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Abstract

This paper presents a methodology for analysis of
the requirements of Bangla verbs for its arguments.
Literary it can be called the searching for expectation
of Bangla verbs and compatibility of Bangla nouns.
There are two phases in the total study. First one is to
build up a method for generating the expectation of
verbs and compatibility of nouns for Bangla. Bangla
ontological tree and verb expectation system are the
outcome of this method. Second is to establish the
relationship between verb and noun. As a result an
analyzer will be generated for valency checking. After
completion of this work system can distinguish between
different types of noun entities. The work is under
development.
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1. Introduction

Verbs play a key role in sentence production and
comprehension because they specify the relations
among words in a sentence. It is well accepted that
some crucial aspects of sentence processing are
determined by the semantic and syntactic attributes of
the verbs that appear in the sentence [1]. It is a well
known linguistic fact that a verb has some expectations
for its arguments whereas noun has compatibility for
going with specific verb. The study mainly aims at
establishing these types of relations. Unfortunately,
there is no significant achievement regarding verb
valency for Bangla till date. In natural language, Verb
compatibility determination is very useful in the field
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of language analysis. The ultimate goal of this study is
to develop a useful parser for Bangla. The ‘Valency
Analyzer of verb arguments’ will act as a crucial input
for the Bangla parser which is under development. Its
output will be used as a part of the semantic
disambiguation phase of the parser. Now this study is
going on regarding verb categorization on broad level.
The option is given here to increase the verb categories
further when and where required. Along with this
categorization, an ontological tree is prepared for
subject and object information. This will help to
develop an ontological dictionary with subject and
object property information. Finally a rule file will be
developed for mapping the arguments with respect to
the specific verb valency.

2. Structure of Bangla Sentence

Bangla language descends from Sanskrit language
belonging to an Indo-European Family. Bangla has
generally Subject-Object-Verb (SOV) structure [2]. For
example-

Sr. | Bangla ITRANS English
1 fz#l (subject) | chheleTi the boy

2 /b (object) ruTi bread

3 A% (verb) khaAchchhe is eating

“Table-1: Structure of Bangla Sentence”

If the structures of Bangla sentences are observed
very minutely, then the following sequence comes out -
1. Subject-> 2. Time Adverbial> 3. Place Adverbial>
4. Indirect Object—> 5. Direct Object> 6. Verb [3].



TTRANS

Sr. | Bangla English
1 S Ami I

2 S pratidina evervday
3 A aphise in office
4 f<rqae hibekake to Bibek
5 ol pena pen

] [iars] ditAma gave

“Table-2: Structure of Bangla Sentence”
Although in most of the cases Bangla is free word
order language [4] and nouns occur with zero
morphemes, the main problem lies in identifying the
subject and object in sentence. For example-

Sentence-1 )
Bangla: #1= “[5 <3
[ITRANS: pAkhi Ama khAYa.
English: Birds eat mango.
Sentence-2 )
Bangla: =1+ #{11% </
ITRANS: Ama pAkhi khAYa.
English: Birds eat mango.

In the above two examples, bird occurs as subject
and mango occurs as object in different word order and
with zero morphemes. So the problem is to extract the
subject and object information by some rules. So the

main challenge is to identify the subject and object
through the system.

3. Bangla Verb

Bangla is one of the famous languages that show
agglutinative behavior [5]. The inflections are added in
root verb with respect to tense, aspect, modality and
person only, but not with gender and number as in the
case of Hindi and other languages. It is identified that a
single Bangla root verb generates 59 inflected forms
along with its non-finite forms [6]. It is possible to
categorize the Bangla verb in two corpulent levels.

3.1 One-part Verb
One-part verbs are generated with one word. These
are classified in two categories by nature-

3.1.1 Verb based on object

This type of verbs are classified into two
categories according to the expectation of the object of
the specific verb as an argument-

3.1.1.1 Transitive verb

Verbs which can take an object called Transitive
verb. For example- Bangla: -C, -C<, ITRANS:

shona, -kena etc, English: to listen, to buy etc.

Again Transitive verbs are classified into two
categories based on the number of objects it can take-
(1) mono-transitive

(i1) di-transitive

3.1.1.2 Intransitive verb

Verbs which can’t take an object called
Intransitive verb. For example: Bangla: -3, ™ T,

ITRANS: -ghumA, -dau.DA etc., English: to sleep, to
run etc.

3.1.2 Verb based on sense

Based on completeness of sense (tense, aspect,
modality and person), verbs are categorized into two-

3.1.2.1. Finite verb

The finite verbs show tense, aspect, modality and
person information and carry a complete sense, for
example

Bangla: sifs sTewE 9Eh] “'*.-"-",d:'.";.’-'.-’-"i.-’|
ITRANS: Ami patakAla baiTA pa DechhilAma
English: 1 read the book vesterday.

3.1.2.2. Non-finite verb

In other hand, non-finite verbs are those which
don’t carry tense, aspect, modality and person
information. For example-

Bangla: s syeaest 951 aw twae facafgsma |

ITRANS: Ami gatakAla baiTA pa De pherata
diYechhilAma

English: 1 returned the book vesterday gfier reading.

3.2 Two-part verb

Two-part verbs are generated with more than one
word. This type of verbs are classified in three
categories

3.2.1 Conjunct verb

The combinations of Conjunct verb are
‘noun+verb’, ‘adjective+verb’ and ‘verbal noun+verb’.
For example: ‘noun+verb’- Bangla: JI<RI S, b0 VI,
ITRANS: byabahAra kara, cha.Da mAra, English: to
use, to slap, ‘adjective+verb’- Bangla: 5]@@ 3, sifere
%, ITRANS: gRRihita ha, parAjita ha, English: to
accept, to defeat, ‘verbal noun+verb’- Bangla: €3I ¥,



Q1 ], ITRANS: khAoYA ha, karA ha etc., English: to
feed, to do etc..

3.2.2 Compound verb

The combination of compound verb is ‘non-
finite verb+finite verb’. For example- Bangla: T I,
W (e, ITRANS: uThe pa.Da, ke.Nde phela,

English: to get-up, to start crying.

3.2.3 Verbal compound
The combinations of verbal compound are
‘one  verb+another verb’/  ‘two verbs  with
compounding’/ ‘consecutive occurrence of same verb’
[3]. For example- Bangla: JNSZI-9(1>T, YRS, =T
(R0CA, ITRANS: yAoYA-AsA, mArAmAri, hese hese
English: come and go, to fight etc.
Bangla verb can be understood by following

hierarchy-

One Part Verh

Tawo Part Verh

1

| Based on Object | | Based on Sense |
| Transitive | Intransitive | Finite | Nonfinite |
Mono- Di- Transitive Conjunct Verh
Transitive

Compound Yerh —
Verhal Compound .

“Figure 1 Bangla Verb Classification”

The study revolves around on the analysis of one-
part verb only.

4. Expectation and Compatibility
4.1 Expectation of Verb

Intransitive verbs expect one noun as an argument
which is the subject of the sentence. Transitive verbs
expect two nouns as an argument, first one is the
subject and second one is the object of the sentence but
there are some restrictions. All verbs cannot take every
noun as an argument. Actually verb expects a valid
combination driven by rule of subject and object. For
example-

Expectation of Yerb
Bangla | @i7% i Ee
ITRANS | rAma lohA khAchchhe
English | Ram iron is eating

“Table-3 Expectation of Verb”

The above sentence though syntactically correct is
semantically wrong because Ram cannot eat an iron.
The verb ‘eat’ expects an animate as subject, here Ram
is a member of animate group so this rule is correct for
this sentence, but ‘eat’ also expects an edible thing as
an object, that rule is breaking here because iron is not
an edible thing. In other word, if subject occurs as
animate and object as edible thing in a sentence in the
context of “eat” verb then sentence is acceptable
otherwise sentence might not be acceptable. This is a
depiction of the expectation of verb.

4.2 Compatibility of Noun

As expectation of verb, the compatibility of noun
is another viewpoint. There are also some restrictions
in noun because all nouns cannot go with all verbs.
Example-1

Compatibility of noun
Bangla k] I ] CeTa ]
ITRANS pAkhi AkAshe u.Dachhe
English The bird in the sky is flying

“Table-4 Compatibility of Noun”
Example-2

Compatibility of noun
Bangla urgE [ R A
ITRANS | mAnuSha | AkAshe u.Dachhe
English Man in the sky is flying

“Table-5 Compatibility of Noun”

In the above examples, the first one (table-4) is
acceptable and the second example (table-5) is not
acceptable. The main difference between the sentences
is compatibility of noun. Bird and man are both
common noun and both are also animate but there are
differences between two nouns regarding some basic
attributes, because bird has the property for flying but
man has no such property. This poses a problem also,
because what are the attributes and how many of them
should be considered for sense disambiguation is really
a challenge that has to be addressed. There is always a
tension between exploring deep in the attribute
structure of the noun and its manageability.

5. Ontology

The structure of ontological class hierarchy has
been build up with the help of Roget’s Thesaurus



ontology [7], Mikrokosmos Ontology [8], Buffalo
ontology [9], Navya-Nyaya [10]. After a lot of study,
the elements of the ontological tree have been defined
according to Bangla corpora collected from Internet by
NLP group of CDAC, Kolkata and MIT and self-
knowledge. The ontological tree covers each noun
which is found in Bangla texts for deciding property
and developing ontological dictionary.

The ontological class will be complete through
manual effort and to be modified time to time
according to need. A sample of ontological class is
shown in Figure 2-

Ontological Tree

=1 Animate

i+ [11 Human

=112 Animal

+ 1121 Domestic

=122 Wild

P #1221 Large
=I11222 Small
*=12221 Powertful
=10112222 Weak

i 7 [122221 Vegetarian

=I[1123 Birds

| #1231 Fly

i 01232 Non-Fly
+ 1124 Insects
+[1125 Aquatic

=I[ 13 Tree

+/0131 Edible
132 Flower Tree
L0133 Other

“Figure 2 Ontological Tree”

This is not the final class hierarchy but only a
sample for developing ontology. It can be changed
through program according to the requirements.

6. Methodology

Firstly Bangla verbs are collected from “Samsad
Banan Abhidhan” by Ashoke Mukhopadhyay [6] and
MIT corpus. After scrutinizing, verbs are classified into
two categories-Transitive and Intransitive. Then the
compatibility of subject of intransitive verbs has been
checked. After that transitive verbs are studied and
classified with its expectation of the object. Finally
according to expectation of the object transitive verbs
are classified into two categories- Mono-Transitive (I
eat rice); Di-Transitive (I gave him a book) [11].

This knowledge has been represented using
ontological method [12] with the help of knowledge
database. At the time of developing an ontological tree
corpora and verb requirements are studied. Next, the
ontological tree has been developed to describe these
entities and relations. Finally, accessing the ontological
tree a knowledge base for Bangla nouns and pronouns

has been built up in the respect of most frequently
using verbs in Bangla corpora.

7. Database of Verb Arguments Valence
for Bangla

After defining ontological
databases have been developed.

7.1 Ontological Knowledge Database (OKD)

Ontological Knowledge Database (OKD) is a
knowledge database with property information of each
base word (right now Noun and Pronouns only)
collected from corpora and Samsad Banan Abhidhan
by Ashoke Mukhopadhyay [6] . The database has id,
word, ontological information, number value of
ontological information and updated date etc. in the
following format:

classes following

Id | Word Ontology
Bangla ITRANS | English

1 EES curu Cow 12

2 2l Ami I 11

3 S tumi You 11

4 5z si.nha Lion 12

“Table-6 Ontological Knowledge Database (OKD)”

Where number sequence encodes the property set
for the word. For example if the Number value of any
word is 12 then, it will be Animate PAnimal. If the
number value of any word is 11 then Animate 2> Human.

7.2 Argument Valence
(AVMD)

Mapper Database

Argument Valence Mapper Database (AVMD) is
subject and object mapper database. The database is in
the following format:

Sr. | Verbld Subject | Object
1 VBI1 11 31
2 VBI1 12 Ol11
3 VBI1 121 Ol111
“Table-7 Argument Valence Mapper Database
(AVMD)”

All acceptable combinations of argument for the
specific verb are given in the above table 7. Suppose
VBI1 is representing the Bangla verb “khA” (eat) and
then the subject line represents all possible subjects for
“khA” (eat) verb such as 11 for human, 12 for animal,
122 for animal->wild etc. Object line of Table-7 also
represents the compatible objects for above mentioned
subject such as if the subject occurs as 11 then object
must be 31, 251, 253 etc. (follow the Figure 2
ontological tree) in the specific sentence according to
“khA” (eat) verb.



8. User Interface and Technical Details
9.1 User Interface

Web based interfaces have been developed for
Data entry, analysis of verb expectation etc. The details
are as follows-

8.1.1 Data Entry Interface

The Data entry user interface for data entry is web
based. The interface allows the users to modify the
existing entries and enter new words with ontological
information in database with the help of ontological
tree viewer, which is displayed on the right panel of the
interface. In the interface there are two text areas and
one tree viewer. The first text area for searching
whether the entry exists or not, the second area is
meant either for new entry that goes into the database
or updation of an existing entry. The ontological tree is
provided to alleviate the problem of data entry. Every
nodes of the tree has been displayed with the check box
(o) with the associated ontological value. After
checking in the box of nodes system automatically
returns the ontological value in second text area, so that
the user don’t have to remember every details of the
ontological derivation. A sample of ontological class of

[D1 Animate
[*'D2 manimate

Result

“Figure 3 Data Entry Interface”

8.1.2 Analysis of Verb Arguments Valence System
Interface

This interface accepts Bangla Unicode sentence,
text or corpora in text area. User can also upload a text
file through file browsing. After clicking on button
system returns analyzed data with acceptable subject
and object tag. A sample of ontological class of the
data entry interface is shown in Figure 4.

e ferm-oe feare

Analysis of Verb Semantics for:

CDAC KOLKATAHOME ~ CORPUS  INTRODUCTION TO VERB SEMANTIC FOR BANGLA ~ SEND FEED-BACK

= Right now total verb: 4
fermmm wrrene Freftrm oy 28feens wen w7 W stfmew fomw

(2nter Bangla Sentence o Textin Unicode for Validation)

OR gais wizer wiocors

(Upload the file here)

Browse.

[_CUEKHEREFORVALDATION | (RESET ]

Result

[71fX_SUBTECT <_OBJECT ¥@_VERS |
[f_SUBIECT 7_OBIECT Xf%%_VERS |
[fe_SUBTECT <8_OBIECT foR=_VERS |
[wfR_SUBIECT 5Ru=5_OBJECT T#% VERB 705 |
I

“Figure 4 Analysis of Verb Arguments Valence
System Interface”

8.2 Technical Detail

Web based Data entry Interface has been
developed in Python. My SQL database and text files
are used for back end and Python Server Pages (PSP)
are used for front end and Python for program. There
are two options for input. The first one is for typing the
data and search in the database. If entry found then user
can update the information otherwise user can enter
word with details. In case of second option user can
upload file with all informations. After getting the
necessary information system will automatically update
the database. For Analysis of Verb Arguments Valence
System (VAVS) has been developed in python, front
end in PSP and back end is in My SQL Server.

9. Analysis of Verb Arguments Valence
The system can be understood by following
Figure-

Input Bangla Sentence

Tokenizer

Morphological Analyzer

" orgssres |
=
*

Ontological
Database

—
<

Tagger

Argumenl Valence

—
¢ Analvzer

“Figure 5 Data Entry Interface”

Qutput analyze sentence

Analysis of Verb Arguments Valence System
(AVAVS) is under development stage. The analysis is



doing by the help of OKD and Argument Valence
Mapper Database (AVMD). In the AVMD the specific
verb has been defined with the help of valid argument-
1 and argument-2 combinations. At first system gives
the ontological information of each input words with
the help of OKD, then check all ontological
information through AVMD. If any combination of
arguments found in AVMD then system returns as
valid combination of argument otherwise it declares the
combination of argument as invalid.

10. Result and Conclusion

Most frequently used 10 verbs (“khA” (eat), “bala”
(speak), “likha” (write) etc.) among 10000 Bangla
sentences have been studied and generated the
ontological tree and rule. Then it tested over 2000
sentences. An instance of the result is shown in Figure
6 for “khA” (eat) verb.

=1fs_SUBJECT Wt5! 5IRG=6_OBJECT %% _VERE |
=if%_SUBTECT ™_OBJECT %™_VERE |
=I1%_OBJECT #if¥_SUBJECT ¥ _VERB |
[4®_VERE W_OBJECT #4_ SUBJECT |

5% OBJECT [#i%_SUBJECT @_VERE
=if¥_SUBJECT ¥4_OBJECT ifts_VEREB |
[#25_SUBJECT ¥Z_OBJECT 9_VERB

= _SUBJECT T30 ©I%_OBJECT ¥E._VERE |

7P i OBJECT #'S&_SUBJECT ¥_VERB |

W& SUBJECT W1ST & *{ta %% OBJECT ¥®_VERE |
=5 _SUBJECT F¥# 5] OBJECT ¥E_VERB |

“Figure 6 Result”

This is an effort to provide knowledge to Machine
for verb argument valence. The current work is in
developmental stage, so it does not cover all Bangla
verbs. It works only in simple sentences. The whole
problem cannot be solved by this approach only but it
will be a very helpful model for language processing
from the computational aspect. Besides it can be very
useful system for knowledge representation to Machine
for NLP, which is very challenging till date.
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