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Compare

! Obvious
computational
methods

! Pàõinian methods
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Pàõinian Grammarians

17th c. CESiddhàntakaumudãBhaññojidãkùita

7th c. CEKà÷ikàJayàditya and Vàmana
2nd c. BCEMahàbhàùyaPata¤jali

4th-3rd c. BCEvàrtikasKàtyàyaõa

5th c. BCEAùñàdhyàyãPàõini
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Grammar Components

Aùñàdhyàyã

Uõàdisåtras

Rules

Pàõini
Paribhàùàsåtras

Metarules

Dhàtupàñha

Gaõapàñha

Lexical lists

Akùarasamàmnàya

Phonological list

Grammar
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Implicit Grammar Components

Pràti÷àkhyas

øikùàs

Phonology

Nighaõñus

Ko÷as

Lexicon

Bhartçhari
Vàkyapadãya

Kauõóabhañña
Vaiyàkaraõabhåùaõa

and Vaiyàkaraõabhåùaõasàra

Nàgeà÷a
Laghuma¤juùà

and Paramalaghuma¤juùà

Semantics

Grammar
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Dhàtupàñha Commentators

14th c. CEMàdhavãyadhàtuvçttiSàyaõa

12th c. CEDhàtupradãpaMaitreyarakùita
12th c. CEKùãrataraï ginãKùãrasvàmin
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Levels

1) Semantics
2) Deep structure
3) Surface structure
4) Phonology

Kiparsky and Staal 1969
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Levels

1) Semantic information

Kiparsky 2002: 3

3) Abstract morphological representation

2) Morphosyntactic representation

4) Phonological output form
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Levels

1) Semantic information

Kiparsky 2002: 3

" Assignment of kàrakas (th-roles) and of abstract tense

3) Abstract morphological representation

2) Morphosyntactic representation

4) Phonological output form
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Levels

1) Semantic information

Kiparsky 2002: 3

" Assignment of kàrakas (th-roles) and of abstract tense

3) Abstract morphological representation

2) Morphosyntactic representation

4) Phonological output form

" Morphological spellout rules
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Levels

1) Semantic information

Kiparsky 2002: 3

" Assignment of kàrakas (th-roles) and of abstract tense

3) Abstract morphological representation

2) Morphosyntactic representation

4) Phonological output form

" Morphological spellout rules

" Allomorphy and phonology
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Example of 4-level derivation

1) John Doe[svatantra] rice[ãpsitatama] cooks[vartamàna].
John Doe[independent] rice[desideratum] cooks[present].
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Example of 4-level derivation
1) John Doe[svatantra] rice[ãpsitatama] cooks[vartamàna].

John Doe[independent] rice[desideratum] cooks[present].

1)4)49 ktuRrIâPsttm' kmR
1)4)54 SvtN]" kt;R
3)2)123vtRm;ne l$(

2) Devadatta[kartç] odana[karman] óupacaù+lañ.
Devadatta[agent] odana[direct object] pac+lañ.

"
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Example of 4-level derivation
2) Devadatta[kartç] odana[karman] óupacaù+lañ.

Devadatta[agent] odana[direct object] pac+lañ.
3)4)78 Ét¢âSZÉsPqSqÉmBvSmSt;t;HZq;s;q;N?vÉm@(vÉhmÉh› (
1)3)78 xeW;TktRár prSmwpdm(
1)4)108xeWe p[qm"
1)4)22 d(VyekyoÉd(v!vcnwkvcne
3)1)68 ktRár xp(
4)1)2 Sv*jsm*$(zW($;>y;¾M.S› ¼>y;M>yS› És>y;M>yS› sos;M› äoSsup(
2)3)2 kmRÉ,  Éd(vt Iy;
2)3)46 p[;ÉtpÉdk;qR"l ©párm;,vcnm;]e p[qm;

3) Devadatta+su odana+am óupacaù+÷ap+tip.
Devadatta+[nom] odana+[acc] pac+[3sa pre].

"
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3) Devadatta+su odana+am óupacaù+÷ap+tip.
Devadatta+[nom] odana+[acc] pac+[3sa pre].

4) Devadatta odana§  pacati.
Devadatta cooks rice.

1)3)9 tSy lop"
6)1)107aÉm pUvR"
8)3)17 . o.goa`oapUvRSy yo Œ"x
8)3)19 l op" x;kLySy
8)3)23 mo ŒnuSv;r"

"

Example of 4-level derivation
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Example of 4-level derivation

1) John Doe[svatantra] rice[ãpsitatama] cooks[vartamàna].
John Doe[independent] rice[desideratum] cooks[present].

2) Devadatta[kartç] odana[karman] óupacaù+lañ.
Devadatta[agent] odana[direct object] pac+lañ.

3) Devadatta+su odana+am óupacaù+÷ap+tip.
Devadatta+[nom] odana+[acc] pac+[3sa pre].

4) Devadatta odana§  pacati.
Devadatta cooks rice.
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1) Semantics, pragmatics, intentionality
(artha, prakaraõa, vivakùà)

3) Morphological representations
4) Phonological representations

Levels
Houben 1999: 46

2) Abstract syntax#

#

#

$

$

$

"

"

"
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Kàtyàyana's first vàrtika

Ésõ¼ xBd;qRsMbN/e
lokto ŒqRp[yu  _ƒ xBdp[yoge
x;S]e, /mRinym" yq; l*ÉkkvwÉdkƒWu )
Since speech, its object, and the relation between the two
are established (and are known) from ordinary usage,
and since one uses speech prompted by meanings
in accordance with ordinary usage,
the science (of grammar) restricts (usage to correct speech forms)
for the sake of dharma just as (other disciplines restrict behavior)
in ordinary and Vedic affairs.
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Pata¤jali: Semantics drive derivation

aqRgTyqR" xBdp[yog" )
aq| s'p[Ty;yÉyãy;mIit xBd" p[yuJyte )

The use of words is for the purpose
of the comprehension of the objects they denote.
With the intention, "I will give the understanding of an object"
a word is used.
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Types of lexical reference

! Speech forms in the Aùñàdhyàyã generally refer to themselves:
      1)1)68 Sv' åp' xBdSy;xBdsï(–;
! But some lexemes refer to the members of a class they denote:
      2)4)12 Év.;W; vO=mOgtO,/;NyVyïnpxuxkÚNy•v@vpUv;Rpr;/ro  r;,;m(
! Some refer to their synonyms as well as themselves:
      3)4)40 Sve puW"
! Some refer to their synonyms rather than to themselves:
      2)4)23 s.; r;j;mnuãypUv;R
! Some refer to the members of a class they denote as well as to 
themselves:
      4)4)35 p"=mTSymOg;NhâNt
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Various semantic conditions

de÷e 3.3.78, 4.2.52, 4.2.67, 4.2.119, 5.2.105, 5.2.135, 6.3.98, 8.4.9
ade÷e 8.4.24
janapade4.2.81
janapadatadavadhyoþ 4.2.124
nadyàm 4.2.85
parvate 4.3.91
parimàõe 4.3.153, 5.2.39
jàtau genus (jàti) 4.1.161, 5.2.133

non-genus (ajàti) 5.4.37, 6.4.171
species (jàti) 6.3.103
ethnicity (jàti) 6.2.10

vayasi 3.2.10, 4.1.20, 5.1.81, 5.2.130, 5.4.141, 6.2.95
avayasi 5.1.84
matsye 5.4.16
cittavati 5.1.89
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Semantic conditions
for kàraka classification

såtra kàraka term semantic condition
1.4.24 apàdàna fixed point of departure
1.4.32 sa§ pradàna intended recipient of the object
1.4.42 karaõa immediately most efficacious
1.4.45 adhikaraõa substrate
1.4.49 karman most desired to be attained
1.4.54 kartç independent
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Semantic conditions for l-affixes

.Ute 3)2)84
l u›( 3)2)110

vtRm;ne l$(3)2)123
É. vãyÉt  gMy;dy"3)3)3

l O$( xeWe c3)3)13
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Semantic conditions for phonetics

82082 v;KySy $e" Plut ¬d;  "
82083 p[TyÉ. v;de ŒxU{¼
82084 dUr;õUte c
etc.
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x-vacana semantic conditions

! asattva-vacana 2.3.33, etc.
! guõa-vacana 2.1.30, etc.
! sàmànya-vacana 3.4.5, etc.
! vi÷eùa-vacana 8.1.74, etc.
! bhàva-vacana 2.3.15, etc.
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Pata¤jali: Ontological Presuppositions

k;' pun" Ék‰y;' .v;NmTv;h
a¾St.vit Év´ t In;' /;tus'D; n p[;ÒotIit )

What do you consider action to be when you say,
"The term dhàtu doesn't apply to the roots
as (class 2), bhå (class 1), and vid (class 4)."?
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Pata¤jali: Ontological Presuppositions

kù pun" k;l' mTv; .v;n;h
k;lSy yen sm;sStSy;párm;É, Tv;dindeRx ”it )

What do you consider time to be when you say,
"The rule doesn't make sense
because the object denoted
by the word with which the word for time is compounded
is not what gets measured."
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Pata¤jali: Ontological Presuppositions

kù pun.Rv;âNvk;r' mTv;h
bLyOW.yonR És?yit )

What do you consider change to be when you say,
"It doesn't work (the taddhita suffix doesn't apply)
in the case of bali and çùabha."?
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Levels

1) Semantic information

Kiparsky 2002: 3

" Assignment of kàrakas (th-roles) and of abstract tense

3) Abstract morphological representation

2) Morphosyntactic representation

4) Phonological output form

" Morphological spellout rules

" Allomorphy and phonology



30

x-arthe semantic conditions

saptamyarthe 1.1.19
caturthyarthe 1.3.55
tçtãyàrthe 1.4.85
màtràrthe 2.1.9
anyapadàrthe 2.1.21
càrthe 2.2.29
caturthyarthe 2.3.62
li ï arthe 3.4.7
tumarthe 3.4.9
kçtyàrthe 3.4.14
matvarthe 4.4.128
dhàtvarthe 5.1.118
vidhàrthe 5.3.42

jãvikàrthe 5.3.99
÷akyàrthe 6.1.81
tadarthe 6.1.82
nityàrthe 6.2.61
atadarthe 6.2.156
atadarthe 6.3.53
ãùadarthe 6.3.105
aõyadarthe 6.4.60
÷akyàrthe 7.3.68
upamàrthe 8.2.101
kçtvoÙrthe 8.3.43
adhyarthe 8.3.51.



31

Abstract morphology defines semantics

3)4)7 "l ›qeR le$(
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Morphosyntactic representation
defines semantics

1)1)19 édUt* c s¢MyqeR
3)4)9 tumqeR sesenseaseNKseksen?ywa?ywNk?yw-

k?ywNx?ywx?ywNtvwtve› (t ven"
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Morphosyntactic representation
defines semantics

6)2)150 ano .;vkmRvcn"

Does karma-vacana imply syntactico
semantic kàraka, i.e. a single 'level' for
semantics and syntax?
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Abstract morphology defines semantics

2)1)6 aVyy' Év.®KtsmIpsmOÉõVyOõäq;R.;v;-
Tyy;sMp[ÉtxBdp[;du.;Rvp’ ;́ q;nupUVyR-
y*gṕs;ëXysMpÉ  s;kLy;NtvcneWu

Surely vibhaktis do not belong to the
semantic level, so is vibhakti here short
for vibhaktyartha?



35

That speech is abiding avoids circularity

ÉsõÖ tu inTyxBdTv;t( )
It works because speech is abiding.
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Vowel Sandhi Table

¨ © ª  ç e ai o au  
à y v r e (Õ) à o (Õ) àv a 
à y v r a à a àv à 
e ã v r a à a àv © 
o y å r a à a àv ª  
ar y v é a à a àv ç 
ai y v r a à a àv e 
ai y v r a à a àv ai 
au y v r a à a àv o 
au y v r a à a àv au 
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Pàõinian sandhi rules
<!--acsandhi vowel sandhi-->
<rule source="([@(f)@(x)])([@(wb)])([@(f)@(x)])" target="%(fxvarRa($1))$2%(fxvarRa($3))"

c="1.1.9 vt. fkAraxkArayoH savarRavidhiH"/>
<rule source="([@(a)])[@(wb)][@(a)]" target="!(lengthen($1))" c="6.1.101"/>
<rule source="([@(i)])[@(wb)][@(i)]" target="!(lengthen($1))" c="6.1.101"/>
<rule source="([@(u)])[@(wb)][@(u)]" target="!(lengthen($1))" c="6.1.101"/>
<rule source="([@(f)])[@(wb)][@(f)]" target="!(lengthen($1))" c="6.1.101"/>
<rule source="([@(x)])[@(wb)][@(x)]" target="!(lengthen($1))" c="6.1.101"/>
<rule source="[@(a)][@(wb)]([@(ec)])" target="!(vfdDiize($1))" c="6.1.88.  vfdDir eci"/>
<rule source="[@(a)][@(wb)]([@(ik)])" target="!(guRate($1))" c="6.1.87.  Ad guRaH"/>
<rule source="([@(ik)])" target="%(semivowel($1))" rcontext="[@(wb)][@(ac)]" c="6.1.77.  iko

yaR aci"/>
<rule source="a" target="'" lcontext="[@(eN)][@(wb)]" c="6.1.109.  eNaH padAntAd ati"/>
<rule source="e" target="ay" rcontext="[@(wb)][@(ac)]" c="6.1.78.  eco 'yavAyAvaH"/>
<rule source="o" target="av" rcontext="[@(wb)][@(ac)]" c="6.1.78"/>
<rule source="E" target="Ay" rcontext="[@(wb)][@(ac)]" c="6.1.78"/>
<rule source="O" target="Av" rcontext="[@(wb)][@(ac)]" c="6.1.78"/>
<!--end acsandhi vowel sandhi-->



38

Nominal Declension Table

1) devas devau devàs 
v deva devau devàs 
2) devam devau devàn 
3) devena devàbhyàm devais 
4) devàya devàbhyàm devebhyas 
5) devàt devàbhyàm devebhyas 
6) devasya devayos devànàm 
7) deve devayos deveùu 
 

s d p
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Nominal Declension Table Rules

dev-as dev-O dev-As
dev-a dev-O dev-As
dev-am dev-O dev-An
dev-ena dev-AByAm dev-Es
dev-Aya dev-AByAm dev-eByas
dev-At dev-AByAm dev-eByas
dev-asya dev-ayos dev-AnAm
dev-e dev-ayos dev-ezu

Rule for a-ending masculine stem such as deva:

d1 + masculine a-stem endings
(as, O, As, ..., e, ayos, ezu)
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Nominal Declension Table Rules

rAj-A rAj-AnO rAj-Anas
rAj-an rAj-AnO rAj-Anas
rAj-Anam rAj-AnO rAj-Yas
rAj-YA rAj-aByAm rAj-aBis
rAj-Ye rAj-aByAm rAj-aByas
rAj-Yas rAj-aByAm rAj-aByas
rAj-Yas rAj-Yos rAj-YAm
rAj-Yi/rAj-ani rAj-Yos rAj-asu

Rule for jan-ending masculine stem rAjan:

d2 + masculine an-stem endings
(A, AnO, Anas, ..., Yi, Yos, asu)
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Nominal Declension Table Rules

Atm-A Atm-AnO Atm-Anas
Atm-an Atm-AnO Atm-Anas
Atm-Anam Atm-AnO Atm-anas
Atm-anA Atm-aByAm Atm-aBis
Atm-ane Atm-aByAm Atm-aByas
Atm-anas Atm-aByAm Atm-aByas
Atm-anas Atm-anos Atm-anAm
Atm-ani Atm-anos Atm-asu

Rule for C[vm]an-ending masculine stem Atman:

d2 + masculine an-stem endings
(A, AnO, Anas, ...ani, anos, asu)
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Loss of generalization for nominals

! Multiple sets of endings
as, O, As, ..., e, ayos, ezu
A, AnO, Anas, ..., Yi, Yos, asu
A, AnO, Anas, ..., ani, anos, asu

! Multiple stems
a-ending masculine
jan-ending masculine
C[vm]an-ending masculine
etc.
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Pàõinian declension rules
<ruleset name="a-stem_derivation">
<rule source="Bis" target="Es" lcontext="#" morphid="3p" c="7.1.9"/>
<rule source="A" target="ina" lcontext="#" morphid="3s" c="7.1.12"/>
<rule source="e" target="ya" lcontext="#" morphid="4s" c="7.1.13"/>
<rule source="as" target="At" lcontext="#" morphid="5s" c="7.1.12"/>
<rule source="as" target="sya" lcontext="#" morphid="6s" c="7.1.12"/>
<rule source="Am" target="n$1" lcontext="[@(hrasva)IUA]#" morphid="6p" c="7.1.54"/>
<rule source="s" target="" lcontext="#" morphid="vs" c="6.1.69"/>
<rule source="as" target="I" lcontext="(^praTama|^carama|taya|^alpa|^arDa|^katipaya)#" morphid="1p" optional="yes" c="7.1.17,
1.1.33"/>
</ruleset>

<ruleset name="a-stem_changes">
<rule source="a" target="e" rcontext="#[Bs]" morphid="p" c="7.3.103"/>
<rule source="a" target="A" rcontext="#[ynB]" c="7.3.102"/>
<rule source="a" target="e" rcontext="#os" c="7.3.104"/>
</ruleset>

<ruleset name="stem-ending_sandhi">
<rule source="#am$" target="#m" lcontext="[@(ak)]" morphid="[1v2]" c="6.1.107"/>
<rule source="#ad$" target="#d" lcontext="[@(ak)]" morphid="[1v2]" c="6.1.107, 7.1.25 Kasika karika"/>
<rule source="#" target="_#" lcontext="[@(a)]" rcontext="[@(ic)]" morphid="[1v2]" c="6.1.104"/>
<rule source="#" target="_#" lcontext="[@(dIrGa)]" rcontext="[@(ic)]" morphid="[1v2]" c="6.1.105"/>
<rule source="#" target="_#" lcontext="[@(dIrGa)]" rcontext="as" morphid="[mf][1v]p" c="6.1.105"/>
<rule source="([@(ak)])#[@(ac)]" target="%(lengthen($1))" morphid="[1v2]p" c="6.1.102"/>
<rule source="_" target="" morphid="[1v2]" c="6.1.104, 6.1.105"/>
<rule source="s$" target="n" lcontext="[@(dIrGa)]" morphid="m2p" c="6.1.103"/>
<rule source="a#([@(guRa)])" target="$1" c="6.1.97 ato guRe"/>
</ruleset>
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Conjugation Table

Bavati  Bavatas Bavanti 
Bavasi BavaTas BavaTa 
BavAmi BavAvas BavAmas 
 

s d p

3
2
1
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Conjugation Table Rules

Rule for a-stem present such as Bava:

d1 + a-stem endings
(ati, atas, anti,
asi, aTas, aTa,
Ami, Avas, Amas)

Bav-ati  Bav-atas Bav-anti 
Bav-asi Bav-aTas Bav-aTa 
Bav-Ami Bav-Avas Bav-Amas 
 



46

Conjugation Table Rules

Rule for class 7 present D-final stem with preceding r or z
such as ruD:

d1 + [rz][@(vowel)]?D-stem class 7 endings
(RadDi, ndDas, nDanti,
Ratsi, ndDas, ndDa,
RaDmi, nDvas, nDmas)

ru-RadDi ru-ndDas ru-nDanti 
ru-Ratsi ru-ndDas ru-ndDa 
ru-RaDAmi ru-nDAvas ru-nDAmas 
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Conjugation Table Rules

Rule for class 7 present j-final root such as yuj:

d1 + j-stem class 7 endings
(nakti, Nktas, Yjanti,
nakzi, Nktas, Nkta,
najmi, Yjvas, Yjmas)

yu-nakti yu-Nktas yu-Yjanti 
yu-nakzi  yu-Nktas yu-Nkta 
yu-najmi yu-Yjvas yu-Yjmas 
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Loss of generalization for verbs

! Multiple sets of endings
ati, atas, anti, asi, aTas, aTa, Ami, Avas, Amas
RadDi, ndDas, nDanti, Ratsi, ndDas, ndDa, RaDmi, nDvas, nDmas
nakti, Nktas, Yjanti, nakzi, Nktas, Nkta, najmi, Yjvas, Yjmas

! Multiple stems
a-stem
[rz] [@(vowel)]?D-stem
j-stem
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Pàõinian Conjugation Rules

<grammar>
<affixes name="basic_verbal_active" c="3.4.78">
<suffix add="#ti;p" person="3" number="s"/>
<suffix add="#tas;" person="3" number="d"/>
<suffix add="#Ji;" person="3" number="p"/>

<suffix add="#si;p" person="2" number="s"/>
<suffix add="#Tas;" person="2" number="d"/>
<suffix add="#Ta;" person="2" number="p"/>

<suffix add="#mi;p" person="1" number="s"/>
<suffix add="#vas;" person="1" number="d"/>
<suffix add="#mas;" person="1" number="p"/>
</affixes>


