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Abstract — Conjugations are the inflections of verbs, as well as inflections of nouns and pronouns are known as declensions.
Declensions are not discussed in the paper. Sentences of any language become meaningful with the inclusion of
conjugations only. Only nouns (and pronouns) and verbs are derived to various forms in Sanskrit. Conjugations play an
important role in Machine Translation (MT) in improving accuracy since they contain lot of information about the
sentence, especially in Sanskrit. In general, in any language, verbs can be derived in to various forms to give various
meanings. Conjugations of Sanskrit are derived into six tenses and four moods. Handling of the tenses and moods of active
verbs in MT of Sanskrit are discussed in this paper.
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1. INTRODUCTION

Vocabulary of Sanskrit is briefly categorized in to three types; subantas, tijantas and avyayas by ancient Sanskrit grammarians of
India as in Table 1 [3] [15].

Table 1: Classification of terminology of Sankrit

Category Description Example

subanta Non-verbs krishNaH, sItA, vRksham, etc
tijanta Verbs kri, dhav, bhid, etc

avyayAs Indeclinable words yadA, tadA, adya etc

Verbs in Sanskrit are known as 9Tq: (dhAtus) — the meaning bearing terms which are classified as fast= ersaT: (tijanta
SabdAs) in Sanskrit since they end in %@’ JIT (tiG pratyaya — tiG affixes). Sanskrit root verbs are categorized into ten T
(gaNa - class), by Panini around 2000 BC in his book &1 9Ta: (dhAtu pAThaH - Lessons of root verbs) [1]. Every class has been
named after the verb it begins with, as in Table 2. The verbs that belong to first nine classes are considered primitive roots since
they differ from the derivative verbal bases. In the case of primitive roots, the personal terminations and the characteristic marks
of the various tenses and moods are (with some modifications in the Present and Imperfect) combined with the simple and
unmodified root [2]. E.g. the root yA (to Go) can be derived to its present tense as ‘yAti’ and to its simple future as ‘yAsyati’.

Primitive roots can be conjugated in three voices, viz. active voice (parasmaipada — the voice for others), reflexive voice
(AtmanEpada - the voice for self) and the passive voice [4]. Passive voice is not considered in the paper.

Every root verb can be accented by affixing a fa=<ur S (vikaraNa pratyaya) - specific to each gaNa; and a T=9 ScId
(purusha pratyaya) - specific to each tense, as listed in Table 2 [5][6]. For instance, < (bhU - first root verb of saTfZ T - bhvAdi
gaNa) becomes safd (bhavati) when accented to IaT by affixing grammatically fara=or e of w&Tfs 7, 37 (a) and T&T T of
laT, T to the root verb 5 (bhU) (¥ + 3 + T - bhu + a + ti) [7].

Root verb is converted into a base verb (i.e. ‘bhav’) as per the rules of Sanskrit grammar (as described in Table A3 of
Appendix A), and concerned vikaraNa pratyaya and purusha pratyaya of the class are combined together to form the final affix
(i.e. “ati’). Finally, the base verb and the affix give the conjugation (i.e. bhav + ati = bhavati). For some cases, verbs should be
prefixed with the vowel ‘a’ for specific tenses (as described in Table A3 and A4 of Appendix A) to form their conjugations. This
is known as augmenting. E.g. the dhatu bhU becomes abhavat in its past imperfect tense (a + bhav + at). For some cases, the first
consonant or its relative consonant is prefixed to the base verb. The process is known as reduplication and the prefixing consonant
is known as reduplicative syllable [8]. E.g. Past perfect tense of dhAtu ‘Subh’ is ‘SUSUbhE’ as described in Table A4, appendix A

upasargas (prepositions) can also be prefixed to the verbs. But they are not considered in this paper, since they are not the
part of basic conjugation. The prepositions are prefixed for emphasizing or to generate different meaning to verb externally [9].
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Table 2 gaNAs (classes) of Sanskrit verbs

gaNam First dhAtu vikaraNa No. of verbs
¥77/= (bhvAdi) ¥ (bhU) & (a) 1035
=T (adAdi) 7 (ad) - 71
g7z (juhOtyadi) g (hu) - 24
fa=rf (divAdi) R (div) 7 (ya) 141
&1 (svAdi) & (su) F(nu) 34
gaTi= (tudAdi) g% (tud) 7 (a) 155
gg7f (rudhAdi) ¥ (rudh) 7 (na) 25
grfe (tanAdi) 9 (tan) F(u) 10
11 (kryAdi) 1 (kri) AT (nA) 62
Y717 (curAdi) F(cur) &7 (aya) 410
Total 1967

Exception: Few roots belong to more than one class: for example:

o The root verbs ¥<[ (bhraS), T4 (bhIAS), 9 (bhram), ®H (kram), =9 (klam), ¥ (tras), 3 (truT), =<7 (1aS) belong to the
classes 9 (bhU) as well as &7 (div).

e The root verbs ¥ (sku), ¥+ (stambh), T+ (stumbh), =¥ (skambh), ¥+ (skumbh), belong to the classes § (su) as well as
o (kr).

Their accents will also be changed accordingly with the rules defined for the class concerned. For example, 9T (bhraS) => grITT
(bhrASatE) and |1 (bhrASyatE) for for 9 (bhU) class and ﬁ?:r (div) class respectively.

Verbs of Sanskrit are classified into three types from the result of the action performed aspect: sted= wfs (AtmanEpadi -
reflexive verb), 9v&8 Tt (parasmYpadi - transitive verb) and 39= afe (ubhayapadi - both) [10] [11]. Root verbs can be accented
into 3 types for first, second and third persons and further accented into 3 types for singular, dual and plural forms of each person,
by affixing fﬁé’ 97 (tiG pratyayas). Hence, a root verb can get into nine forms (either as reflexive or as transitive), as listed in
Tables Al through A3 of Appendix A [12].

Thus each verb can get into 90 forms by conjugating it using 10 tenses. There are approximately nineteen hundred and
seventy root verbs in Sanskrit; hence they can get into a mammoth total of around 1.75 lakh forms. There are eighteen important
upasargas (STHTT: — verb prepositions or prefixes) in Sanskrit (Table A5 of Appendix A). These are used either to emphasize the
action of verb or to change its meaning completely by prefixing it to verb [13]. One root verb can be prefixed with more than one
prefix also [14]. These prefixes increase the number of verbs exponentially. With multitudinous combinations, of incomplete,
interrogative, negative, causative, passive verbs, etc. the count of verb formations can shoot up beyond a million. But all the
forms that are mentioned above are not considered in this paper. Only active voiced, complete verbs are considered.

Verbs of Sanskrit can be derived into six tenses (one present, three past and two future), viz. - 1< (laT), 9% (1aG), ﬁ'{ (i),
7= (IuG), T (IuT), = (IRT); and four moods, viz. &1 (10t), Fafarfears (vidhiliG), smefifei= (ASIrliG), = (IRG) [16]. Moods and
tenses do not mix; however, all 10 entities fall broadly under the head tenses and are called =T=T<1: (lakArAs). Four tenses and
moods will require modification of root verb known as conjugational (IaT, laG, IOT, vidhiliG) and the rest are known as non-
conjugational (IiT, luT, IRT, ASIrliG, IRG) tenses [17]. One more lakAra namely =2 (IET) was mentioned in Sanskrit grammar
which was used only in Vedic literature [18].

Though there are around 1970 roots in Sanskrit, many of them are identified synonyms, e.g. 3% (¥aTf< — bhvAdi), T (aTT= —
adAdi), 39 (fRaTfz - divAdi), =X (3T&Ts — adAdi), & (¥aTfs - bhvAdi), far (a1l - tudAdi), 9 (¥aTfs - bhvAdi), etc. are the

synonyms of the verb — “to Go”. By considering this, only around 500 primary Sanskrit verbs were employed in the MT.
2. MORPHOLOGICAL ANALYSIS

MT process starts with preprocessing of the given input string. As a part of that, the input string is tokenized into tokens. For
translation of verb forms, i.e. conjugations, every token is examined for whether it is a conjugation. A token is identified as a
conjugation if the token is terminated with any of the affixes that are given in Table A2 of Appendix A. For instance, the token

SObhAvahE (aTsTTag — means “We both are glorious™) is terminated with the affix ‘vahE’, hence it is identified as a conjugation.

The identified (conjugation) token is further segmented into two parts, namely, stem and affix (E.g. SObhAvahE => SObh +
AvahE; assuming the token doesn’t have upasargas in it). The stem is checked for the presence of any upasargas (prefixes) in it.
If the stem is started with any of the upasargas that are listed in the Table A5 of Appendix A, the upasarga part also separated
from the stem. Still if it contains few more prefixes in it, because there is a practice in Sanskrit that more than one prefix can be
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used in a conjugation, prefixes are separated. The prefix is also translated and added to the verb, soon after identifying the root
verb from the conjugation.

To improve the accuracy and feasibility in MT, instead of separating ‘vahE’ from token, AvahE is considered and separated
(last vowel has been taken from stem and prefixed it to the affix ‘vahE’ to make it AvahE). If an active reflexive root verb is
considered to derive to its first person, dual form, present tense, ‘vahE’ should be used as affix to the root verb.

Conjugation consists in forming the root verb undergo certain modifications. In addition to it of certain prefixes and
terminations which denote the various persons, numbers, voices, tenses, and moods. Information such as tense (present, past or
future), number (singular, dual or plural), person (first, second or third) and type of the verb (reflexive or transitive) and voice
(active or passive) are fetched from the affix. Stem is used to find out the root verb. In majority of cases, stem is available in
corrupted form. Root verbs of corrupted stems are identified with the help of the inverse procedure of the procedure that is used to
form conjugations of a root verb (described in Table A3 of Appendix A). From the example, SObh is the stem in corrupted form
(of root verb Subh). It is recognized as a corrupted form because it is not available in data base. Hence it is morphed to obtain its
root verb using the grammar rules.

Since many of the root verbs are the synonyms of other root verbs, as described in the above section, 500 standard roots are
considered for translation. Their conjugations are formulated and morphed to obtain their root forms back successfully in MT by
developing a Morphological Analysis System (MAS). For instance, Six tenses and four moods (total ten lakaras) of two root
verbs (one from AtmanEpadi, i.e. reflexive verb and another from parasmaipadi, i.e. transitive verb) are described in Table A4 of
Appendix A.

CONCLUSION

Conjugations of active verbs are analyzed and identified their tense or mood. Root verb has also been identified from the
conjugation by using morphological analysis based on the grammar rules of Sanskrit. Much focus has been given in identifying
and extracting the root verb from the reduplicated conjugations in morphological analysis since the reduplicated part should be
identified and removed properly from stem.

Though majority active verb conjugations are translated successfully using MT, a more powerful MAS is required to be
implemented to increase the accuracy in translation as well as to translate various other categories of verbs, such as interrogative,
negative, causative, etc.
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Appendix A

Table Al Tenses and moods of Sanskrit
lakAra Tense/ Mood Sanskrit name Remarks
laT Present (T) vartamAna kAla

. Anadhyatana
laG Past imperfect (T) bhUtakAla Takes augment
. 1. Reduplicated denotes absolutely past
liT ; Esguﬁlr;csﬁid ZStSt Eﬁgstcz.g) kpz;Oksha bhUta 2. Few verbs which are not allowed to form reduplicated perfect,
' P pastp they will be formed periphrastically with auxiliary verb
1. Past 1%t aorist (T) .
*
luG 2. Past 2 aorist (T) bhUta kAla Will be augmented
. anadhyatana -
uT First future (T) bhavishyat kAla Definite future.
. Though, indefinite future, in some situations, can be used as
IRT Second future (T) bhavishyat kAla periphrastic future.
10T Imperative (M) AgnA
R . - Will be used to command, wish, inquiry, supposition, condition,
vidhiliG | Potential (M) vidhi relative dependency
ASIrliG * | Benedictive (M) ASIH Not only used to bless, but also for general wish
- Conditional — if things are spoken of that might have, but have
*

IRG Conditional (M) sankEtaH not happened.

Legend: * Not in much use, T — Tense, M — Mood

Table A2 Affixes of active verbs

T v Third person Second person First person
Singular Dual Plural Singular Dual Plural Singular Dual Plural
Al o B q 29 & 2 oTag oTE

NG - afer B m q: & = = =
Ala+qd TATH / AT o + =/ o A+ o TATH [ SMATH | + 3. qT+3T afe 7+ A

agf

TP I+ IR T+ /T I+ 3 aq F+T T+ | T+
AMgFea/ T/

e A |emegE /T e sgfRy /=X ATTFT / TV | AT o R E EIEETRY EEE ATFHY THE
P |er T: 3: ERERS : E¥ £ T/zq /=R
Alg+e/e AT o +9d /Fq j_:gr:/ AT g+ga/ Ay, |a+fo/fa ek o + Al

q© b a+ Ha/ - T+ q/ T/ A 3o/ |37+ T 2/ - 3T+ ¥4/ T 38/ Tq/ |+ T/ 3O/ 4/ o T+ TH/ TCH/

S/ T ) T Sl ) a ki o/ =
A |aT qrer qTe: iG] T aqrer arg qreag AT
TH ar qrer T arfer qTE: ey arres T qTE:
wTaE /
A |sad [ w=Ea oq /= IR [ T T [ EE S/ E e [ e o /¥ ) THE [ Y

™ W;/

P |=afa/wafa  |&aa: /=« Trfeq | wafeq oIty [ safey|erer:/ v IZRFADES ZUEPADHEY W T [

o LA T / ST ST/ 7T = T/ AT | T T Silkik

S|P g/a at avq I]g IACTEIERES T At ara A
fafr| A 5T ERICIE i T AT Feam EX) fafz tafz
| p o/ =g Fam /7T /A |EAq =/ T /A 5 = /A
#ror: / ey / Hrafz /
HATeaTy / Ut / / / ) ) Tty / frafz/

T A e /ofre )z A PN vy | T oy 7 [t/

ot | AT/ AT |/ ST qETq ToAfy/ srAfE

fre JE LI | ST et
P |amq T T T RIS RlEss RIGE: e plE:)

A |7+ /TIq [FaH q+ SO TR [ + TOAAT: |SAATH A + T T+ TS armafz o + TR
qz F+Eq:/ q+e/ ¥+ =Ty /
P / / / . / / /
q+ T/ A |TAAT [ SAAT |+ e o oY [ wAqY | + 5/ o o WWW

Legend: T — Tense, V — Verb, A — AtmanEpadi, P — parasmYpadi, 3T + affix = 37 is prefix, Numbers of gaNas are given in

brackets
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Table A3 Rules for forming conjugations from root verbs

SN' gaNa | Suffix to root Rules Example Remarks
Vowel of root is Gunated | 1. T4 (to Know) => aﬁgyam’%r Accent is on radical
'1f ; | 2 9 (to be) => e+ vowel
55,9, %, |, 0r®|is
1| bhU a5 final letter
2.3,3,7k, 0r g is
followed by a consonant
Before appending suffix, |1, T (to Strike) => @E:+3T+i%r Accent is on
change final letters as 2. ¥ (to Go) => fregrar+fy intermediate =, but,
below 3.9 (to Praise) => F:L_q'””ﬁ never on radical
2 | tud |a(3p 1.3,E=> = 4.9 (to Die) => ﬁ'q;-lj3T+ I vowel
:2), :::; ;j{ 5. % (to Scatter) => farg+ar+fa
4.7k =>3Y
- 1. TE (to Bind) => Tg+T+f Accent is on radical
. 2. 99 (to Awake) => FL+T+T vowel. But in few
3 | div ya (%) cases of the class
original accent will
beonT
1. If root ends in simple | 1. 2 (to Cut) => T+3TT+{T Accent was on first
consonant preceded by 31, | 23, f%“m (to Embrace):>$ﬁ?t[+3r€r+ﬁ & or 31T . The verbs
it become 3T 2b. 7 (to Steal) => F+arr+ keep their
2. If rootends insimple | o wrxr (to Endure) => W+ modificatory
consonant preceded b ) = syllable s
4 |cur | aya (39) P Y= | 2d. % (to Praise) => Fr+ara+fa
37 BSOS | g3 5 0 rowole) > sy | oo ercept
while 3 becomes =% 3p. ¥ (to Walk) => =+ s+ '
3.final %, %, 3, %, %, 0| 3¢ g1 (to Hold) => e+ e+
% take vRadhi 3d. 7 (to Fill) => qressrr+f
1. nu (T - before strong Z la. § (to Squeeze out) => F+I+H: -
5 | sy terminations) (1%t person Plu. Pre.),
2.n0O (AT - before 1b. F+AT+ (1%t per. Sing. Pre.)
weak terminations)
1. u (3 - before strong B la. I (to Streach) => T{+3+H: All verbsend in
terminations) (1% person Plu. Pre.) in the class except
6 | tan i
2. O (3 - before weak 1b. T+T+ (1% per. Sing. Pre.) F
terminations)
1. nl (4T - before - la. T (to Buy) => Fr+ufi+m: -
strong terminations) (1%t person Plu. Pre.)
2. nA (T - before weak 1b. Fr+um+fr (1%t per. Sing. Pre.)
7 | kri | terminations) 1c. Fr+ur+3rfea (3" per. Plu. Pre.)
3. na (7T - before strong
terminations beginning
with vowels)

o - 1a. forg. (to Lick) ferg+a: (we lick) Intensive verbs,
jl'erm|c;1.at|olnstadtﬂedI t 1b. Fr+83 (1 lick) conjugated ig the
immediately to the las . arasmyY pada,

8 | ad letter of theybase as per Le. w1+ (you. lickest) ?ollow thig class
phonetic rules 1d. =1+ (you lick)
1e. 37t (thou lickedst)
Terminations added Strong base before the 1a. g (to Sacrifice) => +g+H: (we Root takes
9 | hu immediately to the last | weak termination takes sacrifice) reduplication
letter of the base as per | guNa, where possible 1b. +2T+ (1 sacrifice)
phonetic rules
Terminations added Between the radical 1a. I (to Join) => F+T+S[+H: (we join)
10 | rugn | immediately to the last vowel & final consonant, | 1p, T+7+53% (1 join)
letter of the base as per | 9 is inserted, which in the
phonetic rules strong base before weak
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gaNa

Suffix to root

Rules

Example

Remarks

terminations are raised to

T

Legend: Sing — Singular, Plu — Plural, Pre - Present

Table A4 Example tenses and moods of dhatus bhU and Subh of bhU gaNa

T v _ Third person _ Second person _ First person
Singular Dual Plural Singular Dual Plural Singular Dual Plural
A | e OTTITeT oTTTey oreT oTreTTY oTTeTe ey T oTTITHE
A P |wafa AT wateq et ECRH T sty EEICE AT
A | eremrsa ERNESIE ERIE ) AYTAT: Fonfoam | e EEIE qonaTaty | st
i P | rwed. EREKRIE EREDH EEEH EEERE EREKR AT, EREIC! FHATH
. A | ITATT qafs srarfsrer ILTATH srarfsr=r qqH UEEES qrarferrg
P |aE FAT: T ECIER] EEGRY T T ESIEE aqfam
A | stemfere AQNTHOTAT | SrenfereT EEIR I srgnfaaTaT | aenfwgaw | st aonfaeafy | srenfoeaf
Tl Sl A Sl G e il SR SilvS il Sk il Sl TR
A | snfrar oTTfraTer AT T onfraTETy | onfSraTe CNIECIES anf¥areag | anferaTeTy
T efm afaTe afaT o | |afawes | qfees | qfwRe || st
A | emifereTa TS oTiferea= anrfsree srrfersaer STTfere e arrfsredr g oTifereaTeg
K PR P AT afafr | |wffy | wBorn |afew | efontr | wfem | st
e G STTATATH ATTHwATH e STTATATH ATEAH T AT MIg
TP | WaEg/ HEarq | qE9aH S 99/ WA | gaaH aq AT i) ATy
&fy |A | araa STTHATATH HIGEC T STTHATATH TTeEaH T srATate arrATATE
e [p [ T o . B w w [ aw
amefy: |A | enferdie enfarfemeaT | < aifaredis: siTfarfaTeamy | afacfeas | enfarehiar arfafafy | afrdfafE
Frz [P |som T T o TEE | e | kRl
A | stemfereT AYNTHCAATH, | STemTersa=r FonforeTam: | srenfereaeary | srenfiesgeaT | srenforer sgntaeaTafy | srenfosamte
KA srafasaq srafarcaaT s e Fafasaay | swiasad feeTw gafasa | wlasam
Legend: T —Tense, V — Verb, A — AtmanEpadi (e.g. Subh - glow), P — parasmYpadi (e.g. bhU - be)
Table A5 upasargas (prefixes) of Sanskrit
S.No | Prefix | Meaning Example S.No | Prefix Meaning Example
1. ati Over, beyond atikram (to surpass, overstep) |10. |upa Near, under upagam (to go near to)
2. adhi | Above, on adhikR(place over, appoint) 11. |ni Down, into nigrah (to suppress)
3. anu Along, near anukR (to do after, imitate) 12. |niH Out of, forth from | nirgam (to go out)
4, apa Away, off apagam (to go away) 13. |para Away, back parAvRt (to turn away)
5. api Near to, on apigam (to approach) 14. |pari Round, about paribhram (to roam)
6. abhi Towards, upon |abhipat (to fall upon) 15. |pra Forth, forward prakram (to proceed)
7. ava Off, down avacchidr (to cut off) 16. |prati Back, re- prativad (to respond)
8. A Towards, at AkRsh (to ttract) 17. |vi Apart, dis- vidhA (to dispose)
9. ud Up, out utsRj (to pour out) 18. |sam Together, con- samgam (to assemble)
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