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Analysis of Derivational Morphology

by Finite State Transducers *

Cristina MaTA

Abstract: This paper presents a new morphological parser for lNTEx aiming to recognisc the
words resultillg from productive derivational processes that are not includcd in the
dictionaries. TIIe parsing of these derivativcs is based on the description of Illorphological
derivational mtes, represented lISillg [mite state transducers (PST), and on the lexical
information already contained in the dictionaries. In particular, it will he shawn how to use
FST to repeesent those ruIes; a new replace operator for Il\'TEX transducers, which is
fundamentai in the description of the morphological derivutional ruIes, will he presented as
\vell. Furthermore, wc \vill dcscribe how to establish lexical constraints when locating
mOfl}hological patterns.

Keywords: morphological parsing, finite
state transducers, derivational analysis,
large-coveragc lexicons.

1. Introduction

i\:Iots clés: analyseur morphologique, trans­
ducteurs à état fmi, analyse dérivatiollnelle,
lexiques à large couverture.

lNTEX is a powerful enviromuent for the processing of natural lan­
guages, based on Finile State Technology. As more complete the lin­
guistic resources of a language me in the system, the most accurate ils
processing is.

The dictionaries integrated in INTEX ah'eady present a large­
coverage completion (for example, the Portuguese simple word dic-
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tionary contains more than l million wards). Nevertheless, il is easy to
notiee that new wards are constantly being fonned by adding affixes
to words ah'eady present in the lexicon, which implies a frequent up­
date of the resources. The inclusion of these words is fundamental, be­
cause the non-recognition of a word may compromise the whole syn­
tactie analysis of the sentence where it is included.

Therefore, our goal is to develop a new morphological parser able
to analyse those derived forms, minimising the number of unknown
wards of the text being analysed. With the information produced by
the analyser, the linguist may decide to add, or not, the ward to the
lexicon.

This paper describes such analyser, which will be based on the de­
scription of morphological derivation mies using finite state transduc­
ers; to account for morphologieal modifications that occur during the
derivational process, a new replace operator will be presented as weil.

Furthermore, it will be described how to locate patterns that sat­
isfy lexieal constraints.

The use of the parser will be illustrated using examples of the Por­
tuguese language.

2. Morphological Derivation in INTEX

INTEX allows the description of words created by derivational proc­
esses. The sets of words morphologically related by derivation, can be
represented using a graph such as Graph l, where the input represents
the lelllma of the derived fonn and the output ils inflection code. So,
this graph generates the equivalent following DELAS entries:

desorganizaçao,N308
desorganizadamente,ADV
desorganizado,AOOlS2
desorganizar,VlO lT
desorganiziivel,A III
organigrallla,N200
organislllo,N200
organizaçao,N308
organizadamente,ADV

organizado,AOO1S2
organizru',V101T
organiziivel,A III
ôrgao,N200
reorganizaçao,N308
reorganizadalllente,ADV
reorganizado,AOO1S2
reorganizar,VIOlT
reorganiziivel,Alll
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Graph 1

In order to locate words beginnillg by a certain prefix. for instance
re-. one can use a graph such as:

RE

Graph 2

which identifies words that can be either a derived form: reabrir (re­
open). reacfivado (reactivated). reorganizaçào (reorganization)..... or
not: rebelde (rebeld). rebenfar (burst). rebuliço (fuss). etc.

Likewise. words ending by a certain suffix. for example -çào. can
be identified using the following graph:
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which, in the same way, recognizes either derived forms: abstraeçào
(abstraction), aceleraçào (acceleration), celebraçào (celebration), ... ,
or base fonns: eoraçào (hem'!), funçao (j'unefion), estaçao (station),
etc.

Both graphs are applied as lexical resources, producing the corre­
sponding lexical information:

reabre,reabre.RE
reactivadas,reactivadas.RE
reorganizaçao,reorganizaçao.RE
rebeldes,rebeldes.RE
rebentam,rebentam.RE
rebllliço,rebllliço.RE

abstracçao,abstracçao.CAO
aceleraçao,aceleraçao.CAO
celebraçao,celebraçao.CAO
coraçao,coraçao.CAü
estaçao,estaçao.CAü
fllnçao,fllnçao.CAü

The above forms can be located in the texts by using the regular
expressions <RE> and <CAO>.

3. The new parser for derivatives

The representation of families of derivatives as described in the previ­
ous section, is an accurate method, since il only produces valid fonns.
Nevertheless, (i) il is time consuming (ail the familles of words have
to be described) and (ii) it is nseless to identify well-formed derived
neologisms, not included in the graph but appearing in texts. 50, it
does not present any overall advantages in comparison with the de­
scription by lists of words.

However, il is essential to identify those neologisms resulting of
productive derivational processes, as well as to assign them the corre­
sponding lexical information.

Aiming at the identification of these derivatives, the new mor­
phological parsel' uses finite state transducers, not to describe families
of words having a COlllmon stem, but to describe HIles of morphologi­
cal derivation.
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3.1. PrefIXation Rnles
In general, the morphological process of adding a prefix to a base
fonn creates a derived word with the same lexical information of the
form that generated il. We propose to describe tlùs type of rule with a
graph snch as:

~(--j<SCAT>I~ )-1> @
1 1 prefrdl.SCAT:&1

Graph4

where the symbols [] and &1 are local variables that store, respec­
tively, the lemma and the inflectional information of the sequence of
letters recognised has being a SCAT.

Assuming that the base fonn: base,lemma. SCAT:iI?flectional_
information is in the dictionary, this FST identifies forms that will be
associated with the following lexical information: prefixbase,
prefix1emma.SCAT: iI?flectional_information.

As a simple example, the graph

----j)----Œl>-(~ )----1> @
1 1 inJ:l.A: &1

Graph 5

identifies words fonned by adding the prefix in- to adjectives. So, if
the base adjectives:

felicîssimo,feliz.A:Sms
satisfeita,satisfeito.A:fs
capazes,capaz.A:mp

(very happy)
(satisfied)
(capable)

were in the dictionary, the derived forms, iI?feficfssimo (very un­
happy), insatisfeita (unsatisfied) or incapazes (incapable) can be rec­
ogIùsed by the above graph and associated with the following lexical
information:

infelicîssimo,infeliz.A:Sms (vety unhappy)
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insatisfeita,insatisfeito.A:fs
incapazes,incapaz.A:mp

(unsatisfied)
(incapable)
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3.2. Suffixation Rules
When a suffix is added to a base form, the resulting derivative, usu­
ally, does not have the same syntactic category of the base form. As a
matter of fact, the syntactic category and inflectional paradigm of the
derived fonn depends mostly in the suffix being added. Since some
derivatives inflect and sorne others do not, we will make a distinction
between them.

3.2.1. Non-lIiflective Derivatives

A suffixation process that produces derivatives that do not inflect, will
be described using a FST of the following type:

<SCAT!>
SCAT2

Graph 6

which recognises forl11s constructed by adding -suffix to a SCAT1
form, and associates to them the lexical information: derivative,
derivative.SCAT2.

For instance, the graph:

<Afs> l.!m~e~n'!'te1>---i>----{O

ADV

Graph 7

identifies adverbs formed by adding the suffix -mente to the feminine
fonn of an adjective, recognizing forms such as: felizmente (happily)
or deliciosamente (deliciously), if the adjectives:

feliz,feliz.A:ms:fs (happy)
deliciosa,delicioso.A:fs (delicious)

are present in the dictionary, thus producing the lexical information:
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felizmente, felizmente. ADV
deliciosamente,deliciosamente.ADV

(happily)
(deliciously)

3.2.2. Inflective Derivatives

For the representation of suffixation rules that generate inflective de­
rivatives, we propose to use a graph such as:

---j)- (-i <SCATI >1>--)~ 1~i.rfÂ,'l:'?XD @
1 1 $lsuflix.SCAT2:

Graph8

where SCAT2X is the graph that describes the inflectional paradigm
associated with the suffix being added to the base form:

morphemel

inflectional_infonllatiolll

I}----------t:,o

morphemeN

inflectional_infonllationN

Graph 9

This FST generates the lexical information:

derivative, lemma.SCAT2: inflectional_information
where del7'vative is a WOl'd fOimed by adding suffix, inflected by para­
digm SCAT2X, to a SCTAl, lemma is a word formed by adding suffix
to the SCATl WOl'd and inflectiona'-information is the information
produced by the inflectional graph SCAT2X.

For example, the following FST:

--+- (-1 <Ams>[>- )

1 ]

Graph 10

N300 0)
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which is equivaient to:

-----{)- ( ~ <Amg>l>- )
1

Grapilll

fp
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recognises inflected nouns derived from adding the suffix -dade to
adjectives. So, if the adjectives:

cruel,.A:ms:fs
igual,.A:ms:fs
leal,.A:ms:fs

(cruel)
(eqllal)
(loyal)

were in the dictionary, the derived fonus:

crueldade,cl11eldade.N:fs (cruelty)
crueldades,crueldade.N:fp (cruelties)
igualdade,igualdade.N:fs (equality)
igualdades,igllaldade.N:fp (eqllalities)
lealdade,lealdade.N:fs (loyalty)
lealdades,lealdade.N:fp (Ioyalties)

wouId be identified.

3.3. Replace Operator
ln the previous examples, the words to which the affixes were added
did not undergo morphological modifications. However, this is not
always the case. Actually, most cases of suffixation result in severai
formaI modifications either in the suffix or in the form to which il is
added.

For instance, the following examples show that different types of
modifications may occm l

:

1 The nmm audiçao could be regarded as being derived from the verb Dl/vil'

taking into account the morphological modification ollvir ~ ((luliçao. However,
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aceitavel + dade ~ aceitabilidade (acceptable + ity ~ acceptability)
amigavel + mente ~ amigavelmente (friend + Iy ~ friendly)
organizar + çao ~ organizaçao (organize + ation ~ organization)
des + humano ~ desllmano (in + hllman ~ illhllman)
in + possivel ~ impossivel (in + possible ~ impossible)

When morphological modifications occur, a graph such as the one
to identify nouns formed by adding the suffix -dade to an adjective
will not recognise the noun aceitabilidade, because aceitabili is not an
adjective; the adjective is aceital'el.

Consequently, before trying to match aceitabili wilh an adjective,
it should be modified to aceitavel and then thîs last form will be the
one matched with the adjective.

In order to account for these and other morphological modifIca­
tions in the description of derivational processes, we propose a new
replace operator that will have two arguments: the source and the des­
tination sequences,. and that will be represented with the expression:

[sOllrce,destinationJ

The replace operator will be applied to an input sequence being
parsed by a certain graph, and will not produce an output. Instead, il
will modify the input sequence ilself before further analysis.

Therefore, in a prefixation IUle such as:

~[.bc.efglH <SCAT>!}---@

Graph 12

after prefix has been matched and before matchîng the remaining se­
quence l' wilh a SCAT fonu, the replace operator will test if the se­
quence l' begins by subsequence abc, substituting il by efg. So, tlle
form that will be matched wilb SCAT will be a sequence beginning by
efg and not by abc.

audiçao truly derives from the Latin base ward al/dire (that naturally does not make
part of the lexicon), and sa, this and other cases of derivation involving Latin and
Greek base fonns \villuat be treated for now.
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For instance, if the sequence being analysed is prefixabcxxxx, il
will be parsed by the above prefixation mIe, assuming that efgxxxx is a
SCAT form, in the following way:

1. prefix matches prefix; the remaining input sequence is abcxxxx;
2. [abc,efg] matches abc and substitutes abc by efg; the remaining

sequence is now efgxxxx;
3. efgxxxx matches <SCAT>

Likewise, the replace operator can be used in a suffixation rule.
For example, if xxxxefg is a SCAT fonu, the graph:

-H <SCAT>H[abc,efg]~

Graph 13

parses the sequence xxxxabcslIjjix, begirming by matching sldfix; then,
the replace operator will match abc in the remaining sequence,
xxxxabc, substituting abc by efg; finally, sequence xxxxefg matches
the SCAT form.

As a first simple example, the FST:

l1

(---0-),-~ @
!l.A:&l

Graph 14

recognises adjectives formed by adding the prefix des- (in- or un-) to
adjectives beginning by the letter h, such as:

desumano =des + humano
desabitado =des + habitado

(inhuman = in + human)
(nninhabited = un + inhabited)

In this case, the replace operator is used to add the letter h to the
subsequence following the prefix des-, before verifying if il is an ad­
jective, since the original adjective lost the h, during the derivational
process.

Another example of the use of the replace operator in a prefixation
mIe, is shown in the graph:
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(~ )-------+-------
2 2 $1~2.A:&2

Gl'aph 15

that identifies adjectives formed by adding the prefix il1- ta a base ad­
jective. The replace operator is used ta guarantee that if the adjective
begins by a p or a b, the suffix added to the adjective form is the
variation illl- of the prefix il1-. This graph will then recognise fonus
such as il1fe/iz (unhappy) or il1capaz (incapable), as weil as, impassive/
(impossible) or imbebil'e/ (undrinkable),

In the suffixation graph:

-----/) km~e~n!!,lelj,>----j)---@
AnV

Gl'aph 16

the replace operator represents the type of modifications that OCClU'

when forming adverbs from adjectives ending in -ave/ or -il'e/, such
as:

admiravelmente = admiravel + menle
punivehnente =punivel + menle

whereas, in the graph:

(admirably)
(punishably)
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-l>- (-j <Ams>1

1

Grapll 17
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it accounts for some modifications occurring in the derivational proc­
ess of nouns from adjectives by adding the suffix -dade. This graph
will recognise nouns such as:

aplicabilidade = aplicavel +dade (applicability = applicable + ily)
possibilidade = possivel + dade (possibility = possible + ily)
felicidade = feliz + dade (happiness = happy + ness )
precariedade = precario + dade (precariousness = precarious + ness)

3.4. Combining prefixation and suffIxation
There are words formed by adding to the base a prefix and a suffix
simultaneously. For instance, the verb en/atar (to put in cans; to can)
is created from the noun /ata (can) by adding the affixes en- and -al' at
the same time, since the form en/ata is not a nOlm nor /atar is a verb.
In order to identify the inflected forms of verbs fot'med in the saille
way, il is necessary to use prefixation and suffixation in the same
graph, as il can be seen in the FST:

---{)----{;;]>-- (-1<Nfs>~)~
1 l $lar.V:

Gmpll 18

So, this transducer recognises inflected forms such as en/atamos
(we canned) and en/atarel (1 will can), associating to them the fol­
lowing lexical information:

enlalarei,enlalar.V:Fls
enlatamos,enlatar.V:J1p
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3.5. Locating pattel'Us that satisfy lexical constraints
The derivational transducers presented in the previous sections specify
lexical constraints: they match a sequence of letters that is composed
by one or more subsequences that satisfy a certain lexical information,
eventually after having suffered some morphologicalmodifications.

Therefore, used as automata, these transducers can locate patterns
that also satisfy lexical constraints.

For instance, the automaton:

Graph 19

locates words, usually verbs, that are formed by adding the suffix des­
to a verbal for111, e.g., desencaixotar (unpack) or de5fazer (undo), and
the corresponding inflected forms, whereas the graph:

[des"lesJ

Graph 20

only identifies forms that are verbs beginning by sequence des, inde­
pendently of tms sequence being a prefix added to a verb, or not. As a
result, besides desencaixotar and desfazer (undo), it willlocate verbs
such as desenhar (draw) or destrllir (destroy) that are not formed by
derivation from other verbs. This type of graph can be viewed as a
simplification of the process oflocating patterns that begin (or end) by
certain subsequences (as illustrated in section 2.) and, in addition,
constraints the following (or preceding) sequence ta belong to a spe­
cific syntactic categOlY.

Similarly, the FSA:

( ~ )---@,l;lr J

Graph 21
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recognises the superlative for111 of adjectives, even if they are not in­
cluded in the dictionaries as adjectives, because the graph only tests if
the base form is an adjective. On the contrary, the automaton:

~ [fssimo,fssimoJj)------@

Graph 22

only identifies superlative forms of adjectives ending with the suffix ­
fssilIIo that are included in the dictionaries.

4. Conclusion and Future Work

This paper described a new morphological parser for INTEX able to
analyse well-formed derived words that appear in texts but are not yet
included in the dictionaries. The proposed analyser is based on the
description of rules of morphological derivation, using finite state
transducers. In arder to represent morphological modifications that
OCClU' during the process of derivation, a new replace operator was
also presented. Moreover, it was illustrated how to establish lexical
constraints whenlocating morphological patterns.

The next step of our resem'ch work will be the implementation of
the analyser and the construction of a full description of the deriva­
tional processes in Portuguese.
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