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Abstract
T he p ap er d iscusses, on  th e  lex ica l level, th e  in teg ra tio n  o f  h eu ris tic  so lu tions in to  a  lex ico n  
b ased  and  ru le  g o v ern ed  sy stem  fo r th e  au to m atic  ana lysis  o f  u n res tric ted  P ortuguese  tex t. In  
particu la r, a  m o rp h o lo g y  b ased  an a ly tic  app ro ach  to  lex ica l h eu ris tics  is p resen ted  and  evaluated . 
T he tag g er in v o lv ed  u ses a  50 .000  en try  base fo rm  le x ico n  as w ell as p refix -, suffix- an d  
in flex io n  end ings lex ica  to  a ss ig n  p a rt o f  speech  and  o th e r m o rp h o lo g ica l tag s  to  every  w ordform . 
in  the  text, w ith  reca ll ra tes b e tw een  99 .6%  and  99 .7% . M u ltip le  read in g s are  su b sequen tly  
d isam b ig u ated  by  u s in g  g ram m atica l ru les  fo rm u la ted  in  th e  C o n stra in t G ram m ar fo rm alism . O n  
th e  n ex t level o f  an a ly sis , tag s  fo r syn tactica l fo rm  an d  fu n c tio n  a lte rn a tiv es  are  m apped  on to  th e  
w o rd fo n n s  and  d isam b ig u a ted  in  a  s im ila r w ay . In  sp ite  o f  u sin g  a  h igh ly  d iffe ren tia ted  ta g  set, 
the  p arser y ie lds co rrec tness ra te s  - o n  ru n n in g  u n restric ted  an d  u n k n o w n  tex t - o f  over 99%  fo r 
m o rpho logy /P oS  and  9 7 -9 8 %  fo r syntax . A  te st s ite  w ith  a  v a rie ty  o f  ap p lica tions (parsing , 
co rpus searches, in te rac tiv e  g ram m ar teach ing  and  - ex p erim en ta l - M T  has b een  estab lish ed  a t 
h ttp ://v is l.h u m .o u .d k /L in g u is tic s .h tm l.

1 Background
In  co rpus lin gu istics, m o s t sy stem s o f  au to m atic  an a ly sis  can  b e  c lassified  b y  m easu ring  th e m  
ag a in st the  b ip o la rity  o f  ru le  b ased  v ersus p ro b ab ilis tic  ap p ro ach es. T hus K arlsson  (1995) 
d is tingu ishes  b e tw een  “p u re”  ru le  b ased  o r p ro b ab ilis tic  sy stem s, h y b rid  system s an d  co m p o u n d  
system s, i.e. ru le  b ased  sy stem s su p p lem en ted  w ith  p ro b ab ilis tic  m o d u les , o r  p ro b ab ilis tic  
system s w ith  ru le  b ased  “b ia s” o r postp ro cessin g . A s  a  seco n d  p aram ete r, lex ico n  dep en d en cy  
m ig h t b e  added , s ince  b o th  ru le s  b ased  and  p ro b ab ilis tic  sy stem s d iffe r  in te rn a lly  as to  h o w  m u ch  
use  th ey  m ake  o f  ex ten siv e  lex ica , b o th  in  te rm s o f  lex ica l co v erag e  an d  g ran u la rity  o f  lex ica l 
in fo rm ation .

T he co n stra in t g ra m m a r  (C G ) fo rm alism  (e.g. K arlsso n  e t a l., 1995), w h ich  I have  b een  u s in g  in  
m y  o w n  sy stem ’ fo r th e  au to m atic  an a lysis  o f  u n res tric ted  P o rtu g u ese  te x t (B ick , 1996 [1] an d  
1997 [2]), is b o th  ru le  g o v ern ed  and  lex icon  based , fo cu s in g  on  d isam b ig u atio n  o f  m u ltip ly

‘ The system was developed in the framework of a Ph.D.-project at Arhus University, over a period of three 
years, drawing on lexicographic research on Portuguese from an earlier Master's Thesis.
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ass ig n ed  lex ica l an d  structu ra l read in g s as th e  m ain  to o l o f  ana lysis . R ead in g s are  expressed  as 
se ts  o f  w ord  b ased  m o d u lar tags. S y n tac tic  s tructu re  is covered  b y  u s in g  fu n ctio n  tags and 
depen d en cy  m arkers (B ick, 1997 [1]), b u t I w ill here concen tra te  o n  th e  lex ico -m orpho log ical 
level. B efo re  any  C on stra in t G ram m ar ru les  can  apply, all (m o rp h o lo g ica lly ) p o ss ib le  read ings 
h av e  to  be iden tified , and  I h av e  to  th is  end  developed  a p rep ro cesso r, th a t iden tifies  w ordform s, 
p o ly lex ica l u n its  and  sen tence b o u ndaries, as w ell as a  m o rp h o lo g ica l an a ly se r fo r  P ortuguese  
u sing  an  ad ap ted  e lec tron ic  v ers io n  o f  a  p rev iously  p u b lish ed  d ic tio n ary  (B ick , 1993) in  
co m b in a tio n  w ith  affix - and  in flec tio n  end in g s lex ica  su p p lem en ted  b y  co rresp o n d in g  alternation  
ru les  fo r w o rd  fo rm atio n  (B ick , 1995). In  th e  analyser's  ou tpu t, ev ery  w ord  fo rm  is fo llow ed by 
as m an y  tag  lines as there  are  p o ten tia l read ings:

(1) "<revista>"
"revista" < + n>  <C P>  < rr>  N F S
"revestir" < v t>  < d e^v tp >  < de^vrp>  V  P R  1/3S S U B J V F IN  
"rev istar" < v t>  V  IM P  2S V F IN  
"rev istar" < v t>  V  P R  3S IN D  V FIN  
"rever" < v t>  <vi>  V  PC

W ith  a  C G -term , such  an am b ig u o u s lis t o f  read ings is ca lled  a  cohort. In  th e  exam ple , the w ord  
fo rm  'rev ista ' has one n o u n -read in g  (fem ale  singu lar) and  fou r (!) v e rb -read in g s, the la tter 
co v erin g  th ree  d iffe ren t b ase  fo rm s, sub junctive , im perative , in d ica tiv e  p resen t tense and  
p artic ip le  read ings. C onven tionally , P oS  and  m orpho log ica l featu res are  reg ard ed  as p rim ary  tags 
and  co d ed  by  cap ita l le tters. In  ad d itio n  th e re  can  be secondary  lex ical in fo rm atio n  abou t valency  
an d  sem antica l c lass, m arked  b y  b racketing .

A  co n stra in t g ra m m a r ru le  b rin g s th e  am b ig u ity  p rob lem  to  th e  fo reg ro u n d  b y  specify ing  w h ich  
read in g  (o u t o f  a  co h o rt o f  am b ig u o u s  read in g s fo r a  g iv en  w ord) is im p o ss ib le  (and  thus to  be 
d iscard ed ) o r m an d ato ry  (and  th u s to  b e  chosen ) in  a  g iven  sen tence-con tex t. F o r  instance, a  ru le  
m ig h t d iscard  a  fin ite  verb  read in g  a fte r a  p rep o sitio n  (2a) , o r  w h en  an o th e r - u n am biguous - 
fin ite  v e rb  is a lready  found  in  th e  sam e c lause , w ith  no coord ina to rs p re sen t (2b).^

(2a) R E M O V E  (V F IN ) IF  (-1 P R P )
[d iscard  fin ite  verb  read ings (V F IN ) i f  th e  firs t w ord  to  the  le ft (-1 ) is a  p rep o sitio n  PR P)]

(2b ) R E M O V E  (V F IN ) IF  (*1C  V F IN  B A R R IE R  C LB  O R  K C ) (N O T  * - l  C L B -W O R D )
[d iscard  V F IN  i f  th e re  is an o th er u n am biguous (C ) fin ite  v erb  (V F IN ) anyw here  to  the  
r ig h t (*1) w ith  no  c lau se -b o u n d ary  (C L B ) and  coo rd in a tin g  co n ju n c tio n  (K C ) in terfering  
(B A R R IE R ). D iscard  on ly  i f  th e re  is no  su b o rd in a to r (C L B -W O R D ) anyw here  to  the  le ft 
(* - l) ]

2 Ordinarily, this disambiguation process works on whole cohort lines, i.e. distinguishes between PoS, base form 
and inflection, but tolerates competing valency options. However, on a higher level o f analysis, I have introduced 
valency and semantical disambiguation, too. This can be very useful for polysemy resolution, like in "rever", where 
the transitive <vt> - intransitive <vi> distinction has a meaning correlate: 'tomar a ver' [see again] vs. 'transudar' 
[leak through]. Likewise, "revista" followed by a name <+n> or being read (semantical class <rr>) is more likely to 
be a newspaper than an inspection (semantical class <CP> for action; +CONTROL, +PERFECTIVE).
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W ith  cu rren t so ftw are , b e fo re  an  analysis  run , a ll ru les  a re  tran s la ted  in to  a  fin ite  s tate  n e tw o rk  
by  a  co m p ile r p ro g ram , y ie ld in g  the actual parser. T h e  P o rtu g u ese  g ram m ar w as o rig in a lly  
w ritten  in  th e  fo rm alism  su g g ested  by  P asi T ap an a in en 's  firs t co m p ile r  im p lem en ta tion , b u t la te r 
rew ritten  to  m a tch  th e  n o ta tio n  u sed  in  h is n ew  C G -2  p a rse r co m p ile r  (T apanainen , 1996).

B y  app ly ing  th e  ru le  se t several tim es, th e  p a rse r ren d ers  m ore  an d  m ore  w ords in  th e  sen ten ce  
u nam biguous, and  in  th e  end , on ly  one read ing  is  le ft fo r  ev ery  w o rd . S ince th e  in d iv id u al ru le  
can  be  m ad e  v ery  "cau tious"  by  add ing  m o re  co n tex t co n d itio n s, and  since  th e  la s t su rv iv in g  
read ing  w ill n ev e r b e  d iscard ed , th e  fo rm alism  is  v ery  rob u st. E v e n  im p erfec t in p u t w ill y ie ld  
so m e  parse. U n lik e  p ro b ab ilis tic  system s, w here  "m anual in te rference"  as in  th e  in tro d u c tio n  o f  
b ias on  b e h a lf  o f  irreg u la r p h en o m en a  o ften  h as  an  ad v erse  side-effec t on  the  o vera ll 
perfo rm ance o f  the  p a rse r (d u e  to  in terference w ith  th e  o rd in ary  sta tis tica l "ru les" biised o n  the  
regu lar  "m ajority" p h en o m en a), C onstra in t G ram m ar to le ra te s  and  ev en  encourages the 
increm en tal "p iecem eal " ad d itio n  o f  excep tions and  co n tex t co n d itio n s fo r in d iv idual ru les  (F o r 
a  co m p ariso n  o f  s ta tis tica l an d  co nstra in t-based  m e th o d s  see  C h an o d  &  T apanainen , 1994).

2. System Performance
I f  they  can  b e  m ad e  to  w o rk  on  free tex t, ru le  b ased  sy stem s can  ach ieve v ery  low  erro r rates. 
W hile  s ta te -o f-th e -a rt p ro b ab ilis tic  tag g ers  still h av e  e rro r ra tes o f  o v er th ree  p ercen t^  ev en  for 
PoS  tagg ing , C G  b ased  sy stem s fare som ew hat better. F o r E n g lish  w o rd  class e rro r rates o f  u n d er 
0 .3%  have  b een  rep o rted  a t a  d isam b ig u atio n  level o f  9 4 -9 7 %  (V o u tila in en , 1992), F o r m y  o w n  
P ortuguese  C G  system , te st runs runs w ith  n ear 100%  d isam b ig u a tio n  on  fic tio n  and new s tex ts 
suggest a  co rrec tn ess  ra te  o f  o v er 99%  for m o rp h o lo g y  and  p a rt o f  speech , w h en  an a lysing  
unkn o w n  u n res tric ted  text'*. F o r  sy n tax  th e  fig u res  a re  98%  for c lass ica l lite rary  p ro se  (E 9 a  de  
Q ueiroz, "O  te so u ro ") and  97%  fo r the  m o re  in v en tiv e  " journalese" o f  new s m ag azin e  tex ts  
(V E JA ,9 .1 2 .1 9 9 2 ),as  sh o w n  in  tab le(3 );

 ̂ Compare, for English, (Garside et.al, 1987) on the HMM based CLAWS system, (Francis and Kucera, 1992) 
on recovering PoS tags from the Brown corpus, Ratnaparkhi's maximum-entropy tagger trained on the Penn 
Treebank (Marcus et al., 1993) or Brill's stochastic tagger using automated learning (Brill, 1992). For German the 
Morphy system described in (Lezius et. al., 1996) achieved an accuracy of 95.9%.

" The test texts used were not part of the benchmark corpus used to develop the rules, and fresh text chunks were 
used for every new test. The present grammar, however, still being improved, does incorporate changes made as a 
result of test run errors.
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(3) System performance on the PoS and syntactic levels:

T e x t : 0  tesouro V E J A J V E J A 2
ca . 2 5 0 0  w o rd s ca . 4 8 0 0  w o rd s ca. 3 1 4 0  w o rd s

E r r o r  t y p e s :  ,' . ,  > L. e r r o r s co rrec t- e r ro r s c o rre c t- e r ro r s co rrec t-
n e s s  . n e s s n e s s

P a r t-o f-sp e e c h  e r ro rs 16 15 24
B a se -fo rm  & flex ion  e r ro r s 1 2 2
A ll  m o r p h o l o g i c a l  e r r o r s 17 99 .3  % 17 9 9 .7  % 26 9 9 ,2  %
s y n ta c tic : w o rd  & p h ra s e s 54 118 101
s y n ta c tic : s u b c la u s e s 10 11 13
A ll s y n t a c t i c  e r r o r s 64 9 7 .4  % 129 9 7 .3  % 114 9 6 .4  %
"local" s y n ta c t ic  e r ro r s  d u e  to - 2 7 - 23 - 2 8
P o S /m o rp h o lo g ica l e r ro r s
P u r e l y  s y n t a c t i c  e r r o r s 37 98 .5  % 106 9 7 .8  % 86 9 7 .3  %

3. Lexico-morphological heuristics
Y et even  in  a ru le  based  C G  system , h eu ris tics  can  be  qu ite  usefiil (fo r E n g lish , see K arlsson  et. 
a l., 1995). T hus ru les are  u su a lly  g rouped  accord ing  to  th e ir "sa fe ty" , i.e. th e ir  s tatistical 
ten d en cy  to  m ake errors. L ess safe ru les can  be  added  as a  h eu ris tic  lev e l o n  top  o f  a  kernel o f  
safe  ru les , and  w ill be  ap p lied  a fte r  these . A lso , statistica l in sp ired  "ra rity  tags" (<R are>) can  be 
ad d ed  to  certa in  less p ro b ab le  read in g s in  the lex icon , and  th e n  re fe rred  to  b y  contex tual 
d isam b ig u atio n  ru les. A  th ird  fie ld  fo r the  ap p lica tion  o f  h eu ris tics  is o n  th e  an a lyser  level, i.e. 
co n cern s the  (lex ico -m o rp h o lo g ica l) in p u t o f  th e  d isam b ig u atio n  ru le  system . It is th is  th ird  type 
o f  h eu ris tics  I am  con cern ed  w ith  here .

S in ce  th e  h ig h e r levels o f  th e  p a rs in g  sy stem  (fo r exam ple , PoS  an d  sy n tax ) are  techn ica lly  ru le  
b ased  d isam biguato rs, th ey  n eed  so m e  read in g  fo r every  w ord  to  w o rk  on , w h ich  is w hy even  
un an a ly zab le  w ord  fo rm s (i.e. w o rd  fo rm s th a t can  n o t b e  red u ce d  to  a  ro o t found  in  the  
a n a ly se r’s lex icon) need  to  be  g iv en  one  o r m o re  heu ristic  read in g s w ith  reg ard  to  w o rd  class and  
flex io n  m orpho logy . T he m a jo rity  o f  such  cases is accoun ted  fo r b y  u n k n o w n  p ro p e r nouns (1- 
2 %  o f  a ll w ords, dep en d in g  o n  te x t ty p e ), and  can  be  h an d led  b y  ass ig n in g  h eu ris tic  PR O P tags 
to  a ll  cap ita lised  w o rd s in  ce rta in  con tex ts , and  then  a d d in g  any  co m p e tin g  a n a ly tica l analysis, 
e sp ec ia lly  in  the  case o f  sen ten ce  in itia l positio n , leav ing  th e  fina l d ec is io n  to  th e  ru le  b ased  
d isam b ig u a tio n  m odule. T h is  w ay , th o u g h  80%  o f  a ll nou n s in  m y  co rpus n eed  heuristica l 
trea tm en t, th e  e rro r ra te  fo r th e  P R O P  class  as a  w ho le  can  be  k e p t a t  2% , n o t to o  fa r  from  the 
tag g ers  ov era ll PoS  erro r ra te  (<  1% ).
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3.1 "Unanalyzable® words": typology and statistics
T h o u g h  acco u n tin g  fo r on ly  0 .3 -0 -5%  o f  w o rd  fo rm s in  ru n n in g  tex t, o th e r ty p es o f  an a ly sis  
fa ilu res  (i.e. w o rd  fo rm s th a t can  n o t b e  red u ced  to  a  ro o t fo u n d  in  th e  an a ly se r’s lex ico n ) are  
m ore  d ifficu lt to  h an d le , due  to  the ir fim ctional d iv e rs ity  and  th e  lack  o f  a  c lear m o rp h o lo g ica l 
m arker. T ab le  (4 ) p ro v id es  a n  erro r ty p o lo g y  fo r  a  13L 981  w o rd  lite ra tu re  an d  secondary  
litera tu re  co rp u s (T he R N P  d eposito ry  o f  B raz ilian  literatu re), co n ta in in g  604  u n an a ly zab le  
w ords in  th e  te s t run.

T hree  m a in  g ro u p s  m ay  b e  d istin g u ish ed , co m p ris in g  o f  ro u g h ly  o n e  th ird  o f  the  cases each:

a) o rth o g rap h ica l e rro rs  (shaded  in  th e  tab le , an d  partia lly  co rrec ted  befo re  h eu ris tic s  p ro p e r 
b y  an  a cc en t m o d u le  reco g n isin g  reg u la r reg io n a l spelling  v aria tions)

b) u n k n o w n  an d  u n d eriv ab le  P o rtu g u ese  w ords o r ab b rev ia tio n s
c) u n k n o w n  fo re ig n  loan  w ords

(4) E rro r ty p es  in  "u nanalyzab le" w ords:

DOMAIN NUM BER OF  
TOKENS

PERCENTAG E

F o re ig n 232 38.4
o r th o g ra p h ic  v a r ia tio n  
(E u ro p ea n /a cceh tu a tio n )

125 20.7 Correctables

o th er  p ort. O rth o g ra p h ic 74 12.3 Misspellings
n o n -ca p ita lise d  n a m es  an d  
a b b r ev ia tio n s

37 6.1 E n cyclopaed ic  
lexicon fa ilu re s

n a m es an d  n am e ro o ts 18 3.0
a b b r ev ia tio n s 19 3.1

root n o t  fou n d  in  le x ic o n 119 19.7 Core lexicon
fou n d  in  A urelio^ 91 15.1 fa ilu re s
n o t fo u n d  in  A u re lio 28 4.6

d er iv a tio n /fle x io n  p ro b lem 15 2.5 A ffix lexicon
su ffix 8 1.3 fa ilu re s
p refix 3 0.5
H exion  e n d in g 2 0.3
a lter n a t io n  in fo rm a tio n 2 0.3

o th er 2 0.3
SUM 604 100.0

3.2 Analytical morphological heuristics
F o r o p tim al p e rfo rm an ce , th e  th ree  g ro u p s m en tio n ed  ab o v e  w o u ld  req u ire  d iffe ren t s tra teg ies. 
F o re ig n  w o rd s  ap p ea rin g  in  ru n n in g  P o rtu g u ese  te x t are  typ ica lly  nou n s o r n o u n  p h rases , and  * *

* In this paper I intend "unanalysable word forms" to mean word forms that cannot - by derivation and/or 
inflexional analysis - be reduced to a root found in the analyser's lexicon. Of course, only part of these - typing 
errors and foreign language quotes - are really unanalysable, while others might be covered by enlarging the lexicon 
or enhancing the scientific derivation list.

* "Novo Dicion^io Aurelio" is the largest monolingual dictionary of Brazilian Portuguese.
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try in g  to  iden tify  verba l e lem en ts  o n ly  causes troub le . In  "real" P o rtu g u ese  \vords w ithou t 
sp e lling  errors, s tructu ra l c lu es  - like flex io n  end ings an d  su ffixes - sh o u ld  b e  em phasised . T hese 
w ill b e  m ean ingfu l in  m issp e lled  P o rtu g u ese  w ords, too , bu t, in  ad d itio n , specific  ru les abou t 
le tte r m an ip u la tio n  (d o u b lin g  o f  le tters , m issin g  le tters, le tte r in version , m issin g  b lanks etc.) and  
ev en  kn o w led g e  ab o u t k ey b o ard  ch arac teristics  m ig h t m ake  a  d ifference.
M o tiv a ted  by a g ram m atica l p e rsp ec tiv e  ra ther th an  p ro b ab ilis tics , m y  approach  has been  to 
em p h asise  groups (a) and  (b) and  lo o k  fo r P o rtu g u ese  m o rp h o lo g ica l c lues in  w ords w ith  
u n k n o w n  stem s. S ince p re fix es  h av e  v ery  little  b earing  on  th e  p ro b ab ility  o f  a  w ord 's  w ord  class 
o r flex io n al categories, o n ly  th e  f lex io n  end ings and su ffix  lex ica  are  used . A s it a lso  does in  
o rd in ary  m orpho log ical an a ly sis , th e  tag g er tries to  id en tify  a  w o rd  fro m  th e  right, i.e. 
backw ards, cu tting  o f f  p o ten tia l end in g s o r su ffixes an d  ch eck in g  fo r  th e  rem ain ing  stem  in  the 
ro o t lex ico n  (the m a in  lex icon). N o rm ally , fo r (m ultip ly ) a n a ly sed  w o rd s, u s in g  K arlsson 's  law  
(K arlsson  1992, 1995)’, th e  P o rtu g u ese  ana lyse r w o u ld  try  to  m ak e  th e  ro o t as long  as possib le , 
an d  to  u se  as few  deriv a tio n a l layers® as possib le . F o r (sy stem -in tern a lly ) unanalyzab le  w ords, 
how ever, I use  the  o p p osite  s trategy; S ince I am  look ing  fo r a  h y p o th e tica l roo t, flex ion  end ings 
and  su ffix es  are all I've go t, an d  I try  to  m ak e  th e ir h a lf  o f  th e  w o rd  (th e  r ig h t hand  part) as large 
as possib le .

W ork ing  w ith  a m in im al ro o t len g th  o f  3 le tters, and ca llin g  m y  h y p o th e tica l ro o t 'xxx ', I w ill 
s ta rt by  rep lacing  only  th e  firs t 3 le tters o f  the  w ord  in  q u estio n  b y  'xxx ' and  try  fo r an  analysis, 
th e n  I w ill rep lace th e  firs t 4  le tters  by 'xxx ', and  so on, un til - i f  n ecessa ry  - the  w h o le  w ord  is 
rep laced  by  'xxx '.’ F o r a  w o rd  like  on to g en etica m en te  the  rew ritin g  reco rd  w ill y ie ld  the chain  
below . H ere, the full ch a in  is  g iven , w ith  all read ings it w ould  en co u n te r on  its w ay . In  the real 
case , how ever, the  tag g er - p refe rrin g  long  deriv a tio n s/en d in g s to  sh o rt ones - w ould  stop 
search in g  at the  xxx tica m en te  -leve l, w h ere  the  firs t g roup  o f  read in g s  is  found. In  fact, the  
ad v erb ia l use  o f  an  ad jec tiv e ly  su ffix ed  w o rd  is m u ch  m o re  likely  th an  h ittin g  upon, say, a  "root- 
on ly" n o u n  w hose last 9 le tters  h ap p en  to  inc lude b o th  the  '-ico ' an d  th e  '-m en te ' le tte r chains by  
chance.

(5 ) on to een e tica m en te  ->  no  an a ly sis

xxxogeneticamente
xxxgeneticamente
xxxeneticamente
xxxneticamente *

’’ Karlsson's law states, that of two morpological analyses of different derivational complexity, the one with fewer 
elements is almost always the correct one.

* Karlsson's law can be applied to any string of free (i.e. compounding), derivational or inflexional morphemes, 
but the frequency of ambiguity types with respect to these three elements will differ from language to language - 
thus, in Portuguese, compounding is much rarer than in most germanic languages, while Swedish, the language for 
which Karlsson's law was originally fomulated, does have compounding, but not as rich an inflexion morphology.

’ A similar method of partial morphological recognition and circumstantial categorization might be responsible 
for a human being's successful inflectional and syntactic treatment of unknown words in a known language; the 
Portuguese word games "coHorido" (president Collor & colorido - 'coloured') and "tucanagem" (the party of the 
tucanos & sacanagem - 'dirty work'), for instance, will not be understood by a cultural novice in Brazil, even if he is 
a native speaker of European Portuguese - but he will still be able to identify both as singular, the first as a past 
participle ('-do') and the second as an abstract noun ('-agem') of the feminine gender.
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xxxeticamente
xxxticamente

xxxicamente

xxxcamente
xxxamente

xxxmente
xxxente

-> su ffix  -ico ' (v a ria tio n  '- tico ')  +  adverb ia l end ing  '-m en te ' 
"on togene" < D E R S  -ico  [A T T R ]>  < d ead j>  A D V  

->  su ffix  '-ico ' +  ad v erb ia l en d in g  '-m ente '
"ontogene" < D E R S  -ico  [A T T R ]>  < d ead j>  A D V

~> adverb ial en d in g  '-m en te ' (v aria tio n  '-am ente ')
"on togenetico" < x x x o >  < d e a d j> A D V

~> "presen t p a rtic ip le" -su ffix  '-en te '
"on togeneticam er" < D E R S  -en te  [P A R T .P R ]>  A D J M /F  S 
"on togeneticam er" < D E R S  -en te  [A G E N T ]>  N  M/F' S 

->  causative su ffix  '-en ta r '’° +  v erba l f lex io n  end ing  ’-e'
"on togeneticam " <D E R S  -a r [C A U S E ]>  V  P R  1/3S S U B J V F IN

xxxnte
xxxte
xxxe -> verbal flex io n  en d in g  '-e'

"on togeneticam en te r"  < x x x er>  V  IM P  2S V FIN  
"on togeneticam entir"  < x x x ir>  V IM P 2S  V F IN  ###  
"on togeneticam en te r"  < x x x er>  V  P R  3 S IN D  V F IN  
"on togeneticam en tir"  < x x x ir>  V  P R  3S  IN D  V F IN  # # #  
"on togeneticam en ta r"  < x x x ar>  V  P R  1/3S S U B J V F IN  

XXX -> no deriva tion  o r f lex io n
"on togeneticam en te" < x x x >  N F S  
"on togeneticam en te"  < x x x >  N  M  S

R oo ts w ith  'x x x ' are  p resen t in  the  core  lex ico n  a lo n g sid e  the  "real" roo ts , in c lu d in g  th e  necessa ry  
stem  a lte rn a tio n s"  fo r  verb s  (here, B b C c  fo r d iffe re n t ro o t-s tressed  fo rm s an d  A a iD  fo r  end in g s- 
s tressed  fo rm s):

(6)
ro o t w o rd  c lass  a lte rn a tio n  subclass lex em e  ID  ta rg e t o f  analysis_________ _
XXX <sm> 
xxxar <am£> 
xxxar- <vt>

xxxer <sm> 
xxxia <sf> 
xxxo <sm>

A aiD

54573
59547
54578

54666
54665
54582

m ascu lin e  n oun , ty p ica lly  fo re ig n  
P o rtu g u ese  '-ar'-ad jec tive*  
end in g s-s tressed  fo rm s o f '- a r '-  
verbs
m ascu line  noun , ty p ica lly  E ng lish*  
fem in ine  n oun , L atin -P o rtu g u ese*  
m ascu line  noun , ty p ica lly  
P o rtuguese

This suffix is regarded as a variant of'-ar', and therefore normalized in the DER-tag: <DERS -ar [CAUSE]>. 
Here, BbCc for different root-stressed forms and AaiD for endings-stressed forms, with D, for example,

meaning a root to be used with future subjunctive endings.
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B esid es  th e  typ ica l s te in s en d in g  in  '-o ', '-a' and  '-r', d e fau lt s tem s co n sis tin g  o f  a  p la in  'xxx' have  
b een  en tered  to  acco m m o d a te  fo r fo re ign  n o uns w ith  "un -P ortuguese"  spelling . L ike m any o th e r 
languages, P o rtuguese  w ill fo rce  its  o w n  gender system  ev en  on to  fo re ig n  loan  w ords, so a 
m ascu lin e  and a  fem in in e  case  m u s t b e  d istingu ished , fo r la te r u se  in  th e  tagger's  d isam biguation  
m odule .

S ince th e  analyser's  h eu ris tics  fo r unkn o w n  w ords p re fe rs  read in g s w ith  end ings (o r suffixes) to 
th o se  w ithou t, and  lo n g er o n es to  sho rte r ones, verbal read in g s (esp ec ia lly  those  w ith  in flex ion  
m o rp h em es in  'r', 'a ' o r 'o ') h av e  a  "natural" advan tage  o v er w h a t rea lly  shou ld  b e  n o uns o r 
ad jec tiv es , espec ia lly  w h en  th e se  appear in  th e ir u n in flec ted  s in g u la r b ase  form . L ex icon-w ise , 
th is  tendency  is co u n te red  by add ing  th ree  o f  th e  m o s t co m m o n ly  ignored  nom inal cases 
specifically  in to  th e  lex icon : (a) E n g lish  '-er' n o u n s  o th e rw ise  o n ly  tak en  as P ortuguese  
in fin itives, (b) L atin -P o rtu g u ese  '-ia ' nouns o therw ise  o n ly  read  as v e rb a l fo rm s in  th e  im perfeito  
tense , and  (c) '-ar' ad jec tiv es  o th erw ise  analysed  only  as in fin itives.

R u le -w ise , verbal read in g s a lo n e  are n o t a llow ed  to  stop  th e  h eu ris tics-m ach in e , it w ill p roceed  
u n til it fin d s a  read in g  w ith  an o th e r w ord  class. So, th e  p ro cess  is set to  ig n o re  verb a l read ings on  
its  w ay  dow n th e  ch a in  o f  h y p o th e tica l w ord  fo rm s w ith  ev er sh o rte r su ffix /end ings-parts . T hus, 
th e  h eu ris tics-m ach in e  w ill re c o rd  verbal read ings, b u t o n ly  s top  i f  a  noun , ad jective  o r adverb  
read in g  is found  in  th a t level's  co h o rt (list o f  read ings). In  th is  con tex t, partic ip les  and  gerunds - 
th o u g h  verbal - are trea ted  as "ad jectives" and  "adverbs", resp ec tiv e ly , b ecause  they  feature very  
ch arac teristic  end ings ( '-ado ', '-ido ', '-ando ', '-endo ', '-indo ').

T h is  ra ises the p o ssib ility  o f  th e  h eu ristics-m ach ine p ro g ress in g  fro m  m ulti-derived  analyses 
(w ith  one  o r m ore  su ffixes) to  sim p le  analyses (w ith o u t su ffix es) b e fo re  it encoun ters a  n o n 
v erba l read ing . In  th is  case , th e  ap p lica tio n  o f  K arlsso n 's  la w  does still m ak e  sense, and  w h en  th e  
h eu ris tics-m ach in e  h an d s its re su lts  over to  th e  local d isam b ig u a tio n  m o d u le , th is  w ill se lec t th e  
read ings o f  low est de riv a tio n a l com plex ity , w eed ing  o u t a ll (read : v e rb a l!) read ings con tain ing  
m o re  (read: verbal!) su ffixes th a n  the  g roup  selected . In  th e  m issp e lled  F ren ch  w ord  'entaente', 
fo r  exam ple, the  v erba l read ing :

(7a) "enta" < D E R S  -(en t)a r [C A U S E ]>  V  P R  1/3S S U B J V F IN , 
fro m  th e  'xxxaen te '-leve l, is rem o v ed , leav ing  on ly  u n d eriv ed  verba l read in g s - from  the 'xxxe '- 
level, a lo n g  w ith  th e  d esired  n o u n  s ingu la r read ing  fro m  th e  'xxx '-leve l.

(7b) en taen te  A L T  x x x aen te  A L T  xxxe A L T  xxx  
"en taen ter"  < x x x er>  V  IM P 2S V FIN  
"en taen ter"  < x x x er>  V  P R  3S IN D  V F IN  
"en taen tar"  < x x x ar>  V  P R  I/3 S  S U B J V F IN  
"entaente" < x x x >  N F S  
"en taen te" < x x x >  N  M  S

S ince  a ll d isam b ig u atio n  n o t re la ted  to  K arlsson 's  law  is re fe rred  to  th e  C G -m oduIe, the  w ord  
c lass ch o ice  b e tw een  V  and  N  w ill b e  con tex tua l (and  ru le  b ased ), as  w e ll as the  m orpho log ica l 
sub -ch o ice  o f  m o d e  (IM P  - P R ) fo r the  verb , and  g en d er (M  - F ) fo r th e  noun . In  th e  p ro to typ ica l 
case  o f  a  p reced in g  artic le , th e  v erb  read ing  is ru led  o u t by:

(8a) R E M O V E  (V ) IF  (-1 A R T ) 
a n d  th e  g en d er ch o ice  is th e n  ta k en  by  ag reem en t ru les  su ch  as:
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(8 b ) R E M O V E  (N  M ) IF  ( - 1 C D E T ) (N O T  -1 M )
R E M O V E  (N  F) IF  ( - 1 C  D E T ) (N O T  -1 F)

C o n s id e r th e  fo llo w in g  exam ples o f  "u nanalyzab le" w o rd s from  re a l co rpus sen ten ces, w h ere  the  
fina l o u tp u t, a fte r m o rp h o lo g ica l co n tex tu a l d isam b ig u atio n , is g iven ;

(9a) in v en tim an h as  A L T  x xxas (also : one  A D J and  th ree  ra re  V -read in g s) 
" inven tim anha" < xxx>  N  F P 'tricks '

(9b) a ra raq u a ren ses  A L T  xxxenses (3 o th e r A D J read ings rem o v e d  by local 
d isam b ig u a tio n )

"araraq u ai"  <D ER S -ense  [P A T R ]>  < jh >  < jn>  A D J M /F  P 'fro m  A raraquara '
(9c) so m b ran ce lh as  A L T  xxxas (also : o n e  A D J an d  th ree  ra re  V -read in g s) 

"som brancelha"  < xxx>  N  F  P '= so b ran ce lh as  - eye b ro w s '
(9d) cas t A L T  x x x  (also : N F S )

"cast" < * 1 >  <*2> < x x x >  N  M  S 'E ng lish : cast'

In  (9a) an d  (9b) th e  p arse r assigns co rrec t read in g s  to  un k n o w n , b u t w e llfo rm ed  P ortuguese  
w ords. D ep en d in g  o n  th e  o rthodoxy  o f  th e  fu s io n  p ro cess , these  a ffix e s  m ay  b e  reco g n ised  (9b), 
o r n o t (9a). T h a t a ffix  reco g n itio n  is im p o rtan t, c an  b e  seen fro m  th e  fact th a t a ll com peting  
an a ly ses  in  (9b) - b u t n o t in  (9a) - have  th e  co rrec t P oS  tag. W h a t is sp ec ia l ab o u t (9c), is the  
(p h o n e tica l? ) m issp e llin g  ( 'so m b ran ce lh as ')  o f  an  o th e rw ise  o rd in ary  P o rtu g u ese  w ord . E v en  so, 
w ith  th e  h e lp  o f  th e  su rv iv ing  m o rp h o lo g ica l c lues and  con tex tua l d isam b ig u a tio n , th e  p arse r is 
ab le  to  ass ig n  th e  r ig h t analysis  in  m o s t cases, esp ec ia lly  i f  the w o rd s still lo o k  P o rtu g u ese . (9d), 
fina lly , is th e  h a rd  czise - fo re ign  lo an  w ords. E n g lish  'cast' d o es  n o t f it  w ith  an y  P ortuguese  
f lex io n  end in g , th e re fo re  the d efau lt read in g  N  is assigned , g en d er d isam b ig u a tio n  re ly in g  on  
N P-context„

In  o rd e r  to  te s t th e  parser's  perfo rm an ce  an d  to  id en tify  the  stren g th s  an d  w eak n esses  o f  the  
h eu ris tics  s tra teg y  o f  th e  parser, I h av e  m a n u a lly  in sp ec ted  757 "runn ing" in stances '^  o f  low er 
case  w o rd  fo rm s w h ere  the  parser's  d isam b ig u a tio n  m o d u le  rece iv ed  its  in p u t fro m  the  tagger's  
h eu ris tics  m o d u le . T h e  firs t co lu m n  show s th e  w o rd  c lass  an a lysis  chosen , an d  in sid e  the  th ree 
g ro u p s (erro rs, P o rtu g u ese , fo re ign ) th e  le ft co lu m n  gives th e  n u m b er o f  co rrec t analyses, 
w h ereas  th e  rig h t co lu m n  offers s ta tis tic s  ab o u t th e  m istak es, spec ify in g  - an d  q u an tify in g  - w h at 
th e  an a ly s is  s h o u ld  h av e  been.

The words comprise all "unanalysable" word forms in my corpus, that begin with the letters 'a' and 'b'. Since 
the relative distribution of foreing loan words and Portuguese words depends on which initial letters one works on 
('a', for one, is over-representative of Portuguese words, whereas 'x'. 'w' and y  are English-only domains), no 
conclusions can be drawn about these two groups' relative percentages. Inside the Portuguese group, however, the 
distribution between real words and misspellings may be assumed to be fairly alphabet-independent. Any way, the 
sampling technique has no significance for error frequencies or distribution in relation to word class, which was the 
main objective in this case.
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(10) W ord  c lass  d is tr ib u tio n  an d  p arse r perfo rm ance in  "u nanalyzab le" w o rd s (V E JA  new s tex t)

A) orthographical 
errors

B) Portuguese words C) foreign words^® aU

analysis correct other correct other correct other correct other
N 119 ADJ 8 

ADV 8 
W I N  3 
P R O N l  
DET 1 
PRP 1

212 ADJ 3 226 ADV 11 
ADJ 3 
PR O N 2  
PRP 2

557 43

ADJ 25 N 8  
GER 2

95 N 7 8 128 17

ADV 3 - 5 - - 8 -

W IN 13 N 4  
PCP 1 
ADV 1

9 N 4  
ADJ 2

N 7  
ADJ 1

22 20

PCP 10 - 16 - - - 26 -

GER 3 - - - - - 3 -

INF 9 - 4 - - N 4 13 4
182 38 341 16 234 30 757 84

(17.3%) (4.5%) (11.4%) (10.0%)

T he tab le  show s tha t, w h en  u sin g  lex ical heu ris tics , the  p a rse r p e rfo rm s best - n o t en tire ly  
su rprising ly  - fo r w e llfo rm ed  P ortuguese  w ords (B). O f  323 n o uns and  ad jectives in  g roup  B, 
on ly  16 (5% ) w ere  m isa n a ly sed  as false positiv es  o r fa lse  n egatives. T he p rob ab ility  fo r an  
assigned  N -tag  be in g  co rrec t is as h ig h  as 98 .6% , fo r th e  u n d errep resen ted  adverb  and  no n -fm ite  
verba l c lass even  100% . A ll fa lse  p o sitiv e  no m in al read in g s (N  and  A D J) are  still in  the  nom in al 
c lass, a  fac t th a t is  q u ite  fav o u rab le  fo r la ter syn tac tic  ana ly sis .

F igu res are  low er fo r g ro u p  C , u n k n o w n  loan  w ords, w h ere  th e  ch an ce  o f  an  N -tag  be in g  co rrec t 
is on ly  92 .6% , ev en  w h en  a llo w in g  for a  n am e-ch a in -lik e  N -an a ly sis  o f  E n g lish  ad jec tives 
in tegrated  in  n o u n  c lu ste rs  o f  th e  ty p e  'b ig  boss'. F in ite  v e rb  read ings, th o u g h  rare  (due to  lack ing  
flex ion  ind ica to rs), are  o f  co u rse  a ll fa ilu res, and  on ly  th e  little  ad jec tiv e  g roup  w as a  h it, th e  few  
cases being  trig g ered  b y  m o rp h o lo g ica lly  "P ortuguesish" S p an ish  o r Ita lian  w ords.

T h e  resu lts  in  g roup  A  (m issp e llin g s) resem ble  th o se  o f  g ro u p  B , w ith  a  good  p erfo rm an ce  fo r 
c lasses w ith  c lear en d in g s, i.e. no n -fm ite  verb s  and  '-m en te '-ad v erb s, and  a  bad  p erfo rm an ce  fo r 
fin ite  verb  form s. F o r th e  la rg e  n o m in a l g roups fig u res  are  so m ew h at low er: 84 .4%  o f  N -tag s, 
an d  only  71 .4%  o f  A D J-tag s  a re  co rrec t - th o u g h  m o st fa lse  p o s itiv e  A D J-tags are  still w ith in  th e  
nom inal range. T h e  lo w er fig u res  can  be p artly  exp la in ed  b y  the  fact th a t m issp e lled  c lo sed  class 
w ords (adverbs, p ro n o u n s  an d  th e  like) w ill ge t the  (d efau lt, b u t w rong) n o u n  read ing  - a 
techn ique  th a t w o rk s so m ew h a t b e tte r and  m o re  n a tu ra lly  fo r fo re ig n  lo an  w ords (C ), w h ich  o ften  
are  "term s" im p o rted  to g e th e r w ith  th e  th in g  o r co n cep t th e y  s tand  for, or n£imes. A lso , the

Only individual words and short integrated groups are treated, foreign language sentences or syntactically 
complex quotations are treated as "corpus fall-out" in this table.
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p ercen tag e  o f  "sim plex '^" w ords w ith o u t a ffix es  is m u ch  h igher a m o n g  th e  m issp e llin g s  in  g roup  
A  th a n  in  g roup  B , w here a ll s im p lex  w o rd s - being  spelled  co rrec tly  - w o u ld  have  been  
reco g n ised  in  th e  lex icon  any w ay , due to  th e  good  lex icon  co v e rag e  b e fo re  g e ttin g  to  the  
h eu ris tic s  m odu le . T herefo re , n o u n s and  ad jec tiv es  in  g roup  A  la c k  th e  stru c tu ra l in fo rm atio n  o f  
su ffix es  th a t h e lp s  th e  p arser in  g ro u p  B : 'xxxo* lo oks defin ite ly  le ss  ad jec tiv a l th a n  'xxxfstico '. In 
particu la r, 'xxxo ' inv ites th e  N /A D J-co n fu s io n , w hereas m any  su ffix es  a re  c lea rly  N  o r A D J. 
T h u s, '-is tico ' y ie ld s  a  safe ad jec tive  read ing ,

4. Special - ”deviant” - word class probabilities for the heuristics module
Is it p o ssib le , ap a rt from  m o rp h o lo g ica l-stru c tu ra l c lues, to  use  "p ro b ab ilis tic s  pure" fo r decid ing  
o n  w o rd  c lass  tags fo r "unanalyzab le" w o rd s?  In  o rder to  answ er th is  q u estio n , I w ill - in tab le  
(14) - rea rran g e  in fo rm ation  from  tab le  (13) an d  co m p are  it to  w h o le  tex t d a ta  (in  th is  case, fiom. 
a  197 .029  w o rd  stre tch  o f  th e  m ix ed  g en re  B orba-R am sey  co rp u s). H ere , I w ill on ly  be 
co n ce rn ed  w ith  th e  op en  w o rd  c lasses, n o m in a l, verbal and  '-m en te '-ad v erb ia l.

(11) O p en  w o rd  class frequency  fo r "un an aly zab le"  w ords as co m p ared  to  w h o le  te x t figures

whole text "unanalysable" wore s
orthographical
errors

Portuguese
words

foreign words all heuristics

analyse
s

% cases % cases % cases % cases %

N 47.38 131 63.59 232 63.39 237 95.18 600 73.08
ADJ 12.79 33 16.02 100 27.32 12 4.82 145 17.66
ADV15 1.26 3 (+9) 1.46 5 1.37 - (+11) 8 0.97
W IN 24.96 16 7.77 9 2.46 - 25 3.05
PCP 4.96 11 5.34 16 4.37 - - 27 3.29
GER 2.47 3 1.46 - - 3 0.37
INF 6.17 9 4.37 4 1.09 - - 13 1.58

206 366 249 821

A m o n g  o th e r th in g s, the  tab le  show s th a t th e  n o u n  b ias in  "unanalyzab le" w o rd s is m u ch  stronger 
th a n  in  P o rtu g u ese  te x t as a  w h o le , th e  d iffe ren ce  be in g  m o st m ark ed  in  fo re ig n  lo an  w ords. The 
o p p o site  is tru e  o f  fin ite  verbs w h ich  sh o w  a  strong  tendency  to  b e  an a ly sab le . F in ite  verbs are  
v irtu a lly  ab sen t fro m  the  u n k n o w n  lo an  w o rd  g roup . F o r the  n o n -fin ite  v e rb a l c lasses  the  
d is tr ib u tio n  p a tte rn  is fairly  u n ifo rm , ag a in  w ith  th e  excep tion  o f  fo re ig n  lo an  w o rd s.

''' "Simplex'' words are here defined as words that can be found in the root lexicon without prior removal of 
prefixes or suffixes. Of course, the larger the lexicon the higher the likelihood of an (etymologically) affix-bearing 
word appearing in the lexicon, - and thus not needing "live" derivation from the parser.

Only deadjectival '-mente'-adverbs can meaningfully be guessed at heuristically, and therefore only they should 
enter into the statistics for word class guessing. Also the base line figure of 1.26% for normal text is for '-mente'- 
adverbs only, the overall ADV frequency is nearly 12 times as high. Since non-'mente'-adverbs are a closed class in 
Portuguese, the latter will be absent from the heuristics class of wellformed unknown Portuguese words, but in the 
foreign loan word group and the orthographical error group they will appear in the false positive section of other 
word classes (numbers given here in parentheses). In the orthographical error group, both '-mente'-adverbs and 
closed class adverbs can occur, the first as correct ADV-hits, the other usually as false positive nouns (for instance, 
'aiinda').
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A s m ig h t b e  ex p ec ted , am o n g  the  "unanalyzab le" w o rd s, o rth o g rap h ica l e rro rs  and  co rrect 
P o rtuguese  w ords sh o w  a  rem ark ab ly  s im ila r w o rd  c lass  d istribu tion .

A  lesson  from  th e  ab o v e  fin d in g s m ig h t be  to  o p t fo r no u n  read in g s and  ag a in st fin ite  verb  
read ings in  "unanalysab le" w ords, w hen  in  doub t, e sp ec ia lly  w here  n o  P ortuguese  flex io n  end ing  
o r  suffix  can  be  found , su g g estin g  fo reign  m ateria l. A s a  m a tte r o f  fact, th is  s tra tegy  has since 
been  im p lem en ted  in  th e  system , in  th e  fo rm  o f  h eu ris tica l d isam b ig u atio n  ru les, th a t d iscard  
V FIN  read in g s an d  chose N  read in g s fo r < M O R P -H E U R >  w ords, w h ere  low er level (i.e. safe) 
C G -ru les h av en 't been  ab le  to  decide  the  case  con tex tually .

5. Conclusion
I t  can  be show n  th a t lex ico -m o rp h o lo g ica l h eu ris tics  - a t least fo r a  m o rp h o lo g y -rich  language 
like P o rtuguese  - can  b e  b ased  on  structu ra l c lues and  th e  system atic  ex p lo ita tio n  o f  deriva tional 
and in flectional sub lex ica . A p p lied  to  im prove  an a ly se r reca ll on  th e  in p u t level o f  a  C on stra in t 
G ram m ar system , the  d escrib ed  tech n iq u e  p o sitiv e ly  co n trib u ted  to  th e  overall p erfo rm an ce  o f  a 
lex icon  b ased  ru le  g o v ern ed  tagger/parser. C o rrec tn ess  ra tes o f  m ore  th a n  99%  w ere  ach ieved  fo r 
the  m o rp h o lo g ica l/P o S  tag g e r m odule, w ith  h eu ris tic  e rro r ra tes ru n n in g  at 2%  fo r p ro p er nam e 
heu ristics  and  4 .5 %  fo r th e  heu ristica l an a ly sis  o f  o th er un recogn ised , b u t co rrec tly  spelled  
P ortuguese  w ord  form s. In  all, heu ristic  an a lysis  w as need ed  fo r 80%  o f  all p ro p e r nouns 
(am ounting  to  ca. 2%  o f  ru n n in g  w ord  fo rm s in  new s tex t), b u t for less th an  0 .4%  o f  non-nam e 
w ord form s. F ina lly , w o rd  class frequency  coun ts su ggest th a t PoS  p ro b ab ilitie s  for 
"unanalyzab le" w ords in  P o rtuguese  tex ts  are  qu ite  d iffe ren t from  th o se  fo r the language o n  the 
w hole.
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