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Abstract: Natural Language Processing (NLP) is an important feature of intelligent computer systems. It is the field of
computer studies that focuses on the interaction between human languages and computers. It is an interdisciplinary subject
which borrows extensively from different areas in computer science, artificial intelligence and computational linguistics.
The aim of this article is to study the subject of Natural Language Processing in a brief manner and enlighten the reader on
every basic aspect of this novel topic of research. The topics discussed in this article range from a study of the emergence of
natural language processing as an important research objective for mankind to the various parsing techniques of natural
languages and the future of this sub-field of computer artificial intelligence.
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I. INTRODUCTION
NLP is a process for computers to understand, analyse and derive meaning from human language in a manner which is
useful or in such a way that is representable in a human language. By utilizing NLP, software developers and computer
scientists can make knowledge organized and structured so that tasks like automatic summarization, translation, named entity
recognition and relationship extraction can be easily performed, besides other similar tasks like sentiment analysis, speech
recognition and topic segmentation.
These are subtopics which will be discussed elaborately in the upcoming sections.
John Rehling, is an NLP expert at the Meltwater Group. He has said the following in How Natural Language Processing
Helps Uncover Social Media Sentiment:
“Apart from common word processor operations that treat text like a mere sequence of symbols, NLP considers the hierarchical
structure of language: several words make a phrase, several phrases make a sentence and, ultimately, sentences convey
ideas…By analysing language for its meaning, NLP systems have long filled useful roles, such as correcting grammar,
converting speech to text and automatically translating between languages.”
II. BACKGROUND
NLP, as a subject, began to take its root in the 1950s when an article titled Computing Machinery and Intelligence [1] was
published by Alan Turing. This paper was also one which introduced the famous Turing test as a criterion or requirement of
intelligence. The very first machine translation was conducted by automatically translating more than sixty Russian sentences to
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English. Popularly known as the Georgetown-IBM experiment, it was the first such experiment to have involved machine
translation.
A breakthrough was achieved when some notable successful NLP systems were developed in the next decade such as the
SHRDLU, which was an NLP system working in restricted “blocks world” with restricted vocabularies. Another development
was ELIZA, a simulated Rogerian psychotherapist [2], written by Joseph Weizenbaum(Figure 1 [3]).

Figure 1: ELIZA, the Rogerian psychotherapist

Without having any knowledge about human thought or emotion, ELIZA provided human-like interaction. However, the
responses were generic and it became more evident when the “patient” asked questions which surpassed the limited knowledge
base. For example, when statements like “My head hurts” or “I lost my father” were asked, ELIZA would respond with “Why
do you say your head hurts?” or “Why do you say you lost your father?”
Until the 1980s, most NLP systems were based on complex sets of hand-written rules. Starting in the late 1980s, machine
learning algorithms revolutionized NLP. This was brought about by both the steady increase in computational power, as stated
in Moore’s Law [4] and the gradual dominance of the Chomskyan theories of linguistics [5]. The theoretical underpinnings of
the Chomskyan theories discouraged the sort of corpus linguistics that underlies the machine-language approach to language
processing. Machine learning algorithms at their earliest, which consisted of algorithms such as decision trees, produced
systems of hard, inflexible if-then rules which were like existing hand-written rules. However, it was when parts-of-speech
(POS) tagging introduced the hidden Markovian models [6] to NLP that research became increasingly focused on statistical
models, which make probabilistic decisions based on attaching real-valued weights to the features making up the input data. It is
now imperative to discuss the important terminologies associated with the major evaluations and tasks.
III. IMPORTANT TERMINOLOGIES
Natural language is parsed and processed differently from both formal languages and artificial languages, though there is
some similarity between how the three languages are processed or parsed. Hence, a few terminologies are similar in the domain
of formal languages, artificial languages and natural languages. Such terminologies mainly describe the major evaluations and
tasks in natural language processing.
NLP tasks often have real-world implications. The tasks in NLP are closely intertwined that are, for the sake of
convenience, divided into sub-categories. The following terminology is associated with those divisions.
A. Morphological Segmentation: This means breaking down words in any natural language into their stems, root words,
prefixes and suffixes (if any) and establishing a relation between them. The word “running”, for example, can be broken
down as follows: Running → Run + ing. Thus, if the machine can parse the word “run” precisely then by morphological
segmentation, it can also deduce the meaning of “running”.
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B. Parts-of-Speech tagging: By parts of speech, we generally mean the grammatical categories of the words in any sentence or
passage. Other names for Parts-of-Speech (POS) tagging are grammatical tagging or word-category disambiguation. In this
process, words are divided into categories based on both its definition and context (specifically, its relationship with the
adjacent words and related words in the sentence). Parts of speech tagging is computationally harder than just tagging a few
words as nouns, verbs, pronouns, adjectives et al. Extracting the context of the words with respect to the adjacent words
requires statistical analysis of the words along with the adjacent words. For example, “book” can be either a noun (“The
book was worth reading”) or a verb (“Please book two tickets for me”).
C. Parse Trees: Parsing a natural language implements the Parts-of-Speech tagging and analyses the syntax of a string of
natural language in the next step. During the process of parsing, a parse tree [7] is implemented in the same way it is
implemented for formal languages or artificial languages. When NLP is concerned, there are two types of parse trees:
Constituency-based parse trees and Dependency-based parse trees.

i.

Constituency-based parse trees: The constituency-based trees differentiate terminal nodes from non-terminal nodes. The
non-terminal categories of grammar constitute the interior nodes, while the leaf nodes are terminal. Given below is an
example of a constituency-based parse tree, which has been explained later:

Fig 2: An example of a constituency-based parse tree

The parse tree contains the entire text, starting with the root S and ending with the distinct words (John, hit, the, ball). The
abbreviations in the tree mean the following:


S → S stands for Sentence.



NP → NP stands for Noun Phrase. A noun phrase contains a noun and may contain other grammatical components such as
a Determiner. The first (leftmost) NP is John, which is also the “subject”. The other child node branching from S is the
“object” of the sentence.



VP → VP means Verb Phrase. It serves as the predicate.



V → V stands for Verb.



D → D stands for Determiner. Here, the determiner is an article (“the”).



N → N stands for Noun.

Given below are a few properties of the constituency-based parse trees:
a.

There are three categories of nodes in a tree: root node, branch node and leaf node.

b.

The root node is the topmost node and there can be no branches on top of it.

c.

A sentence can only have one root node.

d.

A branch node connects a parent node to two or more children nodes.
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In the simple example above, S is the root node, NP and VP are the two branch nodes and John (N), hit (V), the (D), ball (N) are
all leaf nodes.

ii.

Dependency-based parse trees: This type of tree is the parse tree of dependency grammar. Dependency grammar is different
from constituency grammar (discussed earlier) in this type of grammar, there exists a notion that linguistic units, e.g. words,
are connected to each other by directed links. In other words, there exists a “dependency” between different words in a
sentence. On average, dependency-based parse trees are simpler than constituency-based ones because they contain fewer
nodes. Considering the previous example (“John hits the ball”), a dependency-based parse tree would look like the one
given below:

Figure 3: An example of dependency-based parse tree

It is important to note that phrasal categories such as S, VP and NP are not existent in this parse tree.
However, parsing a natural language can sometime produce an ambiguous analysis of the grammar itself. This happens if
Parts-of-Speech tagging is done in a manner that is not stochastically coherent. Take, for example, the following sentence which
is parsed in two different ways:
“I shot an elephant in my pajamas.”
On one hand, we can deduce that the speaker shot an elephant when he was wearing pajamas, while on the other hand, the
speaker shot an elephant, which was wearing his pajamas. The corresponding parse trees (constituency-based parse trees) are
given as follows:

Figure 4: The two ways a sentence can be parsed

The evaluations and tasks discussed till now were related to the process called “Lemmatization”. Lemmatization is the
process by which the lemma of a word is determined, based on its intended meaning. Lemmatization differs from stemming
because it algorithmically determines the lemma of a word based only on its intended meaning. It depends on correctly
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identifying the intended part of speech and meaning of a word in a sentence, as well as within the larger context surrounding the
sentence, taking into consideration the neighbouring sentences or the even the entire passage.
There is a separate set of evaluations and tasks associated with “Semantics”, which will be discussed in a later section. In
the following section, we discuss a queer device for parts-of-speech tagging.
IV. SLIDING WINDOW BASED PARTS-OF-SPEECH TAGGING
The use of sliding window based part-of-speech tagging [8] is to POS (Parts-of-Speech) tag a text. More than one part of
speech can be assigned to words in a natural language text when taken out of context. It has been found statistically that the
percentage of these words is around 30% in the domain of English language. Solving this problem is very important in natural
language processing.
Sliding windows based parts-of-speech taggers are programs. The function of these programs is to assign a single part-ofspeech to a given lexical form of a word. This is done by looking at fixed sized “window” of words around the word to be
disambiguated. The two main advantages of this approach are:


Automatically training the tagger is possible because of this approach. This makes the need of manually tagging a
corpus unnecessary.



The tagger can be implemented as a finite state automaton (Mealy Machine).

We now define this process formally. Let,
Γ = {γ1, γ 2, ……., γ|Γ|} be the set of all possible tags which may be assigned to a word and let,
W = {w1, w2, ……}be the vocabulary of the application. Let
T: W → P(Γ) be a function for morphological analysis which assigns each w to its set of possible tags. T(w) ⊆ Γ, that can
be implemented by a full-form lexicon, or a morphological analyser. Let,
Σ = {σ1, σ2, …., σ|Σ|}be the set of word classes that, in general, is a partition of W with the restriction that for each σ ϵ Σ all
of the words w, Σ, σ will receive the same set of tags, i.e. all of the words in each word class σ belong to the same ambiguity
class.
Normally, Σ is constructed in a way that for high frequency words, a single word is present in each word class, while each
word class corresponds to a single ambiguity class in case of low frequency words. Performance is enhanced for high frequency
ambiguous words, and this doesn’t require too many parameters for the tagger.
With these definitions we can state the problem in the following way: Given a text w[1]w[2]…w[L] ϵ W* each word w[t] is
assigned a word class T(w[t]) ϵ Σ (either by using the lexicon or morphological analyser). This is done in order to get an
ambiguously tagged text σ[1]σ[2]…σ[L] ϵ W*. It is a tagger’s job to get a tagged text γ[1]γ[2]…γ[L](with γ[t] ϵ T(σ[t]) ) as
correct as possible. A statistical tagger looks for the most probable tag for an ambiguously tagged text σ[1]σ[2]…σ[L]:
γ*[1]…γ*[L] = arg maxγ[t] ϵ T(σ[t] p(γ[1]γ[2]… γ[L]σ[1]σ[2]…σ[L])
Using Bayes formula [9], we convert this into:
γ*[1]…γ*[L]
= arg maxγ[t] ϵ T(σ[t] p(γ[1]γ[2]…γ[L])p(σ[1]σ[2]…σ[L]γ[1]γ[2]… γ[L])
where p(γ[1]γ[2]…γ[L]) is the probability that a particular tag (syntactic probability) and p(σ[1]σ[2]…σ[L]γ[1]γ[2]…
γ[L]) is the probability that this tag corresponds to the text σ[1]σ[2]…σ[L](lexical probability).
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V. SEMANTIC, DISCOURSE AND SPEECH

Semantics is the branch of natural language processing which is concerned with logical interpretation and meaning of
linguistic terms. There are many sections which fall under the broader subject of semantics and are discussed below (much of it
is used for representing information on the Web):
A. Machine Translation: In this function, a machine automatically translates text from one human language to another.
This is a difficult problem and is a member of the class of problems termed as “AI-complete”, i.e. they require all the
knowledge that humans possess (such as grammar, semantics, facts about the real world).
B. Natural language generation: Natural language generation is another sub-field of semantics where a fixed data set is
represented as natural language. Natural language summarization is a task which resembles this.
C. Natural language understanding: This is perhaps the most important task of natural language semantics. It is a subfield
of natural language processing and artificial intelligence that deals with “machine reading comprehension” which
means the ability of machines to derive meaning from large strings of natural language text. Natural language
understanding(NLU) is considered an AI-hard problem. This is because assembling output in natural language is not as
complex as disassembling and parsing input in natural language. The occurrence of unknown and unexpected features
in the input and the need to determine the appropriate semantic and syntactic schemes to apply to it are the reasons
behind this.
D. Sentiment analysis: This is useful application of NLP in social media. It deals with extracting subjective information.
This kind of information is usually extracted from a set of documents, often by using online reviews to determine the
“opinion” about certain specific objects.
Discourse and Speech include tasks like automatic summarization, conference resolution, discourse analysis, speech
recognition, speech segmentation and text-to-speech conversion.
Speech processing is the study of speech signals. It also entails the study of the processing methods of these signals. The
signals are usually processed in a digital representation. Thus, speech processing can be regarded as a special case of digital
signal processing which is applied to speech signal.

Figure 5: Google’s Text-to Speech interface

Speech Processing can be real-time or offline. Google’s Text-to-Speech (Figure 5) [10] is one of the most advanced speech
processing software known today.
VI. CONCLUSION AND FUTURE WORK
Always evading our attention, Natural Language Processing is present wherever there is human-computer interaction and
modern computer technology. We rely heavily on the World Wide Web for information nowadays. That is one of the reasons
why we need to design machines and develop systems that can process general text and speech in natural language and extract
useful information from it.
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Information extraction is just one of the many uses of an NLP powered machine. Other uses include automatic

summarization, machine translation, natural language generation, parsing, question answering, sentiment analysis, speech
segmentation, word sense disambiguation, speech processing, etc. These tasks make use of a stochastic approach to NLP. A
stochastic approach means a statistical, probabilistic method of analysing natural language accurately.
Currently, extensive research is being done on the following fields:


Semantic Web search



Sentiment analysis/Opinion mining



Machine translation (which extends to translate complex Asian and African languages accurately)



Advanced speech processing applications



Social network analysis



Collective intelligence.

Apart from Computer Science, NLP is also a subject which has been extensively applied to Bio-Medical sciences, Forensic
sciences, Education, E-governance, Business Development and many more sectors. With the emergence of voice-based
“intelligent” assistants, NLP will receive even greater attention in the coming years.
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