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ABSTRACT

The present paper is an attempt in the directioaxplaining rules of conversion of sentences
from direct to indirect speech of English Grammsrtbe applications of matrix algebra and
fuzzy logic.

1. INTRODUCTION

The notion of a grammar is central to most workomputational linguistics and natural
language processing. It can be defined as a satesf that can be applied to words to generate
sentences in a language. David Crystal (2008) defgnammar as the study of the way words,
and their component parts, combine to form sentddictionaries define grammar as the rules
and explanations which deal with the forms andcstme of words (morphology), their
arrangement in phrases and sentences (syntaxih@indlassification based on their function
(parts of speech). Different languages provideedéiit grammatical means of speech reporting
and of making the difference between direct andréatl speech. Direct quotations not only
create rhetorical effect of vividness and immedibayalso establish interpersonal involvement
while the Reported speech has attracted the aiteafischolars in several diversified and
interesting fields such as linguistics, poeticgjdaand the philosophy of language. We can find

detailed account of different speech acts and gr@mdnguistics in the book edited by Coulmas
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and Ehlich (1986). They have explored the struttmd functional problems of integrands
when another’s speech is expressed in one’s owthelbook entitled “Narrative Theory:
Critical concepts in literary and cultural studiesiited by Mieke Bal (2004), direct and indirect
speeches have been characterized through theaadditcertain rules to the base. The logic of
indirect speech has been discussed by Steven RR{(@8) by proposing a three part of indirect
speech based on the idea that human communicatroives a mixture of cooperation and
conflict.

The need for closer contact between linguistsmmathematicians has been felt since the
beginning of this century and the affinity betwdlase two branches has deepened with time.
The necessity of mathematical formalism of différgrammatical aspects has increased in
today’s perspective as different languages follaifedent rules of grammar. When machine
translation is performed, the machine must knowgtlaenmatical rules of the source language
and the target language Iif the final translatiotoibe grammatically correct. Masud et al (2003)
have developed a general algorithm for transladifoone natural language into another with the
restriction of fixing up the input and output natllanguages. Lambek in (2004) &, (2008) has
given computational algebraic approach to Englistmgmar by exploring an algebraic approach
based on the notion of a “pregroup,” a partiathgered monoid in which each element has both
a left and a right “adjoint.” Y.Wang et al (2008pave realized the importance of new forms of
applied mathematics collectively known as denotationathematics for explanation of the
abstract, rigorous, and expressive needs in cognitformatics, intelligence science, software
science, and knowledge science. They have alsemexba formal syntax framework of natural
languages for computational linguistics so thatahstract syntax of natural languages,
particularly English, and their formal manipulatsocould be described.

Khulbe et al (2009) have made an attempt to getifiht grammatical patterns in
different subject classes and their correspondarfs/forms so that transformation process from
one to another form may be performed. To achieigedibject, they have first defined a Group
structure, closure with the grammatically correatt@rns and then have described

homomorphism on this group to show how the tramsédion takes place in between any two
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tense forms. Khulbe et al, in another work havengeffthe transformation processes from
active to passive voice of the English languagé wie help of group theory of algebra, system
tools and computer scheduling logics like PERT @®d/. In another work,

Our concern is to get the right grammatical patten different subject classes and their
corresponding verbs forms so that transformatiacgss from one to another form may be
performed. The history of all branches of knowledgews that many branches of mathematics
have been created in order to meet their abstigotous, and expressive needs. The application
of logic to grammar is a fundamental issue in @uojgthy and has been investigated by such
renowned philosophers as Leibniz, Bolzano. We akimg an attempt in the direction of
unifying logic and mathematics in the form of fuzegic and matrix algebra so that conversion
rules from direct to indirect narration could bgkxned mathematically. The present work is a
step forward in the direction of mathematically kexping all English Grammar rules so that
software of English Grammar could be finally getedaor the benefit of English learners.

2. PRELIMINIRIES

Any sentence in direct speech contains speakead@jessee(Q), reporting verb(S) and the
inverted commas(R ) followed by reported speechg§ymbolically we can express it as-

Pr. S-""xQ-""\ R-T
The reported speedhcan further be segmented indot+ S+ ), where

aON, N being the set of nouns, pronouns, and possessives;

LD, whereD is the set of verbs, auxiliaries, modals, wordsregsing time  and
place

y OC is the set of words other than the elements afd D that isC=T-(NUD)
Thus PASQAR - a+ BHye. ( 21)

The seiN further consists of persons of first, second &irdi type and so
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N :{U ,V,W} where

the elements being

a4 =1 /We ; ayo = Me/Us (a3 = My/Our; 14 = Mine/ Ours

V:[a21 dyy Uog a24J .................. (2.3),

where

a21=You(subjecD; a22=You(object); 023=Your; a24=Yours
andW =|agq a3y a3z agg) e (2.4),

where

a,, = he\ she\they\ propemoun a,, = him\ her( pronour) \them;}
a,, = his\ her(adjectivg \their ; a,, =theirs
In general, we can write
N = {u;; i=123; j=1234}
w;ev, V, W, if i=1, 2,3 respectively...(2.5)

The setD set of verbs, auxiliaries, modals, words expressme and place can be defined as
under-

D ={B,. 8, Bs.- Brs} st.

B, =has/ have, B,=am/is/are, ;= these, B,= this, B;=now, B,= here, B,=ago, [;=thus, 4=
today, [3,,= tomorrow, [, = yesterday, [3,,= come, [S;=shall, B,,=will, S,s= may, [,s=can,
[,;= past form of all verbs, ;= present form of all verbs or present form of all verbs with an affix ‘s’
or ‘es’ as the case may be, ;= past continuous form of all verbs, [3,,= last, [5,,= next, [3,,=

henceforward, [3,,= tonight



521

w0
MJAL 2:6 October 2010 ISSN 0974-8741

Denotational Mathematical Explanations for EnglishGrammar Rules

H®ami and Shalini Sharma
3. MATHEMATICAL FORMULATION

Whenever it is desired that a sentence be cor/éden direct to indirect narration then we can
explain this process under three steps:

Step |

The transformation process from direct to indirgatration can be understood to take place in
the form of following matrix multiplication oR, Q, RandS (defined in the preliminaries by
expression (2.1))

| 0 0
PR,
=l:P-P 1:Q-Q mR-R|zP Q@ R] ... (3.1)
or
MN=M ... 8.2)

In the above processR’ stands for “that”

Il 0
The transformation of reporting verb can be foraedi mathematically as: [S S*] {0 m}
If the reported verlsis “said”, S=said,S*=0
If the reported verb is “said to’S* = said toS=0
The transformation shall take place as

[:S - Sand m:S* - S**, where S** stands for “told”.

Step I

Conversion on N
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Conversion o on transformation from direct to indirect speeslgoverned by the following
rule:

L 0 O
U v wjjo M 0|=[f:U-L g:V_-M I'W_W].... (34)
0 0 W
roXY =2 .. (3.5)

In the above expression matrk represents the persons{noun/pronoun in the reported
speech), whose specification can be defined as:

If aOU ,U becomes operative abd= W = 0in X.

The matrixY of expression (3.5epresents the persan) (of speakerk) and the persorM) of
the addresse®) and MatrixZ represents the corresponding transformations dkfimés.4).

The transformations fromd — L and V- M can be carried out by the application of fuzzy ¢ogi
on the multiplication of two matrices, the firsteoheing E ] having elements of eithél or V
present in the reported speech and the secondRjrs generated by all the elementdbf V
,Win first, second and third column of (3.4),respey.

In order to be more elaborative, we can considdtiplication of E and F as
la i J1x4 | j ]4x3

Such that fora; OU , the value ofEF shall be

[0y an an an]| 2 T2 TR (3.6)

and fora; OV, its value shall be
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[0, @, @y a2 T2 TR (3.7)

The degree of presence in the reported speechecasdnibed to the elements Bfby fuzzy
logic as under:..

If 4 is the membership function Bfthen

HE

{G’:-_I.- =1lifa; €T  reported speech) 1

o5 aif &5 g7 reported sjt}eech} j

e.g., If g4 © T { reported speech) = oqq = 1 ; ory2, 0003, f{1+:0 inE.

The degree of belongingness can be ascribed dwitige membership functiqn,
. i, u- Of the following three sets, namely,V,W as:

a; =01if j#1
If f:u-Uorg:V - U then = T S 3.8
Hy aij:%iszl (3.8)
i+
a; =01if j#2
If f:u-Vorg:V -V then = J oo e (3.9)
O’ij:_—lijZ
i+
a; =0 1if j#3
If f:U-Worg:V - W theny, = [TV SO (3.10)
aij:m|f]:3

We have represented the matrix of the membershigtin i of the elements df by F .
When we considering one element at a time in H) the element corresponding to the non zero
entry in the product will be the image &f in the indirect speech.
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Step I
Conversion on D

RepresentingB, A,C' as present, past and future forms of verbs réispgcand assigning them
the valuesm =0, 1, 2 we can define the degree of tengess follows:

Now let & be the set of transformations for conversiodfom direct to indirect form, defined
as

h:D - R*if 4, =0
=9 e (313,
| :D - Dif x>0

where the seR* is defined as follows:
R* = {yl!yzyygy---,y23}, where

¥i=had, ), = was/were, J,=those, ), =that, Js=then, ys=there, J,=before, Jy= so, J,=that
day, y,o = the next day, ),,=theday before, )y,,=go, ),53=should, )y,,=would, y,.=might,
Vi6= could, J,,= past perfect form of all verbs, y,5= past form of all verbs, J,4= past perfect
continuous form of all verbs , ),,= previous, J,,=the following, J,,=thenceforward, J,;= that
night

The transformations mentioned in expression (3at8)efined as:

from D - Risitis h@) = y.oveeneenn. (3.14)

and forl itis 1(B) =L ccvvviieeeiiiimnns @15
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4. CONVERSION OF AFFIRMATIVE, NEGATIVE, IMPERATIVE, AND
INTERROGATIVE SENTENCES.

(A) CONVERSION OF AFFIRMATIVE AND NEGATIVE SENTENCES

The conversion process shall take place immdgliatethe application of techniques discussed
so far, as illustrated in the following example:

[llustrative Example:
Direct speech: The teacher said to me, “You hatalane your work well.”

Structure of sentence iIBAQASAR - a+ [+ y.......... from (2.1

where P = The teacherQ =me ,S=said R= “"
Mathematical formulation oP, Q and Roy result (3.1) shall be
I 0 O
[The teacher me “° ﬁ l) r(:1
= [Theteacher me tha} ............(4.1)

The conversion ofS shall take place by result (3.3) as:
: | O
[0 said to] { } = [0 told]
Om

Hence said to is convertedttud.

Mathematical formulation oN by (2.2), (2.3), (3.4) and (3.8) shall be

a=l+my=a,+ a,; a,, a,U0U

Since Speaker P = ‘The teacher’ is the thirdq@ertherefore by result (2.4)
POWor L =W,

and Q ='‘me’is the first person, which impli€U or M = U from (2.2).
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AlsSO == You + Your =ot., —0., Wheire oo, .0, = ¥V from (2.3)
So from (3.4)
Ww 0 0 l

[0 Vv O][a u o
0 0 W

:[O g:vV U O]

The explanation of the transformatiagnV - U of the above result can be described as under:

Conversion ofa,, = youis carried out with the help of result (3.8) adduls:

E=[1 0 0 0] ;F =

galhdlwowlIipNIE

andEF*z[maxé 000) max(0000) max(0,0,0,0)} :E 0 o} =q, =|

Conversion ofa,; = your, is carried out again with the help of 1e$8.8) as follows:

E=[0 0 1 0] ;F =

glhpNlLOWINDNIEF

andEF :[max(o,o,g,O) max(0,00,0) max(0,0,0,0) } :E 0 0} =a,;= my

as such ‘You’ shall be transformed as ‘Il and yas ‘my’.
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Mathematical formulation foD shall be done with the help of results (3.11)3d.%) as
under:

HereS=saiddB  thusm =0

=0.

wlo

= fhy =

O u, = 0 = transforméion will be h:D - R*

5 = have = G,

h1) = » = had

Thus haveis changed tbad on conversion to indirect speech.

Hence the transformed sentence in Indirect speech i

The teachesaid to methatl had not donemy work well.

EXCEPTION

If “T "represents some universal truth or habitéedt then B-D and N-N e.g.,
He says, “ The moon revolves around the earth .”

He says that the moon revolves around the earth
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