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Abstract
This paper reports the core linguistic work perfedto construct a dictionary-based morphological analyser for Malagasy simplelverbs
usesthe Unitex platform (Paumier, 2003) and comprised the contruction of an electronic dicfmmdrglagasy simple verbs. The d&a
encoded on the basof morphological features. The morphological variations of verb sterdstheir combination with affixes are
formalized in finite-state transducers represented by editable graphs. 78 trandthveddsiitex to generate a dictionary of allomorphs of
stems. 271 transducers are used by the morphological analyser of Dniéer gnize the stem and the affixes in conjugated verbs. The
design of the dictionary and transducers prioritizes readability, so that they can be eatehdpdated by linguists.
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1. Introduction

The construction of a dictionary of Malagasy simpdgbs

is the core of this work. The Malagasy languagearis
agglutinative language spoken by 20 millions of gleo
There are written documents in Malagasy: history,
literature, newspapers..., but practically no language
resources, language processing or technological
exploration of the language. This work is a stephis
direction through the construction of an electronic
dictionary of simple verbs. The method used tddbthe
dictionary is based on the DELA framework (Laparte
1993): in practice, features of verbs are described
formalized and integrated into dictionary entriés the
sectionof results, the dictionary of Malagasy simple verbs
(DEMA-VS) and the dictionary of morphological varia

of roots (DEMA-VSfIX) are presented. The dictionavgs
testedon a corpus of Malagasy journal obtained from
Diwersy (2009). The results of this teseaeveloped in
the section of evaluatiorin the concluding section, we
discuss the potential impact of the dictionary oaldgasy
language processing.

2. Related work

Malagasy language processing is only beginningtddds
for text processing, information retrieval, infortiaa
extraction or translation are accessible for usged.
Dictionary-based systems such as a morphologicaiaar
(Dalrympleet al.,2006) and a spell-checker (Raboanaty
al, 2008) have been developed, but they are not widely
used and the dictionaries are not available foeaesh.
Berlocheret al. (2006) propose an efficient, large-coverage
morphological analyser for Korean, an agglutinative
language. The analyser is based on readable arataijel
resources: an electronic dictionary of stems, wlaicers of
suffixes and transducers of generation of allomerpbur
work on Malagasy verbs follows the same model.

3. Methods

The number of Malagasy verb forms is in the hundrefl
thousands. Their roots are about 3790 entries (Riires,
1985). To construct the dictionary of verbs, wekaoots

of verbs as a point of departure, inserted thera ihte
dictionary and encoded information so that morpbizial
analysers can recoghize automatically in a texirthe
conjugated formsMost verbs occur in tedn conjugated
form. The recognition of conjugated verbs requires
identifying their roots and threaffixes. All verb entrie
receive 2 pieces of information: a stem class amaffix
class. We inserted the stem class, the affix céass the
conjugation group in the lexical entries to buildgtically
the DEMA-VS. On the one hand, the stem classes thpe
morphological variants of the roots; on the othandh, the
affix classes give the morphemes attached to them.
example, for the verbl&lo “pass”, the stem class allows to
recognize forms such atilo, daldv, lalévin conjugated
forms such asnandaloact-stat. “pass™, andalovanacirc.
“the circumstance where or in which (...) pass”, lalovana
loc. “the place where (...) pass”, and the affix class allows
to recognize the affixes attached to the root. The
recognition of the affixes is done by the transdsid¢e the
DELA directory of Unitex and the processing of ssem
involves the transducers in the Inflect directohy. this
section, we report the construction of the conjiogatable
and the encoding of stem clasand affix clases

3.1. The construction of the conjugation tale

Malagasy conjugation is based on voices (Rajao@@4)2
Verb forms vary according to the values of a feaialled
voice. Elaborating on the basis of Rajaona (191042
we define 5 values of the voice feature: active-stafact.-
stat.), objective (obj.), locative (loc.), circurastial (circ.)
and agissive-instrumentive (agi.-inst.). These rdt#dins
are based on morphology but syntactic featuresaime
used when morphological features are insufficienttell
the voice for a given verb. Each verb is tested tfor
existence of thé& voices, and the resulting combinations of
voices define conjugation groupd/e built a conjugation
table divided in 3 parts for thg conjugation groups (gcl,
gc2 and gc3) and we specified all the informat@nthe
paradigmatic forms of each verb and all the morgem

! We added graphical accents in the stems aboveettify
stress. In text, stress is generally not graplyicakrked.



attached tat. This linguistic informationis used to encode
the stemclass and affix class of a verb.

3.2. Encoding stem classs

The stem class encodes the variations of form ek
root. It allows Unitex to generate the variantstioé root
and then to recognize them in a text. The verbghvhiave
the same variations have the same stem class x&opée,
dingana“tread” and elanélana“intermediate” belong to
the same class (3iv) because they behave exaelgdme.
Both end with-na, acceptina (dinganinaandelanelaning
and in contact with the sufféeg both shift the stress and
lose the final  vowel dingana/dingan and
elanelana/elaneldn The other verbs have been analysed
individually in the same way adinganaandelanélana 3
fields in the code for the stem class specify I@de of
information.

- The presence of one of thka, -tra, -na endings
(which are not suffixes). The code0 if the verb
does not end withka, -tra, -na; 1 if it ends with
-ka; 2if it ends with-tra; and 3 if it ends with
-na.

- The possibility for a verb to receive the suffix of
objective voice-ina: if averb acceptsina, thenit
receives théi” code in the stem class; if not, it
receives thé&a” code.

- The phenomena they undergo when they are in
contact with affixes.

Figure 1 shows the structure of codes for stensefas

Code of morphological
phenomena

[0Tale]
T
Code of compatibility
with the suffix -ina

Code of finals

Fig.1: Fields of the code of stemclass

Until now, 78 different stem classes have been doand

the corresponding 78 inflection transducers (inghese of
Silberztein, 1998) have been built with Unitex. Tétem

class and the inflection transducer allow Unitexjemerate
the root forms of a verb, and then to recognizenthme

conjugated formin text.

3.3. Encoding affix classs

A morphological analyser needs the list of affixdhe
conjugation tablementionedin Section 3.1. gives all the
affixes and combinations of affixes for each veHach
verb receives an affix class which specifies which
morphemes occur in its conjugated forms. A codd Git
fieldsis constructed to identify a given affix class. Tingt

field encodes the imperative witha; the second field
encodes the active-stative voice and the morpheme of
aspect -aha; the third field encodes the agissive-
instrumentive voice and the morphemes of asgkeba,
-tafa-; the fourth fieldencodes the objective and locative
voice; the fifth field encodes the circumstantialioe and
the last fieldencodes the imperative witko and -y (Figure

2). When the affixes corresponding to one of te&l§ do

not exist for the verb, the field is filled in with “v”. Until
now, 271 different affix classes of tas have been found
and the correspondin@7l graphs of combination of
morphemes have been constructed to buid the

morphological analyser. The affix class allows ©rito
recognize affixes in conjugated forms in text.

Code of Code of
imperative -a- and - -,
with -a -voa-, -tafa- Code of circumstantial

N 1 <z
[a[8[psa[2]B[o]
2 1 ~
Code of Code of imperative
suffixes with -0 and -y

Code of active-
stative voice
and -aha-

Fig. 2: Fields of the code of affix class

Stem classes and affix classes are lexical infoomagnd
are the basis of the DEMA(S dictionary.

4. Results

The construction of the stem and affix classesliesuthe
core ofan electronic dictionary of Malagasy simple verbs
the DEMA-VS. The combination of a stem class aad
affix class provided in the dictionary allows for
recognizing at the same time the root and affixea werb

in a text. Both codes are inserted in the entriéshe
dictionary with the group of conjugation (gcl, gg@3.
The dictionary and graphs are readable, extensig
updatable and are freely available on the web urtider
LGPLLR license. In this parye describe the DEMAYS,
the corresponding dictionary of inflected forms (DA&-
VSflx), the transducers and the resources for emtions

4.1. The DEMA-VS dictionary

The DEMA-VS is a morphological andnflectional
dictionary of Malagasy simple verbs. At the prestame, it
contains 536 entries. We selected these entriem fro
conventional dictionaries, so as to cover the nfiesfuent
verbs and nearly all existing stem classes and elffisses.
The entries of the dictionary provide 3 codes: giem
class, which is preceded by V foverb’, the affix class,
and the conjugation group:

andraikitra,V2av(1)+a2vvBo+gcl
andrana,V3av(2)+allps41Do+gc3
andrandra,V0iv+z16ps112Jo+gc3
andriana,V3iv+al6v2Jo+gc3
andro,V0av(1)+alps20vAy+gcl

The algorithms oinflection of Unitex operate directlpn
the dictionary. They generate the allomorphs of tbet
and a code that specifies which affixes can becla¢id to
each allomorph.

4.2. The DEMA-VSTix dictionary

The DEMA-VSfIx is a dictionary of the verb stem fos
contained in conjugated verbs. It differs from Esiglor
FrencH dictionaries of inflected forms because it does no
list complete conjugated forms with their affixeas
mandro“take a bath”, androana“is the circumstance when
(...) takes a bath” or tafandro“bath completely taken”, but

2 The analogous dictionary of inflected forms of gien
words for French is the DELAF (Silberztein, 1993 /48).

It contains nouns, adjectives, verbs, conjunctions,
prepositions, etc. For verbs, the inflected forromtained

in DELAF are like aide, aider. V3:P1s:P3s:S1s:S 3s:Y2s



gives only the stem of inflected forms and the coloiat
specifies which affixes can be combined with each
allomorph of the stem. Below, a sample of entris o
DEMA-VSfIx is shown:

andriana,andriana.V+al6v2Jo+gc3+0
andrian,andriana.V+al6v2Jo+gc3+ana
andrian,andriana.V+al6v2Jo+gc3+ina
andrian,andriana.V+al6v2Jo+gc3+a
andrian,andriana.V+al6v2Jo+gc3+imprt
andro,andro.V+alps20vAy+gcl+0
andré,andro.V+alps20vAy+gcl+ana
andrd,andro.V+alps20vAy+gcl+a
andré,andro.V+alps20vAy+gcl+imprt

These entries are generated by Unitex from the Zast
entries of the sample of the DEMA-VS given in Sewti
4.1 The DEMA-VS entryandro“take a bath” produces the
last 4 DEMA-VSfIx entries above. The combination of
these 4 entries with affixes generates 10 conjutyfatens:

androana
androy
handro
handroana
hotafandro
mandro
mandroa
nandro
nandroana
tafandro

Unitex does not generate any of these conjugateusfo
but can recognize them through morphological arialys
when they occur in text. Viewing Malagasy as an
inflectional language would lead to construct such a
dictionary of conjugated forms. At the present tirtlee
DEMA-VSfIx contains about 3000 entries, which means
that a verb root in Malagasy generates an averdge6o
morphological variants. Here, withandro, the root
generates4 variants which can be recognized in 10
conjugated forms.

4.3. Transducers

To build the DEMAYVS, 2 types of transducers have been
constructed: the first for the generation of allopiics or
the variants of the roots and the second for thehieation

of morphemes. Both types of transducers are predent
below in this order.

4.3.1. Transducers of generation of stem allomorphs
Verbs in Malagasy can be sorted in 2 types depgndin
whether they accept thima suffix or not. For example, the
verb ray “take” accepts-ina and the verlfafy “sow’ does
not accept itbut only the -ana suffix. Accordingly, we
construced 2 types of transducers of generation of
alomorphs so that the first type generates themaph
that combines withina and the second only the allomorph
that combines withana. The transducer of Fig. 3 (VOare)
corresponds to th@arestem class and is an examp leaof
transducer of generation of allomorphs for the seshich
do not acceptina. More specifically, this transducer VOare
is for those verbs which (i) do not end witka, -tra, na,
(i) do not accept theina suffix, (iii) lose the first letter in
certain conditions specified in the transducer éndhave
the lettezappended in some variants.

+0

Fig. 3: Example of a transducer of generation of
allomorphs

The transducer specifies the information requiregd b
Unitex to generate allomorphs of such verbs. Eeatih pf
the transducer generates an allomorph. For exarfpie,
fafy, VOare generates allomorphs suchfafy, -afy, -afaz-
fafdz-that can be observed in the conjugated fomifafy,
mamafy, mamafaza, fafazbhe morphological information
+ana, +imprt, +a, +0 in the right part of the trdmser
allows to link the allomorphs with the affixes fadiin the
conjugated forms in a text.

4.3.2. Transducers of combination of morphemes

In Malagasy, the category which shows most morpho-
syntactic variation is verbs. The variations of to@re
given by the transducers of generation of allomerpaind

the possibilities of combination of these allo mosphith
affixes are given by the transducers of morphemes.
Grammatical morphemes can be prefixor suffixes in
Malagasy. All kinds of inflectional affixes have dre
identified (aspect, voice, tense prefixes; impegmtivoice
suffixes), assigned mnemonic labels and inserted in
transducers of combination of morphemes. Such a
transducer recognizesll the inflected forms of the verbs
that belong to a given affix class. Each path oé th
transducer recognizes an inflected form by sucue$si
checking prefixes, the root (through a node recziggi
allomorphs), and suffixes. In Fig. 4, an examplgien.

1 2 3 4
s —s) {<Vrataspsi2Bo=)— {asi)

fasi)
{ svs SV.LEMMAS $V.CODES}

V+0+aSpsA2Ba-
SV.LEMMAS.$V.CODES}.
12Bo>}— )
SV.LEMMAS.$V.CODES$} =, -
1 < 280> — X
JSV.LEMMAS $V.CODES}

+ PSS
SV.LEMMAS $V.CODES)

SV LE\‘MAS ’SV CODES$}
S
" SV.LEMMAS.SV.CODES}

Fig. 4 Example ofa transducer of combination of
morphemes

The nodes in column 1 give all the prefixes of wnthe
nodes in column 2 give all the prefixes of voicel aspect,
and the column 3 allow to link variant forms of tedo the
suffixes in column 4.

This example corresponds to th8ps42Baaffix class and
allows to recognize thse verbs which behave as encoded
by a8ps42Bo (i) have -a and -0 as a morpheme of
imperative, (ii)-i- as a prefix of voice, (iijaha and-voa-
as prefixes of aspect and (iviha as a suffix of voice.
Examples of such verbs atahiry “preserve”, téty“cover”,
fidy “choose”, etc. The conjugation ofahiry, for example,
gives, in the present tense, forms ragahiry, mitahiriza,
mahatahiry, voatahiry, tehirizin@r tahirizina, tehirizo or
tahirizo, etc. Téty, fidybehave liketahiry. The transducer



allows to recognize also the other two tenses ofalyksy:
past and future.

4 4. Resources for contractions

In certain conditions, verb forms followed by awamiable
word undergoa contraction which involves a graphical
elision. For examplenojerenyis a contraction ofiojerena
“have been watched” and ny “by him”. A dictionary of
invariable forms (DEMA-INVflx) and transducers for
recognition of personal pronouns and elisions hlagen
constructed to increase the recdilthe analyser.

4.4.1. The DEMA-INVflx

The dictionary of invariable wosl contains personal
pronouns when they are subjectisobjecs, numerals from
one to ten, and a few conjunctions, deteemin and
demonstrative pronouns. Below, a sample of the DEMA
INVFIX is given.

aho,PRO(NV)+pers:1s
ary,CONJC(NV)
dimy,DET(NV)+num
i,ART(NV)+pers:s

4.4.2. Transducers for verbs with personal pronounsr
elisions

In Malagasy, many verb forms are contracted witfs peal
pronouns as in:

(1) Nojereny aho.
lit. Past-watchebj.-he I.
I have been watched by him.

Nojerenyanalyses as (o-, a marker of the past tense, (ii)
-jeré-, a form of the rooféry “watch”, (iii) an empty form

of -ana, a marker of the objective voice, and (W, a
personal pronoun contracted with the vdrbthe absence
of ny, the form of theana-marker would bena instead of
zero.

The transducer of Fig. 5 recognizes the ending of
contractions such as in (1). It is invoked by thensducer

of morpheme combinations fojry. The prop node
invokes a graph of variable personal pronduns

A
,ana. SVl
N IV mh N M -
v L& 1 VS [
{ ,ana:$V:o:l} g
i D= w4
{ /, ify.ART:p}
R [pron )

<E»,ana.SV:o:l}

Fig. 5: Example of graph of sufssrecognizing
contractions with personal pronouns

In (2), the personal pronoun contracted with the viarthe
agissive-instrumentive is recognized by the graph of
combination of morphemes displayed ig.F6°.

% The invariable personal pronouns are insertedhia t
DEMA-INVfIx introduced in 4.4.1.

4 Both (1) and (2) are in the passive diathesis, thet
passive diathesis is marked by the objective vaicél),
whereas it is marked by the agissive-instrumentiviee in

(2). The objective voice always marks the passive

(2) Atolony ahy ny tanany
lit. Pres.give-agi.-inst-he meDET hand-his.
His hand is given to me by him.

' i
SV LEMMAS SV .CODES)
{prog)
SV LEH‘A’\’V CODES)
~———{pror)
SVLEMMAS SV.CODES)
B SV LEMMAS SV CODES}
} X}
SV LEMMAS SV CODES)
SV LEMMAS $V.CODES$}

¥ )
SV.LEMMAS $V.CODES$}

Fig.6: Recognition of personal pronouns with agsti

Verbs followed by a dash as noheverin-“past-think-
obj.” or by an apostrophe an noraisin’ “past.takeobj.”
are recognized by graphs of suffixsuch as that of Fig..5
Such verb formoccur in sentences such as:

(3) Noraisin’'ny olona ny tanany.
lit. past-to-takeobj.” DET people DET
hand-his.
His hand is taken by the people.

5. Discussion

In inflectional languages, a word cannot generdlly
parsed into a structure that mirrors its grammética
analysis. For example, the English verb fommastersis
analysed asnaster-s in which masteris the stem ands-
marks at the same time the present and the 3rdopers
singular. These 3 features: present, 3rd persorsmgdlar
do not have separate markers. In Malagasy, words ca
generally be parsed into a structure with sepaaéiires
for each grammatical feature. The venitondra‘“wear” is
analysed asn-i-tondra m marks the present tense,the
active-stative voice antbndrais the root. This is a major
difference  between inflectional and agglutinative
languages.

However, the number of inflected forms of a givearbvin
Malagasy, disregarding verb-pronoun contractigmapout
150, which is much less than in Koréaand comparable to
the number of inflected forms of an adjective inrtSen
(Krstev, 2008), a highly inflected languagiherefore, it is
certainly possible to generate a dictionary ofeictied
forms of Malagasy verbs, in the same wagin French,
English or Serbian, by combining stem forms andxaff
related information. Instead of being viewed asquence
of morphemes, verbs would then be represented with
global values for inflectional features: tense cegiaspect,
mode.

6. Evaluation

To evaluate the coverage of the DEMA-VS, the ditaity
has been testeoin a paragraph of a journalistic corpus of

diathesis, but the agissive-instrumentive voice maark
another diathesis in other verbs.

® The prop andpror nodes in the graph invoke graphs of
personal pronouns. 18% of the affix graphs for serb
recognize personal pronouns as shown in Fig. 6 thed
other 82% invoke 6 graphs such that of Fig. 5 oMBE
INVAIX.

® According to Berlocheet al’s (2006) data, a verb has
approximately 120000 inflected forms.



52 000 words (Diwersy, 2009) distributed with Unit&he
paragraph contains 16 sentences and 43 verb oncese
It belongs to a part of the corpus (cjmc3) that hatlbeen
used to construct the dictiorya The occurrences of the
verbs were located manually and sorted into 2 elRs28
(65%) have entries in the dictionargnd 15 haveot

1. Entryin DEMA-VS 2.No entry in DEMA-VS

1. Hanao 1. voaheloka?2
2. niakatra 2. nanosika*2
3. voampanga 3. nampiharin’
4. nanao*2 4. novakiana
5. nahafahany 5. tototry

6. nivoaka 6. nitsarana
7. voalazan’ 7. nisalorany
8. nahazoany 8. nisy

9. nahatratra 9. nolaviny
10. marihina 10. notsoriny
11. tratry 11. nangataka
12. nampodiana 12. mihantona
13. niaiky 13. nanipy

14. nifona

15. hivoaka

16. nampiasa

17. nanamarika

18. ibabohana

19. mody

20. nentin’

21. nataony

22. nilaza

23. hanomezana

24. manaotao

25. hanaovan-

26. mijanona

27. manao

6.1. Occurrences which have entriesin the
dictionary

Among te 28 occurrences which have entries in the
DEMA-VS, 25 (89%) are correctly analysed by Unitex and
3 (11%) are not, even though the entry exists ia th
dictionary.

These occurrences are:

1. voalazan’
2. tratry
3. manaotao

For #1, the problem is the recognition of an elideidn in
presence of an affix of aspect. For #2, it is th@ognition

of a variat of the stem when the word after the verb is the
determirer ny. For #3, it is the recogniton of a
reduplicated form. The solution tiese problems involves
updating graphs.

6.2. Occurrences which haveno entries in the
dictionary

Among the 15 occurrensavhich do not have any entries
in DEMA-VS,

- 4 (27%) belong both to stem classes and affix
classes which have already been found and
assigned codes,

- 4(27%) belong to already encoded affix classes,

- 10 (67%) belong to already encoded stem classes
(this subset includes the preceding two),

- 5 (33%) belong to new stem classes and new
affix classes.

6.3. Results of the evaluation

On the sample tex, the lexical coverage of the BEMS
is estimated at 65%.

The success rate of the morphological analysestisnated
at 58%. This rate takes into account both dictigrretated
and graph-related errors.

The coverage of the language resources in ternstesh
classes is estimated at 88%, and their coveragerins of
affix classes s estimated at 74%. We found thesalts
encouraging, since the entire system has beendmuithat
language resources are readable and can be extemded
updated.

7. Conclusion

The other main differences between Malagasy andising
or French lie in the characteristics of conjugatiandin
sentence order. Firstly, Malagasy sentence orde&/S©®
(Dalrymple et al, 2006), whereas French and English are
SVO; secondly, French and English conjugation ines|
the feature of person whereas Malagasy duo®s Person
does not affect the structure of verbs in Malagasy
interfere with conjugation. Our dictionary givescass to
language processing applications with a good resad
precision. For example, it might lead to the depaient of

an efficient search function for documents in Malagasy in
an information retrieval system.

The DEMA-VS is not complete. Its construction mbgt
continued to reach a good lexical coverage andirlaa
successful morphological analyser. The work repbiite
this paper deals only with verbs, but other paftspeech

as nouns and adjectives show less morpho-syntactic
variability.
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