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Abstract

The natural instinct of human beings is very complex. The understanding of this instinct requires a clear dimensional analysis of
the knowledge of discourse. The computer systems are now trained to understand how things work in real-world domain for
intelligent analysis. This effort although very progressive has a limitation. There is an intelligence gap which makes human one
step above the machine. Fuzzy logic can be used to make a machine understand this intelligence gap in a better way. Fuzzy logic
is the science which makes a computer understand and think the way humans do. The aim of this study is two folds: first, to
understand fuzzy logic, a computational Intelligence technique, for effective decision making and second, to illustrate through
real world examples the existence of this intelligence gap using well known natural language processing applications like Google
Search Engine, Google Translator and MIT Start. To the best of our knowledge, there is no work available in the literature which
exemplifies this intelligence gap in such a simple manner. The examples are chosen carefully to illustrate and demonstrate the
applications of fuzzy logic in natural language processing environment for every reader.
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1. Introduction

Computer Science is an interesting field of study as it inherits its methods from both Mathematics and
Information Technology & Engineering. It includes approaches, methods consisting of mathematical axioms,
postulates, and proofs, quantification, comparison, measurement, simulation, implementation and experimentation. It
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has been rightly said that computer science investigates the contemporary phenomenon within its real life context;
when the boundaries between phenomenon and context are not clearly evident[1,2]. A very special area with
emerging importance within Computer Science is Computational Intelligence that is often referred to as Soft
Computing, or Bio-inspired Computing, as its methods include various techniques and technologies borrowed from
soft sciences, and are often motivated by phenomena observed in biological organisms, or systems, including the
partial imitation of human perception, cognition, and reasoning; and the behaviour of groups of human beings,
especially social systems[3,4,5].

Nowadays, Computational Intelligence (CI) and, within this broader area, Fuzzy Systems has become one of the
most successful technologies for sophisticated control and reasoning/inference systems [6, 7]. The reason for its
success lies in the fact that Fuzzy Systems closely resembles human decision making with the ability to solve
problems and generate solutions which are precise. It is also important that fuzzy models are transparent and easily
adaptable. Further, the fact that fuzzy approaches use the sub-symbolic information available in the universe of
discourse providing the context to the given model and solution [8, 9]. Its advantage is that it infers acceptably good
solutions from approximate information, by reducing the computational complexity tremendously, compared to
classic approaches. The gap in engineering design which is left vacant by purely mathematical methodologies is
often filled by fuzzy logic, and other CI techniques. Other approaches require hard core mathematical equations to
model real life complex problems. But fuzzy systems can accommodate the ambiguities of the real world more aptly
due to the formation of soft or vague boundaries, instead of hard (crisp) boundaries [10]. The problem specifications
are converted here into automatic systems by intuitive design methodologies. The applications of fuzzy theory were
mainly industrial, such as the very first one: the process control of cement kilns. However, as the technology was
further embraced, fuzzy systems were used in many more applications, some of them rather sophisticated. The
applications of Fuzzy technology have virtually exploded, affecting things we use every day, including domotic
systems[11], vehicular technology[12], decision support in management[13], economy[14], diagnostics[15] and
many other areas. The importance of fuzzy systems can be understood with the fuzzy washing machine, fuzzy
microwave oven, fuzzy functions in cars, like driver adaptive automatic gear and fuel consumption optimisation, and
many more. Practically, the most exciting thing about it is the simplicity involved in operating it, which is provided
by the transparency of fuzzy models in contrary to many other mathematical (approximation) models. The growth of
fuzzy systems applications over the years has seen growth in various segments, as it is shown in Figure 1. The
growth has been analysed with the amount of research done in fuzzy theory, both at conceptual level and in the
application field. The information for analysis has been collected from the well-known database of Google Scholar
[16]. The results have been shown graphically indicating the volume of growth in fuzzy systems and allied
techniques.
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Figure 1: Fuzzy Systems Growth

In problems where fuzzy logic can be applied, there is a multitude of interesting and challenging problems. Such
are the size of the large data sets (long time series, spatial data with high resolution, etc.), the heterogeneity of
different data sources; such as sources of quantitative information, like measurement and simulation, and sources of
subjective (often only qualitative) information, like expert knowledge and subjective evaluations; the coexistence of
different data structures and data formats (e.g. time series, spatial data), and the presence of different types of data
(e.g. quantitative and qualitative data), and the uncertainty of those data. An inherent uncertainty of this information
is there because of the use of random variables, of inaccurate data, and approximate estimations, the incomparability
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of the data, the partially vague expert knowledge, and the subjectivity of the information. In view of these factors
fuzzy approaches find a wide field of applications and Natural Language Processing(NLP) is one of them.

The proper selection and the efficient use of fuzzy logic provide good solutions to various data analytics
problems. Descriptive analysis and predictive modelling provide useful insight into complex computational
problems. These insights eventually help in finding inter-relations among various phenomena. Fuzzy logic often
provides action oriented insights, which may lead to new discoveries and impacts. It is, thus, the need of the hour to
carefully consider and deploy the qualitative amalgamation of fuzzy logic in data analytics. Also, in order to address
the issues of data science and data analytics, the modelling of solutions in view of simplicity and flexibility makes
them suitable for being solved by fuzzy models. These methods are able to deal with vagueness, uncertainty and
imprecision, which usually occur in human reasoning.

The aim of this paper is to understand the existence of uncertainty in natural language. The vagueness,
imprecision can be exemplified with some well-known applications of Google Search Engine [17], Google
Translator[18] and MIT Start[19]. The authors have carefully chosen examples which clearly illustrate the
intelligence gap of the machines in understanding what is the desired information required by the user. This study
will prove to be an effective tool in using fuzzy logic to natural language processing and will arose interest of
academicians, researchers to focus more on domain specific attributes of natural language processing where fuzzy
logic can be applied.

The rest of this paper is organized as follows: section 2 discusses the objective of this study. Section 3 presents
the motivation which led to the analysis of fuzzy logic in natural language processing. Section 4 illustrates the
observational analysis of well-known applications of Google Search Engine, Google Translator and MIT Start with
a view to understand the intelligence gap. Section 5 presents a conclusion of the study.

2. Objective

Natural language has semantics, pragmatics for the people communicating in a particular language to express
their sentiments, feelings, behaviour. Human brain is a marvellous machine which can translate and understand the
text/audio in natural language.

It is also to be observed that natural language has characteristics like- ambiguity, uncertainty, vagueness, and un-
descriptiveness. Some of the natural languages are free order as well, for example Hindi. These inherent
characteristics make the outcome of a natural language processing system inaccurate.

To design an application to make a computer understand the natural language and interpret the way humans do,
is the primary task of any natural language processing system. Natural language processing is a wide area with multi-
facets applications in various domains. Natural language processing is ubiquitous and is likely to see a more powerful
and useful future. Some of the unknowing use of natural language processing tools in our day-to-day life are-
predictive typing, auto-correct, spell checker, grammar checker, duplicate detection, spam detection and so on.

3. Motivation

Uncertainties can be handled by fuzzy logic. Fuzzy logic is a generalization of bivalent logic with more
flexibility for handling vagueness and ambiguity. In fuzzy logic, degree of membership is given to the elements of a
set which lies between [0, 1]. Unlike crisp set, a discrete value is given to each element of a set. With the
understanding of the presence of ambiguity and uncertainty, fuzzy logic can provide useful insights to system which
processes natural language. In fuzzy set theory, the task of evaluating text/audio in natural language involves three
basic steps:

a.  Categorization
b.  Prioritization
c.  Detection of Specific theme

These basic steps form the backbone of any fuzzy logic based natural language processing system. Natural
language processing systems which can handle fuzzy logic based statements should be encouraged. This gives more
scalability, flexibility and efficiency to the natural language processing system.
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It is also important that developed fuzzy models are transparent and easily adaptable. Its advantage is that it
infers acceptably good solutions from approximate information, by reducing the computational complexity
tremendously, compared to classical approaches. Further, the fact that fuzzy approaches use the sub-symbolic
information available in the universe of discourse, providing the context to a given model and solutions, adds
additional advantage.

Nowadays, Fuzzy Systems has become one of the most successful technologies for sophisticated control and
reasoning/inference systems. The reason for its success lies in the fact that Fuzzy Systems closely resembles human
decision making with the ability to solve problems and generate solutions which are precise.

4. Observational Analysis

In this section, some examples are used as queries to the applications to understand how ambiguity, uncertainty,
vagueness in natural language input text affects poorly on the performance of the state-of-art NLP systems. The
application of fuzzy logic to improve these systems is also discussed. The performance is analysed for most
important natural language processing applications including Machine Translation, Question Answering System and
information retrieval. The most powerful systems are considered. They are the "START developed at MIT for
Question Answering", "Google search engine" and "Google Machine Translation".

a. Start, MIT’s natural language question answering system.
Let us begin by understanding the poor reasoning of the system using Start, MIT’s natural language
question answering system. Figure 2 and 3 show the results for two queries (1 and 2) semantically related:
Query 1: Show me the picture of a tiger (showed the correct answer)
Query 2: Show me how a tiger looks like (showed the message “I don’t know the answer”)
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Source: Merriam-Webster Dictionary
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v
Figure 2: Result for the Query: “Show me the picture of a tiger”
(MIT Natural Language Question Answering System)
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Figure 3: Result for the Query: “Show me how a tiger looks like”
(MIT Natural Language Question Answering System)
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Here, “looks like” has not been correctly reasoned by the system and thus shows incorrect result (“I don’t

know the answer”).

Google search engine

Another evident tool which is synonymous to searching “almost anything” is Google Search Engine. In this
time, Google search engine offers the most powerful search capability. It has been observed even the most
powerful search engine is unable to fully understand the uncertainty in the search query (input from the
user in natural language). The following search examples were carried out on Google Search Engine to

illustrate the poor reasoning of the system (refer to Figures 4-7).

Query 3: what is the age of narendramodi (proper result)

Query 4: for how many years has narendramodi been a live (inappropriate result)
Query 5: tallest man in the world (proper result)

Query 6: a man who has the most height in the world (inappropriate result)

€ oa p———— ot . ] fB8 A O 4+ =
GO gle what is the age of narendra modi Q #H OQ e
an

Narendra Modi / Age Narendra Modi <

Marendra Damedardas Modi is an Indian politician who is
the 14th and current t Prime Minister of India, in office since
May 2014. He was the Chief Minister of Gujarat from 2001
102014, and is the Member of Parliament for Varanasi
Wikipedia

67 years

Born: 17 Seplember 1950 (age 67), Vadnagar
Full name: Narendra Damodardas Mod

Pecple also search for Height: 1.7m

Rahul Gandhi Donald Trump [T e Spouse: Jashodaben Narendrabhai Modi (m. 1068)
47 years 71 years singn Siblings: Prahiad Modi, Pankaj Modi. Soma Modi, Amiit
i 85 years Modi, Vasantiven Hasmukhial Moai

Education: Gujarat University (1983), Universiy of Delni
(1978)

Profiles
People also ask

- A

Figure 4: Correct Result retrieved from Google Search Engine for Query 3
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Narendra Modi - Wikipedia

hitps://en wikipedia org/wiki/Narendra_Modi =

Narendra Damodardas Modi is an Indian politician who is the 14th and current Prime Minister ... Modi
traveled around India for iwo years, and visited a number of religious ... His adminisiration has been
complicit in the 2002 Guijarat riots During this period, known as "The Emergency”, many
of her political

Political party Bharatiya Janata Party Alma mater. University of Delhi. Gujaral Univer.
President Pranab Mukherjee Ram Nath Kovind

considere

After nearly 3 years of Narendra Modi government, 61 per cent people ..
indiatoday intoday.in » India

y 17 - The Narendra Modi government will complete three years in power later _ challenges
even as the BJP has been on an election winning spree.

3 years of PM Narendra Modi: Here's how NDA government performed ...
indiatoday intoday.in » India *
May 26. 2017 - Transport Ministry under Gadkari is one of the best performing wings of the Modi

government. ... The Modi government has been abie lo keep inflation under control. .. On May 26
2014, Narendra Modi took oath as the Prime Minister of india after the BJP-led NDA secured a
mammath majority

Google
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i 0cymtallests manin s thes worldBigs bm pey-ab.3, 3530k Ton
tallest man in the world Q
Al images  News  \Videos  Maps  More Seftings Tools
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Robert Pershing Wadlow

The tallest man in medical history for whom there is irrefutable

i is Robert ing (USA) (born 6:30 am. at
Altan, lllinois, USA on 22 February 1918), who when last measured
on 27 June 1940, was found to be 2.72 m (8 ft 11.1 in) tall

Tallest man ever | Guinness Waorld Records
W guine

@ About this result. BB Faadback

People also ask

Who is the tallest man in the world now?
How tall was the tallest man ever?

Whn is the shortest man in the world?
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Al images Videos  Maps  More Settings Tools
About 25,20,00.000 results (0.72 secands)

Sultan first became the world's tallest living man in 2009, when he measured 246.5
©m (8 ft 1in) in height. He took the title from Xi Shun (China, b 1951), who
measured 2 361 m (7 ft 8 95 in) in height when measured in 2005

Tallest man - living | Guinness World Records
weww. - ds/tallest-man-living

@ About this result BB Fasdback

People also ask
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x
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Guinness world record

Record: 0 ft 2.6 in
Date: February 8, 2011 (measured)
Place: Measured in Ankara, Turkey
Record helder: Sultan Kosen

Figure 7: Inappropriate Result retrieved from Google Search Engine for Query 6
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Among Query 3-6, the only difference is in the presentation of the sense of the query. The uncertain nature
of the queries in 4 and 6, confuse the system and thus it results in inappropriate results. Another illustrative
example is of Sentiment Analysis with Google Search Engine (refer to Figure 8 and 9). Consider the
following set of Queries.

Query 7: good budget restaurants
Query 8: suggest restaurants which are not heavy on pocket

€ 0a geeglecoin " . 1w X - -

GO gle good budget restaurants Q # 0 c

All

Fero;
&

Mughiai Restourart @7y % @
In Dy - Nazeer.

( Amber Restaurant

@ Tomra Restaurant "

New Delhi ind
% feestt

Mughal Gardens
=
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vaew ) Restaurant

Tamra Restaurant
ek Bufret

< aa " gt = v e -0 T

GO gle suggest restaurants which are not heavy on pocket Q #HOQ G

All

nice place to eat with good food and not heavy on pocket. - Reviews ...

https: fiwwews tripadvisorin» . » Dalhousie » Dalhousie Restaurants > Cafe Dalhousie

9004 1000 and Rot heavy on pocket” Review of __ Ranked #11 of
ws . The appearance, siructure and inlerior suggests that

26 Restaurant
ale Damousie

Food's good and it's not heavy on the pocket! - Review of Insider Cafe ...

https wvewe tripadvisor com > 3 George Town Restaurants » Insider Cafe Lounge +
nsider Cate Lou i's not heavy on the pocket! | would
recommend ther cheese cake 0w dificul o find a really

Images for suggest restaurants which are not heavy

Figure 9: Inappropriate Result retrieved from Google Search Engine for Query 8

Google Machine Translation system

Let us further understand the poor effect caused by Google Machine Translation system for English to
Spanish. Figures 10-11 show the translation inadequacies of the Queries (Query 9-10)

Query 9: (In English) there is a slight difference between warm and hot
Query 10: (In Spanish) esunaligeradiferencia entre caliente y caliente (is a slight difference between hot
and hot)



1382

Charu Gupta et al. / Procedia Computer Science 132 (2018) 1375-1384

€ ) © @ | https//wan hider=08 ;= psy-ab.3. 3539k 121011 0k 1h s ¢ wBa & 9 & =
~
G(ﬁ;GLE google translator Q #H @ 0
Al News  Books  Images  Videos  More Settings  Tools

About 93,00.000 results (054 seconds)
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Did you mean there s a slight difference
between warm and hot?

Open in Google Translate Feedback

Google Translate

https://translate.google.com/ ¥

Google's free service instantly translates words, phrases, and web pages between English and over
100 other languages.

You visited this page on 26/9/17

Say Here
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Spanish ~ H & English ~ 0 o
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caliente y caliente

Google Translate

https://translate.google.com/ *

Google's free service instantly translates words, phrases, and web pages between English and over
100 other languages.

You visited this page on 26/9/17

Say Here
Say "Transiate love into French” with Google's free service instantly

08:05

< B g o0

9
Figure 11: Google Translation of a sentence from Spanish to English (Query 10)

Further to illustrate the inability of Google Translator reasoning we consider query sentences involving
word sense disambiguation and named entity recognition. They are also poorly translated by the Google
Translator. Figure 12 and 13shows the results for Queries 11 and 12.

Query 11: (In English) Washington voted Washington to power
Query 12: (In Spanish) Washington vot6é a Washington al poder (Washington voted to power)
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Figure 13: Google Translation of a sentence from Spanish to English (Query 14)

The incorrect translation results from the basic inadequacy of a computer system to process words which are best
interpreted by common sense reasoning (involves world knowledge, domain knowledge, constraints). All the
examples stated above raise a need to understand the (human) contextual capability and uncertainty in the
language by a system.

These examples inspire us to explore the use of fuzzy logic in understanding the text in a better way. In the
above examples, words such as little, some, few, most, how many looks like have not been interpreted correctly. This
creates a gap between the expected processing of natural language and the output of the processed text.

5. Conclusion

Today a computer can translate a sentence but not proofread it. The idea is to understand that the out of the three
things (computation, memory and common sense) that a human uses efficiently; a computer can inherently work on
only two i.e. computation and memory. Fuzzy logic gives reasonable, sensible answers to questions which involve
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common sense reasoning of a system. Nowadays, Fuzzy Systems has become one of the most successful
technologies for sophisticated control and reasoning/inference systems. The reason for its success lies in the fact that
Fuzzy Systems closely resembles human decision making with the ability to solve problems and generate solutions
which are precise. The current state-of-the art methods which available in the literature for translation and retrieval
focus more on designing a rule basedof the language. So there is a strong need to build a natural language system
equipped with common sense (functionality).

It is also important that developed fuzzy models are transparent and easily adaptable. It is so because it infers
acceptably good solutions from approximate information, by reducing the computational complexity tremendously,
as compared to classical approaches. Further, fuzzy approaches use the sub-symbolic information available in the
universe of discourse providing the context to the given model and solution adds additional advantage.

The idea of conjoining natural language processing with Fuzzy Logic can become a good platform to bring
quantifiable change to the scientific output of natural language processing system. Systems thus developed using
fuzzy logic can be used for the welfare of society and mankind.
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