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ABSTRACT

Language in any form is the fundamental requirement to communicate and interact
within the human society. In this globalization era, we interact with people from
different regions and linguistic backgrounds as per our interest in social, cultural,
economic, educational and professional domain. It is quite tough, rather impossible to
know all the languages. Thus we need a computerized approach to convert one natural
language to another as per the necessity. The implementation of machine translation
system for natural language such as Sanskrit is a very challenging task. Sanskrit
language has richness of morphological analysis, so we use morphological analysis to
identify noun, sarvnamm, verb, avyaya sentences. This research work creates Corpora
for Sanskrit to Hindi approach for translating well-structured Sanskrit sentences into
well-structured Hindi sentences. Machine translation in Sanskrit is an area of scope in
Natural Language Processing. This is the application of NLP which require both the
syntactic and semantic analysis at various levels. At the syntactic level, we develop
algorithms or uses POS tagger to predict part-of-speech tags for each word in a given
sentence as well as the various relationship between them. At the semantic level, we
work on problems such as noun-phrase extraction, tagging the noun-phrases that refer

to the same entity both within and across documents.

Keywords: Natural Language processing; Corpora, Tokenization, pattern matching,

suffix stripping, prefix stripping, stemming.
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CHAPTER 1
INTRODUCTION

1.1 OVERVIEW

Sanskrit since many thousands of years has been the original language of India.
The SANSKRIT linguistic is engraved in diverse parts of India in the characters which
are in use for the spoken dialects; but the alphabet which is regarded as most appropriate
to it, and from where which the local alphabets are derived, is that which is termed
Nagari or Devanagari, the alphabet of ‘the city,” or of ' the city of the gods,” being a
derivative from Nagara, ' a city,” compounded in the second form with Deva, ‘deus,’ *
a god.” It appears to have undergone various modifications from a period of remote
antiquity down to the seventh or eighth century, when the letters assumed the form in

which they now occur. Table 1.1 describe the basic information of Sanskrit language.

Table 1.1: Sanskrit Language Introduction

SANSKRIT
BASIS
42 characters
Alphabets
9
Number of Vowels
33

Number of Consonants

Three: Singular, Dual and Plural
Number

Mostly Subject-Object-Verb
Sentence Order

Tenses

Sanskrit is the base for most of the Indian Languages. Collection of texts of the written
and spoken words is known as Language Corpora, which is collected in an organized
way. Our corpora contains all the details of the Shabdhroop, Lakaar, Pronoun, and
Interrogative Words completely. Corpora also have good collection of verb and
common words. One set of shabdhroop words have been taken and manually evaluated,

1



and store into the database. The description of the Shabdhroop 31&RTed is shown in

table 1.2. Similarly we collect the information for all the Shabdh types including vowels

and consonants.

Table 1.2: 310 =8 1 [26]

HER= giazar
faufr TFEEE fea=w T
WErAT aTet: arelt TelT:
gl arers] areit areie]
et aTeist Ao e
Tt T ST T CICESIE
T Al drelld ST T EICESIE
L) arered Tl STEATATH,
oAl arel EICEIE dTely
wFaA arer arelt arelr
WATY eg: dleich, od, 7. YT TH

Similarly, we collect the information for all the categories of the shabdhroop, lakaar,
pronoun, interrogative words, verb and common words. For detailed description of each

of the category you can refer Appendix A.

Communication is one of the vital parts of mortal behaviour and is a decisive
element of our lives. In printed form it assists as an enduring record of familiarity from
one group to succeeding. In verbal procedure it assists as our key means of directing

our habitual behaviours with others.



NLP is the scientific study of natural languages and a field of computer science
which makes computer interact-able with the human beings. Natural language
processing was developed by a twenty years old psychologist student and an associate
professor of linguistics in 1970 at California University. Both are working together in
the field of Neuro linguistic programming. They found that there is a strong relationship
between neurological processes, languages and behaviour pattern. Natural language
processing is the sub area of an Artificial intelligence. Artificial intelligence is very
broad area. There are two main parts of NLP:

1. Natural Language Understanding: Mapping the given input in natural
language into useful representations.
2. Natural Language Generation: It is the procedure to convert the machine

language into human readable language.

1.2 NATURAL LANGUAGE PROCESSING

When any natural language is handled by computer is known as NLP. It is an ability of
a computer program to understand human speech as it is spoken. NLP have various
subfields for research like Question Answering, Text categorization, Text Mining, Spell
checking, Information retrieval, Information Extraction, Plagiarism detection,

Sentiment analysis, Web mining etc. [24].

1.3 STAGES OF NLP

There are various steps of natural language processing (NLP). NLP steps are
phonology, morphology, lexical analysis, syntax analysis, semantic analysis, discourse
and pragmatic analysis. All the stages are related to one another. The output of one step
is work as an input to the next step. Phonology deals with the concept of sound. When
we design synthesizer then phonology is the main concern. The stages of NLP are

shown in figure 1.1.
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Figure 1.1: Stages of NLP [27]




ii)

Vi)

vii)

Phonology: It is related to the sound. In this phase, the main task is to store the
sound by using different levels of pitch and sound is processed in such a way

that it is recognized by machine and store into the computer.

Morphology: Itis related to the words. In this steps we study about the different

kinds of the words of natural language.

Lexical Analysis: It is related to tokenization. In this step the words are divided
into prefix, root and suffix part. Dividing a word into two or more parts is called

sandhi witched.

Syntax: Syntax analysis are used to check the grammatical correctness of the
sentences. There are various techniques to check the correctness. The most
popular is parsing tree. Parsing tree parse the sentence and tag each word like

Noun, pronoun, verb, adjective, common noun etc.

Semantic: If any sentence is grammatical correct, it does not mean that it is
semantically right. The main goal of semantic analysis is to resolve the problem
of word ambiguity. So, semantic analysis identify the sense of the sentence and
then use the correct meaning of the word. This is called word sense

disambiguation.

Discourse: At discourse level we find the dependency among sentences of a
story. In this step, the main task is to replace the pronoun by the noun of the
previous sentences. So, for that we store the relations between sentences in the

form of relation table. For example:

TH IS 9sdr t | 9§ "1 Qrdl T | After discourse analysis, dg is

replaced by the noun 1.

Pragmatic: At the pragmatic level, grammatical rules are applied to the

sentence to generate a meaningful sentence.



1.4

i)

For example: I@: J&AHA. 9afd | the output of the above sentence after
syntax and semantic analysis is I@ & JEdS H 9SdT @ | after pragmatic

analysis output is T Y& TSaT ¢ |

AREAS IN NLP

Question Answering: In question answering application, the system is
implemented in such a way that it is able to answer human language questions.
The questions may be of any type. Sometime question answer could be one
word like what is your age. But sometime question may be of descriptive type
like describe yourself.

For example: IBM has developed the question answer application known as
IBM Watson.

Text Categorization: It is the task of assigning predefined categories to free-
text documents. It can provide conceptual views of document collections and

has important applications in the real world.

Sentiment Analysis: It is process to identify the sentiment from the text and
symbols. The text can be either structured or unstructured. The sentiments may
be like happy, very happy, disagree, strongly agree, uncertain, like, dislike etc.
For example: Suppose online review are given to movie then we can perform

sentiment analysis to determine the movie rating.

Information Retrieval: It is the concept of searching that is finding the most
related data for the users query. For example: Google, Bing, Yahoo Search
engines. When we search something on Google then he find the most relevant

information to our query.

Information extraction: Concept of meaningful information finding. For this
first we perform information retrieval. It includes the lexemes, grammar,

semantics and fact of languages.



Vi) Automatic summarization: Finding the crisp part of the story or any document
is called summarization. For example. We have a story of twenty lines then
automatic summarization application generates a headline of one line which

explain the story effectively.

vii)  Machine translation: Communication is the vital part of human lives and
language is the way of communication. By using language two or more persons
are interact with each other. So, Machine translation is the procedure to convert
one human readable language to another language by using computer. For ex:
Converting Hindi language story to English by using software is called Machine

Translation.

Application of NLP with which we are going to deal in our project is
discussed below:-
1.5 MACHINE TRANSLATION

Machine translation is the field of linguistic. Machine translation is abbreviated
as MT. It is a process to convert the speech or text from one language to another by
using computer. When we convert speech then MT systems are known as synthesiser.
Basically, Machine Translation performs the replacement of arguments from one
natural language to the arguments in another language, but replacement alone usually
cannot produce a proper translation of the text because the recognition of whole phrases
and their closet counterparts in the target or specified language is needed or necessary.
Solving this problem with wordnet and statistical techniques is the rapidly growing field
which leads to better translation, handling differences in the linguistic typology,

translation of the idioms, and the isolation of the anomalies [25].

The first set of proposals for computer-aided machine translation was presented
in 1949 by warren weaver, a researcher at the Rockefeller Foundation, “Translation

memorandum”.



1.5.1 Machine Translation Process

Machine translation is the dominant area of research in natural language processing.
Machine translation is the procedure to convert one human readable language to another
language by using computer. The Figure 1.2 shows all the phases involved in the

process of machine translation:-

Source text

V.

Reformatting

~

Morphological analysis

<

Transfer to internal representation of target

<

Semantic and syntactic generation

U

Reformatting

<

Post-editing

7

Target text

Figure 1.2: Steps of Machine Translation [217]

e Source Text

This is the first step of machine translation system. The input text is entered by
the user of the system. Before start processing to the source text, initial testing is
performed to check the correctness of the source language. The sentences are classified
according to the difficulty level. At the initial stage we try to find the relationship
between all the sentences. Because at discourse analysis, we need the relationship

information to replace the pronoun by the noun of the previous sentence. This is



possible only when we store the sentence relationships. Interpretation of sentences
could be done easily if we perform part of speech tagging. The source text is tokenized
into different parts: prefix, root and suffix part. Suffix part is used to identify the type
of word.

e Deformating and Reformatting

For making the machine translation process easier and qualitative, this step is
involved. The source language text may contain figures, flowcharts, and tables etc. that
do not require any type translation. So only that portion is identified which needs the
translation. Once the source text is translated into the target text is to be reformatted

after the post-editing.

e Pre-editing and Post editing

We can find the performance and an efficiency of any machine translation
system by the level of pre editing and post editing. For some systems segmentation is
required for dividing the long sentences into short sentences. Pre-editing involves the
fixing up punctuation marks and blocking material that does not require translation. For
making the quality of the translation up to the mark then post-editing is done. Post-
editing is unavoidable or necessary especially for translation of the crucial information
such as one for the health. Post-editing should continue till the MT systems reach the

human-like systems.

e Analysis, Transfer and Generation

Morphological analysis is used to study the internal structure of the word. In
morphological analysis we read the different components of a word. Syntax analysis
are used to check the grammatical correctness of the sentences. There are various
techniques to check the correctness. The most popular is parsing tree. Parsing tree parse
the sentence and tag each word like Noun, pronoun, verb, adjective, common noun etc.
Tagging can also be used to solve the problem of word disambiguation. Because some
of the word have many meaning. Semantic analysis is the study of meaning. It is mainly
used for word sense disambiguation. That is to resolve the problem of ambiguity. A
word may have many meanings, so which one is used. For that semantic analysis is

used.



e Morphological analysis and generation

Computational morphology deals with recognition and analysis of the words.
Some types of morphological process are: - inflections, derivations, affixes and
combining forms. Inflection is the most common and productive morphological process
across all the languages. Inflection do the alteration of the form of the word in number,
gender, mood, tense, aspect, person, etc. Morphological analyser gives information

regarding the morphological properties of the words that it analysis.

e Syntax Analysis and generation

Syntax analysis are used to check the grammatical correctness of the sentences.
There are various techniques to check the correctness. The most popular is parsing tree.
Parsing tree parse the sentence and tag each word like Noun, pronoun, verb, adjective,
common noun etc. Tagging can also be used to solve the problem of word

disambiguation. Because some of the word have many meaning.

e Grammar Formalism
It is the framework that explain the basic structure of all languages. Researchers

propose the following grammar formalisms:

> Phrase structure grammar
> Dependency grammar

> Case grammar

> Systematic grammar

> Montague grammar

e Parsing and Tagging
Tagging can be defined as the identification of the linguistics properties of the
individual words. Parsing can be defined as the assessment of functions of the words in

relation with each other.

¢ Semantic, Contextual analysis and generation
Semantic analysis includes the meaning representation and assigning them the
linguistic inputs. The semantic analyser basically uses lexicon and grammar for creating

context independent meanings. The source of knowledge consists of meanings

10



associated with grammatical structures, meaning of words, and knowledge about the

discourse context.

1.5.2 Applications of Machine translation

e Publishing quality translation, is developed by translations agencies and must be
used for legal purposes and marketing and specific translation such as software
localization. Publishing good quality translation is also used to provide the same
information in various languages. By using quality translation system the websites

can be work in a multi-linguistic way.

e Next generation translation, as available with translation enterprise, translation
websites and translation application programming interfaces has many applications
which has the ability to perform automatic email translation, open a website into

different languages and also perform translation of various documents.

e Enhanced machine translation, developed by translation pro. It can be used for
translation foreign documents. In can also be used for research purpose. Basically
pro tool can be used to enhance communications such a traveling reservation, to

manage your property abroad or simply communicate with any other domains.

1.6 BILINGUAL CORPORA CREATION

In this thesis work, we have described the methodologies that we have used in
creating a Bilingual corpora creation for Sanskrit language using NLP. The basic step
to create corpora is to collect the text data from the native user of the language. For the
collection of vocabulary we used primary school text book as well as daily use words
by the help of native speaker. For creating Sanskrit to Hindi corpora we used NLP
technique. The first task of NLP is to perform sandhi witched. The proposed technique

is implemented using Java.

The corpora creation for Indian languages was started in 1919 by the consortium of
various departments. By the effort of department of electronic and Govt. of India the
text data is available online for various languages first time. Every department has the

responsibility to create corpora for different languages. Sanskrit, Kannada, Malayalam,

11



Telugu and Tamil database is developed by the central institute of Indian languages,
Mysore.
Corpora contains a huge collection of knowledge rather than text data which makes the
natural language processing task so easy. This information is divided into two parts:

i Exact form of the collected data called representative knowledge.

ii. To add a descriptive information to the collected text.

To add a linguistic information to the text is also known as annotated corpus. The main
advantage of annotated corpus is that the structural information can be retrieved at
different level of language processing, which are the frequent requirement of the NLP

researchers.

1.7 INTRODUCTION TO JAVA

Java is an object oriented programming language developed by sun
microsystem in 1991. Initially it is known as oak and used to developed electronic
devices. Later, in 1995 it is renamed as Java. Java is simple, portable and multithreaded
language. Java is a platform independent language that is java application run on any
hardware and operating system where java is installed.

Java Program Execution Model:
The java is platform independent language because java used a special environment for
execution which is responsible to generate machine independent code known as Java

Run Time environment (JRE). Figure 1.3 show an execution model.

Java |:|'> Java Bvie Java Machine
= ) — Interpreter —)|  Code

Program compiler code

Figure 1.3: Conversion of Java Program to Machine Code

The java program is given to the compiler, which generates a .class file also known as

Byte-Code [28]. The byte code is also known as machine independent code, which is

12



run on any platform where java is installed. The .class file is read by java interpreter,

which is responsible to generate a machine code.

1.8 APPLICATION OF THE SYSTEM

The scope of the study is purely Natural language processing in Sanskrit
language. There is not much work done in Sanskrit language. So, we are working in the
field of Sanskrit language. We design corpora for Sanskrit to Hindi language using NLP
in such away that it is responsible for performing text-independent machine translation.
Our corpora will be considered as machine translation from Sanskrit to Hindi language.
NLP has various subfields like machine translation, sentiment analysis, automatic text
summarization etc. Here, we are dealing with the machine translation area of NLP in
which we are doing  our work of bilingual corpus creation.

Various applications of our system are as follows:

i In various institutions for Sanskrit teachers: Our system can be used by
teachers to teach Sanskrit language in efficient and effective way. This system
helps the students to learn Sanskrit grammatical rule quickly as well as teachers

to explain efficiently. It make teaching more interesting.

ii. For various writers: The story writers who write the story in Sanskrit language
and it is very difficult for them to publish the same story into Hindi. Our system

will also help the writers to perform translation from Sanskrit to Hindi.

iii. For awareness of Sanskrit language: In today’s era, we use English language
mostly, Sanskrit language losing its importance and scope. New generation lost
the basic knowledge of their mother language. So, this will increase the

popularity of Sanskrit and Hindi language among the people of India.

13



CHAPTER 2
LITERATURE SURVEY

2.1 INTRODUCTION

This chapter will survey the different types of research papers that are published in
the field of natural language processing and machine learning. So we will try to explain
various algorithms, approaches and technology that help us to finds the problem in

which field we are working.

2.2 LITERATURE SURVEY

Md. Khalilur Rhaman et al. [1] build a model Bangla to English (B2E) bilingual
translation using natural language processing. He used rule based approach to
implement B2E. For Bangla to English translation first he performed morphological
analysis for Bangla then he used rule based approach where he perform case analysis.
To construct an English sentence from Bangla he used SVO grammatical rules. System
perform B2E translation for Assertive-Affirmative, Negative and interrogative

sentences. It used the following architecture to perform translation.

Bangla Input English Text O/P
T 75
Morphological Analysis Sentence Construction
g i
Bangla Case Analysis ’Wurd.ma-pping
Z 73

Tagging English Case mapping

Figure 2.1: BTE process model [1]
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In this paper system only considered 60 verbs, lexicon contains 1460 nouns,
almost all pronouns, 650 adjectives and 19 prepositions. If any word is not found in
database then system would considered it as a proper noun. During morphological
analysis, it perform Sandi vichched on input text. It separate word in to two parts root
word and suffix. On the basis of that information, the system will search into the
corresponding entry in the database. He implemented Bangla to English translation by

using JAVA. He used DFA to generate English sentence.

Sangavi G et al. [2] presents a machine translation system for English to Tamil and
Tamil to English in 2016. Language is the way of communication and by using Machine
translation communication is performed between human and computer. There are
various available techniques for Machine translation. Some of them are Direct Machine
Translation, Corpora based Machine translation, rule-based machine translation and

statistical machine translation.

Sangavi G used statistical machine translation and the system is divided into
two parts: Training and testing. The translation system designed by Sangavi G is show
in Figure 2.2

Apply Statistics Tram MT
Parallel Corpus to test 1 System

Training

l

Output
Source Text ¢:ﬁ> Translator — (Targef)

Testing

Figure 2.2: Machine Translation System [2]
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The parallel corpora is designed to a particular domain and the training is started by
making the vocabulary list for both the languages English and Tamil. The corpora is

trained by using statistical machine translation technique.

Namrata Tapaswi et al. [3] describe a procedure for the construction of grammar for
Sanskrit language using Parts-of-speech tagging and morphemes. The main problem
with the construction of corpora is to understand the exact sense of the word. Because
some words have more than one meaning. This problem is called ambiguity. For solving
the problem of ambiguity there are two methods. The knowledge based and corpora
based. The knowledge based used predefined collection of lexicons while corpora
extract the information from the corpus to solve problem. Author also define the
advantages of annotated corpora. Annotated corpora can be used at discourse and
pragmatic analysis of natural language processing. By the help of annotated corpora we
can easily identify the category of different words like Noun, pronoun, verb and
adjective used in a sentence. There are mainly two types of taggers are used to tag
database. First one is rule based and second is statistical tagger. In rule based tagger,
first rules are designed and by using these rules the sentence is tag. In statistical tagger,
Hidden Markov model is used and the accuracy of HMM is 100%.

Shahnawaz et al. [4] performed conversion between Hindi and Urdu Language. He
explained various machine translation approaches namely, example based, statistical
based, corpus based, direct machine translation and hybrid approach. But he used direct
machine translation approach to perform conversion between Hindi and Urdu. A direct
machine translation start with giving the input text to the system. Then system perform
morphological analysis to the text. In morphological analysis, the internal structure of
the word is examined. For example, in word Unbelievable the morphological analysis
determines three things. The first is prefix (UN), root is belie and suffix is able. After
performing morphological, the tokenization process is applied and the stemmed words

are stored into the dictionary for machine translation.

Ved Kumar Gupta et al. [5] defined Machine Translation as a step by step process
which converts one natural language to other by using computer. Authors implemented
Sanskrit to English machine translation system by using rule based technique. They
also define various machine translation techniques like Corpora based machine

translation, example based, direct machine translation, statistical based and rule based

16



technique. They perform machine translation in three steps. In first step, they perform
tokenization, that is, the words are divided into root and suffix part. In second step they
compare suffix word to identify the type of the word. The word could be either noun,
pronoun, verb, adjective etc. and store the information into an index number. In final

step, the information is displayed according to the value of index number.

Farshad Kiyoumarsi et al. [6] compare summary generated manually to the
summaries generated by various automated tools. The manual summaries are finding
by the expertise of English languages. Automatic summaries are generated by tools and
tools implement two technology. First one is fuzzy methods and second is vector
approach. The best summaries are generated by fuzzy tool instead of vector approach.
Automatic text summarization is the sub field of natural language processing. There are
two methods for automatic text summarization. Summary based on abstraction and

summary based on extraction.

Sarita G. Rathod et al. [7] perform translation of sentences from English to Sanskrit.
The translation done by using various methods but they used only dictionary based
approach to translate simple English texts involving the need for tokenize, applying
grammar rule create parse tree into corresponding appropriate sentences in Sanskrit. It

has two modes Text to Text translator module and text to speech synthesizer module.

N. Murali et al. [8] perform analysis on kridantas for Sanskrit language. It is a novel
approach. They describe that Sanskrit words are divided into two categories: Declinable
and Indeclinable. A word that can be changed according to the cases are known as
declinable. Declinable includes noun, pronoun, verb and adverb. Indeclinable words
are called avyayas. In the word kridantas, kri is used for normalization. They use
tokenization process to identify the declinable words and design an avaya analyser tool
to identify indeclinable words.For example: raama: is divided as raam+a: and

lataabhyaam is tokenized as lat+aabhyaam.

Namrata Tapaswi et al. [9] define morphological and lexical analysis of the Sanskrit
Sentences. Sanskrit is a free ordering language (or syntax free language) and there is
no ambiguity in the form of the words order change. Both the phases are based on
Sandhi-Wichched (SW), so they design an algorithm for SW:
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Algorithm:
Step 1: Begin
Step 2: Receive a word for doing Sandhi-Wichched.

Step 3: Try iteratively breaking the word in two parts: root word and
suffix.

Step 4: End

Sarita G. Rathod et al. [10] implement machine translation system for English to
Sanskrit language by using the combination of various machine translation techniques.
Author used the combination of rule based and example based approach to implement
English to Sanskrit translator. The main module of the developed system are text input,
tokenization, spell checker, Parser, and RBMT and EBMT translator. The task of
tokenization is to generate lexemes, spell checker is the advantage of the system. Parser
is used to check the grammatical correctness of the system. RBMT and EBMT both use
previous modules to generate outputs. The main goal of machine translation software
is to convert text of one natural language to another human language by using computer.
The basic requirement to design a machine translation system is to design translation
algorithm, corpora and grammatical rules. The translation algorithm is implemented in

any programming language.

Nandini Sethi et al. [11] describes an approach for finding the central theme of the
story using NLP. The document is in English. The system takes English story as input
and produces the title after applying various approaches like frequency prioritization,
noun and adjective combination or idiom based title. System used Hidden Markov
Model (HMM) part of speech tagger to tag the complement English story. HMM tagger

is used at pragmatic analysis step.

Wei Yen Chong et al. [12] performed experiments on tweets sentimental analysis. This
examine is used to determine the sentiment based on subject that exists in tweets. For
performing sentimental analysis he used natural language processing approach. The

experiment consist mainly three steps, subjectivity, classification, semantic association,
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and polarity classification. It used part of speech tagger to identify noun, verb, adverb,
adjectives. At the initial step system perform pre-processing to convert unstructured

tweets into the structured format.

Damodar Magdum et al. [13] presents methodology for designing and creating Hindi
speech corpus. Speech corpus plays a very important role in text-to-speech applications.
The overall quality of speech to text conversion is totally depend on the size of the
corpus and quality of corpus. So, they use various steps to design Hindi corpus as shown
in Figure 2.3

Raw text data ::> Filtering — Recording

e ll

| Annotation Process Speech data

Speech Corpus

Fignre 2.3: Methodology for creating Hindi speech corpus [13]

First, they collect text data from various domain including financial, news, banking
sectors, government etc. along-with predefined dictionaries. The crawled text is filtered
for getting accuracy. Filtering includes various tasks like spelling mistakes, word
length, and validity of Hindi etc. The filtered words then analysed carefully and ensures
that the collected text is correct. Finally, the data is recorded by the native professional
and then recorded data is processed and annotated to generate the final speech corpus.

Pramod Salunkhe et al. [14] describes a hybrid machine translation approach for
English to Marathi known as hybrid translator. They perform statistical and rule base
approach for the input. The corpus contains information of various sources like
agriculture domain, tourism and medical. They also implemented Marathi wordnet to
increase dictionary and to incorporate better translation result. This system is currently

working for text documents but it can also be extended to speech and voice. They also
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compare their hybrid translator with Google translator that shows the better result from

Google translator.

Neeha Ashraf et al. [15] defines various machine translation techniques and their
comparative study. Communication is one of the vital parts of mortal behaviour and is
a decisive element of our lives. In printed form it assists as an enduring record of
familiarity from one group to succeeding. In verbal procedure it assists as our key
means of directing our habitual behaviours with others. Information presents in
different language and structure creates a barrier in information retrieval. Many times
government documents are presented in English language or any other document
published in some other foreign language where an untrained guy from Hindi linguistic
contextual discoveries trouble to recognize material. So, we need an automated
translation system which works in cross field material recovery. A lot of research work
has been done on paraphrase of English to Hindi, Tamil Bangla and various distant
languages. MT is challenging research area due to ambiguity, structural and lexical
mismatches. There are various machine translation techniques are used to present
automated translation. This research work presents a comparative study of various
machine translation approaches used for multilingual translation and creation of
execution framework for comparing machine translation techniques using open source

translation tools.

Sunita Chand [16] gives survey of Machine Translation Tools in 2016. She perform
comparative analysis on various machine translation tools available online and give a
result that there is no such machine translation tool available till now that performs
better result or same as human translation. The tools tested for this research as show in
table 2.1:
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Table 2.1: Comparison of Various Online MT Tools

Machine Translation Tool Technique Used
ANGLA-BHARTI-II Hybrid MT

ANUBAAD Rule based approach
GOOGLE Statistical machine translation
BING Statistical machine translation
IM Translator Statistical machine translation

Kanika, Ankur et al. [17] presents a review of English to Indian languages translator
Anusaaraka. It is a kind of language translator that translate English to any indian
language. They defined various machine translation tools Angla Bharti, Mantra, Shiva,
Shakti, Sampark, ANUSAARAKA. Mantra is a machine assited machine translation
tool developed by C-DAC and it is used by government of india to translate documents.
This tool is specific to some domains like agriculture, information technology and
health care. At the starting point, this tool convert only English to Hindi but now it is
capable to perform translation to various other indian languages. Angla Bharti uses
pattern based matching. This tool is based on context free grammar technology. The
source language English is converted into an intermediate code called Pseudo Linga for
indian languages (PLIL). This code is then converted into the destination language.
Shiva is a machine translation tool based on corpus based technique. Shakti used two
techniques rule based and corpus based to perform machine translation. Sampark is
developed by consortium of institutions 11T Hyderabad, IIT Kharagpur, CDAC and

many more. This tool perform conversion from Punjabi, Tamil, Telgu, Urdu to Hindi.
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Shaharban et al. [18] describe approach for pragmatic analysis of Malayalam
sentences. They mainly represents how Malayalam sentences are used in different
context or different situation. They perform pragmatic analysis on different steps.
Pragmatic analysis are also known as speech act analysis. This system contains different

modules:

1. Tokenization: In tokenization the given Malayalam sentences is divided into the
words.

2. Parts of speech tagging: In POS tagging, different words are labelled as Noun,
verb, pronoun, and adverb.

3. Classifier: It is responsible for performing sentence categorization. Sentences
started with This, that is classified as fact. Sentences classified as SVO.

4. Dynamic corpus: Initialize the Dynamic corpus with some valid examples.
When sentences are input to the system, if they are match with the existing
example then ok otherwise check the validity of the new sentence. If new

sentence is valid then stored it to the dynamic corpus.

B.N.V Narasimha Raju et al. [19] define a statistical machine translation system for
indian languages. This system consists of Language model, decoder and translation
model. Language model is used to calculate the probability of the target language
sentence and the probability of the source language sentence is computed by translation
model. The probability of the sentences can be computed by using n-gram. By using n-
gram probable model, it determines how words are continuous. The probability is
decomposed into different parts by using Markov chain rule. The methodology used by

this system is shown in figure 2.4.
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\/

Decoder

Translated Text

Figure 2.4: Statistical Translation Model [19]

Pooja Malik et al. [20] gives an improvement in BLEU metric for English-Hindi
machine translation system. The BLEU (Bi lingual evaluation understudy) metric is
developed by IBM used to evaluate the performance of the machine translation system.
The BLEU is based on the concept of n-gram. It compares machine translation result
with the human result. The main problem with the BLEU metric is the synonym
problem. It consider the synonyms as a different words that decrease the final score of
the above equation. For solving this problem they integrate synonym replacement

module in the improved BLEU metric as different module.

Pooja Alva et al. [21] described a hidden Markov model for Part of speech tagging in
word sense disambiguation. The process of identifying the different meaning of a word
in sentence is called as sense disambiguation. POS tagging is used to identify the type
a word in a given sentence. Type refers to either noun, pronoun, verb, adverb or
adjective. Hidden Markov model helps us to find the probability of the particular words
and is also used to predict the sequence of the words. For example, if we find an article

“An” then there are 45% chances that next word is a noun, 40% chances that next word

23



is an adjective and 20% chances that next word is a number. Hidden Markov model has

two main components:

1. Transition probabilities: We know that the main task of Markov model is to
assign grammatical categories to the word. Then there may be a chance that
we assign wrong category to a word and now the requirement is to change the
category. So, the transition of a category from one to another is called as
transition probabilities.

2. Emission probabilities: This matrix show the probability that a given word
can have a particular part of speech.

M. Rajani Shree et al. [32] defines a novel approach for sandhi witched. They perform
sandhi witched for kannada language at character level. They split each kannada word
into morphemes. After performing splitting they manually tag each word into root and
suffix. Implemented system perform tagging on to the split words. The tagged data
generated by system is compared by manually generated data. They provide sandhi
bound kannada word to the system as an input. Then consonants and vowels are
identified in the word and according to vowels and consonants a pattern is generated

that is splitting is performed.

Leena Jain, et al. [23] defines a Text independent root word identification in Hindi
language using natural language processing. They stem Hindi words and identify the
prefix, root and suffix words. They design a stemmer that reduced the word to its root
form that helps to perform various natural language processing tasks. They performed
test on inflected word list of 800 words, prefix list of 160 words, root list of 910 words
and suffix word list of 340 words. In this technique, pre-processing of text is required

at the time of stemming a word which improves its time complexity of giving responses
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CHAPTER 3
PRESENT WORK

3.1 PROBLEM FORMULATION

The scope of the study is purely Natural language processing and Machine
Translation. NLP field has various areas like: Machine translation, speech recognition,
automatic text summarization, Sentimental analysis, Text categorization. Machine
translation deals with converting the sentence from one language to another language.
Speech recognition is the process of converting the speech into the text. Automatic text
summarization generate the summary with important lines of a document. Sentimental
analysis identifies the sentiments from the given text like: sad, happy, satisfy, disagree.

Information extraction is the concept of meaning full information finding.

Here, we are dealing with the area of the natural language processing that is
machine translation. Translation in which we are doing our work of Bilingual

Translation and Corpora Creation.

The scope of Machine translation is also in the field in which we are working
for our research. This deals with both syntactic and semantic analysis at various levels.
At the syntactic level, Syntax analysis are used to check the grammatical correctness
of the sentences. There are various techniques to check the correctness. The most
popular is parsing tree. Parsing tree parse the sentence and tag each word like Noun,
pronoun, verb, adjective, common noun etc. Tagging can also be used to solve the
problem of word disambiguation. Because some of the word have many meaning. On
the semantic phase, we work on problems such as noun-phrase extraction, tagging
noun-phrases as person, organization location or common noun. Clustering noun-

phrases that refer to the same entity both within and across documents.

The story or novel writers who write story easily in Sanskrit language but it
becomes very difficult for them to write the story into Hindi language. So, it becomes
a major problem for writers to write the story into different languages. So, our system

will helps writers to convert the Sanskrit story into its equivalent Hindi.
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New generation does not have much more knowledge about Indian languages
like Hindi and Sanskrit. Indian histories, ved puranas are written in Hindi and Sanskrit.
So, that new generation does not read about Indian histories and ved puranas. So, this
system will help to increase the awareness about Indian languages among new
generation. System can also be used by college and school teachers to teach Sanskrit
language more efficient and effectively. Students can also use the software to learn

Sanskrit grammar easily and quickly.

3.2 OBJECTIVES OF THE STUDY

Objective is the collection of tasks that are incorporated into research work or any other
activity. The main objective of our research is the Bilingual Corpora creation of

Sanskrit language using NLP. Our research objective includes the following task:

l. Transliteration (From English to Sanskrit).

. Tokenization.

1. Corpora creation for Sanskrit to Hindi Language.
IV.  Testing of the system.

Obijectives are the requirements which the user can expect from the software, project or
from the research. Objectives are of two types: social objective which deal with the
objectives of the society that is in which way our system is beneficial for the society.
Technical objective is that which deal with the technical requirements of the user from

the project or the software.
3.2.1 Social Objectives

It is to design and build a software which will help the society in the following ways:-

I. It will very helpful for Sanskrit teachers to teach students the Sanskrit
language in efficient and effective way.
I1. It will help the users of Sanskrit Language for translating the Sanskrit story
into Hindi.
1. It will help the human being to learn the concepts of Sanskrit language that is

for those who will don’t know about this language.
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VI.

Not much work has been done for Sanskrit to Hindi translation, so this will
increase the popularity of Sanskrit to Hindi Translation among the people of
India.

The system user interface is very user friendly so any one can operate it and
will understand it.

The system can be used by the people for the purpose of getting knowledge
about the Sanskrit and Hindi language.

3.2.2 Technical Objectives

The technical objective of our research is to design and build software that will analyse,

understand, and generate languages that humans are naturally, so that eventually we

will be able to address our computer as though we were addressing another person. The

natural language is easiest for humans to understand, learn and use, but is hardest for a

computer to master. So, our technical objective is to provide training to machine in such

a way that it can work efficiently. By doing this, our machine can solve the problem

very efficiently with high speed and with high accuracy than human being. So, technical

objectives of our research are as follows:

VI.

Building and Designing User-friendly software.

It should provide results efficiently with high speed.

The result produce by the software must be accurate, this can be done only if
we train our machine properly with the language on which we are working.
It must consume less time in comparison with the human being.

The system will be highly reliable and efficient that it will be based on the
specified, accurate rules of grammar.

The system will also help them economically as this is one time investment

only.
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3.3 RESEARCH METHODOLOGY

3.3.1 Overview

The whole idea of this thesis work is based on NLP. The main concept is that, we collect
the raw text data of Sanskrit language and create corpora using NLP techniques.
Corpora is created in such a way that it is able to perform text-independent machine
translation of Sanskrit language to Hindi language. First, we perform sandhi-witched.
After performing sandhi-witched the word is divided into two parts root word and suffix
word. Suffix word is used to tag the words as Noun, Pronoun, Verb, Interrogative
words, Common Words. There are various approaches to perform machine translation
like Corpora based approach, Rule based approach, Statistical approach. But we used
text-independent hybrid machine translation approach. The system has mainly two

parts as shown in Figure 3.1.

Apply Hybrid Train MT
Parallel Corpus [— Text- 1 System
Independent -
approach
Training

1

Output
Source Text ¢::) Translator — (Target)

Testing

Figure 3.1: Bilingual Machine Translation System
1) Corpora creation: For the collection of vocabulary word we used the primary

school text book as source as well as daily life word which is understandable to all
native speakers. The word from primary text book found to be grammatically rich.
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2) Translator: The translator system is built on top of the model to translate Sanskrit
sentences into the equivalent Hindi Sentences. The translator work used text-

independent machine translation hybrid approach.

Here, we are dealing with the most important application area of NLP is machine
translation. The first challenge in implementing machine translation techniques is the
platform or the framework through which human can interact with the computer. NLP
techniques are used to generate Hindi sentences corresponding to Sanskrit sentences.
There are many challenges to provide communication between humans and computer.
Computers can understand only binary digits i.e., 0 and 1 but human can’t understand
binary language. So we require a database which store the huge data for processing of
human understandable words by computers.

The efficiency and performance of any intelligent application is totally based on the
size of the corpora. The machine translation of complex stories will purely depend on
the size of the database being used in the research work. Our corpora contains
approximately all the pronouns, interrogative words, Shabdhroop, lakaar and for
including the remaining words, our database is designed in such a way that it is able to

perform text-independent translation from Sanskrit to Hindi sentences.

Here, the main aim is to design “Sanskrit to Hindi” corpora and build software
that will analyse, understand and generate natural language that human will understand
easily, so that eventually we will be able to address our computer as though we were
addressing another person. This task is not so easy. “Understanding” Sanskrit language
means, knowing what concepts a Sanskrit word or the phrase stands for and then

knowing how we link those concepts together in a meaningful way.

Figure 3.2, describes the stepwise phases of methodology which is followed for our

research:
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Data Collection

i’

Data Analysis

i

Syntax Analysis

d

Semantic Analysis

U

Create Bilingual
Corpus

Bilingual
Sanskrit Corpus

Figure 3.2: Flowchart of Methodology Part-1

3.3.2 Data Collection

In this step, we collect the data in Sanskrit language i.e. Sanskrit word net which
includes Shabdh type, lakaar, noun, pronoun, verb, interrogative words, pronoun, and
some common words. The step-by-step process of collecting Sanskrit words is as

follows:

3.3.2.1 From Sanskrit Grammar Books: For collection of Shabdh type, lakaar, noun,
pronoun, verb, helping verb, pronoun, and interrogative words we studied grammar
rules related to Shabdh and lakaar type. After that we create a file of all these words in
Sanskrit which will helpful in further processing of sentence. We studied books of

various classes for finding the different kind of words.
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3.3.2.2 From Sanskrit Professor Tutor: We met Sanskrit professor for taking help in

understanding the meaning of different words. The professor help me to resolve the

problem of ambiguity that arrive at stemming steps. When we perform stemming (for

ex. paThati =paTh+ati related to lakaar) then the same suffix word is related to both

lakaar and Shabdh type, and also help me to understanding the meaning of different

words.

3.3.2.3 From Internet: we surf various sites to collect the Sanskrit words and

understand the meaning of them. Internet also help me to find the huge collection of

Shabdh and lakaar type. Our corpora contain almost all the Shabdh type and lakaar.

Now, we explain various types of collection that our corpora contains:

Collection of Shabdh type: In this step, we collect all the details related to
different kind of shabdhroop. There are two types of shabdhroop either vowels
or consonants. Every Shabdh type in Sanskrit have eight vibhakti and three
vachan type. On the basis of vibhakti all the shabdhroop are distinguishing
identifiable.

Collection of lakaar: In this step, we collect different types of lakaar details

from Sanskrit grammar books. There are mainly five types of lakaar; &€

(THTEA), Sl (31T=T), id, afasy, fAfS. Every lakaar has three purush types’

pratham purush, madhyam and uttam purush. For detailed description of the

lakaar refer Appendix A.

Collection of common words, pronoun and Interrogative words: In this step
we collect pronoun, interrogative words and different common words useful for
performing bilingual translation. For detailed description of the words refer

Appendix A.

Collection of Verb and Helping Verb: In this step, we collect the verb from
Sanskrit to Hindi language that are helpful for performing bilingual translation.
Our corpora will contain good collection of verb. For detailed description refer

Appendix A.
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3.3.3 Data Analysis

The main problem occurred during Natural language processing is ambiguity. So, in
this step we are dealing with ambiguity problem. First, we divide the story into
sentences and then finding the ambiguity in the words. Some words are treated as noun
and verb as well. So, these kinds of words are placed in both the files. Data analysis can

be done with the help to following steps:

3.3.3.1 Syntax Analysis

Syntax analysis are used to check the grammatical correctness of the sentences. There
are various techniques to check the correctness. The most popular is parsing tree.
Parsing tree parse the sentence and tag each word like Noun, pronoun, verb, adjective,
common noun etc. Tagging can also be used to solve the problem of word
disambiguation. Because some of the word have many meaning. In figure 3.3, it shows

the parsing of a simple Sanskrit sentence.

Sentence

Noun Phrase Verb Phrase

l l

NNP VP
- NN/ VP
l l
FEH i

Figure 3.3: The result of syntactic analysis of "' o= @sfi"
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3.3.3.2 Semantic Analysis

If any sentence is grammatical correct, it does not mean that it is semantically
right. The main goal of semantic analysis is to resolve the problem of word ambiguity.
So, semantic analysis identify the sense of the sentence and then use the correct
meaning of the word. This is called word sense disambiguation. So, semantic analysis

is the concept of meaning.
3.3.4 Create Bilingual Corpus:

After collecting the data and analysis, now we create bilingual corpus.
Basically, Corpora plays a key role to perform translation. Language translation is

totally depends on corpus. Figure 3.4 show the steps for creating Bilingual corpus.

Input Collected

Filtering Tokenization
Data :> :>

Record

Bilingual
Sanskrit

Figure 3.4: Bilingual Sanskrit Corpus Creation Flow

3.3.4.1 Input Collected Data: In this step, we input the collected and analysis data to
the system. So, that the process of corpora creation could be started. The quality of
corpus is directly-depends on the quality of collected text. For quality text collection
we have to cover all the frequent domain that are essential for day to day life

communication.

3.3.4.2 Filtering: Text is divided into sentences and each sentence is divided into words
and given as input to the Filter. Because raw text may contain any invalid words like

unrelated word, lengthy words and other language words. So it is necessary to filter all
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the unrelated words. If all the unrelated words are stored directly then there may be a

chance that system behave unrecognizable and the output must not be correct.

3.3.4.3 Tokenization: In this step, the word is divided into two parts, root and suffix
part, i.e. we perform sandhi-witched. The information of each word is stored on the
basis of suffix. Suffix plays a key role in our corpus and it is responsible for performing
text-independent machine translation and also it works as a tagger at semantic and
syntactic analysis. At, this stage we create a suffix table that store all the suffix part of
our data.

For example:

All the words are tokenized into root and suffix word. The suffix table work as a parent
table in our corpus.

I. TH: is divided into two parts TH and 3T:. TH is root word and 21: is suffix.
ii. oIdTt is divide into two parts @d and 31T . &d is root word and 31T is suffix

iii. JHTHAT is divided into two parts etc.

Tahble 3.1: Sandhi Witched

Actual Word Root Word Suffix
118: RES] .
oddl old HT
TTHTHTH a7 HATHEH
BE g 5
ey ik &
THT; T T
w3 7w @
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3.3.4.4 Record:

After performing tokenization, the next step is to save the data into the corpus. We
maintain separate files for pronoun, interrogative words, Shabdh, lakaar, verb and
common words. Recording of word and sentences is different. We analyzed that words

selected from sentences give more accurate result and make corpora more strong.

Figure 3.5, represents the various next phases of methodology. These steps includes

designing an interface, designing a transliteration algorithm and validate corpus.

Designing an Interface

!

Designing a
transhteration algorithm

L

Validate Corpus

Figure 1.5: Phages of Methodology-II

3.3.5 Interface Design:
In this step, we designed an interface through which a user can interact with our system.
The user interface is built by using some user interface control like buttons, Text area,
panel, label and Frame. The interface is user friendly, i.e. everyone can operate software
very easily. The implementation is done in java language. The below figure shows the
interface of our system.

Whatever we write in the text area 1, the corresponding Sanskrit will be

transliterated to the below to the text area 1.
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3.3.5.1 Input method:
In this system user can input the text into two ways:
I. User can type the text in English in text box 1 and the corresponding Sanskrit
will be transliterated in to the Sanskrit text area. For this process we use
English and Sanskrit Unicode, which make one to one mapping between
English alphabets to Sanskrit alphabets Unicode.

ii. User can directly paste the Sanskrit story into the Sanskrit related text area.

& Sanskrit To Hindi Translation -

Enter in English HELP Stemming

Figure 3.6: Interface of the System

3.3.5.2 Help Module:

This help window helps the user to write Sanskrit word correctly [23]. This window
will be more helpful for those who are not native Sanskrit speaker or the beginner of
Sanskrit. In this help window we display those words that are difficult for user to type.

It contains both vowels and consonants as show in below figure 3.7.
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= Help =

ka kha ga gha "Da
cha Chha ja jha Ta
Tha Da "Dha Na ta
tha da dha na pa
bha ma ya ra la
va sha Sha sa ha
kSha a aa i ee
u uu eaMx e pha
ai o au uuMx Mx
a. a: ba tra

3.3.6 Transliteration Algorithm:

Whatever you are writing in English in above interface in text area 1, the transliteration
algorithm will convert it into the corresponding Sanskrit language. This process is
known as language transliteration [29]. For this, we use Unicode of English and

Sanskrit language, which will make the one to one mapping between the English to

Sanskrit alphabets [31].
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$3515 E-EEIE ?I-EEI? UEEIE B:EEJE
HEEI-'-. GEEJE HEEIE g&&l:} HEEIE

EE-E:[F EE-EZE- 33-521 El!-E-EZE UT2-523

HE-EEL 2.‘I-E-EZE EJ,I-E-EZE E-TE-EZ? HE-EZE
H&EEE .q-EEE-'-. .':I-TEEEE a—EEEE E'TEEE}
3:I-E'LEEE a‘EEEF TEE3E IEEI[ HEE32
53-533 EE-E 34 33535 QTE-E3E .q-3-53?

-\q-E-EBE gE-EBE

Figure 3.8: Unicode

Algorithm: This algorithm is used for language transliteration. The text is converted
from English text to Sanskrit character by character. This is the most general algorithm

for language transliteration.

Transliteration (English [], Sanskrit [], textarea, textareal)
English [] is used to store English alphabets
Sanskrit [] is used to store Unicode numbers
Textarea contain English text written by user
Textareal contain Sanskrit text
t:= index number
For each (char c in textarea)
{ t:= find position of ¢ in English []

If(c is in English [])

Textareal=Sanskrit[t];
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3.3.7 Validate Corpora:

The final step is to validate the corpus. For validating our created corpus we use Natural
language processing steps like lexical analysis, syntax analysis and semantic analysis.
Discourse and pragmatic analysis are the future of research area.

Lexical Analysis
(Stemming)

AV

Syntax analysis

Output Text
(Hindi)

Input Text :> @ :>

(Sanskrit) Semantic

Figure 1.9: Processing steps to validate corpus

3.3.7.1 Lexical Analysis:
Lexical analysis is the concept of characters. The text is divided into tokens, tokens are
nothing but a sequence of word.

1. The text is entered into the textarea.

2. Space between two words are considered as completion of single word.

3. The symbols like “|”, “1”, “.” are considered as delimiter, denote the end of the

sentence.
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Algorithm:
The text entered in textarea 1 in user interface are stored in INTEXT. This algorithm
performs tokenization. That is the word is divided into two parts: root word and suffix.
The root word is stored in BASEWORD and suffix is stored into the SUFFIX.
Rules:

1. Vowel + Vowel=invalid

2. Consonant + Consonant=invalid
3. Consonant + Vowel =valid
4

. Vowel + Consonant= invalid

LexemeGeneration (INTEXT, BASEWORD, SUFFIX, WORD [])
INTEXT is used to store input story.

BASEWORD is used to store root word.

SUFFIX is used to store suffix part.

{

Split story into sentences by the help of delimiters.

The sentences is divided into words and all the words are stored in an array WORD

Ik
For each (word w in WORD [])

{
w is tokenized into root and suffix part by using above rules 1 to 4.
BASEWORD-=root

SUFFIX=suffix

}
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3.3.7.2 Syntax and Semantic Analysis:

Syntax analysis are used to check the grammatical correctness of the sentences. There
are various techniques to check the correctness. The most popular is parsing tree.
Parsing tree parse the sentence and tag each word like Noun, pronoun, verb, adjective,
common noun etc. Tagging can also be used to solve the problem of word

disambiguation. Because some of the word have many meaning.

If any sentence is grammatical correct, it does not mean that it is semantically
right. The main goal of semantic analysis is to resolve the problem of word ambiguity.
So, semantic analysis identify the sense of the sentence and then use the correct

meaning of the word. This is called word sense disambiguation.

Algorithm
Translation (Basew, NNP, PRN, VB, SUFFIX, NOUNSUF, CMNWORD,
VERBSUFFIX)
Translation algorithm will use stemming algorithm to find the root and suffix word.
NNP represents the noun, PRN denotes the pronoun and VB denotes the verb. Basew
IS used as temporary variable to store each word for processing.
{
Split story into sentences.
Call Stemming algorithm.
If Basew: =Empty && SUFF: = Empty then exit.
If Basew: = NNP && SUFF: = NOUNSUF then search the corpora to
find the valid details and store these values (Basew and SUFF) for
future use.
If Basew: = VB && SUFF: = VERBSUFFIX search the corporato find
the valid details and store these values (Basew and SUFF) for future
use.
If Basew: = PRN then print detail of the word and copy the index
position
¥
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CHAPTER 4
RESULTS AND DISCUSSIONS

This work will generate the corpora for Sanskrit to Hindi language translation.
For validating the corpus, we use NLP techniques. At syntax analysis we perform
grammatical validation and at semantic analysis we perform the word sense

disambiguation.

41 USER INTERFACE FOR VALIDATING BILINGUAL
CORPUS:

| 5| Sanskrit To Hindi Translation = B

Enter in English HELP Stemming

Figure 4.1: User Interface of System
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The outcome of this research is creation of corpora for Sanskrit to Hindi language. This
system can be used by novel writers, teachers and students to learn Sanskrit efficiently.
This system can also be used by government to convert our ved puranas written in

Sanskrit language to Hindi to increase the awareness of Indian history.

4.2 RESULTS:

There are various objective of our research. So, we discuss our all the objectives one
by one and at the end we provide the accuracy of the system. The list of objectives is
as follows:
1. Transliteration:
Whatever we are typing in the English in the user interface of the proposed system
the corresponding Sanskrit is transliterated in the text area. This is the first objective

of our system as shown in the figure 4.2.
| & Sanskrit To Hindi Translation - DR

Enter in English | STEM | | HELP | Stemming

raama: pustakam paThati | ramaa p 5

aThati | lataa pustakam paThati | ah
am raameia saha vidhayaalayam g
achchhaami | aham kalamena likha
ami | raamau paThata: | raamaa: pa
Thanti | raama: shyaama: cha paTha -
ta: | raama: shyaama: bharata: cha p
aThanti | raama: pustakam paThati |
ramaa paThati | lataa pustakam paT
hati | aham raameMa saha vidhayaal

TP NN NN TN TN DN I DT Y Y

¥

Epd TTET

TH: TEdEH Ta I | TAT T8 T | #1elT e d

TETH | 3EH TAT HE AT e 3 |

mmﬁﬁrﬁﬂaﬁlmm|mwﬁ‘rl
W ST =7 5 | T SOTH: W TS | -
TH: TEdEH Ta I | TAT T8 T | #1elT e d
TET | 3 THAT g Teeramerad T 39 | 1
mmﬁﬁrﬁﬂaﬁlmm|mwﬁ‘rl 1
W ST =7 5 | T SOTH: W TS | I

Figure 4.2: Transliteration from English to Sanskrit Language
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2. Stemming: Stemming is used to perform sandhi witched. It divides the word
into two parts: root and suffix parts. This system will perform sandhi witched
for all the Sanskrit words. The sandhi witched of Sanskrit paragraph is

performed by our system is show in figure 4.3.

| Sanskrit To Hindi Translation - O “

Enter in English | STEM | | HELP |

mi | aham kalamena likhaami | raamau | &
paThata: | raamaa: paThanti | raama: sh
yaama: cha paThata: | raama: shyaama:
bharata: cha paThanti | raama: pustaka

m paThati | ramaa paThati | lataa pustak
am paThati | aham raameMa sahavidha
yaalayam gachchhaami | aham kalame

na likhaami| raamau paThata: | raamaa

- paThanti | raama: shyaama: cha paTha

ta: | raama: shyaama: bharata: cha paTh

Stemming

T 3 TEAP A UE 3T | T 3T 0F A o] 3T
TEdd 3 1F 3 | GIEFWQWEEEIW
3 T HH | mmwﬁﬂaanm W
aﬁwaﬁrl T 3T T 3w |111¢arersmm
a{:uqarrr:l II'I{GF:Q?JTFH{:HH'{?[GF:%:
ST | T 3 [RAG A 0G A | T AT

3 | 7 T EAT 3 0T I | AT T T
 TERTery 3 =g JMH | A P T
GEELCIREE R CAR E e
TH 3 T 3 TG T | T 3 $070 3

anti | uf T 3 T A

e

T [EAHH T3 | T TSI | T e 1aid |
A AT F TR Te A | HEH Bede
TRt | Tt TS | T UE e | T S

T | TTH: STTH: HEe: = Tieel | TH: [eddd Tai
| THT T | 7T &R AT | 3EH T 9
TERITeTa TR 3T | 3 Terie (e | TH
TZ: | TAT: U5 | T0: S3TH: F 054 | TH: S
I T 05T |

Figure 4.3: Sandhi Witched of Sanskrit

3. Bilingual Corpora verification of different words: Our corpora contains a
large collection of vocabulary. Vocabulary contains all the details about
Shabdhroop and lakaar data. Corpora also contains good collection of Verb, it
cover approximately all the details about pronoun and interrogative words.

Now, we show one by different words recognize by our system correctly.
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4 Sanskrit To Hindi Translation - B :
EnterinEnglish | STEM | | e || | Stemming
| , N
] raama: pustakam paThati | ramaap - T 3 TEA ﬂ%"'ﬁ' GERLE L) ~
i aThati | lataa pustakam paThati | ah %”35' - ﬁ'ﬁ_ﬁ ﬁ‘r@{ mﬁjﬂgﬁ g
: am raamera sahavidhayaalayam g aﬁl'aﬁaﬁw\wl Ircral?rr{u'aaﬁg?r:rl Irﬁ
i achchhaami | aham kalamena likha % u:rs'arrrl ﬁama T
ami| raamau paThata: | raamaa: pa T waﬁrxl Wa:gﬁﬁwwaﬁl
Thanti | raama: shyaama: cha paTha ufarruf:ﬂﬁrl Eﬁiﬁwamﬁﬁiﬁl
ta: | raama: shyaama: bharata: cha p a@ﬁ IﬂTﬁWE{ RT3 TR 31T |
1 aThanti | raama; pustakam paThati | 3@5 wﬁwwﬁﬂaﬂﬁrl\w\aﬁﬁﬁl
ramaa paThati | lataa pustakam paT T AT 3T TR T ST TR AT J
hati | ahaT rffmew? sEhawl'idlhayaal S T 3 4TW 3 T WA A 0 A | 3
H"l':"-ﬁ ST
W TEAHH T51T | TAT TET | A [eadq apf: o
TET | 3EH THT FE Ty e | ST T g
W ToA (el | T UE: | AT TR | et -
TH: STH: = & | TH: ST HL: F 05w | T T
T, JEAFA 0BT | TAT 781 | 71T Jerdi > —_
TR | AW WA A T T | § i
EH Ford= TerEIe | T TET: | TAT: T8 | vy k!
TH: W = T&: | TH: SUTH: HL: o Toiee | ' g

Figure 4.4: Description of the word IGECHE]

It is clearly visible in figure 4.4 that there are four textarea. Whatever we are writing in
the textarea 1, the corresponding Sanskrit is reflected to the below of the textarea 1.
There are two buttons Help and Stem. When we clicked on Help, a help window is
displayed that provides information related to transliteration. When we clicked on the
Stem button then tokenization is performed. That is the words are divided into two
parts: root and suffix part. Finally, when we clicked on the Sanskrit word, then their
corresponding Hindi translation is displayed in the textarea 4 and the clicked word is

visible in red colour.

For more results refer Appendix B.
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4.3 TESTING OF THE SYSTEM

The implemented system was tested for different vocabulary of Sanskrit language and
the corresponding Hindi details is displayed. The results acquired were good for
Sanskrit corpora. The obtained results are cross verified by using Sanskrit teachers and
text book of U.P. State Board. Now, we show the comparison between the actual result

and the result obtained by our tool.

. Accurate - Considerable . Not Relevant

Table 4.1: Result Analysis

S. No. | Sanskrit word | Actual Detalil Generated By Tool
1 TH: e Thdds]

ICEIGE i

3 o

Uqsg, YHFR 3

forr g it
2 HISTTH CEOE Uhdde]

ICEIGE i

3 Hr

Uqsg, YHR 3

forT ghR Agfeeier
3 AT aIe: Uehdde]

ICEIGE i

3 A/ Ar/EH GRT

Uqsg, YHR 3

ferr g qfeerear
4 aAfey e Jgade]

ICEGE vii

3y 3T AR

sl Yo $

foter vy fEfaer
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3 dg
UASE, YPR T

forer g gieerw

ddod: Tehdde]
ICEIGE [

3 o

G THER 3T

forer gy Fefeiat

3 ag arr

37 T
fefer g aAgfeetear

CEGH Uchdde]
ICEIGE iii

Y Q/F TU/FH gRT
Ueg PR A

forT gk AYfeeledr

CECE Thade]
ICEIGE v

I T 9UH
eGP A

forT geR AYfeeledT

q&Y JUH
aaeT Tehadlel
Y arg
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In the above table, we had shown the results of some sanskrit words with their actual
and the tool generated description. In which the orange colored description are exactly
matched with the orignal titles which are already present with the word. The green color
indicates that the description are relevant according to the survey of various vocabulary.
Green colored descripton are relevant and correct according to the validation of various
sanskrit professional tutors and grammatical rules. The red colored description are
somewhat not relevant, but only some of the descriptions are red colored which are
generated by our system. Our system will generate description of the sanskrit.The
results generated by the system are satisfactory according to various Sanskrit tutors and
Sanskrit language students. Our system is approximately generating the correct
description. According to testing of the system 90% of the descripton are accurate and

relevant.
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CHAPTER 5
CONCLUSION AND FUTURE SCOPE

The main task of this thesis is to provide the bilingual corpora information from

Sanskrit to Hindi language. The collected data works well as we shows the results.

5.1 Conclusion

This research work presents different algorithms to create bilingual corpora. The
algorithms are designed in such a way that they make text-independent translation. In
this proposed system, Bilingual Corpora creation for Sanskrit language is created using
NLP. This system can be used by scholars, technical writers, students and teachers. The
quality of the translation is depend on the size of corpora. Corpora will include verbs,
pronouns, interrogative words, lakaar etc. It will be an educational device for the
students. They can learn the basics of the Sanskrit language quickly. By using this tool
faculties can explain each word very easily and also helps to increasing learnability. It

promotes the more research in the field of Sanskrit language.

5.2 Future Scope

This research work can further be extended to perform discourse and pragmatic analysis
to the Sanskrit story. This work can also be extended to perform text independent
machine translation from Sanskrit to Hindi. It can also be used in the field of automatic

title generation and story summarization.

The techniques used here for designing corpora for Sanskrit to Hindi language can also
be used for other language like Tamil, Telugu, and Kannada etc. It can be the basis for

any machine translation application.
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APPENDIX A

A.1 Corpora Description

During Sanskrit corpora creation we collect the information of all types of Sanskrit
words including Shabdh type, lakaar, verb, common words, pronoun, interrogative
words and connective words. On the basis of this collected information we able to
maintain our corpora in such a way that it is able to perform text-independent machine

translation. The sample of the collected Sanskrit information is shown in below tables.

Table A.1: GO Tl
TAAT FTA
TUHATEY fafd Had: Al
HAETATET AR HaY e
STHIIE: CGHIE A HaTH

Tahble A.2: ATAT

=T
TUAGEY Fag HAA#H Hde
AR | W T s
STHAYS: Farfey A HATH
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Table A.3: T@TEr

fafer
megE | A0 s A
LR SLE HaH
Table A.4: cehTe
ST
3Fad IHAA, 3FT
HETAYEY 3T FaaH 3s1ad
HHTH Faa HHATH
Table A.5: STESIchle
wiasacwTer
stfawafe S AT el
AETAHT STaIE LTI LR
ATasaTA CL L HATISOTH:
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Table A.6: Common Words

eg: aref ICE;
ST TS gieasan
S IEIr RO TEferwar
i ki gz
AT HIsT gfcersaT
FEH it ATt
31T R Farfersar
Table A.7: Pronoun

aree: et fors

i3 ag gieergaT
3 g gieesaT
5H EIRiES gfeersa
SHT: I Td Eiferger
ar ag Eifers?
at dg &l gfeersar
d d ad gfcersa
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Table A.8: Interrogative Words

Ireg: aret fors

el & AgfeergaT
& Hia gieersan
Al Hiet gl gicersaT
T ahial Ferfergar
& @i glaT Ferforsar
e Gl GRICED
FHIfet HleT Fa g foersar

Tahble A.2: Verbs

EIEEIEE
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APPENDIX B

B.1 Results of Bilingual Corpora verification

We test our system approximately for all the words that corpora contain. The results
generated by our tool is satisfactory which are validated by Sanskrit textbook and

Sanskrit teachers. Below figures shows the detailed result of the words that our corpora

contain.

Sanskrit To Hindi Translation

Enter in English L STEM J

l HELP J

raama: pustakam paThati | ramaa paT

hati | l1ataa pustakam paThati | ahamra
ameMa sahavidhayaalayam gachchha
ami | aham kalamena likhaami | raama
LI paThata: | raamaa; paThanti | raama:
shyaama: cha paThata: | raama: shyaa
ma: bharata: cha paThanti | raama: pus
takam paThati | ramaa paThati | lataa p
ustakam paThati | aham raamenia sah
avidhayaalayam gachchhaami | aham

lemlomsmmmem e Lilekb o omoammi | oemmmm s oo Theomdm |

¥

Stemming

?marwamwaﬁ| AT F 30

kSl Al
arsrnﬁfarrﬁ?n mmﬁﬁr@'
3T TI'H'EfT‘IETC-‘rH'I TH 3T TE Hived | T
T AW 3 HEGH:I mraraﬂmrar =
R 3F: T A | T 3 [EA 3 0 A |
T AT UE ATl | 7 AT [EAP 39 T8 AT |
mwwaﬁr TererTery 3 =g T |
mmmﬁ*@a{ﬁ| TI'FSTWEGIT-TI
T 3T T el | mrarermar TE 3 |
mraramrar Erm‘rrar g 3T |

h

i

o

¥

HEpd
TH: T WEIe | THT W1 | F1T [ Tai |
3@? aaﬁwmmwarﬁn AEH TR

3@ | T U5 : | WAL UETw | TH: ST
LETE |wmmawﬁrlwgﬁw
TET | THT Ta T | 7T wﬁna@v
ﬂgﬁwmwar%mwﬁ?ﬁﬂﬁ|
T TET: | AT TE e | T SO = 08 | I
ST 9L I TS Tea |

TATEAT
EEEE LEEEL
CEiE iii
o i AR g
AT, I +: a

Figure B.1: Description of the Word JHT
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Sanskrit To Hindi Translation -

[ £
Enter in English | sTEM | | HEP | Stemming
Y

raama: pustakam paThati | ramaa paT L‘:\ Wa:Wquga.ﬁ. T T
hati | lataa pustakam paThati | ahamra %t = w;g Tl 3ﬁ5 I\ RS e
ameia saha vidhayaalayam gachchha G S SRR
ami | aham kalamena likhaami | raama STET | T 3 W T | T S T e | T

Thata: baThant - 3= STH 3 WE AT | TH 3 SR 3 =
uhpa ata: |hraam_?r?.tp§| anti | _raz;ma. VT 3 T ST | 2 2 TEAE 2 T AT |
= y_aama.c:_a pa aa.lr_aama.s_yaa T AT TG T | A AT qEAT A TG AT |
ma: bharata: c_:ha paThanti | ra_ama. pus 3FH T T HE ﬁmmwml
takam paThati | ramaa paThati | lataa p 2EW T U P AT | W A T 2|
ustakam paThati | aham raameMa sah T 2T T AT | T AT ST A T A | 7,
avidhayaal;yam g;_au:hu:hhaami | aham v A 3 ST 3 = W 3 TE AT | (v

HEFAT EATEIT
IH: TEAH T8 | TAT TS Te | AT Qe 0aid | 3 oe-T
SMEH TTATT HE T Teer 38 | EH HeraT aTee UHTE T
TR | T T&: | ITHT: UST=d | TH: ST =7 e BT T
TS | TH: ST W Tereg] | T Jeaw aTg e S
BT | TAT TETE | AT TR ST | HEH TH 2 e
HE TEr e, T 3ATH | (g H Bera TerEna | WE'_ T
THT TE: | ITAT: U&= | T SUATH: = 05 | T e.mf-. ﬁ% -
FTH: ¥WEd: = T&Td | : i
Figure B.2: Description of the Word gofed
|| Sanskrit To Hindi Translation = =

Enter in English [ STEM J [ HELP J

raama: pustakam paThati | ramaa paTh |"‘
ati | lataa pustakam paThati | aham raa
meMa sahavidhayaalayam gachchhaa

mi | aham kalamena likhaami | raamau
paThata: | raamaa: paThanti | raama: sh
yaama: cha paThata: | raama: shyaama:
bharata: cha paThanti | raama: pustaka

m paThati | ramaa paThati | lataa pustak
am paThati | aham raameMa sahavidha

b4

yaalayam gachchhaami | aham kalame

Li Lk 1 T s |

Stemming

A 3 e A 0 Aol | TH 3T | w37 &

GET S G AT | IR I T HE
TErrTeT 3 =g 31T | 3, Ferd, 1=

T 2T | T 3T U 2re: | T A T A

| I 30 ST SO 3 g 3 | T 3 SO

A =T T A% g e | W A eI 3

U AT | T AT g 3T | w37 [Ead 3

U AT | IEH T O HE Tereerd 36

Tr=eF AT | 3EH, Herd U Teid 31 | I

ST UE 3 | T ST UE ST | WA A

STTH 3: U7 3T | T 3 GOH 3 T 75 |y

HEPHd TATEAT
T EAEH TS | THT U | 7147 [enis]| Ta 1 | = LEEEE
SEH TTHIT Hg T TeT o T=e 317 | 3EH TeTa= TR ii b
TeTETT® | THAT TS | ITAT: USTee | TH: S3TH: =1 2 T
U5 | TH: ST HEd: = U5 T | TH: TEaH TaT T
| THT T | FT Q& U5 T | SEH TAT dg %TWWI{: frrgﬁm
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Figure B.3: Description of the Word ¥




& Sanskrit To Hindi Translation = U

Enterinfnglish | STEM | | WELP || | temming
raama: pustakam paThati | ramaa paT |‘ ?marg'ﬁiﬁamwaﬁl AT A 3 |l
hati | lataa pustakam paThati | ahamra A %t AT 'anagq mwﬁ ﬁﬂa
ameMa saha vidhayaalayam gachchha | mﬁ?ﬁl Lmﬁ;qm m
ami| aham kalamena likhaami | raama . mar q_ﬁﬁ | mar S:ITrJTar: T K
U paThata: | raamaa: paThanti | raama: T Eaﬁrﬂl mﬂ:mmwaﬁl
shyaama: cha paThata: | raama: shyaa TFrﬂarrms'ﬂaﬁl E?iﬁgﬁiﬁﬁmﬁﬁiﬁl
ma: bharata: cha paThanti | raama: pus 3@% mimm'g mﬁwml
takam paThati | ramaa paThati | lataa p 5‘"'3'” Wﬁ?\ﬁﬁ’@\mlﬁﬂﬂaﬁﬁaﬁl
ustakam paThati | aham raameNa sah AT ITE AT | AT SN 05 37|
avidhayaalayam gachchhaami | aham |'r Iﬁiarmar T War q’{aﬁfl . |1r
'GiTﬁ[J_rr TATET
mgﬁwm|mwﬁ|.wwﬁ| e T
A THT AT TR AT | A5 B T P
ﬁﬂaﬁ|mm|mq§w§nmma af 3
U&e: | ¥TH: ST Hid: = | 914
wﬁnmwﬁnwa%mwwﬁnw gﬁ: %ﬁm
T, TTer O =g 3T | A ot o | ' T o
T TS | T ST | T S T A | T
ST A T TE |

Figure B.4: Description of the Word eTdT
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Enter in English STEM HELP Stemming

raama: pustakam khaadati | ramaa paThati | lat Wa{ﬂﬁ"ﬁamﬁﬁaﬁl LELFERTRCE

aa pustakam paThati | aham raameNa saha vid KADE] '3“”?34%” HEH WWE&' ﬁw

hayaalayam gachchhaami| aham kalamena lik amwanﬁ mﬂgwwﬁﬁaﬁl m;afr
haami | raamau paThata: | raamaa: paThanti | r q’a:arrr | TR AT i L]

aama: shyaama: cha paThata; | raama; shyaam 3| T 3720 3 T e 3 g 3|
4 bharata: cha paThanti |

gd

. e [ | T T | AT e i |
SIFH TR A, TTerTerd T 3H | HEH et
TR | T 5 | TR TRy | 2T ST = 05 |
TH: STH: ¥ = U8 Tl |

Figure B.5: Description of the Word LCIAT

61



PUBLICATIONS

LIST OF PUBLISHED PAPER

[1] Nandini Sethi, Prateek Agrawal and Anuj Kumar (2016) “Automated Title

Generation in English Language Using NLP”, International Journal of Control Theory
and Applications, Volume 9-No.11, pp. 5159-5168.

62



