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Abstract

Machine Translation is an important part of Natlwahguage Processing. It refers to
using machine to convert one natural language tthan Statistical Machine
Translation is a part of Machine Translation thirives to use machine learning
paradigm towards translating text. Statistical Mae Translation consists of
Language Model (LM), Translation Model (TM) and dder.

In this thesis, English to Hindi Statistical Machifranslation system has been
developed. The development of Language Model, Taioa Model and decoder is
done by making use of software’s available in Limmwvironment. SR International’s
Language Model (SRILM) for Language Model, GIZA+rdamkcls for Translation
Model, Moses for decoding, has been used in thatesy.

LM computes the probability of target language seoés. TM calculates the
probability of target sentences given the sourcgesee and the decoder maximizes
the probability of translated text of target langeia

A parallel corpus of 5000 sentences in English ldmdli has been used in training of
the system. The system was evaluated using manusdbagion method and a
geometric average score of 2.693, 2.93 on the paemof fluency and adequacy

respectively, were found.
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Chapter 1

Introduction

The technology is reaching new heights, right froomception of ideas up to the
practical implementation. It is important, that afemphasis is put to remove the
language divide which causes communication gap gmaifferent sections of
societies. Natural Language Processing (NLP) idigié that strives to fill this gap.
Machine Translation (MT) mainly deals with transf@tion of one language to
another. Coming to the MT scenarios in India, i lemormous scope due to many
regional languages of India. It is pertinent thajonity of the population in India are
fluent in regional languages such as Hindi, Pungbi[9]. Given such a scenario,

MT can be used to provide an interface of regidenaguage.

1.1 Machine Translation

Machine Translation (MT) is a sub-field of compudagl linguistics that investigates

the use of computer software to translate texfpeesh from one natural language to
another [24]. At its basic level, MT performs simmubstitution of words in one

natural language for words in another. Current nmeclranslation software often

allows for customization by domain or professionuc{s as weather reports),

improving output by limiting the scope of allowaldabstitutions. This technique is
particularly effective in domains where formal @rrhulaic language is used. It

follows that machine translation of government deglal documents more readily

produces usable output than conversation or lesslatdized text [24].

1.1.1 Need for MT

Machine Translation system are needed to transtatary works which from any
language into native languages. The literary warkfdd to the MT system and
translation is done. Such MT systems can breakahguage barriers by making
available work rich sources of literature availaldigpeople across the world.



MT also overcomes the technological barriers. Mdghe information available is in
English which is understood by only 3% of the pagioh [14]. This has let to digital
divide in which only small section of society camderstand the content presented in
digital format. MT can help in this regard to ovame the digital divide.

1.1.2 Problems in MT

There are several structural and stylistic diffeemnamong languages, which make

automatic translation a difficult task. Some ofshéssues are as follows.

Word order

Word order in languages differs. Some classificattan be done by naming the
typical order of subject (S), verb (V) and obje@)(in a sentence [23]. Some
languages have word orders as SOV. The target dgegmay have a different word
order. In such cases, word to word translatiogiffecult [15]. For example, English

language has SVO and Hindi language has SOV sengtnture.

Word sense
The same word may have different senses when Ibeinglated to another language.

The selection of right word specific to the conteximportant [15].

Pronoun Resolution
The problem of not resolving the pronominal refeemis important for machine

translation. Unresolved references can lead toriacbtranslation [15].

ldioms
An idiomatic expression may convey a different niegnthat what is evident from
its words. For example, an idiom in English languagck of all trades’ would not

convey the intend meaning when translated into Harjuage [15].

Ambiguity

In computational linguistics, Word Sense disambiguma(\WSD) is an open problem
of natural language processing, which governs thegss of identifying which sense
of a word (i.e. meaning) is used in a sentencenwhe word has multiple meanings
[15].



1.1.3 Types of Machine Translation Systems

The following are four types of Machine Translat(®fT) systems:
MT for Watcher (MT-W)

MT for watchers is intended for readers who warttedjain access to some information
written in foreign language who are also prepaeddcept possible bad ‘rough’ translation
rather than nothing. This was the type of MT enyézhby the pioneers. This came in with the

need to translate military technological documéngs.

MT for revisers (MT-R)

MT for revisers aims at producing raw translatiamoanatically with a quality
comparable to that of the first drafts producedhbynan. The translation output can
be considered only as brush-up so that the prafeskiranslator can be freed from

that boring and time consuming task [26].

MT for translators (MT-T)

MT for translator’'s aims at helping human trangiatdo their job by providing on-
line dictionaries, thesaurus and translation memohys type of machine translation
system is usually incorporated into the translatnrk stations and the PC based

translation tools [26].

MT for Authors (MT-A)

MT for authors aims at authors wanting to haverthexts translated into one or
several languages and accepting to write underaoot the system or to help the
system disambiguate the utterance so that satsfjattanslation can be obtained

without any revision [26].
1.1.4 Approaches to MT

There are four approaches to Machine Translatibes& are discussed as follows.



* Rule-based MT

A Rule-based MT system parses the source text andupes an intermediate

representation, which may be a parse tree or sbsteaat representation [15].

» Direct-based MT

A direct-based MT system carries out word-by-waeshslation with the help of a

bilingual dictionary, usually followed by some sgatic rearrangement [15].

» Corpus-based MT

Corpus based MT systems require sentence-alignatigddext for each language

pair. The corpus based approach is further cladsifto statistical and example-

based machine translation approaches [15].

* Knowledge-based MT

Early MT systems are characterized by the syntaméahtic features are attached
to the syntactic structures and semantic processaugirs only after syntactic

processing. Semantic-based approaches to langnagesia have been introduced
by Al researchers. The approached require a langavledge-base that includes

both ontological and lexical knowledge [15].

The Statistical Machine Translation (SMT) is part @rpus based Machine
Translation. SMT requires less human effort to wtadke translation. SMT is a
machine translation paradigm where translations gererated on the basis of
statistical models. These statistical models patars@re derived from the analysis of
bilingual text corpora. In this thesis, proposedjlish to Hindi Statistical Machine
Translation system has been presented. The tremmslsystem has three modules:
Language Model, Translation model, and Decoder. Eanguage Model, SR
International’s Language Model toolkit (SRILM) ised to develop Language Model
for Hindi. Hindi is the target language for the teys. To develop Translation Model,
open source GIZA++ software is used. To performodaw, open source Moses

software is used.
1.2 Organization of thesis

This thesis is organized into six chapters. Chaptdiscusses the review of literature
on Statistical Machine Translation. Chapter 3 dises the details about problem



statement along with the gap analysis. Chapter téildeof system design and
implementation of the proposed English to HinditiStewal Machine Translation
system. The result and discussion, on the bagiseoimplementation of the proposed
system, has been discussed in Chapter 5. The sorcland future scope, of the

system which has been developed, is discussedapt&h6.



Chapter 2

Literature Review

In this thesis, English to Hindi SMT system is deped. The literature review, for

this work is discussed in next sections.

2.1 MT approaches

MT systems can be classified according to the mdanswvhich they perform
translation. A classification of MT approaches igeg in Figure 2.1 [14]. The MT
systems can also be classified according to usaditional or modern technology.

Machine translation
approaches

Direct
Translation

Rule-Based
Translation

Corpus-Based
Translation

Knowledge-Based
Translation

Transfer-Based
Translation

Interlingua
Translation

Statistical
Translation

Example-Based

Translation

Figure 2.1: Machine Translation approaches [15]

2.1.1 Direct MT
Direct MT form of MT is the most basic one. It tsedetes the individual words in a
sentence from one language to another using a tayoédictionary. It makes use of
very simple grammar rules [25]. These systems ased upon the principle that as
MT system should do as little work as possibleeBtitMT systems take a monolithic
approach towards developmein,, they consider all the details of one language pai
Direct MT has following characteristics:

» Little analysis of source language

* No parsing

» Reliance on large two-way dictionary



The general procedure for direct translation systean be summarized as shown in
Figure 2.2. The direct MT system starts with mofppical analysis. Morphological
analysis removes morphological inflections from wds to get the root word from
the source language words. The next step in didcsystem is bilingual dictionary
lookup. A bilingual dictionary is looked up to gdéhe target-language words
corresponding to the source-language words. Thestap in direct MT system is
syntactic rearrangement. In syntactic rearrangentie@tword order is changed to that
which best matches the word order of the targejuage [15].

SL text TL text

Bilingual
dictionary
lookup

SL words TL words

Syntactic
rearrangement

Morphological
analysis

SL-TL
dictionary

Figure 2.2: Direct Machine Translation [15]
Direct Machine Translation works well with languagehich have same default
sentence structure.
Advantages of Direct MT
The Direct MT systems have below mentioned advastag
* Translation is usually comprehended by the readkbrliktle effort [25].
Disadvantage of Direct MT
The Direct MT systems have following disadvantages.
» Direct MT involves only lexical analysis. It doestrconsider structure and
relationships between words.
» Direct MT systems are developed for a specific legge pair and cannot be
adapted for different language pairs.
» Direct MT systems can be quite expensive, for rindfual scenarios [15].

* Some of the source text meaning can be lost itrémslation [25].



2.1.2 Rule-based MT

In rule-based systems, the source text is parsddaanntermediate representation is
produced. The target language text is generatenl fine intermediate representation.
These systems rely on the specification of rules mfmrphology, syntax, lexical
selection and transfer, semantic analysis and gaoer{14].

» Transfer based MT

In this translation system, a database of tramsiatiles is used to translate text from
source to target language. Whenever a sentencéesaboe of the rules, or examples,
it is translated directly using a dictionary. Itegofrom the source language to a
morphological and syntactic analysis to produceod sf Interlingua on the base
forms of the source language, from this it tramsdt to the base forms of the target
language and from there a better translation isentadcreate the final step in the
translation [25]. The steps which are performedsaenvn in Figure 2.3.

Analysis Transfer Generation

el

AAA—OCOO®—@CO — B

Source language Target language
Source Language intermediate intermediate Target language
representation representation

Figure 2.3: Description of Transfer-Based Machinanslation [25]
The major modules in transfer based MT is as fadlow
Analysis: Analysis phase is used to produce soaroguage structure [15].
Transfer: Transfer phase is used to transfer sdargrage representation to a target
level representation [15].
Generation: Generation phase is used to genengjet tithnguage text using target
level structure [15].
Advantages of Transfer-Based MT
Transfer-based approach has following advantages.
» It has a modular structure.
* The system easily handles ambiguities that cargr é®om one language to
another [15].



Disadvantage of Transfer-Based MT
Transfer-based MT systems have following disad\geda

* Some of the source text meaning can be lost itrémslation [15].
* Interlingua Machine Translation
Inter is a sub version of Direct Machine Translatio The Interlingua Machine
Translation converts words into a universal languthgt is created for the MT simply
to translate it to more than one language. FigutesBows how different languages A,

B, C, D can be translated through this system.

A B

gy

C 1D

Figure 2.4: Interlingua language system [26]

Advantages of Interlingua Machine Translation
Interlingua MT systems have below mentioned adgega
* It gives a meaning-based representation and camsée in applications like
information retrieval.
* An Interlingua system has to resolve all the amitiiggi so that translation to
any language can take place from the Interlingpeesentation.
* The system is more practical when several languageso be interpreted
since it only needs to translate it from the solargyuage. Figure 2.5 shows
how language A can be translated into several lagpesi[26].

» For specific domains, Interlingua approach candszlisuccessfully [25].



B
A — Interlingua =) C

\D

Figure 2.5: Multilingual MT system with Interlingusoproach [25]

Disadvantage of Interlingua Machine Translation
Interlingua MT systems have following disadvantages
* Time efficiency of this system is lower than thedat Machine Translation
system [25].
 Major problem lies in defining a universal abstrainterlingua)
representation which preserves the meaning of iz1ses
» Defining a vocabulary for a universal Interlingusa axtremely difficult as
different languages conceptualize the world inedldéht ways.
e There may be many concepts in a language or culinech lack
representation in another language [15].
2.1.3 Corpus Based Machine Translation
This is considered as a new approach of the eranémhine translation. The corpus
based systems are classified into statistical aathple-based Machine Translation.
» Statistical Machine Translation (SMT)
The general idea in SMT system is that the traissliawill be from the most likely
translated word. The system consists of threereiffemodels. The Language Model
(LM) computes the probability of the target langedd’ as probabilityP(T). The
Translation Model (TM), helps to compute the coiogial probability of target
sentences given the source senteR¢&|S).Decoder maximizes the product of LM
and TM probabilities. The basic sketch of SMT siyste shown in Figure 2.6.

10



Language Model T | Translation Model | S

P(T) - P(S|T)
S_ Decoder T,

Figure 2.6: Statistical MT [15]
» Example based Machine Translation
Example based systems use previous translationg&arto generate translations for
an input provided. When an input sentence is ptedeto the system, it retrieves a
similar source sentence from the example-base tanlanslation. The system then

adapts the example translation to generate thsl&i@on of the input sentence.

A AN A
QOOOHD

Figure 2.7: Translation Template of a phrase in dhfierent languages [15]

Translation templatesre a bilingual pair of sentences or phrases whenels are
coupled and replaced by variables. The goal isaeeHarge corpus to be able to
directly translate word after word in a sentencgeblzon theéranslation templat¢15].
Figure 2.7 shows thieanslation templatesf a phrase in two different languages.
Differences between Example-based MT and statidti@sed MT systems is given in
Table 2.1

Table 2.1: Difference between example and staaiskitT

Example-based MT Statistical-based MT

Example-based MT systems use varieBtatistical-based MT uses purely
of linguistic resources such astatistical based methods in aligning the
dictionaries and thesausic.,to translate words and generation of texts.
text.

11



Number MT techniques are being combined to undertednslation. There is still a

lot of research being done to couple a number ofdyl§tems. There are some hybrid
systems which are being proposed. One such systei@eneration-Heavy MT

(GHMT) [14].

2.1.4 Knowledge-based MT

Early MT systems are characterized by the use ofagy There was little semantic
analysis. The synthesis and analysis is restrigtedarly MT systems to sentence
level. Semantic-based approaches to language @ndigse been introduced Al

researchers. The approaches require a large kngaletase that includes both

ontological and lexical knowledge [15].

2.2 Statistical Machine Translation

The SMT system is based on the view that everyesentin a language has a possible
translation in another language. A sentence caftramslated from one language to
another in many possible ways. Statistical trarmlaadpproaches take the view that
every sentence in the target language is a possdislation of the input sentences

[14]. Figure 2.8 gives the outline of Statisticahshine Translation system.

Language Model

Translation Model

Decoder

Figure 2.8: Outline Statistical Machine Translatsystem
2.2.1 Language Model
A language model gives the probability of a sendefitie probability is computed
usingn-grammodel. Language Model can be considered as conmuuiaitthe
probability of single word given all of the wordsat precede it in a sentence [25].
The goal of Statistical Machine Translation is stireate the probability (likelihood)

12



of a sentence. A sentence is decomposed into tltipir of conditional probability.
By using chain rule, this is made possible as shiovhl. The probability of sentence
P (S), is broken down as the probability of induatlwords P(w).

P(s) = P(w, Wy, Wa,....., W)

=P(w) P(Wowi) P(Ws|wiw2) P (Wg|wiwzws). .. P(Wh|WiWa. . Wh.1)) .. (2.1)

In order to calculate sentence probability, itaguired to calculate the probability of
a word, given the sequence of word preceding itnAgrammodel simplifies the task

by approximating the probability of a word givehtlk previous words.

An n-gram of size 1 is referred to asigigran size 2 is digram(or, less commonly,
a digram); size 3 is drigram; size 4 is aour-gram and size 5 or more is simply

called an-gram
Consider the following training set of data givarFigure 2.9:

There was a King
He was a strong King.
King ruled most parts of the world.

Figure 2.9: Training set of data for LM
Probabilities for bigram model are as shown below:
P(there/<s>) = 0.67 P(was/there) = 0.4 P(king/a)l.6 P(a/<s>)=0.30 ... (2.2)

P(was/he) = 1.0 P(a/was) = 0.5 P(strong/a) = kihBlstrong)=0.23 .. (2.3)
P(ruled/he) = 1.0 P(most/rules) = 1.0 P(the/of)& 1 AP
P(world/the) =0.30 P(ruled|king)=0.30 .. (2.5)

The probability of a sentence: ‘A strong king rulie@ world’, can be computed as

follows:

P(a/<s>)* P(strong/a)* P(king|strong)*P(ruled|kitig{the/ruled)*P(world|the)
=0.30*0.2*0.23*0.30*0.28*.0.30

=0.00071 .. (2.6)

13



2.2.2 Translation Model

The Translation Model helps to compute the condéioprobability P(T|S) It is
trained from parallel corpus of target-source paits no corpus is large enough to
allow the computation translation model probalaitat sentence level, so the process
is broken down into smaller units,g, words or phrases and their probabilities learnt
[14]. The target translation of source sentenddasight of as being generated from
source word by word. For example, using the natafild'S) to represent an input
sentences and its translatiof. Using this notation, sentence is translated asngin
2.7.

(kutta bageche mae sooya | dog sletemgarden)
@1 9y & AT | dog slept in the garden) .. (2.7)

One possible alignment for the pair of sentencaeshearepresented as given in 2.8:

(ST I F I | dog(l) slept(4) in(3) the(3) garden(2)) .. (2.8)

A number of alignments are possible. For simplicityord by word alignment of
translation model is considered. The above setigfraent is denoted a&(S, T) If
length of target i$ and that of source s than there arém different alignments are
possible and all connection for each target pasitice equally likely, therefore order
of words in T and S does not affdet(T|S)and likelihood of(T|S) can be defined in
terms of the conditional probabili®y (T, a/S)s shown in 2.9:

P(S|T)= sumP(S, a/T) .. (2.9)

The sum is over the elements of alignmentA&$, T).English word has only exactly

one connection. For the alignment,

P& i # |7 | dog slept in the garden), can be computed by multiplying the
translation probabilities FaT |dog(1)), T¢#Ma | garden(6)), Wlin(4)), T(null|

the(5)), and T | slept(2)).

14



To generate target sentence from source senterediawe to follow the steps as
given below:

). Select the length o6 with probability L where L=P[length (S)ym] is a
constant.e. All lengths are assumed to be equally likely witblgability L.

i). Select an alignment with probabiliti?(a|S) There are (I+I) possible
alignments [23]. Assuming all possible alignmente aqually likely, the
probability of alignment &(a|S) is as shown in 2.10

P(a|S) = L x1/(1+1} (2.10)

iii).  Select thgth English word with a probability

The joint likelihood of Hindi string and an alignntegiven an English string isgiven
in2.11

P(S, a/T) = P@/T)*P (S/a, T) .. (2.11)
T is the probability of seein§ in source sentence, givasin target sentence. The
alignment is determined by specifying the values; @ir j from 1 tom, each of which
can take value from O to I
2.2.3 Decoder
This phase of SMT maximizes the probability of slated text. The words are chosen
which have maximum like hood of being the transldtanslation [7].
Search for sentence T is performed that maxinf#zgS|T) i.e.

Pr (S, T) =argmax P (T) P (S|T) ..(2.12)
Here problem is the infinite space to be searchidw use of stacked search is
suggested, in which we maintain a list of partigranent hypothesis [7]. Search
starts with null hypothesis, which means that #rget sentence is obtained from a

sequence of source words that we do not know. \Mesent this entry sequence as

(aT ST A @R |*), where * is a place holder for an unknown sequesfce

source words. As the search proceeds, it extenmie®im the list by adding one or
more additional words to its hypothesis. For exanpktend initial entry to one or

more of the following entries:

(T 3T H AT | dog slept (2))

The search terminates when there is a completamaégt in the list that is more
promising than any of the incomplete alignments.
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2.3 Tools used for implementation of SMT System
Various tools are available for the developmen$tatistical Machine Translation. A
SMT system for a pair of languages can be develdpedsing the combination of

these tools. Figure 2.10, shows some open sountetttat are available to use.

CMU-Statistical Machine
Translation Toolkit

Language

Modeling SRILM
GIZA++

Translation .

. MGIZA

Modeling
Moses

Decoding ISI ReWrite Decoder
pharach

Figure 2.10: Statistical Machine Translation Tools
2.3.1 Language Model (LM) tools

There are many LM tools which are available. Theydiscussed as follows.

The CMU Statistical Language Modeling (SLM) Toolkit

The Carnegie Mellon University (CMU) Statisticalriguage Modeling Toolkit is a
set of UNIX software tools designed to facilitateanguage Modeling work for
research purposes. It was written by Roni Rosenéid released in 1994 [26].
SRILM

SRILM is a toolkit for building and applying stdisal Language Models (LMSs)
developed by SRI Speech Technology and Researcbrataby. It has been under
development since 1995 [1]. SRILM is freely avaiéafor download.
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2.3.2 Translation Model Tools

There are many TM tools which are available to sedufor SMT systems. They are
discussed as follows.

GlIZA++

GIZA++ is a tool developed by Franz Josef Och. adn extension of GIZA

developed by the Statistical Machine Translatianteduring the summer workshop
in 1999 at the center for Language and Speech 8&sige at Johns-Hopkins
University. This tool implements different modeisel HMM and also perform word

alignment [5]. GIZA++ is freely available for dovaad.

MGIZA

MGIZA++ is a multi-threaded word alignment tool bdson GIZA++. It extends

GIZA++ in multiple ways. It provides the concept miulti-threading, and memory
optimization. It can resume training from any stagied continue training from any

stage. MGIZA is freely available for download [5].
2.3.3 Decoder Tools

There are many different tools for the decodinggstaf SMT system. They are
discussed as follows.

Moses

Moses is a Statistical Machine Translation systewetbped by Hieu Hoang and
Philipp Koehn at the University of Edinburgh thdibas the automatic training of
translation models for any language pair. All thetrequired is a collection of
translated texts (parallel corpus). Moses workhv8RILM to develop Language
Model, and GIZA++ to develop Translation Model [1R]oses is freely available for
download.

ISI ReWrite Decoder

ISI ReWrite Decoder is software that is used tofgger decoding (searching) in
development of Statistical Machine Translation eys. It works with CMU-
Statistical Language Modeling toolkit and GIZA++ peerform translations from
Source Language to Target Language [26]. It fregBilable for download and use at
the link shown in 2.13:

http://www.isi.edu/publications/licensed-sw/rewsttecoder/ .. (2.13)
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Pharaoh

Pharaoh is a Machine Translation decoder develbydehilipp Koehn as part of his
PhD thesis at the University of Southern Califorarad the Information Sciences
Institute to aid research in Statistical Machin@en&lation. The decoder works with
the SRI Language Modeling Toolkit. It can be obgaifirom link shown in 2.14
http://www.isi.edu/licensed-sw/pharaoh/ (2.14)

2.4 Existing MT Systems

There are following MT systems that have been dgpesdl for various natural
language pair.

Systran

Systran is a rule based Machine Translation Syskmeloped by the company named
Systran. It was founded by Dr. Peter Toma in 1968ffers translation in about 35
languages. It provides technology for Yahoo! Bdlish and it was used by Google
till 2007 [14].

Google Translate

Google Translate is service provided by Google tmd¢ranslate a section of text, or a
webpage, into another language. The service lithiés number of paragraphs, or
range of technical terms, that will be translat&éf]] Google translate is based on
Statistical Machine Translation approach. It camstate text, documents, web pages
etc

Bing Translator

Bing Translator is a service provided by Microsefhich was previously known as
Live Search Translator and Windows Live Translatoris based on Statistical
Machine Translation approach.

Four bilingual views are available:

* Side by side
* Top and bottom
* Original with hover translation

 Translation with hover original
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Hindi to Punjabi Machine Translation System

This is a Machine Translation system which traeslagentence in Hindi to Punjabi.
This system is based in Direct Translation apprdaéhp It is developed by Punjabi
University, Patiala. It can translate text file, weages from Punjabi to Hindi. It is
available to use at link shown in 2.15:

http://h2p.learnpunjabi.org .. (2.15)

METAL

METAL is a translation system initiated in the laeventies by Siemens-Nixdorf,
with the University of Texas [15]. It uses the ceptof a controlled language to
achieve high quality translation in various teclhidomains. It produces indicative
translation for general texts, which needs to b&t-pdited for style. METAL is now
called LANT-MARK, and marketed by LANT, a Belgianrapany. More information

is available at link shown in 2.16:

http://www.lant.be/ ... (2.16)

2.5 Machine Translation Projects in India

India has 18 constitutional languages, which argtew in 10 scripts. Hindi is the
official language of the country and English is ehdused in the media, commerce,
science and technology and education. Many of thees have their own regional
languages, which can be either Hindi or one of dtieer constitutional languages.
Only about 5% of the population speaks English.r&he big market for translation
between English and various Indian languages, whask is currently preformed
manually. Two specific examples of high volume narttanslation are - translation
of news from English into local languages, tramgtatof annual reports of
government departments and public sector units gmienglish, Hindi and the local
language [14]. Various Machine Translation projeeisted to Indian languages are
shown below.

Anglabharat (and Anubharati)

Anglabharti performs the Machine Translation fromgksh to Indian languages, used
mostly for Hindi and uses rule-based transfer apgnofor translation. The system
handles ambiguity/complexity by post-editing—in €asf ambiguity, the system
retains all possible ambiguous constructs, andisiee has to select the correct choices

using a post-editing window to get the correct station. This project is primarily
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based at lITKanpur, in collaboration with ER&DClpida, and has been funded by
TDIL[15].

Anubharti is a recent project at IIT-Kanpur. It ss&xample Based Machine
Translation for dealing with translation from Hirtdi English [15].

Anusaaraka

Anusaarka uses the principles of Paninian GramrR&) (and exploits the close
similarity of Indian languages. It maps local wanups between source and target
languages. To deal with the differences in langsaipe system introduces extra
notation to preserve the information of the sodarguage. The project originated at
IIT Kanpur, and later shifted mainly to the Cenfar Applied Linguistics and
Translation Studies (CALTS), Department of Humasitiand Social Sciences,
University of Hyderabad. It was funded by TDIL [15]

MaTra

It is @ Human-Assisted translation project for Estglto Indian languages, currently
Hindi, essentially based on a transfer approacte 3ystem uses rule-bases and
heuristics to resolve ambiguities to the extentsfiids — for example, a rule-base is
used to map English prepositions into Hindi postpwss [12]. This system is meant
for translators, editors and content providers.r€nity, it works for simple sentences,
and work is going on to extend the coverage to dexpentences. This system is
mainly used in domain of news, annual reports @otirtical phrases, and has been
funded by TDIL.

Mantra

The Mantra project is based on the TAG formalisamfrUniversity of Pennsylvania.
A sub-language English-Hindi MT system has beeneldped for the domain of
gazette notifications pertaining to government appeents. Apart from translating
the text, system is capable of preserving the formhanput word documents across
the translation. Recently, work has been initiabedother language pairs such as
Hindi-English and Hindi-Bengali, as well as on exdang to the domain of parliament
proceeding summaries [15].

UCSG-based English-Kannada MT

The CS Department at the University of Hyderabad warked on an English-
Kannada MT system, using the Universal Clause &trecGrammar (UCSG)

formalism, also invented there. This is essentiallyansfer-based approach, and has
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been applied to the domain of government circulargl funded by the Karnataka
government [15].

UNL-based MT between English, Hindi and Marathi

The Universal Networking Language (UNL) is an intgional project of the United
"Nations University, with an aim to create an Ihtgua for all major human
languages. [IT Bombay is the Indian participantUNL, and is working on MT
systems between English, Hindi and Marathi using tWNL formalism. This
essentially uses an interlingual approach—the solartguage is converted into UNL
using an enconverter’, and then converted into theget language using a
deconverter’. Thapar University, Patiala and Puni#fiversity, Patiala are working
on the development of UNL encoverter for Punjabglaage [14].

Tamil-Hindi Anusaaraka and English-Tamil MT

The Anna University KB Chandrasekhar Research €aitChennai was established
recently, and is active in the area of Tamil NLPT@mil-Hindi language accessor has
been built using the Anusaaraka formalism descrddsual/e. Recently, the group has
begun work on an English-Tamil MT system.

English-Hindi MAT for news sentences

The Jadavpur University at Kolkata has recently workeda rule-based English-
Hindi MAT for news sentences using the transferagagh.

Tamil-Hindi machine aided translation system

The system Tamil-Hindi Machine-Aided Translatiorstgyn has been developed by
Prof. C.N. Krishnan at Anna University at KB Chaashiekhar (AU-KBC) research
centre, Chennai. The translation system is basefinoisaaraka Machine Translation
System, the input text is in Tamil and the outprn be seen in a Hindi text [15].
Anuvadak English-Hindi software

Super Infosoft Pvt Ltd is one of the very few ptevaector efforts in MT in India.
They have been working on the software called Adakawhich is a general-purpose
English-Hindi translation tool that supports pogitieg [15].

Sampark

It is an automated system for translating one mthaguage to another. Sampark is a
hybrid system consisting of traditional rules-baakgbrithms and dictionaries and
newer statistical machine-learning techniquesottisests of three major parts and 13

modules arranged in a pipeline [16].
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Anubaad hybrid machine translation system

Anubaad a hybrid MT system is developed in the ®&¥4 for translating English
news headlines to Bengali, developed by Bandyopadh{000) at Jadavpur
University Kolkata. The current version of the systworks at the sentence level
[14].

Hindi to Punjabi machine translation system

Hindi to Punjabi Machine translation System devebbfpy Goyal [13] at Punjabi

University Patiala in the year 2009. This systenbased on direct word-to-word

translation approach. This system consists of mesdlike pre-processing, word-to-
word translation using Hindi-Punjabi lexicon, moopdgical analysis, word sense
disambiguation, transliteration and post processiftie system has reported 95%

accuracy.
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Chapter 3

Problem Statement

With each passing day the world is becoming a dgleilage. There are hundred’s of

languages being spoken across the world. The alffianguages of different states

and nations are also different according to theiftucal and geographical differences.

3.1 Gap Analysis

Most of the content available in digital formatims English language. The content

shown in English must be presented in a languagehwtan be understood by the

intended audience. There is large section of poipunlat both national and state level

who cannot comprehend English language. It hasgbtoabout language barrier in

the side lines of digital age. Machine TranslaiptT), can overcome this barrier. In

this thesis, a proposed Statistical Based Machiamslation system for translating

English text to Hindi language has been proposedligh is the source language and

the Hindi is the target language.

3.2 Objectives

The objectives of thesis are as under:

* To understand the Language Model (LM), Translaktwdel (TM), and Decoding
stages of SMT.

* To create a LM for Hindi with use of SRI's LM langge model.

* To create a TM model with use of GIZA++ software.

* To generate Hindi sentences with use of Moses soétw

* To evaluate and test the system.
3.3 Methodology

English to Hindi language translation is done bykimg use of Statistical Machine
Translation (SMT). Main goal of this system is tmdertake translation with
minimum human efforts. There are many tools peirgirio LM, TM, decoder for
undertaking SMT. SMT has three major parts of tlystesn, Language Model,
Translation Model and searching (decoder). The ldvhputes the probabilities with
respect to the target language. The TM computesptbbabilities regarding the

substitution of target language word with sourcgglaage word. For development of
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LM, SRI international’s SRILM Language Model todliks used. GIZA++ is used for
creation of Translation Model. For decoding stageses software has been used.
The system is based upon Linux operating systemillitaccept English sentence

from the terminal and produce output in Hindi.
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Chapter 4

Design and Implementation of Statistical Machine
Translation System

In this chapter, the design and implementatiorhefdystem has been discussed. This
includes development of corpus, data preparatiemeldpment of Language Model,

Translation Model and training of decoder.

4.1 Development of Corpus

Statistical Machine Translation system makes usa pérallel corpus of source and
target language pairs. This parallel corpus is s&sny requirement before
undertaking training in Statistical Machine Tramisla. The proposed system has used
parallel corpus of English and Hindi sentences.afafel corpus of more than 5000
sentences has been developed from which consismafl sentences and the life
history of freedom fighters with reference to theail in courts.

4.2 Architecture of English to Hindi Statistical Machine Translation
System

The architecture forms the central role in makipgSMT system. Language Model
(LM), Translation Model (TM), decoder are used indartaking SMT. Language
Model is prepared from the target language. Decgdess the probability of target
sentence given the source sentences. The archéeot the system is shown in

Figure 4.1.
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Source Language Text

Mlozes

¢ P(T) Langnage Model
Decoding ;
maximize P(T)*P(S|T)
|+ P(SIT) Translation Model
GIZA++
Target Language Text

Figure 4.1: Architecture of Statistical Machine fiskation system

4.2.1 Language Model

Language Model (LM) gives the probability of a ssme. The probability of a
sentence depends upon the probability of individuailds.n-gramis a sequence of
words [17]. LM is developed for the target langud§éeT’ is the target language, LM
computesP(|T) and feed this input to the decoder software.

SR International’s Language Model (SRILM) for LM ised. SRILM is available
freely for research purposes from their website
http://www.speech.sri.com/projects/srilm/downlodchh

4.2.2 Translation Model

The Translation Model (TM) computes the probabibifysource sentenc&”, for a
given target sentencé’. Mathematically, the probability being computed Ty is
given as,P(S|T) Translations can be done word based or phrasedb&$. The
output of TM is fed into Moses decodeiGIZA++ along with mkclsis used to

develop Translation model, which is developed.
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4.2.3 Decoder
The decoder maximizes the probability of the geteeraentence. It makes use of the
argmax () function to maximize the probabilityMoses software which is freely
available under open source licenses is used food#e. Mosesis compatible with
SRILM andGIZA++. Mosesdecoder accepts as input the source language riext a
generates the target language text. The probalfilty are accepted from TM and
LM. The decoder can be set in interactive modetalbing translation [12].
4.3 Preparation of Data
Preparation of data involves tokenizing, cleanilogyercasing the corpus. Before
undertaking the training of the system the datatnbespre-processed. The issues
which need to be addressed in parallel corpussafellaws:
* To set the environment variable LC_ALL to C in Linenvironment.
* The software needs one sentence per line. So Hmengld be no empty
lines in the corpus.
* The sentences having word limit more than 40 wads removed. The
sentences having word limit from 1-40 are not reetbv
» All sentences of parallel corpus need to be in loased. The uppercased
sentences need to be changed to lower case [4].
For the preparation of data, used in proposed sy9&RL scripts have been used.
4.3.1 Tokenizing the corpus
Tokenizing of corpus makes use of a Perl scripe iput to this script is the raw
corpus and the output is tokenized corpus [4]. Sdrgt executed as given in 4.1.

zcat corpus_new4.en.gz |./tokenizer.perl —l en >
corpusforRP/corpus_new4.tok.en (4.1)

The screenshot for execution of script 4.1 is giveRigure 4.2.
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gzip: compressed data not read from a terminal. Use -f to force decompression. '
For help, type: gzip -h

nakul@nlap:~/moses/mosesdecoder/trunk/scripts/training$ zcat corpus new4.

corpus newd.en.gz corpus newd.hi.gz

nakul@nlap:~/moses/mosesdecoder/trunk/scripts/training$ zcat corpus newd.en.gz
./tokenizer.perl -1 en > corpus

@ = 4 s e Tie Aor 26, 162725 gl

corpusl.clean.en corpus2.clean.hi corpus. lowercased.hi
corpusl.clean.hi corpus2.loweredcased.en corpus new2.tok.en
corpusl.lowecased.en corpus2.loweredcased.hi corpus newd.en.gz
corpusl.lowercased.en corpus changed/ corpus newd.hi.gz
corpusl.lowercased.hi corpus.clean.en corpus.tok.en
corpusl.tok.en corpus.clean.hi corpus.tok.hi
corpusl.tok.hi corpustorRP/

corpus2.clean.en corpus.lowercased.en

nakul@nlap:~/moses/mosesdecodgr/trunk/scripts/training$ zcat corpus newd.en.gz
./tokenizer.perl -1 en > corpusforRP/corpus newd.tok.en

Tokenizer v3

Language: en

nakul@nlap:~/moses/mosesdecoder/trunk/scripts/training$ |

]

Figure 4.2: Tokenizing corpus

As a result of successful script executiagrpus_new4.tok.ens created with

tokenized content.

4.3.2 Filtering out long sentences

Filtering out long sentences makes use of PERLptsarlean-corpus-n.perl The
output of tokenizer.perlis accepted as input farlean-corpus-n-perl.This script
removes long sentences from the corpus. It als@vemredundant space characters
and empty lines. Long sentences, are those whickeekword limit of 40 words [4].
The system does not accept empty lines, henceatteesemovedGIZA++ takes very
long time to train on long sentenc€dean-corpus-n.peris used to reduce the length
of sentences. The script is executed as givergin 4.

Jclean-corpus-n.perl corpusforRP/corpus_new4etokicorpusforRP/corpus_ new4.
clean 1 40 ... (4.2)
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4@

= nakul@nlap: ~/moses/mosesdecoder/trunk/scripts/training

el (E) & (E) @@ (V) o (T) 7w (h)

nakul@nlap:~/moses/mosesdecoder/trunk/scripts/training$ ./clean-cor’

pus-n.perl corpusforRP/corpus new4.tok en hi corpusforRP/corpus new
4.clean 1 40

clean-corpus.perl: processing corpusforRP/corpus new4.tok.en & .hi
to corpusforRP/corpus new4.clean, cutoff 1-40

Input sentences: 6629 OQOutput sentences: 6627
nakul@nlap:~/moses/mosesdecoder/trunk/scripts/training$ [

Figure 4.3: Filtering out long sentences

The successful execution of script 4.2, removedesers having length of words

more than 40. Figure 4.3 gives the number of irgmat output sentences. The output

files created areorpus_new4.clean.eandcorpus_new4.clean.hi.

4.3.3 Lowercasing data

The data which is fed in for training the Mosegswafe must be in small case. This is

accomplished usindgowercase.perl[4]. Figure 4.4 shows a lowercased data. The
script for lowercasing data is given in 4.4

Jlowercase.perl <corpusforRP/corpus_new4.clean@ne| .. (4.4)
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under article 213 , the governor may promulgate ordinances during the period when the house or both the houses w}*
here there are two houses of state legislature are not in session .

this power corresponds to the power of the president under article 123 .

the ordinances have the same force and effect as laws passed by the legislature and assented to by the governor

also , they are subject to the same restrictions as laws passed by the legislature . &

the ordinance may be withdrawn by the governor at any time ( article 213 )

the notorious misuse of ordinance-making powers of the governor was highlighted in d.c. wadhava v. state of biha

r ( 1987 ) 1 scc 378 ) .

the bihar governor promulgated 256 ordinances during 1967-1981 .

the court held that it was .

financial powers : under article 202 , the governor is required to cause to be laid before the house or houses o

f the legislature the budget or the annual financial statement .

even amendments would require recommendation .

powers of pardon , etc .

the governor ' s power of suspension was held to be subject to the rules framed by the supreme court .

the legislature of a state consists of the governor and the legislative assembly except that in some states ther

e are two houses - the legislative assembly and the legislative council .

at present only bihar , u.p. , maharashtra , tamil nadu and karnataka states have a legislative council ( articl

e 168 )

the legislative assembly of a state shall consist of not more than 500 and not less than 60 members chosen by di

rect election from territorial constituencies .

the legislative council shall not exceed one-third of the total membership of the legislative assembly of that s

tate subject to a minimum of 40 .

elections to the council are to be held by the system of proportional representation by single transferable vote
( articles 170-171 )

the term of the legislative assembly shall be five years .

na;ul@nlap:~/moses/mosesdecoder/trunk/scripts/training$ ./lowercase.perl < corpusforRP/corpus_new4.clean.en|mori

e

Figure 4.4: Lowercasing output

4.4 Language Model

For Language Model (LM), SR International’s LM mb@&RILM) is used. SRILM is

compatible with Moses decoder and GIZA++ Transtatviodel (TM). Language

Model (LM)’s directory structure along with its aegption is shown in Table 4.1:
Table 4.1: Directory Structure of LM Model

Directory Structure Description

bin Released programs

lib Released libraries

include Released header files

misc Miscellaneous C and C++ convenience

lib

destruct C++ data structures

Im Language Model libraries and tools

Ngram-count
Ngram-count counts the numbermefiramof the corpusNgram-countlso builds the
language model from the generated counts [2]. Dhmdt of LM is also shown by

ngram-format file.
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The command for generating language model is givenb.

/ngram-count —order 3 —text corpus_new4.lowercaset hindi.Im

—write count.cnt

... (4.5)

The description of parameters for PERL scmigfzlam-counis given in Table 4.2.

Table 4.2: Parameters of ngram-count

Parameter

Description

order

This parameter sets the maximal orde
N-grams to count and the order

estimated LM. Default value is 3.

text

Generaten-gram counts from text file
Text file should contain one sentence (
per line. Begin/end sentence tokens
added if not already present. Empty lir
are ignored.

write

Write count into mentioned file

The initial contents of theindi.Imfile created byhgram-countare shown in Figure

4.5.
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-3, 778585 1, -0, 1136785 a
—-3. 778585 H?D) —-0. 1085441

3. 778585 12 -0. 1118567

3. 778585 123 0. 09146351

-3, 778585 124(4) -0.09146351

—-3. 778686 TZIH] —0. 1086441

-3. 778585 1275)  —0. 1085441

3. 778585 13 0. 1136785

-3. 778585 148)F0 -0 112364

-3. 778585 148-151, -0. 1172368
3. 778585 149 -0. 1154976

3. 778585 150). 0. 1026756
-3.778585 1507) 0. 1170198
-3.778585 151 ~0. 1085441

—-3. 778585 161). —0. 1026756

3. 778585 167). 0. 1026756
-3.778585 168). 0. 1026756

-3, 778585 169). 0. 1026756

nakul@ilap: ~/Desktop/srilm/bin/i686$ head -20 hindi. lm

\data\

ngram 1=1445

ngram 2=4189

ngram 3=390

\1-grams:

-2, 875495 -0 1117052

-3. 477555 (1 -0. 1171646

-3. 778585 (1927-29) -0. 112364
-3. 778585 (1927-30) -0. 1166579
-3. 778585 (1975-77) -0. 1036468
-3. 778585 (1987) -0.1170198

-3, 477555 (2) -0. 1131678

-3. 778585 (3) -0. 1168027 b
—3. 778585 (44a37C 0. 1172368

-3. 778585 (¥R -0. 1161506
-2.210384 (@R -0. 1229072

-3. 778585 (omaee) -0. 1026756

-3, 778585 (o8) " 0. 1172388
nakula@nlap: ~/Desktop/srilm/bin/isses | -

Figure 4.5: Contents ¢findi.Im (in ngram file format)

The keyworddata\indicates the beginning & file. The total count of individuai-
grams found in the corpus is then mentioned aftlata\ keyword. For each n-gram
(1-gram, 2-grametc), there are individual sub-sections. Each subi@edtarts with
conditional probability of th@-gram This probability is to the base of log 10. Tisis

followed by the word which constitutesgram|2].

4.4.1 Installation of SRILM
The installation of SRILM involves following steps:
).  Unpack. It should give a top-level directory wittetsubdirectories listed
in README, as well as a few documentation files andakefile.
i).  SRILM variable should then be set to the top-leMelkefile. This path
should be absolute starting from the root directory
Specific to the architecture, the contents commakfile.machine.<platform>
define the platform-dependent variables. Timaké command uses the dependencies
in the Makefile to decide what parts of the prograeed to be compiled. The
parameters are as shown in 4.6.
make MACHINE_TYPE=foo ... (4.6)

The variables in Makefile need to be changed aog/shn Table 4.3.
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Table 4.3: Variables in Makefile of SRILM to be clogd
Variable Changed value
CC,CXX This variable should be set to the

complier or compiler version.
PIC_FLAG This variable should be set to indicate

the position-independent code.
DEMANGLE_FILTER If program “c++filt” is not insta#éd, this

variable is set to empty.
TCL_INCLUDE, TCL_LIBRARY These variables point tbed location of
Tool Command Language’s (TCL)

header files.

. Following free third-party software’s are also reqd to build SRILM:
* gcc version 3.4.3 or higher
* GNU make
» C shell (installed in /bin/csh)
 John Ousterhout's Tcl toolkit.
In the top-level directory, command 4.7, 4.8 ane taubuild SRILM.
gnumake World (B
make World ... (8.8
This will create the directories:
bin/
lib/
include/
bin directory stores the executable files of SRIEMtware. The released library files

are stored in lib directory. The released headies fire present in include directory.

4.5 Translation Model

The software that aids in developing Translationd®lois GIZA++. GIZA++ is
extension ofGIZA software (http://www.clsp.jhu.edu/ws99/projectstoulkit) which
was developed at the Center for Language and Spgeeaessing at Johns-Hopkins
University (CLSP/JHU).GIZA++ includes a lot of additional features [5]. The
extensions 0G1ZA++ were designed and written by Franz Josef Och.
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GIZA++ has following features:

Implements full IBM-4 alignment model

Implements IBM-5: dependency on word classes, shiogt

Implements HMM alignment model

Smoothing for fertility, distortion/alignment paraiers

Improved perplexity calculation for models IBM-BM-2 and HMM [5].

The latest version dflosessoftware embeds calls ®IZA++ andmkclssoftware’s,
hence there no need to call them separately.

4.5.1 Installation of GIZA++

In order to compileGIZA++, g++ compiler version 3.3 or higher is needed. S&om
changes are required to be made in the Makefi@IdA directory as follows:

The variables in Makefile d6IZA++ directory need to changed, shown in Table 4.4.
Table 4.4: Variables in Makefile @1ZA++ to be changed

Variable Changed Value

CXX This variable should indicate to version

of g++ complier.

Opt GIZA++  snt2plain.out  plain2snt.out

snt2cooc.out

GIZA++ is installed by issuing command given in 4.9.
$ make GIZA++ ... (4.9

4.6 Decoder

Moses software helps in decoding stage of SMT.lléwe us to train translation
models for any language pair. The pre-requisite tfog translation is already
translated, parallel corpus.
4.6.1 Installation of Moses
Moses can be got from any svn repository. Befostaiing Moses, which is the
statistical decoder for SMT, corresponding LM and fools must be installed [4].
For LM, installation and compilation of SRILM mus¢ done and for TM installation
and compilation of GIZA++ must be done. Followirangpatible libraries are needed
on UNIX system for running the SRILM software.

* A template-capable ANSI-C/C++ compiler, gegrsion 3.4.3 or higher

* GNU make, to control compilation and installation.
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* GNU gawk, required for many of the utility scripts.
* GNU gzipto unpack the distribution and to allow SRILM pragrs to handle
compressed data files.

» The Tclembeddable scripting language library [4].
These are installed by issuing the command as givéri0.
$> sudo aptget install g++ make gawk gzip tcl8.4 tcl8dev ... (4.10)
The Makefile in the SRILM is changed as shown ibl&at.5.

Table 4.5: Variables to be changed in Makefile

Variable Changed value

SRILM This variable must point to the SRILM’s horieectory.

MACHINE_TYPE | This variable points to the architeeuof the system (i686,
i386).

CC lusr/bin/gcc$(GCC_FLAGS)

CXX lusr/bin/g++$(GCC_FLAGSPINSTANTIATE_TEMPLATES

TCL_LIBRARY lusr/lib/libtcl8.4.s0

TCL_INCLUDE /usr/include/tcl8.4/

After changing the Makefile, compilation bfosess done command given in 4.11:

$ sudo make ...(4.11)

If no error come, then the command in 4.12 is run.

$sudo make World ... (4.12)
Some of the extra packages which need to be iadtalle done by issuing command
mentioned in 4.13.

$ sudo aptget install autoconf automake texinfo zliblg zlibtigv

zlib-bin zlibc .. (4.13)
The makefiles are regenerate as given in 4.12116. 4.

$ cd ~/mosesdecoder... .. (4.12)
$ ./regeneratamakefiles... ... (4.13)

Configuration for compilation is done as:

$In-s $SRILM ... 4.14)

$ env LDFLAGS=static && ./configure- -with-srilm=$SRILM... ... (4.16)
and compile:

$ make —j 4 .. (4.17)
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4.6.2 Training Moses decoder
Moses toolkit embeds calls to Translation Model Z&++) software inside its
training script. As a result, the phrase and rewmddable get created. The script that
does this is called train-factored-model.perl. firag of Moses decoder is done in
nine steps. These are as follows.

* Prepare data
Run GIZA++

 Align words

» Get lexical translation table

» Extract phrases

» Score phrases

« Build lexicalized reordering model
» Build generation models.

» Create configuration file

The preparation of data (corpus) for this is alyedidcussed in the earlier sections.
The executable of train-factored-model is calledga®n in 4.18. Table 4.6 gives
explanation of the parameters of training Moses.
Jtrain-factored-phrase-model.perl -scripts-roat-di
/home/nakul/moses/mosesdecoder/trunk/scripts/trgdmoses-scripts/scripts-
20110405-1055/ -root-dir . --corpus corpus_newbelieedcased -f en -e hi -Im
0:3:/home/nakul/moses/mosesdecoder/trunk/scrigtsitrg/moses-scripts/scripts-
20110405-1055/training/hindi_Im5.Im>& training_newbt & ...(4.18)

Table 4.6: Parameters for training Moses

Arguments Description

scripts-root-dir The directory of Moses scripts @fhivas
created by doing make release.

corpus Specifies the corpus files which are fed as
input for undertaking training.

f Source language corpus, from which
translation will be done.

e Target language corpus, into which
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translation will be done.

Im Path to the Language Model file.

4.6.3 Tuning Moses decoder

The Moses software makes use of weights given isesini to translate text. The
default weights are generated by the system dutgraining. These weights are
present in moses.ini, which is the configuratide B©f Moses. The most important
part is tuning of model parameters set in Mose§ilani3]. The quality of translation
is improved, which is done by using PERL script ffamoses.perl). The syntax of
this command is given in 4.19.

/mert-moses.pl corpus_newb5.loweredcased.en canpus.loweredcased.hi
model/moses.ini --working-dir /home/nakul/moses¢esdecoder/trunk/mert/ --
rootdir /lhome/nakul/moses/mosesdecoder/trunk/s¢tiptning/moses-scripts/scripts-
20110405-1055/ --decoder-flags "-v 0" >& mert2.out& ...(4.19)

Table 4.7: Parameters of mert-moses.pl

Arguments Description

working-dir The directory where all files will be
created. This is the path to mert's

directory

root-dir This switch refers to the main directony

which system is working.

decoder-flags This is a extra parameters for ticedkr

The contents of mert2.out get updated as the Sgeiist executed. Table 4.7 gives the
explanation of parameters in tuning Moses.

Running Moses decoder
The Moses decoder's executable file is present inirectbry
‘/home/nakul/mosesdecoder/trunk/moses-cmd/src/mo3é®  essential parameter

required to run Moses, is the path to configurafienof Moses (Moses.ini).
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The script 4.20 allows Moses decoder to run inradve mode. The English

language sentence is given as input and correspgmnesult in Hindi is produced.

./moses -f ~/moses/mosesdecoder/trunk/scriptsifigiimoses-scripts/scripts-
20110405-1055/training/model/moses.ini ...40)

Figure 4.6 shows Moses decoder running in an ictieemode.

] " nakul@nlap: ~

el () W (E) <& (V) e (T) o (H)

weight-1: 0.006173
weight-t: 0,000006 0.016366 0. 159487 0.000179 ~0. 757147
weight-w: -0. 054585
input type is: text input
Loading lexical distortion models...have 1 models
Creating lexical reordering
weights: 0.002 0.002 0.000 0.000 -0.002 0.001
Loading table into memory. .. done
start loading Languagemodel /home/nakul/moses/mosesdecoder/trunk/scripts/training/moses-scripts/scripts-20110405-1055/training/hindi 1ms.1m : [4.000] seconds
/home/nakul /moses /mosesdecoder/t runk/scripts/training/moses-scripts/scripts-20110405-1055/training/hindi_Ins. I line 417. warning: non-zero probability for <unk> in cl
osed-vocabulary LM
Finished loading Languagetodels : [4,000] seconds
About to LoadPhraseTables
Start loading PhraseTable /home/nakul/moses /mosesdecoder/trunk/scripts/training/moses-scripts/scripts-20110405-1055/training/model /phrase-table. gz : [4.000] seconds
filePath: /home/nakul /moses/mosesdecoder/trunk/scripts/training/moses-scripts/scripts-20110405-1056/training/model /phrase-table gz
using standard phrase tables
PhraseDictionaryMemory. input=FactorMask<o> output=FactorMask<o>
Finished loading phrase tables : [ 13.000] seconds
10 from STDOUT/STDIN
Created input-output object : [13 000] seconds
The score component vector looks like this:
Distortion
WordPenalty
! UnknownWordPenal ty
LexicalReordering wbe-msd-bidirectional-fe-allff 1
LexicalReordering wbe-msd-bidirectional-fe-allff 2
LexicalReordering wbe-msd-bidirectional-fe-allff 3
LexicalReordering wbe-msd-bidirectional-fe-allff 4
LexicalReordering wbe-nsd-bidirectional-fe-allff 5 %
LexicalReordering wbe-msd-bidirectional-fe-allff &
LM_3gram
PhraseModel_t
Phrasetodel_2
PhraseModel 3
PhraseModel_4
PhraseModel 5
Stateless: 1 Stateful: 3
The global weight vector looks like this: 0.000 -0.055 1.000 0.002 0.002 0.000 0.000 -0.002 0.001 0.006 0.000 0.015 0. 159 0.000 -0.757

Figure 4.6: Interactive mode of Moses

Consider an English sentence ‘how are you?’ Mose®dker accepted this input in
the interactive mode. The result of this transtateoshown in Figure 4.7

nakul@nlap: ~
number discarded =
number recombined = 14374
number pruned = 77
time to collect opts 0. 000 (0%)

create hyps 0.020 (15%
estimate score 0.000 (0%
calc lm 0.010 (7%
other hyp score 0. 000 (0%
manage stacks  0.040 (30%
other 0. 060 (46%)
total source words = 4
words deleted =0 () 5

words inserted = 0 ()
Search took 0. 130 seconds
BEST TRANSLATION: gq & 8::1? [1111] [total=0.877] <<0.000, —-4.000, 0.000, —-0.511, 0.000, O.000
0.000, 0.000, 0.000, -17.435, 0.000, -3.429, -1.099, -7.228, 1.000>>

Best Hypothesis Generation Time: : [477.000] seconds

Sentence Decoding Time: : [477.000] seconds

Source and Target Units: how are you ?

[[0..38]:Q9 & 817 , pC=0.986269, c=0.88951]

Translation took 0. 130 seconds

Finished translating i

Figure 4.7 Result of English sentence ‘how are {ou?
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By executing Moses in interactive mode, 90 senteneere translated to Hindi
language. Table 4.8 gives the English sentencesgaleith the corresponding

translation done by Moses into Hindi language.

Table 4.8: English to Hindi sentences generateblbyes

Sr. No.|Input English Sentence Output Hindi Sentence
generated by the system
1 how is your health now? aﬂﬂ' FIT JFgRT FATEY
o]
A ?
2 how is your business going on? FO FIT JFERT ATUR
o]
ST IET 82
3 I will remember your name AT FIT I @Y
HY9hl dATH
. , P
4 how is this man's nature” IJg FAT HCH qi;% 2
5 he is a thief gg dr g I
6 water is coming from river ey & S8 g
7 sea water is coming from rivers. RN ST ¥ Afcar g
8 a change is possible. T 9RadsT g¥d
9 you should go to school. I ' S TaarerT
)
10 goal should be one. & AIfgT Tah
11 This is part of life. g HTET &I Siided
12 you should not accept this. JFed ' IEAPR T Tg
)
13 what do you want to say? IJH AT HgaAT A E\;r
)
?
14 what was the aim of discussion? FIT Y AFCH &
S
qra=Id ?
15 what is your state of mind? FT JFERT o o ?
o)
16 time is most important. AT 98 AgcauuT ¥
17 what is sacred in your life? TFeR Siiaa afaT & §
o]
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?

18 your future is not good. 39T JAST 81 3T

19 future is not in our hands. HiosT & AgT g AR
gy

20 what are rights of the citizens? FIT AFRT &F AR 2

21 he wants to eat apple. dg 9% 49 &l ' @i’
A

22 this is city's fort. g AT & fohoar

23 there are many problems in this route e § TEaTSH
qHER

24 the time has come to take control. T & FAT & QAIaor
o T g

25 we are living a life of standards. gH Ush T & Sifad
W e

26 women and children need protection EEICIERICECE IR
AfgeT3tt 3R Tt &
J&r

27 did you find any solution? gﬂa FIS AT FATOTT
o I ?

28 this journey is very difficult Tg IMET Fd A Rt ofem
3

29 world is like a global village wH & * A W’{U‘f
fasreardy fosr aria @#T=T
3

30 the apple is sweet to eat Fr AT ETE ¢ AT &
Guet ' a7

31 change must be brought 9RadeT oI AT SdTAT

SR F
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32 you do not have the right to go inside. @gqﬁ alaRT 38R 8T,
dfceh 38 & fiaT el

33 the officer has no values IR F H qﬁé’;:!\?zﬂ'
H

34 the officer is not duty IR T F W
el &

35 everyone must follow the law of state 3% i g ' T
AT Flelel T T

36 children are very simple GO ag;r I

37 we will wait for you A & T gH ST ' doR
Ey)

38 this child like to go to zoo IJg g T IaEd E’«: STd
[EIERIEIE: ]

39 i am a boy H s TS

40 i am a girl H s Tsfhr

41 children are innocent g § fAgfer

42 children go to school FECRSIGREEIRE]

43 he is going to school ag I o g e

44 this is a temple g U A

45 my name is john A ATH § ST

46 he is not well ag o8l 3T

47 He reached on time. ag 9T W qun

48 this is not the solution g oTel & AT

49 he is safe. ag Iiad

50 he is the shelter dg eRuT

51 he is a good speaker dg Ueh 37 gl
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52 he was a good writer dg Tah 3T @

53 building is tall ool 39T &

54 there is a hole U ©¢ ¢@l AT §

55 cow eat grass AT 79 ' WIeT ' I

56 men is a social animal AT & g AT

57 he is not in india ag ARg H AgTg

58 he is on official duty g Fdy ATaRe W
3

59 Please help him FUAT 3o¢ Heg

60 those good days <oT fea 9

61 the purpose is important 3H YIdTold Hc(-;(-qqt\ui g

62 how much money? ERGIRGR

63 source is fast SRR I

64 this is not required g T U gl g

65 the place is clean Ta<o S9TE &

66 sun is bright qq;zfr gfaferet &

67 you had arrested my attention AT FAT &I17 FIRFAR
Y Toram

68 day show the morning G g IXCIGE]

69 can we go to home now? 39 §H WX ST Gohdr
S ?

70 what is the new name? T TH FIAT E?

71 what is the new method? I FIr § e ?

72 what is your intention? T TR S ?

73 shop is closed geplet dc &

74 this is a house g Ueh BIeT el
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75 friend in need R R ICEL G ﬁh—;r@
ST 9X ST IET &

76 investigation is going on ST 9 S T&T &

77 they are not going el & dg 'S &

78 children are sweet natured gz & g #id A g

79 national song is nice 37THT § S I

80 can you guess? FIT I Wm 2

81 your watch is nice 37T9ehT 30T .5 58

82 where is your shirt? 3TYRT HHTST FgleT ' ?

83 what is the standard? HAIACUS T ?

84 he is of humble nature ag fQaH qi;%am

85 the average height is going down A g & “’ﬁ1g$-
ST I gl

86 words are more important than actions orsal T Fraf o 3+
Al

87 this property is lost Jg Ui TEE TS

88 citizens have duties SGIEIECIGIRE

89 we are living g Sifaa g

90 this is a small house IJg Teh SIeT Heol
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Chapter 5

Evaluation

5.1 Evaluation of the System

The proposed English to Hindi SMT system, accepieglish language sentences as
input and gave Hindi sentences as output. Thelatims of 90 English sentences was
done into Hindi language. There are two ways oflwatang any MT system.
Evaluation can be done automatically or manually.

In this thesis, manual evaluation method has beed.urhe translation was evaluated
on the parameters of fluency and adequacy. Adeqisadgfined as the degree to
which the reference sentence is conveyed in theslaon. Fluency refers to the
grammatical accuracy of the translated text. Adeguand Fluency for a given
translation has different levels on which it canevaluated [8]. The levels on which

fluency and adequacy were evaluated are givenlteTal and 5.2.

Table 5.1: Levels of fluency

Parameter Definition Ranking

Perfect This indicates goadt
grammar of sentence that|is
translated

Fair The translated sentence| 3

easy to understand but has
lack correct grammar

Acceptable The translated sentence 2s
broken, but IS
understandable with efforts

Nonsense The translated sentence lis
not clear
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Table 5.2: Levels of adequacy

Parameter Definition Ranking

All The translated sentence!
express all the meaning pf
the source sentence

Most The translated sentenca
conveys all the meaning of
source sentence

Some The translated sentenc
conveys some meaning

None The translated sentence
does has no meaning

conveyed

The above mentioned parameters (fluency and adgpwesre evaluated by three
persons. The geometric average of the parametersakan and the results are shown

in Table 5.3.

The geometric average of the individual parametéfigency and adequacy) was

taken and the scores were as shown in Table 5.3.

Table 5.3: Result of SMT evaluation

Fluency

Adequacy

Geometric average

2.693

2.93
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Chapter 6

Conclusion and Future Scope

6.1 Conclusion

In this thesis, English to Hindi SMT system hasrbdeveloped. The SMT is a part of
corpus based MT system which requires parallel worfppefore undertaking
translation. A parallel corpus of 5000 English &tiddi sentences was used to train
the system. The SMT system developed accepts Bngkstences as input and
generates corresponding translation in Hindi. Tlaadation of 90 sentences was
evaluated using human evaluation method. On thenpaters of fluency and
adequacy a geometric average of 2.693 and 2.98alaslated respectively.

The quality of the translated text can be depens uhe size of the corpus and the
quality of the corpus.

6.2 Future Scope
There can be following future directions for Englt® Hindi SMT system.
* The work can be extended to include multilinguabas of different languages

in the source-target pair. The target and sournguages can be increased

from present one language.

* The system can also be put in the web-based portehnslate content of one

web page in English to Hindi.

* A mobile application can also be developed in whinkssage containing
English text is sent to the client in Hindi langaeag

* The corpus can be preprocessed to change its dausture for improving the
guality of translation.

* The translated text can be reordered and procdssedercome grammatical
mistakes which will be part of post-processing.sThiill improve score of
human evaluation.
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