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Abstract—Communication is said to be taken place when the
message delivered is received effectively at the receivers end.
The communication channel and mode of communication are
least signicant than delivering the message to the targeted
audience. Several texts appear in day to day life which carries
messages to its targeted andience in the form of advertisements,
bhillboards, posters, banners etc. Though the message delivered
is precise in its form, such messages are received by the
public cffectively. No linguistic information is found in such
texts. The mechanism applied by the people to understand
such texts is the ‘Reasoning’ and ‘Interpretation’. Representing
such reasoning and interpretation capabilities to the machine
is one of the challenges to Articial Intelligence Researcher
Among Indian philosophers who worked on Logic, Acharya
Dignaga is a signicant logician, alse called a ‘Fighting Bull’.
The present paper is aimed to present the issues in Critical
Discourse Analysis (CDA) and Knowledge representation using
Dignagas Nyaya-pravesa, towards Machine Learning along with
the implementation details.

Index Terms—Word Sense Disambiguation, Indian Logic, Dis-
course Texts, Machine Learning, Reasoning, Knowledge Repre-
sentation, Critical Discourse Analysis, Perception, Inference.

I. INTRODUCTION

RTIFICTAL Intelligence {Al) is a dynamic arca of re-

search, that provide scope for wransforming an idiot (the
Compuler) into intelligent. In doing so, a computer scigntist
need w equip the computer with knowledge thar is laid down
mn the society in various forms. Till now, several Machine
Translation {MT) systems were reported in India and abroad
using various approaches and techniques. These systems are
fed with knowledge in the form of clectronic dictionarics,
the example-base with bi-lingual, tri-lingual and rmult-lingual
parallel corpus, the rule-base, etc. Question-Answering Sys-
tems, Interactive dialogue systems, Online Hotel and Railway
reservation systems, etc. were also reported which rely opon AT
that is fed in different forms. Most of the imput, received in the
form of text or speech from the general public to the system,
does nel meel the linguistic rules and requirements. The MT
Systenis 4re prone o generdie erroneous output due to arnbi-
guity, when fed with such imputs. Under such circumslances,
an urgent need to equip the compuier (o think on its own is
identifed. This is passible when the computer can judge based
on logic. Towards such initiation, an attempt is made i this
paper to identify the possibility of knowledge representation
using Indian Logic lowards handing the discourse Lexts.
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Logic is delivered by several Indian philosophers and Lo-
gicians, dated back from 1300 B.C. in the form of Vedas.
Among such great philosophers, Achirya Digniga is a sig-
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nifcant and carlicst Buddhist writer on Logic, also called a
“Fighting Bull” or a “Bull in discussion”. He was regarded
as a father of Mediacval Logic. The branch of learning was
paid attention differentiated from general philosophy began
in 430 A.D. Dignaga, in his writing, divided valid knowledge
nto six components, viz. Perception, Inference for ones” own
self, Inference for the sake of others, Reason and example,
Negurion of the opposite, and Analogue. Digniga stated (Wo
pramands (means of valid knowledge), namely, the perception
and inference. These components of knowledge are [urther
elaborated in section [-A.

The developroent of precise frameworks of discourse in-
terpretation has been hampered doe to the lack of decper
understanding of the dependencies berween different dis-
course units. This problem was initially visnalised by Acharya
R. M. K. Sinha and solved to a great extent with ANGLAB-
HARTT approach in Tndian context [5] for Hinglish that accepts
mput in the form of a variant discourse texts. The problem
of discourse language attracted more attention while working
with the news texts, where the headlines contain purely dis-
course sentences [8]. A number of strong constraints have been
proposed that restrict the sequencing and attaching of segments
at various descriptive levels, as well as the interpretation of
their interrelations. The discourse texts are o be analyzed
in terms of psychological, social and culiwral practices of
the group unto the society level. The utterance level of the
text need o be analyzed that specifie the importance and
signifance of the event. To analyze these signifcant aspects
af the discourse text a special kind of annoated corpora is
essential apart from logic. However, discourse texts can be
analyzed al a wide range of domains rather than in general
torm of langnage utterances.

During the literatre survey to work on this present area, i
is noted that the theoritical research work towards Critical
Discourse Analysis (CDA) is in its infancy. So far, 1o the
best of my knowledge there 1s no Machine Translation system
working towards CDA for the language English itself. Thus an
attempt was made to explore the possiblity of implementing
CDA for the language English at this stage. The reason behind
such 1dea is the availability of adequate lexical resources and
knowledge in English.

This paper is intended to present a theoritical framework,
aimed towards investigating the possibility of applying Indian
Logic preached by Dignaga, for handling discourse sentences
during MT. Section I-A presents the theory of Digniga,
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emphasized on various forms of valid knowledge, followed
by the study on CDA that supports solution to deal with
the discourse sentences that appear in texts during MT in
section IL Section TIT presents the architecture for applying
Logic to the machine. Sectiom TV exemplifie various lexical
resources used and their implementation details, followed by
the conclugions in section V.

A. Knowledge and Analysis
The Nyaya pravesa 1s an excellent work on Logic by
Dignaga. The core theme of this volume [7] is stated briefl
as:
Demonstration and refutation together with fallacies
are useful in arguing with others; and Perception
and Inference together with their fallacies are useful
for self understanding: seeing these T compile this
Sastra.

B. Souces of Knowledge

Perception and Inferenee arc the two kinds of knowledge for
one's own self, Perception is the knowledge derived through
the senses whereas Inference is the knowledge ol objecls
derived through a mark. Perception of a thing consists of the
knowledge of its individual characteristics alone. Knowledge
derived through inference is general and can be well expressed
by namg, genus, ctc., whereas, that derived through Pereeption
is particular and is capable of being properly communicated
to athers by name, genus, cte.

Inference for one’s own sell is defned as the knowledge
ol a thing derived through its mark or sizn {middle term) of
three characters, viz. Effect, Identity, and Non-perception. An
inference for the sake of others takes place when a person
demonsirates 1o others the conclusion drawn by him through
interence for ong’s selt, The affrmative reason signites
that the thing signifie by its invariably accompanied by the
thing signifed by the predicate. Another source of knowledge
is Apoha, an entity being the negation of its opposite.

C. Rcasoning

The literature against Logic is found in Vedas (composed
between 1500 B.C. and 600 B.C.) which are regarded 10 be
the oldest records not only of India but of the whole Aryan
world. The tenn “Nyaya” in the sense of Logic does not appear
to have been used in literature before the frst century A.D.
Panini (about 350 B.C.) did not know the word “Nyaya” in
the sense of Logic [1] . and cven Patanjali (about 150 B.C.)
does not seem to have been conversant with the word.

1) Nyaya Sastra: Nyiya gastra is the science of Lrue reason-
img. According o [6]. Nyiya is defned as an examimation of
objects by evidences. He takes evidences to signify a syllogism
which consists of a ‘proposition’ based on verbal lestimony, a
‘reason’ based on inference, an ‘example’ based on perception,
an ‘application’ based on comparision, and a ‘conclusion’
based on all the previous four, Vatsyayana {about 400 A.D.)
uses the expression “parama-ny aya”for the conclusion (niga-
mana) which combines in itself all the fve parts of a syllogism.
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Dignaga (about 500 A.D.) explicitly mentions the fve parts or
members of a syllogism as NydyAvayava. In the Sabhaparva
of the Mahabharata we fnd Narada was an expert in Nyaya
sastra. Narada is said to be clever as he could ascertain the
vilidily and invalidity ol a speech of [ve parls.

2) Nyaya pravesa: Reasoning, according to the Nyidya
pravesa, is carried out by means of a major term, a middle term,
and two examples, The minor term also called the subject,
the myjor term also called the predicate, and the middle term
called the reason, combined together with two examples form

the reasoning. A minor term and a major term combined

together form a preposition, e.g., The hill (minor term) is ery

{major tcrm). The characteristics of the middle term are:

a) The whole of the minor term must be connected with the
middle term,

b} All things deneted by the middle term must be homoge-
ncons with the things denoted by the major term.

¢} Noene of the things are helerogeneous [rom the major term
must be a thing denoted by the middle term.

Let us assume subject to be | reason to be R, and predicate
1o be . Now, we can generalize the characteristics mentioned
above as shown m cxample . The negative aspect of the
middle term only confrms the truth conveyed by one of the
positive aspects, viz. All R is P. Hence, we can omit the
negative aspects and exhibit the positive aspects as depicted
in example 2. However, R and I may be taken in whole extent
or partially. Hence, the positive aspects mentiened above may
be fully exhibited as given in example 3.

(h Al is R.
All R is P.
No R is non-P.
(2) Al is 2.
Al R is F.
(3) Al isall .
Al is some P,
(@) All Risall P.
All R 1s some P,

Combining the aspects 3 and 4 together, we Ind that

a syllogism may be of any one of the forms shown in
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examples 5, 6, 7 and 8. Therefore, we can conclude that
Al is all P, and All is seme P. Another inleresling
aspect is the relative extension of the middle term and major
term. They show that the middle term is universally, invariably,
or inseperably connected with the major term, This is called
Vyapli in Sanskril.
{5) All
Because All
All I? is all P.
(6) Al is some P? (Conclusion):
Because Al is all 12,
All I is some P.
{7) All is some P (Conclusion):
Because All s some I,
All B is all .
{8) All s some P {Conclusion):
Because All is some 2.
All I} is some P.
{9) The hill is fier,
Because it has smoke,
All that has smoke is fery as a kitchen,

is all It (Conclusion):
is all R,

{10) Whatever is not fier has no smoke as a lake.

An example can be converted into a universal proposition
Le., Vyapti which stand to each other in the causal relation.
The example 9, is homogeneous. The heterogencous example
may be laid down as shown in example 10.

IT. CRITICAL DISCOURSE ANALYSIS

Today, language and meaning are in some way social con-
struets. Emphasis on bath the structure and the social context
of media texts can provide a solution. CDA 18 leading to the
development of a ditterent approach to understanding media
messages, The basics of 4 text consist of syntax and lexicon;
its grammatr, morphology, phonology, and semantics. However,
the understanding of grammar and lexicon does not constitute
the understanding ot text. The comprehension of meaning lics
not in the text itself, but in the complex interaction between
the author’'sfreceptor’s intent and his/her performative ability
to encode/decode thar intent. CDA provides an oppertunity

WATER 18 £I7E

WarcH Evemy §

* close ma
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o adopl a social perspectve in the cross-cultural study of
media texts. Texts are selected and organized syntactic forms
whose “content-siructure” refeet the ideological organization
of a particular arex of social life. The language of media,
as a particular style of discourse, is a complex blend of
natinnal, social, economic, and linguistic traditions which
work in tandem with audicnce expectations. Discourse analysis
employs the term in lwo broad calegories of use [4]:

1) Discourse as an abstract noun denoting language in usc
as a social practice with particular emphasis on larger
units such as paragraphs, utterances, whole texts or
genres.

2) Discourse as a countable noun denoting a “practice
not just of representing the world, but of signifying
the world, constitating and constracting the world in
meaning’,

AL Interpretation

Language cannot be seperated from interpretation. Analysis
need 1o be sensitive o their own interpretative tendencies and
social reasons for them. Textual interpretation is phychological
that is derived by the intelligence of a person. Such intelligence
is applied 10 decode the text with the background information
in understanding the text. Not only do different types of
text require hfferent ways of reading, but the same can also
be read in different ways to generate different meanings,
The relationship of the lexicon to the social context of the
ullerance can he thought of as exemplilying the way in which
codifed sign systems in general (verbal, visual, behavioural)
are rendered meuningful only in relationship to the social
structures which constitute them [2].

The texis thal appear as discourse deal with the social
structure of the society and need insight into the social and
culmral aspects of the sociery. Recently, I had come across
a billboard in my University that attracted me. That is a
billboard aficd by the eco-lovers of the socicty reproduced
in the fgure 2 and 3. The text appeared in the billboard
contains text and images. As a Computational Linguist, I fnd
only one valid sentence, i.e., “Water is Life”. The next phrase

WATER IS LIFE
WATCH EVERY 3

* close me




contains “Watch every Drop”, where Drop is an image. The
link between this sentence and the previcus one 15 Water.
The reader receives the knowledge from the previous sentence
1o understand the image of a “Drop of water”. Rest of the
billboard requires some ‘common sense’ Lo understand. Tn
addition to understand the message delivered, the location
of the appearence ol the billboard is very imporiant and
considerable. Though. the message appeared to be precise, it
delivers a message of paragraph Lo the audience. When we
compare the figure 2 and 3, the meaning one can derive can
be same or different. If the reader do not possess any additional
knowledge the meaning shall be the “same’.

ITT. THE ARCHITECTURE

Bascd on the problems posed and analysis emphasized on
understanding towards translating the discourse texts, we had
designed an architecture. The core components of the proposcd
architecture are the Discourse analyzer, the Generator, and the
Filters. The input to the system are discourse texts which
commonly appear in news headlines. The chunker or the
analyzer receives these input texts and tokenize them according
1o the pre-defied constraints that appear in the text like
newline characters, size of fonts, images, etc. Based on these
tokens, the Generator shall retreive all possible translations,
based on a speaifi approach wiz., Rule-based, Statistical-
hased, Example-based or Hybrid-based approaches. The out-
puts lrom the Generalor are received by the Filters, who shall
apply the logic and context-based knowledge to discard the
irrelevant wranslations, Thus, the sentences after [ering shall
be the actual translations for the discourse texts.

A. The Analyzer

The chunker or sentence analyzer acts based upon the
iniportant aspects of the text received. The analysis of the
ext shall be composed with the Prosodv, Cohesion, Dis-
course organization, Con-textualization signals, and Thematic
orgamzaton. The system shall differennate between ordinary
pauses like comma, semicelon, hyphen, colon, etc. and the
pregnant pause. The core theme is thal, machine needs W
identify the perceptiveness and authority of the writer. Verbal
indicator of the prosodic Teatures of stress s o be identilie.
This can be accomplished by identifin the words like long,
long been suspected, barely, lar, absolutely etc. This is an
important task in identifig the writer's argument towards his
authority by a form of reiteration. Cohesive links are to be
recognized which help in fnding out the thread that ued
the language and sense logether. These cohesive links are
conjunctions, proncuns, demonstratives, ellipses, adverbs and
repealed words and phrases.

The rule-base contains a set of rules that will govern
the behavior of the Mers during the Miering process. Those
strategies that can be adopted during implementation are as
[ollow:

1) Choose the rules which best approximates the knowl-

cdge.

2) Design the rule to model the knowledge.

3) Learn the rules from examples generated successfully.
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Applying these principles we implemented the machine
translation system as cxplained in the section IV, The rule-
hase shall represent the domain specifc knowledge.

B. Knowledge Representation

The logic that was discussed in section I-C can be repre-
sented using the Generalived Quantiers  {GQ). A GQ can be
define as: for a given set g -4 GQon ‘ 1 a relation among
subscts of relations on . For example, When A universe
‘ 18 fied, we use ) as a variable over GQs, A, B, ...as
variables over sets, and write {4, B) to indicate that 4, B
belong o the extension of Q. That is, they are in the relation
denoted by . However, few quantifier are similar to vsual
logie constants and behave independently towards the context.

all= {4, B}
some = {at lcast n}
no = {at most n}

[V. IMPLEMENTATION DETAILS

Towards implementing the system for CDA, what is es-
sential is the domain specile knowledge. For example, the
text that appeared in figur 3 would be perceived by a reader
nol o waste the water. Such understanding will be computed
mentally with the knowledge that is acquired and stored in
one's memory. Therelore, unless Lthe syslem/human possess
the domam specife knowledge, it 18 impossible o understand
the meaning. The domain specifc knowledge that is involved
in CDA shall be the knowledge about the cultare, behavior,
habits etc. The discourse texts do not contain the complete
scntence, complete meaning, complete message. Now-a-days
discourse texts are becoming more popular in advertising. An
example can be (he advertisements lor liquor brands. The
message 13 directed just to the alcohol consumers bypassing
the minors, Hence, we need Lo Lrain the sysiem with a kind ol
knowledge to be aware of the general knowledge.

A. Lexical Resources and their Representation

Such training is essential o wranslorm it W be intelle-
gent, we need lexical resources where the systent shall rely
upon. Hence, we had atlempled o teach the sysitem with the
knowledge-base created using a set of rules. These rules are
collected Mom the reasoning exercises and trained the syslem
using Prolog. The cxamples given in 11, 12, 13 and 14 arc
some of the forms of rules that are acting as knowledge base
to the system, which can guide the system o conclude after 1ts
reasoning proecess. In all circumstances, the rule 11 shall treat
thut All human are mortal or All men are human. Like wisc
the experiment was successful to generate the conclusions for
any given impul with the help of these rules. The knowledge
base can be improved to any extent according to the users
requirement. However, al this stage the experiment was carried
out to the extent of predicate logic with ¥ construct.

(1) mortal(X):- human(X)
human{men).

(12) tasty(X ):- sweet{ X)
sweet{rasagolla).

153

1ng

J

I
=1
=
1)
—
&
=
[# 5]
=
=]
-y
o
=]
p—
o
=
£
=~
w
=
-
=
2
=
=1
|
1)
&
=
-
7]
=
[

Indian Logic for Discourse Texts




fagavRa

=1}
=]
-
7
=
o
-
2
=~
u
=
=}
-
=
=
-
@&
=]
==
jas
L7l
=
=
-
1=
=
=
=
L)
&8
=
-
=
=

Indian Logic for Discourse Texts

(13) power X):- rangers X)
rangers{spd).

(14) good X):- faithful X)
faithful{dogs).

B. Methodology

The syslem was implemented using the Rule-based method-
ology where the input is tokenized and transfered to match
with the knowledge-base. For every given successtul match
it returns the conclusions, The system will form a predicate
for every set of rules that are stored in the knowledge-base.
The reasoning is carricd out by applying predicate logic on the
rules. Thus the system shall derive conclusions for a given pair
of predicate sentences. The following example 15 narrates the
reasoning [or the construel. . Interfuce wo Prolog was provided
using Visual C++ for creating work space. Some of the sereen
shots are given in the appendix.

(5YX,X s M fX sa

V. CONCLUSION

The paper attempted to present several issues in discourse
analysis along with Indian Logic that may be used towards
knowledze acquisition. Towards handling various texts in In-
dian languages. Implementation of this system shall answer 1o
several unsolved problems in the arey of Machine Translation.
While implementing the present system, we had used the rules
in general instead of domain specile knowledge. Though we
had listed several general application areas of CDA, still this
problem shall be uselul owards computational requirements
like on-line MT during chatting and conferencing. As media
is the powerful channel that deliver information to large
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masses, operationally one yeild maximum throughput from
the MT systems when delivered with minimum number of
limitations. It was a major diffcult task o analyze and design
the present MT system due to its multidisciplinary nature.
We were successful in implementing the present system with
minimum utilization of resources and producing the initial
results. The fumre enhancements to the system are o extend
the work to deal with the predicate logic for some of,
some of and for all. During the investigation of the present
syslem il is observed that implementing the predicale logic
not 1s impossible. Eloborale swdy is necessary 1o apply the
principles and implementation details discussed towards Indian
Languages.

APPENDIX A
SCREEN SHOTS OF THE SYSTEM
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