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TIEHEH

The Vidvatpatrika - Karnatakasamskritadhyayanam - A journal
of Karnataka Samskrita University is proud to complete its sixth
issue. Over the past few years, this Journal has been regularly
publishing various papers from both the Students’ community
and the well known Scholars, on topics related to academic

subjects.

In the current year we are privileged to have the sagacity and
guidance from Dr. K E Devanathan, the current Vice-Chancellor
of Karnataka Samskrit University and along with him and the
Deans of the various departments. We expect that we will not only
maintain the standard established earlier, but would forge ahead
to higher echelons in the field of promoting Sanskrit Knowledge.
And the stress would continue to be on meeting the academic

demands of the Scholar community, as before..

The current journal issues, we present a diverse selection of
stimulating articles from scholars and students from diverse
disciplines. We selected these papers from a pool of more than

30 submissions from scholars of across the nation.

We hope that the Journal will continue to attract submissions
from a wide range of students, and we look forward to featuring
research from more institutions in the future. We thank all the
students and scholars who submitted papers. The Journal’s Board
of Advisers also offered us valuable recommendations and

guidance.
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The Journal’s present issue has two volumes, containing 18 papers
selected from the above mentioned 30 submissions. The selected
papers are on various topics like, Vyakarana, Tarka, Vedanta and
the like. All these articles, are seen to have in-depth analyses from
distinguished scholars. Further, the present issue of the Journal

deals with Inter-disciplinary research also.

As always, I would like to thank our steadfast faculty
advisors, Prof Shrinivasa Varakhedi, Prof Girish Chandra, Prof
Veeranarayana Pandurangi, Prof. B. V. Venkataramana and Prof.
C. P. Palaiah. Their guidance and support made our journal
possible, and I am deeply indebted to them for the time and effort
that they put into our journal. I am grateful to the scholars who

trusted us for their contributions.

I also thank Deputy Directors of Prasaranga, Dr. Santosh
Hanagal, Dr. Govinda and other University authorities and faculty

members for their unconditional support.

We welcome articles from learned scholars across the Globe.
We want to make our journal the platform of the International
Comparative discussion. We invite articles from all branches of
Sanskrit and Indology. Articles on interdisciplinary subjects are

also appreciated.

In conclusion, I would like to thank all prominent members of our
Editorial Board for joining us in this fascinating and promising
academic endeavour.

Shivani V.

Editor
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58



FAGRE: - AR RO og :

tdd gAHd  Sfgfad I #ifeeadmme gaEgHaa
JAgwE fEwmuEma afezad I P
USAqETEg: H9= W= 97 i 9arafedq | a=awa
Fifcedd  oroe sifcqmfaswoes am g=rgie:
zfd FaAfeq | ACAATET JgHEA g, [EE,

= qOEEA TAEAS F IIRIGARET | AT

TEAEE: AT W FgAAEg. ArHagied
JdtEzqaEETa-aq &=iefa afgfeg: Feaq |

TG Afgea™ FRASEA »ed: - qd=y
gIFY WA TATHE qge: TLIAd || THERAr:
SECR AL I £ | e r: C | e s S | A I
TEIHIH | FEEA FHA AENG T §EE JEn:
ol | WEE HG: U Qg WE - 99H
EIGEIEE (&

QYAGREArA: HSH: AAEIN TIRITAE - JAIITH A
) scwa@ I T UINEAHSHEN
IR dAgwa:  QUEgEd: | Ea-gdEl qgl
AIHAF- B A =50 JwE FH, qE HF=-
9 9g: T34 |

MR AHEE (WM /% [AHEH)
NTFEFET STEAH TIRTHSHE W3 a-AgdIA1
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29 Swamy,1975 p.295
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32 Sharma, 2006, p.31-32 33 Lele, 2006, p.264
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Means-Ends Analysis in Artificial Intelligence
and Mimanisa

K. S. Kannan

A frontier field of Computer Science today, Artificial
Intelligence (AI) has forayed into tackling problems
humans do with their intelligence. After initial major
failures, Al has learnt to take up problems, and analyze &
algorithmize the means leading towards the specific ends.
Problem Solving and Means Ends Analysis (MEA) are
significant issues in Al. Purva Mimamsa (M), a centuries
old system of Indian philosophy in contrast, set about
to handle the problem of Vedic rituals. In its theory of
Bhavana, M traces the path from utterances through
enterprise to the realisation of the result, focussing though
on the Vedic. The roles of know-why and know-how - goals
and strategies - naturally figure here too. The present
paper seeks to compare the two.

“gfawdsaadl % qal Tsgeaua |7
“gfodsaarnt HHrEn gt 11”7

0 Arrangement of the paper: The paper is arranged
in four sections. §1 places the problem in perspective,
comparing & contrasting Al & M, in their aim, scope
& methods. §2 gives an outline of MEA in Al §3 gives
a fairly detailed account of Bhavana, the M theory of
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action involving MEA. Finally, §4 gives some concluding
remarks.

1.0 Al and M have many resemblances, though more
differences also. Both are concerned with problem solving,
though Al is quite becoming a technological reality,
and M still shows some signs of life as a philosophical
tradition. Al is hardly as many decades old, as centuries
old M is. The clarity, rigour and compass of M (see
for example, its relevance to jurisprudence) serve as a
window to the vigour of the formidable force that M
once was. The utility and pertinence of its framework and
presuppositions have also been assailed and undermined
through history; much as there had till recently been
misgivings and queries - from philosophers as well as
computer scientists themselves - regarding the possibility
and viability of AI. Neither issue however concerns us
here.

1.1 M generally restricted itself in 2 ways:

a) confine to the Vedic arena where the ritual actions are
the natural focus. And

b) towards this end, develop methods to understand the
Vedic text, the “exclusive” source and means for getting to
know about the ultimate goal, Dharma, ‘merit’, whatever
it meant (cf. the oft repeated FEAfEqEaETa=Hl #4: 1)

Al on the other hand, casts a very wide net. Simulation
of human intelligence as much as possible is its avowed
goal. Language understanding is thus one of its important
targets. Robots are being developed to perform actions,
following appropriately encoded instructions.
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1.2 Dealing as it does with a highly specialized field
viz. Vedic rituals, M naturally developed a system of
analysis and synthesis which is highly domain specific and
“peculiar”. For example, the performance of the various
sacrifices - with their implicit presuppositions or defended
implications, all “given” as it were - have hardly any
counterpart in issues Al concerns itself with or seeks to
tackle.

1.3 But in another area, commonalities can be found.
M seeks to “work out” the procedures and details of
the sacrificial act along with their functions as set out
in the Vedas, as we noted above. For this purpose, the
Vedic text - at least such portions as are relevant for
the rituals, and which are large enough, in fact - has to
be interpreted. And the interpretation naturally needs to
be as universally acceptable as possible. And the modus
operandi for this purpose should largely accord with -
at least not deviate widely from - normal patterns or
methods of any reasonable or usual understanding of
texts. Here lies then, the province of shared concerns
between Al & M.

M raises numerous issues in interpretation, develops
procedures and posits theories, which can all be of some
interest, even use, to Al

Differences do not cease, however, even here. M deals
with the human understanding of texts and humans are
endowed with common sense. Little overlaps here with Al
But any degree of formalization can surely have lessons for
Al, which it may choose to adapt or avoid.
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1.4 This paper totally ignores this interesting problem,
reserving it for a subsequent paper, and limits itself to
the formalization attempted in M as far as the translation
of ‘commendatory’ (arthavada) or ‘imperative’ (wvidhi)
utterances to fruitful functions sustained by a sober MEA
vis-a-vis the AI approach. The paper is by no means
exhaustive. The Bhavana theory of M is of course its
focus.

2.0 A skeletal view of MEA in Al along with some
background information is attempted in this section
(leaving out a great deal of technicality though of essence)
placing the barest details of matter that can be of some
interest here, but also for future development.

2.1 Commenting on the genesis of Al, Herbert Simon
notes that “early research in Al was directed mainly at
studying well-structured puzzle-like tasks, where human
behaviour in the laboratory could be compared with the
traces of computer programs” (Simon 1987:xi). As far
back as 1945, Duncker had emphasised, he further notes,
MEA as a central tool for solving problems. Typical of
them were playing chess and the Tower of Hanoi problems.
Already in the early sixties, Simon and Kotovsky had
attempted the “Series completion” problem.

Two issues have loomed large in Al —

a) retrieval of associated information from semantic or
long term memory and
b) engendering certain actual motor responses.
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The development of high-level programming languages
and robotics, have been the result of these, making
possible the developments we see in Al in respect of
sense perception, language processing & robotics, as also
application to as diverse but specific disciplinary problems
as architecture and chemistry.

Around 1970 itself, Newell had noted that problem solving
was the most important issue for Al, as also being
one of the most difficult topics in cognitive psychology.
AT programs for solving problems in mathematics were
developed by Lenat in the late sixties. In Anderson
1987 have been discussed certain issues of psychology
but also specifically, solving elementary proof problems
in geometry, with a system involving what are called
semantic structures & production rules.

The role of MEA on the whole is of great importance.
For rather than the creation of a bunch of special purpose
expert systems, focus on theoretical issues in Al helps and
is helped by attempting comprehensive architectures that
are cognitively modelled. This is not easy either: most of
the mental processes go on below the level of conscious
awareness, and “thinkaloud” protocol analyses yield not

much of nontrivial information.

2.2 Stated broadly, MEA consists in taking stock of what
is given & what is desired, and settling on a sequence of
actions. Its use began as early as 1957 with the General
Problem Solver (GPS), where it figured first. Newell,
Shaw and Simon attempted the first problem solving
program.
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The way to solve the “state space problems” is to start
with an “initial state” and reach a set of “goal states”,
(represented as S gl “g2 “g3 ... where, ‘S’ the state of

4]

affairs, is presented as a conjunction “, of varied goals
gl, g2 etc.). This is done by the use of a given set of
“operators”, affecting certain states on the domain. The
operator affects some states, leading to new states, upon
which another operator may act, all cumulatively leading

to the desired final goal state.

2.3 An inevitable requirement for thus handling problems
of complexity is to create a hierarchy of goals. A
progressive reduction of the difference between the initial
state and the goal state is achieved by the choice of
relevant operators.

2.4 How GPS works is made explicit by Nilsson (Nilsson
1971), who shows how GPS is conceptually based on
AND/OR trees., wherein the original problem is divided
into a number of subproblems. To put it too concisely,
a problem may have more than one success routes.
Portions invariably needed, and the ones that can have
alternatives, respectively come under the conjunctive and
disjunctive chunks in such trees.

Akin to GPS was STRIPS due to Fike and Nelsson,
1971, solving certain problems of the robot. Continued in
ABSTRIPS, 1974, were problems tackled such as moving
BOX 1 to BOX 2. Now if BOX 1 is in a different room,
pushing it first to the same room as BOX 2 is in, becomes
the first problem, after which alone the required move can
be made.
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Problems handled in AI can often look absurdly simple
to an outsider but that their “modesty” is a hard earned
one has been shown elsewhere by us (Kannan 1997).
The pendulum had to swing from the overambitious
aspirations to tackling fairly simple problems, earning a
nickname for Al as ‘the science of the obvious’!

Further extensions and advancements have sought to
tackle problems like the Rubik’s Cube puzzle or the
Fool’s Disks puzzle by non-brute-force methods and in

real time.

The expertise of experts in any domain is difficult to
delineate. An important task of Knowledge Engineering,
another epithet of Al, is to unearth and bring out the
protocols that can remain too quick, hence too hidden
from even the discerning eye. The way M has handled
this in one important domain is what is focussed in this
article.

3.0 We turn to M in this section going into the details
of Bhavana. Acts of skill and intelligence are typically
learnt and absorbed by humans by means of prototypical
instances getting continually generalized and modified
continually; but the expertise remains subliminal; and it
is too demanding to spell out the algorithms. It is no
mean achievement, then, that some of the steps involved
are worked out in the ancient Indian tradition, of which
the present discussion is but illustrative.

3.1 Jaimini (4th B.C.E. 7), the author of the Purva
Mimamsa Sutra-s, defines Dharma as that which has as its
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distinctive characteristic (laksana), the instigation for the
[sacrificial] act (Dharmasutra 1.1.2 sgam@evisdl @4: | The
word has a generic sense of whatever spurs one to action.
Says Sabara (1st ¢. B.C.E ?) commenting on the above:
drgafd BFamn: wads F9wmE: | Yet, as Laugaksi Bhaskara
(17th c.) points out, the word codana signifies the entire
Veda. (Arthasarigraha p3 =eArzseed ggq@TEd |) Dharma

is the quintessence of the Veda, which it expounds
(FeFa e wEaerEEtad aRmfqaEeded 1). And as he says

even earlier, it is the performance of the sacrificial and
other (allied) acts that constitutes Dharma (p2 Jrmfedd
g I)

3.2 The logical reconstruction of the trace from the
utterance to the action is well made in M. Rather than
handling the related texts, we state their logic first (§3.3.1
- 3.4.1) and then (upto §3.4.4) relate it to the textual
material, as it makes it more interesting, and perhaps also
economical of one’s effort in grasping it.

3.3.1

(a) A person normally proceeds to act only when he knows
what he can attain by his action. In other words, an
expectation regarding the fruit or end of the action arises
in his mind, which alone goads him into action. (b) This
expectation fulfilled, he next ezpects to know what specific
action would be instrumental in this, i.e. constitutes the
means. (¢) The next expectancy that follows is regarding
the mode of operation, spelt out in its details, and (d):
Thus (a), (b) and (c) go to produce in him the clear

inclination to act.
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3.3.2 How such an inclination to act begins to form, at
least usually, is also to be noted.

(e) This normally happens when he feels obliged to act,
especially when prevailed upon by another person. Such
a person indicates what needs to be done, usually by
means of an utterance, a sentence. (f) The speaker himself,
thereby ezpects to create the inclination in the hearer, for
which alone he is making the utterance: this is his end.
(g) Lest the import be missed, he uses such expressions
as clearly bid or persuade the hearer to action. In other
words, there is an expectation for spelling out the means
for the creation of inclination. (h) This also fulfilled
effectively, it is only to be expected that he spells it out
in a particular mode. (i) perhaps he dwells on the positive
aspects of doing it, or even the negative aspects of not
doing it.

3.4 The eight elements (a) to (h) detailed above,
constitute (i) the M theory of linguistic urge to

action.

3.4.1 These are now represented as a series of Constituent
Equations (CE):

CEl (i) = (d) + (e)

CE2 (d) = (a) + (b) + (c)

CE3 (e) = (f) + (g) + (h).

3.4.2 We shall now have these “translated” into the
technical terminology of M, whose definitions will be
noted later.
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(d) and (e) are respectively el 9@ and WS WEAT which
may be rendered as the Purposive Procedure and the
Linguistic Inclination. Composed of these two, i.e (d) and
(e), is (i) namely w=a1 Function.

Both (d) and (e) are comprised of three elements each.
The three elements of (d) and those of (e) have also a
corresponding structural similarity. In fact, it is this that
makes (d) and (e) similar, and make them eligible to come
under a single category, (i).

3.4.2.1.1 Before bringing out this structural similarity it
would be interesting and useful to note that there is a
homogeneity in all the six constituent elements, viz, (a),
(b) and (c) on the one hand, and (f), (g) and (h) on the
other. The commonality is known as 21®1gl Expectancy.
The expectancies, it must be stressed, are of actions, not
of things. Interdependence of actions is what is being
spoken of.

3.4.2.1.2 There is a one-to-one correspondence between
the respective pairs in the two sets, which we may
represent as (j), (k) and (1). They constitute the three
types of 2m#rgl, stated below.

(i) = @AM, expectancy regarding the goal, shared
between (a) & (f)

(k) = wuAERE, expectancy regarding means, shared
between (b) & (g)

(1) = sfwdsaa@E, expectancy regarding mode, shared
between (c) & (h)

3.4.2.1.3 The idea (i) common to (d) and (e) can be
seen as comprised of three factors, hence are in (d) as
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well as (e). They are shown as (m), (n) and (o).

(m) = 9@RA, the “bringer about” of the action

(n) = 447, the “comer-into-being” (being brought about)
(0) = wagg®; [wfag:| samrfER™:, the particular function
conducive to/productive of the coming into being.

3.4.2.2 All of these may be shown diagrammatically thus
: D1 to D9.

D1 d D2 d
i < /R
e a b c
D3 £
/‘\ a
f g h

(=9

g
=]
o =9

o

Figure 1: D1 to D9
3.4.3 We may now illustrate the whole concept of ¥=41 by

means of some stock examples.
3.4.3.1 E1 vwis=&™: 9=d ‘One who desires food must cook’.
The (d) of this may be shown as follows: D10

(a) = 31T Cooked rice; (b) = TUZTUTD
/R Cooking; (c) = (i) AFEHA9T (kindling
a b 5 of fire beneath) (ii) UIHTPR (blowing)

(iii) SECIREEL (pouring water into the
vessel)....(n) TR (removing fuel)

Figure 2: D10
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3.4.3.2 This is a Vedic example for which we illustrate
both (d) and (e). E2 @@ #s@ ‘One who desires heaven
must perform the sacrifice’. D11

d

(a) = F@¥: heaven; (b) = IWT: sacrifice;
/I\ (c) = (i) YT (ii) 3FAT etc.
a b C (particular constituent sacrifices)

Figure 3: D11
= (8) = foTes™ The knowledge of the
/R optative mood that enjoins; (h) =
f=d g h HefAISSY MIRTETH the greatness of

(b) or (a) made known by the laudatory
passages in the Veda

Figure 4: D12
3.4.3.3 Compressing D4, D5 and D6 we may form a table

T1 to be discussed next.

jilk]|l
dla|b]|c
e|flg|H
Table 1: T1

3.4.3.3.1 The table is now expanded into a detailed
table explicating all the expectancies, but first tabulating
the interrogative equivalences in Table T2, only to
make them clearer by means of a standard equivalent

terminology.
j | | & wEaa?
k | SRR %9 EAA?
1 | sfawdeaarsgt | ®4 qEaa?
Table 2: T2

129



fgatm

3.4.3.3.2 The full-fledged table T3 supplies the answers
to the questions that (j), (k) & (1) are:

sMEgEE | & W 4 Fd qEAA?
rgATga qEq?
emeftarasr | &= RILE| HAIATSETH

EisiceneiRinE]

) wrE | | siEmEad |t | fegeea | AR

CIRIGICE| ke (fogsre)
Table 3: T3

Table T4 renders this plainer:

Object | Means Mode
d | heaven | Sacrifice Performance of

subsidiary items like
placing the fire etc.

e |d Knowledge of the | Knowledge of
potential mood laudatory passages
Table 4: T4

3.4.3.3.2.1 The recurring item ¥&ad may be briefly
explained. It is the optative of Vi A+ forg ( i.e. causal
of \/11), which is synonymous with /7 as Krsnayajvan
(late 17th c.) notes in his Mimamsa Paribhasa pl6
FUHAMIEFAEAS: gHasad ete. All the items, therefore,

are actions.

3.4.3.3.2 In sum, the tables T3 and T4 clearly bring out
the symmetry of the two Wiadis. The triplets of components
have exactly similar roles. And the difference is also clear.
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While =msst wrat leads to emefi W&, the reverse is not

true.

3.4.3.4 It is also desirable to tabulate similarly the (m),
(n) and (o) (=columns) of (d) & (e) =rows) as T5.

Table T6 puts this in English.

qrEtgar | e JaIgge: [9fEg: | samrfERm:
AMeAE | FSEE: | AEEE: | GASHesTSarRa =
T Agqared: aAn:
MEEMEAT | 35: T | SESseTaregte: = g
Table 5: TH

m

n

(0]

d | Sacrifice | The heaven

that comes
about

Sacrifice = action
generated by desire
of use

e | Veda

The urge that
arises in the

sacrifice

Potential Mood =

injunctive utterance

engendered by purpose

Table 6: T6

3.4.3.4.1 While (m) and (n) are only details for (d) and
(e), it is (o) that is the real (d) and the real (e). A clearer
picture, then, of what (d) and (e) are in terms of (o) may

be obtained by a paraphrase thus in T7:

(i) | (o)

(d) | =mTEgErEE Taf:

(e) | To9Ea (TEETEas) YIS TaaTq

Table 7: T7
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The same may be rendered thus as T8 in English.

(i) | (o)

(d) | the enterprise which is the means for the

attainment of heaven

(e) | the persuasion that engenders in the person
enterprise for the attainment of heaven
Table 8: T8

3.4.3.4.2 Stripping the substantives of the epithets in the
last column we get an even more lucid and quintessential
picture of the two wais in T9 and T10.

(i) (o)

aeff v | waf:

G HEAT | qad-H
Table 9: T9

(i) | (o)

(d) | The [actual] enterprise

(e) | The [verbal] persuasion
Table 10: T10

3.4.3.4.3 The import of the two wEAls now become
very transparent. While 37l Wi is the result-generating
[physical] activity, Fmsdl #& is the verbal utterance that
can be described as the proclivity-for-activity-engendering

[oral /linguistic] activity.

Each is a wigd1, an activity that ’brings about something’,
as the very juxtaposition of ¥fag and Wafig clearly betrays.
The latter ends in the former and the former in the result.

zmssl wian leads to emeff wrEA.
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3.4.3.4.3.1 In the light of the above, it appears difficult
to justify that “both [the w&His] can be looked upon as
sffmmrafaRies”. The expression is appropriate, actually used,
by Laugaksi Bhaskara w.r.t. just =mssi s

3.4.4 We may note here, in fine, the formal definitions
(laksana-s) L1 L2 & L3 of w&, =msdt 9raan and suefi e
respectively, (all from Laugaksi Bhaskara).

L1 9&Ea1 = 9&Ea1 AW vfag: IaAEgel s amrEm: |

L2 308 WiEA1 = JEYIgTagEal Wialdg: sAmRiEaRy: |

L3 3efl WiEAl = FeSes S Al s |

It must be remarked here that the excellence of M consists
in rendering both ;™A W&l and 0t W& into the same
formulaic structure L1.

3.4.5 It is only in order now, to study the logic behind the
scheme, and see subsequently how far this accords with
the MEA problem we have taken up.

3.4.5.1 Considering T9, we can easily conclude that (e)
leads to (d) as 74 (same as ¥0T) leads to F3f:. smeff A&
is the end for which the =mss W@ was employed, as the
corresponding (o) factors in T5 bear this out clearly: the
g7 leads to @M. The former is thus the means for the
latter, the end.

We may record this Means-Ends equation as:
ME1 = =& q@Ea — eneff wrEa

3.4.5.2 Now considering T2, row 1: The first two columns
answer the questions & 9@ad and 79 Waddq, answered by
&t wiEd and aFF WEEd. The instrumental in %F and the
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corresponding aWA show that & is the means and & is
of course the end. This we may state thus:

ME2 = =/t — &1,

A perusal of the 2nd and 3rd columns, shows their relation
to be similar, though a little different. It is only when the
full details of the procedure is known that an act can be
performed. ¥ WA gives the modus operandi w.r.t. 4
Ead, Stripping them of the instrumental ending, we get
a third equation.

ME3 = J#a\uasmagsid — A,

It is not difficult now to see the similar relations obtaining
from the items in the second row. Hence

ME4 = fogam — |sirmaad| eneff aamn

ME5 = siearRaramsea — &g

3.4.5.3 All this can be shown as a table of arrows in T11

depicting the role of the items in T1, and marking the
‘start” and the 'stop’ of the ‘program’ as M & E.

) | (k) | (1)
@ E |« |«
() 1 « | M

Table 11: T11

Thus the five ME equations show the full 'flowchart’
from 9@ to ¥ most clearly. They also bring out
the thoroughly clear ME understanding & exposition
attempted by the Mimamsaka-s.

3.4.5.4 A combined equation may be presented as a
fitting conclusion to this section.
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ME6 =[e 2lh g —={f][2d 2 c—>Db—a.

In sum, IR A@EAT is the means for bringing about
(the attainment of) #, the ultimate end. And the
concatenation of activities is so well calculated, hence so
captivating.

4.0 It only remains now to make a few comments in
comparison and contrast.

4.1 Human actions are broadly classified in Mimamsa
into two (1) @if%®, worldly; and (2) &% enunciated in
the Veda. The latter, chosen by Mimamsa as its proper
province, are divided into three (1) fiea (2) afafe® and (3)
F7 - respectively (1) daily duties (2) duties on special
occasions and (3) actions for fulfilling particular desires
(i.e. as spelt out in the Vedic literature). The examples
of them are well known: (1) a@siaq fEE [ (2) 73
T QUSRMEEHTS Eud | (3) aFed Aanedd IiasE: |

The results specified for the said rituals can be said to
constitute the set of goals and the various sacrifices are
naturally the means. Adhering to the rituals, the texts
promise, ensures a state of bliss. Such a state of affairs S
is obviously a conjunction of goals g comparable to the
pattern as represented in Al, viz.

S — gl "g2 g3 Tegd ...

4.2 An approximate counterpart of the operators that
determine the various components & their sequence can
be shown here as (j), (k) & (1) viz. @EEHE, AEAHE,
HRERECIEIFN

4.2.1 The functions of the operators may be shown by a
series of what may be called Fulfilment Procedures : (so
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named here as they fulfil the expectancies)

Fljle) = f F4j(d) — a

F2k(f) = g F5k(a) = b

F31(g) = h F6 1(b) — ¢

where (f) = (d).

4.2.1.1 It may be remarked here that there is an
interesting reversal of direction between the ME equations
and F equations. For example, we go from (h) to (g) in
MES6, whereas we go from (g) to (h) in F3 here. Further
a “cascading effect” is also seen in both the output of
the previous step serving as the input of the succeeding
one.

4.2.1.2 It 1is also interesting to mnote another
correspondence with the notion of the goal tree in
Expert Systems (e.g. TEIRESIAS) in Al equipped
with ‘explanation facilities’. The goal-tree models the
control structure of reasoning. The ‘explanation facility’
is bidirectional : going towards the “root” or going
towards the “leaves”, referred to the ‘ascent traversal’
and the ‘descent traversal’. Explanation is activated by
two commands viz. ‘why’” and ‘how’ corresponding to the
two traversals. Even ‘why’ takes you a node higher giving
you the basis or rationale of the present action and every
‘how’ brings you to the next lower node spelling out the
procedural details of the action.

The situation is exactly similar here. Only ME6 needs to
be represented vertically with (a) at the top, the “root” of
the tree. Thus ‘why (b)?’, is answered by (a); ‘how (g)?’
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is answered by (h). And for the same reason, it is possible
to view it as a goals & strategies chart.

What may however make it a bit difficult to view this
as a tree is that the tree is unitary, not binary; and
so, no ramification or branching off is felt. But there is
no technical irregularity whatsoever. An analogy from
mathematics perhaps can be very convincing. A straight
line can, by no stretch of imagination, be viewed as a
parabola. Yet when a stone is thrown exactly vertically,
it follows a straight course in its upward & downward
trajectories. All projectile tracts being parabolical, the
straight lines become particular and special cases of this
parabola!

It is very significant & interesting that Al & M have
used the same expression: Al spoke of the why &
the how; Muses (F&HEAT and HFAEAI, or ITHEFE and
SUHIEHIF explained as) w@wg and FE9ETEE, illustrated
by the injuctions IRl TEEE a9id and AN TSI
respectively. (See also the definition of ¥#¥).

4.2.1.3 And lastly the F equations bear resemblance to
the Top-down Approach of Al, whereas the ME equations
resemble the Bottom-up Approach of Al

4.3 One major difference yet similarity between the Al
approach and the Mimamsa approach is that MEA in
AT confines itself largely to F¥wEmEgl or faEwdsaar®g of
useful /interesting/challenging problems generally, though
in chosen domains. For M, all this is rather “given”, in as
much as it is all there in the Veda from where they need
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to be “worked out”. The goal viz. Dharma (with all its
attendant complexity/hierarchy etc) is made known by
the Veda. Veda is thus the means and Dharma the end.
The role of M is in arriving at effective & optimal modus
operandi. This is supported by the famous following verse
of Mimanisa:

g8 GHIFA g I37 FLOMHAT |

HiExEericiusiiciuei il

And it is for this reason that M bothered itself & confined
itself to the interpretation of the Veda & focussed on
working out the modus operandi for the attainment of
Dharma.

4.4 A few more issues have some overlap or parallel
between Al & M, but are not taken up here. It may
however be remarked that, after having chosen its domain,
Mimamsa set about solving problems and some of its
solutions provide interesting parallels to the problem
solving methods in Al as also the Means Ends Analysis.

“|qr rEfEl AEREs Jaka”
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Water - the Life Spring of the Creation

V.Girishchandra

Bharath is a very unique country from many points of
view. Bharat has claimed many firsts in the history of the
world. Since time immemorial, this most ancient country
has been contributing in its own ways for the welfare of
the world. Be it the basic ideology or thought of this
country, or the actions that is brought as the daily chores
or those which are performed once in a life time of a
person it has always proved the best for the existence
- the Nature.

With utmost respect to the nature or the creation,
everything is regarded, cared and utilized to its best with
a feeling of serving a purpose of the nature. Be it a flower,
plant, tree, stone, rock, hillock, or the basic elements of
the world the pancabhutas viz., 3=, 3m9:, d91:, qY:, EHRL:
(The Earth, the Water, the Fire, the Wind and the Space)
everything is regarded the most and worshipped or used
for a worship of the super power. Right from the first
action of the day these 5 basic elements are remembered.
The earth is touched with all reverence, the water is
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regarded as the one which takes away all the sins, the
fire is offered with clarified butter, the air is furthered
purified by incenses, and the sky is regarded to the abode
of the Gods. So each and everything on the creator’s desk
is looked with a sanctified spirit. Of these, the onus of
this essay is on the water which is the life spring of the
creation.

Water is the most essential element on this planet since
without which it is absolutely impossible to exist. It is
not a matter of comparison here with respect to the
roles of the other basic elements since each and every
of these are equally important for the existence as such.
Understanding the significance of all these, the order of
its creation was aptly put forth in the Vedas as =m=r=ngig:,
FAARMW:, AU, TFA: U, g efweE: .o Il says the
Yajurveda. So the creation of water as told in the Vedas is
due to the cooling of the Agni or the Fire. And, from thus
created water, the earth exists and from that the herbs
grow. This way the sacredness of water is lauded.

Water is found in abundance on this planet. Life emerged
in water is known since time immemorial. 8 This has been
endorsed by Kalidasa even in the world’s best WOFk.E This
water is witnessed in different bodies where water settles
viz., the water in the well, reservoir, pond, lake, river, sea
and also in the skies in the form of the clouds. Several
stories, incidents in the Ramayana, Mahabharata and the
18 Puranas are related to water.

1 afdemfe 200 2 disPrem wivd e fgafEEa as: | o o ggsie qg isaeargsd 1l
agEqd: ¢/¢ 3 wifvgE: e AT A A git agaa” gf saEr |
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Water is celebrated as that which was in the hands of
the creator and which came to the earth by the efforts
of Bhageerathi when we come across the story of Ganga
which flowed from the Brahmaloka till the Patala, the
nether world. We first come across Shiva locking the
Ganga in his locks of hair and then Jahnu maharshi
stopping the river flow (perhaps an idea of a dam) and
allowing it only from one of his outlets - ear. This water
Ganga is regarded as the purest water in the world.
With Ganga, many rivers are regarded very sacred. Along
with the rivers, tributaries and tirthas of many rivers are
considered holy in this country.

In the Mahabharata several incidents are related to water.
The Puranas have a story of churning of the milky ocean.
It was an ocean of milk, where we come across the world
which has different types of ocean of which ocean of water
also as one.

Water is used for various purposes from the physical
life’s point is considered. But the most essential part
of a Hindu’s life is the daily worship of the Gods. The
worshipping has different forms. But the general way
of this act is called the wWremi=r: which has 16 ways of
pleasing the lord | This includes the WA, TEAH, UEH,
sffaes:, e and d@¥® of which, all are very directly
connected to water.

The water and its different bodies are enlisted in various
contexts. The Brahmandapurana has a separate section
named as Nadimahatmyakanda which discusses about the

4 siaHaegE

142



Water - the Life Spring of the Creation

different rivers, their origin, flow etc. Agastya a great saint
is said to have killed the Kalakeyas who were residing in
the seas by drinking the whole sea. Vasistha who was a
Brahmarshi intended to commit suicide in a river. But
the river did not allow him to die. The river waters
did not allow him to die. Since the waters took off all
his entanglements the name of the river became Vipasa.
Likewise several stories are linked to the rivers in this
country.

Jyotisasastra gives an elaborate description of rain
in different constellatory positions. Varahamihira, the
author of Brhatsamhita discusses at depth the availability
of water. He gives a long list of plants which help in
maintaining good ground water levels. It also speaks
about rain, the rainbow, thunder, thunderbolt, and other
features related to rain.

In his work Meghadutam, Kalidasa, has the cloud as
the messenger of the yaksa. The central character is
even though the Yaksa, Kalidasa speaks the route
to be followed by the Yaksa to reach the place of
Kubera, his master. The cloud a product of smoke,
water, wind etc., is instructed the places which are
to visited and the periodicity of the rains he had to
shower. The Rtusamharam speaks about the availability
of water during the different seasons. The splendid work
Raghuvamsa speaks about the water cycle when dealing
with the kind of administration Dilipa gave.

5 guriE wgead @ qnal afeEad | geeugeEEHEd & T W 1| e - 2/
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This water has different names in samskrit. The
Amarakos$a discusses about water and the other details
of water in profundity. The twelfth division of the first
chapter is called as @f@#: which begins from the 257th
sloka running up to the 300th.

There are 27 names of water which are enlisted in the
Amarakos$a grantha. They are -

3 & 9y JEif afed $9¢ Joq | 1 SereHdd sEd gad a9 |
FAYYIH WA: YR GIAAGEH | SRISURAFUHraRefieg TEed |
QST TG ... B

Continuing the chapter, the Ko$akara enlists various
other matters pertaining to water. The matters discussed
pertain to fluidity, waves, whirlpool, droplets, streams,
courses, banks, island, sand deposition, mud, flood,
navigation, boat/ship and its accessories, fishermen and
their equipment, different types of fresh water as well as
marine fishes and other aquatic animals, oysters’ pearls,
wells, instrument to draw water from the well etc., the
names of different rivers, different types of lotus and its
different parts, river mouths etc. All these pertain to the
water. This is how the Kosakara elaborately has brought
out matters pertaining to water.

Ayurveda the epitome of healing and wellbeing health care
practicing method discusses in detail on different matters
concerning to use of water in different circumstances. It
also prescribes that excess consumption of water is not
good for health.

6 Fifiast:, sHEE:, TAEHTE-RuS 40,332
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Agriculture is one more important field which utilizes
water extensively. Agriculture was practiced in this
country since ages. Watering the plants is as important
a duty for the farmers or any plant to grow. So the
quantum of water required for the growth of the plants,
the quality of water, the periodicity of water that is to be
needed to the plants for their optimum growth has been
discussed elaborately in different texts. The Manasollasa
of Somadeva brings out a detailed discourse on different
types of pulses, economic botanical aspects, treatment of
seeds, treatment of soil and pits, watering, productivity
and also certain strange phenomena that can be achieved
by using different combinations.

Very valid information is found in the Tarkasangraha
of Annambhatta about the Jalatatva. In the 3 f&qvm
section, the features of water are examined in depth.E Also
THITH, HHEFEN:, [&ead, §acaq, deead and a<adq have also
been discussed in various other texts.

Our ancients also had an eye on the maintenance
of water tables, its conservation and also its judicial
utilization. It is clearly mentioned that water should not
be contaminated. It says very clearly that urination and
defecation in water is prohibited. (A77g T3 Ia¥ FAQA -
ESELE)

Thus, our ancients had a wide thought about the very
special creation of this world the water. Today an

7 The Bhoodharakrida part of Manasollasa. 8 emi fwuum - zfaerziaea: =m: |

ar: fgfan: fren: wifven: | fen wagEa: | e sEE: | @R - affEaEeie | it
FEureF | 3 wWuEs @ SrwaEfd | fGve: afcagefe: |
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awareness about is to be brought for the sanctity it
commands. It is the duty of everybody to utilize water
judiciously. The respect water was given by our ancestors
is laudable. We need to tread the same path and treat the
water with all respect. Not only consumption, but also we
need to take appropriate steps to not pollute the water
and its sources. The ground water level should always be
maintained properly. Finally we need to understand that
water is the life of the life on the earth.
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A Cognitive Linguistic Analysis of Laukika
Nyaya-s

H R Meera

Introduction

Sanskrit has a wealth of maxims which are used equally
prominently in Sastraic discourse and ordinary discourse.
Nyaya has been defined as ‘loka-prassiddha-yuktir
nyayah’™. In Sanskrit works of a Sastraic nature, nyaya-s
(maxims) have been used in order to give the framework
of reasoning for arriving at a particular conclusion
(intermediate or final), as a substantiation, or as rules
for interpretation (meta-rules, as it were). The Mimamsa
nyaya-s fall under the last mentioned category, while
many nyaya-s specific to Vyakarana can be seen as those
under the first category. The differentiation between the
Sastriya nyaya-s and laukika nyaya-s can be tenuous since
many in the latter can be used under the former category.
One difference one can see, perhaps, is that the Sastraic
nyaya-s are applicable in very specialised circumstances
whereas laukika nyaya-s find a wider usaget.

1 The expression means “ a famous means of reasoning”. See Introduction

of Bhuvanesa-laukika-nyaya-sahasri. 2 Sastraic nyaya-s have been applied
in frameworks which are other than what they are designed for in order
to achieve humourous results. In fact, there are several catu-padya-s (witty
verses) in Sanskrit which make use of this device. For instance, the verse :
nijapatir adyah pranayT harir dvitiyah karomi kim gopi?|

$rnu sakhi panini-vacanam vipratisedhe param karyam ||(Chatterji 1948:16)
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In this paper, I attempt to discuss how laukika nyaya-s
are understood in their usage in common discourse. As
a linguistic tool, which packs a lot into a small set of
syllables, the nyaya needs to be analysed as to how it is
understood in such discourses.

Classification of nyaya-s

Nyaya-s have been generally classified as laukika
and Sastriya depending on where their predominant
applicability is, and what the framework is within which
that nyaya is to be used. Typically $astriya nyaya is a
meta-rule which determines which rule has a greater force
when conflicting rules are applicable.

Some examples are:

1. vipratisedhe param karyam as applicable within
Panini’s Astadhyayt,

. uttarottaram muninam pramanyam for Vyakarana

3. paradaurbalyam arthaviprakarsat as applicable to

[\

the Mimamsa sutras of Jaimini.
4. utsargapavada-nyaya which has been used in as

varied fields as Dharmasastra and Vyébkamna.H

In another sense, the typical paribhasa sutra which

explicates how certain terms need to be interpreted

(e.g: tasminn iti nirdiste purvasya (in Astadhyayt

1.1.66) etc) and these are also considered nyaya-s.
Another possible classification that one can consider
in case of nyaya-s is purely from a linguistic (and a
cognitive linguistic) perspective. This does not seem

3 See $ruti-linga-vakya-prakarana-sthana-samakhyanam etc.: pll6 of
Chaturvedi(1980). 4 See Davis(2007:38).
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to have been attempted as yet by anybody. Broadly,
the nyaya-s can be divided into two groups — (1) the
samanya statements which can be generically applied.
(e.g. sarvam viSesanam savadharanam - iti nyayaht )
(2) the anyokti-garbha nyéya—sE which have an anyokti
at their core (e.g. dandépﬁpa—nyéyaﬁ). The former can
be compared to the legal maxims that are abundantly
documented in LatinB (e.g. caveat emptor “Let the
buyer beware” that is used in various legal scenarios).
They are general rules, the application of which is
somewhat more straightforward. However, the second
type essentially requires more convoluted, if interesting, a
manner of understanding. What such a nyaya essentially
does is to have an anyokti or a drstanta as the essence,
but is represented only by one or two words which
comprehensively represent that anyokti/drstanta. This
paper considers such nyaya-s primarily in order to
understand how they find application.

Primary characteristics of nyaya-s
We note here five characteristics of nyaya-s.

5 Whenever a qualifier is used, it is implied that it has been used assertively.
For instance, if one uses the expression “a white sheet”, it means only “white”
and not “off-white” or “white with a few black patches”. ¢ The term was
suggested by Prof. K.S.Kannan (private interaction). A subset of this will be
the drstanta-garbha-nyaya-s which have not just an anyokti but actually a
drstanta at their core (e.g. vrddhakumarivara-nyaya which is actually a small
story of an old tapasvini who was granted one boon but managed to ask for
a lot of things in that one boon). 7 When apiipa-s (dosa-like snack) which
have been kept alongside a wooden rod, and one can see no apupa-s while
the danda itself has been eaten by rats, it is assumed that the rats which are
capable of eating danda are the one which have eaten the apupa-s as well.
There are other implications to this as well. For further discussion, see p74 of
Bhuvanesa-laukika-nyaya-sahasri. 8 See Peloubet (1880) and Broom (1874)
for more details.
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A. Pithiness

In general, the nyaya-s are very concise, packing into
themselves the essence of either an anyokti or a drgténtaa.
If anyokti-s carry a micro-context within them (the idea
has been explicated in the next section of this paper),
nyaya-s carry them in a further condensed form. They

indicate with a word or two the entire framework of the
idea behind it.

B. Knowledge of framework assumed

It is necessary to note that for the nyaya to be understood,
it is required to know the essential framework that it
brings with it. E.g. sthalipulaka-nyaya refers to checking
one grain of rice to see if it is cooked properly as a
representative of an entire vessel of rice. (This presumes
the picture of the ancient technology in regard to cooking.
Those who are familiar only with the pressure cooker
method of preparing cooked rice would not follow it
quickly!). This essentially brings with it not only the
‘picture’ of a vessel full of rice that is cooking, but also the
inherent assumption that the few grains of rice that we
pick up from the uppermost surface to check, essentially
represent the whole. So, sthalipulaka-nyaya’s applicability

9 Drstanta here is used in the sense of an alamkara; it can also
be taken to mean a parable. As an alamkara, it has been defined
as ced bimba-pratibimbatvam drstantas tad alamkrtih (Kuvalayananda).
Gajendragadkar (1959:325) analyses the term ‘drstanta’ as : drstah antah
( prakrtasya vastunah udaharana-darSanena niScayah) yatra sah. He also
explicates the nature of drstanta thus :

“The two sentences that constitute not one property expressed by two
different words as in prativastupama, but two different properties between
which bimba-pratibimba-bhava or reflective correspondence exists...the
reflective correspondence exists not only between the properties of the two
sentences, but also between the entities.”
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is actually possible only in those cases where a part can
truly represent the whole.

Once the basic framework of the nyaya is understood,
the idea can be rephrased and still be effectively usedE.
However, this might not be the case with all the nyaya-s
since the terms involved might be of a technical nature
and might carry specialized connotations.

C. Background knowledge assumed

The nyaya-s can assume the knowledge of an entire
epic literature. For instance: ramadivad vartitavyam,
na ravanadivat (‘One has to emulate Rama et al and
not Ravana et al’ = conducting one’s life according to
dharma like Rama and his cohorts, rather than being
like Ravana and his followers); or equally, ramaya svasti
ravanaya svasti (‘Wishing well of Rama; wishing well
of Ravana’ This alludes to a fence-sitter, or someone
who tries to be in the good books of both, or all, the
parties during feuds); sundopasunda-nyaya where two
opposing items/ideas are placed in juxtaposition; the two
contradict each other thereby nullifying each other — much
like the two asura-brothers Sunda and Upasunda who
ultimately fought with each other for the sake of a single
woman, and destroyed each other.

Nyaya-s have been predominantly utilised in the Sastra-s
when a point needs to be made specifically and pointedly.
However, they are also quite widely used in common

10" For instance, it is usual for people to use “kiipamandiika” as a metaphor
as well : “avanobba kupamanduka” (“He is a frog-in-the-well”) or “baviya
kappeyadare prayojanavilla” (“There is no use if one is a frog-in-the-well”)
etc. (These two are common expressions used in Kannada).
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parlance. In case of the Sastraic ones we find that many
of them require a good knowledge of the underlying
concepts to make sense. E.g: ayaskanta-nyaya which
is used in Samkhya/Vedanta philosophy refers to the
characteristic of an entity (in this case, purusa) which
gets the work done, without doing any work itself, much
like a magnet which is itself stationary but attracts iron.
This is also, however, used in common parlance in the

Salne sense.

D. Economy

Using nyaya is a means of economy in communication and
in thought. It is a well demonstrable case of a detailed
episode being encapsulated in a phrase. In many a case,
the nyaya has taken other forms of becoming an idiom
in the language or a trope like upama or rupaka. For
instance, kupa-manduka-nyaya is made into an idiom
as in ‘kupa-manduka’ or ‘bavi-kappe’ (in Kannada); as
‘kuipamandukavat’ (upama) (‘like the frog-in-the-well’);
as ‘avanobba kupamanduka’ (in Kannada) (rupaka) (‘he
is a frog in the well’ implying ‘being narrow-minded’,
‘parochial’).

E. Understanding of socio-cultural moorings

Nyaya-s have an inherent element of the socio-cultural
context, values, and beliefs built into them, disregarding
which they cannot be understood. In a living tradition,
it really requires very little explanation to be understood
while for someone who is unfamiliar with or is an outsider
to the tradition, a lot of explanation would be needed. E.g:
bhaksite’pi lasune santo na vyadhih cannot be understood
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without understanding that lasuna (garlic) is taboo food
item for brahmins. Merely a superficial understanding
that garlic has a pungent odour would not bring out the
full force of the maxim.

As in any tradition, alive/dynamic, there can be certain
concepts which can go out of use and because of that,
they are no longer understood or applied in a manner
they used to be. E.g. vadhumasa-mapana-nyaya (Jacob
1904:143) the implication or usage of which is not known
by anybody now at allﬂ.

On the Origin and Application of Nyaya-s
Origin

Although the origin of many common parlance maxims
cannot be traced, several maxims can be traced back to
literary works. Kane (1939:171) cites several instances
of maxims originating from the Mahabharata: sarvam
balavatah pathyam has been quoted on Jaimini Sutra
1.3.7 in the context of explaining the performance of a
sacrifice for a Candala (TriSanku) by Visvamitra. This is
actually a quotation from Adramavasiparva 30.24 of the
Mahabharata. Kane (1939) also states that “In the times
of Tantravartika, Mahabharata verses had risen to the

11 Tt is to be noted that the greater the conciseness of the nyaya, the higher
the ambiguity; and naturally so; also, in such cases, where information is lost
over a period of time, the lesser are the chances of the recovery /reconstruction
of the original meaning. This is due to what is called “lack of redundancy”,
in Information Theory.

153



fgatm

position of maxims (nyéyas).”@

There are other texts such as the Pancatantra which
provide such maxims. For example, sarvah svartham
samihate: Bhuvanesa-laukika-nyaya-sahasr1 (p219) points
that this is from Pancatantra (whose date is perhaps
3rd century BCE according to some scholars). This is
already used as a maxim in the work of Magha (circa 7th
or 8th century CE) in his magnum opus, Sisupalavadha
2.65.

Application

Various nyaya-s - such as kiipakhanaka-nyaya,
bhaksya-niyamena  abhaksyapratisedhah  (a  nyaya
mentioned in the Dharmasastra texts, but applicable
elsewhere as well) — are considered laukika and are still
applicable in various situations in a $astra like Vyakarana.
(See Sukla 1992).

We come across several examples of how these
maxims are applicable in the interpretation of Ayurveda
treatises. Various nyaya-s have been used as a tool
for reasoning and for directing how the interpretation
should proceed. For instance, pipilika-bhara-harana-nyaya
(Cakrapani’s Tika on Caraka Samhita — Vimanasthana
8.115), silaputraka-nyaya (Dalhana’s Nibandhasangraha
on Susruta Samhita — Sarirasthana 1.3) etc.

12 Kane brings together verses from the Mahabharata which appear in
ancient texts such as - Sabara Bhasya on Jaimini Sutra-s (not later than
5th ¢ CE) , Tantravartika of Kumarilabhatta (about 650-700CE) and
Yogasiitrabhasya (500-700 CE) and bhasya-s of Adi Sankara (not later than
820 CE).
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The nyaya-s which are used specifically as tenets in
Mimamsa have found application in modern law, as
has been explicated, for instance, by Srikrishna (2004),
Katju(1993) and Mirasdar(2000).

A Model for how anyokti-based/drstanta- based
nyaya-s are mapped in the mind

A nyaya which is anyokti-garbha or drstanta-garbha can
be thought of as a condensed form of an anyokti/drstanta,
which, upon application (i.e usage) expands itself into an
anyokti/drstanta and is then understood. In an earlier
paper of mine@ discussing the role of context, a possible
model has been discussed regarding how anyokti-s are
understood.

The Gist of our anyokti-model

One of the points made in the discussion therein is that
an anyokti (which can be termed a “Proxy Metaphor”)
carries within it what can be termed as a “micro-context”
or the “default context” with it. For instance, the anyokti
“Cast not pearls before the swine” can be explained as
follows:

Swine represents things that are lowly and unrefined.
Pearls represent the opposite end of the spectrum, the
very essence of refinement and beauty and value. Putting
pearls before swine is not only a wasteful exercise but also
one that potentially destroys the pearls.

13 Entitled “Context in Utterance and Utterance in Context” (accepted for
publication in the first issue of Karnataka Samskrit University E-journal
(forthcoming)).
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Let us suppose this anyokti is used by A in a conversation
between A and B, where they’ve discussed an idea that
originated with A but which B does not approve of. In this
meta-context or the macro-context, the micro-context of
the anyokti gets superimposed.

The key elements in the micro-context (“casting”,
“pearls”) are linked (or “pinned”) to the key elements of
the macro-context (“sharing”, “ideas”), and by default,
the other elements such as the mutual relationships
amongst the key components, also get superimposed. And
one gets the implied meanings of how A has equated B
to a swine, without explicitly stating so. Some of the
characteristics of this kind of usage are:

1. The micro-contextual elements are explicitly
stated/known, whereas the macro-contextual
elements are implicit. It is up to the audience to
make the link. For instance, “casting” and “pearls”
are mentioned without mentioning “sharing” and
“ideas”.

2. There is mno ‘extension of meaning’ of the
micro-contextual elements (unlike a metaphorical
or metonymic usage). For instance, the meaning
of “pearl” does not get extended to mean “ideas”;
whereas in a metaphoric usage (like ‘attacking an
argument’), the meaning of “attacking” does get
extended from physically attacking (as in a war) to

include countering an argument.
3. A diagrammatic representation of this would be as

follows:
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The points to be noted here are that the similarities
between the entities and their mutual relationships in
micro- and macro-contexts are assumed (represented by
the similarities in the shapes and colours in the two
frames). Also the micro-contextual entities ‘colour’ the
corresponding macro-contextual entities, via a process
of pinning and superimposition and not through any
extension of meaning.

Extending the model to an “anyokti-garbha”
nyaya

An anyokti-garbha-nyaya essentially encapsulates an
anyokti and conveys the same through a shorter
symbol. Consider for example, kuipamanduka-nyaya. The
explanation given for this is the famous Indian story of
the toad in the well. The toad encountered in its own well
a stranger toad which had come from the ocean. Upon
enquiring where the stranger came from, and how big
that place was, the well-toad makes repeated attempts
at finding out how big the ocean is by first spreading
its feet and then by leaping. However, when the stranger
repeatedly asserts that the ocean is much larger than all
that, the well-toad shrugs off the information in disbelief,
alleging that the stranger is lying. The nyaya is used
to convey the effect of a combination of narrow, limited
exposure coupled with arrogance.

Bhuvanesa-laukika-nyaya-sahasrt explicates the
condition of the well-frog in these words:
“jianalavadurvidagdho’lpajiio” (Sresthi 1909:38) (Trans:
The truth handed down by the great ones are not
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accepted by the one “with little knowledge and [great]
arrogance”) (Translation: my own).

The idea is clear: one who has little knowledge and no
openness to new ideas will not be able to appreciate the
truths that he has never been exposed to. The other
implications, to name but three, are:

1. that it is really laughable that this narrow-minded
toad is attempting to understand the vastness of an

ocean in terms of its own little leaps
2. that it is a futile exercise to try to make the well-toad

understand.
3. that it is too cosily ensconced in its own environment

to appreciate anything new.

Hence, the expression “as per kupamanduka-nyaya”,
would essentially bring in all these implications. In
other words “kupamanduka” would stand for an anyokti
of “behaving like a kupamanduka” Extending the
diagrammatic representation that has been given for an
anyokti, a representation for an anyokti-garbha-nyaya
would be as follows:

In some cases, the anyokti itself has transformed into
an idiom of the language and undergoes a variety of
modifications. However, that is a discussion which will be
handled in a different article and is not directly relevant
here.

Conclusion

The application of laukika nyaya in a discourse - to
substantiate one’s own claim, or refute another’s claim,
or to simply make out a point pithily — shows its effect
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because of the extra-linguistic meaning conveyed to the
audience. As discussed elsewhere, vyangyartha in its
multitudinous manifestations plays a prime role in making
linguistic exchanges highly effective.

We have discussed in this article but one of the many tools
that are used in language in order to ensure effectiveness,

exploring anew the way they are probably made sense
of.
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The Knowledge Structure in Sanskrit Kosas
Sivaja S. Nair and Amba Kulkarni

Abstract

The Sanskrit kosas such as Amarakosa, Vaijayantikosa
etc. have a built in knowledge structure of its own
which apart from revealing the ontological classification,
provides a holistic view of various concepts. Knowledge
in these kosas concerns with many non-observational,
culture specific facts. In this paper we present a few
representative examples of the concept clusters from the
two Sanskrit kosas; Amarakosa and Vaijayantikosa. There
is a necessity to make these valuable resources available
in suitable e-form so that the NLP community working in
Indian Languages can be benifitted.

Key Words : Amarakosa, Vaijayantikosa, ConceptNet,

Semantic relations

Introduction

The Indian tradition of transmitting knowledge orally
is on the verge of vanishing. As the oral transmission
demands, Indian traditional educational culture was
organised to be formal and intensive as opposed to the
modern culture which is more informal and extensive
(Wood, 1985). In traditional circumstances, a child
would receive his education largely by oral transmission,
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mainly through rote-learning. The method employed was
through recitation and remembering. A child is taught
the alphabet (varnamala), he would memorise a few
verses, subhasitas, and then start reciting a dictionary of
synonymous words — the Amarakosa — till it is memorised.
It typically would take anywhere between 6 months to a
year to memorise a list of approximately 10,000 Sanskrit
words arranged as a list of synonyms. The close inspection
of the structure of the Amarakosa gives much more
insight into the way the words are organised. When a
student memorises it, though in the beginning it appears
as a linear list of words, as he starts understanding the
meaning of the words, reads the commentaries on this text
and starts using these words, the linear structure unfolds
into a knowledge web with various links.

Many other kosas such as Vaijayantikosa, Halayudhakosa,
Trikandsesa, Haravali, Abhidhanacintamani etc. reveal
similar structure when explored.

The modern efforts of building ConceptNet aimed at
building a network around various concepts, have some
parallels with the structure of these Sanskrit kosas.

In this paper, we present a few samples of knowledge
structure from two important kosas viz Vaijayantikosa
and Amarakos$a, and compare the knowledge structure
involved with that of the ConceptNet.

Amarakosa
Amarako$a primarily named as Namalinganusasana (a
work that deals with instructions related to the gender
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of nouns) is authored by Amarasimha - 4 century
AD. (Oka, 1981) - and is the most celebrated and
authoritative ancient thesaurus of Sanskrit with around
60 commentaries and translations into modern Indian
as well as foreign languages such as Chinese, Tibetan,
French, etc. (Patkar, 1981). It is considered as an essential
requisite for a Sanskrit scholar and as such a child is asked
to memorise it even before he starts his studies formally.
It consists of 1608 verses composed in anustup metelrm and
are divided into 3 chapters called K?mdas.a

Classification

Each of the three Kandas is further subdivided into
various vargas. The classification of three kandas into 25
vargas is as below.

Prathamakandam : bhumivargah(earth)
svargavargah(heaven) puravargah(towns or cities)
vyomavargah(sky) Sailavargah(mountains)
digvargah(direction) vanausadhivargah (forests
kalavargah(time) and medicines)
dhivargah(cognition) simhadivargah(lions  and
sabdadivargah(sound) other animals)
natyavargah(drama) manusyavargah(mankind)
patalabhogivargah(nether =~ brahmavargah(priest tribe)
world) ksatriyavargah (military
narakavargah (hell) tribe)

varivargah(water) vaiSyavargah(business
Dvitiyakandam : tribe)

1 Sloke sastam gurum jiieyam

sarvatra laghu paficamam |
Dvicatuhpadayorhrasvam

saptamam dirghamanyayoh I

2 and as such is known as Trikands 163
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sudravargah(mixed classes) mnanarthavargah(polysemous)
Trtiyakandam : avyayavargah(indeclinables)
visesyanighnavargah(adjectivdjngadisangrahavargah(gender)
samkirnavargah (miscellaneous)

Amarakosa contains 11,580 content words (tokens). Some
of the tokens are repeated either within a kanda or across
the kandas leading to only 9,031 types. The kanda-wise
distribution of the tokens and types is shown in Table 1.
The organisation of words is typically in the form of a set
of synonymous words.

kanda tokens | types
prathamakandam | 2465 2300
dvitiyakandam 0827 5282
trtwyakandam 3288 2271
Table 1: Tokens and types in each kandas

Vaijayantikosa

Vaijayantikosa is a  voluminous  lexicon by
Yadavaprakasa. Approximately 18,000 tokens are
there in Vaijayantikosa.The lexicon is divided into
two broad divisions, viz. synonym sets and polysemous
words. The synonym sets are further divided into five
classes or kanda’s, viz., svarga (heaven), antariksa (sky),
bhumi (earth), patala (nether world) and samanya
(miscellaneous). The polysemous words are classified
into three classes based on the number of syllables
they contain, viz., two, three and more than three.
Thus Vaijayantikosa has eight classes which are further
sub-divided into two or more sub-sections called adhyayas.
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There are total forty three in number. The classification
of first five classes are shown in below.

Svargakandah (heaven) tribe)
Adidevadhyayah (supreme Ksatriyadhyayah (military

diety) tribe)

Lokapaladhyayah (guardian Vai$yadhyayah (bussiness
deities) tribe)

Yaksadhyayah (semi-divine Sudradhyayah (mixed
beings) class)

Antariksakandah (sky) Patalakandah (nether
Jyotiradhyayah (light) world)

Meghadhyayah (cloud) Sarisrpadhyayah (serpent)
Khagadhyayah (bird) Jaladhyayah (water)
Sabdadhyayah (sound) Puradhyayah  (town &
Bumikandah (earth) cities)

Desadhyayah (place) Butadhyayah (living being)
Sailadhyayah (hill) Samanyakandah (miscellaneous)
Vanadhyayah (forest) Ganadhyayah (multitude)
Pasusangrahadhyayah Dharmakarmadhyayah
(animals) (natural character)

Manusyadhyayah (mankind) Gunadhyayah (quality)
Brahmanadhyayah (priest

ConceptNet

Conc:eptNetE is a commonsense knowledge base and
natural-language-processing toolkit. It is a semantic
network of commonsense knowledge. It aims to give
computer an access to the commonsense knowledge -

3 http://web.media.mit.edu/~hugo/conceptnet/
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the kind of information that ordinary people know
but usually leave unstated. ConceptNet is generated
automatically from the English sentences of the Open
Mind Common Sense(OMCS) corpus. Fig.1 shows the
ConceptNet representation of the sentence “wake up in
the morning and drink coffee”.

EffectOf fal

\_stomach

Figure 1: Knowledge representation in ConceptNet

Knowledge structure in Sanskrit Kosas

After examining the entries in Amarakosa and
Vaijayantikosa, we noticed that except the polysemous
words (nanarthavarga), all other synsets in a class
show some semantic relation to the class it belongs
to and sometimes even to the preceding or following
synsets. These semantic relations indicate various kinds
of relations. They may be classified as hierarchical or
associative. The hypernym indicating a more general
term or the hyponym showing a more specific term
are the examples of hierarchical relation. Similarly the
holonym-meronym relation marking the whole-part

166



The Knowledge Structure in Sanskrit Kosas

relation is also a hierarchical relation. In addition various
other relations are indicated by the adjacency of the
synsets. These may be termed as associative relations,
which indicate some kind of association of one synset
with the other. This association may be the association
among human beings, or the association of certain objects
with certain other objects. We illustrate below some such
relations with examples.

Example 1: Visnuh from Amarakosa

The verses from 1.1.18 to 1.1.29 describe various synsets
representing Vispu, and objects related to/associated with
Visnu. (See Figure 2).

| Vasudeva

Child-Parent

y
Visnu

P i Child-Parent |Sibling Wife-Husband | master- Quality
Possession
|Wepons| Kamadeva Balabhadra
Gada

Child-Parent

Anlruddha

Figure 2: Relations of Visnu from Amarakosa

Master-Possession

Charioteer, minister, horse,
Garuda, conch, jewel

Thus we see here, the association of synsets indicate
various kinship terms such as father, sibling, wife, son etc.
Knowledge of such kinship terms is an essential data base
for understanding various texts on our religion. Next we
see various special instruments that are associated/used
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by Visnu such as conch, discus, sword, jewel, bow, etc.,
then the charioteer, vehicle, ministers etc. Thus all the
synsets together give a holistic view of the concept under
consideration.

Example 1: Visnuh from Vaijayantikosa

In Vaijayantikosa, we see a few more links associated
with the concept of Visnu such as nine Visnu Saktis,
incarnations of Visnu, and also the instruments used by
Balarama - the brother of Krsna - the 8" incarnation of
Visnu, ete. (See Fig. 3).

Incamation Visnu

Quality Master- Child-Parent

Possession

Wife-
Husband

Master-
Possession

Master-

Incarnation Garuda, conch, jewel

Y

harioteer,
horse

Plough and mace

Master-
Possession

Srivatsam{mark),
Powers of Visnu

discus. sword. bow

Narasimha, Vamana, Parasurama, srirama,
Kapila, Vyasa, Dattatreya, Kalkt

Figure 3: Relations of Visnu from Vaijayantikosa

Example 2: Samayah from Amarakosa
The verses from 1.4.1 to 1.4.9 in Amarakosa deal with
words related to time, units of measurement, special
names of special days, etc.
Time (1.4.1)
Lunar day (1.4.1)
First lunar day (1.4.1)
{Day (1.4.2)
Morning (1.4.2 - 1.4.3)
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Twilight (1.4.3)
Evening (1.4.3)
First four hours of a day (1.4.3)
Second four hours of a day (1.4.3)
Third four hours of a day (1.4.3)
Period of the day (1.4.3)
Night (1.4.3 - 1.4.4)
A dark night (1.4.5)
A moonlight night (1.4.5)
A night and two days (1.4.5)
First part of night (1.4.6)
Midnight (1.4.6)
Sequence of nights (1.4.6)
Space of three hours (1.4.6) }
Last day of the half month (1.4.7)
Precise moment of the full or the new moon
(1.4.7)
Full moon day (1.4.7)
Full moon whole day(1.4.8)
Full Moon with a little gibbous on part of
a day (1.4.8)
No moon day (1.4.8)
wanning crescent (1.4.9)
No moon whole day (1.4.9)
In this example, we see various concepts, in Indian
tradition, associated with the concept of time. These may
be broadly classified into the concepts associated with the
apparent solar motion and those associated with the lunar

motion.
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Example 2: Samayah from Vaijayantikos$a

In Vaijayantikosa, we also see various other classifications
such as paksa, fortnight before and after the new moon,
and the associated month names from the verses 2.1.79 to
2.1.81.

half of a lunar month (paksa) (2.1.79)
first (white) paksa of a lunar month (2.1.79)
second (black) paksa of a lunar month (2.1.79)
paksa in which the tithis become shorter (2.1.79)
paksa in which the tithis become longer (2.1.79)
short fifteenth day of the second
(krsna)paksa (2.1.80)
short first day of a paksa (2.1.80)
lunar month (2.1.80)
solar month (month in which the sun passes to another
rasi) (2.1.80)
star month (2.1.81)
month of 30 days (2.1.81)
Thus we see that these structures provide complete
picture of the Indian calendar which is an essential part
of Indian culture.

Example 3: Ksatriyah from Amarakosa

Here is a group of verses from 2.8.1 to 2.8.10 belonging to
the ksatriyavarga, from the Amarakosa. The words here
refer to the king, military, ministers, various category of
people engaged in the services of kings, etc.

Man of the military tribe (2.8.1)
King (2.8.1)
Universal monarch (2.8.2)
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An emperor (2.8.2)
King over a country (2.8.2)
Paramount sovereign (2.8.3)
Multitude of kings (2.8.3)
Multitude of military tribe (2.8.4)
Minister (2.8.4)
Deputy minister (2.8.4)
Priest (2.8.5)
Judge (2.8.5)
King’s companions (2.8.5)
Body guards of a king (2.8.6)
Warder (2.8.6)
Superintendent (2.8.6)
Village Superintendent (2.8.7)
Superintendent of many villages (2.8.7)
Superintendent of Gold (2.8.7)
Superintendent of Silver (2.8.7)
Superintendent of the womens’
appartments (2.8.8)
Outside guard of the womens’
appartment (2.8.8)
attendant of a king (2.8.9)
eunuch (2.8.9)
Prince whose territories lie on the frontiers
of those of the enemy (2.8.9)
Neighboring prince (2.8.9)
Prince whose territories lie beyond those of
the friend (2.8.10)
Enemy in the rear (2.8.10)
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This again gives a good background of the military
structure in ancient days, throwing hight on the social
structure in those days.

Implicit relations
These were three samples from three distinct topics
involving totally different kind of relations. All these
relations are semantic in nature. A more detailed study of
such examples showed that following relations occur more
frequently.

» avayavavayavi (part-whole relation)

 paraparajati (is a kind of relation)

o janyajanaka (child-parent relation)

* patipatni (husband-wife relation)

 svasvami (master-possession relation)

o ajwika (livelihood)
There are a few other relations such as adhara-adheya,

vamsa-vamsiya, etc.

ConceptNet and the Sanskrit Kosas

There is a fundamental difference between the
development of ConceptNet and the knowledge found
in the Sanskrit Ko$as. The ConceptNet is aimed at
‘capturing the common sense’. This common sense
typically concerns with the behaviourial observations,
social norms etc. and also focuses typically on actions
with which other concept nodes are related. The Sanskrit
kosas on the other hand contain words which are :-

(a) culture specific (svarga, visnu, etc.),

(b) reveal social or man made structures (kingdom,
house, etc.),
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(c) throw light on various social practices,
in addition to the observational facts such as classification
of animals, the flora and fauna etc.

This structure thus involves many non-observational
facts, which are mostly part of our culture. In this sense
the structure of these kosas is complementary to what the
ConceptNet provides and is an essential part of the Indian
culture.

There is a necessity to make these valuable resources
available in suitable e-form so that the NLP community
working in Indian Languages can be benifitted.

Computational Tools

The team at the Department of Sanskrit Studies,
University of Hyderabad, has already taken a lead by
starting a pilot study of Amarakosa. There is a need
to explore and build e-structures with other Sanskrit
Kosas mentioned above in order to make this knowledge
available for NLP applications.

The e-version of Amarakosa is available with various
structured queries at :
http://sanskrit.uohyd.ac.in/scl/amarakosha/index.html
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Gadadhara’s Theory of Sakti: A Semantical
Analysis
Paritosh Das

Abstract

The present paper aims to discuss the theory of $akti
as explained by Gadadhara in his Saktivada. In the
process of verbal understanding, the remembrance of
the meaning is to be caused by the knowledge of the
relationship between a word and its meaning and the
relationship is called Vrtti. Vrtti is again divided into
two types i.e. sanketa (primary signification) and laksana
(secondary signification). The form of sanketa is ‘let the
word to express its meaning’. This Sanketa is again of two
types viz. adhunika and nitya. The primary signification
of modern authors is known as adhunika sanketa i.e.
technical expressive power (paribhasa) and the word
which expresses meaning through technical expressive
power is called technical word (paribhasikam padam). As
for example, words like ‘nad1’, ‘vrddhi’ etc. are denoted by
Panini and considered as technical words. The primary
signification of God is known as $akti (nityasanketa).
The word which expresses its meaning through primary
signification (Sakti) is called $akta or vacaka. As for
example, ghata, pata etc. The meaning which is referred
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by this primary signification is known as $akya or vacya.
Thus, Gadadhara in his Saktivada delineated elaborately
the concept of $akti and its semantical aspect. In this
way, the present paper will focus on Gadadhara’s theory
of sakti and its semantical analysis primarily and also deal
with other philosophical views in this regard as and when
necessary.

Keywords: Sanketa, Sakti, Paribhasa

Introduction

The concept of Sakti or the primary significative power
occupies a significant place in Indian semantics. Sakti
or primary significative power is defined as the relation
between word and its meaning.m The essential nature of
a word is to express a meaning through its significative
power.

Almost all schools of Indian philosophy propose their
own speculations regarding the concept of Sakti. However,
the Nyaya and Mimamsa schools of Indian philosophy
reached on the top in deliberating the nature of Sakti.
In this paper, analysis of Gadadhara’s view regarding
Sakti is primarily discussed. The Mimamsaka-s views, in
this regard, are also taken into account as and when

necessary.

According to Mimamsaka-s Sakti is inherent in the word
itself.E It means that there is a natural connection between

! a. Saktisca padena saha padarthasya sambandhah. Nyayasiddhanta-

muktavalt, p. 293.

b. padapadarthayoh sambandhantaram eva $aktih, vacyavacaka-
bhavaparaparyaya. Paramalaghumanjusa, p. 28 2 a. éaktam padam.
Tarkasamgraha, p. 94

b. Saktam padam. Nyayasiddhantamuktavali, P. 315. 3 Autpattikastu

$abdasyarthena sambandhah. Mimamsasutra, 1.1.5
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word and its meaning. The grammarians also agree with
the Mimamsaka-s that the permanent nature of the
relation between word and meaning is to be understood
from popular usage itself.E

However, the theory of natural relationship between word
and its meaning is not accepted by the Naiyayika-s
and the Vaidesika-s. The Nyaya-Vaisesika system of
Indian philosophy advocates the conventional origin of
relation between word and its meaning. Gautama, in his
Nyayasutra says that meaning of a word is understood by
the conventional signiﬁcance.E The Vaisesika-s too echo
the same view in this regard.

According to the Pracina Naiyayika-s and the VaiSesika-s
the relation between word and its meanings is not
natural, as that of Mimamsaka-s, rather it is conventional.
According to them the relationship between word and
its meaning is being established by the desire of God.
Annambhatta in his Tarkasamgraha also admits that
sakti as the convention conveyed by the will of God in
the form that ‘such and such meaning is to be understood
from such and such a word.

According to the Navya-Naiyayika-s, the relation between
word and its meaning, not necessarily, always be
established by the will of God; it can also be established

4 Siddhe $abdarthasambandhe. Patafijali’s bhasya on Katyayana’'s

Varttika, p. 20 5 Na  samayikatvacchabdarthasampratyayasya.
Nyayasurta, 2.1.55 6 Samayikah $abdarthapratyayah. Vaigesikasiitra,
7.2.20 7 Asmatpadadayamartho boddhavya itiévarasanketah $aktih.

Tarkasamgraha, p.129
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by the will of a person.E The relation between word and
its meaning is known as vrtti. It is further divided into
two types: sakti and lakgnané.a It is to be noted here that
when sa keta or the conventional relation is established
by the will of God then it is called sakti. On the other
hand, when the relation is not permanent, but it is
established by the will of a person, it is called paribhég;é.E
Bhatrhari also mentions two types of relationship viz.
ajanika or permanent and adhunika or modelrn.E Both
these relations (i.e. Sakti and paribhasa) between word
and its meaning are direct. When the relation is indirect,
it is called laksana or secondary signification. It has no
power to convey the meaning of a word directly.

Gadadhara’s Exposition on the Theory of
Sakti:

Theory of primary signification or expressive power
($akti) is the central topic discussed in Saktivada.
Gadadhara deals elaborately with the nature and function
of primary signification or expressive power of words
in his text. His opinions and views regarding $akti
are most authoritative and it not only influences later
theorists, but also reaches far impact on the analysis
of Indian semantics. As a logician, Gadadhara defends
Nyaya theory of expressive power or $akti that primary
signification of words is will (desire) of God 3 However, he

8 Navyastu 1évareccha na Saktih, kintvicchaiva, tenadhunikasamketite api
Saktirastyevetyahuh. Nyayasiddhantamuktavali, p. 295 9 Saktilaksane
padavrtti. Saktivada, p. 1 10 Sabdagaktiprakagika, p.122
11 zjanikascadhunikah sanketo dvividho matah,

nityah ajanikastatra ya Saktiriti giyate.

kadacit kstvadhunikah Sastrakaradibhih krtah,

krtrima Sastriya paribhasikityudyate. Vakyapadiya, padakanda
12 T4varasanketah Saktih. Saktivéda,ll%Sﬁ
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appreciates the Navya-Nyaya modifications of the theory
that primary signification of words is both the desire
of God i.e. conventional expressive power and desire of
a person or modern author’s i.e. technical expressive
power.@ Thus, Gadadhara, in his Saktivada primarily
deals with the Navyas’ view, because according to him
expressive power, merely as desire of God, would not be
sufficient to serve the purpose of covering all sorts of
primary significations in general.

Two fold division of Sakti: Gadadhara holds that there are
two types of word relations viz. primary signification and
secondary signification. Primary signification or sanketa is
the desire of God (Sakti) or desire of the modern author
(paribhasa). The form of desire is twofold: 1. ‘Let this
word convey this meaning’,g 2. ‘Let this meaning is to be
understood from this word”.

Here, in the first form of desire word is qualificand and the
meaning is qualifier, likewise, in the second form of desire
the meaning is qualificand and the word is the qualifier.
Although, the forms of expression are different, still, both
types of signification refer to the desire of the speaker,
either of God or of modern authors. In the above two
forms of desire we find that:

o In the first form word is the object of desire.
e In the second form meaning is the object of desire.

Therefore, Iccha or desire exists in both pada or word
and artha or meaning. Iccha or desire is related to its

13 Tbid, pp. 5-6 1 jdam padamamumartham bodhayatviti. Ibid. p. 5
15 Asmatpadadayamartho boddhavyah. Ibid.
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visaya or object i.e. pada and artha, through the relation
of visayata. As pada and artha are the visaya (object) of
iccha, visayata (objectness) exists in both pada and artha,
by this visayata iccha is related to both pada and artha.
It can be shown in the following diagrams:

[EEEKI s

9sq A

Now the question is how visayata or objectness
is related to pada? The answer is that visayata
resides in pada by the relation of bodhajanakatva.@
The verbal understanding of wHsF®eER &I is:
ElLEEETCI B EATGIIRIREIERE TR The diagrammatic
representation of this éabdabodha is as follows:

I

EIEERETCE: [EERKII )l

EEILG]

R

16 Bodhajanakatvena visayata. Saktivﬁda, p. 6
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Now, the first form of desire i.e. 3¢ 9gRgw% =¥ag, can be
explained in the following example: T4g i afww

= Mg Meafafe drgag

TMicafafREHaFaH MY (¥aq)

TreatafiTe (M) e - srasHs  Ted

=TT - AT H AT TR AR AT T - S TS ARSI AT,

MIed |

N

IEREEEIBECET:| REALGI

roEg BRG]

Here, it is to be noted that iccha is related to pada by the
relation of visayata or objectness, which is again qualified
by bodhajanakatva. Hence, iccha is related to pada by the
relation of bodhajanakatva. Again, the locus of visayata is
pada, which is expressed by kartr—pratyaya.@ The second
form of desire i.e. S/EAIURRINAT qg=4:, is explained in the
following example: TusA M: =4

=TE s A ThRAl g Tsadga: m: |

17 Vacyavacakadipade Tévarecchayah bodhajanakatvena ya visayata saiva
dhatvathah| Tasyah asrayatvaripam kartrtvam pade kartrpratyayena
bodhyate| Saktivada, p. 6
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PEALG ||
EICEEETE| farzrearan
qsHq e (31 o )
B

In the desire ‘g ME=ad’ the qualificand (visesya) is gauh
(arthah) - the meaning of the word (go), the qualifier is
bodhajanakatva, which is in gopada. The qualificandness
(viSesyata) is in gauh and the qualifierness (prakarata) in
bodhajanakatva. There is a describer-described relation
between prakarata and visesyata.

Nature of Sakti

The Pracina-Naiayayika-s hold that primary signification
is conventional expressive power which has the form of
only desire of God (1$varasanketa); and therefore, primary
signification is found to occur only in conventionally
expressive words such as 'cow’ etc.

However, the Navya-Naiayayika-s, hold that primary
signification is twofold; viz. desire of God and desire
of modern authors (adhunika-sanketa) such as Panini.
Therefore, primary signification is found to occur in both
conventionally expressive words viz. cow and technically

expressive words viz. nadi,vrddhi etc.
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Gadadhara advocates that the desire of God and
desire of modern authors are two types of primary
significations. He holds that the desire of the modern
authors must be admitted to be a separate word-relation.
The Navya-Naiayayika-s argues, technical meanings such
as the feminine stems ending in 1 or u vowels, are
conducive to the verbal cognition of the same, cannot
be obtained with out the signification (desire) of modern
authors such as yustryakhyau nadi etc.

According to some logicians, however, expressive power is
three fold as follows:
 Derivative or etymological (yoga)

« Conventional (rudhi) and
« Derivative (etymological) conventional (yogarudhi).

The first type of expressive power is found to occur in
derivative or etymological words such as pacaka, which
express the derivative sense of cook. The second type is
present in conventional words such as ‘cow’ or 'pot’ which
express conventional sense. The third type is present in
the derivative (etymological) conventional words such as
‘pankaja’ which express derivative conventional sense of
lotus.

The Naiyayika-s, especially Navyas, explain the tenability
of verbal cognition of word-meanings by proposing that
the qualifier (the state of belonging to God (1$variyatva))
need not be included in primary signification; i.e. primary
signification need not be specified as the desire of God;
rather, the same can be defined generally as the desire of
the speaker. The verbal cognition of word-meanings can
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be tenable through expressive power in the theory of non
believers of God as well.

Conclusion

To conclude, Gadadhara’s speculations regarding Sakti is
comprehensive and well argued. Thus, Gadadhara admits
two types of word-relations: primary and secondary
significations. Primary signification, which he considers as
the denotation (sanketa), is desire of speaker in general.
He does not follow the view of Pracima-Naiyayika-s
that primary signification is only the desire of God on
the ground that even desire of modern authors such
as Panini proposes technical terms nadi, vrddhi etc.
and therefore, as that of the will of God, even desire
of modern authors must be approved to be primary
signification. Thus, for Gadadhara, primary signification
is two-fold as will of God or conventional expressive power
(Sakti), and will of modern authors is adhunika-sanketa
or technical expressive power (paribhasa). Gadadhara’s
opinions on sSakti are well-argued and thus it endorses
Indian semantics to reach its zenith in deliberating issues
on primary signification of words.
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The Ritual Practices in Vaisnava Temples
(Divyadesam) of Kerala Associated With Alvars
Damodar Narayanan. C. N

Introduction

The 108 Divyadesams (divine temples) of vaisnavas are
part of the cultural heritage of India. Their influence
on the religious and cultural history of India has been
explored by historians of east and west. These temples
became more famous from the time of the vaisnava
saints (alwars) onwards, who were wandering mendicants
travelled across country singing the hymns of Lord Visnu.
They are believed to have lived in between 8th to
9th centuries A. D in Tamilnadu. Their movements were
primarily restricted around Vaisnava temples of India and
sung in praise of presiding deity of these 108 temples.
The collection of their songs is known as Divyaprabandha
(4000 verses). It is interesting to note that among 108
temples mentioned in the songs, only 106 can be located
on the earth, that lie scattered throughout India. The rest
of the two are believed to be situated beyond early realms.
This paper intends to shed some light on the current
ritualistic practices of these temples. In all these temples,
the rituals are being performed according to the Kerala
traditional method. The text, on which these rituals are
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based, is “Tantrasamuccayam”. As the name suggests,
it is a compilation of many other works which gives a
detailed description of the construction, daily worship,
yearly festivals and other rituals of deities like Visnu,
Siva, Sivanarayana, durga, subrahmanya, ganapati, and
Séstéﬂ This work is dated back to the fourteenth century
(A. D). The author of this text is Sri Cennas Narayanan
Namboothiri. Another Kerala ritual manual text called
Visnu Samhita has a deep influence on this textE. This has
three available commentaries, in which two are in Sanskrit
and one in Malayalam in manuscript form.

The Eleven Temples
The eleven divyadesam temples are —

1. Sri Nava Mukunda Temple, Tirunavaya

Sri Uyyavandaperumal temple, Tirumittakkod.
Sri Kattakkaraappan Temple, Trikkakkara.

Sri Muzhikkalathan Temple, Tirumuzhikkulam.
Sri Kolapiran Temple, Tiruvalla

Sri Albhutanarayanan Temple, Trikkodittanam.

Sri Imayavarappan Temple, Tiruccittattu.

® N o W

Sri Mayapiran Temple, Trippuliyur.

1 Srisesasesaharisumbhajidambikeya-
vighnesbhutapatinamavibhinnabhumnah.
Vaksyeparasyapurusasyasamanaripa-

marccavidhimsahaprthak ca visesayuktam.-Tantrasamuccayam-Ch-1,verse 3.
2 There are two Sanskrit commentaries of Tantra samuccaya called Vivarana
and vimars$int which are believed to have written by the author’s son and
disciple respectively. It says,” This text was influenced by both Nigama
and Agama. Nigamas are vedas and Agamas are texts like Visnpusambhita.
“Nigamah vedah, agamah visnusamhitaditantram”-Tantrasamuccayam sl-1,
vivaranam.
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9. Sri Kuralappan Temple, Tiruaranmula.
10. Sri Pambanayyappan Temple, Tiruvanvandoor.

11. Sri  Anandapadmanabhan Temple, Tiruvananta-

puram.

These eleven temples are based on the songs of
TilrumankauiE NamlrnéulvvaurH and kulaéekharaélwara. In
every temple, the song about the particular deity
is written. There are many inscriptions in these
temples mostly in vattezhuthu (An ancient south Indian
Script).

The General Ritual Practices

A day in the temple starts at the early morning with
opening of the sanctum sanctorum, followed by abhisekam
(celestial bathing) and the other pujas. The puja is
basically sodasopacara (sixteen upacaras). Except one
temple (Tirucittattu), every others have five pujas a day
including morning and evening. In Tirucittattu, puja is
only twice in a day. Among these eleven temples, Tiruvalla

3 TirumankaiAlwar was born in a tribal family in a small village called
Tirukkuaiyalur. His real name was kalliyan.He is stated to be as an
incarnation of Lord Vishnu’s bow called Sarangam. He was very good
at archery and worked as a military commander to the cola king. Later
he married to a Vishnu devotee called kumudavalli and became one
staunch Vishnu devotee himself.-ALWARS, THE VAISHNAVITE SAINTS by
M.Venkataraman. 4 Nammalwar was born in a small town called kuruhur
in Tirunelveli of Tamilnadu. His father was a small prince who paid tribute
to the Pandian king of madhurai. As a child, Nammalwar was extraordinary
because he was totally different from others in nature. His parents named him
as maran. Nammalwar and Madhurakavi Alwar were from the same period
of time and many of the paasuram that sang by nammalwar is written down
by MadhurakaviAlwar. % Kulagekhara Alwar was a king of cheranadu or
malanadu.Hisfather Thidaviradhan ruled the kingdom for several years and
after him the throne was given to Kulasekhara. He ruled the country very
well. He composed 105 paaurams called perumal Tirumozhi.
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Srivallabha temple has a purely vaisnavic set of practices
which is described in the text Yajanavali, which is inthe
manuscript form. This is a paddhati (practical ritual
manual) in both Malayalam and Sanskrit.

Sri Nava(Nava)Mukunda Temple

This temple is situated on the banks of the river
Bharatappuzha. The main deity navamukundan is with
Lakshmi and ganapati. Tirunavaya is a famous pilgrimage
centre near Tirur in the Malappuram district. This place
used to be the venue of the ancient historical ritual called
mamankam. This temple was attacked first by Tipu sultan
and then by the muslims in the riot called mappilalahala
(muslim mutiny).

It is believed that nine saula,g.{]ramausE are buried across
the temple in different places. There is another belief
associated with the temple is that both ganapati and
laksmi used to worship Mukunda with the lotus flowers
from a lake near the temple. Even now the offering of the
lotus garland is believed as very fruitful. The pasuram by
Nammalwar is written on the wall both in Malayalam and
Tamil. Five pujas are done every day with Siveli(offering
to the bhootadevatas). The puja is according to the
Kerala tradition with a different dhyana(visualisation of
the deity).

The utsavam(yearly festival) is in the Mesa month (April
or May) every year. This temple is very famous for
pitrkarma (ancestral rituals) as well.

6 A celestial stone from Yamuna in which Lord Vishnu is being invoked and
worshipped.
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Sri Uyyavandaperumal temple

This beautiful temple is situated in the Palakkad
district near pattambi. This is also called Tiruvincikkod
Ancumurti temple (Ancu-five) because of the legend that
there are five forms of Vishnu which are erected by
the Pancapandavas. There is also Lord Siva inside the
sanctum sanctorum as a main deity. Arjuna is the one
who installed the main idol. The others are outside the
prakara. sasta, durga, ganapati and daksinamurty have
different shrines in the temple with daily pujas. The Visnu
in this temple is also called apadsahayar (one who helps
in distress). Kulasekharaalwar had written a pasuram
praising this deity. This place is also very famous for
ancestral rituals.

Some people believe that the temple was established
by King Ambarisa and the famous story related to his
ekadasivrata happened here.

There is five daily pujas with Siveli. The utsava is in the
uttarayana period.

Sri Kattakkaraappan Temple

This temple is dedicated to Vamana, and this is related
to the famous harvest festival called Onam. During the
festival, the onasadya (onam feast) is distributed on the
day of Tiruonam for a huge number of people. This
temple is believed to have been built by Lord parasurama.
The other dieties apart from vamana are bhagavatiyaksi,
brahmaraksas, Sasta, and nagas. There are five pujas
every day.
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There is another sivatempebeside the main shrine which
is believed to have been worshipped bymahabali.

Sri Muzhikkalathan Temple

The form of Visnu here is a bit different from the previous
one. Here in the Bhusanas, there is katibandha instead
of the lotus. There are five pujas a day. utsava is in
the uttarayana. The sub deities are bhagavati. ganapati
and gopalakrisna. Here the Pasuram was written by
Tirumankaialwar.

The following five temples are situated in the
Kottayam district and isbelieved to be built by
thePancapandavas.

Sri Kolapiran Temple

This temple is situated in the town called Tiruvalla in
Pathanamthitta district. This is dedicated to the purusa
called Srivallabhan. It has a unique kind of ritualistic
custom. Kathakali is performed daily in this temple as
an offering to the lord.

It is believed that Lord Vallabha appeared for sage
durvasa and ghantakarnan. The idol of Srivallabhan is
worshipped by laksmi and krisna. There is a shrine
for sudarénacakra. It is also said that this temple was
a place of learning and thousands of students, during
ancient times, learned various subjects like Veda, vedanga,
mimamsa, tarka, ayurveda, jyotisa etc. érivallabha is
also called kolapiran, Tiruvazhmarvan and sundarayan.
Nammalwar and tirumangaialwar are the people who
praised the glory of the lord. The famous Malayalam
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poetry called Unnunilisandesam describes the beauty,
fame and the serenity of this temple.

The temple is being controlled by ten brahmin families of
Tiruvalla from the time it was built to the 18th century.
This temple had 15 major priests and over a hundred
assistants. This temple also used to give food and shelter
for the students and the other visitors.

As stated before, the ritual manual is different here. There
are five daily pujas. For each puja, themantra, dhyana,
bhusana (cloths and attires) and nivedya (food offering)
are different. This temple is strictly vaisnavic in nature.
It is a rule that no sivamantra should be uttered inside
the temple.

Every year the utsava is held in the uttarayana period.
There is a six day ritual called dravyakalasam along
with it. This dravyakalasam includes the prayascitta
(conspiation ritual) as well.

Sri AlbhutaNarayanan Temple

The deity is called as Albhuta Narayana or
Amrtanarayana. It is believed to be built by the youngest
among pandavassahadeva. There are two deities inside
the same sanctum sanctorum. One is facing the east and
the otherto the west. The diety facing east is lord visnu
and the one who is facing the west is yoga narasimha.
Thisdiety is very rare and said to be very powerful. On
the Visnupitha there is a bimba of laksminarayana sitting
on the garuda called kalpakavallitayar which is again a
rare one. There are five pujas every day.
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Sri Imayavarappan Temple

This temple was established by the eldest among
pandavas, yudhisthira. Lord ayyappa and gosalakrsna are
the sub dieties. There are two pujas a day and ten days
of utsava every year.

Sri Mayapiran Temple

This temple is believed to be built by bheema. There are
five pujas everyday. The sub dieties are Yaksiayyappa,
raksas and nagas. The utsavais of ten days every
year.

Sri Kuralappan Temple

This is a quiet famous one among the five. It was built
by Arjuna. The upadevatas are balarama, Siva, ganapati,
sasta, yaksi, a goddess called erankavubhagavati and
nagas. There are five pujas a day. The utsavais at the
time of onam.

Sri Pambanayyappan Temple

This temple was built by nakula. There are five pujas
daily. Nammalwar sang the pasuram here. Utsava is also
for ten days. The sub dieties are ganapati, Siva and
sasta.

Sri Ananta padmanabhan Temple

Sri Anantapadmanabha  svami  temple is  at
Tiruvanantapuram the capital of Kerala. The name
itself means the place of the lord of Ananta. The
temple construction is a mixture of Kerala and ancient

Dravidiankovil model which has high walls and doors.
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The mulasthanam (the place of origin) is supposed to be
at kasargod in north Kerala.

The main diety in the temple is in the Anantasayanam
posture. Beside his feet there is Lakshmi and bhumidevi.
Thisbimbaisof 18 feet long and there are three doors
through which people can have the darshan of the lord.
The whole idol is covered with katiSarkara (a herbal
mixture used for fixing the idols). Through the first
door, from face upto the right hand is visible which
is placed over a $ivalinga. In the second door, gold
abhisekamurtis of Lord Padmanabha, brahma sitting
in the lotus which is emanating from the the navel,
Lakshmi, and silver utsavamurti of Padmanabha is seen.
Bhumidevi, sage markandeya, and his lotus feet are
seen through the third door. The idol is made from
12,000 salagramas. The trustees of this temple are
the Titular Maharaja family members who are called
padmanabhadasa (the servant of padmanabha). The
famous saint vilwamangalathuswamiyar is the founder of

this temple.

There are two other shrines inside the temple
called tekkedom and tiruvambadi in which resides
narasimha and krsna respectively. Tiruvambadi idol is of
parthasarathi (the charioteer of partha) which is made of
granite.

Daily Pujas and other rituals

There are four pujas a day with two bhutabali. There are
two bimbas inside the sanctum sanctorum apart from the
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main. The first puja is for the snanabimba. At the time of
snana(holy bath) the bimba is taken out to the mandapa
and after the snana and alankara, again it is taken back.
After finishing that, starts the usapuja followed by the
bhutabali. Then around 11. a. m. the afternoon puja starts
which also ends with another bhutabali. In the evening
there is a puja at 6.30 p. m. The other dieties are vyasa,
ganapati and Sasta. The utsava is held here twice in a
year which includes very elaborate rituals. Theconspiation
rituals are also performed yearly.

The Speciality of the Idol of These temples

The idol in these temples except the Padmanabha temple
Thiruvanantapuram, is a bit different from what is
mentioned in Tantrasamuccayam. The text describes
Visnu who holds conch, discus, club and lotusﬁ. But in
these images, not only the visnu doesn’t hold the club
and instead of the lotus, there is a lump of clay in his
lower right hand. This is the main significance of all these
divyadesam temples.

According to a paperwork done by Albert. J. Gail in
the iconography of Vishnu, this image dates back to
5th century CEE. The lump of clay represents the earth
(prthvitatva). Visnu also has a mark on the right side of
his chest called Srivalsam, which according to some is the
laksmi herself. This represents his two spouses, bhumi and
laksmi.

7 bhasvalbhasval Sahasraprabhamaridarakoumodakipankajani..... T'S-7-65
8 “The earth and the lotus A contribution to Vishnu’s iconography in India”
by Adalbert j.Gail University of Berlin
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Conclusion

For over six centuries, Tantrasamuccayam has been the
traditional text for all the temple practices in Kerala.
The dhyana of the above mentioned idol cannot be seen
in any texts. The prior to the tantrasamuccayam, the
style of worship of the idol is worth to be studied. From
this we could understand the temple practices and style
of worshiping. As this is a field study, the majority of
the information mentioned in this paper is based on
the interviews done with the priests and other local
people related to the temples. The divyadesam temples
and alwars are not popular among the common people
of Kerala. This study gives general information on the
significance of this forgotten heritage of ancient India.
Further studies about these temples and its many facets
are required.
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Semantics of Morpho-syntactic Case Markers in
Indian Languages: Sanskrit a Case Study

Madhusoodana Pai. J, Sanjeev Panchal and

Amba Kulkarni

Abstract

The current trend in computational linguistics is to
analyse sentences following the dependency analysis
instead of constituency analysis. The dependency
framework being used for the majority of languages
is the universal dependency framework adopted from
the original Stanford Dependency framework. The
Universal dependency framework uses syntactic relations
for analysis. Most of the Indian languages being either
inflectional or agglutinative, they carry information of
word relations through the case markers, and these
relations are syntactico-semantic in nature. There is one
class of words in Sanskrit termed as upapada (literally
a word standing near or accompanying other) which
governs the case marker of a word it accompanies. The
present paper discusses the nature of semantics expressed
by these words and some of the non-thematic rules
handled in Indian languages with reference to Paninian
grammar.

Keywords: Sanskrit, Computational Linguistics,
Panini, Paninian grammar, semantics, upapada,
upapadavibhakti, non-thematic role, Parser, Sentence
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Introduction

The current trend in computational linguistics is to
analyse sentences following the dependency analysis
instead of constituency analysis. The dependency
analysis is found to be useful in various applications
such as information retrieval, searching, etc. The
dependency framework being used for the majority
of languages is the universal dependency framework
adopted [Nivre (2005)] from the original Stanford
Dependency framework [Manning and Marneffe (2016)].
The Universal dependency framework uses syntactic
relations for analysis. Most of the Indian languages being
either inflectional or agglutinative, they carry information
of word relations through the case markers, and these
relations are syntactico-semantic [Cardona (2007) and
Kiparsky (2009)] in nature. There is one class of words in
Sanskrit termed as upapada (literally a word standing near
or accompanying other) which governs the case marker
of a word it accompanies. In this paperH, we discuss the
nature of semantics expressed by these words.

Handling Upapadas

Upapada is defined as samipastham padam (A word
standing near or accompanying other) and the case
marker (vibhakti) which is used in connection with the
upapada is known as upapadavibhakti.a It denotes a

non-thematic relation in a sentence.

1 karmapravacaniya similar to upapadas, not discussed in this paper
2 upapadam asritya jayamana vibhaktih upapadavibhaktih 3 karaka
and karaketara relations roughly translated as thematic and non-thematic
relations but they are not the same. See [Bharati and Kulkarni (2011) and
Ramakrishanamacharyulu et al. (2009)]
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For example, Panini in the rule saha
yukte’pradhane(2.5.19) states when the word saha,
is joined to a word the latter takes the third case. It
means the word saha always expects a third case word.
e.g.
1. Skt: Ramena saha Sita vanam gacchati
Gloss: Rama{inst.} with Sita{nom.} forest{acc.}
goes.
Eng: Sita goes to the forest with Rama.

As another example consider the following sentence.

2. Skt: gramasya purastat vanam asti
Gloss: Village{gen.} front-of{loc.} forest{nom.}
exists.
Eng: There is a forest in front of the village.

We can observe the same relations in other Indian
languages. We will consider the following sentences as
example:

Hindi: ganiva ke samane jamgala hai.

Here the genitive case marker ke is assigned by the

upapada samane.

Telugu: gramaniki mumdu atavi undsi.

Likewise in gramaniki, genitive case is assigned by

the upapada mumdu.
Malayalam: gramattinu munpil kat unt.

Same can be seen here, in the case marker inu is

assigned to grama by the upapada munpil.

Classification of Upapadas
Upapadas may be classified in two different ways.
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e Based on their morpho-syntactic properties

e Based on the semantics they express

Morpho-syntactic level Classification
Based on the case marker upapadas govern, upapadas may
be classified into six classes as follows with example and

respective sutras—

Upapadadyvitiya
3. Skt: gramam abhitah vrksah santi.
Gloss: village{acc.} both the side{loc.} tree{nom.}
be

Eng: There are trees on both the side of the village.

The word abhitah assigns an accusative case
(dvitiyavibhakti) to the word which it accompanies.
In this example, grama gets the accusative case marker.
In the same manner, the words paritah, samaya, nikasa,
etc., assign an accusative case marker. Following Panin1’s

sutras provide the list of such words.

o antarantarenayukte(2.5.4)
A word joined with (or governed by) the word antara
or antarena takes the accusative case marker.

o abhitahparitahsamayanikasahapratiyogesu ca
drsyate. (Varttikam)
Words accompanying abhitah, paritah, samaya,
nikasa, ha, prati, also gets the accusative case
marker.

o ubhasarvatasoh karya dhiguparyadisu trisu
dvitiyamreditantesu tato nyatrapi drsyate. (karika
on 2.3.2) Words accompanying ubhayatah, sarvatah,
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dhik,  uparyupari, adhyadhi, adho’dhah  gets
accusative case marker.

enapa dvitiya(2.3.31)

With a word ending with the affix enap
(enabanyatarasyamadure pancamyah(5.3.35)),  the
accusative case marker is used, as well as the sixth
(sasthyatasarthapratyayena(2.5.30))
prthagvinananabhistrtiyanyatarasyam(2.3.32)

When joined with the words prthak ‘without’, vina
‘without” and nana ‘without’, the third case-affix is
used, optionally (as well as the fifth and the second
with the sutras apadane pancami(2.3.28), and enapa
dvitiya(2.3.31)).

Upapadatrtiya
4. Skt: Ramah keSaih prasitah asti

Gloss: Rama{nom.} hair{inst.} engrossed{nom.}
Eng: Rama is engrossed with hairs.

Here the word prasitah governs the case marker of kesa

and assigns third case (trtiyavibhakti) and seventh case

optionally. Following sutras reffered for making list of

similar upapadas.

o tulyarthairatulopamabhyam
trtiyanyatarasyam(2.3.72)

The third or the sixth case-affix (sasthi sese(2.3.50))
may optionally be employed, when the word is joined
with another word meaning ‘like to or resemblance’,
excepting tula and upama.
prthagvinananabhistrtiyanyatarasyam(2.3.32)

When joined with the words prthak ‘without’, vina
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‘without” and nana ‘without’, the third case-affix is

used, optionally (as well as the fifth and the second).
o prasitotsukabhyam trtiya ca(2.3.44)

In conjunction with the words prasita and utsuka

‘greatly desirous of’, the third case-affix is used after

the word, as well as the seventh.
 sahayukte apradhane(2.3.19)

When the word saha ‘with’; is joined to a word the
latter takes the third case, when the sense is that
the word in the third case is not the principal but
the accompaniment of the principal thing.

Upapadacaturthi
5. Skt: Gurave namah
Gloss: Teacher{dat.} salutations{ind.}
Eng: Saluation to the Teacher

Here the word namah has an expectency of dative case
(caturthivibhakti). Following sutras referred for making
list of similar upapadas which governs the dative case

marker.

o caturthi caSisyayusyamadrabhadrakusalasukharthahitaih(2.3.73)
The fourth as well as the sixth-case-affix may be
used, when blessing is intended in connection with
the words ayusa ‘long life’, madra ‘joy’, bhadra ‘good
fortune’, kusala ‘welfare’, sukha ‘happiness’, artha
‘prosperity’ and hita ‘good’.
o namahsvastisvahasvadhalamvasadyogacca(2.3.16)
The fourth case-affix is used in conjuction with
the words namah ‘salutation’, svasti ‘peace’, svaha,
svadha (terms used in offering oblations to Gods and
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pitrs, respectively), alam, ‘a match for’, ‘sufficient

for’ and wvasat, a term for oblation.
o alamiti paryaptyarthagrahanam

Upapadapancami
6. Skt: gramat duram parvatah asti.
Gloss: village{abl.} far away{loc.} mountain{nom.}
be
Eng: The mountain is far away from the village.

When in conjunction with words having the sense of
dura (distant) the fifth case marker (pancamivibhakti) is
optionally used. The word duram indicates the semantic
information of location. Following sutras give further

information.

o anyaraditarartediksabdancuttarapadajahiyukte(2.3.29)
When a noun is joined with words meaning ‘other
than” or with arat ‘near or remote’, or itara
‘different from’ or rte ‘without’, or words indicative
of ‘directions’ (used also with reference to the time
corresponding to them) or with words having aricu
‘to bend’ as the last member of the compound and
expressive of direction, or with words ending with
the affix ac (daksinadac(5.5.36)) or ahi (ahi ca
dure(5.3.37)), the fifth case-affix is used.

o apaparibahirancava pancamya(2.1.12)
The words apa, pari, bahi and indeclinables ending
in ancu may optionally be compounded with a word
ending in the fifth case affix and the compound so
formed will be avyayibhava.

203



fgatm

o durantikarthaih sasthyanyatarasyam(2.3.34)
When in conjunction with words having the sense of
dura ‘distant’ and antika ‘near’, the sixth-case-affix
is optionally used.

o prthakvinananabhistrtiyanyatarasyam(2.3.32)
When joined with the words prthak ‘without’, vina
‘without” and nana ‘without’, the third case-affix is
used, optionally (as well as the fifth and the second).

Upapadasast1
7. Skt: gramasya purastat parvatah asti.
Gloss: village {gen.} in front of {loc.} mountain
{nom.} be
Eng: The mountain is in front of the village.

Hereby the rule sasthyatasarthapratyayena(2.3.28),
Panini states that genitive case (sastivibhakti) is
used when there is a connection with words ending
with affixes having the sense of the affix atasuc
(daksinottarabhyamatasuc(5.3.28)), The affix atasuc
comes in the sense of ‘direction’, ‘locality’ or ‘time’ after
the words daksina and uttara. Here the word purastat
derived with the atasuc suffix. Hence it governs the case
marker of grama. Remaining list of words mentioned in
the following sutras.

o enapa dvitiya(2.3.31)
With a word ending with the affix enap
(enabanyatarasyamadure pancamyah(5.3.35)),  the
accusative case marker is used, as well as the sixth
(sasthyatasarthapratyayena(2.5.30))
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caturthi casisyayusyamadrabhadrakusalasukharthahitaih(2.3.73)
The fourth as well as the sixth-case-affix may be

used, when blessing is intended in connection with

the words ayusa ‘long life’, madra ‘joy’, bhadra ‘good

fortune’, kusala ‘welfare’, sukha ‘happiness’, artha
‘prosperity’ and hita ‘good’.,

tulyarthairatulopamabhyam
trtiyanyatarasyam(2.5.72)

The third or the sixth-case-affix may optionally be
employed, when the word is joined with another
word meaning ‘like to or resemblance’; excepting
tula and upama.

durantikarthaih sasthyanyatarasyam(2.3.34)

When in conjunction with words having the sense of
dura ‘distant’ and antika ‘near’, the sixth-case-affix
is optionally used.

prthakvinananabhistrtiyanyatarasyam(2.3.32)

When joined with the words prthak ‘without’, vina
‘without” and nana ‘without’, the third case-affix is
used, optionally (as well as the fifth and the second).

sasthyatasarthapratyayena(2.5.28)

The sixth-case-affix is used when used in connection
with words ending with affixes having the sense of
the affix atasuc (daksinottarabhyamatasuc(5.3.28)).

svamisvaradhipatidayadasaksipratibhuprasutaisca(2.3.39)
The sixth and the seventh case-affixes are used after
words when they are joined with svamin ‘master’,
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1$vara ‘lord’, adhipati ‘ruler’, dayada ‘an heir’; saksin
‘witness’, pratibhu ‘a surety’ and prasuta ‘begotten’.

Upapadasaptami
8. Skt: Ramah pitari sadhuh asti
Gloss: Rama {nom.} father {loc.} good {nom.} be.
Eng: Rama is well mannered to his father.

Here the word sadhu governs the case marker of pitr
and assigns a locative case marker (saptamivibhakti).
Remaining list of words mentioned in the following
sutras.

o ayuktakuSalabhyam casevayam(2.3.40)
In conjunction with the words ayukta ‘engaged’, and
kusala ‘skilful’, when meaning entire absorption in an
engagement, the sixth and the seventh case-affixes
are used after a word.

o prasitotsukabhyam trtiya ca(2.3.44)
In conjunction with the words prasita and utsuka
‘greatly desirous of’, the third case-affix is used after
the word, as well as the seventh.

o sadhunipunabhyam arcayam saptamyaprateh(2.3.43)
In conjunction with the words sadhu ‘good’ and
nipuna ‘skilfull’ when they denote respect, the
seventh case-affix is used, provided that the word
prati is not used.

o svamisvaradhipatidayadasaksipratibhuprasutaisca(2.5.39)
The sixth and the seventh case-affixes are used after
words when they are joined with svamin ‘master’,
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1$vara ‘lord’, adhipati ‘ruler’, dayada ‘an heir’; saksin
‘witness’, pratibhu ‘a surety’ and prasuta ‘begotten’.

Semantic Level Classification

The morpho-syntactic classification does not provide
any information about the semantics expressed by the
relation between upapada and the substantive whose case
is governed by the upapada. Panini does not discuss
any semantics associated with the upapadas. Therefore
in the tagging guidelines, prepared for the annotation
of dependency relation,® this relation was termed as
upapadasambandhah. So according to these guidelines, the
analysis of the sentence

9. Skt: gramam paritah vrksah santi
Gloss: forest {acc.}, surround {nom}, tree {nom},
be
Eng: Trees surround the village.

would be as shown in Figure El

upapada-sambandhah

Figure 1: Morpho-syntactic analysis of the sentence (E)

4
http://sanskrit.uohyd.ac.in/scl/GOLD_DATA /Tagging Guidelines/tag
_ proposal__consortium_ 280ct2014.pdf
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Now the question is how easy or natural it is to
comprehend this analysis for a person who does not
know Sanskrit grammar? Different upapadavibhaktis are
very much specific to Sanskrit language. Most of the
modern Indian languages use genitive case marker. The
concept of upapadavibhakti is very much specific to
Sanskrit language. So such an analysis is not completely
comprehensible for a person who does not know the
term upapadasambandhah. Also from the point of view
of generation, it is unrealistic to expect from a user who
wants to take help of machine to generate a Sanskrit
sentence to provide an upapadasambandhah as a relation
between gramam and paritah. Again somebody who does
not have any background of Sanskrit grammar, and who
is interested in using machine to generate a sentence, a
relation such as upapadasambandhah being not semantic
the user may fail to specify this relation. However, if we
can provide semantics associated with this relation, it
would be easy and natural for any user to specify the
analysis of a sentence with such a relation. Further any
user can understand the analysis produced by machine if
the relations were semantic rather than morphosyntactic.
We studied the semantics associated with the upapadas
governing all the six upapadavibhaktis. It was noticed
that the relations may be classified as follows.

 Reference point for direction (sandarbhabinduh)
o+ Reference point for comparison (tulanabinduh)
o Locus showing the domain (visayadhikaranam)
o Determination (nirdharanam)

Purpose (prayojanam)
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o Exclamatory (udgaravacakah)

o Predicative Adjective (kartrsamanadhikaranam)
« Association (saha-arthah)

 Dis-association (vina-arthah)
 Possessor-possessee (svami)

 Source (srotah)

We discuss each of them in detail.

Reference point for direction(sandarbhabinduh)
Let us consider the previous example sentence(g). Paritah
is a word which has an expectancy of a reference point.
Here grama acts as a reference point for the word paritah.
Hence we call this relation a reference point for direction,
and analyse sentence (E) as in Figure E

Note here that the case assigned by each of these upapada
is different. But still we have grouped them into one
class since for all these upapadas the word which they
accompany are the point of reference.

ref. pt. for dir

Figure 2: Semantic analysis of the sentence (E)
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UpaupaudausE having reference point of direction as
follows—arat, abhitah, abhyasa, abhyasan, abhyasat,
abhyasah, abhyasam, abhyase, abhyasena, adhah, adharat,
etc..

Point of reference for comparison (tulanabinduh)
There is another set of upapadas which require a
point of reference for comparison. For example, in the
sentence

10. Skt: Ramah Syamena tulyah asti.
Gloss: Rama {nom.}, Syama {inst.}, comparable {nom.} be
Eng: Ram is comparable to Syama.

Rama is being compared with Syama, and thus Syama is
the reference point for comparison. (See Figure a)

Figure 3: Semantic analysis of the sentence (@)

5 In the entire list (see the Appendix in the thesis titled “Modelling
Akanksa following Paninian Grammar for Sanskrit Sentential Parsing”),
we can see words with suffix and without suffix. Here the term without
case marker (pratipadika) like utsuka shows its variation in all the forms
in pullinga and napumsakalinga, and in all the number (vacana). To
cover the strilinga seperate entry like utsuka is kept and exact words like
paritah, abhyasat etc., kept as it is. Terms like adharena is an indeclinable
(subantapratirupaka-avyaya) constructed with the suffix enap is to be
differentiated from the subanta-forms.
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A list of upapada having reference point of comparison
as follows—bhinna, bhinna, anya, anya, sama, sama,
samana, samana, Ssadréa, sadrsa, sadrksa, sadrksi,
sadrksa, vilaksana, vilaksana, tulya, tulya.

Locus showing the domain (visayadhikaranam)
The upapadas such as lagna, asakta, anurakta, etc. mark
a relation of wvisayadhikaranam with the accompanying
words in locative case suffix.

11. Skt: sah pathane lagnah asti
Gloss: He {nom.}, study {loc.}, immerse {nom}, be
Eng: He is immersed in studies

Here the word pathana becomes the locus showing the
domain accompanied by the upapada lagna. (See Figure

)
Costi D

karta

karta visayadhikaranam

Figure 4: Semantic analysis of the sentence (@)

A list of upapada having locus showing the domain
as follows—asakta, asakta, ayukta, ayukta, anurakta,
anurakta, asadhu, kusala, kusala, lagna, lagna, nipuna,
nipuna, prasutah, prasita, prasita, prasitah, sadhu, utsuka,
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utsuka.

Determination (nirdharanam)
In the sentence

12. Skt: gavam prasuta asti
Gloss: go {loc.}, born {nom.}, be.
Eng: delivered among the cow.

the upapada prasuta determines the word go. (See Figure

.

gavam

Figure 5: Semantic analysis of the sentence (@)

Upapadas prasuta, and prasuta are the other upapadas
having the determination role in a sentence.
Purpose (prayojanam)
In a sentence like
13. Skt: Ramaya kuSalam bhuyat

Gloss: Rama {nom.}, good {nom.}, be.
Eng: Be good to Rama.

the upapada kusala expresses a role of purpose to Rama.
(See Figure B)
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Figure 6: Semantic analysis of the sentence (@)
Similar upapadas having role of purpose as
follows—ayusyam, bhadram, sam, arthe, ciranjwitam,
hitam, krte, kuSalam, madram, mniramayam, sukham,

svaha, svadha, svasti, vasat,

Exclamatory (udgaravacakah)
14. Skt: durjanam dhik bhavatu
Gloss: evil person {nom.}, damn {nom.}, be.
Eng: Damn to evil persons.

Here the word dhik is used to defame the evil person
and act as exclamatory relation to the word durjana. (See

Figure H)

kriyavisheshanam

udgaravacakah

Figure 7: Semantic analysis of the sentence (@)
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Upapadas dhik, and ha having the capacity to express the
meaning exclamation and defamation in a sentence.

Predicative Adjective (kartrsamanadhikaranam)
15. Skt: mallah mallaya alam bhavati
Gloss:  Wrestler  {nom.}, wrestler {inst.},
sufficient{nom.}, be.
Eng: Wrestler is sufficient (to fight) with the
wrestler.

Here the upapada alam is used to denote the meaning
sufficiency with the wrestler. (See Figure B)

_ kartrsamanadhikaranam
arta

sandarbha-binduh

Figure 8: Semantic analysis of the sentence (@)

The upapada alam having the capacity to express the
relation, predicative adjective in a sentence.

Association (saharthah)

In all the examples that we saw above, the upapadas
governed a word and also were governed by some other
word in a sentence. For example, in Figure m, the word
paritah governs gramam and is governed by the verb santi.
Now let us consider the following sentence
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16. Skt: Sita ramena saha vanani gacchati
Gloss: Sita {nom.}, Rama {inst.}, with {nom},
forest{accu.}, go
Eng: Sita goes to the forest with Rama.

In this sentence, rama receives an instrumental case
marker due to the presence of the upapada saha. This was
analysed, as per the earlier tagging guidelines, as shown

in Figure 9.

sambandhah

G

upapadavibhaktih

Figure 9: Morpho-syntactic analysis of the sentence (E)

In this figure, the relation between saha and Rama
is marked as upapadavibhaktih and that between
sita and saha as just a sambandhah. While the
term upapadavibhaktih is grammar specific, the term
sambandhah is non-commital to what kind of relation
it is. Such an analysis, from user’s point of view is of
no use. The user can not get any kind of information as
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to what exactly the relation between Sita and Rama is.
Similarly from the point of view of generation, one can not
expect from a user to provide the name of the relation as
upapadavibhaktih, for the reasons stated earlier, and the
term sambandhah does not carry any information about
the nature of relation between the relata. Let us look at
the semantics involved here.

In this sentence the agreement of the verb is with Sita,
and not with Rama. According to the sutra sahayukte
‘pradhane(2.3.19), saha is used with the apradhana
(sub-ordinate)-karaka. Thus in this example, Sita is the
karta of the action associated with the verb gacchati. And
Rama is the saha-karta(associative agent). The upapada
saha does not have any semantic role, unlike the upapada
paritah in the above example. We propose the dependency
tree for sentence (@) as shown in Figure E

saha-karta

Ramena

Figure 10: Semantic analysis of the sentence (@)

Other words following this semantics are sakam, sardham,
saha, and samam.
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Dis-association (vinarthah)
17. Skt: Ramam prthak Syamah vartate
Gloss: Rama {inst.}, without {nom.}, Syama
{nom.}, be.
Eng: Rama stays without Syama.

Here the upapada prthak express a dis-associatin relation
between Rama and Syama. See Figure .

Ramam-prthak

Figure 11: Semantic analysis of the sentence (@)

The set of words antara, antarena, nana, prthak, vina,
exhibit similar semantics.

Possessor-possessee (svami)
18. Skt: Sita gavam svamini asti
Gloss: Stta{nom.}, cow{geni.}, owner{nom.}, be.
Eng: Sita is the owner of the cows.

Here the upapada shows a sva-svamibhavasambandha .

See Figure .
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Figure 12: Semantic analysis of the sentence (@)
A list of upapada shows possessor-possessee semantics

as follows—i$vara, adhipatih, pratibhu, saksini, saksinam,
saksin, svamin, svamini, dayada

Source (srotah)
Upapadas arabhya, and prabhrti shows the semantic of

source.

Usage and Necessity

Once we have the thematic and non-thematic information,
it can be used for various fields of natural language
processing, machine translation, information retrieval
or question answering systems including a sentence
generator to generate a sentence automatically. A
Sentence Genelratora7 requires information such as
thematic or non-thematic information manually from the
user or information from the parser as an input. For
example, to generate the same sentence (a), required
inputB should be:

6 http://sanskrit.uohyd.ac.in/scl/ 7 This input is based on the
thematic (karaka) and non-thematic (karaketara) relations mentioned in the
Karaka-Tagging-Guidlines by the Sanskrit Consortium.
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1 grama pum eka point_of reference 2
2 paritah avya desadhikaranam 4

3 vrksa pum eka karta 4

4 as2 kartari vartamanah

Hence it becomes necessary to know all the relations
in-depth to handle analysis and generation of a sentence
automatically.

Conclusion

In this chapter we have discussed the case of upapadas.
We noticed that the Paninian treatment of upapadas is
purely morpho-syntactic and hence is not useful from
both the analysis as well as generation point of view. The
morpho-syntactic is a phenomenon internal to language,
in natural language processing, machine translation,
information retrieval or question answering systems and
so on, we need semantic representation. We propose the
semantic analysis of the relations due to wupapadas. We
noticed that these relations semantically can be classified
into classes. Such a semantic analysis is useful for both
analysis as well as generation.
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Pali dhatu Analysis
Swati Basapur and Shivani V

Introduction

This article discusses the nature of Pali verbal roots
with a computational perspective. Similar to Sanskrit,
Pali is also highly inflectional, which means words in
Pali are combination of prakrti and pratyaya. Prakrti
is the root which can be nominal or verbal. Nominal
roots get nominal suffixes and verbal roots get verbal
suffixes or pratyayas. In this article nature of verbal
roots in Pali, their variations corresponding to different
schools of grammar and comparison with paninian dhatus,
is discussed. For comparison, Saddaniti olhéutuméuléE
Moggallana dhétupéuthaE and Kaccayana dhétumaﬁjugéa
are considered. These dhatupathas are compared with
each other and a consolidated dhatupatha is created which
in turn is compared with paninian dhatupatha. This
study will help in the development of computational tools
such as morphological analysers/generators and machine
translation eventually.

1 Smith Helmer Saddantti II dhatumala pariccheda XV-XIX 2 Dines,
Anderson and smith Helmer(1921) ‘the Pali dhatupatha and the
dhatumaifijusa’ 3 Dines, Anderson and smith Helmer(1921) ‘the Pali
dhatupatha and the dhatumanjusa’
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Nature of Pali Verbs
Pali verbs are combination of verb root and verbal
suffix.

1. Verbal forms -> verb root + vikarana + verbal suffix
TEd = 99 +-3 +
vikarana is specific to the 791 or class it belongs to.
These classes vary based on different grammatical
traditions, though final forms are unique to a
particular root.

2. They conjugate in two numbers, singular and plural.
They do not have dual conjugation and in three

categories of person first, second and third. For e.g
THIAA Fga=A

TeHgEl (first person) B! B!
ARSEWIREL (second person) U, UHElE  qEY
SaagEt (third person) EEIE BRI

3. There are two types of verbal suffixes viz. ITHIUg
and 7%&@9E. In Sanskrit grammar rules indicate which
verb root will be parasmaipadin and atmanepadin.
In Pali dhatus, all dhatus conjugate in both padins.
So each dhatu gets both padin terminations in each
tense/mood

4. There are 8 tenses/moods in Pali. They are :
(1) a=w=rel - present tense
(2) =13 (9=H) - imperative (mood)
(3) wiaEa=dt - future indicative
(4) fafa (|=H) - optative (mood)
(5) ®refqufd - conditional
(6) @rIaHl - imperfect past
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(7) srFsa(EEEa) - Aorist
(8) wEan - perfect past

5. The base for verbal forms for all the above
tenses/moods is Pali dhatupatha. Let us look at Pali
dhatupatha

Nature of Pali dhatus

Being inflective language Pali verbs are combination of
verbal roots and suffixes. As said in Sanskrit by Yaska
g4 9m argse | This concept is applicable here also.
Roots play a vital role in generating nouns and verbs.
Pali has mainly three dhatupathas. Saddaniti dhatumala,
Moggallana dhatupatha and Kaccayana dhatumanjusa.
Verbs conjugate in 3 persons 8 lakaras and 2 numbers
as explained above.

According to Dines and Anderson’s dhatupatha has 636
dhatus but Mahavyakarana of Kashyap have enlisted 657
dhatus. In Dhatumala (Smith Helmer, 1918) there are
about 1700 and Kaccayana Dhatumaiijusa lists about
884 dhatus. There are some common dhatus in all
three dhatupathas like ¥ @@, % ®& whereas there
are some dhatus like 9 799%, @ TR0 in Kaccayana
Dhatumanjusa, in Saddaniti 79 &0, 9 @EY, 9 9EE in
Moggallana dhatupatha, 7 @@ in Mahavyakarana based
on Moggallana vyakarana, it is missing. Names of dhatus
also vary. e.g. @1 fg@fg @® in Moggallana dhatupatha, in
Dhatumala =&t @r==a, Dhatumaiijusa &1 |= in Dhatupatha
7z |, There is difference in number of ganas in each
grammar. In Moggallana dhatupatha - 9 ganas. In the first
gana, there is separation of the dhatus with vikarana and
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with no vikarana (gaf¥®wn). In Dhatumanjusa - 7 ganas
are defined. But in the first gana 3 divisions are there
as |Egl, 1991 &4, and gafa®wn. In Dhatumala 8 ganas
are defined. These variations are discussed in variation
section.

In case of Pali dhatupathas, a list with meanings is
given under respective ganas. But rules as to which are
parasmaipadi and which are atmanepadin are not clear.
When deriving verbal forms last letter of all dhatus are
ignored. Moggallana dhatupatha clearly mentions “3t st
THRORE, & e Ending letter 31 of a dhatu is only
for convenience of pronunciation and not to be considered
for derivarion of verbal forms.

In Saddaniti dhatumala, concept of 3d letters as in
Sanskrit is not clearly given, but for dhatus ending in
long vowel 2, in forcdft - = note here says FR-AIER Iaal
el gl fam fenfgamr | #ffl means there will not be
insertion of niggahita (#g&ar in Sanskrit) if a dhatu ends
with long vowel g - =@fd. Another example is &t Hfwa®ol |
THER=AE, 99 Al A FeEanr | gatd B This is the exception
rule because whenever a dhatu ends in a short vowel g, a
niggahita is inserted most of the times. For e.g. 3ifd a=m;
afvqfa; e wa; fifafa | This concept is similar to Sanskrit
dhatus. In Saddaniti, dhatu-list, one can see various vowel
endings but in Moggallana dhatupatha all dhatus end in
1 other than single consonant dhatus. Further various
dhatupathas of Pali are discussed.

4 The Pali Dhatupatha and the Dhatumanjusha pg.23. ° Saddaniti II pg.no.
360 6 Saddantti II pg.no. 449
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Saddaniti dhatumala

In this school of grammar, approx 1700 dhatus have been
distributed in 8 ganas. Majority of dhatus are in ¥as and
FU% and significant number in f§@fs. We notice here that
ending vowels here with single consonant play a major role
in the verbal form. But when a dhatu has more than one
consonant ending vowel plays role only in few cases. For
e.g. if the ending vowel is short ‘i’ then most of the time
nakara as penultimate letter of dhatu. For e.g., 3ifd s=afd
#fg e==fd whereas when there is long ‘i’ ending sometimes
guna is applied sometimes not. In Saddaniti dhatumala,
dhatus seems to have arranged in vagganta (according
to ending #Ff@sawA) and avagganta (according to ending
sFeas) in Bhuvadi.

T Number of Dhatus
gars | 1118

s | 18

feafs | 101

@i | 31

frafs | 31

meife | 10

gas | 16

Fufs | 391

Table 1: Distribution of dhatus in Saddaniti dhatumala

Kaccayana dhatumanjusa

In this dhatupatha Kaccayana mentions 7 types of ganas.
aitg, waify, feafy, wafs, fFanfs, anfs, @i, But in the
vyakarana rules there is mention of vikarana for 8 ganas.
Extra gana 7&if§ with vikarana @ vl is added. Total of
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884 dhatus have been mentioned. According to Kaccayana
school of grammar, 8 lakaras are mentioned viz. &=
(%), gl (FfEfeg), o=+ (@), F99F (F2), FermE (F),

Jlaea= (g2), s=a (3g), W (fae).
In Kaccayana dhatumanjusa written by SﬂawamsaH

Al 9 TR 9 A @ o

fFard = qrd = g g g9
Here Kaccayana mentions 7 ganas whereas in Sutrapatha,
he has a sutra for additional gana weifsal wvar 3.2.19. As
there is variation in ganas according to the sutra and
dhatupatha, it is difficult to draw rules for verb generation
as it is based on gana and their vikaranas.

| Number of Dhatus
A |gg 512
A JaRd grsH | 25
JaIg gafasmLon 65
EEIEES I 5
LI 14
feanfy 85
LIS 8
feranfs 17
T 11
g 142

Table 2: Distribution of dhatus in Kaccayana
dhatumanjusa

7 The Pali Dhatupatha and the Dhatumaijusa - pg.no. 52
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Moggallana dhatupatha

In Moggallana dhatupatha, Pali dhatus end with a vowel
‘37" which have more than one consonant. But when it
is single consonant dhatu then it can end with other
vowels like T, ¥, 3, ¥ etc. For e.g, 4, § 4. In this
dhatupatha ganas considered are ¥aif¢ with (vikarana and
no vikarana), #4ifs, feafe, gafe, Sanfe, ey, gaf, aaifs,
. A total of 639 dhatus are mentioned. Following table
gives distribution of dhatus across the ganas.

70T Number of Dhatus
CEIIC 351
A gaEswE | 23
LI 14
feaf 76
JaI 30
REIIE 12
BRI 7
@y 5
GRS 11
e 110

Table 3: Distribution of dhatus in Moggallana dhatupatha

Variation in vikaranas of individual ganas

In Pali, roots are grouped under ganas like Sanskrit
according to their nature. We see clearly similarity
between Sanskrit and Pali here. Having three popular
schools of grammar, we found difficulty in fixing the
ganas, as three schools of thought classify ganas in
different ways. For e.g. in Moggallana vyakarana dhatus
are classified into nine ganas. They are ¥aifg, &=, feafs,

228



Pali dhatu Analysis

gaifs, fomnfs, feanfs, amifs, gars, 9. Whereas in Kaccayana
they are classified into 7 ganas. Kaccayana has qais, #Hifg,
feaifs, w@ifs, feanfs, a=ifs, 9@k, The =IO is included in
fFafemr. In the Saddaniti school of grammar separate
gana for 7€ is considered along with other ganas. So,
that makes it 8. This variation is shown in Table 1. After

deliberating with experts we decided to follow Moggallana

Vyakarana.

Kaccayana Saddaniti Moggallana
oy fa.m. Ul .. oy IER
qarms | qans | ¥ qarng | ¥
Fafe | o, il | o, g | 3
feafs | = feafs | = feafs | 7%
@i | g, om, Ion | '@ifg | 9, oW, SUM | gEIE | A
feranfs | o/, va weifg | @, U s | A
aaitg | s, R frafe | = F0E | o
Uiz | o, v qafs | el Rr @i | o

Fufs | o, = GEUCEC
Fuig | o1, 3

Table 4: Gana and vikarana variation

Variation in Dhatus

Moggallana Dhatupatha indicated 639 dhatus. Whereas
Saddaniti Dhatumala has approximately 1700 roots.
Moreover dhatus in Saddaniti roots had vowel endings
other than ’a’ Kaccayana dhatumanjusa mentions 884
dhatus. In Moggallana Dhatupatha most of dhatus other
than single consonant dhatus end in akara. Influence
of different vowel ending of verbal roots on the verb
forms is not seen so far. As we are following Moggallana
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vyakarana the forms are generated using the ganas with
their vikarana-pratyayas from this grammar. The number
of verbal forms generated for various lakaras are tabulated

below.

Lakara in Pali | Corresponding Number of forms
lakara in sanskrit

EREIEI 2L 26135
Afaeg=it ETA 29631
afvgare Fg 70803
EEE EE] 25042
fatar fafafas 31923
EER ICA 24149
ERESRE-G S 15852
ol forg 7879
Total 231408

Table 5: Lakara statistics
Some dhatus such as @ in & from Moggallana are
listed under ¥aifs in Saddaniti. Another example: M is
fFafs in Moggallana whereas in saddaniti it is in @@,
Considering these issues, Around 1600 verbal roots are
consolidated from Saddaniti and Moggallana Dhatupatha
for verbal form generation.

According to Moggallana sutra, the dhatus under yaifs-mo
can get upadhaguna and forms will be s@f/fFaf. If it is
in @& upadhaguna does not happen and the form is
foafd.

The root 3 can be seen in both the fF=fs and dfs ganas
in the Moggallana dhatupatha; whereas in saddaniti it
is in e, This difference creates confusion in generating

230



Pali dhatu Analysis

verbal forms. Therefore according to the opinion of Pali
experts, the Moggallana grammar is followed.

Variation in Padi Information

Due to lack of padi information in dhatupatha, it is
difficult to decide 9% of the root. Few grammar books
consider all roots are ubhayapadins. Few books give only
parasmaipadi forms. Therefore it is difficult to decide
which root belong to which padi. Hence we generated
both forms for all roots. This leads to over generation
of verbal forms. Sample forms of over generation is given
below:

&Y TFIIA EEEEE

TARYNEl | T/ | 9g/ g /Aty et/
uf=/eME | 9eg/uEyg

RARYRE! | =/ |t st/ a9/
gfa/emf™ | eged

oyl | ufsi/emfE | afewey sy atae /gty
HuTeFE/Igvel/ STgwel
Table 6: Example for over generation

The above table shows verb conjugations of 99 root in
past tense. One can see how many variations are there for
one form. For computation purpose we have to generate
all forms irrespective of their practical usage. This leads

to overgeneration.

Consolidation

With above mentioned dhatupathas, it is difficult to
generate various verbal forms computationally. It was
then decided with the consultation of Pali experts
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to take Moggallana vyakarana as standard and all
dhatus in Moggallana and more from Saddaniti and
Kaccayana be categorised in nine ganas. Eventually
looking at their verbal forms from various texts available,
modern and ancient, their vikarana pratyayas were fixed.
Computational rules were drawn from the Moggallana
vyakarana (Kashyap, 1940) including exceptional rules.
One example for consolidation is, if a root is given
as ¥ 3 WE| @ | in Saddaniti, and the same is
given as 3 ®e in Moggallana dhatupatha, only ™
taken if both have same meaning. Sometimes repetition
is preferred over missing any dhatu. Eventually this
consolidated dhatupatha will be more robust as the
system is tested.

Paninian dhatupatha

Paninian dhatupatha lists verb-roots or dhatus gana-wise
and each dhatu with the meaning. For e.g. ¥ dqm@m,
g7y w%. In paninian dhatupatha one can derive following

information.

1. Whether dhatu is parasmaipadin or atmanepadin
based on ga letters.

2. Based on gana where the dhatu is listed, one can
know its gana hence vikarana pratyaya.

3. Meaning in which sense dhatu is used.

There are approximately 2000 dhatus listed by
vyakaranacharya Panini in the dhatupatha. These
dhatus are divided in 10 ganas namely, bhvadi, adadi,
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juhotyadi, divadi, svadi, tudadi, rudhadi, tanadi, kryadi,
and curadi.

Mapping of dhatus

The consolidated Pali dhatus were mapped on to Paninian
dhatus to help the machine translation from Pali to
Sanskrit. It also gave us a mnew perspective. Some
suggestions from Pali roots in Saddaniti (Silananda,
e-book) book were also taken for mapping purpose. Some
dhatus were mapped based on their meanings. Based on
mapping, a look-up dictionary was created for verbal root.
The format of the dictionary is as follows.

meaning | root | gana | root | Skt- | Skt- | gana | padin
no. -it root | root

-it

[

frod |33 |1 |33 | F | FE | Al | ercEAnd
e |m (1 || | Ry | oeEed

Table 7: Pali - Sanskrit dhatu dictionary
Above table indicates %8 a Pali dhatu is equivalent to %3
e of Paninian dhatupatha and belongs to ¥s: class
and is smAATEl. 5th column gives dhatu with Tq letters
which helps us in further processing.

Conclusion

This study of Pali dhatus throws light on similarity and
differences between different Pali dhatupathas. In this
research, from the three dhatupathas approx 1600 dhatus
are consolidated after studying them and keeping in mind
Paninian dhatupatha for computational purposef. The

8 http://sambhasha.ksu.ac.in/CompLing/pcl_1/html/pali_up_ docs.html
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consolidated dhatus were mapped with Paninian dhatus.
This consolidation and mapping are done here has helped
in developing Morphological Analyser for Pali and further
to develop Pali to Sanskrit Machine translation. Keeping
Paninian grammar as base, various languages like Prakrt
can be studied and tools that enable study of ancient
languages can be created.
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