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Abstract- In the generation of artificial intelligence and
modern intelligent machines, Natural Language Processing
forms a major part of the whole system. The implementation
of NLP requires a meticulous and complex algorithm which
consists of many functional, analytic semantic fragments. The
realization of all the modules takes a lot of time and resources.
Therefore, there is a need for libraries which contains these
modules and can be used whenever required for implementing
the algorithm. In this paper, we have constructed a NLP
library in Nemerle programming language using the dotnet
framework. We have used Nemerle due to its strong metaprogramming system, C# like syntax, functional and
imperative features. We have developed all the modules and
then collaborated them in a single class library which can be
used in other languages supported by dotnet framework. Using
this library, one can build his own language processing
algorithm buy using the provided fundamental features of
NLP. In addition to that, we have also shown the advantage of
using Nemerle over other available programming languages.
.
Index Terms- Class Library, Dotnet Framework, Natural
Language Processing, Nemerle, Programming Languages and
Visual Studio Templates

I. INTRODUCTION

C

omputer science has made huge strides since it became
recognized as a distinct academic discipline in the 1960s.
One of the fundamental problems it has addressed is how to
translate the problems that people need solved into a format
that computers can process. A variety of powerful and
ingenious solutions have been applied to this problem.
Programming languages are human-engineered languages
developed to convey instructions to machines; they are based
on rules of syntax and semantics. Thousands of different
programming languages have been developed, used, and
discarded. Initially, the evolution of programming languages
was driven by a mission for efficient translation of human
language to machine code. This has lead to greater use of
objected-oriented and event driven programming languages
along with functional and meta-programming languages.
We also know that making the computer understand how the
humans process their own language is a challenging task. For
this purpose we use an approach called Natural Language
Processing (NLP). NLP is the computerized approach to
analyzing text that is based on both a set of theories and a set

of technologies. And, being a very active area of research and
development, there is not a single agreed-upon definition that
would satisfy everyone, but there are some aspects, which
would be part of any knowledgeable person’s definition.
Nemerle is a new language which is designed for dotnet
framework was developed keeping in mind the pros and cons
of various other languages like C#, ML and LISP. Nemerle
was envisioned as a high-level programming language with
support for object-oriented programming, functional
programming, and meta-programming. It takes the OOP [1]
part from C#, functional programming [7] part from ML
(Meta Language) and meta-programming [2] from LISP.
Hence, it turns out to be one of the most interesting languages
offered. In our paper we have tried to develop a library class in
Nemerle [3] having the wrapper functions for Natural
Language processing algorithms in order to exemplify its
programming paradigms. We have used Nemerle version
1.1.7for dotnet framework 4.0 in Visual Studio 2010 Ultimate
Edition.

II. NATURAL LANGUAGE PROCESSING
Human mind is a very intelligent system. With good years
of training, it is able to differentiate as well as interpret the
meaning and structure of the language sentences. For making
the computer do it, we use the theories of natural language
processing that emulates the way the humans think about the
languages. The choice of the word ‘processing’ is very
deliberate, and should not be replaced with ‘understanding’.
For although the field of NLP was originally referred to as
Natural Language Understanding (NLU) in the early days of
AI, it is well agreed today that while the goal of NLP is true
NLU, that goal has not yet been accomplished. A full NLU
System would be able to:
1) Paraphrase an input text
2) Translate the text into another language
3) Answer questions about the contents of the text
4) Draw inferences from the text
While NLP has made serious inroads into accomplishing goals
1 to 3, the fact that NLP systems cannot, of themselves, draw
inferences from text, NLU still remains the goal of NLP. [8]
The main work in computational linguistics began with
covering the main parts of any language processing, which
are:
These are:
1) Lexical Analysis
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Lexicons are the basic semantic parts of any language.
Their analysis includes basic things like tokenization, word
count frequent word counts etc.
2) Automatic Tagging
Automatically disambiguating part-of-speech [9] labels in
text is an important research area since such ambiguity is
particularly prevalent in English. Programs resolving part-ofspeech labels (often called automatic taggers) typically are
around 95% accurate. Taggers can serve as preprocessors for
syntactic parsers and contribute significantly to efficiency.
3) Parsing

Figure1. Module to tokenize the sentence
The traditional approach to natural language processing
takes as its basic assumption that a system must assign a
complete constituent analysis to every sentence it encounters.
The methods used to attempt this are drawn from
mathematics, with context-free grammars playing a large role
in assigning syntactic constituent structure.
4) Word-Sense Disambiguation
Automatic word-sense disambiguation [12] depends on the
linguistic context encountered during processing. We find a
variety of cues while parsing, including morphology,
collocations, semantic context, and discourse. Statistical
methods exploit the distributional characteristics of words in
large texts and require training, which can come from several
sources, including human intervention. We used the
“iDictionary” interface for getting the trained word pairs.
Token ratios and average token ratio gives an overview of
several statistical techniques they have used for word-sense
disambiguation.
5) Semantics
Semantics [13] deals with the exact meaning of any
sentence. A sentence might be syntactically correct but
semantically wrong. For e.g. there is a sentence “Jack plays

Figure2. Module for calculating Type-Token Ration

2

guitar”, syntactically there must be two words around a verb.
So, the sentence “Guitar plays Jack” is correct syntactically,
but semantically wrong. So, determining which word is
subject, which is object and which is the predicate is an
example of semantic analysis.
6) Discourse Analysis
Discourse analysis is concerned with coherent processing of
text segments larger than the sentence and assumes that this
requires something more than just the interpretation of the
individual sentences. This basically deals with how the syntax
and semantics of the sentences support the structure of the
discourse analysis.
.

Figure3. Module to split the sentence
III. MAKING OF NLP LIBRARY IN NEMERLE
Nemerle is a general-purpose high-level statically typed
programming language [4] designed for platforms using the
Common Language Infrastructure (.NET/Mono). It offers
functional, object-oriented and imperative features. It has a
simple C#-like syntax and a powerful meta programming
system. One of the best things that made us work with
Nemerle language was its functional programming and meta
programming. This made us try, to make an NLP class library
[14] with an easy code, better readability and better
performance. We have incorporated all the points of NLP as
mentioned above.
Nemerle's most notable feature is the ability to mix object
oriented and functional styles of programming. Programs may
be structured using object oriented concepts such as classes
and namespaces, while methods can (optionally) be written in
a functional style. Other notable features include:
1) Strong type inference
2) A flexible meta programming subsystem (using macros)
3) Full support for OOP (in the style of C#, Java, and C++)
4) Full support for functional programming (in the style of
ML, OCaml, Haskell) with the following features:
a. higher-order functions
b. pattern matching
c. algebraic types
d. local functions
e. tuples and anonymous types
f. partial application of functions
The meta-programming system allows for a great deal of
compiler extensibility, embedding of domain specific
languages,
partial
evaluation,
and
aspect-oriented
programming, taking a high-level approach to lift as much of
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the burden from the programmer as possible. The language
combines all CLI standard features, including parameter
polymorphism, lambdas, extension methods etc. Accessing the
libraries included in the .NET or Mono platforms is as easy as
in C#.

3

space and time complexity. We choose the dotnet framework
because it can support many languages and provide easy to
use template functionality along with the options of
developing many kinds of applications. We analyzed many
languages of dotnet framework and found that among all,
Nemerle fulfill our necessities for this algorithm. Also, for
other languages, the library for NLP is already built and
shared, so we have tried to make such a library for Nemerle
programming language.

Figure4. Module for checking regular expression

Figure6. Module for Tagger, Chunking and Parse Tree

B. Software used
The most widely used software which can mimic the
process involved in our development and can produce the
possible result is Visual Studio. Microsoft Visual Studio [5] is
an integrated development environment (IDE) from Microsoft.
It is used to develop console and graphical user interface
applications along with Windows Forms applications, web
sites, web applications, and web services in both native code
together with managed code for all platforms supported by
Microsoft Windows, Windows Mobile, Windows CE, .NET
Framework, .NET Compact Framework and Microsoft
Silverlight.

Figure5. Module for context generator
A. Reason for choosing Nemerle.
In this approach of developing a library for NLP, we require
a programming language that can work simultaneously in
processing many modules [15] and also satisfy the criteria of

Visual Studio supports different programming languages by
means of language services, which allow the code editor and
debugger to support (to varying degrees) nearly any
programming language, provided a language-specific service
exists. Built-in languages include C/C++ (via Visual C++),
VB.NET (via Visual Basic .NET), C# (via Visual C#), and F#
(as of Visual Studio 2010). Support for other languages such
as M, Nemerle, Python, and Ruby among others is available
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via language services installed separately. It also supports
XML/XSLT, HTML/XHTML, JavaScript and CSS.
In Visual studio, we have used the class library project
template for the development of our code for the required
algorithm. Class libraries are the rough OOP equivalent of
older types of code libraries. They contain classes, which
describe characteristics and define actions (methods) that
involve objects. Class libraries are used to create instances, or
objects with their characteristics set to specific values.

IV. PROGRAMMING THE COMPONENTS OF NLP LIBRARY
Here comes the most crucial step of our development. We
have implemented a function that tokenizes (Figure 1.) the
paragraphs into separate words on the basis of some delimiters
like punctuations in English language.
After tokenization, we proceeded to the word count and
token ratio of a text input. After calculating the token ratio, we
tried to split the word (Figure 3.) into its possible phrases and
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Then it was required to test the application of regular
expression (Figure 4.) in Nemerle, as regular expressions have
a great importance in lexical analysis, discourse analysis and
syntactical analysis. For this we used the unique way of
pattern matching that has multi use in Nemerle. This type of
syntax addresses functional programming and uses ‘|’ for
denoting different conditions. [10]
After this, the words are matched with the list of symbols
mentioned in the look up library (Figure 7.). These symbols
are connected with each word to form a list of matched words
known as Pos tagger. This tagger performs the task of
segregating the text into the grammatical parts of a sentence.
Then the individual word is classified in the parts of speech
like verbs, nouns, pronouns etc. (Figure 6.) This process is
known as chunking [11] and from this a tree is formed with
the help of the list of words known as Parse tree. [6]
Next we have tried integrating the regular expression
method in the context generator module (Figure 5.). This
module tries to define the type of the semantics, parts of
speech and meaning of the text by using a trained dictionary in
dotnet which is popularly known as iDictionary Interface and
it is provided in the templates for Visual Studio.
Finally, we have formed a strong base to perform the NLP
algorithm with the use of the above mentioned modules. These
are modules are the incorporated into a class library so that
these can be used with ease in the code of any language
processing algorithm. For this library, we copied all the codes
and pasted in the class library project of Visual studio and
made some necessary changes to combine all the modules
successfully. This project is then compiled in the Release
mode and the dll and xml files of all the modules of the library
were generated. The generated XML file of the whole
Nemerle class library project is demonstrated in two parts in
Figure 8 and Figure 9 and combined with necessary comments
to show the working of important lines of the XML file.

Figure7. English look up list for PosTagger
then check the correct break down of the text keeping in mind
the semantics of English Grammar. Tokens are referred to all
the words present in the data and type is the number of
uniquely identifies set of words.
After calculating the token ratio for the input text, we tried to
split the word (Figure 3.) into its possible phrases and then the
check the correct break down of the text or word we have.
This helps us in getting the possible meaning of the complex
string.

V. CONCLUSION
At the end of this paper, we can state that we have
successfully developed the class library for natural language
processing algorithm using Nemerle which is a better
programming language for this purpose considering the above
mentioned advantages over other available languages. We
have developed this library to facilitate the availability of NLP
functions and modules to the researchers involved in this
research field and the programmers coding in Nemerle or any
other language supported by dotnet framework. After this, we
look forward to develop more modules and libraries for other
complex algorithms using the then most effective and
beneficial programming language.

Figure8. First Part of the generated XML file of the developed Class library in Nemerle
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Figure9. Second Part of the generated XML file of the developed Class library in Nemerle
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