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Absiract

In recent years, morphological  paradigims
have been the focus of an extensive imvesti
gation, which has thrown in sharp relief the
descriptive adequacy of a paradigm-based
approach to the Morphology ol highly in-
flecting languages, with particular ecmphasis
on notoriously thorny problems such as stem
sclection and stem chotee i verb conjuga
tion.  Clomparatively little has been done
so far to show the practical descriptive ad-
vantages of an extensive use ol paradigms
m a computational system for word anal-
ysis/generation. this paper report.
in some detail the rvesults ol a fudly devel-
oped, paradigm-basced, computational treat

In we

ment ol the entire conjugational system of
Italian.  We focus on the considerable de-
seriplive economy resulting from drawing on
Lhe amount of vedundancy exhibited by the
paradigmadic structure of both regular and
ivregular verbs i [alian, This redundancy,
wo suggest, is captured through so-called
paradigmatic schemata. Our implemen:
tation compares (avourably with other non-
paradigmatic strategios in terms of both de-
scriptive adequacy and cconomy.

I Paradigm-Morphology and
Ttalian inflection

Italian Inflection grudginely lends itsell to the no-
tion that Morphology is an inventory of items,
called morphemes, consisting ol an arbitrary
association of a form {a continuons phonologi-
cal sequence or string of characters) and awell-
deflined unique portion of morphological mmeaning,
cxpressed through morphosyntactic and/or lexieal
features. "This dillicalty is well exemplified by the

present indicative ol the verh TENERE (“keep):
ey o ke
tre ‘ Cued deeep?
teen ‘ SlaYhe Beeps”
ten rara e keep?
ten ol Tyt heeep”
teng = Sty keep?

TENTERE exhibits a variety ol distinet stems in

its inflection (Leng-, Len- and Lien- for the present
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indicative only), cach of which can oceur with
particular inflectional endings and not with oth-
ers. T'his property, which extends to all basic (i.c.
non derivative and non inchoative) icregular [tal-
ian verbs (abonut 200) and has varionsly heen char-
acterised 1 the Hterature i terms ol “reciprocal
conditioning”™, “heteroclisis”™ and otherwise, raises
the issue of what regular process governs stem
selection. Traditionally, reciprocal conditioning
has been accounted lor either as a phenonmenon
of co-selection between two tndependently identi-
fied morphological units, or as a phonologically-
governed alteration ol the stem when in com-
pany of particular endings. With a good many
verbs, among whicl 'TENBERE is a case i point,
however, the distributional difference hetween two
stems can be inferred neither fron any system-
atic difference in morphosyntactic feature content,
(which asingle morphological unt is purported to
convey), nor {rom ordinary phonological consider-
ations. Paradigms offer an cconomic and elegant,
way Lo capture all these lacts.

2 Stemn Alternation and Choice

In Morphology, a verb paradigm delines a sel of
cells where fully ifllected word forms are paired
wilh a complete morphosyntactic feature specili-
cation reflecting the way relevant conjugational
diensions such as tense, mood, person, num-
ber, and verb elass combune. Paradigms de-
line a dimension of morphological analysis which
the
maorpherme- and process-hased assumptions: stress

cuts  aceross spectram ol both  traditional
is lard on the way morphological mecaning is sys-

tematically structured in fanguage. no matter
what formal nicans are put to use Lo il In a given
paradigimatic cell (Matthews 1974, Carstairs TORK,
1992, Carstairs and  Stemberger 1988, Calder
FOR9, Stump [991). For convenience, we will here-
after assuwime that Ttalian paradigmatic cells are
fitled 11 through a hasically concatenative opera-
tion, trailing an inflectional ending alter a verb



stem. Tor a given verh class, cach inllectional
ending presupposes and is presupposed by any
other paradigmatically-related inflectional ending
(Wurzel 1989). This is illustrated in the exam-
ples of the present indicative paradig of irregular
Italian verbs given below, where a blank separates
the stem from the inflectional ending’ .

present indicative

TENERE VENTRIE

Is teng o Ls venyg o

25 tren i 2s vLETL ¢

3z Leene o 25 veen £

Ip ten tamao Lp ven tano

2p ten ot 2p vear the

A teng ono ap venyg ono
DOLERE COGLTERE

ls dolg o Ls calg o

23 duol @ 2s cogl 1

2s duol e As cogl e

Ip dol vamo 1p cogl tamo

2p dol ate 2p cogl ete

3p dolg ono ap coly one

Besides the intralexemic character of Wurzel’s
presupposition relation paradigms also exhibit
systematic interlexemic redundancics in stem
selection (Pirrelli and Federici 1994). TENERE
and VENIRE (‘come’), in spite of their helong-
ing to different conjugational classes (respectively
second and third), exlnbit an identical pattern of
stem alternation, as illustrated in the paradig-
matic schema of grid 1 below, where sameness
of index expresses sameness of stem formation:

13 r2 s r2 I ¥2
23 3 23 rl RE)
33 T3 , ER vl ) A

) 1p vl 2) 1p vl 2) Ip vl
2p rl : rl 2p rl
ip [ 12| 2 2p | 12

The grid is also applicable to the present indica-
tive of DOLERE (Churt’) given above, indepen-
dently of the substantial variation in phonological
content between the stems of DOLERE and those
of VENIRE and TENERIE. When things are ob-
served al the proposed level of abstraction, sur-
prisingly few paradigmatic schemata, unspecified
for phonological content and combined with ap-
propriate conjugational classes of endings, suffice
to generalize over the entire Italian conjugation
system (Spencer 1988, Pirrelll 1993).

There exists a direct relationship between the
number of stem alternants of a verb and the
paradigmatic schema the verb conforms to. Under
the assumption that three stem alternants »f, »2
and rd are used for present indicative, they most
often distribute according to grid | above. Sim-
ilarly, the present indicative of a two-stem verb
rarely departs from grid 2.

There 1s a nonempty
schemata 1 and 2 (grid 3):

intersection  between

a certaln amount

'In the paradigm of cogliere the stem alternant
cogl- 1s turned into cogli- in the third-person singu-
lar and sccond-person plural of the present indicative
by some separate readjustiment rules.
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ol combinatoric redundancy carrics over from a
three-stem paradigm to a two-stem paradigm. In
particular, 1) the same stem shows up in the first-
person singular and third-person plural, it) »/ has
the same distribution in the two schemata, 1)
1l occupics the slots left empty by the missing
third stem alternant, so that the constraint that
stem alternants in cells 28 and 3s are assigned the
same index is not violated. A quick look at the
paradigm of completely regular verbs (i.c. verbs
with no stem alternation) confirms this trend: »2
disappears, but its slots are taken over by »1. In
a nutshell, »1 is the default surface stem alternant
and normally occupies slots which are left empty
by nonexisting alternants.

The descriptive economy obtained by describ-
ing inflectional paradigms through paradigmatic
schemata is considerable.  Due to the distribu-
tional overlapping between three-stem paradigms
and paradigms with fewer alternants, a single
schema, specified for the maximum number of pos-
sibile stem alternants, suffices to account for the
distribution of an entire class of verhb alternants,
when the following simplified General Indexing
Convention (GIC) is resorted to: a) assign the
default index r1 to the stem occurring in the cell of
the second-person plural of present indica-
tive; b) assign r2 to the stem of the first-person
singular of present indicative; ¢) assign 9
to the stem of the second-person singular of
present indicative.

In the following section we will detail a straight-
forward monotonic formalization of a), b) and ¢)
in a typed featurc-structure formalism. Suffice it
to say now that GIC makes reference to disthvi-
butional propertics only, specified in terms of the
number of stem alternants that a lexeme exhibits.
No mention is made either of the alteration which
the stem undergoes or of the form of the corre-
sponding inflectional ending. This is grounded on
the Indexing Autonomy Hypothesis (1AH),
according to which “stem pairs exhibiting an iden-
tical contrast in formation needn’t exhibit an iden-
tical contrast in indexing” (Stump 1995). At first
glance, the parallel distributional and formal he-
haviour of stem alternants i the present indica~
tive of TENERIL and VEINIRIE seems to falsify
IAII. Other evidence, however, shows that TAIT
is indeed descriptively adequate. Consider, for
concreteness, the alternation in stem pairs such
as croctfigg-ete (‘you crucify’)/ crocifiss-i (‘I cru-
cified’), infligg-ete (‘you inflict’)/ infliss-i (‘I iu-
flicted’}. In spite of their similarity in stem for-
mation, matched by partial distributional redun-
dancies, any direct correlation between phonolog-



ical and distributional regularntios would lead to
icorrcel paradigmatic statements, as shown by
the contrast between the past participle erocefiss-
o (‘erucified’y and the past participle iflitl-o {(*in-
(licted™) where yet another sten alternant shows
up. Note that TAH does not exclude the possibility
that a direet correlation hetween form and index-
g can be stipulated conveniently, A more highly
valued lexicon should also he able to capture the
striling similarily between the present indicalive
of both 'TENERE and VENIRE shown above. We
will consider this possibility in the {inal part of the
paper.

3  An ALEP Implementation

We illustrate here a formalization of the paradigiu-
based model ontlined above, conched in the Ly ped-
featire structure formalism of ALEPY (Cray Sys-
tems 1994, Battista and Pireetlt 1995, Battista of
al. 1995).

Following  Stump  {1995),
treatment of Ttalian verb inflection requires ab

a paradigim-hased

least three logically distinet types ol formal de-
viees: a) word-Tormation rules; h) paradigmatic
schemala, which select dillerently mdexed stem al-
ternants depending on paradigmatic distribution;
¢) ndexing schemata, which assign stem altep-
nants the indices to which paradigiatic schemata
are sensitive,

We avail ourselves of a single word-formalion
rule (WER), which enforces, in the ALEDP par-
lance, morphotactic constraints on the compati-
bility of a stemy and infllectional ending in an o
ected form:

1d:{spec=>specif :{proc_type=>prec_type:{procass=>y}
data_typa=>wsr:{wsr_id=>1D}},
sign=>sign:{phon =>{R K],
constype=>uword:{},
synsem=>synsom:{
local=>local:{
syn=>syn:{
cat=>hoad_cat :{
hoad=>HEAD}}}}}}

<[

1d:{spoc=>spocif:{data type=>lex :{lox_id:>ID}},
sign=>sign:{phon=>[R],
constype=>morphome: {
morphtype=>root:{
inflox=»INFLEX}}}}.

ld:{sign=>sign:{phon =>{E],
constypo=>morpheme : {
morphtype=>i_snding:{
inflox=>INFLEX}},
synsom=>synsom:{
local=>local:{
syn=>syn:{
cat=>haad_cat: {
hoad=>HEAD}}}}+}}

J
Y .

“The Advanced Language lingencering Platform
(ALEPY is an BC initiative to provide the nalural
language rescarch and engeneering community in -
rope with a general purpose rescarvch and developrent,

('nvir()nmm 1.

L'lie rule is stated in traditional morphemic teris:
a full word can be the mother node of a binary
branching structire whose daughters are a sten
and an inflectional ending. "The immediate dom-
imance relationship is expressed by *<°. Daugh-
fers are listed between square brackets, and sepa-
rated by a commain their precedence order. Iea-
ture structures are enclosed in curly brackets, and
paths are expressed through right-pointed arrows:

attribute=>valuc

Feature structures are typed ((I'F'Ss), with the
Lype name separated by a colon:

Lype_name: {['oal.ur(r_s(.mul,m'c}

The rule says that a stem and an inflec-
tional ending combine i an inflected word form
it and ouly if their INFLEX TFSs are unifi-
able. Although [talian morphology is treated here
as basically concatenative, the formal paradigm-
based apparatus we propose here can variously
be couched i either process-hased or morphenie-
based morphologics, the choice between the two
betng dictated only by empirical considerations
concerning the mainly concatenative or noncon-
calenalive nature of the language i ¢uestion
{(Matthews 1974, Calder 1989).

4 "T'he Morphological Lexicon

T'he ALIEP Ttalian morphological lexicon includes
two basic entry types, stems and inflectional end-
ings, both structured paradigmatically. A third
type, covering all non inflecting items, will not he
considered here.
A verh entry is encoded according to an appro-
S . . : o
priate indexing schema which conforins to GILC
In particular we use some ALIP macros such as
the following:
macro{ m_ROOT_WS1{LEX,PHON, INFLEX],
1d:{spec=>specit:{proc_type=>proc_type:{tlm=>n,
process=>y},
data_type=>lox:{lox_id=>LEX}},
sign=>sign:{phon=>{PHON],
constype=>morpheme:{
morphtype=>root:{
tim_class=>tlm_class:{velar=>n,
glide=>n},
inflex=>INFLEX}}}})
The m_ROOT_-WST macro takes three arguments
(between square brackets in the (irst line of the
macro): LEX, which specifies the encodad lexeme
as a value of the attribute ‘lex_id’, PIION, a pos-
sibly singleton list of the stem alternants of the
lexerie in question, and INFLEX, which, among
other things, enforces the relevant stem indexing
schema. An instantiation of the arguments of this
macro spells out the following lexical entry of the
irregular verb SCENDERE (‘get down’):



scendore
rn_ROOT_WSt[1_scondere,
(scend/sces/sces)-alt,
inflex:{inflex_class=>fv,e],
paradigm_class=>{(zero/ono/thres)-alt,
stem_index=>((r1;r2;r3;r6)/r4/r6)-alt}]
where LIUN ts instianted as “Iscendere’, PHON s
assigned two stems (seend- and sees-), and IN-
PLEX takes a disjunctive list of paradigmatic
mdices which correlate with PHON
through the formal device known as named dis-

Named

disjunctions are disunctive lists ol eclements en-

the values

Junction (Krieger and Nerbonne 1991).

closed in brackets and separated by a slash. An
clement of a named digjunction can, i its turn, be
a (named) digjunctive list. A name s separated

by its list throngh a dash:
(clementy felenients /.. /element,, )-list_name

The clements of two identically named disjunc-
tions (c.g. -alt’) are made covary in their respee-
tive order. Accordingly, sces- s associated with ei-
ther stem ndex” #f or 16, scend- with any element

of the disjunctive list “(r1; 12 r3; tH)", where *7 s

the OR operator. Stein tndices are also reflerred to
thetr relevant iflectional endings through covari-
ation with the values of “paradigm class’, which
defines the set of appropriate inflectional endings,
and corresponds roughly to the notion ol conjuga-
Lion class.

A paradigmatic schema s encoded as a complex
entry of type “inflectional ending™ whose PHON
contains a disjunctive list of paradigmatically-
relatect endings. This is done by using the macro
below, which takes one more argnment than the
macro M_ROOT_WSI doces, namely HIEAD, spec-
ified for category, agreement and tense-mood in-
[ormation.

macro( m_ENDING_®S[LEX,PHON, INFLEX ,HEAD],
ld:{spec=>spec1t:{proc_type=>proc_typo:{tim=>n,
process=>y},
data_type=>lox:{lox_1d=>LLX}},
sign=>sign:{phon=>[PHONT,
constype=rmorpheme : {
morphtype=>i_ending:{inflex=>INFLEX}},
synsem=>synsem: {
local=>tocal :{
syn=>syn:{
cat=>head..cat:{
hoad=>HEAD}}}}}))

Unlike in m_ROOT_WSL, LIEX is not a lexeme,
but a particular tense-mood specification; e.g.
present indicative i the example bhelow:

v_present_indicative 0 ~
m_ ENDING_WS[
1_v_present_indicative_0,
((o/i/(a/e/a)-tv)~pars/
(iamo/(ato/ots/ite)-tv/(ano/ono/onoe)-tv)-pers)-num,
inflex:{inflex_class=>[v,(afa/i)-tv],
paradigm_class=>zero,
stom_indox=>((r2/r3/r3)-pers/(r1/r1/r2)-pors)-num,
block=>{{prif’1s’/prif&’2s’/prik’3s’)-pors/
(prif@’ip’/pri&’ 2p’/pris’3p’)-pors)-nun},
v_finite_head:{infl=>agream_indox:{pors=>{(p1/p2/p3)-pers,
numb=>(sing/plur)-num,
tansa=>pros,
mood=>1ind}}]
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Stem indices correlate with the set of inflec-

tional endings (for (he present
‘paradigm class’ zero) with which they can oc-

indicative of
cur.  The INFLEX argument contains, besides
paradigm class and paradigm schema information,
the feature *block’, whose main purpose is to stop
defective verbs from being inllected for particular
paradigm cells.

In compliance with GIC, the same paradignatic
schema is used for capturing distributional redun-
dancies in the selection of alternating as well as
non alternating stems. Ior example, the entry of
the regular verb amare below 1s made unify with
the paradigmatic schema above through WITR,
with no further readjustment: its unigue stem am-
L left lexically unspecified for paradigmatic index-
ing, unifics with any index.

amare
m_ROOT_WS1{1_amare,
am,
inflex:{inflex_class=>[v,a],
paradigm_class=>zerol}].

. M M. N
5 The Italian Paradigm Schema
present impaerfect past
indicative indicative indicative
is r2 vl e
2s T3 ri vl |
38 rd rl rd
Ip Tl rl rt
2p vl ool vl
3p r2 rl vl
future present impearfect
indicative subjunctive subjunctive
Ls 34 r2 rl
28 5 r2 rl
3s r5 T2 ri
Lp 5 rl rl
2p r5 ! rl
3p rs 2 rl
present prosont proesoeut past

gerund infinitive prorticiple pavticiple

rl rl [ G
presoent prosent
conditional imperntive

15 r5H -~

25 r5 re
33 5 r2
Ip rh rl
2p rs rl
ap vl r2

The schema above works with a fully expanded
version of GIC, where default indexing for al-
The
schema accounts for all regular Italian verbs of
any conjugation class, and for the vast majority

ol lbalian irregular basic and inchoative verbs, ap-

ternants r{-r6 are conveniently stipulated.

proximalely 450 lexemes.

In the end, it fails to account for < irregular
verbs of the first conjugation class (namely an-
dare, dave, farc, starc) only, and six irregolar
verbs of the second and third conjugation (awvere,



These onl-

dire).

standing exceptions can be captured cither by

csscic, dovere, polorc, sapert,

adjusting the existing paradigatic schema, or
through further stipulation of an ad hoce schema.
The latter being a Tairly trivial strategy, here we
concentrate on the former onlyv, which requires use
ol no other formal device.

A ten owtstanding exceplions shave the prop-
erly of conforming to the paradigmatic schema

above ounly partially. A good exivnple Is the

present indicative of DOVERE (fmust’):

e o RN ANTINTIY L2
dee ‘ Capet et Ea
dew . syl maet” ¥
e o e oust” 1 tp
don St Tyon el o
de Do Stheg mou-t” b 0

The paradigm departs Tron the paradigmatic
schema ol present andicative (repeated here for
convenience in grid 1) o two respects: first, the
i

Morcover of takes the cell of the second person

missing ~f alternant s replaced by 2, not by

phural only. winle the cell of first-person plural be-
mg hlled by the fuether alternant dobb-0 This
can be captured through the following (simplitied)
lexical entry of DOVERIS:
dovere
m_ROOT_WS1[1 dovere,
(dov/dobb/dev)-alt,
inflox:{inflex_class=>fv, o],
paradigm, class=>zaro,

stem index=>{(r1/v1/(rz;r3)}¥-alt,
block=>((Tprig’ip’)/prig’ip'/ )-alt}]

thie

same stem index of bat are prevented froo be

where both dov- and doblb- are assigned
ing assigned the same paradigmatic cells thanks
to Lthe feature “block™.  Doe- is associaled with
the “block™ value NO'T PRESENT INDICATIVIG
AND IMIRST PLURAL (~prid ' IpY), meaning
that doe-
cell. I its turen,
PRESENT INDICATIVE
RAL. whieh means that
i that cell only.

15 blocked from showing up i that
dobb- takes the “block™ value
AND IFIRST Pl
i allowed Lo oceur
Accordimgly the ungrammati-
cal steings Fdovianmo and Fdobbetc ave raled onl,
due Lo the clash, in WIR, hetween the valnes ol
‘Dlock™ speeificd in Lhe lexerme entry and the cor-
responding values of an inllectional ending,

6  Discussion

Kricger and Nevbonne (1991) illustrate an ap-
proach to inflection whereby paradigms are miod-
elled as abstract entries of Lype “word™, contain
g dispunctive hists ol inllectional endings swhich
arc made covary in parallel with the relevant,
agreetent feature values, and trailed after a (un
devapecified) steme e the PHON attnibute, Ae
cordinglyv, a paradizn v viewed as o node ina

lexical hierarchy. whose leaves are the particufar

oo

P

lexical entries which inherit the paradigm of their
mother node. Morcover, no paradigmatic scheima
15 resorted Lo, However conceptually neat, 1his
approach 1s not mnplementable 1n a monotonic
formalism such as ALEP, where defaudt inheri-
tance and overriding are not supported. Tnour ap

proach, a verb paradigniis produced as the result
of combining aset of indexed stems with an appro

priate class of inflectional endings through a single
paradigimatic schema. The paradigmatic schiema
5 not an abstract node in a hierarciical lexicon,
but a (named) dispunetive list of fully-specified en

ries of type “mnflectional ending™, each competing
with the others for one or more specific cell(s) in
the paradigin, The approach miakes it possible 1o
cluster verbs in comparatively few, highly nato-
ral linguistic elasses, showing dilferent patterns of
stem indexing, with a comparatively seanty reper-
toire ol formal mecans (1o nonmonotic operations
being resorted to). Among other things, it sini-
phiies lexical encoding considerably: the ereation
of a new paradigiu does not require introduction
ol a new node e a fexical hierarchy, with possible
rearrangement ol lower nodes, but simple addition
of a new sel of coneretely-specified entries.

This approach compares Favonrably with a sy
tagmatic T'wo-Level Morphology (‘TEM)  treat-
ment of paradigmatic stem alternants seen as in-
stances of phonologically condilioned suppletion.
[n Ttalian asingle paradigmatic schema (swhich ac-
counts, together with GIC, for all regular verbs
and for 450 out of 460 1rregular verbs) does the

job of a number of "TLM rules wmapping parcadig-

Notahly,

not all stem alternants need be indesed i the lex-

malic allomorphs onto abstract stems.

icon. Some of them, referred to as syntagmatic
stem alternants in the literatare (Stump 1995),
arc treated as genuine instances of phonologically
conditioned suppletion, and thus taken care of by
a separate Two-Level cotnponent. Syntagimalic
stem allernants which, unlike paradigmatic ones,
occur i lahian with both regular and irregular
verbs, are not considered Tarther here.

Finally, it 1s worth noting thal the proposcd
paracdigmatic approach works in generation as well
as in analysis al no additional computational cost,
thus proviching a nmice case ol a successful blending
ol deseriptive cconomy and declarativity.

7

[iprovements and conclusion

GLC makes reference to positional values in the
paradigm only, so that stem alternants are e
dexed refative to paradigmatic cells {e.g. second-
person singular of present indicative}, nol Lo in
herent formal propertios either of theirs or of their



imflectional endings, in keeping with TATL In the
current implementation, all stem altermants of a
certain verh are indexed, within the relevant lexi-
cal entry, m pracsentia, that s through full listing,
S0 we miss the generalization that the same type
of stem alternation takes place in more than one
entry (say both in VENTRIE and TENBRIE). Cer-
tainly, a more highly valued lexicon should also be
able to capture this redundancy. Within the ap-
proach suggested here, an casily imagined solution
is that the lexical value of redundant stem alter-
nants is abstracted away from any such redundant
properties, which are stored in a separate “meta-
entry” . Tull lexical entries are then cranked out
through unification of these separate picces of in-
formation, a root alternant such as veng- being
thus produced through concatenation of v- and
-cng-. Tlowever simple, this solution s mpossi-
ble Lo implement in ALKP, where a siring un-
dergoing lexicon look-up 1s always an atom (as
opposed to a list).
formal means, it can nonetheless be implemented
in livans and Gazdar’s DATR quite straightfor-
wardly (Evans and Gazdar 1990, 1995).

By way of conclusion. our experience shows
that: 1) the inflectional morphology of Italian is
an mventory of hoth internally- and externally-
related paradigms rather than an inventory of un-
related morphemes; i) paradigms define highly
natural inflecting classes; iii) if looked at at an
appropriale level of abstraction, they exhibit a
strikingly uniforin and simple underlying pattern
of stem distribution: the paradigmatic schema; iv)
a paradigmatic schema is declarative, and works
well in both word analysis and generation: it relies
on a minimum of word structure rule stipulation;
v) it allows for a considerable level of descriptive
cconomy: in ltalian a sigle schema (in combi-
nation with GIC) is found to hold for all regular
verbs, and for 450 out of AG0 1rregular verbs; vi) it
can be ignored only at the fairly high price of writ-
g a good many ad hoc readjustiment rules; vii)
finally, 1t 15 not computationally greedy; it can be
implemented even in lean monotonic frameworks
such as ALISP.

(ANl ideas of this paper are the outcome of a joint
cffort; for the specific concerns ol the [talian Academy
only, V. Pirrelli 1s vesponsible for scctions 1, 2, 6 anc
7, M. Battista for sections 3, 4 and 5.
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