation memory. SBMT can generate sentences with good accuracy, 

but is generally not successful when it handles idioms, collocations, and long-

distance dependencies very well. By combining these two methods, a hybrid 

EBMT and SBMT system can first query the translation memory for matching 

sentences. If no close match is found, then a statistical analysis and 

interpretation of the sentence will be used. 



 

Language in India www.languageinindia.com 636 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

TransEasy is one of the examples for Machine Translation based on Hybrid 

Approach. It uses Example and Statistical based approaches. 

1.1.3 Key Activities [19 -23] 

Based on the above discussion of the Machine Translation techniques, it is 

evident that there are some common and key activities, which formulate a 

typical Machine Translation system.  

An overview of such activities is provided below. These activities are usually 

executed in a sequence. However, depending upon the technique being 

followed, one or more of these activities may be omitted. 

¶ Pre-processing:  This module tokenizes the input text into words 

based on the list of word boundaries. Another major task performed in 

this phase is filtering. Filtering means detecting and marking certain 

special expressions like abbreviations, collocations, Named Entities, 

surnames, titles etc., in the input text. Text Spelling Standardization is 

another task in Pre-processing in which the words having spelling 

variations are replaced with the standard spelling words. This task 

helps in increasing the accuracy of the system. Filtering can be useful 

as the words or word sequences marked by the filter may not be 

required to go through the next two stages, namely, morphological 

analysis and part-of-speech tagging. 
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Fig 1.2 MT System  General Architechture  

¶ Morphological analysis: In this stage, morphological analyzer 

processes every unmarked token in the input text. The purpose of a 

morphological analyzer is to return root word and grammatical 

information about all the possible word classes (parts of speech) for a 

given word.  Morphological analysis is essential for Hindi because it 

has a fairly rich system of inflectional morphology like other Indian 

languages. Morphological generator does exactly the reverse of 
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morphological analyzer. Given a root word and its grammatical 

information (including word class), a typical morphological generator 

will generate the word form or surface form for that root word.  

¶ Part -of -speech tagging:  The output of a morphological analyzer is 

usually ambiguous as it may return more than one POS (part-of-

speech) tag for a single word. The reason being that in sentences, 

same word can be used as a noun or a verb, as a verb or a 

postposition etc. The job of a part-of-speech tagger is to disambiguate 

that ambiguous input by making use of the context information in which 

the word is being used. A part-of-speech tagger is also known as 

morphological disambiguator or simply a tagger.  

¶ Phrase chunking:  It is situated between POS tagging and a full-blown 

grammatical analysis, i.e. parsing. Whereas POS tagging works only 

on the word level and the grammatical analysis is supposed to build a 

tree structure of the sentence, phrase chunking assigns tags to word 

sequences in the sentence. There is no standardization about chunk 

names and their meanings, like POS tags, anyone can define his/her 

own chunk names and assign meanings to them. As chunking requires 

POS tagged text, its accuracy cannot be better than that of a POS 

tagger used. Chunking process is also known as shallow parsing as it 

simplifies the task for the next phase, i.e. parsing. 

¶ Parsing:  A parser is supposed to perform the full syntactic analysis of 

the given text. For every parsed sentence it is supposed to return a 
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data structure (mostly a parse tree) describing its syntactic components 

and their relationships with each other. It outputs the analysis based on 

the grammar it uses. For analyzing a sentence written in a particular 

language, the parser needs the grammar of that language. For 

specifying the grammar rules of a natural language, grammar 

formalism is required. Grammar formalism provides guidelines for 

specifying the underlying languageôs grammar rules. The parser will 

then make use of that grammar formalism. There are various grammar 

formalisms available for use like CFG (Context Free Grammar), GPSG 

(Generalized Phrase Structure Grammar), and HPSG (Head Driven 

Phrase Structure Grammar) etc. In simple terms, grammar formalism 

consists of a lexicon of words associated with their grammatical 

category and a set of rules specifying the sentence structure or syntax 

of the language. If a syntax-based parser fails to parse a sentence 

completely, then that sentence could be marked as incorrect or 

ungrammatical. 

¶ Translation and Trans literation: Having all the necessary information 

regarding the words in a sentence, the next step is to find the 

equivalent in the target language. An alternative term for the 

computation of target texts from intermediate representations is 

synthesis. This is done with the help of lexicon. In Direct MT technique, 

this stage involves just dictionary look up. Some local reordering of 

words is also seen as generation in such systems. Sometime 
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morphological synthesizers are required to generate the word in target 

language. In transfer system, the generation phase is generally split 

into two modules, ósyntactic generationô and ómorphological generationô. 

In syntactic generation, the intermediate representation which is the 

output from analysis and transfer resembles a deep structure tree of 

the older type of transformational-generative grammar. It is converted 

by ótransformational rulesô into an ordered surface structure tree, with 

appropriate labeling of the leaves with grammatical functions and 

features. 

¶ Rearran gement of word order: If the source language and target 

language have different word order, then this step tries to reorder the 

words according to the grammar of target language. Any differences 

between languages can be dealt within the word generation and 

ordering stages. For example, the word order in English is Subject-

Verb-Object. On the other hand, Hindi has relatively free word order. 

Generally a sentence in Hindi has the order Subject-Object-Verb. So to 

make the output according to the grammar of target language, some 

reordering techniques are required. 

¶ Post Processing: The main factor which decides the amount of post-

editing that needs to be done on a translation produced by machine is 

the quality of the output. Obviously enough, the difficulty of post-editing 

and the time required for it correlates with the quality of the raw MT 

output: the worse the output, the greater the post-edit effort. The post-
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editor is a corrector for ill-formed sentences. It is basically tail-end of all 

the Machine Translation systems. It improves the translation quality by 

making corrections in the translation generated. 

As mentioned earlier, not all of the above-mentioned activities are mandatory 

for a Machine Translation system. Selection of these activities depends on the 

approach a Machine Translation is following. 

 

1.2 Research Question s 

It has already been said that there is no Machine Translation system for Hindi 

to Punjabi presently. However, A number of Machine Translation systems 

between Indian and Non Indian languages have already been developed 

though their accuracy needs to be improved. Based on the brief introduction 

of Machine Translation given in section 1.1.1, the problem statement for the 

present research work has been formulated as below: 

ñTo develop algorithms and lexical resources along with a software package 

to translate Hindi text to Punjabi text.ò 

In other terms, the research question is to develop an automated Hindi to 

Punjabi Machine Translation System that will translate the Hindi text to 

Punjabi text. In this way, the richness of Hindi literatures opens up to Punjabi 

knowing people.  This system will be helpful in reading the online Hindi 

newspapers in Punjabi language, Thus, removing the language barrier among 
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people. The users can type their email in Hindi language and the receiver can 

receive the email in Punjabi Language, Thus, making the communication in 

userôs native languages possible. 

1.2.1 Objectives  

The objectives of this study are as follows: 

1 To study Hindi and Punjabi Languages and their comparison.  

2 To develop machine readable Hindi to Punjabi Dictionary for the purpose 

of translation. 

3 To develop algorithm for generating Named Entities from the Corpus and 

then using this lexicon of Named Entities in translation. 

4 To develop lexicon for collocations in Hindi text to be used during 

translation process. 

5 To develop the lexicon and algorithm for handling surnames and titles in 

input text. 

6 To adapt and use the existing lexical resources such as digital dictionary, 

morph etc. 

7 To develop transliteration module for handling out-of-vocabulary words. 

8 To develop algorithm for postprocessing tasks.  

9 To develop test cases for evaluating the system critically. 

1.2.2 Challenges  
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There are number of challenges for developing a Machine Translation system. 

Some of the major challenges faced in development of Hindi to Punjabi MT 

system are: 

1. Lack of lexical resources such as digital bilingual dictionary, 

morphological analyzer and generator, POS tagger etc. There is no 

machine readable dictionary available for Hindi to Punjabi. 

Morphological Analyzer for Hindi has been developed by IIIT 

Hyderabad but this can not be used directly into the system and lots of 

modifications are required for making its use in the system. This is 

used for handling inflectional words of a word. It is not possible to store 

all the words including inflected words into the lexicon. 

2. Multiple translations in Punjabi for Hindi words. There are many Hindi 

words which have different meanings depending upon the context in 

which the word is present in the sentence. The program has to 

automatically decide the exact translation. We have used n-gram 

technique for disambiguating the word.  

3. Identifying Named Entities present in the text like the word vishal goyal, 

State Bank of India, S. Parkash Singh Badal, Dr. Parkash. 

4. Collection of phrases that cannot be translated word by word and these 

have different meaning in collection than in individual.  

5. Handling grammatical errors after translation i.e. grammatical 

agreement corrections. 
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1.2.3 Need and Scope  

Machine Translation Systems are in great demand and are widely in use. For 

the past few years, number of Machine Translation Systems has been 

developed for Indian and foreign languages but their quality of translation is 

not up to mark for use in real projects. Thus, at present no such acceptable 

system is available for most of the Indian languages. The use of computers is 

gaining popularity in day-to-day tasks of word processing, writing reports, and 

printing official documents etc. All the documents are written in their regional 

official language. Thus for making these documents readable and useful for 

other regions, translation systems must be developed. Therefore, Machine 

Translation systems are an obvious requirement in such a situation. Recently, 

ñSampark: Machine Translation System among Indian Languagesò has been 

funded by TDIL, Department of Information technology, Govt. of India, 

developed by Consortium of Institutions has released the Hindi to Punjabi 

Machine Translation System on trial basis on 13th August 2009 after spending 

three years. The translation is not promising and thus present system cannot 

be used for practical purposes. Indian languages have many features in 

common, so the present work could be well extendable to other Indian 

languages that are closely related to each other. 

1.2.4 Potential Use [19 -22] 
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The potential application areas of automatic Machine Translation are 

numerous and have the limits of imagination. Some of them are enumerated 

in this section.  

Large Scale Translation: Large scale translation using MT is cost effective ï 

there are many large companies saving time and money with MT. Leaving 

literature, sociology or legal texts aside (which require high level of 

publishable quality) MT is a success for technical documents especially within 

a particular domain. Typical texts are internal reports, operational manuals, 

repetitive publicity and marketing documents. Operational manuals, in 

particular, often represent many thousands of pages to be translated, and are 

extremely boring for human translators, and they are often needed in many 

languages (English, French, German, Japanese, etc.). But companies want 

fairly good quality of output as well. Manuals are repetitive, there may be 

frequent updates; and from one edition to another there may be very few 

changes. Automation is the obvious answer. 

As an Aid for Translators: Machine Translation has changed the way 

translators work. The development of electronic termbanks, the increasing 

need to adhere to terminology standards, the overwhelming volumes of 

translation, and above all the development of facilities for using previous 

examples of translations have meant that translators could see the practical 

advantages of computerization in their work. Probably the largest users of 

computer aids for translation are found in the field of software and web 

localization. Localization means the adaptation of products for a particular 
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national or regional market, and the creation of documentation for those 

products. The incentive for computerization is the demand for the localization 

of publicity, promotional material, manuals for installation, maintenance and 

repair, etc. These must be available in the country (or countries) concerned as 

soon as the product itself is ready ï often in a matter of days, not weeks.  

Translation of Websites:  A recent development is the appearance of 

software for translating webpages. Companies must now maintain high-profile 

presence on the Internet, in order to remain competitive. For multi-national 

companies, this also means that information on their websites must be made 

available in multi-languages. One solution is to refer users to online MT 

services but for many reasons this is unsatisfactory. Another is to engage a 

localization agency to translate every webpage. A third option which is 

increasingly adopted is to integrate one of the automatic webpage localization 

systems offered by many of the vendors of MT systems. Examples are 

ArabSite, IBM WebSphere, InterTran Website Translation Server, SDL 

Webflow, SystranLinks, and Worldlingo. 

MT for Assimilation:  Another main use of MT is assimilation, for getting the 

gist (essence) of the basic message of a text. The recipient does not 

necessarily require good quality. The main requirement is immediate use. 

However, the output must be readable; it must be reasonably intelligible for 

someone knowing the subject background. The wide availability of free 

translation of webpages makes it possible for companies and organizations to 

reach potential clients and customers who are unfamiliar with the language of 
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their websites; and many organizations provide links to such services for 

users to obtain translations of their websites. 

MT as a Cross Language Information retrieval Tool: Closely related to the 

use of MT for translating texts for assimilation purposes is their use for aiding 

bilingual (or cross-language) communication and for searching, accessing and 

understanding foreign language information from databases and webpages. 

In the field of information retrieval there is much research at present on what 

is referred to as cross-language information retrieval (CLIR), i.e. information 

retrieval systems capable of searching databases in many different 

languages. Either they are systems which translate search terms from one 

language into other, and then do searching as a separate operation, with 

results presented en bloc to users; or, more ambitiously, translation of search 

terms or translation of output is conducted interactively with users.  

MT as a Tool for Communication:  It is probably true to say that one of the 

main applications of personal MT (óhomeô) systems is the translation of 

correspondence (including personal e-mails) and the translation of web 

pages. Above all, there is oral communication involving translation. Although, 

we do not yet have speech translation, we do have systems with voice input 

and output, i.e. where users speak into the system, the spoken word or 

sentence is converted into text, the written text is translated into another text, 

and the system then produces spoken output.  

MT for Summarization:  Most people when faced with a foreign language text 

do not necessarily want the whole text translated, what they want is a 
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translated summary. There is a clear need for the production of summaries in 

languages other than the source. Summarization itself is a task which is 

difficult to automate; but applying MT to the task as well is an obvious 

expansion, either by translating the text as a whole into another language and 

then summarizing it, or by summarizing the original text and then translating 

the summary. The later has usually been the approach of researchers so far. 

MT as Key technology for Cyber Revolution: Machine Translation can take 

information technology to the grassroots level and bring about sweeping 

societal changes through E-governance, E-commerce and E-entertainment 

leading to E-empowerment of the rural population. Local language information 

kiosks with computers, printers, Internet and E-mail facility are being set up to 

connect the Government to the citizen even at the grassroots level. At these 

kiosks, Machine Translation is essential so that all forms, records and 

information on the Government web site can be translated instantly into the 

local language that the people can understand. Similarly, the local language 

input by the citizens such as E-inquiries and E-grievances, should be machine 

translated at the click of the mouse, into a language that the concerned 

bureaucrat or minister can comprehend.  [5].  

1.3 Approach Applied for Our Machine Translation S ystem  

There are number of approaches discussed in the literature viz. Direct based, 

Transformer based, Interlingua based, Statistical etc. The choice of approach 

depends upon the available resources and the kind of languages involved. 
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Direct systems do not preclude syntactic or semantic analysis. There is a 

pragmatic constraint on the analysis, though, that it is subordinated to the 

translation task. Another difference concerns generation. A pure transfer 

system relies on a grammar for the target language to derive target 

sentences, while a direct system uses the word order of the source sentence 

as the point of departure for deriving a proper word order for the translation. A 

direct system relying on word-based analysis and transfer, will usually be able 

to derive some output for every input. The real issue, therefore, is empirical. 

In general, if the two languages are structurally similar, in particular as 

regards lexical correspondences, morphology and word order, the case for 

abstract syntactic analysis seems less convincing. Since the present research 

work deals with a pair of closely related language, so direct translation system 

is the obvious choice. The overall system architecture shown in figure 1.3 is 

adopted for Hindi to Punjabi Machine Translation System. The system is 

divided into three stages: Preprocessing, Translation Engine, and Post 

Processing stage. Following is the description of various steps of this 

architecture. 

1.3.1 Pre Processing  

The preprocessing stage is a collection of operations that are applied on input 

data to make it processable by the translation engine. In our current work, we 

have performed following pre processing steps: 

¶ Text Normalization 

¶ Replacing Collocations 
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¶ Replacing Proper Nouns 

 

1.3.1.1 Text Normalization   

It works on spelling standardization issues, thereby resulting in multiple 

spelling variants for the same word. The major reasons for this phenomenon 

can be attributed to the phonetic nature of Indian languages and multiple 

dialects, transliteration of proper names, words borrowed from foreign 

languages, and the phonetic variety in Indian language alphabet. The variety 

in the alphabet, different dialects and influence of foreign languages has 

resulted in spelling variations of the same word. Such variations sometimes 

can be treated as errors in writing. During this phase of Pre Processing phase 

, rules specific to Hindi language which can handle such variations, which 

could result in more precise performance have been used for making the input 

text normalized for better accuracy.   

For example we found widely used spelling variations for the Hindi word yɰŐɭÅɠ 

(aṴgrǛjǭ) as shown below:  

 yɯŐɭÅɠ, yɰÀØɭÅɠ, yęŐɭÅɠ, yɯÀØɭÅɠ, yɰŐɭÅɠ, yɰŐɭéɠ  

1.3.1.2 Replacing Collocations  means finding and replacing those 

combinations of words in Hindi that cannot be translated word to word and 

such combinations of words have different word in group rather than their 

individual. This activity helps a lot in increasing the accuracy of the system.  

For example, the collocation }ǡØ ŢÏɭÜ (uttar pradǛsh), if translated word to 
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word, will be translated as cy~r v~c (javǕb rǕj), But it must be translated as 

Ìkv pÅm¤z (uttar pradǛsh). 

1.3.1.3 Replacing Proper Nouns  means finding and replacing those 

combination of words in the input text that are acting as names of person, 

bank, river, ocean, days of week, months of year, university, cooperative 

society etc. For example: ¾ÖÙ Àɨ×Ù (kamal gǾyal) is a proper noun. 

1.3.2 Tokenizer  

The tokenizer takes the text generated by previous text as input. This module, 

using space, a punctuation mark, as delimiter, extracts tokens (word) from the 

text and gives it to Translation engine for analysis. This process is repeated 

for the whole text. 
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Figure 1.3: Overv iew of Hindi to Punjabi Machine Translation System  

1.3.3 Translation Engine  
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The translation engine is responsible for translation of each token obtained 

from the previous step. It uses various lexical resources for finding the match 

of a given token in target language. Following is the description of how a 

token is passed through various modules.  

1.3.3.1 Analyzing the word for Translation /Transliteration  

The token obtained in the previous stage is passed through various stages.  

1.3.3.1.1 Identifying Titles:  

The token is checked whether it is a title like Ţɨ(prǾ), ŬɠÖÍɠ(shrǭmtǭ) etc. If the 

current token is found to be a title, then the token next to it, should be 

transliterated instead of translation.  

1.3.3.1.2 Identifying Surnames:  

The token is checked whether it is a surname like yŐÛɟÙ (agrvǕl), ¨ÔɭØɦ× 

(ǾbǛrǕy ) etc. If the current token is found to be a surname, then the token 

previous to it, should be transliterated instead of translation.  

1.3.3.1.3 Lexicon Lookup:  

If the token does not satisfy above two steps, then it is looked into the lexicon 

for a match for direct word to word translation.  

1.3.3.1.4 Resolving Ambiguity:  

If the token is not present in the lexicon for direct translation, it is looked into 

the database of ambiguous words. If this token is found to be ambiguous, 

then disambiguity is resolved with the help of n-gram language modeling. The 
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system uses bigram and trigram databases, which contains one and two 

words respectively in the vicinity of an ambiguous word and corresponding 

meaning for that particular context.  

1.3.3.1.5 Unkn own Word s: 

If all the above modules fail to analyze the token, it is considered to be 

foreign/unknown word. Such words first pass through the morphological 

analysis phase based on the rules for inflections in Hindi words. 

Morphological generator generates the transliterated word using the 

inflectional rules and then checks the generated word in the Punjabi unigrams 

database for its genuinity. If this new generated word is found in the Punjabi 

unigrams, it is considered for translation otherwise the token is sent to 

transliteration module for transliteration. 

Transliteration Module is the major module in the system that uses various 

rules specifically designed from the translation point of view.  

1.3.4. Post Processing  

After converting all the source text to target text, there are some of the 

grammatical errors that need to be corrected. For this purpose, we have 

formulated the rules for correcting the grammatical errors. Such rules have 

been implemented using Regular expressions and Pattern matching. This 

Post Processing phase is responsible for correcting grammatical errors in the 

generated output. 
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1.4 Thesis Outline  

The study has been undertaken with the following chapter scheme: 

In first chapter of this thesis, we introduce Machine Translation and provide 

details about various types of MT systems. The benefits, applications, and 

challenges of Machine Translation are described. After elaborating the various 

approaches used for Machine Translation and stages in a generic MT system 

we provide a formal description about the research question that we intend to 

undertake in this thesis work along with the major contribution and 

achievements of this research. 

Chapter 2 discusses the existing work in the field of Machine Translation in 

India and outside India. This chapter on literature survey forms the basis of 

our work on developing the Machine Translation system and later on helps us 

in comparing our work with the existing state of the art in Machine Translation 

system. 

Chapter 3 explains and compares the Hindi and Punjabi languages with 

respect to orthography, grammar, and Machine Translation.  

Chapter 4 and 5 provide the design and implementation details of various 

activities involved in the Machine Translation system. Chapter 4 describes the 

system architecture and Pre processing stage. The chapter starts with the 

choice of approach and discusses the motivation behind its selection. Then 

the required resources are discussed followed by description of system 

architecture. The details of Pre processing phase which involves text 
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normalization, Identifying Collocations, Identifying Proper Nouns are 

discussed. Then tokenization process is explained. The details of the 

translation system involving the identifying titles, identifying surnames, lexicon 

lookup, word sense disambiguation module, transliteration module and post 

processing modules are discussed in Chapter 5.  

Chapter 6 describes the post processing stage of the system. 

Chapter 7 provides the evaluation of the system and its results. 

Chapter 8 concludes this thesis by providing a summary of the research work 

undertaken, contributions of this research work, limitations, and some 

directions in which this work could be extended in the future. 

In appendix A, the interface designed for text translation, website translation 

and email translation has been discussed. Test data set for Intelligibility test 

and accuracy test are available at Appendix B and C respectively. 

1.5 Summary  

In this chapter, introduction to Machine Translation, key activities involved, 

and various approaches for developing Machine Translation have been 

provided. It is followed by a formal statement for this research work along with 

its objectives, challenges involved, need and scope, and potential application 

areas of this system. Further, the approach followed to develop the Hindi to 

Punjabi Machine Translation System has been discussed along with an 

overview of the design of this system. The chapter concludes with a brief 
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outline of this thesis. The next chapter provides a survey of the existing 

literature in the field of Machine Translation.  
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Chapter 2  

Survey of Literature  

This chapter presents the state of the art in the field of Machine Translation. 

First part of this chapter discusses the Machine Translation systems for non 

Indian languages and second part discusses the Machine Translation 

systems for Indian languages.  

 

2.1 Machine Translation Systems:  

2.1.1 Machine Translation System for non Indian languages  

Various Machine Translation systems have already been developed for most 

of the commonly used natural languages. This section briefly discusses some 

of the existing Machine Translation systems and the approaches that have 

been followed. 

Georgetown Automatic Translation (GAT) System (1952), developed by 

Georgetown University, used direct approach for translating Russian texts 

(mainly from physics and organic chemistry) to English.  The GAT strategy 

was simple word- for-word replacement, followed by a limited amount of 

transposition of words to result in something vaguely resembling English. 

There was no true linguistic theory underlying the GAT design. It had only six 

grammar rules and 250 items in its vocabulary. The translation was done 

using IBM 701 mainframe computer. Georgetown University and IBM jointly 
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conducted the Georgetown-IBM experiment in 1954 for more than sixty 

Russian sentences into English. The experiment was a great success and 

ushered in an era of Machine Translation research. The Georgetown MT 

project was terminated in the mid-60s.[8,23] 

CETA (1961), included the linguistic theory unlike GAT, for translating 

Russian into French. It was developed at Grenoble University in France. It is 

based on Interlingua approach with dependency-structure analysis of each 

sentence at the grammatical level and transfer mapping from one language-

specific meaning representation at the lexical level. During the period of 1967-

71, this system was used to translate about 4,00,000 words of Russian 

mathematics and physics texts into French. It was found that it fails for those 

sentences for which complete analysis cannot be derived. In 1971, new and 

improved system GETA based on the limitations of CETA was developed. 

[24-27] 

METAL (Mechanical Translation and Analysis of Languages) (1961), was 

developed at Linguistics Research Center, University of Texas for German 

into English. The system used indirect Machine Translation approach using 

Chomskyôs transformational paradigm. Indirect translation was performed in 

14 steps of global analysis, transfer, and synthesis. The performance and 

accuracy of the system was moderate.[28] 

The Mark II (1964) , a direct translation approach based Russian to English 

MT System for U.S. Air Force. It was developed by IBM Research Center. 

Translation was word by word, with occasional backtracking, Each Russian 
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item (either stem or ending) in the lexicon was accompanied by its English 

equivalent and grammatical codes indicating the classes of stems and affixes 

that could occur before and after it. In addition to lexical entries, processing 

instructions were also intermixed in the dictionary: ócontrol entriesô relating to 

grammatical processes (forward and backward skips), and also instructions 

relating to loading and printing routines. There were some 25,000 such 

ócontrol entriesô included in the dictionary. This contained 150,000 entries at 

the Worldôs Fair demonstration, and 180,000 in the USAF version. A third of 

the entries were phrases, and there was also an extensive system of micro 

glossaries. An average translation speed of 20 words per second was 

claimed. The examples of Russian-English translations at the Worldôs Fair 

were reasonably impressive (Bowers & Fisk (1965)). The Russian-English 

translations produced by Mark II were often rather crude and sometimes far 

from satisfactory. The limitations of word by word translation are more evident 

in the evaluation reports submitted by Pfafflin (1965), Orr & Small (1967), 

ALPAC(1966). An evaluation, MT research at the IBM Research Center 

ceased in 1966 (Roberts & Zarechnak 1974).  

As one of the first operational MT systems, the IBM Russian-English system 

has a firm place in the history of MT. It was installed in the USAFôs Foreign 

Technology Division at the Wright-Patterson Air Force Base, Dayton, Ohio, 

where it remained in daily operation until 1970. [29] 

LOGOS (1964), a direct Machine Translation system for English-Vietnamese 

language pair was initially developed by US Private firm Logos Corporation. 
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Logos analyzes whole source sentences, considering morphology, meaning, 

and grammatical structure and function. The analysis determines the 

semantic relationships between words as well as the syntactic structure of the 

sentence. Parsing is only source language-specific and generation is target 

language-specific. Unlike other commercial systems the Logos system relies 

heavily on semantic analysis. This comprehensive analysis permits the Logos 

system to construct a complete and idiomatically correct translation in the 

target language. This Internet-based system allows 251 users to submit 

formatted documents for translation to their server and retrieve translated 

documents without loss of formatting. In 1971, It was used by the U.S. Air 

Force to translate English maintenance manuals for military equipment into 

Vietnamese. Eventually, LOGOS forged an agreement with the Wang 

computer company that allowed the implementation of the German-English 

system on Wang office computers. This system reached the commercial 

market, and has been purchased by several multi-national organizations (e.g., 

Nixdorf, Triumph- Adler, Hewlett-Packard). The System is also available for 

English-French, English-German language pairs. [30-32] 

TAUM-AVIATION (1965) , a transfer approach based English - French MT 

System for weather forecasts. It was developed at University of Montreal. 

After short span of time, the domain for translation shifted to translating 

aviation manuals by adding semantic analysis module to the system. The 

TAUM-AVIATION system is based on a typical second generation design 

(Isabelle et al. 1978, Bourbeau 1981). The translation is produced indirectly, 
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by means of an analysis/transfer/synthesis scheme. The overall design of the 

system is based on the assumption that translation rules should not be 

applied directly to the input string, but rather to a formal object that represents 

a structural description of the content of this input. Thus, the source language 

(SL) text (or successive fragments of it) is mapped onto the representations of 

an intermediate language, (also called normalized structure) prior to the 

application of any target language-dependent rule. In this system, the 

dictionaries list only the base form of the words (roughly speaking, the entry 

form in a conventional dictionary). In March 1981, the source language 

(English) dictionary included 4054 entries; these entries represented the core 

vocabulary of maintenance manuals, plus a portion of the specialized 

vocabulary of hydraulics. Of these, 3280 had a corresponding entry in the 

bilingual English-French  dictionary. The system was evaluated and  

the low accuracy of the translation by the system forced the Canadian 

Government to cancel the funding and thus TAUM project in 1981. [33-34] 

SYSTRAN (1968) is a direct Machine Translation system developed by 

Huchins and Somers. The system was originally built for English-Russian 

Language Pair. In 1970, SYSTRAN System installation at United States Air 

Force (USAF) Foreign Technology Division (FTD) at Wright-Patterson Air 

Force Base, Ohio, replaced IBM MARK-II MT System and is still operational. 

Large number of Russian scientific and technical documents were translated 

using this system. The quality of the translations, although only approximate, 

was usually adequate for understanding content. In 1974, NASA also selected 
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SYSTRAN to translate materials relating to the Apollo-Soyuz collaboration, 

and in 1976, EURATOM replaced GAT with SYSTRAN. The Commission of 

the European Communities (CEC) purchased an English-French version of 

SYSTRAN for evaluation and potential use. Unlike the FTD, NASA, and 

EURATOM installations, where the goal was information acquisition, the 

intended use by CEC was for information dissemination - meaning that the 

output was to be carefully edited before human consumption. The quality for 

this purpose was not adequate but improved after adding lexicon entries 

specific to CEC related translation tasks. Also in 1976, General Motors of 

Canada acquired SYSTRAN for translation of various manuals (for vehicle 

service, diesel locomotives, and highway transit coaches) from English into 

French on an IBM mainframe. GM's English-French dictionary had been 

expanded to over 1,30,000 terms by 1981 (Sereda 1982). GM purchased an 

English-Spanish version of SYSTRAN, and began to build the necessary [very 

large] dictionary. Sereda (1982) reported a speed-up of 3-4 times in the 

productivity of his human translators. Currently, SYSTRAN System is 

available for translating in 29 language pairs. [35-39] 

CULT(Chinese University Language Translator)(1968),  is an interactive 

online MT System based on direct translation strategy for translating Chinese 

mathematics and physics journals into English. Sentences are analyzed and 

translated one at a time in a series of passes. After each pass, a portion of the 

sentence is translated into English. The CULT includes modules like source 

text preparation, input via Chinese keyboard, lexical analysis, syntactic and 
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semantic analysis, relative order analysis, target equivalence analysis, output 

and output refinement. CULT is a successful system but it appears somewhat 

crude in comparison to interactive systems like ALPS and Weidner. [40-44] 

ALPS (1971),  a direct approach based English into French, German, 

Portuguese and Spanish for Mormon ecclesiastical texts. It was developed at 

Brigham Young University. It was started with an aim to develop fully 

automatic MT System but later in 1973, it became Machine Aided System. It 

is an Interactive Translation System that performs global analysis of 

sentences with human assistance, and then performs indirect transfer again 

with human assistance. But this project was not successful and hence not 

operational. [45] 

The METEO (1977) , is the worldôs only example of a truly fully automatic MT 

System for Canadian Meterological Centreôs(CMCôs) nation wide weather 

communication networks. METEO scans the network traffic for English 

weather reports, translates them directly into French, and sends the 

translations back out over the communications network automatically. This 

system is based on the TAUM technology as discussed earlier. It is probably 

the first MT system where translators had involved in all phases of the design, 

development and refinement. Rather than relying on post-editors to discover 

and correct errors, METEO detects its own errors and passes the offending 

input to human editors and output deemed correct by METEO is dispatched 

without human intervention. This system correctly translates 90-95%, shuttling 

the other 5-10% to the human CMC translators.[46-47] 
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An English Japanese Machine Translation System (1982) developed by 

Makoto Nagao et. al. The title sentences of scientific and engineering papers 

are analyzed by simple parsing strategies. Title sentences of physics and 

mathematics of some databases in English are translated into Japanese with 

their keywords, author names, journal names and so on by using fundamental 

structures. The translation accuracy for the specific areas of physics and 

mathematics from INSPEC database was about 93%.[48] 

RUSLAN (1985), a direct Machine Translation system between closely 

related languages Czech and Russian, by Hajic J, for thematic domain, the 

domain of operating systems of mainframes. The system used transfer based 

architecture. This project started in 1985 at Charles University, Prague in 

cooperation with Research Institute of Mathematical Machines in Prague. It 

was terminated in 1990 due to lack of funds. The system was rule based, 

implemented in Colmerauerôs Q-Systems. The system had a main dictionary 

of about 8,000 words, accompanied by transducing dictionary covering 

another 2,000 words. The typical steps followed in the system are Czech 

morphological analysis, syntactico semantic analysis with respect to Russian 

sentence structure and morphological synthesis of Russian. Due to close 

language pair, a transfer-like translation scheme was adopted with many 

simplifications. Also many ambiguities are left unresolved due to the close 

relationship between Czech and Russian. No deep analysis of input 

sentences was performed. The evaluations of results of RUSLAN showed that 

roughly 40% of the input sentences were translated correctly, about 40% of 

http://portal.acm.org/author_page.cfm?id=81100053879&coll=GUIDE&dl=GUIDE&trk=0&CFID=57669987&CFTOKEN=80245974
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input sentences with minor errors correctable by human post-editor and about 

20% of the input required substantial editing or re-translation. There are two 

main factors that caused a deterioration of the translation. The first factor was 

the incompleteness of main dictionary of the system and second factor was 

the module of syntactic analysis of Czech. RUSLAN is a unidirectional system 

dealing with one pair of language Czech to Russian.[49] 

PONS (1995) , an experimental interlingua system for automatic translation of 

unrestricted text, constructed by Helge Dyvik, Department of Linguistics and 

Phonetics, University of Bergen. 'PONS' is in Norwegian an acronym for 

"Partiell Oversettelse mellom Nærstående Språk" (Partial Translation between 

Closely Related Languages). PONS exploits the structural similarity between 

source and target language to make the shortcuts during the translation 

process.  The system makes use of a lexicon and a set of syntactic rules. 

There is no morphological analysis. The lexicon consists of a list of entries for 

all word forms and a list of stem entries, or ólexemesô. The source text is 

divided into substrings at certain punctuation marks, and the strings are 

parsed by a bottom-up, unification-based active chart parser. The system had 

been tested on translation of sentence sets and simple texts between the 

closely related languages Norwegian and Swedish, and between the more 

distantly related English and Norwegian. [50] 

interNOSTRUM (1999) is a bidirectional Spanish-Catalan Machine 

Translation system. It was developed by Marote R.C. et al. It is a classical 

indirect Machine Translation system using an advanced morphological 
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transfer strategy. Currently it translates ANSI, RTF (Microsoftôs Rich Text 

Format) and HTML texts. The system has eight modules: a deformatting 

module which separates formatting information from text, two analysis 

modules (morphological analyzer and part-of-speech tagger), two transfer 

modules (bilingual dictionary module and pattern processing module) and two 

generation modules (morphological generator and post-generator), and the 

reformatting module which integrates the original formatting information with 

the text. This system achieved great speed through the use of finite-state 

technologies. Error rates range around 5% in Spanish-Catalan direction when 

newspaper text is translated and are somewhat worse in the Catalan-Spanish 

direction. The Catalan to Spanish is less satisfactory as to vocabulary 

coverage and accuracy. [51] 

ISAWIKA!(1999)  is a transfer-based English-to-Tagalog MT system that uses 

ATN (Augmented Transition Network) as the grammar formalism. It translates 

simple English sentences into equivalent Filipino sentences at the syntactic 

level. [52] 

English -to-Filipino MT system  (2000) is a transfer based MT System that is 

designed and implemented using the lexical functional grammar (LFG) as its 

formalism. It involves morphological and syntactical analyses, transfer and 

generation stages. The whole translation process involves only one sentence 

at a time. [53] 

Tagalog -to-Cebuano Machine Translation  System (T2CMT)(2000)  is a uni-

directional Machine Translation system from Tagalog to Cebuano. It has three 
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stages: Analysis, Transfer and Generation. Each stage uses bilingual from 

Tagalog to Cebuano lexicon and a set of rules. The morphological analysis is 

based on TagSA (Tagalog Stemming Algorithm) and affix correspondence-

based POS (part-of-speech) tagger. The author describes that a new method 

is used in the POS-tagging process but does not handle ambiguity resolution 

and is only limited to a one-to-one mapping of words and parts-of-speech. 

The syntax analyzer accepts data passed by the POS tagger according to the 

formal grammar defined by the system. Transfer is implemented through affix 

and root transfers. The rules used in morphological synthesis are reverse of 

the rules used in morphological analysis. T2CMT has been evaluated, with 

the Book of Genesis as input, using GTM (General Text Matcher), which is 

based on Precision and Recall.  Result of the evaluation gives a score of good 

performance 0.8027 or 80.27% precision and 0.7992 or 79.92% recall. [54] 

Turkish to English Machine Transla tion system(2000) is a hybrid Machine 

Translation system by combining two different approaches to MT. The hybrid 

approach transfers a Turkish sentence to all of its possible English 

translations, using a set of manually written transfer rules. Then, it uses a 

probabilistic language model to pick the most probable translation out of this 

set. The system is evaluated on a test set of Turkish sentences, and 

compared the results to reference translations. The accuracy comes out to be 

about 75.6%.[55] 

CESILKO(2000), is a Machine Translation system for closely related Slavic 

language pairs, developed by HAJIC J, HRIC J  K. and UBON V. It has been 
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fully implemented for Czech to Slovak, the pair of two most closely related 

Slavic languages. The main aim of the system is localization of the texts and 

programs from one source language into a group of mutually related target 

languages. In this system, no deep analysis had been performed and word-

for-word translation using stochastic disambiguation of Czech word forms has 

been performed. The input text is passed through different modules namely 

morphological analyzer, morphological disambiguation, Domain related 

bilingual glossaries, general bilingual dictionary, and morphological synthesis 

of Slovak. The dictionary covers over 7, 00,000 items and it is able to 

recognize more than 15 million word-forms. The system is claimed to achieve 

about 90% match with the results of human translation, based on relatively 

large test sample. Work is in progress on translation for Czech-to-Polish 

language pairs.[56] 

 
Bulgarian -to-Polish Machine Translation system (2000) , has been 

developed by S. Marinov. This system has been developed based on the 

approach followed by PONS discussed above. The system needs a grammar 

comparison before the actual translation begins so that the necessary 

pointers between similar rules are created and system is able to determine 

where it can take a shortcut. The system has three modes, where mode 1 and 

2 enable system to use the source language constructions and without 

making a deeper semantic analysis to translate to the target language 

construction. Mode 3 is the escape hatch, when the Polish sentences have to 
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be generated from the semantic representation of the Bulgarian sentence.  

The accuracy of the system has been reported to be 81.4%.[57] 

Tatar (2001) , a Machine Translation system between Turkish and Crimean, 

developed by Altintas K. et al., used finite state techniques for the translation 

process. It is in general disambiguated word for word translation. The system 

takes a Turkish sentence, analyses all the words morphologically, translates 

the grammatical and context dependent structures, translates the root words 

and finally morphologically generates the Crimean Tatar text. One-to-one 

translation of words is done using a bilingual dictionary between Turkish and 

Crimean Tatar. The system accuracy can be improved by making word sense 

disambiguation module more robust.[58] 

Antonio M. Corbí -Bellot et. al. (2005) developed the open source shallow-

transfer Machine Translation (MT) engine for the Romance languages of 

Spain (the main ones being Spanish, Catalan and Galician). The Machine 

Translation architecture uses finite-state transducers for lexical processing, 

hidden Markov models for part-of-speech tagging, and finite-state based 

chunking for structural transfer. The author claims that, for related languages 

such as Spanish, Catalan or Galician, a rudimentary word-for-word MT model 

may give an adequate translation for 75% of the text, the addition of 

homograph disambiguation, management of contiguous multi-word units, and 

local reordering and agreement rules may raise the fraction of adequately 

translated text above 90%. [59] 
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Carme Armentano -oller et. al (2005)  extended the idea of A.M.Corbi-Bellot 

et. al. and developed an open source Machine Translation tool box which 

includes (a) the open-source engine itself, a modular shallow transfer 

Machine Translation engine suitable for related languages (b) extensive 

documentation specifying the XML format of all linguistic (dictionaries, rules) 

and document format management files, (c) compilers converting these data 

into the high speed format used by the engine, and (d) pilot linguistic data for 

SpanishðCatalan and SpanishðGalician and format management 

specifications for the HTML, RTF and plain text formats. They use the XML 

format for linguistic data used by the system. They define five main types of 

formats for linguistic data i.e. dictionaries, tagger definition file, training 

corpora, structural transfer rule files and format management files. [60] 

Apertium (2005),  developed by Carme Armentano-oller et. al is an open-

source shallow-transfer Machine Translation (MT) system for the [European] 

Portuguese ź Spanish language pair. This platform was developed with 

funding from the Spanish government and the government of Catalonia at the 

University of Alicante. It is a free software and released under the terms of the 

GNU General Public License. Apertium originated as one of the Machine 

Translation engines in the project OpenTrad and was originally designed to 

translate between closely related languages, although it has recently been 

expanded to treat more divergent language pairs (such as EnglishïCatalan). 

Apertium uses finite-state transducers for all lexical processing operations 

(morphological analysis and generation, lexical transfer), hidden Markov 

http://en.wikipedia.org/wiki/Spain
http://en.wikipedia.org/wiki/Government_of_Catalonia
http://en.wikipedia.org/wiki/University_of_Alicante
http://en.wikipedia.org/wiki/Free_software
http://en.wikipedia.org/wiki/GNU_General_Public_License
http://en.wikipedia.org/w/index.php?title=OpenTrad&action=edit&redlink=1
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models for part-of-speech tagging, and multi-stage finite-state based chunking 

for structural transfer. For PortugueseïSpanish language pair, promising 

results are obtained with the pilot open-source linguistic data released which 

may easily improve (down to error rates around 5%, and even lower for 

specialized texts), mainly through lexical contributions from the linguistic 

communities involved. [61] 

ga2gd (2006) , a robust Machine Translation system, developed by Scannell 

K.P., between Irish and Scottish Gaelic despite the lack of full parsing 

technology or pre-existing bilingual lexical resources. It includes the modules 

Irish standardization, POS Tagging, stemming, chunking, WSD, Syntactic 

transfer, lexical transfer, and Scottish post processing. The accuracy has 

been reported to be 92.72%. [62] 

SisHiTra(2006)  is a hybrid Machine Translation system from Spanish to 

Catalan. It was developed by Gonzalez et. al. This project tried to combine 

knowledge-based and corpus-based techniques to produce a Spanish-to-

Catalan Machine Translation system with no semantic constraints. Spanish 

and Catalan are languages belonging to the Romance language family and 

have a lot of characteristics in common. SisHiTra makes use of their 

similarities to simplify the translation process. A SisHiTra future perspective is 

the extension to other language pairs (Portuguese, French, Italian, etc.). The 

system is based on finite state machines. It has following modules: 

preprocessing modules, generation module, disambiguation module and post-
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processing module. The word error rate is claimed to be 12.5% for SisHiTra 

system.[63] 

 

2.1.2 Machine Translation Systems for Indian languages  

This section will summarize the existing Machine Translation systems for 

Indian languages that are as follows: 

ANGLABHARTI (1991), is a machine-aided translation system specifically 

designed for translating English to Indian languages. English is a SVO 

language while Indian languages are SOV and are relatively of free word-

order. Instead of designing translators for English to each Indian language, 

Anglabharti uses a pseudo-interlingua approach. It analyses English only 

once and creates an intermediate structure called PLIL (Pseudo Lingua for 

Indian Languages). This is the basic translation process translating the 

English source language to PLIL with most of the disambiguation having been 

performed. The PLIL structure is then converted to each Indian language 

through a process of text-generation. The effort in analyzing the English 

sentences and translating into PLIL is estimated to be about 70% and the 

text-generation accounts for the rest of the 30%. Thus only with an additional 

30% effort, a new English to Indian language translator can be built. The 

attempt has been made to 90% translation task to be done by machine and 

10% left to the human post-editing. The project has been applied mailnly in 

the domain of public health. [64] 
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Anusaaraka (1995)  was developed at IIT Kanpur, and was later shifted to the 

Center for Applied Linguistics and Translation Studies (CALTS), Department 

of Humanities and Social Studies, University of Hyderabad. Of late, the 

Language Technology Research Center (LTRC) at IIIT Hyderabad is 

attempting an English-Hindi Anusaaraka MT System. The focus in 

Anusaaraka is not mainly on Machine Translation, but on Language access 

between Indian Languages. Using principles of Paninian Grammar (PG), and 

exploiting the close similarity of Indian languages, it essentially maps local 

word groups between the source and target languages. Where there are 

differences between the languages, the system introduces extra notation to 

preserve the information of the siurce language. The project has developed 

Language Accesors for Punjabi, Bengali, Telugu, Kannada and Marathi into 

Hindi. The output generated is understandable but not grammatically correct. 

For example, a Bengali to Hindi Anusaaraka can take a Bengali text and 

produce output in Hindi which can be understood by the user but will not be 

grammatically perfect.  The system has mainly been applied for childrenôs 

stories.[65] 

Anubharati (1995) , used EBMT paradigm for Hindi to English translation. The 

translation is obtained by matching the input sentences with the minimum 

distance example sentences. The system stored the examples in generalized 

form to contain the category/class information to a great extent. This made the 

example-base smaller in size and its further processing partitioning reduces 
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the search space. This approach works more efficiently for similar languages 

such as among Indian languages. [66] 

The Mantra (MAchiNe assisted TRAnsl ation tool) (1999)  translates English 

text into Hindi in a specified domain of personal administration specifically 

gazette notifications pertaining to government appointments, office orders, 

office memorandums and circulars. It is based on the TAG formalism from 

University of Pennsylvania. In addition to translating the content, the system 

can also preserve the formatting of input word documents across the 

translation. The Mantra approach is general, but the lexicon/grammar has 

been limited to the language of the domain. This project has also been 

extended for Hindi-English and Hindi-Bengali language pairs and also existing 

English- Hindi translation has been extended to the domain of parliament 

proceeding summaries.[67] 

MAT (2002), a machine assisted translation system for translating English 

texts into Kannada, has been developed by Dr. K. Narayana Murthy at 

Resource Centre for Indian Language Technology Solutions, University of 

Hyderabad. Their approach is based on using the Universal Clause Structure 

Grammar (UCSG) formalism. The input sentence is parsed by UCSG parser 

and outputs the number, type and inter-relationships amongst various clauses 

in the sentence and the word groups that take on various functional roles in 

clauses. Keeping this structure in mind, a suitable structure for the equivalent 

sentence in the target language is first developed. For each word, a suitable 

target language equivalent is obtained from the bilingual dictionary. The MAT 
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System provides for incorporating syntactic and some simple kinds of 

semantic constraints in the bilingual dictionary. The MAT system includes 

morphological analyzer/generator for Kannada. Finally, the target language 

sentence is generated by placing the clauses and the word groups in 

appropriate linear order, according to the constraints of the target language 

grammar. Post Editing tool has been provided for editing the translated text. 

MAT System 1.0 had shown about 40-60% of fully automatic accurate 

translations. It has been applied to the domain of government circulars, and 

funded by the Karnataka government. [68] 

An English ïHindi T ranslation System (2002) with special reference to 

weather narration domain has been designed and developed by Lata Gore et. 

al. The system is based on transfer based translation approach. MT system 

transfers the source sentence to the target sentence with the help of different 

grammatical rules and also a bilingual dictionary. The translation module 

consists of sub modules like Pre-processing of input sentence, English tree 

generator, post-processing of English tree, generation of Hindi tree, Post-

processing of Hindi tree and generating output. The translation system gives 

domain specific translation with satisfactory results. By modifying the 

database it can be extended to other domains.[69] 

VAASAANUBAADA (2002) , an Automatic Machine Translation of Bilingual 

Bengali-Assamese News Texts using Example-Based Machine Translation 

technique, has been developed by Kommaluri Vijayanand et. al. It involves 

Machine Translation of bilingual texts at sentence level. In addition, it also 
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includes preprocessing and post-processing tasks. The bilingual corpus has 

been constructed and aligned manually by feeding the real examples using 

pseudo code. The longer input sentence is fragmented at punctuations, which 

results in high quality translation. Backtracking is used when the exact match 

is not found at the sentence/fragment level, leading to further fragmentation of 

the sentence. The results when tested by authors are fascinating with quality 

translation. [70] 

ANGLABHARTI -II (2004) addressed many of the shortcomings of the earlier 

architecture. It uses a generalized example-base (GEB) for hybridization 

besides a raw example-base (REB). During the development phase, when it 

is found that the modification in the rule-base is difficult and may result in 

unpredictable results, the example-base is grown interactively by augmenting 

it. At the time of actual usage, the system first attempts a match in REB and 

GEB before invoking the rule-base. In AnglaBharti-II, provisions were made 

for automated pre-editing & paraphrasing, generalized & conditional multi-

word expressions, recognition of named-entities. It incorporated an error-

analysis module and statistical language-model for automated post-editing. 

The purpose of automatic pre-editing module is to transform/paraphrase the 

input sentence to a form which is more easily translatable. Automated pre-

editing may even fragment an input sentence if the fragments are easily 

translatable and positioned in the final translation. Such fragmentation may be 

triggered by in case of a failure of translation by the 'failure analysis' module. 

The failure analysis consists of heuristics on speculating what might have 
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gone wrong. The entire system is pipelined with various sub-modules. All 

these have contributed significantly to greater accuracy and robustness to the 

system. [71] 

The MaTra system (2004), a tool for human aided Machine Translation from 

English to Indian languages currently Hindi, has been developed by the 

Natural Language group of the Knowledge Based Computer Systems (KBCS) 

division at the National Centre for Software Technology (NCST), Mumbai 

(currently CDAC, Mumbai). The system has been applied mainly in the 

domain of news, annual reports and technical phrases. This system used 

transfer approach using a frame-like structured representation. The system 

used rule-bases and heuristics to resolve ambiguities to the extent possible. It 

has a text categorization component at the front, which determines the type of 

news story (political, terrorism, economic, etc.) before operating on the given 

story. Depending on the type of news, it uses an appropriate dictionary. It 

requires considerable human assistance in analyzing the input. Another novel 

component of the system is that given a complex English sentence, it breaks 

it up into simpler sentences, which are then analyzed and used to generate 

Hindi. The system can work in a fully automatic mode and produce rough 

translations for end users, but is primarily meant for translators, editors and 

content providers. [72] 

ANUBHARTI -II (2004) has been generalized to cater to Hindi as source 

language for translation to any other Indian language, The system used hybrid 

Example-based Machine Translation approach which is a combination of 
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example-based approach and traditional rule-based approach. The example-

based approaches emulate human-learning process for storing knowledge 

from past experiences to use it in future. It also uses a shallow parsing of 

Hindi for chunking and phrasal analysis. The input Hindi sentence is 

converted into a standardization form to take care of word-order variations. 

The standardized Hindi sentences are matched with a top level standardized 

example-base. In case no match is found then a shallow chunker is used to 

fragment the input sentence into units that are then matched with a 

hierarchical example-base. The translated chunks are positioned by matching 

with sentence level example base. Human post-editing is performed primarily 

to introduce determiners that are either not present or difficult to estimate in 

Hindi. [71] 

Shakti (2004),  is a Machine Translation system from English to any Indian 

language currently being developed at Language Technologies Research 

Centre, IIIT-Hyderabad. It has already produced output from English to three 

different Indian languages ï Hindi, Marathi, and Telugu.   It combines rule 

based approach with statistical approach. The rules are mostly linguistic in 

nature and the statistical approach tries to infer or use linguistic information. 

Although the system accommodates multiple approaches, the backbone of 

the system is linguistic analysis. The system consists of 69 different modules. 

About 9 modules are used for analyzing the source language (English), 24 

modules are used for performing bilingual tasks such as substituting target 

language roots and reordering etc., and the remaining modules are used for 
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generating target language. The overall system architecture is kept extremely 

simple. All modules operate on a stream of data whose format is Shakti 

standard format (SSF). [73] 

Shiva (2004), is an example based Machine Translation system from English 

to Hindi developed at IIIT Hyderabad.[73,74] 

English -Telugu Machine Translation System has been developed jointly at 

CALTS with IIIT, Hyderabad, Telugu University, Hyderabad and  Osmania 

University, Hyderabad. This system uses English-Telugu lexicon consisting of 

42,000 words. A word form synthesizer for Telugu is developed and 

incorporated in the system. It handles English sentences of a variety of 

complexity.[74] 

Telugu -Tamil Machine Translation System  has also been developed at 

CALTS using the available resources here. This system uses the Telugu 

Morphological analyzer and Tamil generator developed at CALTS. The 

backbone of the system is Telugu-Tamil dictionary developed as part of MAT 

Lexica. It also used verb sense disambiguator based on verbs argument 

structure. [74] 

ANUBAAD (2004) , an example based Machine Translation system for 

translating news headlines from English to Bengali, has been developed by 

Sivaji Bandyopadhyay at Jadavpur University Kolkata. During translation, the 

input headline is initially searched in the direct example base for an exact 

match. If a match is obtained, the Bengali headline from the example base is 

produced as output. If there is no match, the headline is tagged and the 
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tagged headline is searched in the Generalized Tagged Example base. If a 

match is obtained, the output Bengali headline is to be generated after 

appropriate synthesis. If a match is not found, the Phrasal example base will 

be used to generate the target translation. If the headline still cannot be 

translated, the heuristic translation strategy applied is - translation of the 

individual words or terms in their order of appearance in the input headline will 

generate the translation of the input headline. Appropriate dictionaries have 

been consulted for translation of the news headline. [75] 

Hinglish (2004) , a Machine Translation system for pure (standard) Hindi to 

pure English forms developed by R. Mahesh K. Sinha and Anil Thakur. It had 

been implemented by incorporating additional layer to the existing English to 

Hindi translation (AnglaBharti-II) and Hindi to English translation (AnuBharti-II) 

systems developed by Sinha. The system claimed to be produced satisfactory 

acceptable results in more than 90% of the cases. Only in case of 

polysemous verbs, due to a very shallow grammatical analysis used in the 

process, the system is unable to resolve their meaning. [76] 

Tamil -Hindi Machine -Aided Tran slation system has been developed by 

Prof. C.N. Krishnan at AU-KBC Research Centre, MIT Campus, Anna 

University Chennai. This system is based on Anusaaraka Machine Translation 

System architecture. It uses a lexical level translation and has 80-85% 

coverage. Stand-alone, API, and Web-based on-line versions have been 

developed. Tamil morphological analyser and Tamil-Hindi bilingual dictionary 

(~ 36k) are the by products of this system. They also developed a prototype of 
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English - Tamil MAT system. It includes exhaustive syntactical analysis. 

Currently, it has limited vocabulary (100-150) and small set of Transfer rules. 

[77] 

AnglaHindi (2003) , a pseudo ïinterlingual rule-based English to Hindi 

Machine-Aided Translation System, developed by Sinha et. al. at IIIT, Kanpur. 

It is a derivative of AnglaBharti MT System for English to Indian languages. 

AnglaHindi besides using all the modules of AnglaBharti, also makes use of 

an abstracted example-base for translating frequently encountered noun 

phrases and verb phrasals. The system generates approximately 90% 

acceptable translation in case of simple, complex and compound sentences 

upto a length of 20 words. [78] 

IBM-English -Hindi Machine Translation System  has been initially 

developed by IBM India Research Lab at New Delhi with EBMT approach. 

Now, the approach has been changed to statistical Machine Translation 

between English and Indian languages. [79-84] 

English to {Hindi, Kannad a, Tamil} and Kannada to Tamil L anguage -Pair 

Example Based Machine Translation  (2006) has been developed by 

Prashanth Balajapally. It is based on a bilingual dictionary comprising of 

sentence-dictionary, phrases-dictionary, words-dictionary and phonetic-

dictionary and is used for the Machine Translation. Each of the above 

dictionaries contains parallel corpora of sentences, phrases and words, and 

phonetic mappings of words in their respective files. Example Based Machine 

Translation (EBMT) has a set of 75000 most commonly spoken sentences 
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that are originally available in English. These sentences have been manually 

translated into three of the target Indian languages, namely Hindi, Kannada 

and Tamil. [79-83] 

Google Translate (2007), is based on statistical Machine Translation 

approach, and more specifically, on research by Franz-Josef Och. Before 

using statistical approach, Google translate was using SYSTRAN for its 

translation till 2007. Currently, it is providing the facility of translation among 

51 language pairs. It includes only one Indian language Hindi. The accuracy 

of translation is good enough to understand the translated text. [Internet 

Source: http://translate.google.com/] 

Punjabi to Hindi Machine Translation  System (2007)  has been developed 

by Gurpreet Singh Joshan et. al. at Punjabi University Patiala. This system is 

based on direct word-to-word translation approach. This system consists of 

modules like pre-processing, word-to-word translation using Punjabi-Hindi 

lexicon, morphological analysis, word sense disambiguation, transliteration 

and post processing. The system has reported 92.8% accuracy. [84] 

Sampark: Machine Translation System among Indian languages (2009), 

developed by the Consortium of Institutions. Consortium of institutions include 

IIIT Hyderabad, University of Hyderabad, CDAC(Noida,Pune), Anna 

University, KBC, Chennai, IIT Kharagpur, IIT Kanpur, IISc Bangalore, IIIT 

Alahabad, Tamil University, Jadavpur University. Currently experimental 

systems have been released namely {Punjabi,Urdu, Tamil, Marathi} to Hindi  
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and Tamil-Hindi Machine Translation systems. The accuracy of the translation 

is not up to the mark.[Internet Source:http://sampark.iiit.ac.in] 

Yahoo! Bable Fish (2008),  developed by AltaVista, is a web-based 

application on Yahoo! that machine translates text or web pages from one of 

several languages into another. The translation technology for Babel Fish is 

provided by SYSTRAN. It translates among English, Simplified Chinese, 

Traditional Chinese, Dutch, French, German, Greek, Italian, Japanese, 

Korean, Portuguese, Russian, Swedish, and Spanish. [Internet Source: 

http://babelfish.yahoo.com/] 

Microsoft Bing Translator (2009)  is a service provided by Microsoft as part 

of its Bing services which allow users to translate texts or entire web pages 

into different languages. All translation pairs are powered by Microsoft 

Translation (previously Systran), developed by Microsoft Research, as its 

backend translation software. The translation service is also using statistical 

Machine Translation strategy to some extent [Internet Source: 

http://www.microsofttranslator.com/] 

Bengali  to Hindi Machine Translation System (2009)  is a hybrid Machine 

Translation system, developed at IIT Kharagpur. This system uses multi-

engine Machine Translation approach. It is based on the unfactored Moses 

SMT system with Giza++ (Josef,2000) derived phrase table as a central 

element.  This system uses dictionary consisting of 15,000 parallel sysnets, 

Gazeteer list consisting of 50,000 parallel name list, monolingual corpus of 

500K words both from source and target languages, suffix list of 100 Bengali 
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linguistic suffixes. The BLUE score obtained during system evaluation is 

0.2318. [85] 

 

2.2 Summary  

As we have seen in the above discussion the  English to Japanese, GAT 

(English-Russian), Mark-II (Russian-English), LOGOS (English-Vietnamese), 

SYSTRAN (English-Russian) ,CULT (Chinese mathematics and physics 

journals into English), ALP (English into French, German, Portuguese and 

Spanish), RUSLAN ( Czech and Russian), CESILKO(Czech to Slovak), 

English-Arabic and Punjabi to Hindi Machine Translation Systems have been 

developed using direct MT approach for closely related language pairs. Some 

of these are very successful and popular Machine Translation systems which 

are still operational. Thus, it is concluded that direct Machine Translation 

approach is the most appropriate for closely related languages. 

Hindi and Punjabi is a case of closely related but distinct languages as these 

languages are not mutually intelligible, having distinct orthographies, 

independent lexica and number of important structural differences in terms of 

syntax. Hindi and Punjabi, being one of the closest pairs of Indo-Iranian 

languages, are chosen in this study as a model for translation between any 

pair of close languages. They have most parts of their grammar in common 

although morphemes and expressions may differ. The use of narration in both 

languages is almost the same and a narration can directly be translated. But it 
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is not straightforward to translate some phrases, idioms and even some 

grammatical structures. 

Hence, direct approach is most suitable approach for developing Hindi to 

Punjabi Machine Translation System. In the next chapter we will discuss 

about the comparative study of Hindi and Punjabi languages in detail.  
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Chapter 3  

Compara tive Study of Hindi and Punjabi  

3.1 Introductio n 

India is a linguistically rich country having eighteen constitutional languages, 

which are written in ten different scripts. Indian languages can be broadly 

classified into five groups according to their origin and similarity. These are 

Indo-Aryan family (Hindi, Bangla, Assami, Punjabi, Marathi, Oriya and 

Gujarati); Dravidian family (Tamil, Telugu, Kannada and Malayalam); Austro-

Asian family and Tibetan-Burmese family and Andamanese (Jha, 2005). 

Many of them are structurally similar called sibling languages. Within each 

group, there is high degree of structural similarity. With some efforts effective 

mapping rules can be created amongst languages within the same group. 

Indian languages are inflectional with a rich morphology, relatively free word 

order, and default sentence structure as SOV (Subject Object Verb). It is 

believed that Machine Translation systems can be developed with less effort 

and using direct approach between sibling language pairs. [85] 

In this chapter, we will discuss the comparative study of the language pair of 

our Machine Translation system i.e. Hindi and Punjabi. Our motive of 

comparative analysis is to sort out the closeness between Hindi and Punjabi 

from Machine Translation point of view and to make the base for deciding 

about the appropriate approach to be followed for development of our 
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Machine Translation system. By analysis we mean the identification of 

bilingual rules for source language and target language so that the transfer of 

source language to target language can be performed by computers 

successfully. In order for MT systems to work, source and target languages 

must be fully analyzed. This kind of study, however, is not adequately covered 

by theoretical linguistics. V. Geethakumary [86] states that if the source 

language and the target language both have significantly similar linguistic 

features on all the levels of their structures then the first step to be adopted is 

that both languages should be analyzed independently. After the independent 

analysis, to sort out the different features of the two languages, comparison of 

the two languages is necessary. The present study has been undertaken 

keeping in view the Machine Translation system being developed for 

languages from Hindi to Punjabi. This is not a complete analysis, but rather a 

comparison to give some idea about Hindi and Punjabi grammar. It covers 

main aspects of Hindi and Punjabi languages. Details of both Hindi and 

Punjabi grammar can be found in Michel [87] and Singh and Singh [88] 

respectively.  Following sections will discuss about the comparison between 

the Hindi and Punjabi Language on the basis of orthography and grammar. 

This chapter also discusses these languages from Machine Translation point 

of view. 

 

3.2 Compar ison between Hindi and Punjabi Language O n the  basis of 

Orthography: [87 -102] 
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3.2.1 Family and Status:  

Hindi and Punjabi languages belong to the same subgroup of the Indo-

European family i.e. Indo-Aryan family of the languages. Hindi and Punjabi 

are spoken by about 577 million people and 100 million people all over the 

world respectively. Hindi and Punjabi have been ranked 4th and 11th widely 

spoken language in the world respectively (Ethnologue, 2009). In India, Hindi 

has been accorded the status of óofficial languageô by the central government 

for use for most administrative purposes, and Punjabi being the official 

language of the state the Punjab and has been accorded the status of óofficial 

languageô by the Punjab government for use for most administrative 

purposes. Both the languages have originated from Sanskrit (Masica 1991). 

Punjabi language is mostly used in the region of Punjab, Haryana, Delhi, 

Himachal Pardesh, Jammu & Kashmir and in some areas of Pakistan namely 

Punjab, Sindh and Blochistan. On the other hand, Hindi is a national language 

of India and is spoken and used by the people all over the country. But the 

main regions are Haryana, Uttar Pardesh, Rajasthan, Bihar and Chattisgarh.  

 

3.2.2 Script  

3.2.2.1 Devanagari script:  

Hindi Language is written in Devanagari Script. It is written Left-to-Right. The 

Devanagari script, used for writing Sanskrit and other Indian languages had 

evolved over a period of more than two thousand years. Devanagari emerged 

around 1200 AD out of the Siddham script, gradually replacing the earlier, 
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closely related Sharada script (which remained in parallel use in Kashmir). 

Both are immediate descendants of the Gupta script, ultimately deriving from 

the BrǕhmǭ script attested from the 3rd century BC; Nagari appeared in 

approx. the 8th century as an eastern variant of the Gupta script, 

contemporary to Sharada, its western variant. The descendants of Brahmi 

form the Brahmic family, including the alphabets employed for many other 

South and South-East Asian languages. 

NǕgarǭ is in Sanskrit the feminine of nǕgara. The feminine form is used 

because of its original application to qualify the feminine noun lipi "script". 

There were several varieties in use, one of which was distinguished by 

affixing deva "divine, deity" to form a tatpurusha compound meaning the 

"divine urban(e) [script]". However, the widespread use of "Devanagari" is a 

relatively recent phenomenon; well into the twentieth century, and even today, 

simply "Nagari" was (and is) also in use for this same script. The rapid spread 

of the usage of "Devanagari" seems also to be connected with the almost 

exclusive use of this script in colonial times (particularly by European 

scholars) to publish works in Sanskrit (held by many to be the language of the 

gods), even though traditionally nearly all indigenous scripts have actually 

been employed for this language. This has led to the establishment of such a 

close connection between the script and Sanskrit that it is erroneously widely 

regarded as "the Sanskrit script" today. 

 

3.2.2.2 Gurmukhi Script:  
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A unique feature of Punjabi is that it is written in two mutually 

incomprehensible scripts. In India Punjabi language is written in Gurmukhi 

script, while in Pakistan it is written in Shamukhi (Urdu) script. Gurmukhi script 

is written Left-to-Right and Shahmukhi is written right-to-left. Gurmukhi Script 

derived from the Sharada script and standarized by Guru Angad Dev in the 

16th century, was designed to write the Punjabi Language (Gill, Gleason, 

1963). The word Gurmukhi is commonly translated as ñfrom the mouth of 

Guruò. However, the term used for the Punjabi script has somewhat different 

connotations. The opinion given by traditional scholars is that as the Sikh holy 

writings, before they were scribed, were uttered by the Gurus, they came to 

be known as Gurmukhi or the ñUtterence of the Guruò. And consequently, the 

script that was used for scribing the utterence was also given the same name. 

However, the prevalent view among Punjabi linguists is that as in the early 

stages the Gurmukhi letters were primarily used by Gurmukhs, or the Sikhs 

devoted to the Guruy, the script came to be associated with them. Another 

view is that as the Gurmukhs, in accordance with the Sikh belief, used to 

meditate on the letter Ṡ, ṣ, ṅ, ṝ which jointly forms ṠṥṦṣṅṨṝṩ or God in Sikhism, 

these letters were called Gurmukhi or the ñSpeech of the Gurmukhsò. 

Subsequently, the whole script came to be known as Gurmukhi.  

Like most of the north Indian writing systems, the Gurmukhi script is a 

descendent of the Brahmi script. It is believed that Gurmukhi script was 

invented by the second Sikh Guru, Guru Angad Dev, However, it would be 

correct to say that script was standarized rather than invented, by the Sikh 
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Gurus. E.P. Newton (Panjabi Grammar, 1898) writes that at least 21 

Gurmukhi characters are found in ancient manuscripts: 6 from 10th century, 12 

from 3rd century BC and 3 from 5th century BC. Apparently, the first Sikh Guru, 

Guru Nanak Dev also used the Gurmukhi script for his writings. The usage of 

Gurmukhi letters in Guru Granth Sahib meant that the script developed its 

own orthographical rules. In the following epochs, Gurmukhi became the 

prime script applied for literary writings of the Sikhs. Later in the 20th century, 

the script was given the authority as the official script of the Eastern Punjabi 

Language. Meanwhile, in western Punjab, a form of the Urdu script, known as 

Shahmukhi is still in use. 

 

3.2.3 Consonants:  

3.2.3.1 Basic Consonants  

There are thirty three basic consonants or consonant-like graphs in 

Devanagari script and thirty- five in Gurmukhi scripts which are as follows.  

Table 3.1: Basic Consonants in Devanagari  

¾ k ¿ kh À g Á gh Â Ṵ 

Ã c Ä ch Å j Æ jh Ç ñ 

È ẞ É ẞh Ê Ḽ Ë Ḽh Ì Ṷ 

Í t Î th Ï d Ð dh Ñ n 

Ò p Ó ph Ô b Õ bh Ö m 

× y Ø r Ù l Û v  
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Ü sh Ý sh Þ s ß h 

 

Table 3.2: Basic Consonants in Gurmukhi  

\ k ] kh  ̂g _ gh  ̀Ṵ 

a c b ch c j d jh e ñ 

f ẞ g ẞh h Ḽ i Ḽh j Ṷ 

k t l th m d n dh o n 

p p q ph r b s bh t m 

u y v r w l y v { s 

¬ Ẋ »  R a º  | h 

 

In addition to basic consonants, there are other consonants that are formed 

with some of the basic consonants supplemented with a dot diacritic. In 

Devanagari script these are ᶓ (Ṥ), ᶔ (ṤỂ), ᶕ (ǣ), ᶖ (z), ᶙ (f), ᶘ (Ẋ) and in 

Gurmukhi script, these are ṯ (ṤỂ), Ṱ (ǣ), ṱ (z), ṳ (f), ṡ (sh). There is one more 

such consonant x (Ṧ) in Gurmukhi script. But it is not much frequent in 

clusters. It was a proposal to distinguish consonant w (l) x (Ṧ) by 

adding a dot diacritic like that used to distinguish { (s) from z (sh). This 

however has met with no acceptance and is seldom if ever used. 
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3.2.3.2 Dead and Live Consonants:   

Devanagari employs a sign known in Sanskrit as the virama or vowel 

omission sign. In Devanagari and Gurmukhi both, it is called hal or halant, and 

that term is used in referring to the virama or to a consonant with its vowel 

suppressed by the virama. The virama sign ( ᶍ) nominally serves to cancel (or 

kill) the inherent vowel of the consonant to which it is applied. When a 

consonant has lost its inherent vowel by the application of virama, it is known 

as a dead consonant; in contrast, a live consonant is one that retains its 

inherent vowel or is written with an explicit dependent vowel sign.  

 

3.2.3.3 Consonant Conjuncts:  

The Indic scripts are noted for a large number of consonant conjunct forms 

that serve as orthographic abbreviations (ligatures) of two or more adjacent 

letterforms (Michael, 1986). This abbreviation takes place only in the context 

of a consonant cluster. An orthographic consonant cluster is defined as a 

sequence of characters that represents one or more dead consonants 

followed by a normal, live consonant letter.  

 

In Devanagari, we have four consonant conjucts namely  (ᵞᶍ +  φ),  (ᵗᶍ + )н, 

 (ᵸᶍ +ᵲ), (ᵦᶍ +ᵲ). 
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In Gurmukhi, only three types of conjunct consonants are used. In all bases, a 

modified form of the second consonant is subjoined to the unaltered form of 

the first. In the first type, a form of |(h) is subjoined. The following table shows 

the common combinations. 

Table 3.3:  Conjuct Consonants  

Base Form  Devanagari Equivalent  Example  

Ṳ (Ẋ) Ṳ (Ẋh) ᶘ (Ẋ) ṗṲ (paẊh) 

Ṗ (n) Ṗ (nh) ᵻᵅ nhaṲ Ṗ Ṫṝ (nhǛr) 

Ṟ (l) Ṟ (lh) ᵻ (lh) Ṟ ṥ (lhǕ) 

ṛ (m) ṛ (mh) ᵻ (mh) ṛ Ṣ (mhaiṲs) 

 

In second type of conjunct, a form of v (r) is subjoined to certain consonants, 

most commonly stops. These occur only in tatsamas (Those words that are 

directly borrowed from Sanskrit with little or no phonetic alteration) like p Ṯṝ ,  

, ṡ etc.  In Devanagari, when ᵲ is served as the second member of a cluster, it 

is indicated by a small diagonal slash (going in the opposite direction from that 

of the virama) written under the sign for the first member of a conjunct: , 

, ,  

Similarly, in Devanagari, when ᵲ is served as the first member of a conjunct, 

the sound is indicated by a small hook placed on the top of the rekha for the 

second consonant: ,t ᵻ, ,н ᵰ. This hook is deferred until after any matra 

written to the right side of the conjunct like ᵧ, ᵰ.  
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In third type of conjunct, a form of y is subjoined. For example: Ṣ

Gurmukhi is written as ᵷ in Devanagari, Similarly Ṣ ṝ (svar) in Gurmukhi is 

written as ᵷᵲ (svar) in Devanagari.  

Several Devanagari conjuncts are so irregular as to prelude the immediate 

recognition of their components. The most important of these are , , 

, , , . The consonant  нhas a special combining form  that is often used 

in place of ᵸᶍ in some clusters.(e.g. , ) . Slightly irregular conjuncts exist in 

which  ᵻ  stand as the first element (e.g.  χ, ,  , ᵴ , ᵷ). 

 

3.2.3.4 Geminate (Doubled) Consonants:   

In Gurmukhi, gemination is written by the sign īȈ (addak) above and before the 

consonant to be doubled. In Devanagri, doubled consonant cluster, 

gemination is written by writing the first component of the consonant cluster 

as the truncate form of the consonant (which is frequently built from the 

independent version of the latter consonant by the deletion of the vertical bar 

that appears on the right side of many Devanagri characters and the second 

component of the consonant cluster is, the unaltered full symbol for the 

second consonant. For example:  ÒĆ¾ɥ (pakkǭ) (pȈ\¡ (packǭ) in Gurmukhi), 

¾ċÃɟ (kaccǕ) (\Ȉa~ (kaccǕ) in Gurmukhi).   Similarly, in Gurmukhi, clusters of 

unaspirated stop plus homorganic aspirate stops are written by use of 



 

Language in India www.languageinindia.com 697 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

īȈ s cluster is 

written with the short form of unaspirated stop plus full form of homorganic 

aspirate stop. For example: yċÄɟ (RȈb~ in Gurmukhi), ÒĆ¿ɠ (pȈ]¡ in 

Gurmukhi). 

In a small number of cases, the components of a consonant are sting out in a 

horizontal line (e.g. ęÑ) , arranged vertically  or juxtaposed in some less 

regular manner ( ǩ, Ǧ) . Similarly in the Gurmukhi two geminates  /nn/  and 

/mm/ are written  with  /tippi/ (īÄ). For example: pÄo~ (ÒęÑɟ in Devanagari), pÄt~ 

(ÒĞÖɟ in Devanagari). It must be noted that there are no short forms in 

Gurmukhi like in Devanagri for consonants. So, while transliterating the short 

from of Hindi consonant, it is transliterated into full form of that consonant in 

Gurmukhi like ÖĈÑ (magn) in Devanagari will be transliterated into t^o 

(magn). 

 

3.2.4 Vowels:  

Both the Scripts possess two different forms for each of the vowels- Full form 

and short form.  

3.2.4.1 Full form:   
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In Devanagari, a full form is employed for a vowel that does not immediately 

follow a consonant or consonant cluster, i.e. in word-initial position or when 

the second of a sequence of vowels. Whereas in Gurmukhi, when a vowel is 

not preceeded by a consonant, it is written with one of the three vowel bearers 

-  consonant like sign ï » , R, º  indicating the absence of consonant. 

3.2.4.2 Short form (or matra ):   

In Devanagari, short form is used when the vowel immediately follows a 

consonant or consonant cluster. These short forms consist of lines, hooks or 

combination of both above, below or to the side of the consonantal 

characters. These vowels are written around (that is, below, above, to the 

right, and to the left) the consonant signs.  

In Gurmukhi, there are 10 vowel characters, 9 vowel symbols, 2 symbols for 

nasal sounds and 1 symbol that duplicates the sound of a consonant (Malik 

2006, Malik 2005) Whereas in Devanagari, there are 11 vowel characters, 10 

vowel symbols, 2 symbols for nasal sounds. 

Following table shows both the above form of vowels for both the scripts and 

their correspondence in the Devanagari and Gurmukhi scripts: 

Table 3.4: Vowels  in Devanagari and Gurmukhi  

Devanagari  Gurmukhi  

Short Form  Full Form  Short Form  Full Form  

No Sign y (a) No Sign R(a)  

˚ɟ (Ǖ) z(Ǖ) ī~(Ǖ)             S (Ǖ) 

Ȓ(̊i) { (i)  ī(i) T (i) 

ī¡( ǭ) | (ǭ) ī¡ (ǭ) U (ǭ) 
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˚ȓ(u) } (u) ī¢ (u) V (u) 

˚ȕ (Ȋ) ~ (Ȋ) ī£ (Ȋ) W (Ȋ) 

˚ɭ(Ǜ) ¤ (Ǜ) ī¤ (Ǜ) X (Ǜ) 

˚ɮ(ai) ¥ (ai) ī¥ (ai) Y (ai) 

˚ɨ(Ǿ) ¨(Ǿ) ī¦ (Ǿ) Z (Ǿ) 

˚ɩ(au) ©(au) ī§ (au) [ (au) 

˚ȗ (r)   (ri) -- ---- 

˚ɰ(Ṳ) --- īQ / īÄ (Ṳ) --- 

˚ɯ(Ṳ) --- īQ / īÄ (Ṳ) --- 

Conjunct  --- īȈ --- 

 

3.2.4.3 Inherent óaô:  

One vowel, óaô has no special short form. The absence of a matra adjacent to 

a consonant suffices to indicate the presence of this vowel. At the end of a 

word, the inherent óaô is not normally vocalized. 

 

3.2.4.4 Nasalized vowels:  

The two signs are used for nasalization. In Devanagari, anusvara (˚ɰ Ṳ) and 

anunasika (˚ɯ Ṳ) also called candrabindu. Indian grammarians have 

formulated elaborated rules describing when each of these is used.In practice, 

the distinction between the two notations is often not observed. The first of 

these, anusvara is always used when the vowel marking (whether short or 

long form) protrudes above the rekha (e.g. ʁ, ¥ɰ,¾ʇ, Öʉ). With other vowel 
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signs, both anusvara and anunasika can be used (e.g. Öȓɰß (muṲh) / Öȓɯß 

(muṲh), zɰ¿ (ǕṴkh) /zɯ¿ (ǕṴkh)), although some writers take care to 

consistently employ only anusvara in all contexts.  

Whereas In Gurmukhi, bindu (īQ) is used with S, U, Y, [, [, ī~, ī¡, ī¤, ī¥, ī¦, ī§, 

Z and tippi (īÄ) is used with V, W, X, R, ī¢, ī£, T,  ī. 

 

3.2.5 Punctuation  Marks : 

Only viraama (] ) or a double vertical line ( )̂ was used in traditional writing for 

marking end of sentence and the end of a verse respectively for both 

Devanagari and Gurmukhi scripts. In modern writings, period, comma, 

hyphen, semicolon, exclamation sign, question mark and dash have also 

been used. In the ancient Punjabi, the use of double dandi was customary at 

the end of the sentences but in contemporary Punjabi, only single Dandi is 

used. 

 

3.2.6 Abbreviation:   

Abbreviations are formed in Hindi by the use of either a small circle (_)or a dot 

after the first syllable of the word to be abbreviated: Ţɨi (prǾi), Êɟi (ḼǕi), |i (ǭi), 
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Òȕi (pȊi) whereas in Gurmukhi Script, sign (:) is used to mark abbreviation like 

pÅ¦:(prǾ:), h~: (ḼǕ). 

 

3.2.7 Numerals:            

Following chart shows the correspondence between the numerals of both the 

scripts: 

Table 3.5: Numerals in Devanagari and Gurmukhi  

Devanagari  Gurmukhi  

_ ® 
 ̀  ̄

a ° 
b ± 
c ² 
d ³ 
e  ́

f µ 
g ¶ 
h · 

 

3.2.8 Alphabetic Order:  

The alphabetic order of Devanagari is a model of logic and rational design, 

reflecting a keen understanding of the phonetic properties of the sounds 

designated by the various characters in the system. In Devanagari, vowels 
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precede consonants with the latter divided up into groups containing stops 

and nasals, semi vowels, sibilants, and h respectively. 

The full alphabetic order of Devanagari as used for Hindi is as follows: 

y z {  | } ~   ¤ ¥ ¨ © ¾ (â) ¿ (ã) À (ä) Á Â Ã Ä Å á Æ Ç È É Ê Ë Ì Í ŝ  

Î Ï Ð Ñ Ò Ó Ô Õ Ö × Ø Ù Û  Ü Ý Þ ß  

The full alphabetic order of Gurmukhi as used for Punjabi is as follows:  

R S T U V W X Y Z [ { z | \ ] © ^ ª _  ̀a b c « d e f g h i j k l m n o p 

q ­ r s t u v w x y ¬  

In Hindi, sequence under each consonants is the letter without any symbol, 

then followed by vowel symbols ˚ɟ,  ī, ī¡, ̊ ȓ, ̊ ȕ, ̊ ɭ, ̊ ɮ, ̊ ɨ, ̊ ɩ  

In Punjabi, Sequence under each consonants is the letter without any symbol, 

then followed by vowel symbols ī~,  ī, ī¡, ī¢, ī£, ī¤, ī¥, ī¦, ī§    

3.3. Comparison between Hindi and Punjabi on the basis of grammar 

[87-102] 

3.3.1 Nouns  

Nouns in Hindi and Punjabi are highly inflected. Hindi and Punjabi both have 

two genders (masculine and feminine), two numbers (singluar and plural) 

whereas Hindi has three cases (direct, oblique, and vocative) and Punjabi has 

five cases (direct, oblique, vocative, ablative, and locative/instrumental). The 

http://en.wikipedia.org/wiki/Direct_case
http://en.wikipedia.org/wiki/Oblique_case
http://en.wikipedia.org/wiki/Vocative_case
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latter two cases in Punjabi are essentially now vestigial: the ablative occurs 

only in the singular, in free variation with oblique case plus ablative 

postposition, and the locative/instrumental is confined to set adverbial 

expressions.  

Nouns in Hindi can be further divided into declensional subtypes, Class I 

(marked/definite) and Class II (unmarked/indefinite), with the basic difference 

being that the former has characteristic terminations in the direct singular 

while the later does not. While Punjabi Nouns may be further divided into 

extended and unextended declensional subtypes, with the former 

characteristically consisting of masculines ending in unaccented -Ǖ and 

feminines in -ǭ. 

3.3.2 Adjectives  

In Hindi and Punjabi both, adjectives are of two basic kinds, 

declinable/inflected and indeclinable/uninflected. Declinable adjectives agree 

with the nouns they modify in gender (masculine vs. feminine), number 

(singular vs. plural), and case (direct vs. oblique). Indeclinable adjectives 

possess but a single form when modifying nouns of different genders, 

numbers, or cases. Indeclinable adjectives are completely invariable, and can 

end in either consonants or vowels (including Ǖ and ǭ ). These adjectives do 

not end in any characteristics sound or series of sounds.  

Table 3.6 : Declinabale and Indeclibale Hindi Adjectives  

 Declinable  Indeclinable  

http://en.wikipedia.org/wiki/Declension
http://en.wikipedia.org/wiki/Suffix
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Hindi  ¾ɟÙɟ(kǕlǕ), yċÄɟ(acchǕ), 

ÉɰÊɟ(ẞhaṶḼǕ) etc. 

ÞȓɰÏØ(sundar),¿ØɟÔ(kharǕb), 

ÕɟØɡ(bhǕrǭ) etc. 

Punjabi  \~w~(kǕlǕ), aÄ^~(caṴgǕ), 

gÄ i~ (ẞhaṶḼhǕ) etc. 

{¦|j~(sǾhṶǕ),]v~r(kharǕb), 

s~v¡(bhǕrǭ) etc. 

 

3.3.3 Postpositions  

Postpositions denote the relation of noun, pronoun, or verb with the other 

components of sentence. It is the use of postpositions with a noun or verb that 

necessitates the noun or verb taking the oblique case. Hindi and Punjabi both 

have core and compound postpositions. Core postpositions are also known as 

one word primary postpositions. For example: Some of the core postpositions 

in Hindi are ¾ɟ, ¾ɥ, ¾ɭ, ¾ɨ, Ñɭ, ÒØ, Öʃ, Í¾, Þɭ and in Punjabi are m~, m¤, o£Ä, oŀ, 

Ìk¤,  yȈa, kȈ\, kÁ.  Compound postpositions are composed of the genitive 

primary postposition plus an adverb. These postpositions follow their oblique 

targets either directly or with the inflected genitive linker. For example: Some 

of the compound postpositions in Hindi are ¾ɭ εÙ¤, ¾ɭ ÞɟÎ, ¾ɭ ÞɟÖÑɭ, Þɭ ÒßÙɭ 

and in Punjabi are m¤  yȈa, m¤ o~w etc. 

3.3.4 Pronouns  

Hindi and Punjabi languages both have personal pronouns for the first and 

second persons, while for the third person demonstratives are used, which 
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can be categorized as proximate and non-proximate. Pronouns distinguish 

three persons (first, second, and third), two numbers (singular and plural), and 

two cases ( direct and oblique), though not gender. 

 

Table 3.7: Hindi and Punjabi Pronouns  

Pronouns  First 

Person  

Second Person  Third 

Person 

(Proximate)  

Third 

Person 

(non -

proximate)  

Hindi Öʅ(maiṲ), 

ßÖ (ham) 

Íȕ(tȊ), ÍȓÖ (tum), 

zÒ (Ǖp)  

×ß(yah), ×ɭ 

(yǛ) 

Ûß(vah), Ûɭ 

(vǛ) 

Punjabi tÀ(maiṲ), 

R{¾ (asǭṲ) 

k£Ä(tȊṲ),k¢{¾(tusǭṲ) T| (ih) V|(uh) 

3.3.5 Verbs  

In both Hindi and Punjabi, the major grammatical categories that structure the 

verbal system are those of aspect and tense. The term aspect is to be 

understood as indicating the nature of the action of a verb as to its beginning, 

duration, completion, or repetition, but without reference to its position in time. 

There are three grammatical aspects, the habitual, the progressive (or 

continuous), and the perfective. Verbal forms indicating one of these aspects 

is usually further specified for one of four tenses, i.e., the present, past, 

presumptive, and subjunctive. Like the nominal system, the Hindi and Punjabi 
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verbs involve successive layers of (inflectional) elements to the right of the 

lexical base. 

Compound verbs, a highly visible feature of Punjabi and Hindi grammar, 

consist of a verbal stem plus an auxiliary verb. The auxiliary (variously called 

"subsidiary", "explicator verb", and "vector") loses its own independent 

meaning and instead "lends a certain shade of meaning" to the main/stem 

verb, which "comprises the lexical core of the compound". While most verb 

can act as a main verb, there is a limited set of productive auxiliaries. For 

example, Some of verbs in Hindi are ØßÑɟ(rahnǕ), ßɨÑɟ(hǾnǕ), ÅɟÑɟ(jǕnǕ), ÏɭÑɟ 

(dǛnǕ) and in Punjabi are v |j~ (rahiṶǕ), |¦j~ (hǾṶǕ), c~j~ (jǕṶǕ), m¤j~(dǛṶǕ) etc. 

3.3.6 Sentence Structure  

Hindi and Punjabi both are SOV (Subject Object Verb) and free order 

languages. Structurally both Hindi and Punjabi languages are same. In both 

languages, sentence is comprised of Subject and Predicate. In both 

languages, the basic elements are Kaaraka. Both have eight numbers of 

Kaaraka which by combining with each other create a sentence. The general 

sequence for transitive Sentence is Karta, Karam , Kria e.g ÀÌɭÜ ¿ɭÍ Öʃ ÞɨÍɟ 

ßɮ (gaṶǛsh khǛt mǛṲ sǾtǕ hai) and for intransitive sentence is karta, kriya e.g. 

ÀÌɭÜ ÕɟÀɟ (gaṶǛsh bhǕgǕ). In both languages the relation between kaarkaôs 
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are shown by postpositions. Total eight part-of-speeches are recognized in 

both Hindi and Punjabi. Beside this, both have same types of Nouns, 

Genders, Number, Persons, Tenses and Cases.  

3.3.7 Vocabulary  

Joshan and Lehal [84] carried out an experiment to find out the total number 

of words which use the same alphabets and vowel/vowel sounds and convey 

the same meaning in both languages. Results showed that about 8% of 

source language words come under this category. This provides an idea of 

the overlap of vocabulary across languages. Hence for this study, it 

strengthens the fact of close relationship between Hindi and Punjabi 

languages. Moreover, it gives boost to the idea of using transliteration of 

source text as last option.  

3.4 Comparison of Hindi and Punjabi from Machine Translation  point of 

view [87 -102] 

3.4.1 Language Structure (Syntactic  Vs Analytic)  

Hindi is both analytic and syntactic in nature. Thus, it is not a purely analytic in 

nature. It may cause a problem while translating text from Hindi to Punjabi. It 

can lead to an unacceptable output if left un-dealt. 

3.4.2 Ambiguity  
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Ambiguity is one of the major NLP problems which have been a great 

challenge for computational linguists. In general, people are unaware of the 

ambiguities in the language they use because they are very good at resolving 

them using context and their knowledge of the world. But computer systems 

do not have this knowledge, and consequently do not do a good job of making 

use of the context. 

Something is ambiguous when it can be understood in two or more possible 

ways or when it has more than one meaning. If the ambiguity is in a sentence 

or clause, it is called structural (syntactic) ambiguity. Following example 

shows the structural ambiguity in Hindi: 

ÒØÖɨÏ Ñɭ ¿ɟÍɭ ßȓ¤ ÃɨØ ¾ɨ Ò¾îɟ (parmǾd nǛ khǕtǛ huǛ cǾr kǾ pakẊǕ) 

This sentence can be interpreted in two ways viz. Parmod caught the thief 

while eating or Parmod caught the thief when the thief was eating. 

Lexical ambiguity also known as word level ambiguity is a problem in 

translating Hindi to Punjabi. In Hindi, lexical ambiguity has been found in 

Nouns, Verbs, and Postpositions etc. The postposition Þɭ in Hindi can be 

translated into number of Punjabi postpositions like kÁ, o£Ä,  c|¤, \v\¤ and o~w 

depending upon the usage of Þɭ in the sentence. Similarly in Verb, like ÅɟÑɟ 

can be translated into c~j~ and c~ jS. Similarly in case of proper nouns, like 

Ţ¾ɟÜ (prakǕsh) can be translated into pÅ\~z (prakǕsh) or a~oj (cǕnaṶ).  
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To illustrate more, consider the following sentence: 

ØɟÖ zÖ ¿ɟ Øßɟ ßɮ ] (rǕm Ǖm khǕ rahǕ hai) 

In the above example, word zÖ in the sentence is lexically ambiguous. Its 

meaning can be interpreted in two ways ï mango (a fruit) and usual (an 

adjective) as in following examples: 

Usage as Noun: ÍɨÍɟ Òɭî ÒØ ÔɮÉ¾Ø zÖ ¿ɟ Øßɟ ßɮ (tǾtǕ pǛḼa par baiẞhakar Ǖm 

khǕ rahǕ hai) 

Usage as Adjective: ¥Þɭ ÃɨØʇ Þɭ εÖÙÑɟ zÖ ÔɟÍ ßɮ Åɨ ÃɨØɡ ¾ɭ ζãÙɟ÷ }ÒÏɭÜ ÏɭÍɭ ßʅ 

(aisǛ cǾrǾṲ sǛ milnǕ Ǖm bǕt hai jǾ cǾrǭ kǛ khailǕpha updǛsh dǛtǛ haiṲ) 

3.4.3 Gender disgreement  

During translation, sometimes correct gender of a word is not reflected in the 

translated language and it causes gender disagreement with verb/postposition 

in the target language. For example,If we translate the sentence }Þ¾ɨ η¾ÍɟÔ 

Ãɟȏß¤ (uskǾ kitǕb cǕhiǛ) using direct approach, it will be translated to V{o£Ä  

 \k~r a~|¡m~ |¥ (usnȊṲ kitǕb cǕhǭdǕ hai). Here the word η¾ÍɟÔ (kitǕb) is 

feminine in nature and thus translation of verb Ãɟȏß¤ (cǕhiǛ) in the sentence 



 

Language in India www.languageinindia.com 710 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

must agree with the feminine nature of η¾ÍɟÔ (kitǕb) and thus be translated 

into a~|¡m¡ |¥ (cǕhǭdǭ hai).  

3.4.4 Problems in Identifying Proper Nouns  

The problem arises when a word in Hindi Sentence which is used as proper 

name of a person, is translated by the system instead of transliterating it. 

Such words are required to transliterate rather than translation. For example 

consider following sentences 

 ÏɡÒ¾ Àɨ×Ù ¾ßɟɯ ßɮ? (dǭpak gǾyal kahǕṲ hai?) 

The word ÏɡÒ¾ (dǭpak) can be translated to m¡y~ (dǭvǕ). But in this sentence, 

the word ÏɡÒ¾ (dǭpak) has been used as a proper noun and thus, must be 

transliterated to m¡p\ (dǭpak) instead of translated to m¡y~ (dǭvǕ). This problem 

is also known as Named Entity Recognition. Thus, Named Entity 

Recognition(NER) problem is a subtask of information extraction that seeks to 

locate and classify atomic elements in text into predefined categories such as 

the names of persons, organizations, locations, expressions of times, 

quantities, monetary values, percentages, etc. 

3.4.5 Problem related to Collocations  



 

Language in India www.languageinindia.com 711 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

Collocation is two or more consecutive words with a special behavior. 

(Choueka: 1988). Collocation means those combinations of words in Hindi 

that cannot be translated word to word and such combinations of words have 

different word in group rather than their individual. These groups of words 

have a special behavior. The meaning of the collocation can not be predicted 

from its parts, there is usually an element of meaning added to the parts of 

collocation. For example, the collocation }ǡØ ŢÏɭÜ (uttar pradǛsh) if translated 

word to word, will be translated as cy~r v~c (javǕb rǕj) But it must be 

translated as Ìkv pÅm¤z (uttar pradǛsh). Thus, special attention is needed for 

such combinations of words in Hindi Langauge. 

3.4.6 Problems  related to Foreign Words  

Modern Hindi includes number of foreign words that are adopted from other 

languages. These words do not have any meaning in Hindi language and is 

propagated as such to Punjabi language while translating. So, these words 

are treated as unknown words and must be transliterated. For example: ηŎ¾ɭÈ 

(krikǛẞ), ÖɮÃ (maic), Åɟ¾ɭÈ (jǕkǛẞ) etc. 

3.4.7 Spelling variations  
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The Cambridge Dictionary defines spelling as 'forming words with the correct 

letters in the correct orderô, or the ability to do this where variation is 

'difference' or 'deviation' in the structure. The existence of the variants does 

not make much of the difference to the common person who is using the 

language because it does not come on the way of proper communication of 

the message but it is much important in case of Machine Translation. The 

major reasons for spelling variations in language can be attributed to the 

phonetic nature of Indian languages and multiple dialects, transliteration of 

proper names, words borrowed from foreign languages, and the phonetic 

variety in Indian language alphabet. [105] 

For example, Following are the possible spelling variations for the Hindi word 

yɰŐɭÅɠ (aṴgrǛjǭ): 

yɯŐɭÅɠ, yɰÀØɭÅɠ, yęŐɭÅɠ, yɯÀØɭÅɠ, yɰŐɭÅɠ, yɰŐɭéɠ  

3.5 Conclusion  

In this chapter we have tried to compare Hindi and Punjabi language from the 

point of view of orthography, grammar and Machine Translation. This study is 

by no means an exhaustive one. This study was primarily aimed at knowing 

the closeness between both the languages and thus, to find the appropriate 

approach for the development of Machine Translation.  

We call a language pair to be closely related if the languages have the 

grammar that is close in structure, contain similar constructs having almost 
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same semantics, and share a great deal of lexicon. By closely related 

languages. Some linguist define closeness between the languages on the 

basis of features viz. common root, similar alphabets, similar verb patterns, 

structural similarity, similar grammar, similar religio-cultural and demograpohic 

contexts and references, a similar clearly displayed ability to blend with 

foreign tongues . Generally, such languages have originated from the same 

source and spoken in the areas in close proximity.  

Hindi and Punjabi belong to same sub group of the Indo European 

family, thus are sibling languages. We have also observed that Hindi and 

Punjabi languages share all features of closely related languages. For such 

closely related sibling languages, effective translation can be achieved by 

word-for-word translation (Hajic et al., 2000) [90]. Thus, it is concluded that 

direct Machine Translation approach is promising for closely related 

languages Hindi and Punjabi. 
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Chapter 4  

Pre Processing Phase  

The present and the next chapter discuss the design and implementation of 

the algorithms and structures that formulate our Hindi to Punjabi Machine 

Translation system. For all the activities, the design of the databases used, if 

any, along with some sample entries from the databases and the approach 

followed for that activity have been discussed in detail. While describing the 

design of the databases used, only the fields or databases directly concerned 

with performing the activity under consideration have been provided. There 

may be some additional fields or databases used for proper functioning of this 

Machine Translation system but have virtually no impact on describing the 

approach, thus, description of such databases or fields have been avoided. All 

the activities of this Machine Translation system have been implemented in 

ASP.Net and their databases are in the MS-Access with Hindi and Punjabi 

text in Unicode format. This Machine Translation system accepts Hindi text as 

input and provides output in Gurmukhi script in Unicode.  

This chapter provides first activity pre-processing of our Machine Translation 

system. The remaining activities have been detailed in the next chapters. 

Chapter 1 has already presented the complete design of this Machine 

Translation system. 

 

4.1 Introductio n 



 

Language in India www.languageinindia.com 715 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

 

The preprocessing stage is a collection of operations that are applied on input 

data to make it processable by the translation engine. In the first phase of 

Machine Translation system, various activities incorporated include text 

normalization, replacing collocations and replacing proper nouns. Figure 4.1 

presents the design of this pre-processing system in more detail. 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Pre -processing System Design  

The four sub-activities of pre-processing system shown in Figure 4.1 are 

explained in the following sub-sections. 

 

4.2 Text Normalization  

Spelling conventions are an important feature of any language that is written. 

The Cambridge Dictionary defines spelling as 'forming words with the correct 
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letters in the correct orderô, or the ability to do this where variation is 

'difference' or 'deviation' in the structure. The existence of the variants does 

not make much of the difference to the common person who is using the 

language because it does not come on the way of proper communication of 

the message but it is much important in case of Machine Translation. This sub 

phase works on spelling standardization issues, thereby resulting in multiple 

spelling variants for the same word. The major reasons for this phenomenon 

can be attributed to the phonetic nature of Indian languages and multiple 

dialects, transliteration of proper names, words borrowed from foreign 

languages, and the phonetic variety in Indian language alphabet. The variety 

in the alphabet, different dialects and influence of foreign languages has 

resulted in spelling variations of the same word. Such variations sometimes 

can be treated as errors in writing. For example, Following are the possible 

spelling variations for the Hindi word yɰŐɭÅɠ (aṴgrǛjǭ): 

yɯŐɭÅɠ, yɰÀØɭÅɠ, yęŐɭÅɠ, yɯÀØɭÅɠ, yɰŐɭÅɠ, yɰŐɭéɠ  

But out of these above possible spelling variants, only following are found in 

the Hindi corpus along with their frequency of occurrence: 

Table 4.1: Frequency of Occurrence for Possible Spelling Variants of 

Word yɰŐɭÅɠ  

yɰŐɭéɠ (aṴgrǛjǭ) 87.017% 

yɰŐɭÅɠ (aṴgrǛjǭ) 8.037% 
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yɯÀØɭÅɠ (aṴgrǛjǭ) 4.945% 

 

Following rules specific to Hindi language have been framed which can 

handle such variations, which could result in more precise performance and 

for making the input text normalized for better accuracy: 

Table 4.2: Text Normalization  Rules  

Rule No.  Rule  Example  

1. Chandrabindu (a half-moon with a dot) 

and bindu (a dot on top of alphabet) 

can be used interchangeably. 

(i) yɯÀØɭé (aṴgrǛja), 

yɰÀØɭé (aṴgrǛja) 

(ii) ÙɟɯÃ (lǕ¶c), ÙɟɰÃ 

(lǕ¶c) 

2. There are five consonant characters 

with nukta (a dot under consonant) viz. 

â, ã, ä, é, ÷. With this rule, all 

consonants with nuktas and these 

consonants without nukta will be 

considered same. 

 (i)yɰŐɭé(aṴgrǛja), 

yɰŐɭÅ (aṴgrǛj) 

(ii) ÓɨÈɨ (phǾẞǾ), ÷ɨÈɨ 

(phaǾẞǾ) 

(iii) ÍɭÅ (tǛj), Íɭé (tǛja) 

3. Hindi and many other Indian 

languages face the problems of 

'schwa' (the default vowel 'a' that 

occurs with every consonant) deletion. 

Lots of spelling variations occur due to 

'schwa' deletion. In order to normalize 

such words we delete all the halanth 

characters in the given word to 

generate spelling variant. 

(i)ÕÀÛɟÑn(bhagvǕn), 

ÕÀÛɟÑ (bhagvǕn) 

(ii)yÀØÅ (agaraj), 

yŐÅ (agraj) 

(iii)yĆÞØ (aksar), 

y¾ÞØ(akasar) 
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(iv)ÑɟØ¾ɨȏÈ¾ 

(nǕrkǾẞik),Ñɟ¾ɼȏÈ¾ 

(nǕrkǾẞik) 
4.  óBinduô and óÑnô can be used 

interchangeably. 

(i) ¾ęÉ(kanẞh), ¾ɰÉ 

(kaṶẞh) 
5. óBinduô and óÖnó can be used 

interchangeably for words having óÖnó 

before the labial consonants like 

Ò,Ô,Ó,Ö,Û in the word. 

(i) yĞÔȓ(ambu), yɰÔȓ 

(ambu) 

(ii) ÒĞÒ (pamp), ÒɰÒ 

(pamp) 

6. There is one supplemental sound 

occasionally encountered in Hindi. This 

is the óVisargaô, noted in devanagari by 

the sign (ó˚ɪô). This sign appears only 

in tatsama vocabulary items. The 

words having sign (ó˚ɪô) can also be 

written without it and is treated 

equivalent. 

(i) yŎÖÍɪ(akrmat), 

yŎÖÍ (akrmat) 

(ii) yɰÍÍɪ (antat:), 

yɰÍÍ (antat) 

7. Sometimes in place of óʦô/óÌnô/ óÇó in the 

words, Chandrabindu (a half-moon 

with a dot) / bindu (a dot on top of 

alphabet)  can be used and are equally 

correct. But it is very rare. 

(i) ÀɰʦÀɟ(gaṴṴgǕ), 

ÀɰÀɟ(gaṴgǕ) 

(ii) ŤɟĔÊ (brǕṶḼ), ŤɟɯÊ 

(brǕṶḼ) 

(iii) ÒÇÅɟ (pa¶jǕ),ÒɰÅɟ 

(pa¶jǕ) 
8.  ó|ó and ó×ɠô cane be used (i) Ñ| (naǭ), Ñ×ɠ(nayǭ) 
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interchangeably in words.  

9. ó¤ó and ó×ɭô can be used 

interchangeably in words. 

(i) εÙ¤ (liǛ), εÙ×ɭ (liyǛ) 

 

Analysis:  

An exhaustive analysis has been done on large Hindi corpus collected from 

number of online resources for finding most useful rules among above 

mentioned rules. The Hindi Corpus used for analysis consists of about 

1,00,000 words.   

As it has been mentioned earlier that there can be a large number of possible 

spelling variations for a particular word depending upon the above rules, but 

in real data, among these variations, very less spelling variations are found. 

Only 1.492% words show the variations in their spellings. Following Table 

shows that out of these 1.492% words, percentage of words having one, two 

or three variations: 

Table 4.3: % Word Occurrence with Spelling Variation C ount  

Number of variants  Words (%) Example  

1 99.985 ÅȼØÍ (jarȊrat), éȻØÍ (jarurat) 

2 0.010 yɯÀØɭÅɠ (aṴgrǛjǭ),yɰŐɭÅɠ 

(aṴgrǛjǭ),yɰŐɭéɠ (aṴgrǛjǭ) 

3 0.005 ÷¾x (phark), Ó¾x (phark), ÷âx 

(phark), ÷Ø¾ (phark) 
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Thus, above table represents that, the variations found for majority of the 

words is just 1 and in worst case, it can go up to 3. And no case has been 

found with more than three spelling variants. 

Following graph represents the importance and usage of different rules during 

analysis: 
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Figure 4.2 : Analysis of % Usage of  Various Text Normalization Rules  

 The above graph shows that Rule No 1 and 2 have maximum applicability 

and rests of the rule are seldom used. Rules other than 1 and 2 are also 

contributing in standardization but their role is limited.  

It is found that only 7.45% text was standardized using the above rules. 

Following graph shows the analysis of the contribution of various rules Vs the 

number of words standardized: 
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Figure 4.2 : Analysis of C ontribution of Text Normalization Rules  

Majority of the standardization is done on the basis of the rules 1 and 2. Rest 

of the rules play very limited roles.  

 
Database design:  

Table 4.4 carries the design of the database used for storing information 

about text normalization. 

Table 4.4: Text Normalization Database De sign  

Field Name  Description  

nonstandardWord Stores the non standard Hindi words 

nswFreq The frequency of the non standard word in the 
corpus analysed 

standardWord Hindi Word with standard spellings 

swFreq The frequency of the standard word in the 
corpus analysed 

 

Sample database entries:  

Table 4.5: Sample Entries of Text Normalization Database  
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nonstandardWord  nswFreq  standardWord  swFreq  

η÷ġÖ (phailm) 104 ηÓġÖ (philm) 2165 

ßɟÙɟɰη¾ (hǕlǕṴki) 1486 ßɟÙɟɯη¾ (hǕlǕṴki) 3120 

ßɟɯ (hǕṲ) 2045 ßɟɰ (hǕṲ) 4513 

Öɩâɟ (maukaǕ) 700 Öɩ¾ɟ (maukǕ) 1580 

η¾Øɟ¤ (kirǕǛ) 600 η¾Øɟ×ɭ (kirǕyǛ) 3411 

ßȕɰ (hȊṲ) 985 ßȕɯ (hȊṲ) 24910 

¤ĔÊ (ǛṶḼ) 100 ¤ɰÊ (ǛṶḼ) 1853 

ĦÎɟ| (sthǕǭ) 6 ĦÎɟ×ɠ (sthǕyǭ) 20 

{ɰÈØÑɭǮÙ 

(iṶẞranǛshnal) 
2 {ɰÈØÑɭÜÑÙ 

(iṶẞranǛshnal) 

16 

ØθÛęş (ravindr) 1 ØθÛɰş (ravindr) 4 

 

Our A pproach:  The small offline module has been developed to generate the 

database for standardization. The module starts applying the rules discussed 

above, to the Hindi corpus collected from various sources like Hindi 

newspaper websites, various literatures available online etc. Thus, storing 

standard and non standard words extracted during corpus analysis along with 

their frequency into database. Then, the word having the maximum frequency 

among its spelling variant words is considered to be standard one. In future, 

this standard word may also be replaced with some of its other variants if 

frequency of the new spelling variant exceeds the current standard one. For 

example: the spelling variations ßɟÙɟɰη¾ (hǕlǕṴk) and ßɟÙɟɯη¾ (hǕlǕṴk) are 

equally correct. If in some input text one variation is present more number of 

times than other, it can become standard one and vice versa. Thus, the 
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database is always in updated mode to accept changes for the existing 

entries also. The spelling variant(s) among non standards having frequency 

zero is omitted as they do not have existence in the real text. In this way, only 

those spelling variations are kept in the database that actually exists in Hindi 

Vocabulary. In this way, database is generated and presently database 

consists of 2,00,450 entries. Once this database is generated, during the 

preprocessing phase, the table lookup is done to replace the non standards 

words present in the database with the standard ones. 

 

4.3 Replacing Collocations   

After passing the input text through text normalization, the text passes through 

this Collocation replacement sub phase of Pre-processing phase. Collocation 

is two or more consecutive words with a special behavior. (Choueka :1988). 

Collocation means those combinations of words in Hindi that cannot be 

translated word to word and such combinations of words have different word 

in group rather that their individual. These groups of words have a special 

behavior. The meaning of the collocation can not be predicted from its parts, 

there is usually an element of meaning added to the parts of collocation. For 

example, the collocation }ǡØ ŢÏɭÜ (uttar pradǛsh) if translated word to word, 

will be translated as cy~r v~c (javǕb rǕj) but it must be translated as Ìkv 

pÅm¤z (uttar pradǛsh). 
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Related work s: 

Collocation has long been studied by lexicographers and linguists in various 

ways. Most collocation extraction methods are based on exploiting the various 

idiosyncrasies exhibited by collocations. The variation in statistical 

distributional characteristics has been widely employed to test for evidence of 

a collocation. Point wise Mutual Information is one of the earliest measures of 

association used for collocations [104]. Word association has also been 

measured using measures like Jaccard, Odds Ratio, etc [105]. Classical 

statistical hypothesis tests like Chisquare test, t-test, z-test, Log Likelihood 

Ratio [106] have also been employed to decide whether the constituents of a 

collocation are independent of each other. The variation in positional 

distribution of words in a collocation has also been used to identify significant 

collocations [107]. Lin [108] and Cruys et.al. [109] have used the principle of 

substitution to extract institutionalized collocations. They measure the 

difference between the distributional characteristics of the collocation and 

other similar collocations obtained by lexical substitution. While Lin uses PMI 

as the base association score, Cruys et.al. [109] use a strength of association 

measure motivated by the idea of selectional preference of a constituent word 

for another. Fazly et.al. [110] extract collocation by exploiting their syntactic 

fixedness. Katz [111] and Baldwin [112] use the context as a bag of words 

and build context vectors for representing collocations and their constituents. 

Comparison of the collocation and constituent vectors helps determine if the 

collocation is non-compositional. Moiron et.al. [113] have used the idea of 
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translation ambiguity to extract non-compositional MWEs. The 

noncompositional collocations will have more translation candidates on 

account of more uncertainty in translation. This uncertainty is measured as 

translational entropy. Language modeling has been used to extract domain 

specific phrases, by comparing the distribution of collocations in a general and 

domain-specific corpus [114]. All the measures mentioned above have 

modeled the problem as a ranking problem, where the collocations more likely 

to be MWEs are ranked higher. If an annotated training set is available, the 

MWE extraction problem can be set up as a classification problem [115]. For 

Indian languages, automated collocation extraction work has been limited. In 

fact, both of the existing works [115-117] use some kind of English translation 

for extracting Hindi collocations. Mukerjee et.al. [116] have used parallel 

corpus alignment and POS tag projection with parallel English corpus to 

extract complex predicates. Venkatapathy et.al. [115] use a classification 

based approach for extracting N-V collocations for Hindi. They use identity of 

the verb, semantic type of the object, case marker with the object, similarity of 

the verb form of the object with the verb-object pair under consideration etc. 

as features in a MaxEnt classifier. Thus, there are number of approaches for  

extracting Collocations from the corpus Like Frequency Method, Mean and 

Variance, Hypothesis Testing, t-test, Pearsonôs Chi-Square Test , Likelihood 

Ratio and Point wise Mutual Information.  

 

Our Approach for Extracting C ollocations:  
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Our focus is on extracting collocations which can be used for translation into 

Punjabi and above mentioned approaches are not suitable in our case. We 

have developed an offline module using t-test for automatically extracting the 

collocations from the Hindi Corpus. The steps performed for extracting the 

collocations using the t-test are as follows: 

1. Extract all the unigrams, bigrams and trigram from the corpus along 

with their frequencies of their occurrence in the corpus and store into a 

database table tbl_Unigram, tbl_bigram, tbl_trigram respectively. 

2. Combine all bigrams and their frequencies with their corresponding 

unigrams and their particular frequencies into the database table 

tbl_unibi. 

3. Combine all trigrams and their frequencies with their corresponding 

unigrams and their particular frequencies into the database table 

tbl_unitri. 

4. For each entry in table tbl_unibi, Expected mean (m) is calculated using 

the formula P(bigram) = P(unigram1)P(unigram2). Where P(unigrami) = 

Frequency of unigram / total no of tokens in analyzed corpus. 

5. For each entry in table tbl_unibi, Observed mean is calculated by 

dividing the frequency of the particular bigram with the total number of 

bigrams found during corpus analysis. 

6. The variance (s2) is equal to the observed frequency. 

7. Now Apply the formula t = (x -m)/sqrt(s2/N). Where N is the total 

number of bigrams found during corpus analysis. 
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8.  Apply the steps 4 to 7 for trigrams. 

9. After applying t-test to all bigrams and trigrams, there are many 

bigrams and trigrams which are not good candidates for collocations. 

We removed all the analyzed bigrams and trigrams whose t-value is 

less than 2.576 (standard value provided by t-test). 

The accuracy of the results for collocation extraction using t-test is not 

accurate and includes number of such bigrams and trigrams that are not 

actually collocations. Thus, manually such entries were removed and actual 

collocations were further extracted. The correct corresponding Punjabi 

translation for each extracted collocation is stored in the collocation table of 

the database. The collocation table of the database consists of 5000 such 

entries. 

 

Database design:  Table 4.6 carries the design of the database used for 

storing information about collocations. 

Table 4.6: Collocation Database Design  

Field Name  Description  

Collocation Stores the Hindi collocation 

punjabiTranslation Stores Punjabi translation for 
corresponding collocation 

 

 

 

Sample  database entries:  

Table 4.7: Sample Entries in Collocation Database  

Collocation  punjabiTranslation  

zÒ ¾ɨ (Ǖp kǾ) k¢|~o£Ä (tuhǕnȊṲ) 



 

Language in India www.languageinindia.com 728 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

}ǡØ ŢÏɭÜ (uttar pradǛsh) Ìkv pÅm¤z (uttar pradǛsh) 

ÅɟÑɭ ÅɟÑ (jǕnǛ jǕn) c~j¤ c~j (jǕṶǛ jǕṶ) 

ÅɨØ-ÜɨØ (jǾr-shǾr) c¦v-z¦v (jǾr-shǾr) 

ÏɮȑÑ¾ ÅɟÀØÌ (dainik jǕgraṶ) m¥ o\ c~^vj (dainik jǕgraṶ) 

ÑɟÀ ÒɰÃÖɠ (nǕg pa¶cmǭ) o~ ̂pÄat¡ (nǕg pa¶cmǭ) 
 

Our approach for replacement of collocation:  

In this sub phase, the normalized input text is analyzed. Each collocation in 

the database found in the input text will be replaced with the Punjabi 

translation of the corresponding collocation. This step helps a lot in increasing 

the translation accuracy of the system. It is found that when tested on a 

corpus containing about 1,00,000 words, only 0.001% collocations were found 

and replaced during the translation. 

 

4.4 Replacing Proper Nouns  

A great proposition of unseen words includes proper nouns like personal, 

days of month, days of week, country names, city names, bank names, 

organization names, ocean names, river names, university names etc. and if 

translated word to word, their meaning is changed. If the meaning is not 

affected, even though this step fastens the translation process. Once these 

words are recognized and stored into the proper noun database, there is no 

need to decide about their translation or transliteration every time in the case 

of presence of such words in input text for translation. This gazetteer makes 
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the translation accurate and fast. This list is self growing during each 

translation. Thus, to process this sub phase, the system requires a proper 

noun gazetteer that has been complied offline. For this task, we have 

developed an offline module to extract proper nouns from the corpus based 

on some rules. Following sections will explain the process of preparing the 

proper noun gazetteer and then the use of this gazetteer in pre-processing 

phase. 

4.4.1 Compilation of Proper Nouns Gazetteer:   

The gazetteer has been prepared using two approaches.  One approach is 

through an offline module and another is through manual collection from 

various sources available online. The offline module further needs two 

databases containing titles like Ŭɠ (shrǭ), ŬɠÖÍɠ (shrǭmtǭ), Ţɨ (prǾ) etc. and 

surnames like yÛĦÎɠ (avsthǭ), zßȕÅɟ (ǕhȊjǕ) etc. The database design of 

these databases has been explained in following sections. These databases 

have been prepared manually by collecting the data from various resources. 

The offline module accepts the Hindi text, applies various rules on it, extracts 

the proper names, and stores it in proper noun database. Following are the 

rules for extraction of proper nouns through offline module: 

Rule 1:  It checks whether the token from input text is matched with any entry 

in titles database, then the token next to current one is a proper noun like 
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ŬɠÖɟÑ ¾ÖÙ Àɨ×Ù (shrǭmǕn kamal gǾyal). Here ŬɠÖɟÑ (shrǭmǕn) is a title and 

thus, ¾ÖÙ (kamal) is a proper noun. 

Rule 2: It checks whether the token from input text is matched with any entry 

in surname database, then the token previous to current one is a proper noun 

like ¾ÖÙ Àɨ×Ù (kamal gǾyal). Here, Àɨ×Ù (gǾyal) is a surname and thus, 

¾ÖÙ (kamal) is a proper noun. 

Using above two rules, initial proper nouns gazetteer is prepared from a large 

Hindi Corpus.  Then manual entries are also added into this gazetteer for 

making it more robust for use by the translations system. After generating this 

gazetteer, there is need to call transliteration module (explained in the next 

chapter) for storing the equivalent Punjabi version of this Hindi entry. The 

database consists of 8000 such entries. 

4.4.2 Replacing Proper Nouns:  

After passing the input text through text normalization and collocation 

replacement sub phase of pre-processing, the output text from collocation 

phase becomes input text for this proper noun replacement sub phase of 

preprocessing. If there are any tokens in the input text that gets matched with 

the entries of the proper nouns database, are replaced with the corresponding 

equivalent Punjabi proper nouns. 

Database design:  Table 4.8 carries the design of the database used for 

storing information about proper nouns. 
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Table 4.8: p roperNoun Database Design  

Field Name  Description  

hindiPropernoun Stores the Hindi version of proper noun 

punjabiProperNoun Stores equivalent Punjabi version of the 
proper noun. 

 

Sample database entries:  

Table 4.9: Sample Entries of properNoun Database  

hindiProperNoun  punjabiProperNoun  

yÖØ εÞɰß (amar siṲh) Rtv  {Ä_ (amar siṴgh) 

zÅɟÏ ÑÀØ (ǕjǕd nagar) S«~m o^v (ǕzǕd nagar) 

{ɰĈÙʅÊ (iṴglaiṶḼ) TÄ^wÀh (iṴglaiṶḼ) 
{ɰȏÏØɟ ÀɟɰÐɠ (indirǕ gǕndhǭ) TÄmv~ ̂ ½n¡ (indrǕ gǕndhǭ) 
}ǡØ ÕɟØÍ (uttar bhǕrat) Ìkv s~vk (uttar bhǕrat) 
ÅÖÑɟ Ôɟ| Ħ¾ȕÙ (jamnǕ bǕǭ skȊl) cto~ r~U {\£w (jamnǕ bǕǭ sakȊl) 

 

 

4.5 Summary  

In this chapter, pre-processing activity of our Machine Translation system has 

been provided. Design and implementation details of these activities have 

been discussed. Along with the database design, some excerpts from the 

respective databases have been provided to make the design more clear. In 

the next chapter, the remaining activities of our Machine Translation system, 

i.e. tokenizer and translation engine are discussed.  
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Chapter 5  

Tokenizer and Translation Engine  

5.1 Tokenizer  

Tokenizers (also known as lexical analyzers or word segmenters) segment a 

stream of characters into meaningful units called tokens. The tokenizer takes 

the text generated by pre processing phase as input. Individual words or 

tokens are extracted and processed to generate its equivalent in the target 

language. This module, using space, a punctuation mark, as delimiter, 

extracts tokens (word) one by one from the text and gives it to translation 

engine for analysis till the complete input text is read and processed.  

 

5.2 Translation Engine  

The translation engine is the main component of our Machine Translation 

system. It takes token generated by the tokenizer as input and outputs the 

translated token in the target language. These translated tokens are 

concatenated one after another along with the delimiter. Then this generated 

text is passed on to the postprocessing phase. Translation Engine Phase of 

the system involves various sub phases that are Identifying titles, Identifying 

surnames, word-to-word translation using lexicon lookup, Word sense 

disambiguation and handling out-of-vocabulary words. All the modules have 

equal importance in improving the accuracy of the system. In this chapter, 
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these modules are described in detail followed by an example. This phase 

comprises of following sub phases:  

1. Identifying titles 

2. Identifying surnames 

3. Word-to-word translation using lexicon lookup 

4. Word sense disambiguation 

5. Handling out-of-vocabulary words 

5 (a) Word Inflectional analysis and generation 

5 (b) Transliteration  

5.2.1 Identifying Titles  

Title may be defined as a formal appellation attached to the name of a person 

or family by virtue of office, rank, hereditary privilege, noble birth, or 

attainment or used as a mark of respect. Thus word next to title is usually a 

proper noun. And sometimes, a word used as proper name of a person has its 

own meaning in target language. When this word is passed through the 

translation engine, it is translated by the system. This cause the system failure 

as these proper names should be transliterated instead of translation. For 

example consider the Hindi sentence ŬɠÖɟÑ ßÝx Åɠ ßÖɟØɭ ×ßɟɯ ÒÐɟØɭ] (shrǭmǕn 

harsh jǭ hamǕrǛ yahǕṲ padhǕrǛ). In this sentence, ßÝx (harsh) has the 

meaning ñjoyò. The equivalent translation of ßÝx (harsh) in target language is 

]¢z¡ (khushǭ). Thus, the sentence will be translated as zÅ¡t~o ]¢z¡ c¡ {~h¤ TȈl¤ 

pn~v¤ ] (shrǭmǕn  khushǭ  jǭ sǕḼǛ itthǛ padhǕrǛ). But actually it must be 
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translated as zÅ¡t~o |vz c¡ {~h¤ TȈl¤ pn~v¤ ] (shrǭmǕn harash jǭ sǕḼǛ itthǛ 

padhǕrǛ). The reason is straightforward that in this sentence ßÝx (harsh) word 

is acting as proper noun and it must be transliterated and not translated.  

In this system, a small module has been developed for locating such proper 

nouns where titles are present as their previous word like Ŭɠ (shrǭ), ŬɠÖɟÑ 

(shrǭmǕn), ŬɠÖÍɠ (shrǭmtǭ) etc. There is one special character óiô in Devanagari 

script to mark the symbols like Êɟi, Ţɨi. If tokenizer found this symbol during 

reading the text, the word containing it, will be marked as title by setting the 

IsTitle Flag to true. If isTitle flag has been set to true, the next word generated 

by tokenizer will be transliterated and not processed for translation. After the 

word next to title will be transliterated, isTitle flag is again reset to False. The 

named entities found from the text through this module are also added to the 

proper nouns database automatically. It improves the systems in two ways ï 

one, it helps in continuously increasing the proper noun coverage, Second, 

the expansion of  proper noun database will increase the speed of translation. 

Database design:  Table 5.1 carries the design of the database used for 

storing information about titles. 

Table 5.1: Titles Database Design  

Field Name  Description  

titleInHindi Stores the titles in Hindi 

titleInPunjabi Stores the corresponding translated titles 
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in Punjabi  

 

 

 

Sample Database E ntries:  

The title database consists of 14 entries. Following table shows some of the 

database entries for titles database: 

Table 5.2: Sample Entries of Titles Database  

titleInHindi  titleInPunjabi  

Ţɨ (prǾ) pÅ¦ (prǾ) 

ŬɠÖÍɠ (shrǭmtǭ) zÅ¡tk¡ (shrǭmtǭ) 

ŬɠÖɟÑ (shrǭmǕn) zÅ¡t~o (shrǭmǕn) 
Ŭɠ (shrǭ) zÅ¡ (shrǭ) 

 

This database can be extended at any time to allow new titles to be added. 

5.2.2 Identifying Surnames  

Surname may be defined as a name shared in common to identify the 

members of a family, as distinguished from each member's given name. It is 

also called family name or last name. Thus the word previous to surname is 

usually a proper noun. And sometimes, a word used as proper name of a 

person has its own meaning in target language. When this word is passed 

through the translation engine, it is translated by the system. This causes the 

system failure as these proper names should be transliterated instead of 

translation. For example consider the Hindi sentence Ţ¾ɟÜ εÞɰß ßÖɟØɭ ×ßɟɯ 
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ÒÐɟØɭ]. (prakǕsh siṲh hamǕrǛ yahǕṲ padhǕrǛ) In this sentence, Ţ¾ɟÜ 

(prakǕsh) is a noun having sense ñlightò. The equivalent in target language is 

a~oj (cǕnaṶ). Thus, the sentence will be translated as a~oj  {Ä_ {~h¤ TȈl¤ pn~v¤ 

] (cǕnaṶ siṴgh sǕḼǛ itthǛ padhǕrǛ). But actually it must be translated as pÅ\~z 

 {Ä_ {~h¤ TȈl¤ pn~v¤ ] (prakǕsh siṴgh sǕḼǛ itthǛ padhǕr)Ǜ. The reason is 

straightforward that in this sentence Ţ¾ɟÜ (prakǕsh) word is acting as proper 

noun and it must be transliterated and not translated.  

A small module has been developed for locating such proper nouns where 

word under consideration is a surname. If it is found to be surname then the 

word previous to this word is transliterated. If in any case, the previous word 

has been translated, now it has been corrected by transliteration. This module 

was also tested on a large Hindi corpus and showed that about 2-5 % text of 

the input text depending upon its domain is proper noun. Thus, this module 

plays an important role in translation. But it has also been observed that there 

were some cases where this module fails on following examples: 

(i) zÒ ¾ȓÖɟØ Þɭ ÒȕÄ Ùʃ ] (Ǖp kumǕr sǛ pȊch lǛṲ). 

(ii) }ęßʇÑɭ εÞɰß ÒȎØÛɟØ Þɭ ȎØĤÍɟ Åɨîɟ ] (unhǾnnǛ siṲh parivǕr sǛ rishtǕ jǾẊǕ). 

(iii) ÖʅÑɭ Àɨ×Ù ¾ɨ ¾ßɟ Îɟ η¾ Ûɨ ×ßɟɯ Ñɟ z×ɭ ] (mainnǛ gǾyal kǾ kahǕ thǕ ki vǾ 

yahǕṲ nǕ ǕyǛ) 
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(iv) ØɟÖ Ñɭ εÞɰß ¾ɥ âȓØÔɟÑɠ ¾ɨ ÞØɟßɟ ] (rǕm nǛ siṲh kǭ kurbǕnǭ kǾ sarǕhǕ). 

In the above examples, before the surnames ¾ȓÖɟØ (kumǕr), εÞɰß (siṲh), Àɨ×Ù 

(gǾyal) the tokens are zÒ (Ǖp), }ęßʇÑɭ (unhǾnnǛ), ÖʅÑɭ (mainnǛ) respectively. 

These token were transliterated rather than translated according to this 

module. Now, this module has been made intelligent to differentiate between 

proper nouns and other tokens like pronouns, prepositions, adjectives etc and 

thus only proper nouns will be transliterated. List of such approx. 50 tokens 

has been prepared manually so that whenever these tokens are found before 

the surnames, these must not be transliterated and will be translated.  

It is not possible to store all the possible proper nouns directly into the 

database. Thus, the proper nouns found from the input text through this 

module are automatically added to the proper nouns gazeteer. Hence, 

through this self learning approach, the systemôs accuracy and speed keep on 

increasing with use. 

Database design:  Table 5.3 carries the design of the database used for 

storing information about surnames. 

Table 5.3: Surnames Database Design  

Field Name  Description  

surnameInHindi Stores the surname in Hindi 

surnameInPunjabi Stores the corresponding transliterated 
surnames in Punjabi  

 

Sample database entries:  
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The surnames database consists of 654 entries. Following table shows some 

of the database entries for surnames database: 

Table 5.4: Sample Entries of Surname Database  

surnameInHindi  surnameInPunjabi  

yØɨîɟ (arǾẊǕ) Rv¦¬~ (arǾẊǕ) 

¾Ćî (kakẊ) \Ȉ\¬ (kakkaẊ) 

¿ȓØɟÑɟ (khurǕnǕ) ]¢v~o~ (khurǕnǕ) 
ȒÅɰÏÙ (jindal)  cÄmw (jindal) 

 

 

5.2.3 Word -to-Word translation using lexicon  lookup  

If token is not a title or a surname, it is looked up in the HPDictionary 

database containing Hindi to Punjabi direct word to word translation. If it is 

found, it is used for translation. If no entry is found in HPDictionary database, 

it is sent to next sub phase for processing. For example, token is yîÍɠÞÛɟɯ 

(aẊtǭsvǕṲ), it is looked up in the database and the entry for it is found in the 

database. Then its translated version is used in the output text i.e. RgȈ k¡y½ 

(aẞhttǭvǕṲ). And no other phase is required for this token. Tokenizer will start 

generating next token for processing by the translation engine.  

 

Database design:  Table 5.5 carries the design of the database used for 

storing entries for Hindi words to Punjabi words direct translation. 

Table 5.5: HPDictionary Database Design  

Field Name  Descr iption  

hindiWord Stores the Hindi Word 
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punjabiWord Stores the corresponding translated word 
in Punjabi  

 

Sample database entries:  

The HPDictionary database consists of 54,127 entries.Following table shows 

some of the database entries for HPDictionary database: 

Table 5.6: Sample Entries of HPDictionary Database  

hindiWord  punjabiWord  

yÎÛɟ (athvǕ) Rk¤ (atǛ) 

Äɨîɠ (chǾḼaǭ) bȈh¡ (chaḼḼǭ) 

Åɟ×ʃÀɭ (jǕyǛṴgǛ) c~j^¤ (jǕṶgǛ) 
Þɠ¿ɟ (sǭkhǕ)  {Ȉ ]S (sikkhiǕ) 

 

This database can be extended at any time to allow new entries in the 

dictionary to be added. 

5.2.4 Resolving Ambiguity  

Ambiguity is one of the NLP problems which have been a great challenge 

for computational linguists. In general, people are unaware of the ambiguities 

in the language they use because they are very good at resolving them using 

context and their knowledge of the world. But computer systems do not have 

this knowledge, and consequently do not do a good job of making use of the 

context. 

Something is ambiguous when it can be understood in two or more 

possible ways or when it has more than one meaning. If the ambiguity is in a 
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sentence or clause, it is called structural (syntactic) ambiguity. If it is in a 

single word, it is called lexical ambiguity.  

For the structural ambiguity, consider the sentence ñThe man saw the girl 

with the telescopeò. This sentence is ambiguous since it can be interpreted in 

two ways: The man saw the girl who possessed the telescope or, the man 

saw the girl with the aid of the telescope. However, the sentence ñThe man 

saw the girl with a red hatò is not ambiguous for a human reader (people have 

the knowledge that a hat cannot be used to see), while it has the same 

ambiguity as the previous example for a computer.  

In a Machine Translation application, different senses of a word may be 

represented with different words in the target language. Consider the following 

sentence : 

ØɟÖ zÖ ¿ɟ Øßɟ ßɮ ] (rǕm Ǖm khǕ rahǕ hai)           

In the above example, word zÖ in the sentence is lexically ambiguous. Its 

meaning can be interpreted in two ways ï mango (a fruit) and usual (an 

adjective) as in following examples: 

Usage as Noun: ÍɨÍɟ Òɭî ÒØ ÔɮÉ¾Ø zÖ ¿ɟ Øßɟ ßɮ (tǾtǕ pǛḼa par baiẞhakar Ǖm 

khǕ rahǕ hai) 

Usage as Adjective: ¥Þɭ ÃɨØʇ Þɭ εÖÙÑɟ zÖ ÔɟÍ ßɮ Åɨ ÃɨØɡ ¾ɭ ζãÙɟ÷ }ÒÏɭÜ ÏɭÍɭ ßʅ 

(aisǛ cǾrǾṲ sǛ milnǕ Ǖm bǕt hai jǾ cǾrǭ kǛ khailǕpha updǛsh dǛtǛ haiṲ) 
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In order to correctly translate a text in one language to another, firstly we have 

to know the senses of the words and then find the best translation equivalent 

in the target language.  

Lexical ambiguity can refer to both homonymy and polysemy. Homonyms 

are words that are written the same way, but are (historically or conceptually) 

really two different words with different meanings which seem unrelated. 

Examples are suit (ñlawsuitò and ñset of garmentsò) and bank (ñriver bankò and 

ñfinancial institutionò). If a wordôs meanings are related, it is called a polyseme. 

The word party is polysemous because its senses can be generalized as 

ñgroup of peopleò, that is they are related.  

Now let us consider the meaning of the noun party in the following 

sentence: 

 

Mr. Smithôs party took 38% of the votes in the last election. 

 

It is clear to a human reader that the noun party is in the sense ñan 

organization to gain political powerò in the above sentence. Most people are 

not even aware of the ambiguity contained in the sentence. Humans are so 

skilled at resolving potential ambiguities that they do not realize they are doing 

it. There has been research on how people resolve ambiguities; however we 

still do not know exactly how humans do lexical disambiguation. Therefore, it 

is a difficult task to teach a computer to do the same thing. The most 

prominent way to disambiguate a word is examining its context. The context 
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can be considered as the words surrounding the ambiguous word, which is 

the noun party in our case. Words as vote and election might be a good clue 

for the sense of the noun party. But context is not the only information 

available for disambiguation. Syntactic classes of the words in the ambiguous 

wordôs context (whether they are noun, verb or adjective, etc.), whether the 

ambiguous word plays the role of object or subject in the syntactic structure of 

the sentence may also be used in the disambiguation process.    

In our research problem, we have determined the correct meaning of an 

ambiguous word which comes across during translation process, namely 

Word Sense Disambiguation using the context information. 

WSD algorithms can be divided into two based on the corpora used for 

training. These approaches are: 

i. Supervised Word Sense Disambiguation 

ii. Unsupervised Word Sense Disambiguation 

In supervised WSD the training data is sense-tagged whereas in 

unsupervised WSD the training data is raw corpora which have not been 

semantically disambiguated. In the following sections these approaches will 

be explained in detail. 

 

Supervised Disambiguation  

Supervised disambiguation is an application of the supervised learning 

approach for creating a classifier. A disambiguated corpus where each 

occurrence of an ambiguous word is annotated with a contextually appropriate 
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sense is available for training. The aim in supervised disambiguation is to 

build a classifier which correctly classifies new cases based on their context of 

use.  

Machine learning algorithms such as Bayesian classifiers [118], decision 

lists [119], decision trees [120], k-nearest neighbor and neural networks [121] 

are examples of supervised learning algorithms.    

An example of probabilistic algorithms is Naïve Bayes [122] which has 

been frequently applied in WSD with good results [123]. Gale, Church and 

Yarowsky [124,125] uses a variant of Bayes ratio on six ambiguous nouns, 

namely drug, duty, land, language, position, and sentence, and reports 90% 

accuracy in discriminating between two senses of these words.  Mooney [126] 

reports that Naïve Bayes and neural networks achieved the highest 

performance with an accuracy of 73% in assigning the correct senses to a 

corpus of examples of word line which has six senses. The other algorithms in 

Mooneyôs survey were 3-nearest neighbors, perceptron, decision tree, 

decision list and logic programming variants. Combining various classifiers 

has also been tested. Florian et al. [127] combined four classifiers namely 

feature-enhanced Naïve Bayes, Cosine, bag-of-words Naïve Bayes and non-

hierarchical decision lists. 

Decision lists search for discriminatory features in the training corpus and 

build a set of rules for disambiguation. Yarowsky [128] makes use of 

hierarchical decision lists and achieves top performance in the SENSEVAL-1 

framework on the 36 test words for which tagged training data was available. 
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Agirre and Martinez [129] reports that decision lists provide state-of-the-art 

results with simple and very fast means. This approach is reported to learn 

with low amounts of data. 

Decision lists and Bayesian classifiers are the most popular algorithms in 

supervised disambiguation. For neural networks Towell and Voorhees [130], 

for decision trees Black [131] and Pedersen [132], for k-nearest neighbor Ng 

and Lee [133] and for information-theoretic approaches Brown et al. [134] are 

some examples of the work done on WSD. 

A major problem with supervised approaches is the need for a large 

sense-tagged training set. Despite the availability of large corpora, manually 

sense-tagging of a corpus is very difficult and very few sense-tagged data are 

available now. 

The two largest corpora that are available are the SemCor corpus [135] 

and the SENSEVAL corpus [136-138]. The SemCor corpus, created by the 

Princeton University, is a subset of the English Brown corpus containing 

almost 700,000 running words. In SemCor, all the words are tagged by part of 

speech and more than 200,000 content words are also lemmatized and 

sense-tagged according to Princeton WordNet 1.6 (mappings for later 

versions of WordNet are also available). SENSEVAL corpus is derived from 

the HECTOR corpus and dictionary project. It is a joint Oxford University 

Press and Digital project which took place in the early 1990s. Another sense-

tagged corpus available is the DSO Corpus of Sense-Tagged English (Ng and 

Lee, 1996) [133]. This corpus contains sense-tagged word occurrences for 
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121 nouns and 70 verbs which are among the most frequently occurring and 

ambiguous words in English. These occurrences are provided in about 

192,800 sentences taken from the Brown Corpus and the Wall Street Journal 

and have been hand tagged by students at the Linguistics Program of the 

National University of Singapore. WordNet 1.5 sense definitions of these 

nouns and verbs were used to identify a word sense for each occurrence of 

each word.    

There have been several efforts for finding a way to avoid the use of hand-

tagged data. Bootstrapping is the most frequently used method for this 

purpose. Bootstrapping relies on a small number of instances of each sense 

for each lexeme of interest. These sense-tagged instances are used as seeds 

to train an initial classifier. This initial classifier is then used to extract a larger 

training set from the remaining untagged corpus. With each iteration of this 

process, the training corpus grows and the untagged corpus shrinks.  

Hearst [139] generates a seed set by simply hand-tagging a small set of 

examples from the untagged corpus. However, during the training phase each 

occurrence of a set of nouns to be disambiguated is manually sense-tagged in 

several occurrences. Schütze [140-141] proposes a method that avoids 

tagging each occurrence in the training corpus. Yarowsky [142] proposes an 

alternative technique by using two constraints named as ñOne sense per 

collocationò and ñOne sense per discourseò and reports an accuracy of 96% 

on twelve words.  ñOne sense per collocationò argues that nearby words 

provide strong and consistent clues to the sense of a target word, conditional 
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on relative distance, order and syntactic relationship. Also, ñOne sense per 

discourseò constraint argues that the sense of a target word is highly 

consistent within any given document. Different bootstrapping techniques are 

also presented in Mihalcea and Moldovan [143] and Mihalcea [144]. Mihalcea 

[144] makes a comparison between the results when training is performed on 

hand-tagged data and the results when training is done using the generated 

corpus by bootstrapping. She reports that the precision achieved with the 

generated corpus is comparable, and sometimes better than the precision 

achieved with hand-tagged corpora.  

Another method for avoiding hand-tagged data is using parallel corpora 

[145]. In this method, bilingual corpora are used since different senses of 

some words translate differently in another language.  By using a parallel 

aligned corpus, the translation of each occurrence of such words can be used 

to determine their correct senses automatically. In Dagan and Itai [146], Ide et 

al. [147] and Ng et al. [148], various uses of parallel corpora for WSD and its 

disadvantages can be found.  

The main problem that supervised disambiguation methods face with is 

data sparseness. Since the sense-tagged training corpus is finite and very 

small for WSD, some senses of polysemous words are very likely to be 

missing and most of them have few examples. For a supervised algorithm to 

be successful, the training data must ensure that all senses of a polysemous 

word are covered. Smoothing is used to solve the data sparseness problem. 

The task of reevaluating some of the zero-probabilities or low-probabilities 
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and assigning them non-zero values is called smoothing. Some of the 

smoothing methods are add-one smoothing, Witten-Bell smoothing [149], and 

Good-Turing smoothing [150]. Gale [151], presented a Good-Turing method 

for estimating the probabilities of seen and unseen objects in linguistic 

applications named as Simple Good-Turing method.  

Unsupervised Disambiguation  

In machine learning the distinction between supervised and unsupervised 

algorithms rests on whether a set of classifications exists. In unsupervised 

word sense disambiguation, information is gathered from raw corpora which 

have not been semantically disambiguated.  

Yarowsky [152] proposed an approach for marking words with their categories 

from a thesaurus. He used Rogetôs Thesaurus [153]. Training was carried out 

on an untagged corpus of 10 million words obtained from the electronic 

version of the Grollierôs Encyclopedia. The important aspect of the approach 

was that he used a context of 50 words either side so that 100 words were 

considered in the training examples for each ambiguous word. This method 

was tested on 12 ambiguous words and reported to achieve 92% accuracy. 

Yarowsky notes that this method is best for extracting topical information, 

most successful for nouns. The algorithm presented in Yarowsky [142] is also 

an unsupervised algorithm making use of a bootstrapping procedure.  

McCarthy et al. [154], presents an algorithm that makes use of a thesaurus 

acquired from raw textual corpora and the WordNet similarity package to find 

predominant noun senses automatically. The acquired predominant senses 
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gave a precision of 64% on the nouns of the SENSEVAL-2 all-words task 

which is a promising result regarding that no hand-tagged data is used.  

Some of the unsupervised methods correspond to clustering tasks rather than 

sense tagging tasks because they do not label words to predefined senses. 

These algorithms do not make use of an outside source of knowledge to 

define senses. This is called Word Sense Discrimination rather than 

disambiguation. They divide the occurrences of a word into a number of 

classes by determining for any two occurrences whether they belong to the 

same sense or not [155-157]. Sch¿tzeôs [155] results indicate that for coarse 

binary distinctions, unsupervised techniques can achieve results approaching 

those of supervised and bootstrapping methods. Purandere and Pedersen 

[156] present a systematic comparison of discrimination techniques proposed 

by Pedersen and Bruce [156,158,159] and by Schütze [157].   

Knowledge Bases for WSD  

In this section, different kinds of knowledge bases are presented. These 

knowledge bases can be used in any WSD system, whether it is supervised 

or unsupervised.  

Machine Readable Dictionaries  

Machine readable dictionaries (MRD) provide a ready-made information 

source of word senses. The first attempt to use MRDôs came from Lesk 

(1986)[160]. He starts from the simple idea that a wordôs dictionary definitions 

are likely to be good indicators of the senses they define. By using Oxford 

Advanced Learnerôs Dictionary (OALD), he counts overlapping content words 
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in the sense definitions of the ambiguous word and in the definitions of 

context words occurring nearby and selects the sense that achieves the 

maximum number of overlaps. The accuracy of the method is reported to be 

50-70% on short samples of the Jane Austen novel Pride and Prejudice and 

an Associated Press news story based on very brief experimentation with the 

program.  

Cowie et al. [161] tried to improve Leskôs approach by optimizing the 

overlap of all words in a single sentence simultaneously. However, it was 

found computationally very expensive. Therefore, Cowie et al. [161] used 

simulated annealing[162] for the first time in natural language processing. 

They evaluated this approach using a corpus consisting of 50 example 

sentences taken from Longman Dictionary of Contemporary English (LDOCE) 

which were disambiguated by hand. 47% of the words were reported to be 

correctly disambiguated to sense level and 72% to more rough grained 

senses. 

Stevenson and Wilks [163] computed the overlap by normalizing the 

contribution of a word to the overlap count. Pedersen and Banerjee [164] 

described a different version of the Leskôs algorithm by employing glosses 

contained in WordNet [165]. Because of the fact that dictionaries are created 

for human use, not for computers, there are some inconsistencies [166-168]. 

Although they provide detailed information at the lexical level, they lack 

pragmatic information used for sense determination. For instance, the relation 

between ash and tobacco, cigarette or tray is very indirect in a dictionary 
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whereas the word ash co-occurs very frequently with these words in a corpus 

[169]. 

 

Thesauri  

Thesauri provide information about relationships among words. Thesaurus 

based disambiguation makes use of the semantic categorization provided by 

a thesaurus or a dictionary with subject categories. The most frequently used 

thesaurus in WSD is Rogetôs International Thesaurus (Roget, 1946) which 

was put into machine-tractable form in 1950ôs [153].  

Walker [170] proposed an algorithm as follows: each word is assigned to 

one or more subject categories in the Thesaurus. If the word is assigned to 

several subjects, then it is assumed that they correspond to different senses 

of the word.  

Similar to machine readable dictionaries, a Thesaurus is a resource for 

humans, so there is not enough information about word relations.  

 

Computational Lexicons  

The usefulness of lexical relations in linguistic, psycholinguistic and 

computational research has led to a number of efforts to create large 

electronic databases of such relations. Beginning from the mid-1980ôs, 

construction of semantic lexicons by hand has emerged. Some examples of 

these lexicons are WordNet [164], CyC [171], ACQUILEX [172], and 

COMLEX [173]. Each of these lexicons contains different kinds of information. 
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WordNet  

WordNet is an online lexical reference system which was developed at 

Princeton University under the direction of Professor George A. Miller. It 

combines many features used for WSD in one system. It includes definitions 

of word senses as in a dictionary; it defines ñsynsetsò of synonymous words 

representing a single lexical concept; and it includes word-to-word relations.  

WordNet consists of three databases: noun database, verb database and 

one database for adjectives and adverbs. Each database consists of lexical 

entries corresponding to unique orthographic forms. 

The earliest attempts to use WordNet in WSD were in information retrieval 

field. Voorhees [174] and Richardson and Smeaton [175] created knowledge 

bases using WordNetôs hierarchy. Li et al. [176] proposed a WordNet-based 

algorithm for WSD. Disambiguation was done by semantic similarity between 

words and heuristic rules. Heuristic rules were based on the semantic 

similarity and the WordNet hierarchy. Leacock et al. [177] used WordNet to 

counter data sparseness problem. Hawkins [178] built up a WSD system that 

works with frequency and contextual information that is based on WordNet. 

Fellbaum et al. [179] proposed a system that made use of syntactic clustering 

and semantic distinctions extracted from WordNet. 

WordNet is mostly used to determine semantic similarity between senses. 

Resnik [180] computed information content of words which is a measure of 

the specificity of the concept that subsumes the words in the WordNet 

hypernym hierarchy. Agirre and Rigau [181] employ WordNet to determine the 
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conceptual distance among concepts whereas Mihalcea and Moldovan [182] 

exploit semantic density and WordNet glosses in an all words word sense 

disambiguation. Lin [183-185] described a semantic similarity measure where 

similarity between two objects is defined to be the amount of information 

contained in the commonality between the objects divided by the amount of 

information in the description of the objects.  

Other approaches using WordNet are Jiang [186], Agirre and Agirre et al. 

[187], Haynes [188] and Banerjee et al. [189]. A combination of MRDs and 

WordNet has also been tried with some success [190-192]. 

 

WSD in Indian Languages  

Robust Standalone Systems for word sense disambiguation in Indian 

language are very few. WSD is mostly tackled at the POS tagging and 

Morphological analysis phase and what ever left is handled with the help of 

rules. Recently some standalone algorithms have also been developed for 

WSD in Indian languages. 

Anusaaraka is one of the oldest MT systems available in India. It is more a 

language accessor rather than an MT system [65]. It is based on the 

assumption that most Indian languages have same origin so most of the 

words in source language have one meaning in target language. Based on 

this, it just provides the glosses of source language in the target language. 

There are cases where the meaning is too general or too specific. Such cases 

are handled by introducing some special notation to either narrow down or 
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widen the meaning. An attempt is made to find the underlying thread that 

connects different senses of the polysemous word. A kind of formula is then 

evolved that faithfully and unambiguously represents the connection between 

these different senses. For the English ï Hindi system, the current version of 

Anusaaraka uses a dictionary called Shabdanjali. POS tagger and wasp 

workbench are used for developing word sense disambiguation rules semi-

automatically. 

Similarly in AnglaBharati approach a rule base is used for picking up 

the correct sense of each word in the source language to the extent feasible 

using interleaved semantic interpreter [65]. Further disambiguation and choice 

of right construct and lexical preference are generated by the target language 

text generator module. Many a time, multiple rules may get invoked leading to 

the multiple interpretation of the input sentence. The rules are ordered in 

terms of their preference and an upper limit is put on the number of 

alternatives produced. Most of the disambiguation rules are in the form of 

syntacto-semantic constraints. Semantics are used to resolve most of the 

intra-sentence anaphora/pronoun references. Alternative meanings for the 

unresolved ambiguities are retained in the pseudo target language. The 

lexical database is hierarchically organized to allow domain specific meanings 

and also prioritize meanings as per user requirement.  

In the example based approach developed by [66] and known as 

ANUBHARTI, ambiguities in the meaning of the verb phrasal are also 

resolved using an appropriate distance function in the example base. The 
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alternate translations are being ranked with respect to the ordering of the rule 

base. 

In ANUBAAD system, sense disambiguation is carried out at various 

levels [75]. It starts with POS of a word. Some semantic categories are 

associated with words to identify the inflections to be attached with 

corresponding words in Indian languages as well as to identify the context in 

the sentence. Context identification is also done by the recognition of 

idiomatic expression and using context templates for each word. The context 

templates have been designed on the basis that meaning of the word may be 

independent of the context, may depend upon the occurrence of a sequence 

of words or words with certain semantic categories or may depend on the 

occurrence of certain keywords or keyword with certain semantic category. 

In Matra, rule bases and heuristic approaches are used for word sense 

disambiguation. A method has been described by Durgesh Rao et. al.[1] for 

mapping prepositions from English to Hindi. Similarly in Saarthak, emphasis is 

on sentence-level word sense disambiguation, which makes it different from 

general statistical techniques that use contextual information for the same. At 

AU-KBC research centre, S. Baskaran [193] presents an approach in which 

all the occurrences of the ambiguous words are classified into different 

clusters in such a way that all the occurrences are in the same sense within a 

cluster. Development of a Prototype of a Frame-based System for the 

Understanding of Malayalam Language has been carried out by Sumam M. 

Idicula and David Peter S [194]. In this system, three types of information are 
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used for word sense disambiguation. They are local word grouping (grouping 

of words which can collectively perform a syntactic role in a sentence), 

syntactic information and semantic tags. Prabhakar Pandey et. al. [195] 

makes use of the Wordnet for Hindi developed at IIT Bombay, for WSD. The 

accuracy values are reported to be in range from about 40% to about 70%. 

The system currently deals with only nouns. Ganesh Ramakrishnan [196] 

introduces the notion of soft word sense disambiguation which states that 

given a word, the sense disambiguation system should not commit to a 

particular sense, but rather, to a set of senses which are not necessarily 

orthogonal or mutually exclusive.  

 

Information Sources for WSD  

There are various information sources or feature types used in WSD 

regardless of the type of the approach. To disambiguate a word, various kinds 

of information, including syntactic tags, word frequencies, collocations, 

semantic context, role-related expectations, and syntactic restrictions can be 

considered. 

In Agirre and Martinez [197], a comparison of WSD systems has been made 

based on the information source they used. Some of these sources are as 

follows: 

Frequency of S enses: Frequency information is used to measure the 

likelihood of each possible sense appearing in the text. Therefore this 

information is generally used in statistical approaches and it is generally 
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learned from hand-tagged data such as SemCor corpus. Interestingly very 

few WSD approaches outperform the ñmost frequent senseò heuristic. 

WordNet senses are ordered according to the frequencies of the senses in 

the SemCor corpus.  

Part of Speech (POS):  Part of speech tagging is regarded as the first step of 

the disambiguation process if the lemmas have the same orthographic forms 

but different syntactic classes. It is useful because it reduces the number of 

possible senses a word can belong to. An orthographic form may even be 

unambiguous in one syntactic class whereas it has more than one sense in 

another. For instance, in WordNet 2.0 handle has 5 senses as a verb, but only 

one sense as a noun. The impact of knowledge resources on WSD in 

examined in Gaustad [198]. The results show that accurate POS information 

is beneficial for WSD and that including the POS of the ambiguous word itself 

as well as POS of the context increases the disambiguation accuracy. 

Morphology:  It is defined as the relation between derived words and their 

roots. For instance, the noun agreement has 6 senses, its verbal root agree 7. 

A stemmer tries to reduce various forms of a word to a single stem. Since 

English is a language with little inflectional morphology, it is not certain that 

using morphology will lead to significant improvements in WSD. With other 

languages, such as German or Italian, morphology is of greater influence. 

Collocations:  Collocation is the relationship among any group of words 

that tend to co-occur in a predictable configuration. Disambiguation relies 

heavily on collocational information. For example, the noun match has 9 
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senses. However, it has only one possible sense in ñfootball matchò. It is 

observed that collocations are strong indicators if they are learned from hand-

tagged corpora. Although they are strong, they should be used with other 

sources. They should not be treated as rules for sense-filtering alone 

[199,200]. 

Semantic word associations:  These can be classified as follows: 

i. Taxonomial organization: This refers to the classification of words in 

a hierarchy and the lexical-semantic relationships holding between 

words such as a dog is a kind of animal. This kind of information 

can be extracted from ontologies like WordNet.  

ii. Situation and Topic: Information about the situation or topic enables 

a WSD system to see the ambiguous word in a broader context. For 

example, if the word mouse is used in an office situation and the 

topic is computer use, the most probable sense of the word mouse 

will be ñcomputer toolò, not ñanimalò. Semantic word associations 

around topic and situation are powerful when learned from hand-

tagged corpora. Associations learned from MRDs can also be 

useful. 

iii. Argument-head relations: These relations provide important clues 

for disambiguation such as the relationship between dog and bite in 

the sentence ñthe dog bit the man.ò  

Subcategorization information: Subcategorization refers to certain kinds 

of relations between words and phrases. For example the verb want can be 
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followed by an infinitive, as in ñI want to fly to Istanbulò, or a noun phrase, as 

in ñI want a flight to Istanbulò. But the verb find cannot be followed by an 

infinitive. For example ñI found to fly to Istanbul.ò is not a correct sentence. 

Verbs have several possible patterns of arguments. A particular set of 

arguments that a verb can appear with is referred to a subcategorization 

frame. Subcategorization frames capture syntactic regularities about 

complements.  

Agirre and Martinez [187] made a comparison between the contributions of 

the above resources to WSD. According to their observations, if learned from 

hand-tagged corpora, collocations and semantic word associations are the 

most important knowledge types for WSD, but they also mentioned that 

syntactic cues are equally reliable. On the other hand, taxonomical 

information was found to be very weak.  

Our Approach  

While dealing with related languages like Hindi and Punjabi, structural 

ambiguity is not a problem at all because the ambiguity in the source 

sentence is transferred to the target sentence without affecting the underlying 

meaning. We are not claiming that there is no structural ambiguity in the Hindi 

language that do not carry over as such in Punjabi language, but we did not 

come across with any. So, structural ambiguity has not been touched in this 

research work. To start with, all we have is a raw corpus of Hindi text. So the 

N-Gram statistical approach is the obvious choice for our purpose. The 
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following section provides the theory of N-Gram approach and our approach 

for WSD. 

N-Gram Approach:  

An n-gram is simply a sequence of successive n words along with their count 

i.e. number of occurrences in training data [201,202]. An n-gram of size 2 is a 

bigram; size 3 is a trigram; and size 4 or more is simply called an n-gram or 

(n ī 1)-order Markov model. An n-gram model models sequences of natural 

languages using the statistical properties of n-grams. More concisely, an n-

gram model predicts xi based on xi - 1, xi - 2, ..., xi - n. n-grams models are widely 

used in statistical natural language processing. 

The number of words in the local context of ambiguous word makes a 

window. The size of this window i.e. the value of N depends on various 

factors. 

a) Larger the value of n, higher is the probability of getting correct word 

sense i.e. for the general domain; more training data will always improve 

the result. But on the other hand most of the higher order n-grams do not 

occur in training data. This is the problem of sparseness of data. 

b) As training data size increases, the size of model also increases which can 

lead to models that are too large for practical use. The total number of 

potential n-grams scales exponentially with n. Computer up to present 

could not calculate for a large n because it requires huge amount of 

memory space and time.  
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c) Does the model get much better if we use a longer word history for 

modeling an n-gram?  

d) Do we have enough data to estimate the probabilities for the longer 

history? 

 

Claude E. Shannon [203] established the information theory for finding the 

value of n in 1951. This theory included the concept that a language could be 

approximated by an nth order Markov model by n to be extended to infinity. 

Shannon computed the per letter entropy rather than per word entropy. He 

gives entropy of English text as 1.3 bits per letter. Since his proposal there 

were many trials to calculate n-grams for a big text data of a language. Brown 

et. al.[204] performs a test on much larger text and give an upper bound of 

1.75 bits per character for English language by using trigram model. Iyer et al. 

[205] investigate the prediction of speech recognition performance for 

language model in the switchboard domain, for trigram model built on different 

amounts of in domain and out of domain training data. Over the ten models 

they constructed, they find that perplexity predicts word error rate well when 

only in domain training data is used, but poorly when out of domain text is 

added. They find that trigram coverage or the fraction of trigram in the test 

data present in training data is a better predictor of word error rate than 

perplexity. 

Chen et al. [206] investigate their language model for speech recognition 

performance in the Broadcast news domain and concluded that perplexity 
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correlates with word error rate remarkably well when only considering n-gram 

model trained on in domain data.  

Manin [207] performs a study on predictability of word in context and found 

that unpredictability of a word depends upon the word length. Marti et. al. 

[208] tested different vocabulary size and concluded that language models 

become more powerful in recognition tasks with larger vocabulary size. 

Resnik et. al. [209-210] made several observations about the state of the art 

in automatic word sense disambiguation and offer several specific proposals 

to the community regarding improved evaluation criteria, common training and 

testing resources, and the definitions of sense inventories. 

While Kaplan [211] Choueka and Lusignan [212], based on the 

observation that people don't seem to need very much context, claims that 

only 5 words to the left and 5 words to the right of the polysemous word are 

sufficient for WSD but William A. Gale et. al. [213] use a very wide context, 

100-words surrounding the polysemous word in question. They find that there 

are often very useful clues even quite far away from the polysemous word in 

question. They demonstrated that information is measurable out to 10,000 

words away from the polysemous word. They also observed that although 

contextual clues are measurable at surprisingly large distances, much of this 

information might not be very useful. In particular, it might have been possible 

to find the same information at smaller distances. In their words: 

  ñThe contribution is largest, not surprisingly, for smaller d, but 

nevertheless, the contribution continues to grow out to at least twenty words, 
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perhaps fifty words, well beyond the ±6 word contexts typically found in many 

disambiguation studies. Increasing the context from ±6 words to ±50 words 

improves performance from 86% to 90%.ò 

Among number of approaches for disambiguation, the most appropriate 

approach to determine the correct meaning of a Hindi word in a particular 

usage for our Machine Translation system is to examine its context using N-

gram approach. After analyzing the past experiences of various authors 

explained above, we have chosen the value of n to be 3 and 2 i.e. trigram and 

bigram approaches respectively for our system. Trigrams are further 

categorized into three different types. First category of trigram consists of 

context one word previous to and one word next to the ambiguous word. 

Second category of trigram consists of context of two adjacent previous words 

to the ambiguous word. Third category of the trigram consists of context of 

two adjacent next words to the ambiguous word. Bigrams are also 

categorized into two categories. First category of the bigrams consists of 

context of one previous word to ambiguous word and second category of the 

bigrams consists of one context word next to ambiguous word. The 

disambiguation algorithm starts with the look up in the trigrams databases. All 

the three trigrams databases are looked up for the some entry corresponding 

to ambiguous word. If the entry is matched in more than one trigrams 

databases, the entry of the database with maximum frequency will be 

considered to be the best match. If the entry is matched only in any one of the 

three trigrams databases, then that entry is used regardless of the frequency. 
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If in case, no trigrams database is able to disambiguate the word, then bigram 

databases are used for disambiguation. Entry is looked up in both of the 

bigrams databases and if found in both the databases, the entry with 

maximum frequency will be considered. If the entry is found only in any one of 

the bigram databases, then that entry is used for disambiguation. In the worst 

case, if no entry is matched from any of entries in both trigrams and bigrams 

databases, then this word is assumed to be unknown and out-of-vocabulary 

module will handle such words. For this purpose, the Hindi corpus consisting 

of about 2 million words was collected from different sources like online 

newspaper daily news, blogs, Prem Chand stories, Yashwant jain stories, 

articles etc. The most common list of ambiguous words was found. We have 

found a list of 75 ambiguous words out of which the most frequent are Þɭ sǛ 

and ©Ø aur. Following table shows a summary of different lexical categories 

for these ambiguous words: 

 

Table 5.7: Lexical C ategory  % distribution of ambiguous words  

S.No. Lexical Category  Ambiguos Words  

1.  Noun 38% 

2.  Verb 13.5% 

3.  Adjective 6.5% 

4.  Adverb 1.38% 

5.  Postposition 1.38% 

6.  Noun and Verb 8.17% 
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7.  Noun and Adjective 21.39% 

8.  Adjective and 

Conjunction 

1.38% 

9.  Adjective and Verb 2.76% 

10.  Noun,Postposition and 

Conjuction 

1.38% 

11.  Noun,adjective and 

adverb 

4.16% 

 

Through Corpus analysis and taking this ambiguous word list as base, above 

mentioned three types of  trigrams databases (one word to the left and one 

word to the right of the ambiguous word, two consecutive words to the left of 

the ambiguous word, two consecutive words to right of the ambiguous words) 

and bigrams (one word previous to the ambiguous word, one word to the right 

of the ambiguous word) were generated from the corpus along with their 

frequency in the corpus and stored into the databases trigramsMiddle, 

trigramsLeft, trigramsRight, bigramsLeft and bigramsRight respectively. On 

analysis, it has been found that in Hindi language, most common words that 

are ambiguous are post positions like Þɭ (sǛ), ÒØ (par) etc and the conjunction 

©Ø (aur).  

Consider the postposition óÞɭô that can be translated most commonly into kÁ , o£Ä , 

 c|¤ , \v\¤ and o~w . Let us take the example: 
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ÖʅÑɭ ØɟÖ Þɭ ÒȓÄɟ zÒ ¾ßɟɯ Åɟ Øßɭ ßɨ ] (mainnǛ rǕm sǛ puchǕ Ǖp kahǕṲ jǕ rahǛ hǾ) 

It is the task of word sense disambiguator module to find the appropriate 

meaning/sense for the ambiguous word óÞɭô. The algorithm starts with 

collecting the words surrounding the ambiguous word óÞɭô in the sentence. 

Thus, it forms following three context bags with window size 3 in which 

Context Bag 1 contains two context words previous to the ambiguous word Þɭ 

sǛ, Context Bag 2 contains one context word previous to and one context 

word next to the ambiguous word Þɭ and Context Bag 3 contains two context 

words next to the ambiguous word Þɭ sǛ. 

Context Bag  1: (ÖʅÑɭ ) (ØɟÖ ) Þɭ  

Context Bag 2: (ØɟÖ) Þɭ (ÒȓÄɟ)  

Context Bag 3:  Þɭ (ÒȓÄɟ) (zÒ)  

Then the algorithm searches the entry match for Context Bag1, Context Bag2 

and Context Bag3 in trigrams databases - trigramsRight, trigramsMiddle,and 

trigramsLeft respectively. The entries are found in different trigrams 

databases as shown below:  

Table 5.8: Example demonstrating the ambiguity resolution  

Database  Context Bag  PunjabiMeaning  Frequency  
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trigramsMiddle (ØɟÖ) Þɭ (ÒȓÄɟ)  o£Ä 1209 

trigramsRight (ÖʅÑɭ ) (ØɟÖ ) Þɭ  o~w 845 

trigramsLeft Þɭ (ÒȓÄɟ) (zÒ) kÁ  286 

 

Above table shows that, the Punjabi meanings for all the three entries differ, 

hence the entry of the database with maximum frequency among three, will 

be used for disambiguation i.e. the entry with frequency 1209 will be used. 

Reason for using the entry with maximum frequency among these is to further 

find the most appropriate meaning for that ambiguous word.  

Finally, the translated text in target language will be  

tÀ v~t o£Ä p¢Ȉ bS k¢{¡  \Ȉl¤ c~ v|¤ |¦ ] (maiṲ rǕm nȊṲ pucchiǕ tusǭ kitthǛ jǕ rahǛ 

hǾ)  

Database design:  Table 5.9, Table 5.10, Table 5.11, Table 5.12 and Table 

5.13 carries the design of the database used for storing entries for word sense 

disambiguation.  

Table 5.9: triGramsMiddle Database Design  

Field Name  Description  

ambHindiWord Stores ambiguous word in Hindi 

previousWord1 Stores possible word previous to 
ambiguous word in text 

nextWord1 Stores possible word next to ambiguous 
word in text 

punjabiWord Stores the correct translation for this 
ambiguous word for this instance 

Freq Stores the frequency of this trigram in the 
analyzed corpus 
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Table 5.10: triGramLeft Database Design  

Field Name  Description  

ambHindiWord Stores ambiguous word in Hindi 

previous1Word Stores possible word previous to 
ambiguous word in text 

previous2Word Stores possible word previous to 
previous1Word mentioned above in the 
text 

punjabiWord Stores the correct translation for this 
ambiguous word for this instance 

Freq Stores the frequency of this trigram in the 
analyzed corpus 

 

Table 5.11: triGramsRight Database Design  

Field Name  Description  

ambHindiWord Stores ambiguous word in Hindi 

next1Word Stores possible word next to ambiguous 
word in text 

next2Word Stores possible word next to next1Word 
mentioned above in the text 

punjabiWord Stores the correct translation for this 
ambiguous word for this instance 

Freq Stores the frequency of this trigram in the 
analyzed corpus 

 

Table 5.12: biGramsLeft Database Design  

Field Name  Description  

ambHindiWord Stores ambiguous word in Hindi 

previousWord Stores possible word previous to 
ambiguous word in text 

punjabiWord Stores the correct translation for this 
ambiguous word for this instance 

Freq Stores the frequency of this bigram in the 
analyzed corpus 
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Table 5.13: biGramsRight Database Design  

Field Name  Description  

ambHindiWord Stores ambiguous word in Hindi 

nextWord Stores possible word next to ambiguous 
word in text 

punjabiWord Stores the correct translation for this 
ambiguous word for this instance 

Freq Stores the frequency of this bigram in the 
analyzed corpus 

 

Sample database entries:  

There is no Hindi-Punjabi parallel corpus available and even no machine 

readable Hindi-Punjabi dictionary is available. Thus, there is no way to 

generate the data for word sense disambiguation databases automatically. 

For this purpose, we have developed a small module for finding the bigrams 

and trigrams for the ambiguous words from the Hindi Corpus. But the 

corresponding equivalent meaning in Punjabi for the ambiguous word based 

on its context is found manually and stored into the database for each entry. It 

is very time consuming and tedious task. The triGramMiddle database 

consists of 48,285 entries. The triGramLeft database consists of 46,735 

entries.  The triGramRight database consists of 49,217 entries. The 

biGramLeft database consists of 52,456 entries. The biGramLeft database 

consists of 51,129 entries.  

Following tables show some of the database entries for fiveGrams, trigrams 

and biGrams databases: 
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Table 5.14: Sample Entries of triGramsMiddle Database  

previous1Word  ambHindiWord  next1Word  punjabiWord  Freq 

ᵦᵲᵻ (tarah) ᵺᶇ (sǛ) 
ᵺᵰᵟᵾ 

(samjhǕ) 

ṖṥṞ (nǕl) 5291 

ᵈᵲᵾᵰ (ǕrǕm) ᵺᶇ (sǛ) ᵗ  χ(kaẞ) ṖṥṞ( nǕl) 1683 

ᵨᶇᵲ (dǛr) ᵺᶇ (sǛ) ᵈᵪᵾ( ǕnǕ) ṖṥṞ (nǕl) 4720 

ᵗᵰ (kam) ᵺᶇ (sǛ) ᵗᵰ (kam) Ṓ (tǾṲ) 3825 

ᵲᵘᵪᶇ (rakhnǛ) ᵺᶇ (sǛ) 

ᵋ ᵻ 

(unhǛṲ) 

ṖṥṞ (nǕl) 853 

 

Table 5.15: Sample Ent ries of triGramsLeft Database  

previous1Word  previous2Word  ambHindiWord  punjabiWord  Freq 

Öɨß (mǾh) Öɟ×ɟ (mǕyǕ) ©Ø (aur) Rk¤ (atǛ) 4138 

yÙɟÛɟ (alǕvǕ) ¾ɨ| (kǾǭ) ©Ø (aur) |¦v (hǾr) 2960 

yɰÏØ (andar) ßɡ (hǭ) Þɭ (sǛ) kÁ (tǾṲ) 2105 

ÈȕÈ (ẞȊẞ) À×ɟ (gayǕ) ©Ø (aur) Rk¤ (atǛ) 3198 
 

 

 

Table 5.16: Sample Entries of triGramsRight Database  

ambHindiWord  next1Word  next2Word  punjabiWord  Freq 

©Ø (aur) Öɨß (mǾh) Öɟ×ɟ (mǕyǕ) Rk¤ (atǛ) 2418 

Þɭ (sǛ) ÞÖÎxÑ 

(samrthan) 

ÛɟÒÞ 

(vǕpas) 

kÁ (tǾṲ) 3185 

Þɭ (sǛ) ÖȓÙɟâɟÍ 
(mulǕkǕt) 

¾ɥ (kǭ) o~w (nǕl) 4190 

¾Ø (kar) yɰη¾Í (aṴkit) yÒÑɠ (apnǭ) \v (kar) 964 
 

Table 5.17: Sample Entries of biGramsLeft Database  

previousWord  ambHindiWord  punjabiWord  Freq 
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Öɨß (mǾh) ©Ø (aur) Rk¤ (atǛ) 1684 

yÙɟÛɟ (alǕvǕ) ©Ø (aur) |¦v (hǾr) 1590 

yɰÏØ (andar) Þɭ (sǛ) kÁ (tǾṲ) 3753 
 

Table 5.18: Sample Entries of biGramsRight Database  

ambHindiWord  nextWord  punjabiWord  Freq 

Þɭ (sǛ) ¤¾ (Ǜ)k kÁ (tǾṲ) 1785 

©Ø (aur) ÒȓεÙÞ (pulis) |¦v (hǾr) 1049 

Þɭ (sǛ) ÖȓÙɟâɟÍ 

(mulǕkǕt) 
kÁ (tǾṲ) 2916 

©Ø (aur) yÔ (ab) Rk¤ (atǛ) 2008 
 

This database can be extended at any time to allow new entries in the 

dictionary to be added.  

 

Analysis:  

The analysis was done on a document of 100 pages consisting of 3,58,874 

words. It was found that about 8.4% words were ambiguous among these. 

Out of these 8.4%, approximately 70% words were correctly disambiguated. 

Following table shows the contributions of various bigrams and trigrams 

databases mentioned above in disambiguating these words: 

 

Table 5.19: Contribuation of various N -Grams  in reso lving ambiguity  

 

S.No. Table Name  Contribution  

1. bigramsRight   28.15% 

2. bigramsLeft   38.95% 
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3. TrigramsMiddle     4.52% 

4. TrigramsRight   14.52% 

5. TrigramsLeft   13.86% 

 

Thus, it is clear from above table that context of next two words for an 

ambiguous word helps the most in disambiguating the sense of the word. 

5.2.5 Handling Unknown Words  

5.2.5.1 Word Inflectional Analysis and generation  

In linguistics, a suffix (also sometimes called a postfix or ending) is an affix 

which is placed after the stem of a word. Common examples are case 

endings, which indicate the grammatical case of nouns or adjectives, and verb 

endings. Hindi is a (relatively) free word-order and highly inflectional 

language. Following table shows the Hindi Suffix List: 

 

Table 5.20: Inflection s in Hindi  

z  z¤ɰ  yÍɟ zÑɭ ¤Àɟ 
{ z¨ɰ yÍɠ ~ɰÀɟ ¤Àɠ 
| {×ɟɰ  ʁ ~ɯÀɠ z¤Àɟ 
} {×ʇ yȑÍɰ z~ɰÀɟ z¤Àɠ 
~ z{×ɟɰ yÍɭ  z~ɰÀɠ z×ɟ 
¤ z{×ʇ zÍɟ ¤ɰÀɭ z¤ 

¨ zɯ  zÍɠ ¤ɰÀɠ z| 

¤ɰ  {×ɟɯ zÍɠɰ z¤ɰÀɭ zʁ 

¨ɰ z{×ɟɯ zÍɭ z¤ɰÀɠǭ {¤  
zɰ yÍɟ¤ɰ yÑɟ ¨Àɭ z¨  

}zɰ  yÍɟ¨ɰ yÑɠ ¨Àɠ z{¤ 
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}¤ɰ  yÑɟ¤ɰ yÑɭ  z¨Àɭ y¾Ø  
}¨ɰ yÑɟ¨ɰ zÑɟ z¨Àɠ z¾Ø  

  

A detailed analysis of noun, adjective, and verb inflections that were used to 

create this list can be found in McGregor [214] and Rao[215]. A few examples 

of each type are given below: 

Noun Inflections:  Nouns in Hindi are inflected based on the case (direct or 

oblique), the number (singular or plural), and the gender (masculine or 

feminine3). For example, Ùî¾ɟ (aḼkǕ) becomes Ùî¾ɭ (laḼkǛ) when in oblique 

case, and the plural Ùî¾ɭ (laḼkǛ) becomes Ùî¾ʇ (laẊkǾṲ). The feminine noun 

Ùî¾ɥ (laḼkǭ) is inflected as Ùîη¾×ɟɰ (laḼkiyǕṲ) and Ùîη¾×ʇ (laḼkiyǾṲ), but it 

remains uninflected in the singular direct case. 

Adjective Inflections:  Adjectives which end in z (Ǖ) or zɰ (ǕṲ) in their direct 

singular masculine form agree with the noun in gender, number, and case. 

For example, the singular direct yċÄɟ(acchǕ) is inflected as yċÄɭ(acchǛ) in all 

other masculine forms, and as yċÄɢ (acchǛ) in all feminine forms. Other 

adjectives are not inflected. 

Verb Inflections:  Hindi verbs are inflected based on gender, number, person, 

tense, aspect, modality, formality, and voice. Rao [215] provides a complete 

list of verb inflection rules. 



 

Language in India www.languageinindia.com 774 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

Because of same origin, both languages have very similar structure 

and grammar. The difference is only in words and in pronunciation e.g. in 

Hindi it is Ùî¾ɟ (laḼkǕ) and in Punjabi the word for boy is t¢Äh~ (muṶḼǕ) and 

even sometimes that is also not there like ÁØ (ghar) and _v (ghar). The 

inflection forms of both these words in Hindi and Punjabi are also similar. In 

this activity, inflectional analysis without using morphology has been 

performed for all those tokens that are not processed in the previous activities 

of pre -processing and translation engine phases. Thus, for performing 

inflectional analysis, rule based approach has been followed. For this 

purpose, inflectional rules are also derived from the morphological analysis 

developed by IIIT, Hyderabad. This morphological analyzer works for Linux 

platform. First it was converted to work on Windows platform and then 

inflection rules were extracted from it for Hindi language. These rules were 

used for writing the rules for equivalent Punjabi inflections. These inflection 

rules resulted for Hindi to Punjabi translation purpose are implemented using 

regular expressions. The suffix separation module is based on the Hindi 

stemmer presented in Ananthakrishnan and Rao [216], and works by 

separating from each word the longest possible suffix Hindi Suffix List. When 

the token is passed to this sub phase for inflectional analysis, If any pattern of 

the regular expression (inflection rule) matches with this token, that rule is 

applied on the token and its equivalent translation in Punjabi is generated 

based on the matched rule(s). There is also a check on the generated word 
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for its correctness. We are using correct Punjabi words database for testing 

the correctness of the generated word. This generated Punjabi word is 

matched with some entry in punjabiUnigrams database. The database 

punjabiUnigrams is a collection of about 2,00,000 Punjabi words from large 

Punjabi corpus analysis. Punjabi corpus has been collected from various 

resources like online Punjabi newspapers, blogs, articles etc. If there is a 

match, the generated Punjabi word is considered a valid Punjabi word. If there 

is no match, this input token is forwarded to the transliteration activity.  

The advantage of using punjabiUnigrams database is that ingenuine 

Punjabi words will not become the part of translation. If the wrong words are 

generated by inflectional analysis module, it will not be passed to translation 

rather it will be treated as out-of vocabulary and will be transliterated.  

It has been analyzed that when this module was tested on the Hindi 

corpus of about 50,000 words, approx. 10,000 distinct words passed through 

this phase. And out of these 10,000 words, approx. 7,000 words were 

correctly generated and even accepted by Punjabi unigrams database. But 

rest was either generated wrong and was simply transliterated. Following 

table shows the correct accepted words generated by the inflectional analysis:  

Table 5.21: List of Correct accepted words in translation after 

inflectional analysis and generation  

ȎØÛɟÅʇ (rivǕjǾṲ)  vy~c½ (rivǕjǕṲ) 

ÞÖɟÅÛɟȏÏ×ʇ (samǕjvǕdiyǾṲ) {t~cy~m¡SQ (samǕjvǕdǭǕṲ) 
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ÐÖη¾×ɟɯ (dhamkiyǕṲ) nt\¡SQ (dhamkǭǕṲ) 

}ÒÙȒĜÐ×ɟɰ (uplabdhiyǕṲ) Vpwrn¡SQ (uplabdhǭǕṲ) 

Íɟ¾Íʃ (tǕktǛṲ) k~\k½ (tǕktǕṲ) 

Åɟ¨Àɠ( jǕǾgǭ) c~XQ̂¡ (jǕǛṴgǭ) 

ȑÑ¾ÙʃÀɭ (niklǛṴgǛ)  o\wj^¤ (niklaṶgǛ) 

ÞɠÖɟ¨ɰ (sǭmǕǾṲ) {¡t~y½ (sǭmǕvǕṲ) 

}Éɟ¤ɯ (uẞhǕǛṲ) Vg~y½ (uẞhǕvǕṲ) 

ÔÃɟÍɟ (bacǕtǕ) ra½m~ (bacǕndǕ) 

ÒßȓɯÃÍɭ (pahu¶ctǛ) p|¢Äam¤ (pahu¶cdǛ) 

ȏÏ¿ɟ{¤ (dikhǕiǛ)  m]~Z (dikhǕǾ) 

ŢȑÍ×ɨκÀ×ʇ (pratiyǾgiyǾṲ) pÅk¡u¦^¡SQ (pratǭyǾgǭǕṲ) 

Åɟ~ɯÀɠ (jǕȊṴgǭ) c~y½^¡ (jǕvǕṴgǭ) 

ÑÛɟÅɟ (navǕjǕ) oy~ cS (navǕjiǕ) 

ÅÙɟ¾Ø (jalǕkar) cw~\¤ (jalǕkǛ) 

Ðȓzɯ (dhuǕṲ) n¢SQ (dhuǕṲ) 

ÈÈɨÙÑɭ (ẞaẞǾlnǛ) ff¦wj (ẞaẞǾlaṶ) 

zɯ¾ɟ (ǕṴkǕ) SQ \S (ǕṴkiǕ) 

 

Following table shows the failure cases through inflectional analysis: 

Table 5.22: Failure cases during inflectional analysis and generation  

Input Token  Translation generated  
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by inflectional analysis  

ÙÊη¾×ɟɰ (laḼkiyǕṲ) wh \SQ (laḼkiǕṲ) 

ÍɟØɭÀÑɟ (tǕrǛgnǕ) k~v¤^ oS (tǕrǛgniǕ) 

ÜȓÅɟ (shujǕ) z¢ cS (shujiǕ) 

ÖȓĈÐɟ (mugdhǕ) t¢^ nS (mugdhiǕ) 

η¾ØɟÑɟ (kirǕnǕ)  \v~ oS (kirǕniǕ) 

}ÍØÛɟ (utravǕ) Vkv yS (utraviǕ) 

ÍØɭÀÑɟ (tarǛgnǕ) kv¤^ oS (tarǛgniǕ) 

ÒÈɟ¿ɟ (paẞǕkhǕ) pf~ ]S (paẞǕkhiǕ) 

 

The above Punjabi words are not correct and are not present in the Punjabi 

language vocabulary. Thus, these words have not been passed by 

punjabiUnigrams database and thus rejected. This step helps in improving the 

accuracy of the translation system. 
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Following flow chart presents its working: 
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Figure 5.1: Flow Ch art for Word Inflectional Analysis  and generation

Word generated by tokenizer as 
input 

Look for a match of a rule among all the rules 
related to inflectional analysis 

Is there a 
match?  

Apply the rule and generate 
Punjabi Word 

Is this generated Punjabi word 
found in punjabiUnigrams 

database? 

Generated Punjabi word will be 
added to output 

Forward this word for 
transliteration activity 
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Following table shows various inflectional rules, each illustrated with example: 

Table 5.23: Inflection Rules  

Rule 
No. 

Substring at 
the end of 
Hindi Word  

Hindi Example  String to be 
replaced  

Punjabi 
Example  

1.  Ȓ̊×ȕɯÀɟ (iyȊṴgǕ) θÒ×ȕɯÀɟ (piyȊṴgǕ) ī¡y½^~ (ǭvǕṴgǕ) p¡y½^~ 

(pǭvǕṴgǕ) 
2.  Ȓ̊×ȕɯÀɠ (iyȊṴgǭ) θÒ×ȕɯÀɠ (piyȊṴgǭ) ī¡y½^¡ (ǭvǕṴgǭ) p¡y½^¡ 

(pǭvǕṴgǭ) 
3.  ɠ̊×ȕɯÀɟ (ǭyȊṴgǕ) Åɠ×ȕɯÀɟ (jǭyȊṴgǕ) ī¡y½^~ (ǭvǕṴgǕ) c¡y½^~ 

(jǭvǕṴgǕ) 
4.  ɠ̊×ȕɯÀɠ (ǭyȊṴgǭ) Åɠ×ȕɯÀɠ (jǭyȊṴgǭ) ī¡y½^¡ (ǭvǕṴgǭ) c¡y½^¡ (jǭvǕṴgǭ) 
5.  ɠ̊×ȕɰÀɟ (ǭyȊṴgǕ) Åɠ×ȕɰÀɟ (jǭyȊṴgǕ) ī¡y½^~ (ǭvǕṴgǕ) c¡y½^~ 

(jǭvǕṴgǕ) 
6.  ɠ̊×ȕɰÀɠ (ǭyȊṴgǭ) Åɠ×ȕɰÀɠ (jǭyȊṴgǭ) ī¡y½^¡ (ǭvǕṴgǭ) c¡y½^¡ (jǭvǕṴgǭ) 
7.  ˚ɠ×ʃÀɠ (ǭyǛṴgǭ) Åɠ×ʃÀɠ (jǭyǛṴgǭ) ī¡j^¡SQ (ǭṶgǭǕṲ) c¡j^¡SQ 

(jǭṶgǭǕṲ) 
8.  ˚ɠ×ʃÀɭ (ǭyǛṴgǛ) Åɠ×ʃÀɭ (jǭyǛṴgǛ) ī¡j^¤ (ǭṶgǛ) c¡j^¤ (jǭṶgǛ) 
9.  Ȓ̊×ȕɰÀɟ (iyȊṴgǕ) θÒ×ȕɰÀɟ (piyȊṴgǕ) ī¡y½^~ (ǭvǕṴgǕ) p¡y½^~ 

(pǭvǕṴgǕ) 
10.  Ȓ̊×ȕɰÀɠ (iyȊṴgǭ) θÒ×ȕɰÀɠ (piyȊṴgǭ) ī¡y½^¡ (ǭvǕṴgǭ) p¡y½^¡ 

(pǭvǕṴgǭ) 
11.  Ȓ˚×ʃÀɠ (iyǛṴgǭ) θÒ×ʃÀɠ (piyǛṴgǭ) ī¡j^¡SQ (ǭṶgǭǕṲ) p¡j^¡SQ 

(pǭṶgǭǕṲ) 
12.  Ȓ˚×ʃÀɭ (iyǛṴgǛ) θÒ×ʃÀɭ (piyǛṴgǛ) ī¡j^¤ (ǭṶgǛ) p¡j^¤ pǭṶgǛ) 
13.  ˚ɟ¥ɰÀɠɰ 

(ǕaiṴgǭṲ) 
Òɟ¥ɰÀɠɰ (pǕaiṴgǭṲ) ī~y½^¡SQ 

(ǕvǕṴgǭǕṲ) 
p~y½^¡SQ 

(pǕvǕṴgǭǕṲ) 
14.  ˚ɟ×ɭÀɟ (ǕyǛgǕ) Òɟ×ɭÀɟ (pǕyǛgǕ) ī~y¤^~ (ǕvǛgǕ) p~y¤^~ (pǕvǛgǕ) 
15.  ˚ɟ×ɭÀɠ (ǕyǛgǭ) Òɟ×ɭÀɠ (pǕyǛgǭ) ī~y¤^¡ (ǕvǛgǭ) p~y¤^¡ (pǕvǛgǭ) 
16.  |×ɭÀɟ (ǭyǛgǕ) Òɟ|×ɭÀɟ (pǕǭyǛgǕ) Z^¤ (ǾgǛ) p~Z^¤ (pǕǾgǛ) 
17.  {×ɭÀɟ (iyǛgǕ) Òɟ{×ɭÀɟ (pǕiyǛgǕ) Z^¤ (ǾgǛ) p~Z^¤ (pǕǾgǛ) 
18.  ×ʃÀɭ (yǛṴgǛ) Òɟ×ʃÀɭ (pǕyǛṴgǛ) Z^¤ (ǾgǛ) p~Z^¤ (pǕǾgǛ) 
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19.  ȒÅ¤Àɟ (jiǛgǕ) ÏɡȒÅ¤Àɟ (dǭjiǛgǕ) Z (Ǿ)  mZ (diǾ) 
20.  Åɠ¤Àɟ (jǭǛgǕ) ÏɡÅɠ¤Àɟ (dǭjǭǛgǕ) Z (Ǿ)  mZ (diǾ) 
21.  ȒÅ×ɭÀɟ (jiyǛgǕ) ÏɡȒÅ×ɭÀɟ(dǭjiyǛgǕ) Z (Ǿ)  mZ (diǾ) 
22.  ×ʃÀɠ (yǛṴgǭ) Åɠ×ʃÀɠ (jǭyǛṴgǭ) Z^¤ (ǾgǛ) c¡Z^¤ (jǭǾgǛ) 
23.  ×ʃÀɭ (yǛṴgǛ) Åɠ×ʃÀɭ (jǭyǛṴgǛ) Z^¤ (ǾgǛ) c¡Z^¤ (jǭǾgǛ) 
24.  Ȓ˚~ɯÀɟ (iȊṴgǕ) θÒ~ɯÀɟ (piȊṴgǕ) ī¡y½^~ (ǭvǕṴgǕ) p¡y½^~( 

pǭvǕṴgǕ) 
25.  Ȓ˚~ɰÀɟ (iȊṴgǕ) θÒ~ɰÀɟ (piȊṴgǕ) ī¡y½^~ (ǭvǕṴgǕ) p¡y½^~ 

(pǭvǕṴgǕ) 
26.  ˚ɠ~ɯÀɟ (ǭȊṴgǕ) θÒ~ɯÀɟ (piȊṴgǕ) ī¡y½^~ (ǭvǕṴgǕ) p¡y½^~ 

(pǭvǕṴgǕ) 
27.  Ȓ˚~ɯÀɠ (iȊṴgǭ) θÒ~ɯÀɠ (piȊṴgǭ) ī¡y½^¡ (ǭvǕṴgǭ) p¡y½^¡ 

(pǭvǕṴgǭ) 
28.  ˚ɠ~ɯÀɠ (ǭȊṴgǭ) θÒ~ɯÀɠ (piȊṴgǭ) ī¡y½^¡ (ǭvǕṴgǭ) p¡y½^¡ 

(pǭvǕṴgǭ) 
29.  ˚ɠ~ɰÀɠ (ǭȊṴgǭ) θÒ~ɰÀɠ (piȊṴgǭ) ī¡y½^¡ (ǭvǕṴgǭ) p¡y½^¡ 

(pǭvǕṴgǭ) 
30.  ˚ɠȒÅ×ɭ (ǭjiyǛ) ÏɡȒÅ×ɭ (dǭjiyǛ) Z (Ǿ)  mZ (diǾ) 
31.  ˚ɠ¤ɯÀɠ (ǭǛṴgǭ) Åɠ¤ɯÀɠ (jǭǛṴgǭ) ī¡j^¡SQ (ǭṶgǭǕṲ) c¡j^¡SQ 

(jǭṶgǭǕṲ) 
32.  ˚ɠ¤ɰÀɠ (ǭǛṴgǭ) Åɠ¤ɰÀɠ (jǭǛṴgǭ) ī¡j^¡SQ (ǭṶgǭǕṲ) c¡j^¡SQ 

(jǭṶgǭǕṲ) 
33.  ˚ɠ¤ɯÀɭ (ǭǛṴgǛ) Åɠ¤ɯÀɭ (jǭǛṴgǛ) ī¡j^¤ (ǭṶgǛ) c¡j^¤ (jǭṶgǛ) 
34.  ˚ɟ}ɯÀɟ (ǕuṴgǕ) Òɟ}ɯÀɟ (pǕuṴgǕ) ī~y½^~ (ǕvǕṴgǕ) p~y½^~ 

(pǕvǕṴgǕ) 
35.  ˚ɟ¥ɰÀɠ (ǕaiṴgǭ) Òɟ¥ɰÀɠ (pǕaiṴgǭ) ī~Vj^¡SQ 

(ǕuṶgǭǕṲ) 
p~Vj^¡SQ 

(pǕuṶgǭǕṲ) 
36.  ˚ɟ¥ɰÀɭ (ǕaiṴgǛ) Òɟ¥ɰÀɭ (pǕaiṴgǛ) ī~y½^¤ (ǕvǕṴgǛ) p~y½^¤ 

(pǕvǕṴgǛ) 
37.  ×ʃÀɠ (yǛṴgǭ) Òɟ×ʃÀɠ (pǕyǛṴgǭ) Z^¤ (ǾgǛ) p~Z^¤ (pǕǾgǛ) 
38.  ˚ȕÀɟɰ (ȊgǕṲ) ÒßÑȕÀɟɰ 

(pahnȊgǕṲ) 
ī~^½ (ǕgǕṲ) p |o~^½ 

(pahinǕgǕṲ) 
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39.  ÛɟÑɟ (vǕnǕ) Ò¾ÛɟÑɟ 

(pakvǕnǕ) 
y~Vj~ (vǕuṶǕ) p\y~Vj~ 

(pakvǕuṶǕ) 
40.  ˚ɟ¤Àɟ (ǕǛgǕ) Ò¾ɟ¤Àɟ 

(pakǕǛgǕ) 
ī~X^~ (ǕǛgǕ) p\~X^~ 

(pakǕǛgǕ) 
41.  ˚ɟ¥Àɟ (ǕaigǕ) Ò¾ɟ¤Àɟ 

(pakǕǛgǕ) 
ī~y¤^~ (ǕvǛgǕ) p\~y¤^~ 

(pakǕvǛgǕ) 
42.  ˚ɟ¥Àɠ (Ǖaigǭ) Ò¾ɟ¤Àɟ 

(pakǕǛgǕ) 
ī~y¤^¡ (ǕvǛgǭ) p\~y¤^¡ 

(pakǕvǛgǭ) 
43.  ˚ɟ¨Àɠ (ǕǾgǭ) Ò¾ɟ¤Àɟ 

(pakǕǛgǕ) 
ī~XQ̂¡ (ǕǛṴgǭ) p\~XQ̂¡ 

(pakǕǛṴgǭ) 
44.  ˚ɟ¨Àɭ (ǕǾgǛ) Ò¾ɟ¤Àɟ 

(pakǕǛgǕ) 
ī~Z^¤ (ǕǾgǛ) p\~Z^¤ 

(pakǕǾgǛ) 
45.  ˚ɟÍɠɰ (ǕtǭṲ) Ò¾ɟ¤Àɟ) 

(pakǕǛgǕ) 
ī~Ém¡SQ ) 

(ǕundǭǕṲ 
p\~Ém¡SQ 

(pakǕundǭǕṲ) 
46.  ˚ɟÑɠɰ (ǕnǭṲ) Ò¾ɟÑɠɰ (pakǕnǭṲ) ī~Vj¡SQ (ǕuṶǭǕṲ) p\~Vj¡SQ 

(pakǕuṶǭǕṲ) 
47.  ˚ȕ˚ɰÀɟ (ȊṴgǕ) ÖɟȼɰÀɟ (mǕrȊṴgǕ) ī~īQ^~ (ǕṴgǕ) t~v½^~ 

(mǕrǕṴgǕ) 
48.  ˚ȕ˚ɰÀɠ (ȊṴgǭ) ÖɟȼɰÀɠ (mǕrȊṴgǭ) ī~īQ^¡ (ǕṴgǭ) t~v½^¡ 

(mǕrǕṴgǭ) 
49.  ˚ɭ˚ɰÀɠ (ǛṴgǭ) ÖɟØʃÀɠ (mǕrǛṴgǭ) j^¡SQ (ṶagǭǕṲ) t~vj^¡SQ 

(mǕrṶagǭǕṲ) 
50.  ˚ɭ˚ɰÀɭ (ǛṴgǛ) ÖɟØʃÀɭ (mǕrǛṴgǛ) j^¤ (ṶagǛ) t~vj^¤ 

(mǕrṶagǛ) 
51.  ßØʇ (harǾṲ) ÒȎØßØʇ (parihrǾṲ)  |v½ (hirǕṲ) p v |v½ 

(parihirǕṲ) 
52.  Õɟ¨ɰ (bhǕǾṲ) ŢȑÍÕɟ¨ɰ 

(pratibhǕǾṲ) 
s~y½ (bhǕvǕṲ) pÅ ks~y½ 

(pratibhǕvǕṲ) 
53.  ˚ȕ˚ɯÀɟ (ȊṴgǕ) ÖɟȼɯÀɟ (mǕrȊṴgǕ) ī~īQ^~ (ǕṴgǕ) t~v½^~ 

(mǕrǕṴgǕ) 
54.  ˚ɭ˚ɰÀɭ (ǛṴgǛ) ÖɟØʃÀɭ (mǕrǛṴgǛ) j^¤ (ṶagǛ) t~vj^¤ 

(mǕrṶagǛ) 
55.  ī~̊ɰÀɭ (ǕṴgǛ) ÖɟØɟɰÀɭ (mǕrǕṴgǛ) īQ^¤ (ṴgǛ) t~v½^¤ 

(mǕrǕṴgǛ) 
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56.  {¤Àɟ (iǛgǕ) Òɟ{¤Àɟ( pǕiǛgǕ) Z^¤ (ǾgǛ) p~Z^¤ (pǕǾgǛ) 
57.  ~ɯÀɟ (ȊṴgǕ) Òɟ~ɯÀɟ (pǕȊṴgǕ) y½^~ (vǕṴgǕ) p~y½^~ 

(pǕvǕṴgǕ) 
58.  ~ɯÀɠ (ȊṴgǭ) Òɟ~ɯÀɠ (pǕȊṴgǭ) y½^¡ (vǕṴgǭ) p~y½^¡ 

(pǕvǕṴgǭ) 
59.  ~ɰÀɟ (ȊṴgǕ) Òɟ~ɰÀɟ (pǕȊṴgǕ) y½^~ (vǕṴgǕ) p~y½^~ 

(pǕvǕṴgǕ) 
60.  ~ɰÀɠ (ȊṴgǭ) Òɟ~ɰÀɠ (pǕȊṴgǭ) y½^¡ (vǕṴgǭ) p~y½^¡ 

(pǕvǕṴgǭ) 
61.  ¤ɯÀɠ (ǛṴgǭ) Òɟ¤ɯÀɠ (pǕǛṴgǭ) Z^¤ (ǾgǛ) p~Z^¤ (pǕǾgǛ) 
62.  ¤ɰÀɠ (ǛṴgǭ) Òɟ¤ɰÀɠ (pǕǛṴgǭ) Z^¤ (ǾgǛ) p~Z^¤ (pǕǾgǛ) 
63.  ¤ɰÀɭ (ǛṴgǛ) Òɟ¤ɰÀɭ (pǕǛṴgǛ) Z^¤ (ǾgǛ) p~Z^¤ (pǕǾgǛ) 
64.  ¤ɯÀɭ (ǛṴgǛ) Òɟ¤ɯÀɭ (pǕǛṴgǛ) Z^¤ (ǾgǛ) p~Z^¤ (pǕǾgǛ) 
65.  ~ɰÀɠ (ȊṴgǭ) Òɟ~ɰÀɠ (pǕȊṴg)ǭ y½^¡ (vǕṴgǭ) p~y½^¡( 

pǕvǕṴgǭ) 
66.  ×ɭÀɟ (yǛgǕ) Òɟ×ɭÀɟ (pǕyǛgǕ) y¤^~ (vǛgǕ) p~y¤^~ (pǕvǛgǕ) 

           
    
Database Design for punjabiUnigrams:  
 
Following table shows the database design for punjabiUnigrams: 
 

Table 5.24: punjabiUnigram Database Design  
 

punjabiUnigram  Stores the Punjabi word 

Frequency  Stores the frequency of this word 
in the analyzed Punjabi corpus. 

 

Sample Entries for punjabiUnigrams database:  

Following table shows the sample entries for punjabiUnigrams database: 

Table 5.25: Sample Entries for punjabiUni gram database  
 

punjabiUnigram  Frequency  

Rk¤ (atǛ) 81897 
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p¢ w{ (pulis) 5112 

ra~Vj (bacǕuṶ) 518 

Tw¥\fÅ¡ç¡Ro (ilaikẞrǭsaǭan) 3 

pÅ§y¡«ow (prauvǭjnal) 1 

 

5.1.5.2 Transliteration  

With the advent of new technology and the food of information through the 

Web, it has become increasingly common to adopt foreign words into one's 

language. This usually entails adjusting the adopted word's original 

pronunciation to follow the phonological rules of the target language, along 

with modification of its orthographical form. This phonetic ñtranslation" of 

foreign words is called transliteration. Transliteration is a process that takes a 

character string in a source language and generates equivalent mapped 

character string in the target language. One of the most frequent problems 

translators must deal with is translating proper names and technical terms. 

Such terms are not translated rather are transliterated. Transliteration maps 

the letters of source script to letters of pronounced similarly in target script. 

Transliteration is particularly used to translate proper names and technical 

terms from languages. For example the word θÛÜɟÙ (vishǕ)l is transliterated 

as  yz~w (vishǕl) whereas translated as yȈh~ (vaḼḼ)Ǖ. There must be some 

method in every Machine Translation system for words like technical terms 

and proper names of persons, places, objects etc. that cannot be found in 



 

Language in India www.languageinindia.com 784 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

translation resources such as Hindi-Punjabi bilingual dictionary, surnames 

database, titles database etc and transliteration is an obvious choice for such 

words. It is the process of converting characters in one alphabet into another 

alphabet. 

Principles for  Transliteration  

Following are some of the principles for a transliteration system: 

¶ Partial R eversibility: Two segments of text in the target script, arising 

from the same source script, are to be the same if, and only if, the 

segments in the source script are either identical or use alternative 

orthography. 

¶ Uniformity: Two segments of text in the target script, arising from 

different source scripts, are to be the same if, and only if, the two 

segments in the source scripts correspond precisely, according to 

comparative linguistics. 

¶ Compromise: One symbol may have different meanings if its 

interpretation is never in doubt. Compromise is also necessary whenever 

two of these principles conflict. 

¶ Readability:  Even if the text is meant for computer processing, it needs 

to be read easily. 

¶ Economy:  This will also improve readability.  
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¶ Approximation: The symbol used should remind one of sound, and of 

the transliteration scheme used for printing. 

Transliteration Guidelines  

The following lists the general guidelines for transliterations: 

Complete: Every well-formed sequence of characters in the source script 

should transliterate to a sequence of characters from the target script. 

Predictable:  The letters themselves (without any knowledge of the languages 

written in that script) should be sufficient for the transliteration, based on a 

relatively small number of rules. This allows the transliteration to be performed 

mechanically. 

Pronounceable: Transliteration is not as useful if the process simply maps 

the characters without any regard to their pronunciation. Simply mapping by 

alphabetic order could yield strings that might be complete and unambiguous, 

but the pronunciation would be completely unexpected. 

Unambiguous: It is possible to recover the text in the source script from the 

transliteration in the target script. That is, someone that knows the 

transliteration rules would be able to recover the precise spelling of the 

original source text.  

Partial Reversibility: In script transliteration, there are cases where all 

characters in the source script may not have one-to-one mapping for 

transliteration in the target script. To preserve pronunciation these characters 
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may mapped to some character or sequence of characters that may produce 

a similar sound. In such cases reversibility will be incomplete. 

History of Transliteration  

¶ 1885 ð The American Library Association [ALA] creates a system for 

representing Cyrillic characters. No diacritics are used. (e.g. zh, kh, tch, 

sh, shtch, ye [for jat], yu, ya) Reverse transliteration is not considered. 

¶ 1898 ð The Prussian Instructions (Preussische Instruktionen [PI]) are 

created, which use a system of transliteration based on the Croatian 

model (with diacritics). 

¶ 1909 ð The ALA and British Library Association [BLA] allow for two 

systems, the ALA system and one based on Croatian. 

¶ 1905 ð Library of Congress creates their system, which is virtually 

identical to what is used today. 

¶ 1917ð The British Academy creates its own system. Like many other 

systems. It does not take into account reverse transliteration. 

¶ 1930sð Central European and Scandinavian countries adopt the 

Prussian Instructions [PI]. This system was based on the Croatian model. 

Exceptions were made for German speaking countries, where "ch" was 

used instead of "h" for Cyrillic "x" 

¶ In France the Bibliotheque Nationale adopts a purely phonetic rendering 

following French spelling conventions (transcription rather than 

transliteration). 

¶ 1953 ð The British Royal Society [BRS] creates another system, 
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covering Russian, Serbian & Bulgarian (but not Ukrainian, Macedonian or 

Belorusian).  

¶ 1954 ð The International Organization for Standardization [ISO] creates 

IS0/R9. Based on Croatian, this transliteration system is very close to the 

PI system. 

¶ 1959 ð The British Standards Institution [BS/BSI] rejects ISO/R9 

(because of its reliance on multiple diacritics) and comes up with its own 

system: BS 2979. Very close to the British Royal Society system. (This 

system is used by Chemical Abstracts). 

¶ 1976 ð The American National Standards Institute [ANSI] publishes their 

system, nearly identical to the BSI system. 

¶ 1968 ð ISO/R9:1968 is relaxed to allow for the ANSI and BS 2979 

systems (in certain countries). 

¶ 1995 ð ISO/R9:1995 reverts to to its initial standards, doing away with 

allowing "ch" or "kh" for Cyrillic "x." 

Transliteration Models:  

Four machine transliteration models have been proposed by several 

researchers: grapheme-based transliteration model (ɊG), phoneme-based 

transliteration model (ɊP), hybrid transliteration model (ɊH) and 

correspondence-based transliteration model (ɊC). These models are 

classified in terms of the units to be transliterated. The ɊG is sometimes 

referred to as the direct method because it directly transforms source 

language graphemes into target language graphemes without any phonetic 
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knowledge of the source language words. The ɊP is sometimes referred to as 

the pivot method because it uses source language phonemes as a pivot when 

it produces target language graphemes from source language graphemes.  

   The ɊH and ɊC make use of both source language graphemes and 

source language phonemes when producing target language transliterations. 

Hereafter, we refer to a source language grapheme as a source grapheme, a 

source language phoneme as a source phoneme, and a target language 

grapheme as a target grapheme. 

    The transliterations produced by the four models usually differ because the 

models use different information. Generally, transliteration is a phonetic 

process, as in ɊP , rather than an orthographic one, as in ɊG. However, 

standard transliterations are not restricted to phoneme-based transliterations. 

A review of the archives of Indian language documents on the Internet 

reveals several other schemes of Transliteration and fonts. The Indology site 

in England has electronic texts of Sanskrit Documents prepared in CSX 

format, a special input method recommended in 1990 for Sanskrit data entry 

using a DOS feature called Code page switching. ITRANS which is more 

recent offers conversion facilities to convert from CSX to the ITRANS 

format. The Tamil archives of the Institute of Indology and Tamil Studies in 

Germany (IITS) has an archive of texts of Tamil Sangam literature and many 

Sanskrit documents. These archives are based on the transliteration scheme 

recommended by the University of Madras, a fairly well known and accepted 

standard.  



 

Language in India www.languageinindia.com 789 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

Transliteration among Indian scripts is easily achieved using ISCII 

(Indian Script Code for Information Interchange). ISCII has been designed 

using the phonetic property of Indian scripts and caters to the superset of all 

Indian scripts. By attaching an appropriate script rendering mechanism to 

ISCII, transliteration from one Indian script to another is achieved in a natural 

way. Transliteration schemes have to face the problem of letters present in 

one language and not in the other. Thus, unless a superset of letters from all 

the Indian Languages is formed, uniform transliteration is ruled out. Ram 

Viswanadha [217]  has the view that when characters do not have any 

appropriate transliteration they should be consumed and not replaced with 

any other character. This results in partial loss of reversibility. 

 

Our Approach  

Although Hindi and Punjabi are closely related languages and for except few 

cases all alphabets of Devanagri script are present in Gurmukhi script, the 

task of transliteration from Hindi to Punjabi is not trivial. The Unicode 

encoding has eased the problem to some extent. In our system besides direct 

character mappings from alphabet in one script to another, rule based 

transliteration useful for a translation system is also employed to improve its 

accuracy. Using only direct character mapping, it shows that this word is out- -

of-vocabulary for our system and has been displayed in the output by 

changing the script and is unknown to our system. Both direct character 
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mapping and complex rules employed for transliteration are explained in the 

following sections.  

 

Direct Character Mappings:  

Both Hindi and Punjabi languages are phonetic languages and their scripts 

represent the phonetic repository of their respective languages. These 

phonetic sounds are used to determine the relations between the characters 

of two scripts. On the basis of this idea, character mappings are determined. 

With this system every alphabet can be uniquely mapped to the 

corresponding alphabet as shown in following table. Taking into account the 

similarity of both the scripts, letter to letter mapping is the obvious choice for 

baseline. Following table 5.26 shows the direct mapping of Hindi to Punjabi 

alphabets:  

Table 5.26: Direct Hindi to Punjabi Character M apping  

Hindi Character Decimal Code Punjabi Character Decimal Code 

ᵄ  2305 Ṿ or Ḹ  2562 or 2672  

ᵅ  2306 Ṿ or Ḹ  2562 or 2672 

 ᴂ 2307 : 58 

 b 2309 ḹ 2565 

 d 2310 Ḻ 2566 

 e 2311 ḻ 2567 

 ə 2312 Ḽ 2568 
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 ɛ 2313 ḽ 2569 

 ɜ 2314 Ḿ 2570 

 g 2315 Ṧṝ 2608+2623 

 k 2317 ḿ 2575 

 m 2318 ḿ 2575 

 ŋ 2319 ḿ 2575 

 o 2320 Ṁ 2575 

 ɔ 2321 Ḻ 2566 

 ᴖ 2322 Ṃ 2580 

 ᴗ 2323 ṁ 2579 

 p 2324 Ṃ 2580 

 t 2325 ṃ 2581 

 u 2326 Ṅ 2582 

 ᴝ 2327 ṅ 2583 

 ɯ 2328 Ṇ 2584 

 v 2329 ṇ 2585 

 ᴥ 2330 Ṉ 2586 

 β 2331 ṉ 2587 

 γ 2332 Ṋ  2588 

 δ 2333 ṋ 2589 

 φ 2334 Ṍ 2590 
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 χ 2335 ṍ 2591 

 i 2336 Ṏ 2592 

 r 2337 ṏ 2593 

 u 2338 Ṑ 2594 

 v 2339 ṑ 2595 

 β 2340 Ṓ 2596 

 γ 2341 ṓ 2597 

 ρ 2342 Ṕ 2598 

 φ 2343 ṕ 2599 

 χ 2344 Ṗ 2600 

ᵫ 2345 Ṗ 2600 

ᵬ 2346 ṗ 2602 

ᵭ 2347 Ṙ 2603 

ᵮ 2348 ṙ 2604 

ᵯ 2349 Ṛ 2605 

ᵰ 2350 ṛ 2606 

ᵱ 2351 Ṝ 2607 

ᵲ 2352 ṝ 2608 

ᵳ 2353 ṝ 2608 

ᵴ 2354 Ṟ 2610 

ᵵ 2355 ṟ 2611 
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ᵶ 2356 ṟ 2611 

ᵷ 2357 Ṡ 2613 

 н 2358 ṡ  2614 

ᵹ 2359 ṡ  2614 

ᵺ 2360 Ṣ  2616 

ᵻ 2361 ṣ  2617 

ᵼ 2364 Ṥ 2620 

ᵾ 2366 ṥ 2622 

ᵿ 2367 Ṧ 2623 

ᶀ 2368 ṧ 2624 

ᶁ  2369 Ṩ 2625 

ᶂ  2370 ṩ  2626 

ᶇ  2375 Ṫ 2631 

ᶈ  2376 ṫ 2632 

ᶉ 2377 ṥ 2622 

ᶊ 2378 Ṭ 2635 

ᶋ 2379 Ṭ  2635 

ᶌ 2380 ṭ  2636 

ᶍ 2381 Ṯ 2637 

ᶎ  2384 ṁṛ 2579+2606 

ᶓ  2392 ṃ 2581 
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ᶔ 2393 ṯ 2649 

ᶕ  2394 Ṱ 2650 

ᶖ 2395 ṱ 2651 

ᶗ 2396 Ṳ 2652 

ᶘ 2397 Ṳ 2652+2637+2617 

ᶙ  2398 ṳ  2654 

ᶚ  2399 Ṝ  2607 
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Following flowchart explains the working of the transliteration phase: 
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6. Complex Rules for tr    ansl                 iteration  

Word generated by the tokenizer 
as input 

Read one character at a time 

Is the full 
word read? 

Apply direct character mapping for the character 

Apply the rule 
Is any rule matched 
for the character? 

Is the transliterated 
word found in 

punjabiUnigrams 
database? 

Apply direct character mapping for 
transliteration without using any 

complex rule. 
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Figure 5.2: Flow Chart for Transliteration Module  

 

Rule Based Mapping:  

Although direct character mapping can produce successfully the transliterated 

output in Punjabi which can represent the source word in target language, but 

we can improve the results by making them nearer to target language in term 

of spellings and choice of alphabets by using some set of rules. A quite 

reasonable improvement can be achieved by small amount of dependency or 

contextual rules. Following are the rules for alleviating some of the problems 

not solved by direct character mapping.  

1. ᵱᵾ at the end of the words of length greater than 3 will be transliterated 

into Ḻ.  For example:  ᵿᵷ ᵗᵬᶀᵿᵣᵱᵾ (vikipǭḼiyǕ) : ṦṠṃṧṗṧṦṏḺ (vikǭpǭḼiǕ), 

ᵷᶇᵮᵨᶁᵿᵪᵱᵾ (vǛbduniyǕ): ṠṪṙṔṨṦṖḺ(vǛbduniǕ) 

2. Substring zᵱᵾ in the word of length greater than 3 will be transliterated 

to ḺṜṥ. For example: ᵈᵱᵾᵰ (ǕyǕm): ḺṜṥṛ(ǕyǕm), ᵈᵱᵾᵿᵦᵦ(ǕyǕtit): 

ḺṜṥṦṒṒ(ǕyǕtit) . 

3. ×ɠ at the end of the words will be transliterated into U. For example: 

ᵷᵾᵞᵬᶇᵱᶀ (vǕjpǛyǭ): ṠṥṊṗṪḼ (vǕjpǛǭ), ᵑᵅ ᵴᶉᵱᶀ (ǛmplǕyǭ):ḹṾṗṞṥḼ (amplǕǭ). 
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4. ᵱ at the end of the word will be transliterated into ḿ. For example: ᵇ ᵱ 

(akshay) : ḹṃṡḿ (akshaǛ), ᵺᵰᶁ ᵬᵾᵲᶀᵱ (samudrpǕrǭy) : ṢṛṨṔṝṗṥṝṧḿ 

(samudrapǕrǭǛ). 

5. ᵱᵾ preceded by consonant or halant  in the word, will be transliterated 

to Ṧ + ḹ + ṥ. For example: ᵱᵾᵺ (pyǕs) :  pS{(piǕs), Ĝ×ɟÞ(byǕs): 

 rS{(biǕs). 

6. ᵱᶂ preceded by consonant or halant in the word, will be transliterated 

into Ṧ +  W. For example: yεÕÖę×ȕ (abhimnyȊ): R st oW(abhimniȊ), 

¤θÛę×ȕ (ǛvinyȊ) : X y oW(ǛviniȊ). 

7. ᵱᶁ preceded by consonant or halant in the word, will be transliterated 

into Ṧ +  V. For example: {ĞĞ×ȓÑɨÙɦÅɠ(immyunǾlǕjǭ) : TÄ tVołw~c¡ 

(immiunǾlǕjǭ), ÖɮĆ×ȓÙÖ(maikyulam ) : t¥ \Vwt(maikiulam). 

8. ×ɭ preceded by consonant or halant in the word, there is a consonant, 

will be transliterated to Ṧ + X. For example: ηŎ×ɭȏÈÛ(kriyǛẞiv) :  \ vXf¡y 

(kariǛẞǭv), ¤ÑÊɠĜ×ɭØ(ǛnḼǭbyǛr): Xoh¡ rXv(ǛnḼǭbiǛr). 
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9. ×ɮ preceded by consonant or halant in the word, will be transliterated 

into  Ṧ + Ṁ. For example: ¾ȏßġ×ɮ(kahilyai): \ | wY(kahiliai), ÖɨÏÀĚ×ɮ 

(mǾdgapyai): t¦m^ pY(mǾdgapiai). 

10. ×ɭ within the words of length greater than 2 and not at the beginning of 

the word, will be transliterated into X. For example: Îȓ×ɭØ (thuyǛr): 

l¢Xv(thuǛr).  

11. ᵱᶂ within the words and not at the beginning of the word, will be 

transliterated into  ī and W. For example: Ô×ȕØɟ (bayȊrǕ):  rWv~(biȊrǕ), 

¾ɰĚ×ȕÈØ(kampyȊẞar) : \Ä pWfv(kampiȊẞar). 

12.  ᵱ preceded by matra ˚ɟ and followed by consonant, will be 

transliterated into T. For example: ØÞɟ×ȑÑ¾ (rasǕynik): v{~T j\ 

(rasǕiṶik),  Êɟ×ȐÔÈɡÅ(ḼǕybiẞǭj):h~T rf¡c(ḼǕibiẞǭj). 

13. ᵾᵱᵾ at the end of the word will be transliterated into ṥḻḺ. For 

example: ÞÖÆɟ×ɟ (samjhǕyǕ): {td~TS(samjhǕiǕ), ÉßØɟ×ɟ(ẞhahrǕyǕ): 

g|v~TS(ẞhahrǕiǕ). 
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14. ᵾᵱᵾ within the word and not at the end ṥṜṥ. For example: ÞÅɟ×ɟěÍɟ 

(sajǕyǕphtǕ): {c~u~q~k~ (sajǕyǕphǕtǕ), Ñɟ×ɟÔ(nǕyǕb):o~u~r(nǕyǕb). 

15. × preceded by the matra Ȓ ̊and followed by consonant in the word, will 

be transliterated R. For example: ¾ɮȒġÜ×Ö (kailshiyam): \¥w zRt 

(kailshiam), ĦÈɭιÊ×Ö (sẞǛḼiyam):{f¤ hRt(saẞǛḼiam). 

16. ᵱ preceded by the matra ˚ɮ and followed by the matra ˚ɟ in the word, 

will be transliterated into  ī + S. For example: ÖȓÎɮ×ɟ (muthaiyǕ) : 

t¢ lS(muthiǕ), Óɮ×ɟé (phaiyǕja):  qSc(phiǕj). 

17. Dead Consonant  t(ᵗᶍ) followed by live consonant ¿ in the word, will 

be transliterated into īȈ. For example: ÖĆ¿Ñ(makkhan): tȈ]j 

(makkhaṶ), ÖÐȓÖĆ¿ɠ(madhumkkhǭ): tn¢tȈ]¡(madhumkkhǭ). 

18. Dead Consonant Ã(Ãn) followed by live consonant Ä in the word, will be 

transliterated into īȈ. For example: ᵉ ᵝᵾ (icchǕ): ḻṿṉṥ(icchǕ), 

y¾ċÄ(akacch): R\Ȉb(akacch). 
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19. Dead consonant (χᵡᶍ) followed by live consonant É, will be transliterated 

into īȈ. For example: ᵰ ᶀ(maẞẞhǭ) : ṛṿṎṧ(maẞẞhǭ),Õίɟ(bhaẞẞhǕ): 

sȈg~(bhaẞẞhǕ). 

20.  Dead consonant À(ᵙᶍ) followed by live consonant Á in the word, will be 

transliterated into īȈ.  For example: ᵰ ᵚᵲ (magghar) : tȈ_v(magghar), 

ᵴ ᶗᵮ ᵚᵾ(lakkẊabgghǕ): ṞṿṃṲṙṿṆṥ(lakkẊabgghǕ). 

21. Dead consonant Å(ᵞᶍ) followed by live consonant Æ in the word, will be 

transliterated into īȈ. ᵿᵪ ᵟᵲ (nijjhar) :  o¹dv(nijjhar), }čÆî (ujjhaẊ) : 

Ìc¬(ujjaẊ). 

22. Dead consonant Í (Ín) followed by live consonant Î in the word, will be 

transliterated into īȈ. For example: ÒĕÎØ (patthar):pȈlv (patthar), ¾ĕÎɟ 

(katthǕ):\Ȉl~(katthǕ). 

23. Dead consonant Ï(ʬ) followed by live consonant Ð in the word, will be 

transliterated into īȈ. For example: εÞǦɟÎx (siddhǕrth):  {Ȉn~vl 

(siddhǕrath), yȑÑȻǦ(Aniruddh) : R ov¢Ȉn(aniruddh). 
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24. Dead consonant Ê(ʪ) followed by live consonant Ë in the word, will be 

transliterated into īȈ. For example: ÀʪËɟ (gaḼḼhǕ): Ȉ̂i~(gaḼḼhǕ), 

ÔȓʪËɟ(buḼḼhǕ) : r¢Ȉi~(buḼḼhǕ). 

25. Conjuct consonant  in the word will be transliterated in Gurmukhi into 

Ṧ +  ̂+ R. For example:¿ÀɨÙÛɮáɟȑÑ¾ (khagǾlvaigiǕnik) : 

]^¦wy¥ ^So¡\(khagǾlvaigiǕnǭk), ÖÑɨθÛáɟÑɠ(manǾvigiǕnǭ): toł y ^So¡ 

(manǾvigiǕnǭ). 

26. Dead consonant Ö (Ön) followed by any labial consonant (Ò,Ô,Ó,Ö,Û), 

will be transliterated into Ṿ. ÒĞÖɠ (pammǭ): pÄt¡(pammǭ), ÒĞÒ(pamp): 

pÄp(pamp). 

27. Dead Consonant followed by the live consonant of its preceding dead 

consonant in the word, will be transliterated to īȈ . This rule is not 

applicable for consonants Ö and Ñ. For example: ȏÏĈÀÅ(diggaj) : 

 mȈ^c(diggaj), ÄčÅɟ(chajjǕ): bȈc~(chajjǕ). 
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28. Dead Consonant Ñ (Ñn) followed by live consonant Ñ  in the word,will be 

transliterated to Ṿ. For example: ÒęÑɟ(pannǕ) : pÄo~(pannǕ), yęÑɟÖÙɟ|( 

annǕmlǕǭ(annǕmlǕǭ),RÄo~tw~U (annǕmlǕǭ). 

29. ̊ ȗ  or (˚nØ) preceded by consonant ¾ in the word will be transliterated 

ī¨ v. For Example:  ηŎ¾ɭÈ(krikǛẞ):  \Å\¤f(krikǛẞ),ÞɰĦ¾ȗÍ(saṲskrit) : 

{Ä{ \Åk(saṲskrit). 

30. (˚nØ) preceded by consonant Ò in the word will be transliterated ī¨v. For 

Example: Ţ×ɨÀÜɟÙɟ(prayǾgshǕlǕ): pÅu¦^z~w~(prayǾgshǕlǕ), θŢɰȏÈɰÀ 

(priṶẞiṴg) : pÅÄ fÄ^(priṶẞiṴg). 

31. Conjuct consonant à in the word will be transliterated to \z. For 

example: àɭÖɭęş ØɟÛ(kshǛmǛndr rǕv): \z¤t¿mv v~y (kashǛmǛndar rǕv), 

¾ȓȻàɭŝ(kurukshǛtr),\¢v¢\z¤kv(kurukshǛtar). 

32. Conjuct consonant ŝ in the word will be transliterated to kv. For 

example: ȐŝÓÙɟ(triphlǕ):  kÅqw~(triphlǕ), ÍɰȐŝ¾ɟ(tantrikǕ):kÄk v\~(tantrikǕ). 
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33. Conjuct consonant Ŭ in the word will be transliterated to zv. For 

example: ᵷ(vshravaṶ) : ṡṝṠṑ(sharvaṶ), ᶀᵴᵅᵗᵾᵊ(shrǭlṴkǕǭ) : ṡṝṧṞṾṃṥḼ 

(sharǭlṴkǕǭ). 

34. ̊ ɰ or ˚ɯ preceded by either z or | or ¥ or ¨ or © or § or } or ~ or ˚ɟ 

or ˚ɠ or ˚ɭ or ˚ɮ or ˚ɨ or ˚ɩ or ̊ɧ then ˚ɰ or ˚ɯ in the word will be 

transliterated to īQ. For example: ᵿᵣᵬᵾᵡ ᵰ ᵡ (ḼipǕrẞmǛṶẞ ): Ṧṏṗṥṝṍṛ ṍ 

(ḼipǕrẞamǛṶẞ), ᶀ(aiṶẞrǭ): ṍṝṧ(aiṶẞrǭ). 

35. ̊ ɰ or ˚ɯ preceded by either  ŋor y or ̊ȓ or ˚ȕ or { or Ȓ ̊in the word will be 

transliterated to īÄ. For example: e ᵅᵡᵲᵪᶈᵸᵪᵴ(iṶẞranaishnal) : ḻṾṍṝṖṫṡṖṞ 

(iṶẞranaishnal), ᵑᵅᵡᵪᶀ(ǛṶẞnǭ):ḿṾṍṖṧ(ǛṶẞnǭ). 

36. ̊ ɰ or ˚ɯ between two consecutive consonants in the word, will be 

transliterated to īÄ. For example: ᵺᵅᵨᶀᵬ(sandǭp):ṢṾṔṧṗ(sandǭp), ᵡᶂᵣᵅ ᵺ 

(sẞȊḼaṶẞs),ṢṍṩṏṾṍṢ(saẞȊḼṶẞas). 

 

When translation was performed on a document of 100 pages consisting of 

about 3,58,874 words, We found that about 24% of total words gets 

transliterated during translation process. Thus, above transliteration module 

plays a major role in translation. 
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5.3 Summary  

This chapter presented the detailed working of tokenizer and the working of 

sub phases of translation engine phase of our Machine Translation system. 

The translation engine plays an important role in selecting the correct target 

language. Identifying surnames and titles modules detect the proper names of 

a person and pass them to the transliteration module. N-gram approach is 

employed for word sense disambiguation. The solution for handling out of 

vocabulary words using inflectional analysis without using morphology and 

transliteration activities are discussed in depth. The output generated by this 

phase is further refined by the post-processing phase. This phase is 

discussed in detail in next chapter. 
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Chapter 6  

Post -Processing  

6.1 Grammar Corrections  

In spite of the great similarity between Hindi and Punjabi languages, there are 

still a number of important grammatical divergences: gender and number 

divergences which affect agreement. The grammar is incorrect or the relation 

of words in their reference to other words, or their dependence according to 

the sense is incorrect and needs to be adjusted. This phase is the tail end of 

our Machine Translation system. It is a sentence level post-processing 

module that improves the translation quality by making corrections in the 

translation generated. In other words, it can be said that it is a system of 

correction for ill-formed sentences. The output generated by the translation 

engine phase becomes the input for post-processing phase. This phase will 

correct the grammatical errors based on the rules implemented in the form of 

regular expressions discussed in the next section. In this section, we will 

discuss error categories which include those mistakes that lead to 

ungrammaticality, and thus need to be corrected. It is not possible to fully 

remove all the grammatical errors but to some extent. In each of the examples 

given in each error category, sentence marked with the asterisk (*) is 
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ungrammatical sentence and the other sentence without the asterisk (*) is the 

one corrected grammatically by the post processing phase. 

 

1. Within Verb Phrase Agreement:  

In a typical Punjabi sentence, within verb phrase, all the verbs must agree in 

gender and number. 

1(a)  * ṦṖṝṛṞṥ Ṕṧ ḹṠṥṊ ṢṨṑṔṪ ṣṧ ṚṿṊṔṧ ṣṖ ɜ 

(nirmalǕ dǭ avǕj suṶdǛ hǭ bhajjdǭ han.) 

ṦṖṝṛṞṥ Ṕṧ ḹṠṥṊ ṢṨṑṔṪ ṣṧ ṚṿṊṔṧḺḸ ṣṖ ɜ 

(nirmalǕ dǭ avǕj suṶdǛ hǭ bhajjdǭǕṲ han.) 

1(b) * VoÇ½ \Äpo¡SQ o£Ä  cSm~  yS\¢w \v¤^~ c¦ s~vk  yȈa { lk Spj¡ Ro¢zÄ^¡SQ  

      m¢Sv~ \Ät-\~c \v½m¡ |o ] 

(unhǕṲ kampnǭǕṲ nȊṲ jiǕdǕ viǕkul karǛgǕ jǾ bhǕrat vicc sathit ǕpṶǭ 

anushṴgǭǕṲ) 

VoÇ½ \Äpo¡SQ o£Ä  cSm~  yS\¢w \v¤^~ c¦ s~vk  yȈa { lk Spj¡ Ro¢zÄ^¡SQ  

m¢Sv~ \Ät-\~c \v½m¡SQ |o ] 

(unhǕṲ kampnǭǕṲ nȊṲ jiǕdǕ viǕkul karǛgǕ jǾ bhǕrat vicc sathit ǕpṶǭ 

anushṴgǭǕṲ duƃrƃ kamm-kƃj karƃndƛƃṲ han) 

1(c)  * pbw¤ {~w T{¤ t|¡oŀ \Äpo¡ oŀ 2,76,580 t¦fv{~U\w½ y¤a¡ {o ]  
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(pichlǛ sǕl isǛ mahǭnǛ kampnǭ nǛ 2,76,580 mǾẞarsǕǭklǕṲ vǛcǭ san) 

 pbw¤ {~w T{¤ t|¡oŀ \Äpo¡ oŀ 2,76,580 t¦fv{~U\w½ y¤a¡SQ {o ] 

(pichlǛ sǕl isǛ mahǭnǛ kampnǭ nǛ 2,76,580 mǾẞarsǕǭklǕṲ vǛcǭǕṲ san) 

2. Nounôs Oblique Form before Postpositions 

In the Punjabi Sentence, the noun before the postpositions take the oblique 

form. 

2(a)  *{s {t½ k¤ SZ  ]  

(sabh samǕṲ tǛ ǕǾ) 

{s {t¿ k¤ SZ  ] 

(sabh samǛṲ tǛ ǕǾ) 

2(b)  *v~c~ oŀ tÄkv¡SQ o£Ä Sm¤z  mȈk~ ] 

(rǕjǕ nǛ mantrǭǕṲ nȊṲ ǕdǛsh dittǕ .) 

v~c¤ oŀ tÄkv¡SQ o£Ä Sm¤z  mȈk~  

(rǕjǛ nǛ mantrǭǕṲ nȊṲ ǕdǛsh dittǕ) 

3. Subject Verb Agreement  

In Punjabi Sentence, the subject must agree with verb. 

3(a) *k¢{¡ \¦U y¡ t¢{Ät¡ qw w¥ {\m¤ |o ] 

 (tusǭ kǾǭ vǭ musmmǭ phal lai sakadǛ han) 

        k¢{¡ \¦U y¡ t¢{Ät¡ qw w¥ {\m¤ |¦  ] 
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 (tusǭ kǾǭ vǭ musmmǭ phal lai sakadǛ hǾ) 

3(b) *R{¾ y~w½ m¡ g¡\ m¤]s~w \v {Ȉ\m¤ |o ]  

 (asǭṲ vǕlǕṲ dǭ ẞhǭk dǛkhbhǕl kar sakkdǛ han .) 

        R{¾ y~w½ m¡ g¡\ m¤]s~w \v {Ȉ\m¤ |½ ] 

(asǭṲ vǕlǕṲ dǭ ẞhǭk dǛkhbhǕl kar sakkdǛ hǕṲ) 

4. Verb Object noun phrase agreement if there is a~|¡m~ cǕhǭdǕ in verb 

phrase  

In Punjabi Sentence, verb must agree with the object noun phrase if there is 

a~|¡m~  in the verb phrase. 

4(a) * pÅ¡ ]S  yȈa T| ̂Ȉw {~|tj¤ SU |¥  \ {Ä\f^v{k rÀ\ Sq Rtv¡\~ o£Ä {skÁ  

 cSm~ 33 . 9 Rvr h~wv m¡ p£Äc¡ a~|¡m~ |¥ ] 

(prǭkhiǕ vicc ih gall sǕhmaṶǛ Ǖǭ hai ki saṴkẞagrasat baiṴk Ǖph amrǭkǕ 

nȊṲ sabhtǾṲ jiǕdǕ 33 . 9 arab ḼǕlar dǭ pȊ¶jǭ cǕhǭdǕ hai .) 

pÅ¡ ]S  yȈa T| ̂Ȉw {~|tj¤ SU |¥  \ {Ä\f^v{k rÀ\ Sq Rtv¡\~ o£Ä {skÁ 

 cSm~ 33 . 9 Rvr h~wv m¡ p£Äc¡ a~|¡m¡ |¥ ] 

(prǭkhiǕ vicc ih gall sǕhmaṶǛ Ǖǭ hai ki saṴkẞagrasat baiṴk Ǖph amrǭkǕ 

nȊṲ sabhtǾṲ jiǕdǕ 33 . 9 arab ḼǕlar dǭ pȊ¶jǭ cǕhǭdǭ hai .) 
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6.2 Pattern matching and Regu lar Expressions:  

Pattern matching is a searching technique employed normally on a string 

containing text in order to locate a portion or all of the specified data based on 

a specific search pattern criterion. A regular expression is a special text string 

for describing a search pattern. Regular expressions are a óway to describe 

text through pattern matchingô (Stubblebine 2003: 1). Regular expressions 

provide a powerful, flexible, and efficient method for processing text. The 

extensive pattern-matching notation of regular expressions allows to quickly 

parsing large amounts of text to find specific character patterns; to extract, 

edit, replace, or delete text substrings. The idea of using regular expressions 

for natural language processing is widely known. By using them, the most 

complex and repetitive linguistic errors can be identified and replaced with the 

right text in the MT output.  The syntax of regular expressions can be simple 

or highly complex, depending on the pattern. 

 

6.2.1 Related Work s 

The concept of automated Post-Editing was first introduced by Knight and 

Chander[218] and further explored by Allen and Hogan with a view to fix 

systematic errors committed by an MT system [219]. When these MT errors 

cannot be fixed with advanced User Dictionary coding techniques, they may 

be fixed using powerful global search and replace patterns. Roturier [220-223] 

used regular expressions for post-processing module of their Machine 
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Translation system. Kartunnen [224] suggests applying finite automata and 

transducers that represent regular expressions, for natural language texts. 

Oflazer [225] shows the use of regular expressions for tokenization, shallow 

parsing or morphology analysis. Hasan [226] describes the use of regular 

expressions for sentence clustering in SMT. Number of hybrid experiments 

have been conducted by combining rule-based MT (RBMT) systems with 

Statistical Post-Editing (SPE) systems. Two experiments were carried out for 

the shared task of the ACL 2007 Workshop on Statistical Machine 

Translation, combining a raw SYSTRAN system with a statistical post-editing 

(SPE) system. One experiment was run by NRC using the language pair 

English<>French in the context of Automatic Post-Edition systems using the 

PORTAGE system. The second experiment based on the same principle was 

run on the German > English and Spanish > English language pairs using the 

Moses system. The objective was to train a SMT system on a parallel corpus 

composed of SYSTRAN translations with the referenced source aligned with 

its referenced translation. A detailed evaluation of these experiments was 

then conducted and presented in [227,228]. They concluded that the 

SYSTRAN+SPE experiments demonstrated very good results ï both on 

automatic scoring and on linguistic analysis. Their detailed comparative 

analysis provided directions on how to further improve these results by adding 

ñlinguistic controlò mechanisms.  

 

6.2.2 Our Approach  
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Here, we present the use of regular expressions in a translation system for 

doing post editing. The grammatical categories discussed in Section 6.1 are 

corrected using pattern matching through regular expressions in the MT 

output. It is a two step process: 

(i) Pattern mentioned in regular expressions are matched with text. 

(ii) If some pattern(s) matches with the strings in the text, it is replaced 

with the required one mentioned in pattern matched regular 

expression. 

We have formulated 28 regular expressions for correcting such grammatical 

errors. Following table shows the distribution of regular expressions on the 

basis of error categories discussed above: 

 

Table 6.1:  Grammatical Error Category wise Regular Expression 

Distribution  

S.No. Grammatical Error Category  Regular Expression 

Count  

1.  Within Verb Phrase agreement 12 

2.  Nounôs Oblique Form before 

Postpositions 

02 

3.  Subject Verb Agreement 13 

4.  Verb Object noun phrase agreement if 

there is a~|¡m~ (cǕhǭdǕ) in verb phrase 

01 
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For instance, the following example shows the subject verb agreement 

through regular expression:  

MT output before post-processing :  R{¾ y~w½ m¡ g¡\ m¤]s~w \v {Ȉ\m¤ |o ] 

    (asǭṲ vǕlǕṲ dǭ ẞhǭk dǛkhbhǕl kar sakkdǛ han .) 

Search pattern   :         (R{¾)(((?!\u0A05\u0A38\u0A40).)+)(|o) 

Replace pattern   :  $1$2|½ 

MT output after post-processing :       R{¾ y~w½ m¡ g¡\ m¤]s~w \v {Ȉ\m¤ |½ ] 

       (asǭṲ vǕlǕṲ dǭ ẞhǭk dǛkhbhǕl kar sakkdǛ hǕṲ) 

In the above example, the pattern is matched for a sentence in which subject 

is R{¾ and verb is |o. Even the regular expression has been written in 

complex way to handle similar nested patterns also. $1 and $2 are the 

environment variables to store the intermediate substrings matched within the 

pattern. 

The analysis was done on a document consisting of 35500 words. It was 

found that 6.197% of the output text has been corrected grammatically using 

these regular expressions. Following table shows the contributions of various 

regular expression categories in correcting the grammatical errors: 

Table 6.2: % Contribution of R egular Expressions on the basis of 

Grammatical Error Categories  

S.No. Grammatical Error Category  Regular Expression 
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Count  

1.  Within Verb Phrase agreement 38.67% 

2.  Nounôs Oblique Form before Postpositions 3.20% 

3.  Subject Verb Agreement 35.63% 

4.  Verb Object noun phrase agreement if 

there is a~|¡m~ (cǕhǭdǕ) in verb phrase 

9.84% 

 

6.3 Sample Translations:  

Following are some sample translations obtained from the system:  

Input: ÞɰÕɟÛÑɟ ßɮ η¾ ÅġÏɡ ßɡ ¾ÑɟxÈ¾ ¾ɭ ØɟÅÑɠȑÍ¾ ÕθÛĥ× ¾ɟ ¾ɨ| ÷ɮÞÙɟ ßɨ Åɟ¤Àɟ 

sambhǕvnǕ hai ki jaldǭ hǭ karnǕẞak kǛ rǕjnǭtik bhavishy kǕ kǾǭ phaaislǕ 

hǾ jǕǛgǕ 

Output : {Äs~yo~ |¥  \ cwm¡ |¡ \vo~f\ m¤ v~co¡ k\ s yȈ] m~ \¦U q¥{w~ |¦ c~y¤^~] 

 ( sambhǕvnǕ hai ki jaldǭ hǭ karnǕẞak dǛ rǕjnǭtik bhavikkh dǕ kǾǭ phaislǕ   

   hǾ jǕvǛgǕ). 

Input:  ÙɟÙɟ ÞɟßÔ Ñɭ yÒÑɟ ÅɠÛÑ {Þɠ ¾ɟÖ ¾ɭ ßɭÍȓ yÒxÌ ¾Ø ȏÏ×ɟ ßɮ]  

          ( lǕlǕ sǕhab nǛ apnǕ jǭvan isǭ kǕm kǛ hǛtu arpaṶ kar diyǕ hai.) 

Output:  w~w~ {~ |r oŀ Spj~ c¡yo T{ \Ät m¤ wU Rvpj \v  mȈk~ |¥ ] 

  ( lǕlǕ sǕhib nǛ ǕpaṶǕ jǭvan is kamm dǛ laǭ arpaṶ kar dittǕ hai). 

Input: yÒÑɟ ȐÔĦÍØ ζ¿î¾ɥ Þɭ ÞÈɟ¾Ø ¾Õɠ Õɠ Ñ ÙÀɟ¤ɯ]  

(apnǕ bistar khiẊkǭ sǛ saẞǕkar kabhǭ bhǭ na lagǕǛṲ.) 

Output : Spj~  r{kv~  ]Ȇ\¡ kÁ {f~\v \m¤ y¡ o|¾ w^~Z ] 
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(ǕpaṶǕ bisatrǕ khiḼī}kǭ tǾṲ saẞǕkar kadǛ vǭ nahǭṲ lagǕǾ .) 

Input: ÜØɡÓ ÙɟßɩØ Þɭ {ĦÙɟÖɟÔɟÏ ¾ɭ εÙ¤ ȑÑ¾Ùɭ Îɭ ] 

          (sharǭph lǕhaur sǛ islǕmǕbǕd kǛ liǛ niklǛ thǛ .) 

Output : zv¡q w~|§v kÁ T{w~t~r~m wU  o\w¤ {o ] 

             (sharǭph lǕhaur tǾṲ islǕmǕbǕd laǭ niklǛ san). 

 

6.4 Illustrative Example:  

For illustration purpose of how the input is passed through various phases 

consider the following sentence in Hindi: 

Input: ßÖ yÒÑɭ ÏɨĦÍ ÏɡÒ¾ ÜÖɟx Þɭ ÒȕÄʃÀɭ η¾ Ć×ɟ Ûɨ ßÖɟØɭ ÞɟÎ ÛÑ Êɭ ÖɮÃ 

ãɭÙ ¾Ø ÀØɡÔ ÔċÃʇ ¾ɥ ÖÏÏ ¾ØÑɟ ÃɟßɭÀɟ ÅɮÞɭ ßÖ ¾ØÑɟ ÃɟßÍɭ ßʅ ] 

(ham apnǛ dǾst dǭpak sharmǕ sǛ pȊchǛṴgǛ ki kyǕ vǾ hamǕrǛ sǕth van ḼǛ 

maic khaǛl kar garǭb baccǾṲ kǭ madad karnǕ cǕhǛgǕ jaisǛ ham karnǕ cǕhtǛ 

haiṲ). 

Pre Processing Phase:  

¶ During the Text Normalization, ãɭÙ (khaǛl) will be replaced with ¿ɭÙ 

(khǛl) 

¶ No named Entity is found. 

¶ ÛÑ Êɭ (van ḼǛ) is collocation , thus it will be replaced with yo h¤  (van 

ḼǛ) rather than itôs actual word to word translation cÄ^w h¤ (jaṴgal ḼǛ) 

Intermediate Output: ßÖ yÒÑɭ ÏɨĦÍ ÏɡÒ¾ ÜÖɟx Þɭ ÒȕÄʃÀɭ η¾ Ć×ɟ Ûɨ ßÖɟØɭ 

ÞɟÎ yo h¤ ÖɮÃ ¿ɭÙ ¾Ø ÀØɡÔ ÔċÃʇ ¾ɥ ÖÏÏ ¾ØÑɟ ÃɟßɭÀɟ ÅɮÞɭ ßÖ ¾ØÑɟ ÃɟßÍɭ ßʅ 

(ham apnǛ dǾst dǭpak sharmǕ sǛ pȊchǛṴgǛ ki kyǕ vǾ hamǕrǛ sǕth van ḼǛ 

maic khǛl kar garǭb baccǾṲ kǭ madad karnǕ cǕhǛgǕ jaisǛ ham karnǕ cǕhtǛ 

haiṲ) 
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Tokenizer: It will generate ßÖ, yÒÑɭ, ÏɨĦÍ, ÏɡÒ¾, ÜÖɟx, Þɭ, ÒȕÄʃÀɭ, η¾, Ć×ɟ, Ûɨ, 

ßÖɟØɭ, ÞɟÎ, yo, h¤, ÖɮÃ, ¿ɭÙ, ¾Ø, ÀØɡÔ, ÔċÃʇ, ¾ɥ, ÖÏÏ, ¾ØÑɟ, ÃɟßɭÀɟ, ÅɮÞɭ, ßÖ, 

¾ØÑɟ, ÃɟßÍɭ, ßʅ,]. These tokens are generated one by one and passed to 

translation engine for processing one after another. 

Translation Engine:  

¶ No Title is found 

¶ Surname ÜÖɟx is found and thus ÏɡÒ¾ ÜÖɟx will be translated to m¡p\ 

zvt~ rather than m¡y~ zvt~ 

¶ ßÖ, yÒÑɭ, ÏɨĦÍ, ÒȕÄʃÀɭ, η¾, Ć×ɟ, Ûɨ, ßÖɟØɭ, ÞɟÎ, ¿ɭÙ, ÀØɡÔ, ÔċÃʇ, ¾ɥ, ÖÏÏ, 

¾ØÑɟ, ÃɟßɭÀɟ, ÅɮÞɭ, ßÖ, ¾ØÑɟ, ÃɟßÍɭ, ßʅ,]  tokens will be translated using 

lexicon lookup and will be translated to R{¾,  Spj¤ ,  m¦{k , p¢Ȉb½^¤,   \,  

\¡,  V|,  {~h¤,  o~w,  ]¤w,  ^v¡r,  rȈ aSQ,  \¡k¡,  tmm,  \vo~,  a~|¤^~,   cy¿,  

R{¾,  \vo~,  a~|¢Äm¤,  |o,]  respectively. 

¶ Tokens Þɭ and ¾Ø are ambiguous words and hence using word sense 

disambiguation approach, these will be translated to kÁ and \¤ 

respectively. 

¶ ÖɮÃ will be transliterated by the transliteration module to t¥a. 

Intermediate Output:  R{¾ Spj¤ m¦{k m¡p\ zvt~ kÁ p¢Ȉb½^¤  \ \¡ V| {~h¤ o~w 

yo h¤ t¥a ]¤w \¤ ̂ v¡r rȈ aSQ m¡ tmm \vo~ a~|¤^~  cy¿ R{¾ \vo~ a~|¢Äm¤ |o] 

(asǭṲ ǕpaṶǛ dǾsat dǭpak sharmǕ tǾṲ pucchǕṴgǛ ki kǭ uh sǕḼǛ nǕl van ḼǛ 

maic khǛl kǛ garǭb bacciǕṲ dǭ madad karnǕ cǕhǛgǕ jivǛṲ asǭṲ karnǕ 

cǕhundǛ han.) 
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Post Processing:  

Pattern matching is done using regular expressions for correcting grammar. 

Thus, this output will be made grammatically correct using the regular 

expressions implementing the grammatical agreements. In this example, 

subject verb agreement will be done and |o will be replaced with |½. 

 

Final Output:  R{¾ Spj¤ m¦{k m¡p\ zvt~ kÁ p¢Ȉb½^¤  \ \¡ V| {~h¤ o~w yo h¤ t¥a 

]¤w \¤ ̂ v¡r rȈ aSQ m¡ tmm \vo~ a~|¤^~  cy¿ R{¾ \vo~ a~|¢Äm¤ |½ ] 

(asǭṲ ǕpaṶǛ dǾsat dǭpak sharmǕ tǾṲ pucchǕṴgǛ ki kǭ uh sǕḼǛ nǕl van ḼǛ 

maic khǛl kǛ garǭb bacciǕṲ dǭ madad karnǕ cǕhǛgǕ jivǛṲ asǭṲ karnǕ 

cǕhundǛ hǕṲ .) 

 

Evaluation:  

The evaluation document set consisted of documents from various online 

newspapers news, articles, blogs, biographies etc. This test bed consisted of 

35500 words and was translated using our Machine Translation system. 

Following table shows the contribution of various important modules of the 

system during translation: 

 

 

Table 6.3 : % Contribution of Various MT System M odules during 

Translation  

Module  Submodule  Contributio n (%) 

Preprocessing Text Normalization 1.121% 
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Replacing Collocations 0.281% 

Replacing Proper Nouns 1.408% 

Translation 

Engine 

Identifying Titles 0.005% 

Identifying Surnames 3.380% 

Word-to-word translation using Lexicon 

Lookup 

50.949% 

Word Sense disambiguation 7.140% 

Word Inflectional analysis and 

generation 

6.45% 

Transliteration 23.239% 

Post 

Processing 

Grammar Correction 6.197% 
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Following is the output translation for the text downloaded from website - 

http://www.bbc.co.uk/hindi/india/2010/01/100104_india_cold_va.shtml 

accessed on dated 04-01-2010 : 

Input Text:  

ᵋ ᵲᶀ ᵯᵾᵲᵦ ᵰ i ᵅᵣ t ᵾ ᵗᶋᵬ γ ᵾᵲᶀ ᵻᶈ. ᵺᵲᵗᵾᵲᶀ χ ᶇᵴᶀᵿᵷᶖᵪ tᶇ ᵰᶁᵦᵾᵿᵮᵗ i ᵅᵣ tᶇ t ᵾᵲ vb ᵮ β  t

100 ᵴᶋ ᴝt  ᵰᶌ βᵻᶋ ᴥ ᶁ tᵻᶈ. ᵿᵻᵰᵾᵜᵴ ᵨᶇᵸ p ᵲ t ᵰᶀᵲ ɯ ᵾᵡᶀ ᵰ ᵮᶙ ᵮᵾᵲᶀ  əᵻᶈ p ᵲ t  ə

ᵉᵴᵾᶓ ᵰ ɯ ᵪᵾ t ᶋᵻᵲᵾ β ᵾᵱᵾ  dᵻᶈ. ᵬᵅᵞᵾᵮ, ᵻ ᵲᵱᵾᵥᵾ p ᵲ ɛ ᵲ ᵨᶇᵸ ᵰ ᵯᶀ t ᶗᵾᵗᶇ tᶇ i ᵅᵣ ᵬᶗ 

ᵲᵻᶀ ᵻᶈ. ᵿᵬᵝᵴᶇ tᶁ β ᵨ χᵺᶇ β ᵾ ŋt ᶋᵻᵲᶇ t  ᵷᵞᵻ ᵺᶇ t  əɛ ᶗᵾᵪ p ᵲ ᶇᵪ ᵲ t ᵲᵪᶀ ᵬᶗᶀ ᵻ. ɛ ᵲ 

ᵨᶇᵸ ᵰ β ᵾᵬᵰᵾᵪ ᵺᵾᵰᵾ ᵱ ᵺᶇ ρ ᶋ ᵺᶇ 10 ᵿᵣ ᶀ t ᵰ ᴥ ᵴ ᵲᵻᵾ ᵻᶈ. 

ᵿᵙᵲᵦᵾ ᵬᵾᵲᵾ 

ᵷᵻ ᵲᵾᵞᵩᵾᵪᶀ ᵨ ᵴᶀ ᵰ ᵯᶀ t ᵾᶙ ᵺ  ρᵻᶈ. ρ ᵴᶀ ᵰ t ᵲᶀᵮ 20 ᶇᵪ ᵲ t ᵲ ρ ᶀ ᴝ  əᵻ. ᵲᵿᵷᵷᵾᵲ t ᶋ 

ᵱᶂᵪᵦᵰ β ᵾᵬᵰᵾᵪ 9.5 ᵿᵣ ᶀ ᵺᶇᵿ ᵺᵱᵺ γ ᵾ γ ᵮ  tн ᵿᵪᵷᵾᵲ t ᶋ β ᵾᵬᵰᵾᵪ 8.4 ᵲᵻᵾ. ᵋᵩᵲ b ᵰᶃᵦᵺᵲ 

ᵰ ᵲᵿᵷᵷᵾᵲ ᵲᵾ βt ᶋ ᵬᵾᵲᵾ ᵰᵾ 0.8 ᵿᵣ ᶀ ᵺᶇᵿ ᵺᵱᵺ ᵲᵻᵾ γ ᵮ  tᴥ ᵅᵣᶀᵙᶘ ᵰ β ᵾᵬᵰᵾᵪ 9.4 ᵿᵣ ᶀ 

ᵺᶇᵿ ᵺᵱᵺ γ ᵾ. ᵢᵅᵣ t  ᵷᵞᵻ ᵺᶇ t  əγ ᵙᵻ ᵗᶂᵴ ᵰ β ᶁ ᵱᵾᵄ ᵮᶘᵾ ρ ᶀ ᴝ  əᵻ. ᵗᶋᵻᵲᶇ tᶇ t ᵾᵲ vt  ə

ᵞᵙᵻ ρ ᶁᵚ ᵡᵪᵾᵑᵄ ᵯᶀ ᵻᶋ ᵲᵻᶀ ᵻ.н ᵿᵪᵷᵾᵲ t ᶋ ρ ᶋ ᵲᶇᵴ ᵻᵾᵨᵺ ᵰ t ᵰ ᵺᶇ t ᵰ 10 ᵴᶋ ᴝᵰᵾᵲᶇ ᴝ  ŋγ ᶇ. 

ᵗᶋᵻᵲᶇ ᵺᶇ ᵿᵮᵞᵴᶀ d ᵬᶂ ᵦ ᵯᶀ ᵯᵾᵿᵷᵦ  əγ ᶀ p ᵲ ɛ ᵲᶀ ᵿ  rᵭᶇᵴ ᵻᶋ ᴝ ᵱᵾ γ ᵾ. 

uttarǭ bhǕrat mǛṲ ẞhaṶḼ kǕ prakǾp jǕrǭ hai. sarkǕrǭ ẞǛlǭvijaī}n kǛ mutǕbik ẞhaṶḼ 

kǛ kǕraṶ ab tak 100 lǾgǾṲ kǭ maut hǾ cukǭ hai. himǕcal pradǛsh aur kashmǭr 

ghǕẞǭ mǛṲ barphbǕrǭ huǭ hai aur kaǭ ilǕkǾṲ mǛṲ ghanǕ kǾhrǕ chǕyǕ huǕ hai. 

pa¶jǕb, hariyǕṶǕ aur uttar pradǛsh mǛṲ bhǭ kaḼaǕkǛ kǛ ẞhaṶḼ paḼaī} rahǭ 
hai. pichlǛ kuch dinǾṲ sǛ chǕǛ kǾhrǛ kǭ  vajah sǛ kaǭ uḼaǕnǛṲ aur ẞrǛnǛṲ 

radd karnǭ paḼaǭ haiṲ. uttar pradǛsh mǛṲ tǕpmǕn sǕmǕny sǛ dǾ sǛ 10 Ḽigrǭ 
kam cal rahǕ hai. 

girtǕ pǕrǕ 

vahǭṲ rǕjdhǕnǭ dillǭ mǛṲ bhǭ kǕphǭ sardǭ hai. dillǭ mǛṲ karǭb 20 ẞrǛnǛṲ radd 

kar dǭ gaǭ haiṲ. ravivǕr kǾ nyȊntam tǕpmǕn 9.5 Ḽigrǭ sǛlsiyas thǕ jabki 
shanivǕr kǾ tǕpmǕn 8.4 rahǕ. udhar amrtasar mǛṲ ravivǕr rǕt kǾ pǕrǕ mǕtr 

0.8 Ḽigrǭ sǛlsiyas rahǕ jabki caṶḼǭgḼhaī} mǛṲ tǕpmǕn 9.4 Ḽigrǭ sǛlsiyas thǕ. 

ẞhaṶḼ kǭ vajah sǛ kaǭ jagah skȊlǾṲ mǛṲ chuẞẞiyǕṲ baḼhǕ dǭ gaǭ haiṲ. kǾhrǛ 
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kǛ kǕraṶ kaǭ jagah durghẞanǕǛṲ bhǭ hǾ rahǭ haiṲ.shanivǕr kǾ dǾ rǛl hǕdsǾṲ 

mǛṲ kam sǛ kam 10 lǾg mǕrǛ gaǛ thǛ. kǾhrǛ sǛ bijlǭ ǕpȊrti bhǭ prabhǕvit huǭ 

thǭ aur uttarǭ griḼ phǛl hǾ gayǕ thǕ. 

Output text:  

ḽ Ṓṝṧ ṚṥṝṒ ṦṠṿṈ ṎṾṏ Ṕṥ ṃṦṣṝ Ṋṥṝṧ ṣṫ .  Ṣṝṃṥṝṧ ṍṪṞṧṦṠṊṖ  ṔṪ ṛṨṒṥṙṃ ṎṾṏ  ṔṪ ṃṥṝṖ ṣṨṑ Ṓṿṃ 

100 ṞṬṃṥḸ Ṕṧ ṛṭṒ ṣṬ ṈṨṿṃṧ ṣṫ .  ṦṣṛṥṈṞ ṗ ṔṪṡ ḹṒṪ ṃṡṛṧṝ  Ṇṥṍṧ ṦṠṿṈ ṙṝṘṙṥṝṧ ṣṬḼ ṣṫ ḹṒṪ ṃḼ 

ḻṞṥṃṧḺḸ ṦṠṿṈ ṢṾṆṑṥ ṃṬṣṝṥ ṉṥḻḺ  ṣṬḻḺ ṣṫ .  ṗṾṊṥṙ ,  ṣṦṝḺṑṥ ḹṒṪ ḽ Ṓṝ ṗ ṔṪṡ ṦṠṿṈ Ṡṧ 

ṃṲṥṃṪ  ṔṪ ṎṾṏ ṗṫ ṝṣṧ ṣṫ .  ṦṗṉṞṪ ṃṨṿṋ ṦṔṖṥḸ Ṓ ṉṥḿ ṃṬṣṝṪ Ṕṧ ṠṊ ṥ ṃṝṃṪ ṃḼ ḽṲṥṖ ṣṬṝ ṍṝṪṖṥḸ ṝṿṔ 

ṃṝṑṧ ṗḼḺḸ ṣṖ .  ḽ Ṓṝ ṗ ṔṪṡ ṦṠṿṈ ṒṥṗṛṥṖ ḻṿṃṬ ṦṊṣṪ Ṓ ṔṬ Ṓ 10 Ṧṏṅṝṧ Ṇṿṍ ṈṿṞ Ṧṝṣṥ ṣṫ .  

ṦṏṿṅṔṥ  ṗṥṝṥ 

ḽṓṪ ṣṧ ṝṥṊṕṥṖṧ ṦṔṿṞṧ ṦṠṿṈ Ṡṧ ṃṥṳṧ ṢṝṔṧ ṣṫ .  ṦṔṿṞṧ ṦṠṿṈ ṃṝṧṙ 20 ṍṝṪṖṥḸ ṝṿṔ ṃṝ ṦṔṿṒṧ ṅḼḺḸ 

ṣṖ .  ṀṒṠṥṝ ṖṩṾ ṣṪṎṞṥ ṒṥṗṛṥṖ 9.5 Ṧṏṅṝṧ ṢṪṞṦṢḹṢ Ṣṧ ṊṔ Ṧṃ ṡṖṧṠṥṝ ṖṩṾ ṒṥṗṛṥṖ 8.4 Ṧṝṣṥ .  

ḽ ṕṝ ḹṦṛ ṒṢṝ ṦṠṿṈ ṀṒṠṥṝ ṝṥṒ ṖṩṾ ṗṥṝṥ ṦṢṝṘ 0.8 Ṧṏṅṝṧ ṢṪṞṦṢḹṢ Ṧṝṣṥ ṊṔ Ṧṃ ṈṾṏṧṅṲ ṦṠṿṈ 

ṒṥṗṛṥṖ 9.4 Ṧṏṅṝṧ ṢṪṞṦṢḹṢ Ṣṧ . ṎṾṏ Ṕṧ ṠṊ ṥ ṃṝṃṪ ṃḼ Ṋṅ ṥ ṢṃṩṞṥḸ ṦṠṿṈ ṉṨṿṍṧḺḸ Ṡṕṥ ṦṔṿṒṧ 

ṅḼḺḸ ṣṖ .  ṃṬṣṝṪ  ṔṪ ṃṥṝṖ ṃḼ Ṋṅ ṥ ṔṨṝṆṍṖṥṠṥḸ Ṡṧ ṣṬ ṝṣṧ ṣṖ . ṡṖṧṠṥṝ ṖṩṾ ṔṬ ṝṪṞ ṣṥṔṦṢḺḸ 

ṦṠṿṈ Ṇṿṍ Ṓ Ṇṿṍ 10 ṞṬṃ ṛṥṝṪ ṅḿ ṢṖ .  ṃṬṣṝṪ Ṓ ṦṙṊṞṧ ḺṗṩṝṒṧ Ṡṧ ṗ ṚṥṦṠṒ ṣṬḼ Ṣṧ ḹṒṪ ḽ Ṓṝṧ 

ṅṦṝṏ ṘṪṞ ṣṬ ṦṅS {¡ - 

uttarǭ bhǕrat vicc ẞhaṶḼ dǕ kahir jǕrǭ hai .  sarkǕrǭ ẞǛlǭvijan  dǛ mutǕbak ẞhaṶḼ  
dǛ kǕran huṶ takk 100 lǾkǕṲ dǭ maut hǾ cukkǭ hai .  himǕcal pradǛsh atǛ 

kashmǭr  ghǕẞǭ vicc barphabǕrǭ hǾǭ hai atǛ kaǭ ilǕkǭǕṲ vicc saṴghaṶǕ kǾhrǕ 
chǕiǕ  hǾiǕ hai .  pa¶jǕb ,  hariǕṶǕ atǛ uttar pradǛsh vicc vǭ kaẊǕkǛ  dǛ ẞhaṶḼ 
pai rahǭ hai .  pichlǛ kujjh dinǕṲ tǾṲ chǕǛ kǾhrǛ dǭ vajhǕ karkǛ kaǭ uẊǕnǛṲ hǾr 

ẞarǛnǕṲ radd karṶǭ paǭǕṲ han .  uttar pradǛsh vicc tǕpmǕn ikkǾ jihǛ tǾṲ dǾ 

tǾṲ 10 Ḽigrǭ ghaẞẞ call rihǕ hai .  

ḼiggdǕ  pǕrǕ 

uthǛ hǭ rǕjdhǕnǭ dillǭ vicc vǭ kǕfǭ sardǭ hai .  dillǭ vicc karǭb 20 ẞarǛnǕṲ radd kar 

dittǭ gaǭǕṲ han .  aitvǕr nȊṲ hǛẞhlǕ tǕpmǕn 9.5 Ḽigrǭ sǛlsias sǭ jadǾṲ ki 

shanǭvǕr nȊṲ tǕpmǕn 8.4 rihǕ .  uddhar amritsar vicc aitvǕr rǕt nȊṲ pǕrǕ 

siraph 0.8 Ḽigrǭ sǛlsias rihǕ jadǾṲ ki caṶḼǭgaẊ vicc tǕpmǕn 9.4 Ḽigrǭ sǛlsias sǭ . 
ẞhaṶḼ dǭ vajhǕ karkǛ kaǭ jaghǕ sakȊlǕṲ vicc chuẞẞǭǕṲ vadhǕ dittǭ gaǭǕṲ han .  

kǾhrǛ  dǛ kǕran kaǭ jaghǕ durghaẞnǕvǕṲ vǭ hǾ rahǭ han . shanǭvǕr nȊṲ dǾ rǛl 

hǕdsiǕṲ vicc ghaẞẞ tǾṲ ghaẞẞ 10 lǾk mǕrǛ gaǛ san .  kǾhrǛ tǾṲ bijlǭ ǕpȊrtǭ vǭ 

prabhǕvit hǾǭ sǭ atǛ uttarǭ gariḼ phǛl hǾ giǕ sǭ .  
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6.5 Summary  

This chapter discusses in detail the post-processing phase. This phase 

involves the rules that are applied on the output produced by previous 

phases. The various grammatical errors corrected by this phase are also 

discussed. The implementation of whole system is also discussed along with 

illustrative example.  

Translations for text from various sources like news items, stories, 

blogs, office orders, articles etc. are obtained from this system and made 

available to the evaluators for the evaluation purpose. In the next chapters, 

we will discuss the evaluation and results of our system, for the language pair 

of Hindi and Punjabi. 
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Chapter 7  

Evaluation and Results  

 

7.1 Introduction  

Evaluation of a MT system is as important as the MT itself, answering the 

questions about the accuracy, fluency and acceptability of the translation and 

thus artifying the underlying MT algorithm.  Evaluation has long been a tough 

task in the development of MT systems because there may exist more than 

one correct translations of the given sentence. The problem with natural 

language is that language is not exact in the way that mathematical models 

and theories in science are.  While there is general agreement about the basic 

features of Machine Translation (MT) evaluation (as reflected in general 

introductory texts Lehrberger & Bourbeau, 1988; Hutchins & Somers, 1992; 

Arnold et al., 1994), there are no universally accepted and reliable methods 

and measures, and evaluation methodology has been the subject of much 

discussion (e.g. Arnold et al., 1993; Falkedal, 1994, AMTA, 1992). As in other 

areas of NLP, three types of evaluation are recognised:  

¶ Adequacy evaluation to determine the fitness of MT systems within a 

specified operational context. It is typically performed by potential users 

and/or purchasers of systems (individuals, companies, or agencies). 

Adequacy evaluations usually include the testing of systems with sets 
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of typical documents. But these are necessarily restricted to specific 

domains. 

¶ Diagnostic evaluation to identify limitations, errors and deficiencies, 

which may be corrected or improved (by the research team or by the 

developers). It is the concern mainly of researchers and developers.  

¶ Performance evaluation to assess stages of system development or 

different technical implementations. It may be undertaken by either 

researchers/developers or by potential users. 

MT evaluations typically include features not present in evaluations of other 

NLP systems: the quality of the raw (unedited) translations, e.g. intelligibility, 

accuracy, fidelity, appropriateness of style/register; the usability of facilities for 

creating and updating dictionaries, for post-editing texts, for controlling input 

language, for customisation of documents, etc.; the extendibility to new 

language pairs and/or new subject domains; and cost-benefit comparisons 

with human translation performance.  

 

7.2 Related Work s: 

Several researchers have worked on evaluation techniques of Machine 

Translation systems and many measures and methods have been developed 

for this purpose. Attempts have been made to produce well designed and well 

founded evaluation schemes. Initially, MT evaluation was seen primarily in 

terms of comparisons of unedited MT output quality and human translations, 

e.g. the ALPAC evaluations [3] and those of the original Logos system 
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[30,31]. Later, systems were assessed for quality of output and usefulness in 

operational contexts, e.g., the influential evaluations of Systran by the 

European Commission [102]. SYSTRAN [35,227,228] and Logos [30,31] have 

developed internal evaluation methods to compare results given by different 

versions of their own systems. Palmira Marrafa and Antonio Ribero [92] 

proposed quantitative metrics for evaluations based on the number of errors 

in an evaluation and the total number of possible errors. Rita Nüebel [229] 

presents a blueprint for a strictly user-driven approach to MT evaluation within 

a net-based MT scenario, which can also be adapted to developer-driven 

evaluations. The Van Slype report for the European Commission [102] 

provided a very thorough critical survey of evaluations. Eagles Evaluation 

Group [230] also worked to establish standards in the field to come up with a 

theoretically sound framework for evaluation of a Machine Translation system. 

However, no consensus has ever been reached in defining one single 

evaluation procedure, applicable to a Machine Translation system in all 

circumstances. Valuable contributions to MT evaluation methodology have 

been made by Rinsche (1993) in her study for the European Commission, and 

by the JEIDA committee (Nomura & Isahara, 1992), which proposed 

evaluation tools for both system developers and potential users .The 

evaluation exercise by ARPA (White et al., 1994) compared the unedited 

output of the three APRA-supported experimental systems (Pangloss, 

Candide, Lingstat) with the output from 13 production systems from Globalink, 

PC-Translator, Microtac, Pivot, PAHO, Metal, Socatra XLT, Systran, and 
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Winger. The initial intention to measure the productivity of systems for 

potential users was abandoned because it introduced too many variables. 

Evaluation, therefore, has concentrated on the  performance of the core MT 

engines of systems, in comparison to human translations, using measures of 

adequacy (how well a text fragment conveys the information of the source), 

fluency (whether the output reads like good English, irrespective of accuracy), 

and comprehension or informativeness (using SAT-like multiple choice tests 

covering the whole text). Roudaud [231] discusses in detail the procedure for 

the evaluation and improvement of an MT system by the end users. He 

describes the different types of problems encountered and categories them. 

Simone Wagner [232] suggested four methods viz. percentage of correct 

sentences, no. of errors, Intelligibility, Accuracy, and time taken to do post 

editing, which concentrates on linguistic performance of the system. He 

claims that these evaluation methods do not require expert linguistic 

knowledge and can be performed in quite short time. However, not all of them 

were equally suited for a comparative evaluation. Keiji et al. [233] evaluates 

the translation output by measuring the similarity between the translation 

output and translation answer candidates from a parallel corpus. Yasuhiro et 

al. [234] use multiple edit distances to automatically rank Machine Translation 

output by translation examples. While the IBM BLEU method Papineni et al. 

[235] and the NIST MT evaluation [236] compare MT output with expert 

reference translations in terms of the statistics of word N-grams. Melamed et 

al. [237] adopt the maximum matching size of the translation and the 
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reference as the similarity measure for the score. Nieben and Och [238] score 

a sentence on the basis of scores of translations in a database with the 

smallest edit distance. Yokoyama et al. [239] propose a two-way MT based 

evaluation method, which compares output Japanese sentences with the 

original Japanese sentence for word identification and the correctness of the 

modification. 

7.3 Our Approach:  

For our purpose following steps have been performed for evaluating the 

system that is discussed in detail as follows: 

7.3.1 Selection Set of Sentences:  

It is very important aspect in MT evaluation to make appropriate selection of 

the sentences for evaluating the Machine Translation system.  According to 

Lorna Balkan [240,241], There are basically three types of test materials: 

Test Corpora: It is a collection of naturally occurring text, increasingly in 

electronic form.  

Test Suites:  It is a collection of usually artificially constructed inputs, where 

each input is designed to probe a system's treatment of a specific 

phenomenon or set of phenomena. Inputs may be in the form of sentences, 

sentence fragments, or even sequences of sentences. Test suites are useful 

for presenting language phenomena and combinations of phenomena in an 

exhaustive and systematic way. Furthermore, negative data can be derived 

systematically from positive data by violating grammatical constraints 

associated with the positive data item. 
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Test Collections:  It is a set of inputs associated with a corresponding set of 

expected outputs. This type of test material is increasingly common and has 

been used in the evaluation of parsers and other Natural Language 

Processing applications. The problem with test collections is that of being able 

to specify an appropriate output for a system. Output from parsers can be 

many and varied. The Parseval project, in common with other parser 

evaluation projects, uses hand-produced ideal parses of sentences from the 

Penn Treebank, a parsed corpus, to compare parser output against. Machine 

Translation shares a similar problem - there is no one correct output. While at 

present no test collections exist for MT, it is possible to imagine producing an 

ideal translation, in the same way as an ideal parse.  

There are several issues involved in the selection of set of sentences 

for a comprehensive evaluation. For example, the set could be constant, 

variable or a mixed one; the number of sentence may be small or large, the 

collection of sentences may be domain specific or generic. It is obvious that 

there is no guarantee that even the bulkiest sample will include all the 

possible syntactic structures of the source language. Elliott et al. [242] 

describes the text limit to include in a corpus for MT evaluation, given the 

general hypothesis that more text would lead to more reliable scores. The 

author, on the basis of an empirical assessment of score variation, estimates 

that systems could be reliably ranked with around 40 texts (ca. 14,000 words). 

Zhang and Vogel [243] also studied the influence of the amount of test data 

on the reliability of automatic metrics, focusing on confidence intervals for 
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BLEU and NIST scores. Estrella P. et. al. [244] show that for human or 

automatic evaluation about five documents from the same domainðwith ca. 

250 segments or 6,000 wordsðseem sufficient to establish the ranking of the 

systems and about ten documents are sufficient to obtain reliable scores.  

For our Machine Translation system evaluation, we have used 

benchmark sampling method for selecting the set of sentences. Input 

sentences are selected from randomly selected news (sports, politics, world, 

regional, entertainment, travel etc.), articles (published by various writers, 

philosophers etc.), literature (stories by Prem Chand, Yashwant jain etc.), 

Official language for office letters (The Language Officially used on the files in 

Government offices) and blogs (Posted by general public in forums etc.). Care 

has been taken to ensure that sentences use a variety of constructs. All 

possible constructs including simple as well as complex ones are incorporated 

in the set. The sentence set also contains all types of sentences such as 

declarative, interrogative, imperative and exclamatory. Sentence length is not 

restricted although care has been taken that single sentences do not become 

too long. Following table shows the test data set: 

 

Table  7.1: Test data set for the evaluation of Hindi to Punjabi Machine 

Translation System  

 Daily News  
 

Articles  
 

Official 
Language 
Quotes  

Blog  
 

Literature  
 

Total 
Documents  

100 50 01 50 20 
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Total 
Sentences  

10,000 3,500 8,595 3,300 10,045 

Total 
Words  

93,400 21,674 36,431 15,650 95,580 

 

7.3.2. Selection of Tests for Evaluation  

There are number of tests available for evaluating the Machine Translation 

systems. Van Slype [102] describes that the selection of tests for MT 

evaluation depends upon the target users of the MT system. The main aim of 

our system is effective transfer of information from Hindi to Punjabi language. 

Thus, Subjective tests and Error diagnosis/analysis have been selected for 

our MT System evaluation. Subjective Tests include intelligibility test, 

Accuracy Test / Fidelity rating and BLUE Scoring. Some Quantitative Metrics 

have also been evaluated through error analysis / diagnosis by calculating 

Sentence Error Rate (SER) and Word Error Rate (WER). These tests are 

discussed in detail in following sections. 

7.3.2.1 Subjective Tests  

7.3.2.1.1 Intelligibility Test  

This test is used to check the intelligibility of the MT System. Van Slype 

Georges [102] describes intelligibility as a measure of how understandable 

the sentence is. Intelligibility is measured without the reference to the original 

sentence. It tells the degree of comprehensibility and clarity of the translation. 

Intelligibility is effected by grammatical errors, mis-translations, and un-

translated words. The scoring methodology for intelligibility test has been 

adopted described by Van Slype Georges [102]. Each evaluator receives a 
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series of sentences in sequence i.e. sentence in their context. Literature 

shows variations in selecting the point scales. It has been observed that a 

scale comprising a very low number of points seems insufficiently 

discriminatory. On the other hand, a scale comprising a high number of 

points, assessment of which remains in the final analysis subjective, involves 

too wide a scatter of the ratings. Furthermore, to clarify in detail each of the 

possible values of the scale, there is a risk of introducing elements not 

germane to intelligibility. Thus, it is concluded that four points scale is most 

adequate, in that it measures intelligibility only, has a low scatter and is of a 

sufficiently discriminatory character since the evaluation covers several 

hundreds of sentences and the average calculated as a percentage is 

sufficiently precise. Hence, a four point scale is made in which highest point is 

assigned to those sentences that look perfectly clear and intelligible and 

lowest point is assigned to the sentence which is non understandable. The 

scale looks like: 

Table 7.2 Score Sheet for Intelligibility Test  

Scor e Significance  

3 The sentence is perfectly clear and intelligible. It is grammatically 

correct. 

2  The sentence is generally clear and intelligible. Despite some 

inaccuracies, one can understand the information to be conveyed. 

1  The general idea is intelligible only after considerable study. The 

sentence contains grammatical errors and/or poor word choice. 
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0 The sentence is unintelligible. The meaning of the sentence is not 

understandable.  

 

7.3.2.1.2 Accuracy Test / Fidelity Measure  

Accuracy Test or Fidelity measure is a measure of how much information the 

translated sentence retained compared to the original. It is measured 

indirectly. The evaluator is asked to gather whatever meaning he could from 

the translation sentence and then evaluate the original sentence for its 

"informativeness" in relation to what he had understood from the translation 

sentence. Thus, a rating of the original sentence as "highly informative" in 

relation to the translated sentence would imply that the latter was lacking in 

fidelity/accuracy.  Halliday [245] define it as the Measurement of the 

correctness of the information transferred from the source language to the 

target language. Van Slype Georges [102] describes it as a subjective 

evaluation of the measure in which the information contained in the sentence 

of the original text reappears without distortion in the translation. Analogous to 

the Intelligibility test, the methodology described by Van Slype Georges [102] 

is adopted for the accuracy test also. A Four point scale is made in which 

highest point is assigned to those sentences that are completely faithful and 

lowest point is assigned to the sentence which is un-understandable and 

unacceptable. The scale looks like: 

 

Table 7.3 Score Sheet for Accuracy Test  
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Score  Significance  

3 Completely faithful 

2 Fairly faithful: more than 50 % of the original 

information passes in the translation. 

1 Barely faithful: less than 50 % of the original 

information passes in the translation. 

0 Completely unfaithful. Doesnôt make sense. 

 

These both scales i.e. Intelligibility and Accuracy test scales have already 

been used in the evaluation of the SYSTRAN English-French MT system 

acquired by the Commission of the European Communities. 

 

7.3.2.1.3 BLEU Score  

Bilingual Evaluation Understudy or BLEU [246] is one of the most popular 

metric for automatically evaluating Machine Translation system output quality. 

The central idea behind this metric is the closer a Machine Translation is to a 

professional human translation, the better it is. The primary programming task 

in a BLEU implementation is to compare n-grams of the candidate with the n-

grams of the reference translation and count the number of matches. These 

matches are position-independent. The more the matches, the better is the 

candidate translation. The metric calculates scores for individual segments, 

generally sentences, and then averages these scores over the whole corpus 

in order to reach a final score. It has been shown to correlate highly with 

human judgments of quality at the corpus level. The quality of translation is 
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indicated as a number between 0 and 1 and is measured as statistical 

closeness to a given set of good quality human reference translations. 

Therefore, it does not directly take into account translation intelligibility or 

grammatical correctness. The metric works by measuring the n-gram co-

occurrence between a given translation and the set of reference translations. 

Then the weighted geometric mean is calculated. 

 
7.3.3 Evaluation based on Q uantitative Metrics  

Rather than using broad indicators as guides to score assignments, we must 

also focus on the errors made by the MT system. Quantitative metrics play 

major role in it. It includes the technique of error analysis that tries to establish 

how seriously errors affect the translation output. The error analysis includes 

calculating Word Error Rate (WER) and Sentence Error Rate (SER).  Word 

Error Rate (WER) is defined as percentage of words which are to be inserted, 

deleted, or replaced in the translation in order to obtain the sentence of 

reference. Sentence Error Rate (SER) is defined as percentage of sentences, 

whose translations have not matched in an exact manner with those of 

reference. 

 

7.3.4 Experiments  

It is also important to choose appropriate evaluators for our experiments. 

Thus, depending upon the requirements and need of the above mentioned 

tests, 50 People of different professions were selected for performing 
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experiments. 20 Persons were from villages that only knew Punjabi and did 

not know Hindi and 30 persons were from different professions having 

knowledge of both Hindi and Punjabi. Average ratings for the sentences of the 

individual translations were then summed up (separately according to 

intelligibility and accuracy) to get the average scores. Percentage of accurate 

sentences and intelligent sentences was also calculated separately by 

counting the number of sentences. 

 

7.3.4.1 Intelligibility Evaluat ion  

The evaluators do not have any clue about the source language i.e. Hindi. 

They judge each sentence (in target language i.e. Punjabi) on the basis of its 

comprehensibility. The target user is a layman who is interested only in the 

comprehensibility of translations. Intelligibility is effected by grammatical 

errors, mis-translations, and un-translated words. 

 

7.3.4.1.1 Scoring  

The scoring is done based on the degree of intelligibility and 

comprehensibility. A four point scale is made in which highest point is 

assigned to those sentences that look perfectly alike the target language and 

lowest point is assigned to the sentence which is un-understandable. Detail is 

as follows: 

Score 3: The sentence is perfectly clear and intelligible. It is grammatical and 

reads like ordinary text. 
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Score 2:  The sentence is generally clear and intelligible. Despite some 

inaccuracies, one can understand immediately what it means. 

Score 1:  The general idea is intelligible only after considerable study. The 

sentence contains grammatical errors &/or poor word choice. 

Score 0: The sentence is unintelligible. Studying the meaning of the sentence 

is hopeless. Even allowing for context, one feels that guessing would be too 

unreliable. 

 

7.3.4.1.2 Results  

The response by the evaluators were analysed and following are the results: 

¶ 70.3 % sentences got the score 3 i.e. they were perfectly clear and 

intelligible. 

¶ 25.1 % sentences got the score 2 i.e. they were generally clear and 

intelligible. 

¶ 3.5 % sentences got the score 1 i.e. they were hard to understand. 

¶ 1.1 % sentences got the score 0 i.e. they were not understandable. 

 

So we can say that about 95.40 % sentences are intelligible. These sentences 

are those which have score 2 or above. Thus, we can say that the direct 

approach can translate Hindi text to Punjabi Text with a consideably good 

accuracy. 

 

7.3.4.1.3 Percentage Intelligibility:  
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Following graph shows that percentage intelligibility of individual documents: 
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Figure  7.1: Percentage Intelligibility for Different D ocuments  

 

7.3.4.1.4 Analysis  

The main reason behind less accuracy for literature documents is due to the 

language dialect used by the writer of the stories. Some writers use 

Rajasthani language, some use Haryanavi dialect. And this resulted in less 

translation accuracy for this category. Otherwise for rest of the four 

categories, the quality of translation is better than other systems which will be 

discussed in following sections. 

 

7.3.4.2 Accuracy Evaluation / Fidelity Measure  

The evaluators are provided with source text along with translated text. A 

highly intelligible output sentence need not be a correct translation of the 

source sentence. It is important to check whether the meaning of the source 
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language sentence is preserved in the translation. This property is called 

accuracy.  

 

7.3.4.2.1 Scoring:  

The scoring is done based on the degree of intelligibility and 

comprehensibility. A four point scale is made in which highest point is 

assigned to those sentences that look perfectly like the target language and 

lowest point is assigned to the sentence which is not understandable and 

unacceptable. The scale looks like: 

Score 3 : Completely faithful 

Score 2:  Fairly faithful: more than 50 % of the original information passes in 

the translation. 

Score 1:  Barely faithful: less than 50 % of the original information passes in 

the translation. 

Score 0:  Completely unfaithful. It doesnôt make any sense. 

 

7.3.4.2.2 Results  

Initially Null Hypothesis is assumed i.e. the systemôs performance is NULL. 

The author assumes that system is dumb and does not produce any valuable 

output. By the intelligibility of the analysis and Accuracy analysis, it has been 

proved wrong. 

The accuracy percentage for the system is found out to be 87.60% 

Further investigations reveal that out of 13.40%: 
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¶ 80.6 % sentences achieve a match between 50 to 99% 

¶ 17.2 % of remaining sentences were marked with less than 50% match 

against the correct sentences. 

¶ Only 2.2 % sentences are those which are found unfaithful. 

A match of lower 50% does not mean that the sentences are not usable. After 

some post editing, they can fit properly in the translated text. 

7.3.4.2.3 Percentage Accuracy : 

Following graph shows that percentage accuracy of individual documents: 
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Figure  7.2: Percentage Accuracy for Different Documents  

7.3.4.2.4 Analysis  

The overall performance accuracy test of the system is quite good. But for 

Blog it is less than others. The reason is the use of slang which causes the 

failure of the translation software as the slang available in one language is not 

present in the other language. Also un-standardized language causes more 

ambiguities.  
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7.3.5 Error Analysis  

Error analysis is done against pre classified error list. All the errors in 

translated text were identified and their frequencies were noted. Errors were 

just counted and not weighted. In the following sections, the experiments 

conducted for Word Error Analysis and Sentence Error Analysis will be 

explained. 

 

7.3.5.1 Word Error Analysis  

After robust analysis, Word Error rate is found to be 4.58% which is 

comparably lower than that of general systems, where it ranges from 9.5 to 

12%[231,237,238]. Following figure shows the percentage type of errors out 

of the errors found: 

10.3
6.7

15.5

67.5

Wrongly translated

word or expression

Addition or removal

of words

Untranslated

words

Wrong choice of

words

 

Figure  7.3: Percentage Distribution of Errors  

From the above figure, it is concluded that majority of the errors are due to 

wrong choice of words, means the WSD module of the system must be 
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improved. Further, the bilingual dictionary improvements can reduce the 

wrongly translated and untranslated words errors. 

 

Word Error R ate Percenta ge:  

Following graph shows the Word Error Rate for different articles: 
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Figure  7.4:  Word Error Rate for Different Documents  

 

7.3.5.2 Sentence Error Analysis : 

The Sentence error rate comes out to be 28.82%. Following graph shows the 

Word Error for different arcticles: 
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Figure  7.5: Sentence Error R ate for Different Documents  

7.3.5.3 Error Analysis Conclusion  

As discussed earlier, the WER and SER of un-standardized matter i.e.Blog 

and Literature is higher than the standardized matter. It strengthens the fact 

that better input gives the better output. If some pre editing of the text is 

performed then better results may be expected. 

 

7.4 Comparis on with O ther Existing Systems:  

Following table shows the comparison among various existing systems with 

our system: 

Table 7.4: Comparison of our System with other existing systems  

MT SYSTEM Accuracy  Test Used  

RUSLAN 40% correct 40% with 

minor errors. 20% with 

major error. 

Intelligibility Test 
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CESILKO (Czech-to-

Slovak) 

90% Intelligibility Test 

Czech-to-Polish 71.4% Accuracy Test 

Czech-to-Lithuanian 69% Accuracy Test 

Punjabi-to-Hindi 92% Intelligibility Test 

Hindi-to-Punjabi 94% 

90.84% 

Intelligibility Test 

Accuracy Test 

 

From the above table, it is clear that the system is outperforming in 

comparision to others. Thus system can be acceptable for practical use. 

 

7.5 Conclusion  

Human evaluation is Holy Grail for MT evaluation, but due to lack of time and 

money it is becoming impractical. Thus, many automatic MT evaluation 

techniques have been developed. We have evaluated our system based on 

the subjective tests and quantitative metrics. From the above analysis, it is 

concluded the overall accuracy of Hindi to Punjabi Machine Translation 

system is found to be 94% on the basis of intelligibility test and 90.84% on the 

basis of accuracy test. The accuracy can be improved by improving and 

extending the bilingual dictionary. Even robust Word Sense Disambiguation 

module and Post Processing of the system can improve the system to greater 

extent. This system is comparable with other existing systems and its 

accuracy is better than those. 
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Chapter 8  

Summary  
 

We have developed robust Hindi to Punjabi Machine Translation system. It is 

available to use for free at website http://h2p.learnpunjabi.org. With online 

version, a user can translate a text by typing it in a box provided at webpage 

or one can submit a file containing text in Unicode. A user can also translate 

any Hindi website like http://bbc.co.uk/hindi/ and can view it in Punjabi. An E-

mail option is also included whereby a user can type his message in Hindi and 

send the translated text or typed text to an email id submitted by him. To the 

best of the knowledge, the current system is one of the best Machine 

Translation System from one Indic language to another. 

In this chapter, we will summarize the achievements and limitations of 

the present research work. Directions for further research that can help to 

enhance this Machine Translation system have also been included. 

8.1 Contribu tions  

¶ The survey of various existing Machine Translation systems has been 

presented. Based on this survey, it has been concluded that direct 

Machine Translation approach is suitable for closely related language 

pair. We call a language pair to be closely related if the languages 

have the grammar that is close in structure, contain similar constructs 

having almost same semantics, and share a great deal of lexicon. By 

http://h2p.learnpunjabi.org/
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morphosyntactically similar languages. Generally, such languages 

have originated from the same source and spoken in the areas in close 

proximity. Thus, being Hindi and Punjabi closely related language pair 

[250], direct approach has been used for developing Machine 

Translation system for this language pair. 

¶ The closeness between Hindi and Punjabi has been devised by 

comparing these languages on the basis of orthogonality, grammar and 

from machine translation point of view. It has also been proved using 

corpus based measures by Anil and Harshit [250]. 

¶ As the Statistical Machine Translation approach is actively used among 

researchers nowadays, the scarcity of the resources of language pair 

like non availability of any annotated or parallel corpus in question 

limited the choice of translation approach to conventional direct 

method. The required resources are developed from scratch and used 

to develop a Machine Translation system.  

¶ The system has to tackle the named entity recognition problem as 

there are the chances when a token in input text having its translated 

meaning in target language need to be transliterated rather than 

translated because it acts as proper noun. Thus, module has been 

developed for handling Proper Nouns successfully.  
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¶ As there is no dictionary available for the language pair for Machine 

Translation purpose, Hence, Hindi to Punjabi lexicon for Machine 

Translation has been developed.  

¶ Word sense disambiguation is done by using language modeling 

techniques. N-grams can successfully model the disambiguation of 

Hindi language. 

¶ Transliteration is the option for the out-of-vocabulary words. A 

successful transliteration module has been developed that uses large 

number of developed rules in addition to direct mapping of characters. 

¶ Transfer rules are desirable for handling the grammatical and some 

structural deviations. 

¶ The development is aimed to make a robust system for translating the 

input text without failure or going blank. The system was evaluated 

formally and informally both ways. In informal evaluation, the system 

has been made online at website http://h2p.learnpunjabi.org. The 

system was introduced to all the researchers working in this area 

through emails. Even the announcement of this Machine Translation 

system was also done through media (newspapers, Television and FM 

Radio). All the Major newspapers like The Tribune, Indian Express, 

Hindustan Times, Ajit daily, Jagbani, Dainik Jagran, Dainik Bhaskar, 

Amar Ujala, Rozana Rashtriya Sahara (Urdu Newspaper), Punjab 

Newsline etc. have published the news of launch of this system at 

prominent positions of their newspaper. Number of readers have used 
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the system and sent us the feedback about the quality of the system. 

Now, it is regularly being used by several newspaper publishers for 

translating their news, book publishers etc. In formal evaluation, the 

system is evaluated by both objective and subjective tests. The 

accuracy is figured out as 94% on the basis of Intelligibility test and 

90.84% on the basis of accuracy test. In the quantitative tests the Word 

Error Rate is found out to be 4.58% whereas Sentence Error Rate is 

28.82%. 

¶ The development of this system is an effort to bring the Punjabi on the 

map of Machine Translation. The system can be integrated to other 

existing translation system like English to Hindi (facility provided by 

Google) to produce a system that will translate the text from English to 

Punjabi. In fact the integration of our system with Urdu to Hindi 

transliteration system is on chart where the Hindi text produced by 

transliteration system is fed into our translation system thereby 

producing Punjabi text from the text in Urdu. 

 

8.2. Limitations  

Although system shows good accuracy but the system still fails at some 

points. Some common errors are explained with examples: 

8.2.1 Named Entity Recognition Failure:  
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a. There are foreign names in the text like ÔɟÜ ¾ɥ ÙɡÑɠ (bǕsh kǭ lǭnǭ). It will be 

translated into r~z m¡ w¡o¡ (bǕsh dǭ lǭnǭ). 

b. There are proper nouns having multiple translations in Punjabi which do not 

have title or surname surrounding them in the sentence. For example:  

ÏɡÒ¾ ¾ßɟɯ ßɮ (dǭpak kahǕṲ hai) 

m¡y~  \Ȉl¤ |¥ (dǭvǕ kitthǛ hai) 

8.2.2 Modifier and Noun Agreement:  All the modifiers must agree with the 

word that they modify in a noun phrase. But it fails in some of the cases as 

shown in following example: 

ᵮ  tu ᶇᵦᶀᵮᵾᶗᶀ tᶇ t  γtᶇ ᵿᵴ ŋɯ ᵡᶀ ρ ᵲ ᵴᵾᵙᶂ t ᵲᶇᵙᵾ (baiṴk khǛtǭbǕẊǭ kǛ karjǛ kǛ liǛ ghaẞǭ 

darǛṲ lǕgȊ karǛgǕ) 

rÀ\ ]¤k¡r~¬¡ m¤ \v«¤ wU _f¡ mv½ w~^£ \v¤^~] (baiṴk khǛtǭbǕẊǭ dǛ karzǛ laǭ ghaẞǭ 

darǕṲ lǕgȊ karǛgǕ) 

 

8.2.3 Subject/Object and Verb Agreement : All the verbs must agree with 

the Subject/Object in the sentence. But it fails in some of the cases as shown 

in following example: 

ᵻᵰ χ ᵱᶀ ᵯᵾᵹᵾ t ᵲ χ ᶌᵗᵲᶀ ᵰ ɛ ᵦᶀ t ᵲ ᵺᵗᵦᶇ ᵻ (ham nayǭ bhǕshǕ kar naukrǭ mǛṲ 

unntǭ kar saktǛ haiṲ) 
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R{¾ oy¾ s~z~  {Ȉ] \¤ o§\v¡  yȈa kvȈ\¡ \v {\m¤ |o] (asǭṲ navǭṲ bhǕshǕ sikkh kǛ 

naukrǭ vicc tarkkǭ kar sakadǛ han.) 

 

8.2.4 Resolving meaning of ambiguous words : For some of the cases, the 

system fails to resolve the meaning of the word among its multiple meanings. 

For example: 

Ïɨ ßěÍʇ ¾ɭ εÙ¤ ÔËɟ ȏÏ×ɟ ßɮ (dǾ haphtǾ kǛ liǛ ba hǕ diyǕ hai) 

ṔṬ ṣṘṒṧḺḸ ṞḼ ṠṦṕḺ ṦṔṿṒṥ ṣṫ  (dǾ haphtǭǕ laǭ vadhiǕ dittǕ hai) 

8.2.5 Noun phrase in oblique case form before postposition : In the 

sentence, if Noun phrase is present before the postposition, then it will come 

in oblique case. In some cases, it fails as in the following example: 

ᵷᵻ u ᶁ нᵻᶋᵗᵲ b ᵬᵪᶇ ᵬᵿ βtᶇ ᵬᵾᵺ ᴥ ᵴᶀ ᴝ ᵱᶀ (Vah khush hǾkar apnǛ pati kǛ pǕs calǭ 

gayǭ) 

V| ]¢z |¦ \¤ Spj¤ _vy~w~ m¤ \¦w aw¡ ̂ U] (uh khush hǾ kǛ ǕpaṶǛ gharvǕlǕ dǛ 

kǾl calǭ gaǭ) 

8.2.6 Agreement of subject noun phrase having ṖṩṾ with  verb phrase:  In 

Punjabi, all the Verb phrases in the sentence must agree with the Subject 

Noun phrases having ṖṩṾ like t¥o£Ä. Sometimes, it fails in cases as shown in 

following example: 

ᵰᶁᵟᶇ ρᵷᵾᵊ ᴥᵾᵿᵻᵑ (mujhǛ davǕǭ cǕhiǛ) 



 

Language in India www.languageinindia.com 848 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

t¥o£Ä my~U a~|¡m~ |¥] (mainȊṲ davǕǭ cǕhǭdǕ hai) 

8.2.7 m~ postposition agreeme nt before V erb phrase : In Punjabi, all the 

Verb phrases in the sentence must agree with the postposition m~. But in 

some cases, it fails as shown in following example: 

×ß ÜÛ ¾ɰÛÙÅɠÍ εÞɰß ¾ɟ ßɮ (yah shav kaṲvlajǭt siṲh kǕ hai) 

T| w~z \Äywc¡k  {Ä_ m~ |¥] (ih lǕsh kaṲvlajǭt siṴgh dǕ hai.) 

8.2.8 y~w~ postposition and following Noun p hrase agreement : In Punjabi, 

the postposition y~w~ must agree with the following Noun phrase in the 

sentence. But in some cases, it fails as shown in following example: 

ØɟÍ ÛɟÙɟ ÆÀÊɟ ÃÙ Øßɟ ßɮ (rǕt vǕlǕ jhagḼǕ cal rahǕ hai) 

v~k y~w~ w¬~U aȈw  v|~ |¥] (rǕt vǕlǕ laẊǕǭ call rihǕ hai.) 

8.2.9 Noun Verb Agreement : In Punjabi, the postposition y~w~ must agree 

with the following Noun phrase in the sentence. But in some cases, it fails as 

shown in following example: 

Ûɭ ¾ɨ| Õî¾ɟ~ ÕɟÝÌ Ñßɡɰ ÏʃÀɭ (vǛ kǾǭ bhaḼkǕȊ bhǕshaṶ nahǭṲ dǛṴgǛ) 

V| \¦U s¬\~W s~zj o|¾ m¤y½^¤ (uh kǾǭ bhaẊkǕȊ bhǕshaṶ nahǭṲ dǛvǕṴgǛ) 



 

Language in India www.languageinindia.com 849 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

Similarly, It is not possible to cover all the hindi words in the dictionary and as 

when we use the application for use, we come across words that are missing 

and can be added in parallel to its use. 

8.3 Future Directions  

Although our system is showing good results using the direct translation 

approach but still there is lot of scope for improvement. Following are some of 

the future directions: 

¶ More Data  

The most obvious way to improve a data-driven approach like presented here 

is of course to utilize more data. Database entries for bilingual dictionary, 

proper noun gazetteers, surnames, titles, bigrams and trigrams for WSD need 

to be extended. 

¶ Resource Development  

Statistical Machine Translation approach has now often been used by the 

researchers. The only requirement for this approach is the availability of high 

quality parallel corpus. Thus, with the development of this system, parallel 

corpus for Hindi-Punjabi Language pair must be developed for use in future 

researches in these languages.  

¶ Better Models  

Despite using more data, improved models can lead to better translation 

quality. Using parallel corpus for the language pair, it is of great interest to 

combine automatic techniques for various tasks with direct approach to 
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develop a more robust and accurate Machine Translation system. Even use of 

full parsers in the Machine Translation Systems can show better results. 

¶ Public Corpora and Tools  

There are initiatives by various NLP research groups for releasing the corpora 

publicly. Some of NLP tools are also available for various tasks. Using such 

corpora and tools will help in reducing the development time and effort of the 

system. Such practice will also help the researchersô efforts in redoing the 

tasks that have already been done. 

¶ Better Evaluation Metrics  

Automatic evaluation metrics are important for a rapid development cycle. 

During the development and tuning phase, the quality of the MT system is 

evaluated several (hundred) times. The parameters of the MT system are 

adjusted to achieve a high score of a given automatic evaluation metric. 

Nevertheless, the ultimate goal is to improve the translation quality using this 

parameter tuning. Therefore, automatic evaluation metrics should have a high 

correlation with human judgment of translation quality. Furthermore, it should 

not be possible to cheat the metric, i. e. to improve the score without 

improving translation quality. Current metrics have their limitations as pointed 

out in [Callison-Burch & Osborne+ 06] for the BLEU score. As MT systems 

are tuned toward a specific metric, improved MT evaluation metrics will lead 

to better Machine Translation quality. 

¶ Integration with other systems  
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The system developed can be integrated with other systems to deal with more 

complicated tasks. The system can be integrated to translate any Language 

to Hindi and further to Punjabi. Thus, we can say that any language text can 

be translated to Punjabi language text using this system. For this purpose, 

Google translation APIs can also be used. 
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Appendix  A 

 Graphic User Interface and Extended Features  

 

Information technology in the current scenario is evolving as an effective tool 

for making information wide spread and available on-line to several 

communities at large. On one hand, the increased use of ICT is enabling 

people across the globe to participate in the knowledge network; at the same 

time larger populations in the rural areas of developing country like India are 

being deprived of the benefits of the use of ICT. One of the main reasons 

behind this seems to be the language barrier. For such cause, Hindi to 

Punjabi Machine Translation system can play an important role to reduce 

digital divide due to the language barrier. This lessening of digital divide and 

increasing the accessibility of information present in the Internet happens to 

be one of the objectives of our work among the various aims of this research.   

We have made our Hindi to Punjabi Machine Translation available online free 

of cost for use world wide. Our System is capable of doing following tasks: 

1. Text translation from Hindi to Punjabi 

2. Text transliteration from Hindi to Punjabi 

3. Translating  Websites 

4. Sending Email in Punjabi Language originally written in Hindi language. 
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Above tasks will be discussed in detail in following sections. Following 

Screenshot shows the GUI for the Hindi to Punjabi Machine Translation 

System: 

 

Figure A .1: GUI for Hindi to Punjabi Machine Translation System  

 

Text translation from Hindi to Punjabi  

This facility enables the users to translate the input text into Punjabi language 

text on clicking the Translate button. The text can be input in the textarea 

there through various modes viz. browsing and reading the text file, typing the 

text using keyboard and by using the typing pad provided on the interface. It is 

also an added feature that the text can be entered in a mixed way i.e. English 

text can also be embedded in between the Hindi text. For the ease of users, 
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the text can also be typed in four different ways. Care has been taken for 

professionals or users who are habitual of typing Hindi text in Krutidev or 

AnmolLipi Font. As it is clear from the above GUI, there is an option of 

choosing keyboard mapping for typing showing three values in the drop down 

besides it. The dropdown has the values Krutidev, AnmolLipi and Roman. For 

instance, if the user chooses the Krutidev option for keyboard mapping style, 

it enables the user to type the text using the keyboard mapping similar to 

Krutidev character mapping on the keyboard. For example ï on pressing the 

key óvô , the character óyô will be typed. The difference is the typed text will be 

in Unicode encoding rather in Krutidev font. It is very interesting that if the 

user chooses the Roman option, it facilitates the user to type a word just the 

way it sounds in Hindi language using English letters and once the typing of a 

word is finished, hit the SPACE bar, the word will be converted to Hindi 

language script. For example, typing "hamesha" transliterates into Hindi as: 

ñ ò. We have enabled it on our System interface using the Google Indic 

Transliteration APIs available at the Google website. Another way for entering 

in input text is by using the typing pad available on the interface. User needs 

to just click the appropriate buttons corresponding to each character to be 

typed. Now the text has been entered using any one of the options mentioned 

above and on pressing the ñTranslateò button, the input text is translated into 

Punjabi language. Following screen shot demonstrates text translation facility 

in our system: 
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Figure A.2:  Screenshot for translation f acility  of the system  

Text transliteration from Hindi to Punjabi : 

Transliteration is the process of converting a word written in one language into 

another language. Transliteration is distinct from translation, which involves a 

change in language while maintaining the meaning of the word; transliteration 

instead converts the sound of the word from one language to another. The 

option of a transliteration component is to enable the well developed poetic 

verse in the Hindi language to be available to the Punjabi literate public. The 

transliteration facility in our system can be used in similar manner as 

explained above for translation facility. The only difference is that user will 

click the transliterate button for transliterating the text from Hindi to Punjabi 

text. Following screen shot demonstrates the transliteration feature of the 

system: 
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Figure A.3: Screenshot for transliteration facility of the system  

Website Translation  

Using this facility, user can translate an entire web page directly, simply by 

entering the URL and clicking Translate button. This facility is available on the 

home page of our system displayed at the lower right most corner of the GUI. 

The user can submit a URL of a Hindi website of his/her interest for 

translation, then clicks the translate button present besides the textbox where 

user has entered the URL. Then the translation request is processed at the 

web server and after translation, translated website is displayed to the user. 

The important aspect in this feature is that the format of the website is 

retained after translation. On translated webpage, the links can be further 

clicked to process them similar to the one that has been translated. It gives 

the user a feeling that they are browsing Punjabi website. The implementation 
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of this task includes modules - retrieving and parsing HTML Page, translating, 

combining the translation unit with HTML Codes, altering the links in 

webpage, displaying the result. Retrieving and Parsing HTML Page includes 

first downloading the html source code from the server and then extracting the 

text out of the html tags for processing. Then the text present in the HTML 

tags is translated using the text translation module mentioned above. Altering 

the links in webpage is very important process in it. Here, all the links in 

webpage are replaced, so that the next links must redirect the request through 

our translation service. By this step, user does not need to enter URLs or take 

any other action if user wants to translate the linked page. The user simply 

needs to click on the given link. Translated webpage is then forwarded to the 

client in the same format in which the original page had appeared. Following 

screen shots demonstrate the website translation feature: 

 
 

Figure A.4:  Screenshot for website translation facility of the system  
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Figure  A.5: Screen shot of Original Website http://www.webdun ia.com/   
accessed  on 27/12/2009 at 08:40 PM IST  

 
 

http://www.webdunia.com/
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Figure A.5: Screen shot of translated version by the system for website 
shown in Figure A.4  

 

 

Sending Email in Punjabi originally written in Hindi language:  

This facility enables the user to write the email (text) in Hindi language and 

this text can be emailed to the recipient either in same language or in 

Punjabi language after translating the original text. It has very real 

application in sense that sender knows Hindi and wants to communicate 

some information to target recipient who knows only Punjabi. For this 

purpose, the sender can write the email in Hindi language and while 

sending the email, can send the email in Punjabi by clicking the option of 

sending the email after translating into Punjabi. Thus, recipient will receive 

the email in Punjabi. The message is communicated as per the 
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convenience of the sender and recipient both. Following screen shot 

demonstrates this feature: 

 

Figure A.7:  Screenshot for Email Sending facility of the system  
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Append ix B  

Test Data Set for Intelligibility Test  

Intelligibility Evaluation:   

The evaluators do not have any clue about the source language i.e. Hindi 

Language. They judge each sentence (in target language i.e. Punjabi) on the 

basis of its comprehensibility. The target user is a layman who is interested 

only in the comprehensibility of translations. Intelligibility is effected by 

grammatical errors, miss-translations, and un-translated words. 

Scoring:  

The scoring is done based on the degree of intelligibility and 

comprehensibility. A Four point scale is made in which highest point is 

assigned to those sentences that look perfectly alike the target language and 

lowest point is assigned to the sentence which is un-understandable. Detail is 

a follows: 

Score 3 : The sentence is perfectly clear and intelligible. It is grammatical and 

reads like ordinary text. 

Score 2:  The sentence is generally clear and intelligible. Despite some 

inaccuracies, one can understand immediately what it means. 

Score 1:  The general idea is intelligible only after considerable study. The 

sentence contains grammatical errors &/or poor word choice. 

Score 0: The sentence is unintelligible. Studying the meaning of the sentence 

is hopeless. Even allowing for context, one feels that guessing would be too 

unreliable. 
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Intelligibity Test -News 

S.No. Sentence  0 1 2 3 

1.  t¢ÄrU ]   vcvy rÀ\ oŀ z¢Ȉ\vy~v o£Ä   \|~  \ 
{Ä{~ v\ Svl\ {Ä\f  m¤ pÅs~y o£Ä   m¤z m¡ t~w¡ 
|~wk  m¤ Ìrvj  m¤ r~Rm V| t¢mv~{q¡k¡  m¤ 
RÄm~c¡SQ Rk¤ tȈn \~w  yȈa T{m¤ ok¡c¡SQ  m¤ 
pvrÄno Ìk¤  nSo m¤y¤^~ ] 

    

2.  y~ zÄ^fo ]  Rtv¡\¡ rÀ\½  m¤ {fv¤{ f¤{f m~ 
ok¡c~ S ©v\~v S |¡  ^S ] 

    

3.   coÇ½ rÀ\½ o£Ä  p£Äc¡ m¡ w¦¬ |¥ ,  VoÇ½o£Ä  u¦co~ 
rj~Vj wU 8 c£o kȈ\ m~ {t½  mȈk~  ^S |¥ ]   

    

4.  rÀ\½ o£Ä  T| u¦co~ Spj¤  oSt\½ kÁ to«£v 
\vy~j¡ |¦y¤^¡ ] 

    

5.  R n\~v¡SQ m~ \ |j~ |¥  \ Svl\ |~wk  yȈa 
{¢n~v wU tcr£k rÀ \Ä^ kÄkv cv£v¡ |¥ ] 

    

6.  T{ f¤{f kÁ  oy¤z\½  yȈa T| sv¦{~ pvk¤^~  \ 
{~v¤ rÀ\ \tc¦v o|¾ |o ] 

    

7.  o~w |¡ \tc¦v rÀ\½  yȈa y¡ {¢n~v \¡k~ c~ {\m~ 
|¥ ] 

    

8.   y\vt pÄhk m¡ R^¢y~U y~w¡  {f¡ oŀ  \|~  \ 
V| 5 . 5 Rvr h~wv Tw~y~ p£Äc¡ c¢f~j wU 
pr w\ X\{a¿c Sqv m~ m~Tv~ yn~X^¡ ]  

    

9.   oWu~v\ ]  Rtv¡\¡ z¤Rv r~«~v y¡vy~v o£Ä  
 ^v~yf  m¤ o~w rÄm |¦X ] 
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10.  Ìnv ,  y¡vy~v o£Ä  r~«~v rÄm |¦j  m¤ r~Rm 
{v\~v oŀ pÅt¢Ȉ] rÀ\½  m¤ {fv¤{ f¤{f  m¤ ok¡c¤ 
_¦ zk \¡k¤  coÇ½  m¤ t¢k~r\ m¤z  m¤ 10 pÅt¢Ȉ] 
rÀ\½ o£Ä  Spj¤ ra~y wU |¦v o^m¡ T\Ȉg¡ \vo¡ 
py¤^¡ ] 

    

11.  yv£j ^½n¡  oŀ p¡w¡s¡k  yȈa t¢{wt~o½  m¤  ]w~q 
s¬\~W s~zj  mȈk¤ {o 

 

    

12.  T{ t~tw¤  m¤ pÅ\~z  yȈa SVj  m¤ r~Rm a¦j 
\ tzo  m¤  ovm¤z  Ìk¤ yv¢j ^½n¡  m¤  ]w~q 
X­SUSv mvc |¦U {¡ - 

    

13.  p |w½ |¡  yȈk¡ {~w u~o¡ {~w 2004 - 05  yȈa 
\¿mv oŀ v~c {v\~v o£Ä  2831 . 82 \v¦Ȇ v£pX m¡ 
v~z¡ VpwȈrn \v~U - 

    

14.  {p~ wU  pbw¤ a¦j  yȈa  cȈk¡ 32  yȈaÁ Spj¡ 15 
{¡f½ o£Ä  ra~Vj m¡ a¢j¦k¡ |¥ ,   coÇ½  yaÁ wȈ^sȈ^ 
RȈn~ mvco {¡f½ m¡ |~v -  cȈk k½ \ wSj 
q¥\fv m¡ \{§f¡ Ìk¤ |¡ \Ȉ {S c~y¤^~ ] 

    

15.  VoÇ½oŀ s~cp~ oŀk~y½ o£Ä  T{ kvÇ½  m¤  rSo o|¾ 
m¤j m¡ {w~|  mȈk¡ ]  T{m¤ o~w |¡ zvm u~my 
oŀ  ym¤z¡ rÀ\½  yȈa s~vk¡SQ  m¤ ct½ \~w¤ no m~ 
t¢Ȉm~  qv a¢Ȉ \S ]   

    

16.  v~|¢w oŀ  \|~ ,  tot¦|o  {Ä_  {~h¤ pÅn~otÄkv¡ 
|o ,  V| u£p¡X  m¤ y¡ pÅn~otÄkv¡ |¥ -  

    

17.  v~|¢w ^½n¡ m¦  mo  m¤ a¦j pŊ~v Ìk¤ v~c{l~o 
 yȈa |o - 
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18.  Svl\ {Ä\f m~ mr~R d¤wj m¡ {tvȈl~ SQ\j 
y~w¤ T{ f¤{f  yȈa Rtv¡\~ m¤ 10 yȈh¤ rÀ\ r¤mt 
 o\w¤ |o ] 

    

19.  \Äpo¡ m¡ T{ p |w kÁ V{o£Ä  |¦v {v\~v¡ 
{|~Tk~ c½ {v\~v¡ pÅk¡s£k¡uÁ o£Ä  TȈ\¦  c|¤ 
z¤Rv½  yȈa p vyv kk \¡k¤  ro½ Spj~ p£Äc¡ 
Sn~v yn~Vj  yȈa tmm  tw¤^¡ ] 

    

20.  VoÇ½oŀ  \|~  \ v~c^ m¢Sv~ T{o£Ä  a¢o~y¡ t¢Ȉm~ 
rj~X c~j  m¤ r~Rm tcr£v¡  yȈa tot¦|j 
{v\~v |¢j \~vy~U \vj m~  m]~y~ \v v|¡ |¥ 
] 

    

21.  {Äp~m\½  m¤ t¢k~r\ ,  f~Tt 100 {Ä{\vj  yȈa 
R{¡ VoÇ½ w¦\½ m~ o~t  mÄm¤ |o c¦ {~h¡ m¢o¡S o£Ä  
{skÁ  «Sm~ pÅs~ yk \vm¤ |½ -   

    

22.  t¤^~{f~v Rt¡k~s rȈao oŀ \Ȉw Spj¤ {Ä yn~o\ 
qvc m~ ^¢c~v~ \vj  m¤ o~w |¡ Spj¤ {~t~c\ 
qvc m~ y¡ r]£r¡ ^¢c~v~ \¡k~ ] 

    

23.  T{m¤ Tw~y~ Vp t¢Ȉ]tÄkv¡ {¢]r¡v r~mw oŀ y¡ 
TÄfvoŀf Ìk¤ \U pÅ¦q~Tw rj~ vȈ]¡ |¥ ]   
   

    

24.  |~w |¡  yȈa wk~ tÄ^¤z\v oŀ tn¢v sÄh~v\v m¡ 
 qwt óc¤wÇô  yȈa TȈ\ n~v t\ ^¡k  v\~vh \¡k~ 
|¥ - 

    

25.   |t¤z c¡  ,  Ȉ̂w k½ g¡\ |¥ w¤ \o \vc  m¤ |~w  
m¤ r~Rm k¢|~o£Ä  o|¾ wȈ^m~  \ mvz\½ m~ k¢|~o£Ä  
|¡v¦  m¤ v¢p  yȈa {y¡\~v \vj~ l¦¬Ç~ t¢z\w 
|¦y¤^~ - 

    

26.  VoÇ½oŀ y¡ w¦\{s~ a¦j  yȈa  cȈk m~ m~y~ \¡k~ |¥ 
] 
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27.   qwt {wth~^  t wRoŀTv m¡ r~w \w~\~v 
v¢r¡o~ Rw¡  \~­¡ pÅ {Ȉn |¦ ^U |¥ 

    

28.  tÀ T{ pvy~v o£Ä   pbw¤ y¡| {~w½ kÁ c~jm~ |½ ,  

vq¡\ r|¢k zv¡q  Smt¡ |¥ ,  V| R c|¡ 
|v\Ȉk \m¤ o|¾ \v¤^~ 

    

29.  \v¡o~ p£v¤  mo _~| o~w  rj¤ ta~j Ìk¤ k½ \m¤ 
r¥w^~¬¡ pv t{k¡ \vm¡ o«v  SUSQ ]   

    

30.  z¢Ȉ\vy~v o£Ä  \v¡o~ m¤ SVj  m¤ o~w |¡ z |v 
 yȈa {¥q  m¤ y¡ SVj m¡ VÄt¡m w^~U c~ v|¡ {¡ 
] 

    

31.  |~w  yȈa t¦|tÄm  yȈa |¦U q§c¡ \~vy~U  yȈa 18 
avtpÄl¡ t~v¤ ^X {o 

    

32.   nSo u¦^ |¥  \ p~ \{k~o  m¤ pz at¦¹kv  yȈa 
r¢oŀv  yȈa  pbw¤ \¢Ȉd |qk¡SQ  yȈa q§c Rk¤ 
k~w¤r~o avtpÄl¡SQ  m¤  yȈa s¡zo {Ä_vz 
|¦TS |¥ 

    

33.  T{w~t~r~m ]  p~ \{k~o  m¤ ^Å|  tÄkv¡  
v |t~o t w\ oŀ {¦ty~v o£Ä   \|~  \ m¤z  m¤ 
r¤a¥o pz at¦¹kv ]¤kv  yȈa aȈw v|¤ TȈ\ yȈh¤ 
q§c¡ R sSo  yȈa \v¡r 700 k~ wr~o SkÄ\¡SQ 
o£Ä  t~v  ^v~TS  ^S |¥ Rk¤ {~v¤ SkÄ\¡SQ m~ 
]~kt~ |¦j kȈ\ Ìl¤ q§c¡ \~vy~U c~v¡ v|¤^¡ ] 

    

34.  ^Å| tÄkv¡  oŀ  \|~  \ T| p£v¤ m¤z wU TȈ\ 
pv¡ ]S |¥ ] 

    

35.  p~ \{k~o  m¤ {¡t~yvk¡ Tw~\¡SQ  yȈa  t{~Uw 
|tw¤ |¢Äm¤ v|¤ |o Rk¤ T{m¤ wU p~ \{k~o 
Rtv¡\~ k¤ Tw«~t w^~Ém~  v|~ |¥ -   
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36.  pÅn~otÄkv¡  m¤  rSo m¡ s~cp~ oŀ y¡ Sw¦ao~ 
\¡k¡ |¥ ]   mȈw¡ pÅm¤z  m¤ pÅn~o tÄkv¡ Svp¡ 
 {Ä_  oŀ  \|~  \ pÅn~otÄkv¡ oŀ pm m¡ ^ vt~ 
n£t¡w \¡k¡ |¥ ] 

    

37.  pÅn~otÄkv¡  m¤ {v\~v¡ _v k¤ |¦U T| Ȉ̂wr~k 
T{ t~Roŀ  yȈa t|Ȉkyp£vj |¥  \ t~Zy~m¡ oŀk~ 
oŀ s~vk k¤ oŀp~w  m¤ RÄmv£o¡ t~tw¤  yȈa 
m]ȈwÄm~c¡ m~ Tw«~t w^~TS {¡  co£Ä  r~Rm 
 yȈa VoÇ½oŀ |w\~ \vj m¡ \¦ zz \¡k¡ {¡ ] 

    

38.  ^¢cv~k  yȈa 2002  yȈa |¦X mÄ^¡SQ  m¤ \¢Ȉd 
t~tw¡SQ  yȈa  o¹k {¢jy~U  m¤ Sn~v Ìk¤ q~{f 
fÅ¥\ Rm~wk½ ^ gk \vj  m¤ {¢pv¡t \¦vf  m¤ 
Rc¦\¤ q¥{w¤ Ìk¤ s~cp~ oŀ T| pÅk¡ \vS  mȈk¡ |¥ 
] 

    

39.  t§{t  ys~^ oŀ RÄht~o  m¤ {~^v  yȈa t~o{£o m¡ 
{~w~o~ t¾| l¦¬Ç~ m¤v kÁ |¦j m¡ {Äm¤| ck~U |¥ ] 

    

40.   yÄzy m¡  kÄo {skÁ t¦f¡ rvq¡w¡ pvk½  yȈaÁ TȈ\ 
pȈbt y~w~ RÄf~v\f¡\~ m¡ k| |¥ ]  

    

41.   qw|~w hvo m¡ «v£vk o|¾     

42.  VoÇ½  m¤  Rk¤ p~Tf  m¤  y mSvl¡SQ  m¤  yȈa m~ 
{Äy~m r¤|Ȉm v¦a\  v|~ ] 

    

43.  TÄmv~ ^½n¡ v~zfv¡ R«~m u£o¡yv {f¡  @ T^o£ 
B   m¤  y mSvl¡SQ o£Ä  VoÇ½ m¡ tÄ^ pv _v r¥gŀ 
pv¡ ]S m¤j m¡ {¢ yn~  twj c~ v|¡ |¥ ]  

    

44.  n¦o¡ oŀ \pk~o¡ p~v¡ ]¤h¡     

45.  T{m¤ r~Rm { ao k¿m¢w\v  f¡t m¡ r¤¬¡ p~v 
w^~Vj wU t¥m~o pv SX w¤ \o V|  cSm~ 
vj o|¾ rj~ {\¤ ] 
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46.  v~c{l~o m¡ z¢v¢Sk r¤|Ȉm ©v~r v|¡ Rk¤ TȈ\ 
y~v mr~R  yȈa SVj  m¤ r~Rm V{m¤ {~v¤ 
rȈw¤r~c Spj~  y\¤f {¢Ȉf\¤ awm¤ rj¤ ] 

    

47.  {Ä{~v r¥h tÄfo aÀ pRo zp o£Ä   kSv s~vk 
May 08 ,  06 : 45 pm 

    

48.  t¦|o r~^~o |¢j¤ kȈ\ ]~k~ o|¾ ]¦w p~TS |¥ 
|¦v ^v¢p  yȈa {skÁ |¤gw¤ {l~o pv |¥ ] 

    

49.  m¦ ^¦w o£Ä  y~n¤ rj~Vj  m¤ r~yc£m a¡o  m¤ o~w 2 

- 2 kÁ hv~ ]¤hj  m¤ r~Rm s~vk tÄ^wy~v o£Ä  
X zS \p |~\¡  yȈa {¤t¡q~Tow m¡ m¦¬ kÁ 
r~|v |¦  ^S  c{m¤ o~w  ]k~r rv\v~v vȈ]j 
m~ V{m~ {¢Ȉpj~ y¡ a£v a£v |¦  ^S ] 

    

50.  {~vyc o\ ]¤kv  m¤ SUh¡r¡SU rÀ\ oŀ y¡ 
Xqh¡ Ìk¤  ySc mv½ RȈn~ kÁ TȈ\ q¡{m¡ kȈ\ 
_f~  mȈk¡SQ |o ]  oy¾ mv½ 21 tU kÁ w~^£ 
|¦y¤^¡ ] 
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Intelligibility Test - Literature  

S.No. Sentence 0 1 2 3 

1.  c¤\v k¥o£Ä V| a¡c o|¾  tw¤ k½ ]rvm~v Xnv v¢Ȉ] o|¾ 
\vj~ ,  yvo~ {£w¡ pv  ]Ȉay~ m£Ä^¡ 

    

2.  T{m¡ {£ao~ oŀ R ^So r w\~ o£Ä t¢Ä| i½p \v TȈ\ \¦oŀ 
 yȈa  rg~ vȈ ]S |¥ ]  

    

3.  z~t m~ {t½ {¡ ,   ovtw~ bȈk pv c~o\¤ T\Ȉw¡ r¥g¡ 
R\~z \¡k¡ |¦v kÅ zk oŀkv½ kÁ y¤] v|¡ {¡ ] 

    

4.   ovtw~ -  oŀ Vm~{¡o s~y o£Ä  \|~ - k£Ä c~ ,  tÀ o|¾ 
c~y½^¡ ] 

    

5.  r~ ̂ yȈa q¢w  ]¬¤ |¦X {o ]   tȈg¡ -  tȈg¡ {¢ Ä̂n S v|¡ 
{¡ ]  a¤k m¡ {¡kw tÄm {t¡v aȈw v|¡ {¡ ] 

    

6.  T| \ |\¤ \ wSj¡ \tv¤  m¤ r~|v  o\w ̂ U ]     

7.  t¢Äz¡c¡ k½ s¦co \vj ̂ X Rk¤  ovtw~ my~v m¡ a§]f 
pv ]¬¡ {¦a v|¡ {¡ - s^y~o ]   

    

8.  {~n¢ -  \m¤ S c~y½^~ rȈa~ ,  k¢|~h~ _v  \Ȉl¤ |¥ ?     

9.  TȈ\  mo  ovtw~ oŀ  {Sv~t o£Ä _¡  wSVj wU r~«~v 
s¤ cS ] 

    

10.  t~k~ - d£g oŀ r¦w !  k£Ä pÄc {§ v¢pX  m¤ ołf o|¾ s¤c¤ {o ?      

11.  \¡ t¤v¡ |~wk o£Ä |¦v y¡ m~v¢j rj~Vj~ a~|¢Äm¤ |¦ ?      

12.  V{  mo kÁ  ovtw~ m~ vÄ̂ - iÄ ̂rmwo w^~ ]     

13.  \¡ ToÇ½ o£Ä {at¢Ȉa \¦U s¡zo v¦ ̂|¦  v|~ |¥ ?     

14.   ovtw~ -  k½ tÀ d£g \ |Äm¡ |½ ?      

15.  r¤a~v¤ t¢Äh¤ o£Ä y~v - y~v m§¬~TS \vm¡ |¥ ]  tkÅ¤U t½ |¥ 
o|¾ !  Spj¡ t½ |¦ k½ \¢Ȉd  ]Sw y¡ \v¤ ] 

    

16.  m~oo~l o£Ä R c|¡ Ìkt {p¡a o£Ä o|¾ {¢jo o£Ä m~ R kRÄk 
{¦ ̂|¦TS ]  r¦w¤ðu~v ,  tÀ cÄt m~ Rs~^~ |½ ]  \¡ 
|¢j  qv \¦U  y ]So o|¾ |¦y¤^~ ? 
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17.  m~oo~l k½ T| ̂Ȉwr~k \v\¤ Spj¤ t\~o o£Ä vy~o~ |¦X 
Rk¤ R tÅk v~T V{¡ |oÇŀv¤  yȈa ,  yȈh¡ m¤v kȈ\ a¢pa~p 
]¬¤ v|¤ ] 

    

18.  RȈc y¡ ,  cmÁ R tÅk v~T oŀ V{kÁ Spj¤ Tv~m¤ {~­ \¡k¤ 
kȈm V{¤o {Ȉa¤  mwÁ VoÇ½o£Ä {Ȉtd~\¤ Êa o¡a {¢d~TS ] 

    

19.  w~w~ rmv¡pÅ{~m R tÅk v~T  m¤ r~p  m¤ m¦{k½  yȈa {o 
Rk¤ c¤\v VoÇ½ o£Ä  cSm~ TȈ«k y~w~ o|¾ {o k½ r|¢k 
|¤gŀ y¡ o|¾ {o ]  m¦oÇŅ  yȈa t¢Äh¤ - \¢¬¡  m¤  yS| m¡ 
Ȉ̂wr~k pȈ\¡ |¦ ̂ U {¡ ] 

    

20.  m{t¾ oŀ SÉm¤ |¡ {s {kv¡SQ o£Ä Ìl¤ o£Ä |f~  mȈk~ ,  pÅ¤t~ 
o£Ä Tkv {¢_~TS \¤yh¤ Rk¤ ̂ ¢w~r m~ b¾f~ t£Ä| pv 
t~ vS ]  |§w¡ - |§w¡ V{m¤ kwy¤ {|w~X ,  {s  ]¬\¡SQ 
]¢ȈwÇy~  mȈk¡ ] 

    

21.   t{fv zvt~ð ( t£Äb¦ pv |Ȉl q¤v\¤ (  V| k~«~ ]rv 
 wSTS |½  \ k¢{¡ w¦\ {¢j\¤ q¬q¬~|f c~TÄ^¤ ] 

    

22.  ]¢w~{~ T|  \ RtÅkv~X o£Ä TȈl¤ kÁ {Ȉkv| |c~v v£pS 
 t wS ]  t¢oz¡ rmv¡pÅ{~m oŀ T\Ȉw¤ r~v½ |c~v  mȈk~ 
c¦ VoÇ½ m¡ Ét¤m kÁ r|¢k  «Sm~ {¡ ]  

    

23.  v~tð ( t¢{\v~\¤ (  a¢p ]  R c|~ y¡ \¦U \ |Äm~ |¥ ]     

24.  Spj¤  mw m~ c~j p |a~j V|o£Ä TȈ\  mo TÄc  t wS 
 \ r~r£ R tÅk v~T  oRk {t½ pv o|¾ SX ]  l¦¬Ç¡ m¤v 
kȈ\ k½ V| VoÇ½ m¡ vȈ{k~ y¤]m¡ v|¡ t^v cmÁ V| |¢j y¡ 
o|¾ SX kȈm k½ V{m~  mw \¢Ȉd t{¦{oŀ w^~ ]  yȈh¡ 
 yS\¢wk~ kÁ m§¬¡ |¦U m¡y~c¤ pv SU Rk¤ RȈn _Äf¤ kȈ\ 
\Äo w^~X ]¬¡ v|¡ ,   qv RÄmv SU Rk¤ to t~v\¤ r¥g 
^U ] 

    

25.  RtÅkv~Xð ( mȈr¡ cr~o kÁ (  V| {s \|~v t¤v¤ o§\v |¥ 
] 

    



 

Language in India www.languageinindia.com 910 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

26.  RtÅk®ðy¤]¤ |¢j \mÁ  \{tk c~^m~ |¥ ]  tÀ k½ r|¢k 
cwm¡ ta~  v|~ |½ ]  

    

27.  t¥ k¢|~h¤ kÁ \¦U Rj-V ak ̂Ȉw o|¾ a~|¢Äm~ ]     

28.  VoÇ½  m¤  cv~ kÁ Tz~v¤ pv tÀ Spj¤ o£Ä  ob~yv \v {\m¡ 
|½ ] 

    

29.   rȈw½ðm¤  \É o|¾  ^S ]     

30.  \¢Ȉd  mo½ kÁ pÄh~To [va§r~To S m oŀ y¡ m{t¾  m¤ 
vao~ - a¦j pv oȈ \ - svyȈf~ a¬~o~ bȈh  mȈk~ {¡ ] 

    

31.  V{oŀ SÉm¤ |¡ |¢\t  mȈk~  \ s¡¬ |f~  mȈk¡ c~y¤ ]     

32.   yS|  m¤ a§l¤  mo r~Rm m{t¾ r¥g¡ |¦U {¡  \ TȈ\ 
[vk oŀ S\¤ V{m¤ TȈ\ rÄm  wq~q~  mȈk~ ] 

    

33.  aÄto a§nv¡ð \ | ̂ X |o  \Sc To\¤v \Ät o|¾ bȈh 
m¤|½ k½ f~f r~|v \v m¡o c¥|¡ ]  

    

34.  TȈ\  mo yÅcv~o¡ {¢y~t~  m¤  {v|~oŀ r¥g¡ pȈ]~ dw v|¡ 
{¡ ] 

    

35.  pÅk~p - k½ sU ,  TȈ\  mo t¥o£Ä y¡ oŀyk~ m¦ ]      

36.  oy¡o  tȈf¡ m¡  tȈg¡ -  tȈg¡ {¢ Ä̂n S v|¡ |¥ ]     

37.   aȈf~ ̂ ¢w~r - tÀ k½  ro½ ̂ ¡k {¢j¤ RȈc k¢|~h~  pȈb~ o|¾ 
b¦h£Ä^¡ ]  

    

38.  v~c~ oŀ  \|~ ñaÄ^¡ ̂Ȉw |¥ ] ò     

39.   kÄo  mo ̂ ¢«vo pv r¢Ȉi¡  qv Ìl¤ p|¢Äa¡ ]     

40.  T{kv¡ v¦j wȈ^¡ ]  TȈ\ t¢{~qv Ìnv c~  v|~ {¡ ]     

41.  {¤g Spj¤ cy~U kÁ  tw\¤ yȈh¤ ]¢z |¦X Rk¤ VoÇ½oŀ V{o£Ä 
yȈh¡ aÄ^¡ kvÇ½ kÁ _v  yȈa vȈ ]S ] 

    

42.  wȈ^m~ |¥ T| mv«¡ w¦s¡ |¥ ]  T| {~o£Ä ]y~Vj~ o|¾ 
a~|¢Äm~ ,  T{wU T| {~v~ hv~t~ \v  v|~ |¥ ] 

    

43.  v~c~ t¤v¤ kÁ hv  ^S ]     
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44.  p~vrk¡ o£Ä kv{ S ̂ U ,  Rk¤ VoÇ½ oŀ zÄ\v kÁ pÅ~vlo~ 
m¡  \  cy¿ y¡ rj¤ ,  V|  ^w|v¡ o£Ä  qv kÁ T{kv¡ rj~ 
 mZ ] 

    

45.  v£{  yȈa TȈ\ r|¢k yȈh¤ w¤]\ |¦X |¥ ,  ToÇŀ yȈh¤  \ {~v¡ 
m¢o¡S VoÇ½o£Ä c~jm¡ |¥ ]  

    

46.  vy¾mv g~\¢v  m¡ TȈ\ yȈh¡ |¡ {¡] m¤j y~w¡ vao~ |¥ ]     

47.  m¤ym£k aw~  ^S Rk¤ R^w¤  mo cmÁ V| pv kS k½ 
V{m¤ |Ȉl  yȈa VoÇ½ rÄm¡SQ m¡ {£a¡ {¡ 

    

48.  Smt¡ o£Ä s£t¡ kÁ  \Äo~ t¦| |¢Äm~ |¥ ]     

49.  \ |j m~ tkwȈr T|  \ |v Smt¡ Spj¡ {tvȈl~  m¤ 
Ro¢{~v \Ät \v¤ |¦v «v£vk  m¤ Ro¢{~v p~X 

    

50.  R{¡ S{ \vm¤ |½  \ p~g\   T{  \k~r½ o£Ä yȈh¤ a~y 
o~w  p¬½^¤ ,  m£{v¡SQ m¡ p¬y~X Rk¤ ToÇ½ m~ svp£v 
t¢o~­~ w¥j^¤ ] 
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Intelligibility Test - Articles  

S.No. Sentence  0 1 2 3 

1.  Xo¡ tS   '  Anemia  )     m¤ \~vo [vk½  yȈa 
l\~j  ,   Ìgj r¥gj |¦v ]h¤ |¦j  yȈa aȈ\v Sj~  ,   

\Ät \vj m~ to o|¾ \vj~  ,   {v¡v  yȈa k~pt~o 
m¡ \t¡  ,   kya~  yȈa  pwȈkj  ,    mw  yȈa ª¥v - 
t~t£w¡ nh\o  ,   {½{ w¥j  yȈa k\w¡q  ,   {¡oŀ  yȈa 
mvm  ,   kwy½ Rk¤ |l¤w¡SQ  yȈa gÄ h~po |¦v 
w^~k~v v |j y~w~  {v  yȈa mvm |¢Äm~ |¥  ]  

    

2.  ^vs~y{l~   '  pregnancy  )     m¤ m§v~o  iȈh  yȈa 
k¡yv mvm |¦v u¦o¡ kÁ v\k {v~y |¦j wȈ^¤ k½ T{o£Ä  
Ä̂s¡vk~ kÁ wy¿ Rk¤ h~\fv o£Ä  kȈk\~w mȈ{¡X  ]  

    

3.  {~t^v¡  9  150 ̂ v~t Rv| v m~w  ,   20 ̂ v~t 
t£Ä^qw¡  ,   100 ̂ v~t ^¢h  ,   100  t  -   wU  -   
k¤w  ,   15 ̂ v~t m~wa¡o¡  ,   3 ̂ v~t |¾^  ,   5 
^v~t Utw¡  ,   5 ̂ v~t Rmv\  ,   5  ̂v~t w£j  ,   

3 ̂ v~t |wm¡  ,   5 ̂ v~t |v¡t¡va  ,   5 ̂ v~t  ,   

3 ̂ v~t \v¡pȈk~  ,   3 ̂ v~t o~v¡Rw   '  \Ȉ {S 
|¦TS  (    ,   n oS rv¡\ \f¡ |¢T   ]  

    

4.  ST{\v¡t   m¤ m~^  9    -  c¤\v ST{\v¡t   m¤ 
m~^ \phÁ  yȈa wȈ^ c~y¤ k½ Rt¦ oS m~ _¦w p~Z   ]  

    

5.  a~yw m¡ ]¡v rj~Ém¤ {t½ z\v   m¤ o~w l¦h~  c|~ 
w£j  tw~Vj kÁ ]¡v m~ {y~m |¦v ri c½m~ |¥  ] 

    

6.  {¦oŀ m¤ c¤yv k¤  p{¡ |wm¡ wȈ^~ \¤ t{wj kÁ V| 
at\j wȈ^m¤ |¥   

    

7.  \m¤ y¡ T{m~ {p¡ov ]~w¡ o|¾ awj  mZ  ]     
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8.  RȈc\ȈwÇ m¡SQ t |w~y½ o§\v¡p¤z~ y~w¡SQ |o T{wU 
 cSm~ {t½ _v kÁ r~|v ^¢«~vm¡SQ |o {Äu¢\k 
pvy~v½   yȈa c½  coÇ½   m¤ t~k¤  pk~ _v k¤ v|k¤ |¥ 
VoÇ½ o£Ä   ra a½ m¡ m¤]r~w m¡ {tȈ {S o|¡ |¢Äm¡ |¥ 
pv X\w pvy~v½   yȈa t½   m¤ mqkv c~j   m¤ r~Rm 
ra a¤ m¡ m¤]r~w wU \¦U o|¡ v |Äm~ T{wU 
t |w~y½ Spj¤ ra a½   m¤  wR STS m~ TQkc~t 
\vm¡ |¥  ]  

    

9.  Spj¤ c¡yo Vm¤ zR o£Ä  c~oj~ Rk¤ V{o£Ä  pÅ~pk \vj 
wU iÅi Skty¡zy~{ vȈ]j~  ,   T|¡ {qwk~   m¤ 
yȈw p |w~ \mt   |¥    

    

10.  s^k m~ s^y~o kÁ  ,   to¢Ȉ ] m~ vȈr kÁ  ,   {qwk~ m~ 
{~v¤ kÁ  ,    pÄh m~ rv|tÄh kÁ  twj o£Ä  |¡ u¦^  \|~ 
 ^S |¥ 

    

11.   tc¦vt   m¤ TȈ\ 64 {~w m~  yR\k¡ cu¦o m¡ 50 
pko¡SQ Rk¤ 100 rȈa¤ |o  ]    tc¦vt kÁ wȈ^sȈ^ 
80  \t¡ m£v r\ky½^  pÄh m~  oy~{¡ cu¦o Spj¤ 
pvy~v   m¤ 180 kÁ  cSm~ {m{uÁ   m¤ o~w nvk¡ k¤ 
{skÁ rh¤ pvy~v   m¤ t¢]¡   m¤ v¢p  yȈa c~ jS c½m~ 
|¥  ] 

    

12.  TȈ\ b¦f~ ra a~ m£c¤ ra a¤ kÁ  ,   c¤\v  mo o£Ä  {£vc 
o|¾  o\ wS k½ \¡ |¦y¤^~ ,m£c¤ ra a¤ oŀ cy~r  mȈk~  
,    rcw¡ m~  rw ri c~y¤^~  ] 

    

13.  r¡vrw o£Ä  kÄr~\£ ]~j  m¡ Smk {¡ w¤ \o R\rv   '  
Akbar  )   o|¾ ]½m¤ {o TȈ\  mo R\rv oŀ kÄr~\£   
m¤  ]¤k  yȈa ^n¤ o£Ä  _~| ]½m¤ y¤]\¤  \|~ r¡vrw T| 
y¤ ]S kÄr~\£  \y¿ m¡ r¢v¡ a¡c |¥  ,   ^n¤ kȈ\ T{ o£Ä  
o|¡ ]½m¤   ] 
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14.  T| {s \ |j m¡SQ Ȉ̂w½ |o  \ VoÇ½ o£Ä  b¦h r¥gŀ |o  

cmÁ RȈ]½ a~v |¢Äm¡SQ |o t§|rk S |¡ c½m¡ |¥   ] 

    

15.  oy¿ Rk¤ Sn¢ o\  h«~To½   m¤ Rkp~m k¤«¡ kÁ 
r~«~v  yȈa S v|¤ |¥  ]   T{ wU «v¢v¡ |¥  \ Sp 
y¡ Spj¤ o¡k¡SQ  yȈa rmw~y  wSZ Rk¤ T|¡ o|¾ 
\vm¤ v|¤  ,   R{¡ k½ T{ \Ät o£Ä  T{ kv¡\¤ kÁ \vm¤ 
S v|¤ |¥ Rk¤ R c|~ |¡ \v¤^¤  ] 
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Intelligibility Test ï Official Language Qoutes  

S.No. Sentence  1 2 3 4 

1.  {Ä ]pk ołf |¤g½  mȈk~  ^S |¥     

2.  pÅaȈwk  out½  m¤ Ro¢{~v     

3.  v{¡m p |w½ |¡ s¤c¡ c~ a¢Ȉ\¡ |¥     

4.  Ìk¤ \\¤ Ro¢{~v \~vy~U \¡k¡ c~y¤      

5.  t~tw¤  yȈa \~vy~U \¡k¡ c~ a¢Ȉ\¡ |¥     

6.  pȈkv m¡ TȈ\ o\w     

7.  p |w½ kÁ pÅrÄn \vj~ cv£v¡ |¥     

8.  RȈ^¤ m¡ kvȈ\¡ kÁ c~j£ \v~Z     

9.  \~vc - {£a¡ o~w s¤c¡ c~ v|¡ |¥     

10.  Rp¡w ]~ vc \v  mȈk¡ ^U |¥     

11.   cȈl¤ kȈ\ {Äsy |¦     

12.   rw g¡\ - g¡\ rj~TS  ^S |¥     

13.  rcf  yȈa  yy{l~ |¥     

14.  {y¡\~v o|¾ \¡k~ c~ {\m~     

15.  t~tw¤ m¡ c½a aȈw v|¡ |¥     
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Intelligibility Test - Blogs  

S.No. Sentence  0 1 2 3 

1.  tÀ R c|~ T{wU  w]  v|~ |½  \ t¤v~ TȈ\ m¦{k c¦ t¤v~ 
rw~^ p¬Çm~ |¥ V{oŀ t¥o£Ä   \|~  \ T| o~vm m~ 
X\~ n\~v ]kt |¦y¤^~ !   

    

2.  v~c¤z ,  |Äm¡  aȈg¡SQ  m¤  cSm~kv p~g\    aȈgŀ  w]j 
y~w¤ |¡ |o  , k¢|~h¤  tȈkv m¡ zÅ¤j¡  m¤ p~g\   qw|~w 
_Ȉf |o  ]  |¢j¤ kȈ\  |Äm¡  m¤ ^¥v  aȈgŀ\~v p~g\   k¢|~h~ 
R]r~v |¡ p¬Çm¤ |o ]  y¥{¤ p~g\   \¦U y¡ |¦j  ,  \Äoŀ 
|¡  \É o|¾ |¦j  \{¤ r |{ RÄc~t kÁ p |w½ bȈhj~ |¦v 
t~ nRt y¡ o|¾ a~|¢Äm¤ ] 

    

3.  \¢Ȉd w¦\½ o£Ä  tc~ SÉm~ V{¡  yz~ o£Ä  y~v - y~v ­¿foŀ  yȈa 
k½ k¢{¡ \¡ \v {Ȉ\m¤ |o !  pv\~zo m¡ Rc~m¡ |¥ ] 

    

4.   cȈl¤ kȈ\ tÀ {Ȉtdm~ |½ ,   |Äm¡  m¤  aȈgŀ |¢j¤ r|¢k |¡ 
{¡ tk t«t£o½ pv  w]¤ c~ v|¤ |¦ ]  R c|¤  yz~ ,   coÇ½ 
 yȈa {~v~ oŀfpÅu¦\k~y½m¡ \¦U  mwa{p¡ o|¾ |¥ ]  cmÁ 
kȈ\ T| |~w v|¤^~ ,  z~Tm |¡  |Äm¡  aȈg¡SQ m~ 
p~g\yv^  y\ {k |¦ {\¤ ] 

    

5.  T| k½ {Ȉa |¥ ,   |Äm¡ m¡ \U p¦{f½ o£Ä   ro½ r¥\^v~Éh 
c~j \¦U {Ȉtd o|¾ {\m~ ]  

    

6.  Sp m¢Sv~ a¢Ȉ \S  ^S pÅzo r|¢k t|Ȉky vȈ]m~ |¥ ]       

7.  r|¢k g¡\  w ]S |¥ k¢{¾ ,  {~n¢y~m !  !      

8.  |¢j tÀ k¢|~o£Ä  TȈ\ r¤ok¡ \vj~ a~|y½^~ ]      

9.  c¤\v  |Äm¡ Rk¤ |¦v s~vk¡s~z~y½wU TȈ\ yn¡S f¤\{f 
Xo~ w {{ m~ [c~v ' {~qfy¤Tv (  rj~ {\j k½ 
s~vk¡s~z~y½ m~ r|¢k sw~ |¦  

    

10.  Rp¡w ]~ vc \v  mȈk¡ ^U |¥     

11.   cȈl¤ kȈ\ {Äsy |¦     
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12.   rw g¡\ - g¡\ rj~TS  ^S |¥     

13.   \Åp~ T{ r~v¤  yȈa Ä̂s¡vk~ kÁ  ya~v \v¦ ]     

14.  k¢{¡  cy¿ w¦\¦ m~ {~h¡ s~z~  m¤ pÅk¡  pSv  | {~ vS o£Ä  
Vkz~ |k vȈ]m~ |¥ -   

    

15.  r|¢k {¢Ämv \¦ zz wU yn~U -  TȈ\ rw~^ p¦{f T{ pv 
\Ȉw  w]m~ |½ - 
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Appendix C  

Test Data Set for Accuracy Test  

Accuracy Evaluation:   

The evaluators are provided with source text along with translated text. A 

highly intelligible output sentence need not be a correct translation of the 

source sentence. It is important to check whether the meaning of the source 

language sentence is preserved in the translation. This property is called 

accuracy.  

 

Scoring:  

The scoring is done based on the degree of intelligibility and 

comprehensibility. A Four point scale is made in which highest point is 

assigned to those sentences that look perfectly alike the target language and 

lowest point is assigned to the sentence which is un-understandable and 

unacceptable. The scale looks like: 

Score 3 : Completely Faithful 

Score 2:  Fairly faithful: more than 50 % of the original information passes in 

the translation. 

Score 1:  Barely faithful: less than 50 % of the original information passes in 

the translation. 

Score 0:  Completely Unfaithful. Does not make sense. 
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Accuracy Test - News 

S.No. Hindi Sentence  Punjabi Sentence  0 1 2 3 

1.  ÖȓɰÔ|] ȎØÅÛx Ôʅ¾ Ñɭ 
ÜȓŎÛɟØ ¾ɨ ¾ßɟ η¾ ÛɮȒǱ¾ 
zκÎx¾ Þɰ¾È ¾ɭ ŢÕɟÛ Þɭ 
ÏɭÜ ¾ɥ yÎxģ×ÛĦÎɟ ¾ɭ 
}ÔØÑɭ ¾ɭ ÔɟÏ Ûß 
ÖȓşɟĦÓɥȑÍ ¾ɭ yÑȓÖɟÑʇ 
©Ø ÖĘ×Ö ¾ɟÙ Öʃ {Þ¾ɭ 
ÒȎØÌɟÖʇ ¾ɭ ŢÔɰÐÑ ÒØ 
Ę×ɟÑ ÏɭÀɟ] 

t¢ÄrU ]   vcvy rÀ\ oŀ 
z¢Ȉ\vy~v o£Ä   \|~  \ 
{Ä{~ v\ Svl\ {Ä\f  m¤ 
pÅs~y o£Ä   m¤z m¡ t~w¡ 
|~wk  m¤ Ìrvj  m¤ 
r~Rm V| t¢mv~{q¡k¡  m¤ 
RÄm~c¡SQ Rk¤ tȈn \~w 
 yȈa T{m¤ ok¡c¡SQ  m¤ 
pvrÄno Ìk¤  nSo 
m¤y¤^~ ] 

    

2.  ÛɟεÜɰÀÈÑ] yÖɭȎØ¾ɥ Ôʅ¾ʇ 
¾ɭ ĦŘɭÞ ÈɭĦÈ ¾ɟ ÑÍɠÅɟ 
zζ¿Ø¾ɟØ z ßɡ À×ɟ]  

y~ zÄ^fo ]  Rtv¡\¡ 
rÀ\½  m¤ {fv¤{ f¤{f m~ 
ok¡c~ S ©v\~v S |¡ 
 ^S ] 

    

3.  ȒÅÑ Ôʅ¾ʇ ¾ɨ ÒȕɰÅɠ ¾ɥ 
zÛĤ×¾Íɟ ßɮ, }ęßʃ ×ɨÅÑɟ 
ÔÑɟÑɭ ¾ɭ εÙ¤ 8 ÅȕÑ Í¾ 
¾ɟ ÞÖ× ȏÏ×ɟ À×ɟ ßɮ]  

 coÇ½ rÀ\½ o£Ä  p£Äc¡ m¡ w¦¬ 
|¥ ,  VoÇ½o£Ä  u¦co~ rj~Vj 
wU 8 c£o kȈ\ m~ {t½ 
 mȈk~  ^S |¥ ]   

    

4.  Ôʅ¾ʇ ¾ɨ ×ß ×ɨÅÑɟ yÒÑɭ 
ȑÑ×ɟÖ¾ʇ Þɭ ÖɰÅȕØ ¾ØɟÑɠ 
ßɨÀɠ] 

rÀ\½ o£Ä  T| u¦co~ Spj¤ 
 oSt\½ kÁ to«£v 
\vy~j¡ |¦y¤^¡ ] 

    

5.  yκÐ¾ɟȎØ×ʇ ¾ɟ ¾ßÑɟ ßɮ 
η¾ zκÎx¾ ȒĦÎȑÍ Öʃ 
ÞȓÐɟØ ¾ɭ εÙ¤ ÖÅÔȕÍ 
Ôʅη¾ɰÀ Íɰŝ ÅȼØɡ ßɮ] 

R n\~v¡SQ m~ \ |j~ |¥ 
 \ Svl\ |~wk  yȈa 
{¢n~v wU tcr£k rÀ \Ä^ 
kÄkv cv£v¡ |¥ ] 
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6.  {Þ ÈɭĦÈ Þɭ ȑÑÛɭÜ¾ʇ Öʃ 
×ß ÕØɨÞɟ ÙɩÈɭÀɟ η¾ ÞɟØɭ 
Ôʅ¾ ¾ÖÅɨØ Ñßɡɰ ßʅ] 

T{ f¤{f kÁ  oy¤z\½  yȈa 
T| sv¦{~ pvk¤^~  \ {~v¤ 
rÀ\ \tc¦v o|¾ |o ] 

    

7.  ÞɟÎ ßɡ ¾ÖÅɨØ Ôʅ¾ʇ Öʃ 
Õɠ ÞȓÐɟØ η¾×ɟ Åɟ Þ¾Íɟ 
ßɮ] 

o~w |¡ \tc¦v rÀ\½  yȈa 
y¡ {¢n~v \¡k~ c~ {\m~ |¥ 
] 

    

8.  θÛŎÖ ÒɰιÊÍ ¾ɥ yÀȓÛɟ| 
ÛɟÙɡ εÞÈɡ Ñɭ ¾ßɟ η¾ Ûß 
5.5 yØÔ ÊɟÙØ yȑÍȎØǞ 
ÒȕɰÅɠ ÅȓÈɟÑɭ ¾ɭ εÙ¤ 
ÒȒĜÙ¾ ¤ĆÞÃʃÅ zÓØ ¾ɟ 
Ïɟ×Øɟ Ôïɟ¤Àɠ]  

 y\vt pÄhk m¡ R^¢y~U 
y~w¡  {f¡ oŀ  \|~  \ V| 
5 . 5 Rvr h~wv Tw~y~ 
p£Äc¡ c¢f~j wU pr w\ 
X\{a¿c Sqv m~ m~Tv~ 
yn~X^¡ ]  

    

9.  ę×ȕ×ɟ¾x] yÖɭȎØ¾ɥ Üɭ×Ø 
ÔɟÅɟØ ÔȗßĦÒȑÍÛɟØ ¾ɨ 
κÀØɟÛÈ ¾ɭ ÞɟÎ ÔɰÏ ßȓ¤] 

 oWu~v\ ]  Rtv¡\¡ 
z¤Rv r~«~v y¡vy~v o£Ä  
 ^v~yf  m¤ o~w rÄm |¦X ] 

    

10.  }ÐØ, ÔȗßĦÒȑÍÛɟØ ¾ɨ 
ÔɟÅɟØ ÔɰÏ ßɨÑɭ ¾ɭ ÔɟÏ 
ÞØ¾ɟØ Ñɭ ŢÖȓ¿ Ôʅ¾ʇ ¾ɭ 
ĦŘɭÞ ÈɭĦÈ ¾ɭ ÑÍɠÅɭ 
ÁɨθÝÍ η¾¤ ȒÅÑ¾ɭ 
ÖȓÍɟȐÔ¾ ÏɭÜ ¾ɭ 10 ŢÖȓ¿ 
Ôʅ¾ʇ ¾ɨ yÒÑɭ ÔÃɟÛ ¾ɭ 
εÙ¤ ©Ø Ñ¾Ïɡ ¤¾ȐŝÍ 
¾ØÑɠ ÒîɭÀɠ] 

Ìnv ,  y¡vy~v o£Ä  r~«~v 
rÄm |¦j  m¤ r~Rm {v\~v 
oŀ pÅt¢Ȉ] rÀ\½  m¤ {fv¤{ 
f¤{f  m¤ ok¡c¤ _¦ zk \¡k¤ 
 coÇ½  m¤ t¢k~r\ m¤z  m¤ 
10 pÅt¢Ȉ] rÀ\½ o£Ä  Spj¤ 
ra~y wU |¦v o^m¡ 
T\Ȉg¡ \vo¡ py¤^¡ ] 

    

11.  ÛȼÌ ÀɟɯÐɠ Ñɭ ÒɠÙɡÕɠÍ Öʃ 
ÖȓÞÙÖɟÑʇ ¾ɭ ζãÙɟ÷ 
Õî¾ɟ~ ÕɟÝÌ ȏÏ¤ Îɭ 

yv£j ^½n¡  oŀ p¡w¡s¡k 
 yȈa t¢{wt~o½  m¤  ]w~q 
s¬\~W s~zj  mȈk¤ {o 
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12.  {Þ ÖɟÖÙɭ ¾ɭ Ţ¾ɟÜ Öʃ 
zÑɭ ¾ɭ ÔɟÏ ÃȓÑɟÛ z×ɨÀ 
¾ɭ ȑÑÏɴÜ ÒØ ÛȻÌ ÀɟɰÐɠ 
¾ɭ ζãÙɟ÷ ¤÷z|zØ ÏÅx 
ßȓ| Îɠ- 

T{ t~tw¤  m¤ pÅ\~z  yȈa 
SVj  m¤ r~Rm a¦j 
\ tzo  m¤  ovm¤z  Ìk¤ 
yv¢j ^½n¡  m¤  ]w~q 
X­SUSv mvc |¦U {¡ 
- 

    

13.  ÒßÙɭ ßɡ θÛǡɠ× ÛÝx ×ɟÑɠ 
ÛÝx 2004-05 Öʃ ¾ʃş Ñɭ 
Øɟč× ÞØ¾ɟØ ¾ɨ 2831.82 

¾Øɨî ȼÒ¤ ¾ɥ ØɟεÜ 
}ÒÙĜÐ ¾Øɟ|- 

p |w½ |¡  yȈk¡ {~w u~o¡ 
{~w 2004 - 05  yȈa \¿mv 
oŀ v~c {v\~v o£Ä  2831 . 

82 \v¦Ȇ v£pX m¡ v~z¡ 
VpwȈrn \v~U - 

    

14.  ÞÒɟ ¾ɭ εÙ¤ θÒÄÙɭ ÃȓÑɟÛ 
Öʃ ÅɠÍɠ 32 Öʃ Þɭ yÒÑɠ 
15 ÞɠÈʇ ¾ɨ ÔÃɟÑɭ ¾ɥ 
ÃȓÑɩÍɠ ßɮ, ȒÅÑÖʃ Þɭ 
ÙÀÕÀ zÐɟ ÏÅxÑ ÞɠÈʇ 
¾ɥ ßɟØ-ÅɠÍ Íɨ ¾ġ×ɟÌ 
ÓɮĆÈØ ¾ɥ ¾ÞɩÈɡ ÒØ ßɡ 
¾Þɟ Åɟ¤Àɟ] 

{p~ wU  pbw¤ a¦j  yȈa 
 cȈk¡ 32  yȈaÁ Spj¡ 15 
{¡f½ o£Ä  ra~Vj m¡ a¢j¦k¡ 
|¥ ,   coÇ½  yaÁ wȈ^sȈ^ 
RȈn~ mvco {¡f½ m¡ |~v 
-  cȈk k½ \ wSj q¥\fv 
m¡ \{§f¡ Ìk¤ |¡ \Ȉ {S 
c~y¤^~ ] 

    

15.  }ęßʇÑɭ ÕɟÅÒɟ ÑɭÍɟ¨ɰ ¾ɨ 
{Þ ÍØß ¾ɭ Ô×ɟÑ Ñ ÏɭÑɭ 
¾ɥ ÞÙɟß Ïɡ] {Þ¾ɭ ÞɟÎ 
ßɡ ÜØÏ ×ɟÏÛ Ñɭ θÛÏɭÜɠ 
Ôʅ¾ʇ Öʃ ÕɟØÍɠ×ʇ ¾ɭ ÅÖɟ 
¾ɟÙɭ ÐÑ ¾ɟ Öȓǥɟ ηÓØ 
}Éɟ×ɟ]  

VoÇ½oŀ s~cp~ oŀk~y½ o£Ä  
T{ kvÇ½  m¤  rSo o|¾ 
m¤j m¡ {w~|  mȈk¡ ]  
T{m¤ o~w |¡ zvm u~my 
oŀ  ym¤z¡ rÀ\½  yȈa 
s~vk¡SQ  m¤ ct½ \~w¤ no 
m~ t¢Ȉm~  qv a¢Ȉ \S ]   
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16.  ØɟßȓÙ Ñɭ ¾ßɟ, "ÖÑÖɨßÑ 
εÞɰß ßÖɟØɭ ŢÐɟÑÖɰŝɠ ßʅ, Ûɨ 
×ȕÒɠ¤ ¾ɭ Õɠ ŢÐɟÑÖɰŝɠ ßʅ-" 

v~|¢w oŀ  \|~ ,  ñtot¦|o 
 {Ä_  {~h¤ pÅn~otÄkv¡ |o 
,  V| u£p¡X  m¤ y¡ 
pÅn~otÄkv¡ |o-ò  

    

17.  ØɟßȓÙ ÀɟɰÐɠ Ïɨ ȏÏÑ ¾ɭ 
ÃȓÑɟÛ ŢÃɟØ ÒØ ØɟÅĦÎɟÑ 
Öʃ ßʅ- 

v~|¢w ^½n¡ m¦  mo  m¤ a¦j 
pŊ~v Ìk¤ v~c{l~o  yȈa 
|o - 

    

18.  zκÎx¾ Þɰ¾È ¾ɟ ÏÔɟÛ 
ÆɭÙÑɭ ¾ɥ àÖÍɟ zɰ¾Ñɭ 
ÛɟÙɭ {Þ ÈɭĦÈ Öʃ yÖɭȎØ¾ɟ 
¾ɭ 10 Ôîɭ Ôʅ¾ ÔɭÏÖ ȑÑ¾Ùɭ 
ßʅ] 

Svl\ {Ä\f m~ mr~R 
d¤wj m¡ {tvȈl~ SQ\j 
y~w¤ T{ f¤{f  yȈa 
Rtv¡\~ m¤ 10 yȈh¤ rÀ\ 
r¤mt  o\w¤ |o ] 

    

19.  ¾ɰÒÑɠ ¾ɥ {Þ ÒßÙ Þɭ }Þɭ 
yȑÍȎØǞ ÞØ¾ɟØɡ Þßɟ×Íɟ 
×ɟ ÞØ¾ɟØɡ ŢȑÍÕȕȑÍ×ʇ ¾ɨ 
ÞɟÖɟę× Üɭ×Øʇ Öʃ ÒȎØÛȑÍxÍ 
η¾¤ ÔÀɮØ yÒÑɟ ÒȕɰÅɠ 
zÐɟØ ÔïɟÑɭ Öʃ ÖÏÏ 
εÖÙɭÀɠ] 

\Äpo¡ m¡ T{ p |w kÁ 
V{o£Ä  |¦v {v\~v¡ 
{|~Tk~ c½ {v\~v¡ 
pÅk¡s£k¡uÁ o£Ä  TȈ\¦  c|¤ 
z¤Rv½  yȈa p vyv kk 
\¡k¤  ro½ Spj~ p£Äc¡ 
Sn~v yn~Vj  yȈa tmm 
 tw¤^¡ ] 

    

20.  }ęßʇÑɭ ¾ßɟ η¾ ØɟÅÀ ǬɟØɟ 
{Þɭ ÃȓÑɟÛɠ Öȓǥɟ ÔÑɟ¤ ÅɟÑɭ 
¾ɭ ÔɟÏ ÖÅÔȕØɡ Öʃ 
ÖÑÖɨßÑ ÞØ¾ɟØ yÔ 
¾ɟØxÛɟ| ¾ØÑɭ ¾ɟ ȏÏ¿ɟÛɟ 
¾Ø Øßɡ ßɮ] 

VoÇ½oŀ  \|~  \ v~c^ 
m¢Sv~ T{o£Ä  a¢o~y¡ t¢Ȉm~ 
rj~X c~j  m¤ r~Rm 
tcr£v¡  yȈa tot¦|j 
{v\~v |¢j \~vy~U \vj 
m~  m]~y~ \v v|¡ |¥ ] 

    



 

Language in India www.languageinindia.com 923 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

21.  ÞɰÒɟÏ¾ʇ ¾ɭ ÖȓÍɟȐÔ¾, 

"Èɟ{Ö 100 ÞɰĦ¾ØÌ Öʃ 
ßÖ }Ñ ÙɨÀʇ ¾ɟ ÑɟÖ ÏɭÍɭ 
ßʅ Åɨ ßÖɟØɡ ÏȓȑÑ×ɟ ¾ɨ 
ÞÔÞɭ ı×ɟÏɟ ŢÕɟθÛÍ ¾ØÍɭ 
ßʅ-" 

{Äp~m\½  m¤ t¢k~r\ ,  

f~Tt 100 {Ä{\vj  yȈa 
R{¡ VoÇ½ w¦\½ m~ o~t 
 mÄm¤ |o c¦ {~h¡ m¢o¡S o£Ä  
{skÁ  «Sm~ pÅs~ yk 
\vm¤ |½ -   

    

22.  ÖɭÀɟĦÈɟØ yεÖÍɟÕ ÔċÃÑ 
Ñɭ ¾Ù yÒÑɭ ÞɰÛɮÐɟȑÑ¾ 
Ïɟȑ×ĕÛ ¾ɟ ȑÑÛɟxß ¾ØÑɭ ¾ɭ 
ÞɟÎ ßɡ yÒÑɭ ÞɟÖɟȒÅ¾ 
Ïɟȑ×ĕÛ ¾ɟ Õɠ Ô¿ȕÔɠ 
ȑÑÛɟxß η¾×ɟ] 

t¤^~{f~v Rt¡k~s rȈao 
oŀ \Ȉw Spj¤ {Ä yn~o\ 
qvc m~ ^¢c~v~ \vj  m¤ 
o~w |¡ Spj¤ {~t~c\ 
qvc m~ y¡ r]£r¡ ^¢c~v~ 
\¡k~ ] 

    

23.  {Þ¾ɭ yÙɟÛɟ }Ò Öȓć×Öɰŝɠ 
Þȓ¿ÔɠØ ÔɟÏÙ Ñɭ Õɠ 
{ɰÈØÑɭÈ ÒØ ¾| ŢɨÓɟ{Ù 
ÔÑɟ Ø¿ɠ ßɮ]  

T{m¤ Tw~y~ Vp 
t¢Ȉ]tÄkv¡ {¢]r¡v r~mw oŀ 
y¡ TÄfvoŀf Ìk¤ \U 
pÅ¦q~Tw rj~ vȈ]¡ |¥ ]   
   

    

24.  ßɟÙ ßɡ Öʃ ÙÍɟ ÖɰÀɭÜ¾Ø 
Ñɭ ÖÐȓØ ÕɰÊɟØ¾Ø ¾ɥ 
η÷ġÖ óÅɭÙô Öʃ ¤¾ 
ÐɟεÖx¾ ÀɠÍ ȎØ¾ɦÊx η¾×ɟ 
ßɮ- 

|~w |¡  yȈa wk~ tÄ^¤z\v 
oŀ tn¢v sÄh~v\v m¡ 
 qwt óc¤wÇô  yȈa TȈ\ 
n~v t\ ^¡k  v\~vh 
\¡k~ |¥ - 

    

25.  ȏßÖɭÜ Åɠ, ÔɟÍ Íɨ Þßɡ ßɮ 
Ùɭη¾Ñ ¾éx ¾ɭ ßŬ ¾ɭ ÔɟÏ 
zÒ¾ɨ Ñßɡɰ ÙÀÍɟ η¾ 
ÏÜx¾ʇ ¾ɟ zÒ¾ɨ ßɡØɨ ¾ɭ 
ȻÒ Öʃ ĦÛɠ¾ɟØ ¾ØÑɟ Îɨîɟ 
ÖȓȒĤ¾Ù ßɨÀɟ- 

 |t¤z c¡  ,  Ȉ̂w k½ g¡\ 
|¥ w¤ \o \vc  m¤ |~w  m¤ 
r~Rm k¢|~o£Ä  o|¾ wȈ^m~ 
 \ mvz\½ m~ k¢|~o£Ä  |¡v¦  
m¤ v¢p  yȈa {y¡\~v \vj~ 
l¦¬Ç~ t¢z\w |¦y¤^~ - 
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26.  }ęßʇÑɭ Õɠ Ùɨ¾ÞÕɟ ÃȓÑɟÛ 
Öʃ ÅɠÍ ¾ɟ ÏɟÛɟ η¾×ɟ ßɮ] 

VoÇ½oŀ y¡ w¦\{s~ a¦j  yȈa 
 cȈk m~ m~y~ \¡k~ |¥ ] 

    

27.  η÷ġÖ ĦÙÖÊɦÀ 
εÖεÙ×Ñɭ×Ø ¾ɥ ÔɟÙ 
¾Ùɟ¾ɟØ ȻÔɠÑɟ yÙɡ ¾ɟ÷ɥ 
ŢεÞǦ ßɨ À| ßʅ 

 qwt {wth~^ 
 t wRoŀTv m¡ r~w 
\w~\~v v¢r¡o~ Rw¡  \~­¡ 
pÅ {Ȉn |¦ ^U |¥ 

    

28.  Öʅ {Þ ÒȎØÛɟØ ¾ɨ θÒÄÙɭ 
ÔɠÞ ÞɟÙʇ Þɭ ÅɟÑÍɟ ßȕɯ, 
Ø÷ɥ¾ ÔßȓÍ ÜØɡÓ zÏÖɠ 
ßɮ, Ûɨ ¥Þɠ ßØ¾Í ¾Õɠ 
Ñßɡɰ ¾ØɭÀɟ 

tÀ T{ pvy~v o£Ä   pbw¤ 
y¡| {~w½ kÁ c~jm~ |½ ,  

vq¡\ r|¢k zv¡q  Smt¡ 
|¥ ,  V| R c|¡ |v\Ȉk 
\m¤ o|¾ \v¤^~ 

    

29.  ¾ØɡÑɟ ÒȕØɭ ȏÏÑ ÁɟÞ Þɭ 
ÔÑɭ ÖÃɟÑ ÒØ Íɨ ¾Õɠ 
ÔɮÙÀɟîɠ ÒØ ÖĦÍɠ ¾ØÍɠ 
ÑÅØ zʁ]  

\v¡o~ p£v¤  mo _~| o~w  
rj¤ ta~j Ìk¤ k½ \m¤ 
r¥w^~¬¡ Ìk¤ t{k¡ \vm¡ 
o«v  SU ]   

    

30.  ÜȓŎÛɟØ ¾ɨ ¾ØɡÑɟ ¾ɭ zÑɭ 
¾ɭ ÞɟÎ ßɡ ÜßØ Öʃ ÞɮÓ ¾ɭ 
Õɠ zÑɭ ¾ɥ }ĞÖɠÏ ÙÀɟ| 
Åɟ Øßɡ Îɠ] 

z¢Ȉ\vy~v o£Ä  \v¡o~ m¤ 
SVj  m¤ o~w |¡ z |v 
 yȈa {¥q  m¤ y¡ SVj m¡ 
VÄt¡m w^~U c~ v|¡ {¡ ] 

    

31.  ßɟÙ Öʃ ÖɨßÖɰÏ Öʃ ßȓ| 
Þɮę× ¾ɟØxÛɟ| Öʃ 18 

ÃØÖÒɰÎɠ ÖɟØɭ À¤ Îɭ 

|~w  yȈa t¦|tÄm  yȈa |¦U 
q§c¡ \~vy~U  yȈa 18 
avtpÄl¡ t~v¤ ^X {o 

    

32.  äɩØÍÙÔ ßɮ η¾ Òɟη¾ĦÍɟÑ 
¾ɭ ÒȒǯÖɨǡØ Öʃ ÔȓÑɭØ Öʃ 
θÒÄÙɭ ¾ȓÄ ßĿÍʇ Öʃ ÞɭÑɟ 
©Ø ÍɟÙɭÔɟÑ ÃØÖÒɰκÎ×ʇ 
¾ɭ ÔɠÃ ÕɠÝÌ ÞɰÁÝx ßȓz 
ßɮ- 

 nSo u¦^ |¥  \ 
p~ \{k~o  m¤ pz at¦¹kv 
 yȈa r¢oŀv  yȈa  pbw¤ \¢Ȉd 
|qk¡SQ  yȈa q§c Rk¤ 
k~w¤r~o avtpÄl¡SQ  m¤ 
 yȈa s¡zo {Ä_vz |¦TS 
|¥ 
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33.  {ĦÙɟÖɟÔɟÏ,] Òɟη¾ĦÍɟÑ ¾ɭ 
Àȗß Öɰŝɠ ØßÖɟÑ ÖεÙ¾ Ñɭ 
ÞɨÖÛɟØ ¾ɨ ¾ßɟ η¾ ÏɭÜ 
¾ɭ yÜɟɰÍ ÒȒǯÖɨǡØ àɭŝ Öʃ 
ÃÙ Øßɭ ¤¾ Ôîɭ Þɮę× 
yεÕ×ɟÑ Öʃ ¾ØɡÔ 700 

ÍɟεÙÔɟÑ zÍɰη¾×ʇ ¾ɨ 
ÖɟØ κÀØɟ×ɟ À×ɟ ßɮ ©Ø 
ÞÕɠ zÍɰη¾×ʇ ¾ɟ ¿ɟĕÖɟ 
ßɨÑɭ Í¾ Ûßɟɰ Þɮę× ¾ɟØxÛɟ| 
ÅɟØɡ ØßɭÀɠ] 

T{w~t~r~m ]  
p~ \{k~o  m¤ ^Å|  tÄkv¡  
v |t~o t w\ oŀ {¦ty~v 
o£Ä   \|~  \ m¤z  m¤ r¤a¥o 
pz at¦¹kv ]¤kv  yȈa aȈw 
v|¤ TȈ\ yȈh¤ q§c¡ R sSo 
 yȈa \v¡r 700 k~ wr~o 
SkÄ\¡SQ o£Ä  t~v  ^v~TS 
 ^S |¥ Rk¤ {~v¤ SkÄ\¡SQ 
m~ ]~kt~ |¦j kȈ\ Ìl¤ 
q§c¡ \~vy~U c~v¡ v|¤^¡ 
] 

    

34.  Àȗß Öɰŝɠ Ñɭ ¾ßɟ η¾ ×ß 
ÒȕØɭ ÏɭÜ ¾ɭ εÙ¤ ¤¾ ÒØɡàɟ 
ßɮ] 

^Å| tÄkv¡  oŀ  \|~  \ T| 
p£v¤ m¤z wU TȈ\ pv¡ ]S 
|¥ ] 

    

35.  Òɟη¾ĦÍɟÑ ¾ɭ ÞɠÖɟÛÍɶ 
{Ùɟâʇ Öʃ εÖÞɟ|Ù ßÖÙɭ 
ßɨÍɭ Øßɭ ßʅ ©Ø {Þ¾ɭ εÙ¤ 
Òɟη¾ĦÍɟÑ yÖØɡ¾ɟ ÒØ 
zØɨÒ ÙÀɟÍɟ Øßɟ ßɮ- 

p~ \{k~o  m¤ {¡t~yvk¡ 
Tw~\¡SQ  yȈa  t{~Uw 
|tw¤ |¢Äm¤ v|¤ |o Rk¤ 
T{m¤ wU p~ \{k~o 
Rtv¡\~ k¤ Tw«~t 
w^~Ém~  v|~ |¥ -   

    

36.  ŢÐɟÑÖɰŝɠ ¾ɭ Ô×ɟÑ ¾ɥ 
ÕɟÅÒɟ Ñɭ Õɠ zÙɨÃÑɟ ¾ɥ 
ßɮ] ȏÏġÙɡ ŢÏɭÜ ¾ɭ ÖßɟÖɰŝɠ 
zØÒɠ εÞɰß Ñɭ ¾ßɟ η¾ 
ŢÐɟÑÖɰŝɠ Ñɭ ÒÏ ¾ɥ ÀȎØÖɟ 
ÐȕεÖÙ ¾ɥ ßɮ]  

pÅn~otÄkv¡  m¤  rSo m¡ 
s~cp~ oŀ y¡ Sw¦ao~ \¡k¡ 
|¥ ]   mȈw¡ pÅm¤z  m¤ pÅn~o 
tÄkv¡ Svp¡  {Ä_  oŀ  \|~ 
 \ pÅn~otÄkv¡ oŀ pm m¡ 
^ vt~ n£t¡w \¡k¡ |¥ ] 
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37.  ŢÐɟÑÖɰŝɠ ¾ɭ ÞØ¾ɟØɡ 
zÛɟÞ ÒØ ßȓ| ×ß ÔɟÍÃɠÍ 
{Þ Öɟ×Ñɭ Öʃ ÖßĕÛÒȕÌx ßɮ 
η¾ Öɟ¨ÛɟÏɡ ÑɭÍɟ Ñɭ 
ÕɟØÍ ÒØ ÑɭÒɟÙ ¾ɭ yɰÏȼÑɠ 
ÖɟÖÙɭ Öʃ Ï¿ÙɰÏɟÅɠ ¾ɟ 
zØɨÒ ÙÀɟ×ɟ Îɟ ȒÅÞɭ 
ÔɟÏ Öʃ }ęßʇÑɭ ßġ¾ɟ ¾ØÑɭ 
¾ɥ ¾ɨεÜÜ ¾ɥ Îɠ] 

pÅn~otÄkv¡  m¤ {v\~v¡ 
_v k¤ |¦U T| Ȉ̂wr~k 
T{ t~Roŀ  yȈa 
t|Ȉkyp£vj |¥  \ t~Zy~m¡ 
oŀk~ oŀ s~vk k¤ oŀp~w  m¤ 
RÄmv£o¡ t~tw¤  yȈa 
m]ȈwÄm~c¡ m~ Tw«~t 
w^~TS {¡  co£Ä  r~Rm 
 yȈa VoÇ½oŀ |w\~ \vj m¡ 
\¦ zz \¡k¡ {¡ ] 

    

38.  ÀȓÅØɟÍ Öʃ 2002 Öʃ ßȓ¤ 
ÏɰÀʇ ¾ɭ ¾ȓÄ ÖɟÖÙʇ Öʃ 
ŢȑÍȏÏÑ ÞȓÑÛɟ| ¾ɭ zÐɟØ 
ÒØ ÓɟĦÈ Řɮ¾ yÏɟÙÍʃ 
ÀȏÉÍ ¾ØÑɭ ¾ɭ ÞȓŢɠÖ¾ɨÈx 
¾ɭ zÅ ¾ɭ ÓɮÞÙɭ ÒØ 
ÕɟÅÒɟ Ñɭ ×ß ŢȑÍηŎ×ɟ Ïɡ 
ßɮ] 

^¢cv~k  yȈa 2002  yȈa 
|¦X mÄ^¡SQ  m¤ \¢Ȉd 
t~tw¡SQ  yȈa  o¹k 
{¢jy~U  m¤ Sn~v Ìk¤ 
q~{f fÅ¥\ Rm~wk½ ^ gk 
\vj  m¤ {¢pv¡t \¦vf  m¤ 
Rc¦\¤ q¥{w¤ Ìk¤ s~cp~ oŀ 
T| pÅk¡ \vS  mȈk¡ |¥ ] 

    

39.  ÖɩÞÖ θÛÕɟÀ Ñɭ yɰÊÖɟÑ 
¾ɭ ÞɟÀØ Öʃ ÖɟÑÞȕÑ ¾ɥ 
ÞɟÙɟÑɟ ÔɟȎØÜ Îɨîɟ ÏɭØ Þɭ 
ßɨÑɭ ¾ɥ zÜɰ¾ɟ ÅÍɟ| ßɮ] 

t§{t  ys~^ oŀ RÄht~o  m¤ 
{~^v  yȈa t~o{£o m¡ 
{~w~o~ t¾| l¦¬Ç~ m¤v kÁ 
|¦j m¡ {Äm¤| ck~U |¥ ] 

    

40.  θÛɰǱ ¾ɥ ÍɠÑ ÞÔÞɭ ÖɨÈɡ 
ÔÓɻÙɡ ÒØÍʇ Öʃ Þɭ ¤¾ 
ÒȒǯÖɠ yɰÈɟ¾xȏÈ¾ɟ ¾ɥ Íß 
ßɮ] 

 yÄzy m¡  kÄo {skÁ t¦f¡ 
rvq¡w¡ pvk½  yȈaÁ TȈ\ 
pȈbt y~w~ RÄf~v\f¡\~ 
m¡ k| |¥ ]  

    

41.  ηÓÙßɟÙ ÊØÑɭ ¾ɥ ÅȼØÍ 
Ñßɡɰ 

 qw|~w hvo m¡ «v£vk 
o|¾ 

    



 

Language in India www.languageinindia.com 927 

10 : 10 October 2010 

Vishal Goyal, Ph.D. 

Development of a Hindi to Punjabi Machine Translation System - A Doctoral 

Dissertation 

 

 

 

42.  }Ñ¾ɭ ©Ø Òɟ{È ¾ɭ 
θÛǫɟκÎx×ʇ ¾ɭ ÔɠÃ ¾ɟ 
ÞɰÛɟÏ ÔɭßÏ ØɨÃ¾ Øßɟ] 

VoÇ½  m¤  Rk¤ p~Tf  m¤ 
 y mSvl¡SQ  m¤  yȈa m~ 
{Äy~m r¤|Ȉm v¦a\  v|~ ] 

    

43.  {ɰȏÏØɟ ÀɟɰÐɠ ØɟǴɠ× ÖȓǞ 
θÛǱθÛǫɟÙ× @{ĈÑȕB ¾ɭ 
Äɟŝʇ ¾ɨ }Ñ¾ɥ ÖɟɰÀ ÒØ 
ÁØ ÔɮÉɭ ÒØɡàɟ ÏɭÑɭ ¾ɥ 
ÞȓθÛÐɟ εÖÙÑɭ Åɟ Øßɡ ßɮ] 

TÄmv~ ^½n¡ v~zfv¡ 
R«~m u£o¡yv {f¡  @ 
T^o£ B   m¤  y mSvl¡SQ 
o£Ä  VoÇ½ m¡ tÄ^ pv _v 
r¥gŀ pv¡ ]S m¤j m¡ 
{¢ yn~  twj c~ v|¡ |¥ ]  

    

44.  ÐɨÑɠ Ñɭ ¾ǭɟÑɠ ÒɟØɡ ¿ɭÙɡ n¦o¡ oŀ \pk~o¡ p~v¡ ]¤h¡     

45.  {Þ¾ɭ ÔɟÏ ÞκÃÑ ÍʃÏȓÙ¾Ø 
ÈɡÖ ¾ɥ Ñɮ×ɟ ÒɟØ ÙÀɟÑɭ ¾ɭ 
εÙ¤ ÖɮÏɟÑ ÒØ z¤ Ùɭη¾Ñ 
Ûß yκÐ¾ ØÑ Ñßɡɰ ÔÑɟ 
Þ¾ɭ] 

T{m¤ r~Rm { ao 
k¿m¢w\v  f¡t m¡ r¤¬¡ 
p~v w^~Vj wU t¥m~o 
pv SX w¤ \o V| 
 cSm~ vj o|¾ rj~ {\¤ 
] 

    

46.  ØɟÅĦÎɟÑ ¾ɥ ÜȓȻzÍ ÔɭßÏ 
¿ØɟÔ Øßɡ ©Ø ¤¾ ÔɟØ 
ÏÔɟÛ Öʃ zÑɭ ¾ɭ ÔɟÏ 
}Þ¾ɭ ÞÕɠ ÔġÙɭÔɟÅ yÒÑɟ 
θÛ¾ɭÈ Óʃ¾¾Ø ÃÙÍɭ ÔÑɭ] 

v~c{l~o m¡ z¢v¢Sk 
r¤|Ȉm ©v~r v|¡ Rk¤ TȈ\ 
y~v mr~R  yȈa SVj  m¤ 
r~Rm V{m¤ {~v¤ rȈw¤r~c 
Spj~  y\¤f {¢Ȉf\¤ awm¤ 
rj¤ ] 

    

47.  θÛǱ ÔɮÊεÖɰÈÑ ÃʅθÒ×ÑεÜÒ 
¾ɨ Íɮ×ɟØ ÕɟØÍ May 08, 

06:45 pm 

{Ä{~v r¥h tÄfo 
aÀ pRo zp o£Ä   kSv 
s~vk May 08 ,  06 : 45 

pm 
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48.  ÖɨßÑ ÔɟÀɟÑ yÕɠ Í¾ 
¿ɟÍɟ Ñßɡɰ ¿ɨÙ Òɟ×ɟ ßɮ 
©Ø ŐȓÒ Öʃ ÞÔÞɭ ȑÑÃÙɭ 
ĦÎɟÑ ÒØ ßɮ] 

t¦|o r~^~o |¢j¤ kȈ\ ]~k~ 
o|¾ ]¦w p~TS |¥ |¦v 
^v¢p  yȈa {skÁ |¤gw¤ 
{l~o pv |¥ ] 

    

49.  Ïɨ ÀɨÙ Þɭ ÔïÍ ÔÑɟÑɭ ¾ɭ 
ÔɟÛÅȕÏ ÃɠÑ ¾ɭ ÞɟÎ 2-2 

Þɭ Śɟ ¿ɭÙÑɭ ¾ɭ ÔɟÏ ÕɟØÍ 
ÖɰÀÙÛɟØ ¾ɨ ¤εÜ×ɟ ¾Ò 
ßɟ¾ɥ Öʃ ÞɭÖɠÓɟ{ÑÙ ¾ɥ 
Ïɩî Þɭ ÔɟßØ ßɨ À×ɟ 
ȒÅÞÞɭ ζ¿ÍɟÔ ÔØ¾ØɟØ 
Ø¿Ñɭ ¾ɟ }Þ¾ɟ ćÛɟÔ Õɠ 
ÃȕØ ÃȕØ ßɨ À×ɟ] 

m¦ ^¦w o£Ä  y~n¤ rj~Vj  m¤ 
r~yc£m a¡o  m¤ o~w 2 - 2 
kÁ hv~ ]¤hj  m¤ r~Rm 
s~vk tÄ^wy~v o£Ä  X zS 
\p |~\¡  yȈa {¤t¡q~Tow 
m¡ m¦¬ kÁ r~|v |¦  ^S 
 c{m¤ o~w  ]k~r 
rv\v~v vȈ]j m~ V{m~ 
{¢Ȉpj~ y¡ a£v a£v |¦  ^S 
] 

    

50.  ÞɟÛxÅȑÑ¾ àɭŝ ¾ɭ 
z|ÊɠÔɠz| Ôʅ¾ Ñɭ Õɠ 
¤ÓÊɠ ÒØ Ĝ×ɟÅ ÏØʃ zÐɟ 
Þɭ ¤¾ ÓɥÞÏɡ Í¾ ÁÈɟ Ïɡ 
ßʅ] Ñ| ÏØʃ 21 Ö| Þɭ ÙɟÀȕ 
ßʇÀɠ] 

{~vyc o\ ]¤kv  m¤ 
SUh¡r¡SU rÀ\ oŀ y¡ 
Xqh¡ Ìk¤  ySc mv½ 
RȈn~ kÁ TȈ\ q¡{m¡ kȈ\ 
_f~  mȈk¡SQ |o ]  oy¾ 
mv½ 21 tU kÁ w~^£ |¦y¤^¡  
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Accuracy Test - Literature  

S.No. Hindi Sentence  Punjabi Sentence  0 1 2 3 

1.  yÀØ ÍȓÆɭ Ûß ÃɠÅ Ñ εÖÙɭ 
Íɨ ¿ÔØÏɟØ {ÐØ ȼ¿ Ñ 
¾ØÑɟ+ ÛÑɟx ÞȕÙɡ ÒØ ζ¿ɰÃÛɟ 
ÏȕɯÀɠ 

c¤\v k¥o£Ä  V| a¡c o|¾ 
 tw¤ k½ ]rvm~v Xnv v¢Ȉ] 
o|¾ \vj~ ,  yvo~ {£w¡ pv 
 ]Ȉay~ m£Ä^¡ 

    

2.  {Þ¾ɥ ÞȕÃÑɟ Ñɭ yáɟÑ 
ÔεÙ¾ɟ ¾ɨ Öȓɰß ËɟɰÒ ¾Ø ¤¾ 
¾ɨÑɭ Öʃ ȐÔÉɟ Ø¿ɟ ßɮ] 

T{m¡ {£ao~ oŀ R ^So 
r w\~ o£Ä  t¢Ä| i½p \v TȈ\ 
\¦oŀ  yȈa  rg~ vȈ ]S |¥ ]  

    

3.  ÞɰĘ×ɟ ¾ɟ ÞÖ× Îɟ, ȑÑÖxÙɟ 
ÄÍ ÒØ ÅɟÑ¾Ø y¾ɭÙɡ ÔɮÉɢ 
z¾ɟÜ ¾ɥ ©Ø ÍȗθÝÍ Ñɭŝʇ 
Þɭ Íɟ¾ Øßɡ Îɠ] 

z~t m~ {t½ {¡ ,   ovtw~ 
bȈk pv c~o\¤ T\Ȉw¡ r¥g¡ 
R\~z \¡k¡ |¦v kÅ zk 
oŀkv½ kÁ y¤] v|¡ {¡ ] 

    

4.  ȑÑÖxÙɟ- Ñɭ }ÏɟÞɠÑ ÕɟÛ Þɭ 
¾ßɟ-Íȕ Åɟ, Öʅ Ñ Åɟ~ɰÀɠ] 

 ovtw~ -  oŀ Vm~{¡o s~y 
o£Ä   \|~ - k£Ä c~ ,  tÀ o|¾ 
c~y½^¡ ] 

    

5.  ÔɟÀ Öʃ ÓȕÙ ζ¿Ùɭ ßȓ¤ Îɭ] 
ÖɠÉɢ-ÖɠÉɢ ÞȓÀęÐ z Øßɡ 
Îɠ] ÃɮÍ ¾ɥ ÜɠÍÙ ÖęÏ 
ÞÖɠØ ÃÙ Øßɡ Îɠ] 

r~^  yȈa q¢w  ]¬¤ |¦X {o 
]   tȈg¡ -  tȈg¡ {¢ Ä̂n S 
v|¡ {¡ ]  a¤k m¡ {¡kw 
tÄm {t¡v aȈw v|¡ {¡ ] 

    

6.  ×ß ¾ß¾Ø ¾ġ×ɟÌɠ ¾ÖØɭ ¾ɭ 
ÔɟßØ ȑÑ¾Ù À|] 

T| \ |\¤ \ wSj¡ \tv¤  
m¤ r~|v  o\w ^U ] 

    

7.  ÖȓɰÜɠÅɠ Íɨ ÕɨÅÑ ¾ØÑɭ À×ɭ 
©Ø ȑÑÖxÙɟ ǬɟØ ¾ɥ Ãɩ¿È 
ÒØ ¿îɠ ÞɨÃ Øßɡ Îɠ-
ÕÀÛɟÑ]  

t¢Äz¡c¡ k½ s¦co \vj ^X 
Rk¤  ovtw~ my~v m¡ 
a§]f pv ]¬¡ {¦a v|¡ {¡ 
- s^y~o ]   

    

8.  ÞɟÐȓ- ¾Õɠ z Åɟ~ɰÀɟ 
ÔċÃɟ, ÍȓĞßɟØɟ ÁØ ¾ßɟɰ ßɮ? 

{~n¢ -  \m¤ S c~y½^~ rȈa~ 
,  k¢|~h~ _v  \Ȉl¤ |¥ ? 
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9.  ¤¾ ȏÏÑ ȑÑÖxÙɟ Ñɭ εÞ×ɟØɟÖ 
¾ɨ Áɠ ÙɟÑɭ ¾ɭ εÙ¤ ÔɟÅɟØ 
ÕɭÅɟ] 

TȈ\  mo  ovtw~ oŀ 
 {Sv~t o£Ä  _¡  wSVj 
wU r~«~v s¤ cS ] 

    

10.  ÖɟÍɟ-ÆȕÉ Ñɭ ÔɨÙ! ÍȕÑɭ ÒɟɰÃ 
Þɩ ȻÒ×ɭ ¾ɭ ÑɨÈ Ñßɡɰ ÕɭÅɭ 
Îɭ? 

t~k~ - d£g oŀ r¦w !  k£Ä pÄc 
{§ v¢pX  m¤ ołf o|¾ s¤c¤ 
{o ?  

    

11.  Ć×ɟ ÖɭØɡ ÏÜɟ ¾ɨ ©Ø Õɠ 
ÏɟȻÌ ÔÑɟÑɟ ÃɟßÍɭ ßɨ? 

\¡ t¤v¡ |~wk o£Ä  |¦v y¡ 
m~v¢j rj~Vj~ a~|¢Äm¤ |¦ ?  

    

12.  }Þ ȏÏÑ Þɭ ȑÑÖxÙɟ ¾ɟ ØɰÀ-
ËɰÀ ÔÏÙÑɭ ÙÀɟ] 

V{  mo kÁ  ovtw~ m~ vÄ^ 
- iÄ^ rmwo w^~ ] 

    

13.  Ć×ɟ {ęßʃ ÞÃÖȓÃ ¾ɨ| 
ÕɠÝÌ ØɨÀ ßɨ Øßɟ ßɮ? 

\¡ ToÇ½ o£Ä  {at¢Ȉa \¦U 
s¡zo v¦^ |¦  v|~ |¥ ? 

    

14.  ȑÑÖxÙɟ- Íɨ Öʅ ÆȕÉ ¾ßÍɠ 
ßȕɰ? 

 ovtw~ -  k½ tÀ d£g \ |Äm¡ 
|½ ?  

    

15.  ÔɭÃɟØɭ Ùî¾ɭ ¾ɨ ÔɟØ-ÔɟØ 
Ïɩîɟ×ɟ ¾ØÍɠ ßɮ] ÞɩÍɭÙɡ Öɟɰ 
ßɮ Ñ! yÒÑɠ Öɟɰ ßɨ Íɨ ¾ȓÄ 
ć×ɟÙ Õɠ ¾Øɭ] 

r¤a~v¤ t¢Äh¤ o£Ä  y~v - y~v 
m§¬~TS \vm¡ |¥ ]  tkÅ¤U 
t½ |¥ o|¾ !  Spj¡ t½ |¦ k½ 
\¢Ȉd  ]Sw y¡ \v¤ ] 

    

16.  ÏɟÑÑɟÎ ¾ɨ ¥Þɠ }ǡÖ ĦÒɠÃ 
¾ɨ Ñ ÞȓÑÑɭ ¾ɟ yĕ×ɰÍ Üɨ¾ 
ßȓz] ÔɨÙɭð×ɟØ, Öʅ ÅɰÖ ¾ɟ 
yÕɟÀɟ ßȕɯ] Ć×ɟ yÔ ηÓØ 
¾ɨ| ģ×ɟć×ɟÑ Ñ ßɨÀɟ? 

m~oo~l o£Ä  R c|¡ Ìkt 
{p¡a o£Ä  o|¾ {¢jo  m~ 
R kRÄk {¦^ |¦TS ]  
r¦w¤ðu~v ,  tÀ cÄt m~ 
Rs~^~ |½ ]  \¡ |¢j  qv 
\¦U  y ]So o|¾ |¦y¤^~ ? 
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17.  ÏɟÑÑɟÎ Íɨ ×ß ÔɟÍÃɠÍ 
¾Ø¾ɭ yÒÑɭ Ö¾ɟÑ ¾ɨ ØÛɟÑɟ 
ßȓ¤ ©Ø yÖȗÍØɟ× }Þɠ yɯÐɭØɭ 
Öʃ, Ôîɠ ÏɭØ Í¾ ÃȓÒÃɟÒ ¿îɭ 
Øßɭ] 

m~oo~l k½ T| Ȉ̂wr~k 
\v\¤ Spj¤ t\~o o£Ä  vy~o~ 
|¦X Rk¤ R tÅk v~T V{¡ 
|oÇŀv¤  yȈa ,  yȈh¡ m¤v kȈ\ 
a¢pa~p ]¬¤ v|¤ ] 

    

18.  zÅ Õɠ, ÅÔ yÖȗÍØɟ× Ñɭ 
}ÞÞɭ yÒÑɭ {ØɟÏɭ ÅɟȏßØ 
η¾×ɭ ÍÔ }ÞɭÑ ÞċÃɭ ȏÏÙ Þɭ 
}Ñ¾ɨ ÞÖÆɟ¾Ø ~ɯÃ ÑɠÃ 
ÞȓÆɟ×ɟ] 

RȈc y¡ ,  cmÁ R tÅk v~T oŀ 
V{kÁ Spj¤ Tv~m¤ {~­ 
\¡k¤ kȈm V{¤o {Ȉa¤  mwÁ 
VoÇ½o£Ä  {Ȉtd~\¤ Êa o¡a 
{¢d~TS ] 

    

19.  ÙɟÙɟ ÔÏØɡŢÞɟÏ yÖȗÍØɟ× ¾ɭ 
ÔɟÒ ¾ɭ ÏɨĦÍʇ Öʃ Îɭ ©Ø 
yÀØ }ÑÞɭ yκÐ¾ ŢȑÍθǳÍ 
Ñ Îɭ Íɨ ÔßȓÍ ßɭÉɭ Õɠ Ñ Îɭ] 
ÏɨÑɨ Öʃ Ùî¾ɭ-Ùî¾ɥ ¾ɭ Ĝ×ɟß 
¾ɥ ÔɟÍÃɠÍ ÒĆ¾ɥ ßɨ À×ɠ 
Îɠ] 

w~w~ rmv¡pÅ{~m R tÅk 
v~T  m¤ r~p  m¤ m¦{k½  yȈa 
{o Rk¤ c¤\v VoÇ½ o£Ä  
 cSm~ TȈ«k y~w~ o|¾ 
{o k½ r|¢k |¤gŀ y¡ o|¾ 
{o ]  m¦oÇŅ  yȈa t¢Äh¤ - \¢¬¡  
m¤  yS| m¡ Ȉ̂wr~k pȈ\¡ |¦ 
^U {¡ ] 

    

20.  ÒȕÌɟx Ñɭ zÍɭ ßɡ ÞÔ ȒǶ×ʇ 
¾ɨ Ûßɦr Þɭ ßÈɟ ȏÏ×ɟ, ŢɭÖɟ 
¾ɨ {ŝ ÞȓÁɟ×ɟ ¾ɭÛÊɭ ©Ø 
ÀȓÙɟÔ ¾ɟ ÄɢɰÈɟ Öȓ¿ ÒØ 
ÖɟØɟ] ÐɠØɭ ÐɠØɭ }Þ¾ɭ ÍÙÛɭ 
ÞßÙɟ×ɭ, ÞÔ ζ¿îη¾×ɦr 
¿ȓÙÛɟ Ïɡɰ] 

m{t¾ oŀ SÉm¤ |¡ {s 
{kv¡SQ o£Ä  Ìl¤ o£Ä  |f~  mȈk~ 
,  pÅ¤t~ o£Ä  Tkv {¢_~TS 
\¤yh¤ Rk¤ ^¢w~r m~ b¾f~ 
t£Ä| pv t~ vS ]  |§w¡ - 
|§w¡ V{m¤ kwy¤ {|w~X ,  

{s  ]¬\¡SQ ]¢ȈwÇy~  mȈk¡ ] 

    




