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Abstract

This paper contains a close look at Koskenniemi’s Two-level morphol
ogy from a linguistic point of view. The model will be compared to three 
other traditional, linguistic morphological models, lA , IP and WP. It will 
be shown that there are linguistic phenomena that can hardly be handled 
by some of the just mentioned models, and not at all in a linguistically 
satisfactory manner by the Two-level morphology.

1 Introduction
K oskenniem i’s T w o-leve l m orp h ology  (T M ) has b e co m e  well know n since it was 
d eveloped  in 1983. O ne reason for  this is p rob a b ly  that it is on e  o f  the few  
m odels w ithin  com pu tation a l linguistics that has taJten m orp h o log y  seriously. 
T o  store  full w ordform s, in flected  and  derivated , in the lex icon  m ay b e  possib le  
for  a  language like English, w ith relatively  p o o r  m orph ology . B u t K oskenniem i 
saw that for  F innish, where a  single verb  can  have betw een  12.000 and 18.000 
different graphem ic form s (included  c litics ), such a  solu tion  w ou ld  not w ork. 
If the A m erican  com pu tation a l linguists had been  R ed  Indians speaking the 
C herokee-language O neida, instead o f  w h ite  and  E nglish -speaking, then they 
to o  w ould p rob a b ly  have developed  a m orph olog ica l m odel that cou ld  handle 
their verbs w ith  up to  100.000 form s each.

I assum e the T w o-leve l m orp h ology  to  be  w ell-know n, and  I will thus on ly  
g ive a  very short descrip tion  o f  it, be fore  I p roced e  to  the m ain task; to  com p are  
the T w o-level m orp h ology  w ith oth er m orph olog ica l m odels, and to  see if  this 
m odel can be  said to  be  a  m orph olog ica l m odel.

2 A Short Description of Two-level 
Morphology

T h e T w o-level m orp h ology  is designed to  perform  b o th  analysis and synthesis on  
the basis o f  m ore o r  less the sam e data . It has at its d isposal a  rule m od u le  and
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a  lex icon  m odu le. T h e  rule m od u le  takes care o f  one-segm ent correspondences, 
m ostly  ph on olog ica l ones. T h e  lex icon  m odu le  m ay consist o f  several lexicons, 
on e  or  m ore  for  stem s and others for  affixes. From  each lexicon  there is a  pointer 
to  the next possib le  lex icons. T h e  entries in the lex icon  m ay look  different from  
their surface representation , w hich  the rule m odu le  takes care of. (1 ) and (2 ) are 
exam ples o f  lex icon  entries in tw o su b lex icons for  N orw egian;

(1) LEXICON Nouns

vintEr /MNoim Lexeme=WINTER 
gutt /MNoim Lexeme=WINTER

(2) LEXICON /MNounSg 

0 /Genitive
/Genitiveen

Num=sg/Def in=ind/Gender=m/. 
Num=sg/Defin=def/Gender=m/.

T h e  in form ation  that we get a b ou t a  w ord -form  that is an8dyzed, is the infor
m ation  that is accu m u lated  th rou gh  all the lexicons that have been consulted . 
T hu s i f  w e analyze vin teren , w e get the in form ation  from  b oth  the stem - and the 
suffix lex icon :

(3) vinteren: Lexeme=WINTER Num=sg/Defin=def/Gender=m/

(T h is  accu m u lation  is the reason for  the seem ing zero-in flectional m orph  that 
is apparent in (2 ). It is n ot m eant as a suffix, it is ju st there to  ensure that the 
in form ation  a b ou t singular and indefinite is co llected . T his in form ation  cou ld  not 
have been  represented in the stem  lex icon , even i f  the stem  is identical to  the w ord  
form  o f  indefinite singular, becau se the stem  lex icon  also points to  lex icons for 
plural and defin ite form s. S ince in form ation  is accum ulated  on  its w ay through 
the lex icons , w e w ou ld , i f  we had given the singular indefinite in form ation  in 
the stem  lex icon , have gotten  absurd results like vin tren e =  singular, plural, 
indefin ite, definite. In o th er  w ords: T h e  stem  lex icon  can  on ly  include inform ation  
that is com m on  for  all the w ord form s belon g in g  to  on e lexem e.)

T h e  lex ica l form  o f  the en try  we have look ed  at is v in t E r  (1 ), but the surface 
representation  shou ld  be  as in (4 ), o f  course:

(4 ) vin ter

T h e  default a lph abet then includes a  lexical E that corresponds to  a  sur
fa ce  e , (E :e ) ,  (in  a dd ition  to  the usual e : e ) .  T h e  reason for this cu m bersom e 
representation  is that v in ter  and  m any oth er N orw egian lexem es g o  throu gh  a 
m orp h op h on em ic  change that deletes the e  before  certain  m orph olog ica l endings:

(5 ) Singular: v i n t e r  -  v in t e r e n
P lural: v i n t _ r e r  -  v in t _ r e n e

I f we w ant to  have the sam e lex ica l en try  for all w ordform s o f  on e  and the 
sam e lexem e, w hich  is ob v iou sly  the m ost satisfactory  solu tion  from  a linguistic 
p o in t o f  view , we have to  m ake the ‘e ’ w hich  can  g o  away, a  little  different 
from  oth er ‘e ’-s  that can  not b e  deleted  (e .g . in vin teren ), so that we can later 
form ulate a  rule that refers on ly  to  the appropria te  ‘e ’ . O n ly  then can  we keep 
on e  lex ica l en try  fo r  this lexem e, v in t E r ,  instead o f  tw o, e.g . as in (6 ):
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(6) vinter

vintr
/MNounSg
/MNounPl

Lexeme=WINTER

Lexeme=WINTER

W e then form ulate a  rule that overrules the lexical default values:

(7) "E-deletion in stem before plural"

E:0 <= _ Liquid PlSuffix ;

(T h e  rule con text consists o f  nam es that refer to  certain  sets and  defin itions 
that we have predefined .)

3 How Can Two-level Morphology be
Characterized When Compared to Other 
Linguistic Models for Morphological 
Description?

In ou r century trad ition ally  there have been  three m odels for  m orph olog ica l 
analysis; lA  (Item  and arrangem ent), IP  (Item  and P rocess) and  W P  (W ord  
and paradigm ). For a  d iscussion  o f  these m odels, see H ock ett 1954, M atthew s 
1972, 1974, R ob in s 1970. A  fou rth  m od el can  a lso  be  m en tioned , w hich  I shall 
not g o  in to here; N M  (N atural m o rp h o lo g y ), see W urzel 1982 or B y b e e  1985. 
B elow  I shall com pare  the T w o-level m orp h o log y  w ith  each o f  the three m odels. 
(T h e  discussion will to  a  large degree b e  built on  Johannessen 1988.) A s th ey  
have not existed  qu ite sim ultaneously, I will start w ith  the o ldest on e  and  then 
end w ith the newer one.

3.1 Item  £md Arrangement

T h e  m ain characteristic o f  this m od el is that there are m inim al units, m or
phem es, that can  be  arranged in a  num ber o f  w ays to  form  b igger units. T h e  
m orphem es are abstract units that are represented th rou gh  their a llom orphs. 
Since at the tim e o f  lA  (approx im ately  1930-1950) the view  held that syn tax  
and m orp h ology  shou ld  be  described  in the sam e w ay; that there is ideally  a 
on e -to -on e  relationship  betw een m orph em e and a llom orph , m ore  precisely  a  re
lationship  w here on e m orph em e has on e  surface realization  and v ice  versa:

(8 ) lA : 
M orphem es: A llom orph s: ‘W o rd ’
f g u t t }  + { i n d e f  p i }  g u t t - e r  gu tter ( =  boy s )
•{hus} + { i n d e f  p i }  h u s -0  hus ( =  houses)

lA  and T M  have in com m on  that the different elem ents are arranged lexically, 
as we see. B ut the elem ents o f  lA  (m orph em es) are abstract, so  that in (8 ) 
we have the sam e secon d  elem ent in b oth  w ords, it is ju st realized differently 
(different a llom orph s). In T M  on  the o th er hand, the tw o plural form atives have 
noth ing in com m on  becau se o f  their d ifferent realization  in the lex icon . In T M  
they are actually  tw o different endings, since th ey  are different graphem ically :

53Proceedings of NODALIDA 1989



54 Computational Linguistics — Reykjavik 1989

(9 ) T M :
L ex ica l (stem ) entries: L exica l (a ffix ) entries: ‘W o rd ’
g u t t
hus

e r
O (nothing)

gutter ( =  boys) 
bus ( =  houses)

W e d o  n ot see any m orp h osyn tactic  in form ation  here, since it is irrelevant 
for  the m odel. T h e  gram m atica l features that are present in the lexicon  entries, 
can  n ot b e  m ade use o f  b y  the rules. T M  d oes n ot get past the con crete  level o f  
a llom orph s, it can  thus n ot be  equivalent w ith the lA -m o d e l.

3.2 Item  euid Process

T h e  IP  m od el was p op u la r until the 1960s. Like lA  this t o o  is a  m odel based 
on  the m orph em e-a llom orph  d istin ction . T h e  difference from  the lA  m odel is 
th at the IP  m od el a llow s processes, that is, it allows elem ents to  undergo a 
m etam orphosis  to  gain  a  shape different from  the original one. T h is  is possible 
b o th  at ph onem e and m orph em e level. T h e  m od el allows rules o f  b o th  sorts.

W h en  it com es to  the p rocess part, we can  say that IP  and T M  have som e
th in g  in com m on . W e have seen the rule part o f  T M , and even if there we deal 
w ith  pairs o f  segm ents that correspon d  w ith  each oth er in certain circum stances, 
th e  idea  cou ld  be  that the corresp on d en ce  look s  like a process. (In  fact: T h e  rule 
form alism  is designed to  take care o f  m orp h oph on em ic changes that are abundant 
in  F innish  (vow el h arm on y and con son ant g ra d a tion )). I can also c ite  Kaxlsson 
eind K oskenn iem i (1985 :127 ): W h a t is described  by  rules is “ fairly natural one- 
segm ent m od ifica tion s; m ostly  au tom atic , transparent, produ ctive , exception less 
a lternations betw een  ph on olog ica lly  closely  related single phonem es in predom i
nantly  p h on olog ica l con tex ts .”  P h on o log ica l rules axe then taken caxe o f  in T M . 
M orp h o log ica l rules, on  the o th er hand, i.e. processes that form  e.g . plural w ord- 
form s from  stem s, are not possib le  in T M , w hich  handles all form atives in the 
lex icon  part.

M orp h op h on em ic  changes can  thus b e  d escribed  in T M  in a  m anner sim ilar 
to  IP  (w hen  w e ign ore the lack  o f  m orph em ic level in T M ) :

( 1 0 ) IP : 
M orphem es: A llom orph s: M orph oph on em ic rule: ‘W o rd ’
{ b o k }  + { i n d e f  p i }  b o k - e r

(1 1 ) T M : 
L ex ica l (stem ) 
entry:

L ex ica l (a ffix ) 
entry:

o  ->  0 /  -  C e r

T w o-leve l rule: ‘W o rd :’

bøker

b ok 0 / -  C e r bøker

T h e  tw o m odels  are sim ilar so  far, but on ly  as lon g  as the ru le-con text is 
purely  p h on olog ica l (graph em ical). M orp h olog ica l con text is im possib le  in T M , 
bu t possib le  in IP  :

( 1 2 ) IP :
M orph em es: A llom orph s: M orph oph on em ic rule: ‘W o rd ’
{bok} + {indef pi} bok-er o -> 0 / . C {+pl ind} bøker
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T h e  on ly  w ay T M  can  use m orph olog ica l in form ation , is to  m ake the m orp h o
logical in form ation  ‘p h on o log ica l’ b y  adding  ex tra  characters in the rule con tex t. 
T h e extra  character w ill then  sym bolize  the m orph olog ica l class or  feature. E .g . 
can we put a  dollar sign in front o f  the affix (w hich  m ust o f  cou rse a lso  b e  present 
in the lex icon  w here the affix has its en try) or  the m orp h olog ica l ending m ay 
itself get a  different lex ica l shape, to  satisfy the need for  a  con tex t that can  be  
m orph olog ica lly  unique:

(13 ) T M :
+ morphophonemic rule: o -> 0 / _ C $er 

or

+ morphophonemic rule: o -> 0 / _ C Er

N ow  on e m ight want to  reply that it is n ot im portan t. B u t in natural language 
it is often  necessary to  distinguish betw een  ph on olog ica l and m orp h olog ica l con 
dition ing. A  num ber o f  N orw egian d ia lects have p rod u ctiv e  palatalization  o f  / k /  
and / g /  in front o f  noun  suffixes, bu t n ot otherw ise:

(14 ) / s t o k /  ( =  stick )
/s t o c - e n /  ( =  the stick  (n o m .))
/d r e k -e /  ( =  ( t o )  drink)
/s t o c - a /  ( =  the stick  (d a tiv e ))
/ t a k -a /  ( =  thanked)

It w ould  be  a  m istake to  ph on olog ize  this ty p e  o f  m orp h op h on olog ica l process. 
It is the m orph olog ica l ca tegory  o f  the suffix that con d ition s  the a lternation  o f  
the stem , and not the p h on olog ica l shape.

3.3 Preliminary Summary

W e have look ed  at tw o linguistic m odels  for  m orp h olog ica l analysis w hich  b o th  
have the d istin ction  m orph em e-a llom orph , i.e. w hich  take the segm ental side o f  
natural languages very seriously. O n e o f  them , IP, is a  little  m ore  flexib le in that 
it accepts segm ental changes triggered by  som e ph on olog ica l o r  m orph olog ica l 
feature.

W h en  we com pared  T M  to  these m odels, we saw that it seem s to  b e  inspired 
by  them . It t o o  em phasizes the segm ental side, throu gh  the linked lexicons. 
A lso  it seem s to  be  inspired by  the rule m odu le  o f  IP, a lthough  T M  on ly  allow s 
“ph onolog ica l” con d ition in g  for  the triggering o f  rules.

T h e  serious defect o f  T M , how ever, is that it lacks a  con cep tu a l, m o rp h o log 
ical level. It operates on ly  at the con crete , ph on o log ica l (grap h em ic) on e , w hich  
is o f  course the reason for  the ju st m entioned  ph on olog ica l triggering.

W e have seen that lA  and IP  are n ot fash ionable  today . T h e  reason is that 
they are to o  lim ited to  accou nt for  all facts a b o u t natural language. B u t the 
know ledge that m orph olog ica l processes can  b e  m ore  than  ju st elem ents ar
ranged in a  certain  order is not new . E .g ., the A m erican  linguist E dw ard  Sapir 
in his b o o k  “L anguage” in 1921 d istinguished betw een  six different processes.
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(i.e. w ays o f  expressing m orph olog ica l characteristics) w here he included things 
like “ internal m od ifica tion  o f  the radica l o r  gram m atica l elem ent” , reduplication , 
accen tu a l and quantita tive processes.

It is this k now ledge that led to  a  revision  o f  m orp h ology  by  M atthew s in 
1972.

3.4  W ord and Paradigm

T h e  W P  is a  m od el that attem pts to  take m orp h ology  seriously in that a  gram 
m atica l feature can  b e  realized in m any different ways, like Sapir suggested. In 
this m od el the u nderlying representation  is even m ore abstract than in the tw o 
p reced in g  m orph em e m odels. A n y  w ord form  is represented through  its lexem e 
(an  invariant representation  o f  the w ord ) w ith  the gram m atica l (m orph osyn tac- 
t ic ) in form ation  represented as an unorded  set:

(1 5 ) G U T T jyj m asculine, indefinite, plural

T o  reach the correct w ord form , the stem , w hich  is the starting poin t, can go  
th rou gh  various processes:

(16 ) G U T T j^  m asculine, indefinite, plural:
Stem : gutt
+  op era tion : suflSx -er
=  W ord  gutter

T h e  num ber o f  processes is p oten tia lly  infinite, the reason fo r  this is that 
it is the w ord  w hich  is the basic unit in this m odel: I f  a  w ord form  differs in 
m ore  than on e  w ay from  .any o th er w ord form  in the sam e paradigm , then it goes 
th rou gh  m ore  than on e  process to  reach its final shape. A n d  all the processes 
w ill b e  expon en ts o f  the sam e gram m atica l (m orph osyn ta ctic ) feature. W e shall 
lo o k  m ore  close ly  at three linguistic ph enom ena  that are p rob lem atic for  the tw o 
o th er lingu istic m odels  and  for  T M , but n ot for  W P .

T h e  first and  m ost im portan t d ifference betw een  the W P  m odel and the 
m orph em e m odels is that w hile the m orph em e m odels need a  on e -to -on e  rela
tionsh ip  betw een  m orp h olog ica l con ten ts and  its realization , W P  accepts a  m any 
to  o n e /o n e  to  m any-relationsh ip :

(17 ) B O K jq  fem inine, indefinite, plural
Stem : b ok
-I- operation: suffix -er
-I- operation: change stem vowel
=  W ord : bøker

A s w e have seen previously, the m orph em e m odels and T M  necessarily must 
g ive  p riority  to  on e  o f  the realizations, and  let the o th er(s ) be  con d ition ed  by  it. 
T h is  poses stron g  constra in ts u pon  the linguist, w h o will have to  g ive arbitrary 
p riority  to  on e  rea lization , e.g . to  let an affix trigger a  vow el change.
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A  second prob lem  is that w hile there still m ight be  som e universal claim s 
abou t the priority  o f  aflSxes to  ‘ internal m od ifica tion s ’ , so  that the first p rob lem  
m ay lo o k  sm aller, a  w orse case occu rs  w hen there are m ore than  on e  affix  that 
represents a  gram m atica l feature. T h is  is the case in G erm an  past particip les:

(18) ge-sag-t

In the G erm an case w e m ight still argue to  g ive priority  to  the suffix, th ou gh , 
since the o th er verbal features in the language axe m arked b y  suffixes, bu t con 
sider the K u b a ch i d ia lect o f  D argw a from  the N ortheast C aucasus, w here each 
ad jective agrees w ith  the n ou n ’s gender and num ber b o th  in itia lly  and finally, 
in add ition  to  agreeing w ith  num ber penultim ately :

(19 ) K u bach i (d ialect o f  D argw a, N ortheast C aucasus):
b-Tk’arzi-b qalC’e ‘ little  b ird ’
d -lk ’arzu-d qulC’-n e  ‘ little  b ird s ’

(T h e  exam ple is from  A nderson  1988:32)

T h e m orphem e m odels that we considered  prev iou sly  w ou ld  have to  g ive  on e 
afiSx priority  over the other, or  m ake use o f  the con cep t circum fix . T h e  T M  on  
the other hand, does n ot present a  satisfactory  solution .

It cou ld  represent the prefixed affixes in a  separate lex icon , and  have p o in t
ers from  there to  the further lexicons. T h is  how ever w ou ld  m ean that the stem  
w ould o ccu r  as m any tim es in the stem  lex icon  as there are prefixes in the lan
guage, since the suflSxes have to  agree w ith  the prefixes. O ther equally  inelegant 
solutions are also possible.

B ut even i f  T M  has prob lem s in representing ph enom ena  like the above , it 
cau d o  it in an inelegant way. T h e  th ird  p rob lem  is m ore  serious, how ever:

T h e  third area is ph enom ena that are n ot ‘ segm en tal’ in their nature. W e 
recall Sapir w h o allowed internal m od ifica tion  as a  m eans for  representing m or
p h olog ica l features. A  typ ica l exam ple o f  this is the G erm anic um laut and  ablaut, 
which in m any cases is the sole distinguish ing fa ctor  betw een tw o w ord form s o f  
the sam e lexem e:

(20 ) m ann (in d ef sg )-m e n n  (in d e f p i) (m a n -m e n )
se (in f in it iv e )-s i  (preterite) (see -sa w )
m ouse (s g ) -m ic e  (p i)

B oth  the m orphem e m odels  that w e look ed  at and T M  have prob lem s in 
describing such ph enom ena as vow el alternation , w hen it is n ot the b ip rod u ct o f  
som e other segm ental, m orph olog ica l process, but rather the m ain exp on en t o f  
that m orph olog ica l feature.

T h e  m ain prob lem  for  T M  is that all gram m atica l (m orp h osy n ta ctic ) in for
m ation  is on ly  represented in the lex icon  part o f  the system , and  not in the rule 
part. I f  a  tw o-level rule should  take care o f  this in form ation , it w ou ld  1) need a 
segm ent to  trigger the rule, and 2) let the m orp h olog ica l in form ation  be  a cco m 
panied by  the trigger, and n ot b y  w hat is really  the difference betw een the tw o 
form s— the vow el a lternation :

57Proceedings of NODALIDA 1989



58 Computational Linguistics — Reykjavik 1989

(21 ) T M : 
L ex ica l (stem ) 
entry:

L ex ica l (a ffix ) 
entry:

T w o-leve l rule: ‘W o rd ’ :

mann -0 a : e  <=> _ C* - 0  m enn

4 Conclusion
T h e  qu estion  w hich  is the title o f  this paper, ‘Is T w o-leve l m orp h ology  a  m or
p h o log ica l m o d e l? ’ , can  from  the previous discussion  b e  answ ered quick ly and 
clearly  negatively. T h e  reason  for  this is th at a  m inim um  to  be  dem anded  from  
a  m orp h olog ica l m odel, is fo r  it t o  a ccep t m orph olog ica l features and categories 
as prim itives. In that w ay it cou ld  allow  m orph olog ica l con d ition in g  on  stem  
variation . B u t T M  has to  m ake use o f  artificia l null-segm ents and oth er triggers, 
i.e. it has to  m ake the orig ina lly  m orph olog ica l con text ‘ p h on o log ica l’ , segm en
tal. A n yth in g  that is m orp h olog ica l— like the in form ation  in the lex icons— can 
b e  used on ly  b y  the linguist, n ot b y  the m odel. In this w ay it does n ot have any 
p ossib ility  o f  m aking generalizations independently  o f  ph onolog ica l shape. It is 
even  w orse than the m orph em e m odels , as it can  not say that b o th  a  suffix and 
a  vow el a lternation  cou ld  represent ‘p lu ra l’ , e.g ..

It therefore  seem s fair to  say that T M  is n ot a  m orp h olog ica l m odel. T here  
are, how ever, languages that can  b e  well described  b y  it, viz. the languages 
th at are usually ca lled  agglu tinative in traditional typology . T hese are languages 
like F innish , w hose m orp h o log y  consists o f  easily separable affixes that each 
corresp on d s to  on e  m orp h olog ica l unit. T h e  ph onolog ica l alternations in Finnish 
are n ot realizations o f  m orp h olog ica l features, on ly  p h on olog ica lly  determ ined 
a u tom a tic  a lternations, w hich  the tw o-level rules handles well. T h e  import^lnt 
rule-paxt o f  the m od el m akes the T M  m ore  ph on olog ica l than m orph olog ica l.

W e m ay ask a  last question : Is it im portan t that a  com p u tation a l m odel 
has lingu istic qualities? F rom  the a b ove  d iscussion  I th ink the answer should be 
p ositive .
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