Morphological Analysis of Inflectional Compound Words in Bangla

Abstract.

The addition of inflectional suffixes in Bangla compound words is fairly complex. Normally, when two
root words are joined, the corresponding inflectional suffix of each root word is deleted from the final com-
pound word. In Bangla however, the compound word’s individual root words may retain their inflectional
suffixes even in the final compound word. This non-deletion of inflection creates an ambiguity as the con-
text-free word grammar cannot recognize whether the final inflectional suffix of a compound word is an
inflectional property of the last constituent root-word or of the final compound word. We use a feature uni-
fication based morphological parser which can successfully and efficiently parse compound words having
inflectional suffixes and at the same time resolve such ambiguities.

1. Introduction

Bangla, also known as Bengali, is the 4™ most widely spoken language with more than 200 million
speakers, most of whom live in Bangladesh and in the Indian state of West Bengal. Modern Bangla mor-
phology is very productive, especially for verbs, with each root verb taking on 168 different forms [2].
Bangla lexicon also has a very large number of compound words, i.e., words that have more than one root,
which can be created from almost any combination of nouns, pronouns and adjectives. While there are
existing efforts at building a complete morphological parser for Bangla, all of these can only handle simple
words with a single root [3,4]. Our effort here is to develop a morphological system which can parse com-
pound words. The addition of inflectional suffixes to the Bangla compound words introduces ambiguity in
the word grammar due to the possible non-deletion of the inflection of the constituent root words. We pre-
sent a feature-unification based morphotactic structure and word grammar which can successfully parse
Bangla compound words, correctly handling any such ambiguity.

2. Morphology and Inflection

Morphology is the division of a word into smaller sub-parts, or morphemes. For example, the English
word “unforgettable” is divided into 3 morphemes, i.e. “un”, “forget”, and “able”. Similarly, the Bangla
word wArfFsorR (“anAdUnlktAr”)" is divided into “an” (PREFIX), “AdUnlk” (ROOT), “tA” (SUFFIX) and
“r” (INFLECTION). Bangla noun and pronoun morphologies is linear, whereas the verb morphology exhib-
its some non-linearity, where the root form changes on inflection. It does not have infixation like semitic
language, which makes the morphotactic analysis a concatenative one [1,5].

Inflectional suffix is that one which does not change the meaning or parts-of- speech of the root during
concatenation; it is added just to maintain structure of a sentence in Bangla. For example “r” () is an inflec-

" Through out this paper we have used English alphabet to represent Bangla characters. For example
“WT” is 4Ga”, GG.:.}T 2 is “A”’ “f‘:\::' 2 is “I,’, 66357, is “k”’ “ﬂ” is “K,” 4?9’ is 4Gy3” “'::3 ”(hasanta) is “NS’ etc. We ha"/e
also assumed that the storage is in logical order, such as specified in Unicode. For example {a&f® is repre-
sented as KEyECI.



tional suffix in the above example whereas “tA” ( ) is not inflectional suffix as “tA”, when added with root
“AdUnlk” (adjective) makes it noun (change of parts-of-speech).

There are two types of inflectional suffixes in Bangla.

(1) Noun and Pronominal Inflections:
Here inflectional suffix is added with Noun or Pronoun stem. Example: “mAyEr” (W), “tAdEr”
(®m3) etc. This is the complete list of these inflectional suffixes:
" (4), “YE"(3), “y (3,
“E”(9), “etE”(99),
“kE”(F),
“rE”(7), “erE”(«9),
“1(9), “er”’(«9), “yEr’(I).

(2) Verbal Inflections:
Here inflectional suffix is added with Verbal root. Example: “krtE”, “krE” etc. Here are some ver-
bal inflectional suffixes:
“e” (), “YE"(3)
“E(9),
“1E”(=1)

There can be one and only one Inflectional suffix in a word having a single root. However, a compound
word can have more than one inflectional suffixes which will be described in more detail in the next section.
While some linguists consider plural and gender marker suffixes as inflectional variations, we only consider
the two types of inflections mentioned above as we limit our discussion to compound words only.

3. Bangla Compound Word

If word contains more than one root-words then that word is called compound word [2,6,7]. For exam-
ple:
English: “sky-high”
Meaning: sky like high
Roots: sky, high
Bangla: “cAd-mUK” (5m33)
Meaning: moon (cAd) like face (mUK).
Roots: cAd, mUk

Compound word’s root words can be joined by a hyphen ('-") or nothing. For example:
Hyphenated compound word: “dIn-rAt” (frs-ar®)
Non-hyphenated compound word: “bIdEsAgt”(Rm=isro)

Bangla has a large number of compound words. Almost all combination of noun, pronoun and adjectives
are added with each other. Here are a few examples of compound word:
Noun + Noun = Noun:
-3 “mA-bAp” (Noun)
=“mA” (Noun) — “bAp”(Noun)
= mother and father (In English)

Noun + Adjective = Adjective:
gre-sie! “hAtE-gRA” (Adjective)
=“hAtE” (Noun) — “gRA”(Adjective)



=hand-made (In English)
Adjective + Noun = Noun:

A5 “1Al-tUpl” (Noun)

=“1A1" (Adjective) — “tUpI”(Noun)

= red-cap (In English)

Adjective +Adjective = Adjective:
A “dlr~G-s~TAyl”
=“dIr~G” (Adjective) — “s~TAyl” (Adjective)
= long-lasting (In English)

Pronoun + Noun = Noun:
ST
=“amAr-dES”
=“amAr” (Pronoun) — “dEs” (Noun)
= my-country (In English)

A compound word can have more than two roots:
“sAt-rAjAr-Dn” (Are-qrena-45, Seven-king’s-property)

4. Finite State Morphological Parsing

We use a finite state morphological parser based on Kimmo Koskenniemi’s two level morphology [8-
10]. There are 3 components of this parsing system:

(1) Lexicon and Morphotactics
It gives the morphological divisions of a certain word given the lexicon and the Finite State (FS)
expressing the morphotactics. For example if the following diagram is the FST for Bangla:

PRONOUH

Fig. 1. Finite State for Bangla word. (Here NOUN, ADJECTIVES etc. are lexicon class.)

then we will get the following morphological divisions for the word
“anAdUniktAr” (SAigfasor)

= an (PREFIX) + adUnik (ADJECTIVE) + tA (TADHIT-SUFFIX) + r (INFL)

(2) Morphophonology
Morphophonology handles the combinatory phonic modifications of the morphemes when they are
combined. We will not discuss morphophonology in this paper.



(3) Word-grammar component
This component lists the morphological constraints and tells which lexical-class adds with which
other lexical class. Given a proper word grammar and feature-unification rules it uses chart parser
to give us a parse tree [11,12]. For example lexicon class INFL in Bangla is added with only Noun
and Pronoun lexicon. So, we try a word grammar rule like the following:

Word = Stem INFL
<Stem.pos = n> or <Stem.pos = p>

Word= Stem

Stem= PREFIX Stem

Stem=Stem TADHIT SUFFIX

Stem=NOUN

Stem=ADJECTIVE

Stem=VERB_ROOT KRIT SUFFIX
//where pos=Feature variable saving parts-of-speech
//and n, p are features denoting noun and pronoun.

When the morphological divisions in Equation 1 are given to the above word grammar we get the follow-
ing parse tree:

Word
|
Stem INFL
[ +T
Stem_1 SUFFIX
— +tA
PREFIX S5ten
an+ |
ROOT
Adlinik

Fig. 2. Parse tree for “anAdUniktAr” (Saigfasor)

5. Morphological Parsing of Bangla Compound Word

(33L}

Compound word is formed by joining two or more stems by hyphens (-) or Null (**’). Normally when two
stems join together the inflectional suffix of the first stem remains unspecified in the resulting compound
word. For example, the compound word “mAmA-bArl” (W-3ifY) is actually the word “mAmAr bAri” (==
3f%) where “r” is the inflectional suffix for stem “mAmA”. That “r” is deleted when compound word is
formed. This is called inflection deletion in compound words [2,6]. So, when a inflectional suffix is found at
the end of a compound word, it is presumed to be the inflectional suffix of the compound word, and not the
inflectional suffix of the last stem. For example, the parse tree for the word “mAmA-bArItE”(w-3fT®)
should be like Figure 3(a) not Figure 3(b).



Word Word

tE(INFL) mamd

mAmaA  baArT barl  tE

a) ey
Fig. 3. (a) correct parse tree for “mAmA-bArItE” (b) incorrect parse tree for “mAmA-bArItE”
If all compound words followed the above inflection deletion then we should conclude that there is just
one inflectional suffix for every compound word. Based on that, we modify the FS and word grammar for
Bangla compound as follows[9]:

Finte State:

PRONOUN

PREFLX MO

ALDIECTIVE SUFFLL

COMPOUND

Fig. 4. Finite State for Compound word (version 1)

Word Grammar:

Word=Word INFL

Word=Word COMPOUND Word /' here COMPOUND={‘-’, 0}
Word= Stem

Word=Stem PREFIX

Stem=Stem TADHIT SUFFIX

Stem=NOUN

Stem=ADJECTIVE

Stem=VERB_ROOT KRIT SUFFIX

............................... grammar (1)

5.1. Non Deletion of Inflectional Suffix

The above hypothesis of just one inflectional suffix per compound word is not always true. There are
many compound words whose individual stems retain their own inflectional suffixes. In other words, inflec-
tion deletion as specified above does not hold for many compound words [2,6]. For example:

“GrE-bAhIrE” (%313
— G‘Gr’9 + G‘e,’ _ G‘bAhIr’9 + “e”
= (NOUN + INFL) — (NOUN + INFL)

In the above example “e” inflectional suffix remain “un-deleted” in the compound word. Same is true for
many other compound words like the following:



“mAmAr-bArl” (N=7-31fY)
— 4‘mAmA’, + 4‘r3’ _ “bArI3’

“hAtE-pAyE”( 2rs-+i)
— “hAt”+ 466” _ G‘pA” + “yE”

To accommodate the inflectional suffixes in the compound word we change the FST and grammar:

New Finite State:

FRONOTH

ADIECTIVE

COMPOUND

Fig. 5. Finite State for Compound word (version 2)

New Grammar:

Word=Word INFL

Word=Word COMPOUND Word

Word= Stem

Word= Stem INFL //This is the new addition to the previous grammar
Word=Stem PREFIX

Stem=Stem TADHIT SUFFIX

Stem=NOUN

Stem=ADJECTIVE

Stem=VERB_ROOT KRIT SUFFIX

............................... grammar (2)

5.2. Ambiguous Grammar

But the grammar shown above (grammar 2) turns out to be an ambiguous one as it gives two different
parse trees for the same compound word. The result is that we cannot recognize whether the final inflec-
tional suffix of a compound word is inflectional property of last root-word or the final compound word. For
example, the parse tree given by the above grammar for the word “mAmAr-bArItE” is as follows:



Whord

WWord

Word COMPOUND

Word

Word COMEPOUND ‘Word

Stem IMNFL 5 Stemn IM
Stem INFL - Stem ‘ ‘ ‘
N(LUN |r o — HOUH T HOUH EE
AT, harl maand, haxl
(a)correct (b)incorrect

Fig. 6. Two parse trees for the word “mAmAr-bArItE” (I¥w-afo)

Here we cannot determine whether final inflectional suffix “tE” is the inflectional property of compound
word (“mAmAr-bArl”) as shown in figure 6(a) or last root-word (“bArI”) as shown in figure 6(b). But,
according to Bangla grammar, the parse tree in Figure 6(a) is the correct one, not the one in Figure 6(b).

Similarly, for the word “GrE-bAhIrE” (9-3if&3), the parse tree shown in Figure 7(b) is the correct one,

not the one in Figure 7(a).

Word

N

TWord

Word

Word COMNEOTIN ord
Word CORPOTUTNLD

atemn INFL - atermn I
Btermm IMNFL - HAtem ‘ ‘

MOTTH E HOTTH E
MOUN E NOUH L. héshlr
G hahln

(a)incorrect (b)correct

Fig. 7. Two parse trees for the word “GrE-bAhIrE” (3=-327)




5.3. Ambiguity Resolution

To resolve the ambiguities as stated above, we define two new features and do the feature unification
which ensures that there is just one parse tree for every compound word. The two new features are derived
in the following way:

We classify noun and pronominal inflections into 5 categories and define feature variable inflType to de-
note the inflectional categories.

inflType=Ie [“e” (a), “YE"(3), “y"(¥)]
inflType= It [“tE”(®), “etE”(¢v9)]
inflType= Ik [“kE”(=)]

inflType =Ire [“rE”(3), “erE”(49)]
inflType =Ir [“1”(9), “er”’(49), “yEr’(¥)]

There are at most 3 types of inflectional suffixes in each category. These 3 types are actually added as an
inflectional suffix with 3 different types of nouns/pronouns. For example, the “e” inflectional suffix is added
with nouns whose last character is a consonant (e.g. “hAt”, 29); the “yE” inflectional suffix is added with
nouns whose last character is a vowel and has 2 characters (e.g. “pA”, =il); the “y” inflectional suffix is
added with nouns whose last character is a vowel and has more than 2 characters (e.g. “kAdA”, Imi) [2,6].

So, we classify every noun/pronoun in the lexicon into 3 categories and define feature variable rootType
to store the noun/pronoun categories.

rootType=Nc [noun whose last char is a consonant, e.g., “hAt”]

rootType=Nv [noun whose last char is a vowel and has two
characters, e.g., “pA”]

rootType=Nv2 [noun whose last char is a vowel and has more

than two characters, e.g., “kAdA™]
We modify the lexicon to add the two features in the following way:

Lexicon: NOUN

(1) {
hAt (Zro)
\feature Nc
}
2) {
“pA” (*1)
\feature = Nv
}

Lexicon: INFL

3) {
“en
\feature Te, Nc
}
@ {
“yE”

\feature  Ie, Nv



) {

[T}

y
\feature  Ie, Nv2
}
6) {
(3 GkE”

\feature Ik, {Nc | Nv |Nv2} //as “kE” can be added with any
Noun categories.

}

We then classify the compound words with inflectional suffixes into 4 different categories: [2,6]

Category 1:

In this category, if there are two root-words (both noun) in the compound word in this category, then
there are two inflectional suffixes, and the category of first root-word’s inflectional suffix is same as the
category of second root-word’s inflectional suffix, and that category is inflType=Ie as described above. For
example:

“GrE-bAhIrE” (s5-3if&)= (“Gr” + “e”) — (“DAhIr” + “¢”)
“JAIE-kAdAY” (Tet-mr) = (“JAI” + “e”) — (“kAdA” + *y”)
[Here “e” and “y” are inflection of category Ie]

So, the grammar incorporating above feature constraint is as follows:

Word=Word_1 COMPOUND Word_2
<Word 1 inflType>=<Word 2 inflType>=Ie
<Word 1 pos>=<Word 2 pos>=N
//here pos=parts-of-speech of a word.
//N means category Noun

Category 2:

In this category, if there are two root-words (both pronoun), then there are two inflectional suffixes, and
the category of first root-word’s inflectional suffix is same as the category of second root-word’s inflec-
tional suffix. For example:

“tOmAr-amAr” (SNR-=1R) = (“tOmA” + “1”’) — (“amA” + “1”)
“tOmAtE-amAtE”(Smrs-aime)= (“tOmA” + “tE”) — (“amA” + “tE”)

So, the grammar incorporating above feature constraint is as follows:

Word=Word_1 COMPOUND Word_2
<Word 1 inflType>=<Word 2 inflType>
<Word 1 pos>=<Word 2 pos>=Pr
//here pos=parts-of-speech of a word.
//Pr means category Pronoun

Category 3:
In this category, the first root word’s inflectional suffix is present but the second root-word’s inflectional
suffix is not present, and the second root-word is an adjective. For example:
“hAtE-kATA” (Z=-36l)= (“hAt” + “E”) — (“kATA”)



So, the grammar incorporating above feature constraint is as follows:

Word=Word 1 COMPOUND Word 2
<Word 1 inflType> =0
<Word 2 inflType>=0
<Word_2 pos> =Adj
//here pos=parts-of-speech of a word.
//Adj means category Adjective

Category 4:
In this category, the first root word’s inflectional suffix is of category Ir (as defined above) and the sec-
ond root-word’s inflectional suffix is not present. For example:
“mAmMATr-bArl” (WF-3f%) = (“mAmA” + “r”’) — (“bArl”)
“MAMAT-KATA”(IE-321) = (“mAmA” + “r”) — (“kArA”)
“tOmAr-dEs” (s=-7®) = (“tOmA” + “1””) — (“dEs”)

So, the grammar incorporating above feature constraint is as follows:

Word=Word 1 COMPOUND Word 2
<Word_1 inflType>=1Ir
<Word_2 inflType>=0

Now we consider the words “mAmAr-bArItE” (W=-3f%®) and “GrE-bAhIrE” (35-31f25) which resulted in
two parse trees with the previous ambiguous grammar (Figures 6 and 7).

The parsing of “mAmAr-bArItE”, shown in Figure 6(a), holds because of compound word rule category
4.
“mAmMAr-bArltE”= “mAmA” + “r” — “bArl” + “tE”
— ( ( 4GmAmA” + 461_9’) _ “bArIS’ ) + “tE”

The parsing of “mAmAr-bArItE”, shown in Figure 6(b), does not hold because of compound word rule
category 1.
“mAmMAr-bArtE”= “mAmA” + “r” — “bArl” + “tE”
— ( 6$mAmA” + £$r,’) _ (G‘bArI,’ + “tE”)
[“r” and “tE” are of different inflType]

The parsing of “GrE-bAhIrE”, shown in Figure 7(a), does not hold because of compound word rule
category 3.
K‘GrE_bAhIrES’: K‘Gr,’ + K‘eS’ _ “bAhIr,’ + K‘e”
— ( ( K‘Gr,’ + “eS’) _ “bAhIr,’ ) + GGe,’
[“bAhIr” is not adjective]

The parsing of “GrE-bAhIrE”, shown in Figure 7(b), holds because of compound word rule category 1.
GGGrE_bAhIrE,’: GGGI.’9 + Gﬁe” _ $LbAhIr’9 + $Le9’
— ( £$Gr,’ + £$e’9) _ (£$bAhIr,’ + £$e’9)

Final Grammar:
Word=Word 1 INFL
<Word inflType> = <INFL inflType>



Word=Word 1 COMPOUND Word 2 //category 1
<Word_1 inflIType> =< Word_2 inflType> = Ie
<Word 1 pos>=<Word 2 pos>=N
<Word inflType> = Ie

Word=Word 1 COMPOUND Word 2 //category 2
<Word 1 inflType> =< Word 2 inflType>
<Word_1 pos>=<Word 2 pos >=Pr
<Word inflType> = <Word_1 inflType>

Word=Word 1 COMPOUND Word 2 //category 3
<Word 1 inflType>=0
<Word 2 inflType>!=0
<Word_2 pos>=Adj
<Word inflType>=0

Word=Word 1 COMPOUND Word 2 //category 4
<Word 1 inflType>=1Ir
<Word 2 inflType>=0
<Word inflType>=0

Word=Word_1 COMPOUND Word_2 //No inflections
<Word 1 inflType>=<Word 2 inflType>=10

Word= Stem
<Word inflType>=0

Word= Stem INFL
<Stem rootType> = <INFL rootType> //check
<Word inflType> = <INFL inflType>

Word=Stem PREFIX

Stem=Stem TADHIT SUFFIX

Stem=NOUN

Stem=ADJECTIVE

Stem=VERB ROOT KRIT SUFFIX
[Here we have shown only those feature unifications which are associated with ambiguity resolu-
tion of compound words]

6. Implementation

We have implemented the above morphological analyzer for compound words in PC-KIMMO version 2,
which is based on two-level morphology [4,13,14]. We have used the compound-words found from the
Bangla grammar books [2,6,7] to produce our test cases and got 100% correct result. The word-grammar
we proposed here is generalized one and incorporates almost all possible compound word combination.
Therefore it will work for any given inflectional compound word whether it is in our test cases or not.



7. Conclusion

We present a morphological parser for Bangla compound words, handling the ambiguities resulting from
inflection deletion, or the lack thereof. Combined with the morphological rules for simple words found in
the literature [2,6,7], we have presented a word-grammar which can successfully parse all inflectional varia-
tions of compound words. We have implemented the word grammar in PC-KIMMO, and tested it on a large
number of commonly-found compound words with very good results. Hopefully our effort here will help
implementing a complete-morphological parser for Bangla in future.
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