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ABSTRACT

This paper describes a dependency based
tagging scheme for creding tree banks for
Indian langueges. The scheme has been so
designed that it is comprehensive, easy to use
with linea notation and economicd in typing
effort. It is based on Paninian grammaticd
model.

1BACKGROUND

The name AnnCorra, shortened for
"Anndated Corpora’, is for an eledronic
lexicd resource of anndated corpora. The
purpose behind this effort is to fill the
laauna in such resources for Indian
languages. It will be an important resource
for the development of Indian language
parsers, machine leaning of grammars,
lakshancharts (discrimination rets for
sense disambiguation) and a host of other
such todls.

2.AIMSAND OBJECTIVE
The dam of the projed isto :

- developagenerdlised linea
syntado- semantic tag scheme for
al Indian languages

- annaate training corpus for all
Indian languages

- develop parallel tree-banks for all
Indian languages

To fulfill the éove am - a marathon task
- a ollaborative model has been
concieved. Any collaborative model
implies involvement of several people
with varying levels of expertise. This case,
bemmes further complicaed as the tag
scheme to be designed has to be equally
efficient for al the Indian languages.
These languages, thowgh qute similar,
are not identicd in their syntadic
structures. Thus the tag scheme demands
the following properties :-

- comprehensive enouwgh to capture
various sysntadic relations acoss
languages.

- simple enough for anyone, with some
ladgroundin linguistics, to use.

- emnamicd intyping effort (the
corpus has to be manually
annaated).

3.AN |LL USTRATION

The task can be better understoodwith the
help of an ill ustration. Look at the
following sentence from Hindi

O0::rAma ne moHana ko
'‘Rama’ ‘ErgPostP 'Mohan' 'PostP

nlll kitAbadl
'blue’ 'bodk' 'gave



'‘Rama gave the blue bodk to Mohan.'

Treelisarepresentation o the ebove
verb, argument relationship within the
various constituents of sentence O -

dl

I | |
KL| k4 k2|

rAma_ne moHana ko kitAba

[nmod

nill

Treel

Sincetheinpu for tagging is atext corpus
and the marking has to be dore manually,
the tagging scheme is linealy designed.
Therefore, Sentence O will be marked as
foll ows -

rAma_ne/kl moHana_ko/k4 [nlll
'‘Ram postp’ Mohan postp'  blue'

kitAba]/k2dl::v
‘bodk’ '‘gave

The markings here represent

- 'di' (‘give’) istheverb noce

- ‘rAma_n€ is the'karta or ‘agent’
(k1)
d the verb 'dl',

- 'moHana_ko' is'sampraalana or
'beneficiary' (k4) of verb'dl' (‘give)

- [nlll kitAba]' — (blue bodk) anoun
phrase - isthe 'karma or ‘objed’ (k2)
of theverb.

The dements joined by an underscore
represent one unit. Postpositions which
are separated by white spacein the written
texts are adualy the infledions of the
precaling noun @ verb unts. Therefore,
they are conjoined.

The modifier-modified elements are
paranthesised within sguare bradets.
Tags $owing the name of the ARC (or
branch) are marked by /' immediately
after the cnstituent they relate to. /' is
followed by the gpropriate tagname.

Thus /' spedafies a relationship of a word
or constituent with another word or
constituent. In this case it is the
relationship of verb 'dl' with the other
elementsin the sentence

Tags denating a type of node ae marked
by . v indicaes that 'dl' is a verbal
noce.

The ideahere is to mark only the spedfic
grammetica information. Certain
DEFAULT CONVENTIONS are left
unmarked. For example, the aljedive 'nllI'
(‘blue’) of 'kitAba (‘bodk) has been left
unmarked in the &ove example since
normally nounmodifiers precele the noun
they modify (adjedives precele nours).
Such DEFAULT CONVENTIONS save
unrecessary typing effort.

4. GRAMM ATICAL MODEL

It was quite natura to use Paninian
grammeaticd model for sentence analysis
( hencethe tagnames) because :-

1) Paninian grammatica model is based
onthe analysis of an Indian language
(Sanskrit) it can ded better with the

type of constructions Indian languages
have.

2) Themodel not only offersa
mechanism for SYNTACTIC analysis
bu aso incorporates the SEMANTIC
information (nowadays cdl ed
tependency analysis). Thus making
the relationships more transparent.
(For detail srefer Bharati (1995.)

Following tags (most of which are based
on Paninian grammaticd model) have
been used in the dove example.



k1 : kartaa(subjed or agent)
k2 : karma (objed)

k4 : sampradaana (beneficiary)
v : kriyaa(verb)

Obvioudy the task is not an easy onre.
Standardization d these tags will take
some time. Isaues, whil e dedding the tags,
are many. Some examples are ill ustrated
below to show the kind o structures
which the linea tagging scheme will have
to ded with.

4.1.Multiple Verb Sentences

To mark the nours-verb relations with the
above tags in single verb sentences is a
simple task. However, consider the
foll owing sentencewith two verbs :-

1 rAmane khAnA khAkara
am' 'postp’ food having_eden’

pAnl plyA
‘water' ‘'drank’

"Ram drank water after eding the
food.

Sentence 1 has more than two verbs - one
nonfinite (khAkara) and ore finite
(piyA). The finite verb is the main verb.
Noun 'khAnA' is the objed of verb
'khAkara, whereas noun '‘pAnl' is the
objea of verb 'piyA'. 'k2' is the tag for
objed relationin ou tagging scheme. Co-
indexing becomes the obvious lution for
such multiple relations.  Since there ae
two verbs the tagging scheme dl ows them
to benamed as 'i* and'j' (using notation ‘i’
and j"). By default 'i' refers to the main
verb and any successve verb by other
charaders (j' in the present case):

rAma_ne khAnA khAkara::vkr:j

'Ram_paostp' food  having_eden:j'
pANl piyA:vi
‘water' 'drank:i'

This provides the fadlity to mark every
nounverb relationship.

rAma_ne/k1> KhAnA/k2>]
khAkara::vkr: pAnl/k2>i piyA::v:i

Fortunately, there is no reed to mark it so
"heavily". A number of notations can be
left out, and the DEFAULT rules tell us
how to interpret such "abbreviated
annaation. Thus, for the &ove sentence,
the following annaation is sifficient and
is completely equivalent to the éove:

rAma_ne/kl khAnA/k2
khAkara:vkr:j pAnl/k2 piyA:v

Even thouwgh there ae two verbs, there is
no real to name the verbs and refer to
them. Two default rules help us achieve
such brevity (withou any ambiguity) :

(1) kartaor k1 kaaaka dways attaches to
thelast verb in a sentence (Thus
'rAma_ne/kl' attachesto the verb at
the and).

(2) al other kaarakas except k1, attach to
the neaest verb onthe right. Thus
'khANnA/k2' attaches to 'khAkara and
'PANI/K2" attachesto ‘piyA’, their
respedive neaest verbs on the right.

4.2.Compound Units

Sometimes two words combine together to
form a unit which has its own demands
and modifiers, na derivable from its parts.
For example, a noun and verb join
together to operate & a single unit,
namely as a verb. In the sentence rAma
(Rama) ne (postp) snAna(bath) kiyA
(did)', 'snAna and 'kiyA' together stand
for a verb 'snAnatkiyA' (bathed). Such
verbal compounds are like any other verb
having their own kaaakas.This sntence
would be marked as foll ows :

rAma_ne/kl snAna:v+ KiyA::v-
'‘Ram_paostp'  bath+' tid-'

"Ram took a bath®

A 'v+' or a 'v-' indicaes that the word
'snAna or 'kiyA' are parts of a whoe (a
verb in this case). Taken together they
function as a single verb urit. Such a
device which may appea to be more



powerful was needed to mark the 'single
unitness of parts which may appea
separately in a sentence Thus, the dove
notation allows even distant words to be
treded as a single @mpound. Such
occurrences are fairly common in all
Indian languages as illustrated in the
foll owing example from Hindi :

snAna::v+to mEMne/kl
‘bath’ emph' 1_erg

subaHa_HI kara_liyA_thA::v-
'morning_emph'  had_dore

| had bethed (taken a bath) in the morning
itself.

'+'and ' - ' help in marking this relation
explicitly. (amore detail description d the
notationin 5.7)

4.3.Embedded Sentence

Tags are dso designed to mark the
relations within  a complex sentence
Consider the example below where a
complete sentence (having verb ‘piyA’
(drank)) is a kaaaka of the main verb
'kaHA' (said).

moHana ne kaHA ki {rAma
'Mohan' ‘postp' 'said' that ' {'Ramal

ne pAnl  khAnA khAkara
‘postp’ ‘water' food having eaen’
piyA}.
‘drank}

(Mohan said that Ram drank water
after having eden thefood

The embedded sentence can be first
marked as foll ows -

--------- {rAma_ne/kl pAnl/k2>j
khAnA/k2 khAkara::vkr piyA::vij}is.

The whole embedded sentence is the
'karma’ (objed) or k2 of 'piyA’ (drank):

The relation d the enbedded sentence
relation as the objed of the main verb is
co-indexed in the following way :-

moHana_ne kaHA:v:ii ki
'Mohan_pastp' 'said' that'

rAma_ne/lkl pAnl/k2> khAnA/k2
'Rama_pastp' water'  food

khAkara:vkr  piyA:v:: k2>
'having_eden' drank’

Thus the device of naming the dements
and co-indexing them with their respedive
arguments can be used most effedively.

5. TAGGING SCHEME

The tagging scheme @ntains : notations,
defaults, and tagsets.

5.1.NOTATION

Certain speda symbds such as doule
colon,ungerscore, paranthesis etc. are
introduced first. Two sets of tags have
been provided (to mark the aucial ARC
and noce information). However, apart
from these symbals and tags, some spedal
notation is required to explicitly mark
cetain digointed, scatered and missng
elements in a sentence Following
notation is adoped for marking these
elements :-

5.1. 1. X+ ... X-: digointed elements

As sown above (4.2, when a single
lexicd unit composed of more than ore
elementsis separated by other intervening
lexicd units, its 'oneness is expressed by
using '+' on the first element in the linea
order and -' on the second element. '+
indicaes to look ahea for the other part
till you find an element with . *
suggests, '‘an element marked '+' is left
behind, to which it shoud get itself
attached'.

Example - Verb 'snAna_karanA' (to
bathe) in Hindi can occur digointedly



snAna to MmEMnekiyA_thA
‘bath'  emph' T’ did

para phira gaMdA Ho_gayA
‘but’ ‘again’ dirty’ becane

‘Bathel did , bu got dirty again.

'snAna_karanA'isone verb urit in Hindi.
But its two comporents 'snAna and
'karanA' can occur separately. Notation
'X+...X-' can capture the ‘oneness of these
two elements. So 'snAna.karanA'’
(‘bathe’) in the eove sentencewould be
marked as follows :

snAna::v+ to mEMne

‘bath’ emph T

kiyA_thA::v- para phira gaMdA
'did' but' ‘again' dirty'
Ho_gaA

'‘becane

Another example of 'scatered elements
is 'agara....to' construction d Hindi.

agaa tuma kaHate to mEM
if! you said  then' I’

A_jAtA
'would_have come

"Had you asked | would have come'

‘agara and 'to' together give the
‘condtionality’ sense. Though they never
ocaur linealy together they have a
'oneness of meaning. Their dependency
on eah aher can dso be epressd
through "X +... X-' notation.

agara::yo+ tuma kaHto::yo- mEM A _
JAtA (tag'yo'isfor conjuncts)

5.1.2. >i ... :explicitly marked
dependency (i isthe head)

(@) Example -- The sentence 1a below has
the dependency structure givenin T-2

la. phala rAma ne
fruit' Rama 'Ergpostp'

naHA_kara khAyA
'having_bathed' ate'

' Rama ae the fruit after taking a bath'

khAyA
I
I I I
k1| naHA_kara:vkr |k2
I I
rAma_ne phala

T.2

Default (5.2.5 states that all kaaakas
attach themselves to the neaest available
verb on the right. In (1a) above, the
neaest verb available to 'phala (fruit) is
'naHA_kara. However, '‘phala (fruit) is
nat the 'k2' of 'naHA_karad. It is the 'k2' of
the main verb 'khA'. Therefore, an explicit
marking is required to show this
relationship. The notation ">i....i" makes
thisexplicit. Therefore,

plala’lk2>i rAma_ne naHA_kara
khAyA::v:i

Where 'khAyA' is the 'head', thus marked
"i' and'phald is the dependent element,
thus marked '>i'. An element marked ">i'
aways looks for another element marked

(b) Ancther example of such attacdhments
which need to be marked explicitly is
given below -

2arAma, moHana Ora shyAma
'‘Rama, 'Mohan' ‘and ‘Shyama

‘came
Ora
I
| I
I I

|
|
I
rAma moHana shyAma

T-3



To show their attachment to 'Ora’ (and) the
three éements rTAma,'moHana, 'shyAmal
have to be marked (asin 2b) the
following way in ou linea tagging
scheme.

rAma>i, moHana>i Ora:yo:i
shyAma>i

Thejustificaionto tred 'Ora asthe head
and show the ‘wholeness of all the
elementsjoined by >i' to "i' is made
explicit by the foll owing examples-

rAma, OraHaz, moHana Ora
'‘Rama ‘and'yedr, 'Mohana ‘and

shyAma Ae_the
'Shyama’ 'had_come'

In this case there is an intervening element
'OraHAZ (‘and_yeah) between TAma and
'moHana etc. So paranthesis aone will
nat resolve the isale of groupng the
congtituents of a whde. (By
paranthesising, elements which are nat
part of the whole will also be included.)
To avoid this the 'Ora (and) has to be
treaded asahead.

5.1.3. 0 : explicit marking of an elli pted
element (missng elements). Example -

rAma bAjZAra gayA, moHana
'Rama market' went' Mohana

ghara Ora Hari skUla
'home' and 'Hari" 'schod'

‘Ramawent to the market, Mohana home
and Hari to the schod.’

The sentence &ove has two elipted
elements. The secondand third occurrence
of the verb 'gayA'(‘'went’). To draw a
complete tree the information o the
missng elements is crucid here.
Arguments 'moHana, 'ghara, 'Hari’, and
'skUla’ are left withou a head, and their
dependency canna be shown urless we
mark the 'elli pted' element.

rAma bAjZAra gayA, moHana
'‘Rama 'market’ Wwent', 'Mohana

ghara 0Ora Hari skUla0
'home’ and Hari' 'schod'

In cases where this information can be
retriecved from some other source
(DEFAULT ) it need na be marked. In the
above ca&e it need nd be marked.
However, there may be ca&es where
marking of the missng element is crucial
to show various relationships. In such
cases it has to be marked. Look at the
foll owing example -

eka Ora sgjjana
'oneé more ‘gentleman'

kaHate HEM bacce baDZe
'says children' hig'

Ho_gaye HEM  kisl
'become’ rnobod/

4 bAta naHIM mAnate
‘gen’ 'saying' hot' agreée

' One more gentleman says that the kids
have grown dder and do na listen to

anybody.'

The dove sentence does nat have any
explicit 'yojaka(conjunct)’, between two
sentences,
a) baccebaDZe Ho gaye HEM and
“kids have grown dder'

B kisl kI bAtanaHIM mAnate
“do nd listen to anybody'

Both these sentences together form the
'vAkyakarma(sentential objea)’ of the
verb 'kaHate HEM' (‘say’) .

So the analysiswould be -

[eka Orasajj anal/k1l kaHate HEM::v:i
‘one’ ‘ more’ ‘ gentleman’ ‘ says

{{baccgklud baDZe/klvid
‘children”  ‘big’

Ho_gay HEM::v}::s{kisl_kl/6

‘become’ nobods _s



bAta]/k2 naHIM::neg

‘words  ‘not’
mAnate:: v}::sp/k2>l
‘listen’

It appeasto be anealy tagged sentence
However, some aucia information is
missng from this analysis. In the sentence
the relationship between the two sentences
within the larger sentential objed is not
expressed. The problem now is how to do
it. Useof >i...i" notation can help express
this. However, it neals the "i' information
and since there is no explicit ‘yojaka
(conjunct) element between the two
sentencesit will nat be posgble to mark it.
The information d the presence of a
'yojaka (conjunct) which is the head of a
co-ordinate structure is CRUCIAL here.
Withou its presence its dependency tree
canna be drawn. The notation '0' can be
of help in such situations. '0' can be
marked in the gpropriate place This will
alow the taggng of the dependent
elements. Therefore, the revised tagging
would be -

[eka Orasajj anal/k1l kaHate HEM::v:i
{{bacceklud baDzZe/k1lvid

ho_gaye HEM::v}::s>j 0::yo;j
{kisl_kl1/6 bAta]/k2 naHIM::neg
mAnate:: v}::s>jHk2>i

Here theinformation o misgng conjunct
has been marked by a'0'.

5.2.DEFAULTS

Apart from tagsets and speda notations
the scheme dso relies on certain defaults.
Defaults have been spedfied to save
typing by the human anndator. For
example, no sentence has to be marked ba
a sentence tag till it is crucia for the
dependency analysis. For example :

rAma ne yaHa socA Ki
'Rama 'postp’ this  thought' that'

moHana AegA
'Mohana ‘would_come'

"Rama thought that Mohana would come'

This is a mmplex sentence where the
subadinate sentence is the objed
complement of the verb 'socA'(‘thought’) .
To indicate the relation d the subardinate
clause with the main verb, it has to
marked.

Similarly, within the square paranthesis,
right most element is the Head. So thereis
no rea to mak it. Postpositionss
attachment to the previous noun is aso
covered by the default rule. There ae
other defaults which take cae of modifier-
modified relationships. In short, the
genera rules have been acourted for by
defaults and ony the spedfic relations
have to be marked. Elements precaling
the head within paranthesis are to be
acceted as modifiers of the hea.
However, In case the number of elements
within paranthesis is more than two (Head
plus two) and ore or more of them do nd
modify the head then it shoud be marked.

Example- [Halkl nlll kitAba],
light' blue’ bodk'

Here, 'halkl'(‘light’) can qualify bath
'nlll'(*blue’) and kitAba(‘bod’). Incase
it ismodifying 'kitAba(‘bod’), say, in
terms of light weight, then it shoud be left
unmarked. But if it modifies'nllI'(* blue’),
in terms of light shade, then it SHOULD
be marked by adding '>' onthe right of the
modifying element.

‘halkl’ [Halkl>nlll kitAba].
‘light’ [' light’> *blue’ * book]

Let us look at another case where the
dependency has to be explicitly marked.
Participle form 'tA_HuA', in Hindi, can
modify either a noun @ a verb. For
example take the Hindi sentence-

MEMne/kl dODZate Hue::vkr
'I_erg funnng'



ghoDZe ko/k2 dekhA::v
'horse! saw'

This ambiguous sntence may mean either
thefollowing :-

a) mMEMne dODZate Hue:: vkr>i
ghoDZe ko:i/k2 dekhA ;

'| saw the horse whil e the horse was
runnng'
Or

b) mMEMne dODZate Hue:: vkr>i
ghoDZe _ko/k2 dekhA::v:l

'While | wasrunning | saw the horse

Thereisno reed to mark ":i' in sentence
(a). However (b) will need explicit
marking.

5.3TAGSETS

The tagsets used here have been divided
into two categories -

) TAGSET-1 - Tags which express
relationships are marked by apreceding /'
. For example kaaakas are grammaticd
relationships, thus they are marked '/k1’,
k2, 'Ik3 etc.

9 TAGSET-2 - Tags expressng
nodes are marked by aprecaling "' verbs
etc. are nodks, so they will be marked "::v/,

Certain conventions regarding the naming
of thetags are;
k = kaaaka, -- all the kaaakatags
will begin with k-,
Therefore, k1, k2, k3 etc.
n= noun
v =verb -- eg. v, vkr etc.

6. CONCLUSIONS

A tagging scheme has been designed to
anndate crpora for various Indian
languages. The objedive has been to use
uniform tags for al the Indian languages
thereby evolving a standard which can be
followed for various g/ntadic analysis for
machine processng. The scheme is yet to

be yet implemented on corpora from
various languages. Some trial workshops
have been condwted to see its
applicability in aher Indian languages.
However, orce the adual task of tagging
begins one may come acoss cases which
are not covered by the present scheme.
The idea is to provide a basic scheme
which can later be improved and revised.
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