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Abstract: The foundation of statistical analysis of any languages is the accessibility to the substantial corpus. We are dealing 
with Statistical Machine Translation System and require extensive sentence-aligned parallel corpus. Various parallel corpora 
do exist yet because of privacy rights or other lawful issues these are not shared by the engineers. So we are building up our 
own particular Dogri-Hindi sentence aligned parallel corpus. In this paper we are examining the different methodologies 
utilized by various specialists to create monolingual and bilingual parallel corpora with their favourable circumstances and 
confinements, instruments and procedures utilized by them in corpus development. We have automated some portion of 
corpus development and rest of the work is being done manually. We are taking written content from different sources 
translating and aligning it. Hindi text is being translated into Dogri text by utilizing existing machine translation system. In 
this paper we discussed about the approach applied by us in the development of Dogri-Hindi sentence-aligned parallel 
corpus. 
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I. INTRODUCTION 
 
Large numbers of open source tools are available for 
statistical machine translation. The development of 
these tools has been done by making use of using C 
and C++ languages for UNIX and LINUX operating 
systems. Almost all of these tools such as Moses, 
EGYPT, IRSTLM, SRILM, GIZA++, MGIZA++ and 
Thot are accessible to be used under the Open Source 
Software (OSS) License agreement. MOOD and 
PHARAOH are such tools which can be utilized 
under License agreement with developing 
organizations. The most extensively used tool for 
developing SMT system is ‘Moses’. Two Java based 
tools, namely, MALLET and OpenNLP, can be 
utilized on any platform under OSS License. 
 
The common tools for developing Translation Model 
are GIZA and GIZA++. The tools for developing 
Language Model are YASMET, SLMT, SRILM, 
IRSTLM and MALLET. The language model and 
translation model are used by specific decoder for 
language translation. Commonly available decoders 
are Moses, PHARAOH, ReWrite Decoder, MARIE, 
Phramer, Ramses and Joshua. Tools like BLEU, 
NIST and WER are used to evaluate the quality of 
translation. The following section describes all the 
tools which are used to develop the corpus and for the 
execution. 
 
II. TOOLKITS AVAILABLE FOR SMT 
 
MOSES 
 
Moses is a complete statistical machine translation 
toolkit which was originated by Hieu Hoang and 
Philipp Koehn at the University of Edinburgh. It was 

developed in C++ and was meant for Linux and Intel 
MAC. The training & tuning scripts were written in 
Python/Perl/ gcc-specific C++. The tool was 
expanded during a Summer Workshop which was 
held at Johns Hopkins University and was further 
extended under project funding by EuroMatrix and 
GALE Moses is licensed by the Lesser General 
Public License (LGPL). It requires additional 
language modeling tools and supports SRILM and 
IRSTLM. [1]  
 
The main features of this toolkit are:  
 
• Two types of translation models are offered by 

it: phrase-based and tree-based. 
• Factored translation models are featured in this 

tool which facilitates the amalgamation of 
linguistic as well as other information at the 
word level. 

• The decoding of word lattices and confusion 
networks are allowed in it, thus, allowing easy 
integration with ambiguous upstream tools like 
morphological analyzers or automatic speech 
recognizers. 

• Using Moses is made easier because of the 
presence of The Experiment Management 
System.  

Translation of English to {Spanish, French, Russian, 
German}, English to Bangla, Czech to English, etc. 
has been successfully done by us using the tool. [2]   
We have successfully applied this toolkit for 
translating Dogri to Hindi by extending pre-
processing and post-processing scripts.   
 
1. EGYPT 

It is a complete Statistical Machine Translation 
Toolkit. Statistical Machine Translation team 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-4, Issue-9, Sep.-2018 
http://iraj.in 

Testing and Applying Tools to Develop DOGRI-Hindi SMT System 
 

18 

developed it during the summer workshop held at the 
Center for Language and Speech Processing, Johns-
Hopkins University (CLSP/JHU) in 1999. The 
following tools are included in the kit: Whittle (A 
tool meant for preparation and splitting of bilingual 
corpora into training and testing sets), GIZA (A 
training program for which the source of learning 
statistical translation models is-bilingual corpora), 
Cairo (Word alignment visualization tool) and 
Cairoize (A tool used for generating alignments files). 
The testing of this toolkit is done for English to 
French translation. 
 
2. PHARAOH 

 
It is a machine translation decoder released to the 
research community to help researchers working in 
the field of statistical machine translation. The current 
version 1.2.3 was released on August 18, 2004. [3] 
Philipp Koehn developed it as a part of his Ph.D. 
thesis at the University Of Southern California and 
Information Sciences Institute. This tool which is 
written for Linux, requires some supplementary tools 
such as SRILM (to train Language Model), Parallel 
corpus, Carmel (Finite State Toolkit for generating 
word lattices and n-best list). Non-Commercial use of 
this tool is allowed under an agreement with the 
University of Southern California. There is need of a 
training system for generating a translation model 
which is not there in the toolkit and needs to be 
written. We tried this tool by developing translation 
model from Dogri-Hindi corpus. The accuracy of 
PHARAOH decoder is found to be less than Moses.     
 
3. OpenNLP 

 
Organizational Center for Open Source Projects 
related to Natural Language Processing developed 
this toolkit which is a collection of natural language 
processing tools. It hosts a number of java-based NLP 
tools that perform sentence detection, POS-tagging, 
tokenization, chunking and parsing, named-entity 
detection, and co-references. OpenNLP project aims 
at bringing NLP research community on to a common 
platform. The machine learning package for 
OpenNLP is Maxent which is a Java based package 
applied to train and use majority of entropy models. 
 
4. Thot toolkit 

 
Thot was put forward by Daniel Ortiz at the Pattern 
Recognition and Human Language Technology 
(PRHLT) research group of the Universidad 
Politécnica de Valencia (UPV) and the Intelligent 
Systems and Data Mining (SIMD) research group of 
the Universidad de Castilla-La-Mancha (UCLM). [4] 
The basic purpose of this toolkit developed in C++ is 
to offer a simple, useful and effective way for training 
phrase-based statistical translation models to be 
utilized as part of a statistical machine translation 

system, or for various other tasks related to NLP. 
Thot toolkit is available to public as an open source 
software at 
http://www.infoab.uclm.es/simd/software/thot. 
 
5. MOOD 

 
Modular Object-Oriented Decoder (MOOD), 
equipped with the C++ programming language, is 
authorized by the GNU General Public License 
(GPL). [5] The main goals of this toolkit’s design are: 
to offer open source, state of- the-art decoders and to 
provide architecture for building these decoders 
easily. The tool can be accessed at 
http://smtmood.sourceforge.net. 
           
III. LANGUAGE MODELING TOOLS 
 
1. Statistical Language Modeling Toolkit 

(SLMT) 
 
Statistical Language Modeling toolkit is a collection 
of UNIX based software tools meant for supporting 
the construction and examination of statistical 
language models. Support for n-grams of arbitrary 
size is provided by this toolkit. Moreover, the 
counting of vocabulary n-grams, word n-grams, and 
id n-grams is also done by the toolkit. The objective 
with which it is written is to accelerate the operation.  
 
It has a flexible way for handling context cues, the 
capability for calculating probabilities from ARPA 
format language models, the power for forcing the 
model to back-off under definite situations like the 
presence of an unknown word in the context; and 
providing support for gunzip compressed files along 
with those files which are compressed with the use of 
compress utility. 
 

2. SRILM 
 
SRI Language Modeling Toolkit is used to build and 
apply statistical language models (LMs). It is 
primarily used in machine translation, speech 
recognition, segmentation and statistical tagging. The 
process of its development has been under progress 
since 1995 in the ‘SRI Speech Technology and 
Research Laboratory’. SRILM is a set of executable 
programs, C++ libraries, and helper scripts devised to 
support both production as well as experimentation 
with statistical language models for speech 
recognition and other applications. For non-
commercial purposes, SRILM is available for free. It 
allows creation and measurement of varied N-gram 
statistics based language model types and several 
related tasks like statistical tagging and manipulation 
of N-best lists plus word lattices. This toolkit is used 
as a part of Pharaoh and Moses for language 
modeling. [6] 
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3. IRSTLM  
 
The IRST Language Modeling Toolkit is used for the 
assessment, representation, and evaluation of 
statistical language models. It highlights algorithms 
and data structures suitable for estimation, storage, 
and accessibility of large sized Language models. It 
has been incorporated into Moses, a famous open 
source Statistical Machine Translation decoder. This 
toolkit also has compatibility with language models 
which have been created using other tools like the 
SRILM Toolkit.  
 
4. YASMET 

 
Yet Another Small MaxEnt Toolkit (YASMET) is a 
mini toolkit for carrying out the training of Maximum 
Entropy Models. [7] It is a generic toolkit, suitable for 
conditional maximum entropy models which executes 
training of model parameters, Gaussian priors, 
perplexity and error rate computation, evaluation, 
feature count normalization and count-based feature 
reduction. Additional benefit of this toolkit is that it is 
simple which can be used easily and efficiently to 
manage millions of features. This free software, 
distributed without any warranty, is licensed under 
the ‘GNU Public License’. Although there is no 
availability of complete information about this tool, a 
short tutorial by Deepak Ravichandran can be 
accessed at http://www.fjoch.com/YASMETtutorial.txt 
 
5. MALLET 

 
Machine Learning for Language Toolkit (MALLET), 
a Java-based package, is based on statistical approach 
for document classification, information extraction, 
natural language processing, topic modeling, 
clustering, and other machine learning applications. 
[8]  
 
This Open Source Software includes tools for 
sequence tagging and named-entity extraction from 
text. Algorithms applied in this toolkit released under 
the General Public License are- Maximum Entropy 
Markov Models, Hidden Markov Models, and 
Conditional Random Fields.  
 
6. CMU-SLM 

 
The CMU Statistical Modeling toolkit, developed by 
Roni Rosenfeld at Carnegie Mellon University, was 
released in 1994 for facilitating the construction as 
well as the evaluation of bigram and trigram language 
models. In 1999, it was being used by over 40 
academic, government and industrial laboratories in 
more than 12 countries.  
 
The kit was developed for Unix OS. Latest version 
2.05 can be accessed at http://svr-
www.eng.cam.ac.uk/~prc14/toolkit.html. This page 

was last modified on 7th June 1999. After that, no 
information about this tool is available. The aim of 
this kit is to encourage the research on the language 
modeling The CMU SLM Toolkit, including source 
code, is openly accessible from Carnegie Mellon’s ftp 
server. [9] 
 

IV. TRANSLATION MODELING TOOLS 
 
1. GIZA++ and MGIZA++ 

 
These tools are the extensions of the program GIZA. 
GIZA++ has many attributes like support for Model 
4, Model 5 and Alignment models which depend on 
word classes. It employs HMM alignment model:- 
Forward-Backward algorithm, Baum-Welch training,  
empty word, transfer to fertility models, dependency 
on word classes. An adapted version of Model 3 and 
Model 4 are also included in it which make provision 
for the facilities required to train the parameters. As 
described by Peter E Brown, different smoothing 
techniques are used in it for distortion/alignment 
parameters, fertility, correct implementation of 
pegging and more efficient training of the fertility 
models. [10] It applies a series of heuristics for making 
pegging adequately efficient. This tool is utilized as a 
part of EGYPT and MOSES for training the 
translation model. MGIZA ++ tool is the extension of 
the program from GIZA and GIZA++. MGIZA++ 
provides the multithreading i.e. it has many threads 
which is beneficial when it is applied to a big corpus. 
It reduces the time of execution as compared to GIZA 
and GIZA++. 
 
2. CARMEL 

 
CARMEL, a finite-state transducer package written 
in C++, was devised by Jonathan Graehl at USC/ISI. 
The use of this tool is to develop translation model 
compatible with PHARAOH. The supporting 
software required for its functioning are Microsoft 
Visual C++ or GNU Make (at least version 3.8), and 
.NET. It supports Linux and Windows OS and 
includes code for handling composition, weighted 
transitions, finite-state acceptors and transducers, k-
most likely input/output strings, empty transitions on 
input and output, k-most likely input/output strings, 
and both EM (forward-backward) and Bayesian 
(Gibbs sampling) training. This product can be 
utilized for research pursuits after having license 
agreement with University of Southern California. [11] 
 
V. DECODERS 
 
1. ReWrite Decoder 

 
The ISI ReWrite Decoder Release 1.0.0a was 
developed by Daniel Marcu and Ulrich German for 
translating one natural language into another by 
making use of statistical machine translation. It 
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supports IBM Model4. The Translation Model trained 
by making use of GIZA++ is used in ReWrite 
decoder. Input is given in XML format and it does 
not support plain text. Phrase boundaries are taken 
care of while performing swapping.[12] The software 
is accessible at http://www.isi.edu/licensed-
sw/rewrite-decoder/ 
 
2. MARIE 

 
It is a Statistical Machine Translation decoder which 
is N-gram-based. [8] It has been created by Josep M. 
Crego as a part of his PhD thesis, with the assistance 
of Adrià de Gispert and under the guidance of 
Professor José B. Mariño at the TALP Research 
Center, Universitat Politècnica de Catalunya (UPC).  
 
It was particularly designed to deal with a translation 
model trained as a typical Ngram language model 
(Ngram-based SMT) and TUPLES (bilingual 
translation units). Besides this, MARIE can also 
make use of phrases (bilingual translation units) and 
act as a peculiar phrase-based decoder (phrase-based 
SMT). For generating better translations, this decoder 
can use different models like target language model, 
word penalty model, reordering model, or any 
supplementary translation models. [11] 
 
3. JOSHUA 

 
Joshua Decoder, released by Chris Callison Burch on 
June 12, 2009, is an open source decoder meant for 
statistical translation models which is based on 
synchronous context free grammars. [13] This software 
includes both phrase and hierarchical-based decoding 
algorithms employed in it.  
Language packs are also published by it that are 
prebuilt models for specific language pairs like 
Spanish–English. These language packs facilitate the 
removal of a lot of complexities involved in using 
machine translation systems. JOSHUA is licensed 
under a BSD 2-clause license.  
 
4. RAMSES 

 
RAMSES, a replica of PHARAOH devised as a part 
of MOOD, is a phrase-based decoder which generates 
output just like PHAROH. The primary aim behind 
the development of this software was to develop such 
a decoder which is similar to PHARAOH and to 
make it freely accessible to the research community. 
[5] 
 
5. PHRAMER 

 
Phramer is an Open-Source Machine Translation 
Decoder which works on statistical phrase based 
approach. Its Version 1.1 was issued on July 5, 2009 
which is procurable at http://www.phramer.org 

VI. EVALUATION TOOLS 
 
1. BLEU 

 
Bilingual Evaluation Understudy (BLEU) is an 
algorithm used to evaluate the text quality which has 
been translated from one natural language to another 
through machine translation. Quality is considered to 
be the alikeness between a machine's output and that 
of a human: "the closer a machine translation is to a 
professional human translation, the better it is". [14] 
BLEU was one of the first metrics for having 
obtained a high correlation with human judgments 
regarding quality and stands as one of the most 
famous evaluation tools. The range of BLEU is 
always in between 0 and 1. The value of range 
implies that how much the translated text is similar to 
the reference text and the translation of text is perfect, 
if the translated text is closer to the 1 range. [15][16] 
 
2. NIST 

 
It is an evaluation tool to assess the quality of 
machine translation. Though it is similar to BLEU 
metric and is based on n-gram matching, there is an 
alteration that it assigns more weight to n-gram which 
is more informative. It has been name after the US 
National Institute of Standards and Technology. For 
example, if the bi-gram "is a" is correctly matched, it 
will receive lower weight than the correct matching 
of bi-gram "royal apple" because there are less 
chances of its occurrence. NIST is also different from 
BLEU in calculating the brevity penalty to such an 
extent that small variations in the length of translation 
do not have much impact on the overall score. 
 
3. WER 

 
WER is acquired from the Levenshtein distance and 
is the common metric of the performance of machine 
translation system. Working at the word level, it is a 
tool for comparing the performance of different 
machine translation systems. It is also used for 
evaluating improvements within one system. This 
kind of measurement provides no details on the 
nature of translation errors. 
 
VII. COMPARISON OF SOME OF THE 
AVAILABLE TOOLKITS 
 
We have studied a number of tools and toolkits 
available for statistical language processing. Some 
toolkits are the combinations of compatible tools. 
Moses toolkit uses SRILM, IRSTLM to generate 
language model and GIZA++ to generate 
word/phrase based translation models.  
 
PHARAOH is the toolkit that uses the language 
model generated by SRILM. But the tool to generate 
translation model has to be written by the users. Table 
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4.1 below shows the comparisons of SMT tools with 
their various parameters like language, operating 
system, licence, source code availability etc. 
 

Table 4.1 Comparison of SMT Tools 

 
 
The translation model developed by GIZA++ is not 
compatible with PHARAOH. Toolkit EGYPT is the 
combinations of tools like whittle, GIZA, cairo and 
cairoize. Whittle is used to process bilingual corpora, 
GIZA to generate translation model, cairo for word-
alignment and cairoize to generate alignment files. 
EGYPT has been found to be successful when tested 
for translation from English to French. Moses is the 
most widely used tool for statistical based machine 
translation and been tested and applied on a large 
array of languages and shown good results. We have 
chosen Moses toolkit to be used for the development 
of base-line system for Dogri-Hindi Statistical 
machine translation. 
 
CONCLUSION 
 
The development of parallel corpus is challenging 
task, particularly for resource deficient language like 
Dogri. We have used the Hindi-Dogri Machine 
translation System for the development of said 
corpus. Hindi text taken from various sources was 
translated to get raw Dogri corpus. The output 
received from the MTS is further cleaned by the 
linguist to obtain the final Dogri-Hindi corpus.   
 
ACKNOWLEDGEMENT 
 
My sincere thanks to Dr. Vishal Goyal, Assistant 
Professor, Department of Computer Science,Punjabi 
University, Patiala, for his guidance. 
 
 

REFERENCES 
 

[1] Koehn, Philipp. 2010,” Statistical Machine Translation”, 
Cambridge University Press.  

[2] Md. Zahurul Islam, Md. Nizam Uddin and Mumit Khan,” A 
Light Weight Stemmer for Bengali and Its Use in Spelling 
Checker”, Center for Research on Bangla Language 
Processing, BRAC University, Dhaka, Bangladesh 
zahurul@bracu.ac.bd, nizam02201001@gmail.com, 
mumit@bracu.ac.bd  

[3] Koehn, P. (2004),”Pharaoh: a beam search decoder for 
phrase-based statistical machine translation models”, In 
Proceedings of AMTA.  

[4] Daniel, B., Featherstone, B., Hooper, C. -A. and Scourfield, 
J. (2005), “Why gender matters for Every Child Matters”, 
British Journal of Social Work, 35, 8, 1343–56.  

[5] Patry, A., F. Gotti, et al. (2006),”Mood at work: Ramses 
versus Pharaoh. ACL”, New York City, USA.  

[6] Andreas Stolcke,” SRILM — AN EXTENSIBLE 
LANGUAGE MODELING TOOLKIT”, Speech 
Technology and Research Laboratory SRI International, 
Menlo Park, CA, U.S.A. http://www.speech.sri.com/  

[7] Josef, F (2001),”Readme-File of Yasmet 1.0 Yet another 
Small MaxEnt Toolkit: YASMET”, 
http://www.fjoch.com/YASMET.html  

[8] McCallum, Andrew Kachites, (2002),” MALLET: A 
Machine Learning for Language Toolkit”, 
http://mallet.cs.umass.edu  

[9] P. Clarkson, and R. Rosenfeld,” Statistical language 
modeling using the CMU-cambridge toolkit”, 
EUROSPEECH, ISCA, (1997), 
http://dblp.unitrier.de/db/conf/interspeech/eurospeech1997.h
tml#ClarksonR97  

[10] Peter E Brown, Vincent J. Della Pietra, Stephen A. Della 
Pietra, Robert L. Mercer,”The Mathematics of Statistical 
Machine Translation: Parameter Estimation”, 
Computational Linguistics, Volume 19, Number 2 , IBM 
T.J. Watson Research Center, Yorktown Heights, NY 
10598, ~) 1993 Association for Computational Linguistics  

[11] Crego, Josep Maria and Jose Bernardo ´ Marino. 
(2006),”Integration of POStag-based ˜ source reordering 
into SMT decoding by an extended search graph”, In 
Proceedings of the 7th Biennial Conference of the 
Association for Machine Translation in the Americas, 
Boston, MA.  

[12] Crego, Josep Maria, Jose Bernardo Mari ´ no, ˜ and Adria 
de Gispert. 2005a,”An ` Ngram-based statistical machine 
translation decoder”, In INTERSPEECH 2005, pages 3185–
3188, Lisbon, Portugal.  

[13] Chris Callison Burch,” HOW-TO GUIDE: Installing and 
running the Joshua Decoder”, Released: June 12, 2009, 
http://www.cs.jhu.edu/~ccb/joshua/  

[14] Kishore Papineni, Salim Roukos, Todd Ward, John 
Henderson, and Florence Reeder, (2002),”Corpus-based 
comprehensive and diagnostic MT evaluation: Initial 
Arabic, Chinese, French, and Spanish results”, In 
Proceedings of Human Language Technology, San Diego, 
CA. To appear.  

[15] Callison-Burch, C., Osborne, M., and Koehn, P. 
(2006),”Re-evaluating the role of bleu in machine 
translation research”, In 11th Conference of the European 
Chapter of the Association for Computational Linguistics 
(EACL- 2006), pages 249–256.  

[16] Doddington, G. (2002),”Automatic evaluation of machine 
translation quality using n-gram co-occurrence statistics”, In 
Proceedings of the second international conference on 
Human Language Technology Research, pages 138–145, 
Morgan Kaufmann Publishers Inc  

 
 
 

 
 


