MORPHOLOGICAL ANALYSIS

Problem statement

The god of the project was to undestand the method behind generating and
recognizing the variousforms of morphological variants of a given word and
then to design files by ourselves to implement the method.

The project assignad to usinvolved the following sequence of tasks-

Undestand how a morphdogical andyzer like PC kimmo works.
Identify and andyze the different types of files tha PC kimmo works
with.

Developrule, lexicon, and grammar files for Bengdi words.
Runthefilesin PC Kimmo and Jkimmo and show generation and
recognition of morphological variants.

List of fileshandled by PC Kimmo

Therulefile.

Thelexiconfile.

The grammar file.

The generation comparisonfile.
Therecognition compaisonfile.
The pars compaisonfile.

The synthesis comparisonfile.
Thesynthesisfile.

Structure of therulefile

COMMENT <chaacter>

ALPHABET <symbol list>

NULL <chaacter>

ANY <character>

BOUNDARY <character>

SUBSET <subset name> <symbol list>
. (more subsets)



RULE <rule name> <number of states> <nunmber of columns>
<lexical symbol list>
<surface symbol list>
<state numbe>{: | .} <state nunber list>
. (more states)

. (more rules)

END

The design shown aboveis the skeleton of the rule file. It is the file where
we specify the aphaes to use, the word bounday, the mos important
componeant is a set of rules according to which morphdogical variants are
generated from arootword, and afew other condituents.

It is not possible to write a rule file directly. First a file is written in OtxtO
format according to a paticular syntax which specifies the information
shown above Then using a tool like Kgen thefile is convated into a QrulO
file which congsts of the necessary finite state transducers to peform the
generation of the morphed forms of a word. Thefile has the structure shown
above

Therulefilefor Bangla

Theformat that we followed for our experiment is the format handled by PC
Kimmo. Sample information from thefirst file created:

List of alphaet used-

SUBSET Consk KgGcCjJINtT
SUBSET Voweldep ailuUReE0O

Written rules-
* RULE+0<=IliK_Ce
* RULE+:O0<=kr_eCen
* RULEae<=Ka_eCen



Therules written abovecan be explained as follows-

If the user inputis of the form QiK+CeQ where liK is the root word and Ce
is the suffix then replace the 3Osymbol by @Oor NULL. Then the output
seen is QiKCeQ Similarly, the third rule says that if theinput is of the form
(Ka + eCenOthen replace the @Owith an @0and the G-Gsign gets replaced
by NULL by a default specified rule. After many such rules were written for
achosen root word QiK Othe file was fed into Kgen and the following QrulO
file wasin existence:

; Consonant defaults

; Vowels and short vowels

;Rulel: puraghatito bortoman, aotit,sadaron aotit, nittobiitto aotit, babissha
annuggd&2ndperson) for KG

ALPHABET
kKgGcCjIJNtTdDnpPbBmyrlIS$shY*qvwxz%& ~?'

"+aillUUReEOOAFHLMQVWXZf

NULL O

ANY @

BOUNDARY #

SUBSET Cons kKgGcCjIJNtTdDnpPbBmyriS$shdDY"?

qvwxz% & ~"'"

SUBSETKG KdpDlI

RULE "defaults’ 1 31
KKgGcCjIJNtTdDnpPbBmyriS$shdDY" @
KKgGcCjIJNtTdDnpPbBmyrliS$shdDY" @

1r1111111111111111111111111111111

RULE "de€faults' 1 31
gvwxz% & ~?'""+ailuUReE0OOAFHLMQV W@
gvwxz% & ~?'""~ailuUReE0OOAFHLMQVW@
1:1111111111111111111111111111111

RULE "déefaults’ 16

XZf~'"@
XZf~'"@
1:111111

RULE" +:0<=1iK _€"'57



++11 Ke @

O@IliKe @
1: 1121111
2: 1123111
3: 1121411
4. 1521111
5 1121101

RULE" +0<=1iK_Ce€'68
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The matrix structure specifies information related to finite state transducers
of how these machines will be able to generate wordslike QiKeCiOgiven its
correspondng input

Structure of the lexicon file

It should be mentionad that the lexicon file is actudly subdvided into
several pats. There is oneMain lexicon, an Initial lexicon, an End lexicon
and afew others.

Structure of themain lexicon-

ALTERNATION <alternaion name> <sublexicon name list>

. (more ALTERNATIONS)

FEATURES <feature abbreviation list>

FIELDCODE <lexical item code> U



FIELDCODE <sublexicon code> L
FIELDCODE <alternaion code> A
FIELDCODE <features code> F
FIELDCODE <gloss code> G

INCLUDE <filespec>
. (more INCLUDEd files)

END
A sample lexical entry:

\If “knives

\Ix N

\alt Infl

\feapl irreg

\gl N(knife)+PL

Theaboveinformationis presentin alexiconfile tha isinduded in themain
lexicon. This structure and the flow of information concerned will become
clear after specifying such afile for Bangla:

Now, in order to build thelexicon necessary thefollowing lexicon files were
created:

Themain lexicon

Thelnitial lexicon

Thelnitial andthe End lexicon togeher
Theverb rootlexicon, and

Theverb suffix lexicon

akrwNE

Our main concern was with thelast two lexiconfiles. In theverb root
lexicon we specify a set of verb roots and in the verb suffix file we specify
the suffixes related to theroot words. The specification is such tha when
recognizing a morphological variant aflow of information in and through
thefiles results. This situaion is shown beow with an example:



The lexicon file for Bangla

Let us say tha we want to recognize the word krCilQ Now the
correspondng information for the word in the verb root lexicon is as
follows:

\If kr

\Ix VROOT
\alt Aspect
\gl kr

The above information means tha the word kr is a root word, the next place
tha you have to go is the Aspect and the lexical entry for the word is kr.
From here we reach the verb suffix file. The place we hit is the Aspect entry.
This entry specifies thetense of aword in relation to its suffix.

\If O

\Ix SADHARON
\alt Time

\gl +saDarN

\If +C

\Ix GHOTOMAN
\alt Time

\gl +Gvman

Theinformation provided is two of the entries for aspect. In the QIfOfield
we specify that if this suffix is encouniered then the aspect is tha written
beside QIxQ the next target is Time and thelexical entry for this aspect is
specified as QglQ In our example the match is the secondentry so thetense
Is ghobman. Now we go to time and find a set of choices, for example-

\If +il

\Ix ATIT
\alt Person
\gl +Atlt

\If +b
\Ix BHOBISHSHOT
\alt Person



\gl +bhobsha

We find a match for the suffix GrilOand thetime is foundto be Atit, that is
past tense. Thelast step of thejoumey isto find the personification of the
word. We come across alist of entries like-

\If O

\Ix TRITIO
\alt End

\gl +tRtlY

\If +i

\Ix PROTHOM
\alt End

\gl +pNTm

Since we have used up all our suffix components we find a match for O or
NULL andwe say tha the personification is Third person. Hence, thefind
result istherootword id kr and Ghotoman+Atit+Tritio is the sequence for
tense, time and person.

Problems Faced while working

The main problem was to identify wha suffix entries to give to the lexicon
in order to propealy identify the aspect, the time and the person. We had to
try different combinaions for the same suffix in order to make the
recognition. Problem arises when, for example, a situaion comes such tha
we need a NULL entry to specify second person, or Ditio purush. Then we
have a problem because we already have a NULL entry for third person.
Currently, our work has this problem for some suffixes. The solution to
problems like this is the use of Feature in the lexicon and the grammar file.
We hopeto work on these issues soon.

Future Work by our group




We hopeto work on thefeature part of the lexicon and also quickly catch up
on the grammar file. Another interesting work tha we want to do regarding
morphdogical andysisistheandysis for nounroots and prefixesin Bangla.

LITERATURE REVIEW

The Indian Ingitute of techndogy of Khaagpur has developed a
morphdogical andyzer for Bangla. They have also provided a web-based
version of thar software. The andyzer can identify the tense, aspect,
moddity and person of an inflected verb form. For nouns the task of the
morphdogical andyzer is to determineits vibhakti (inflection), suffixes and
prefixes. The morphological andyzer anayzes the lexical word groups
corresponding to the nounand determines the Garakalor semantic role.

In the future they hope to perform the decompostions for sandhi and
samaasa (conjugaing and compounding words) so as to have a powerful
vocabulary for the system, and a generalized prefix and suffix handler.

They have developed a Dam structure that can identify possible inflections
(changes to the form of the word) by scanning the word backward from the
end, onestep at atime. In thar designthere is astart node which refers to
theend of theword. As oneprogresses backward, we move alonga directed
acyclic graph depending on theletter that is encountered. There are
possibleOterminad nodes, and the information aboutthe morphology can be
obtained from the path traversed onthe DAG. A given word can have more
than onedecomposdtion, fore.g. JANA =jA (togo) + nA or JAnA =jAn (
to know) + A.



A subpat of the DAM structure
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