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The research concentrates on the problems of describing the Estonian morphological system in the two-level 
formalism, developed by Kimmo Koskenniemi. The complexity of Estonian morphology is illustrated. The outlines 
of the two-level model are given. The present stage of the experimental Estonian two-level morphology is 
characterised and the future perspectives are drawn.  
 

1. Introduction 
 

The module of morphological analysis and/or synthesis is unavoidable in any language 

engineering tool for Estonian because it is a morphologically rich language. Estonian language is 

a member of Fenno-Ugric family. Estonian morphology is complex - inflected word-forms are 

built using both agglutination and stem flexion. Nouns have 14-15 cases. Plural forms often have 

parallel forms. Verbs have the following categories in Estonian: person (singular 1st to plural 

3rd), voice (personal, impersonal), tense (present, imperfect, perfect, past perfect), mood 

(indicative, conditional, imperative, quotative).  

For example, in information retrieval systems, it is usually desirable to make queries using 

semantic entities, not using special morphological forms of a word. As the word stem often has 

several shapes in Estonian, the morphological component should belong to any information 

retrieval system.   

 

Example 1. For a query for all occurrences of the word “rida” (“row”), without a morphological 

synthesiser, three different queries are needed (assume we have the possibility to add star (*) to 

the end of the stem instead of  inflectional suffices): 

rida*  (stem in strong grade) 

              rea*  (stem in weak grade) 

                 ritta  (singular aditive  (“to the row”), quite often used with this word)  

 

2. The Outlines of the Two-level Model, Illustrated with Examples in 
Estonian 

 
 The two-level morphology model was proposed by Kimmo Koskenniemi in 1983 in his 

dissertation [1]. By now, the model has become popular and has been used for morphological 

parsing of English, German, Swedish, Norwegian, Danish, Finnish, French, Turkish, Swahili etc. 

The main features of the two-level model are the following: 



� The language description, consisting of rules and lexicons, is separated from the application 

programs. 

� The two-levelness of the model means that the deep representations of morphemes rather 

than morphemes themselves are maintained in lexicons. From those all the real word-forms 

can be produced with the help of two-level rules and links between lexicons. 

Example 2.  The lexical and surface representation of the word-form "kaob" (“disappears” ). 

  Lexical representation: k a D u $ + b  

  Surface representation: k a  0 o 0 0 b 

The surface representation of a word-form is theoretically a sequence of phonemes. 

Practically, it tends to be the written form because of the better availability of written texts 

[2]. The lexical representation can contain both surface phonemes (“k”, “a”, “u”, “d”, “b”), 

lexical phonemes (“D” corresponds to d in the strong grade and either disappearing or 

assimilating in the weak grade) and special signs indicating the morpheme boundaries and 

morphophonological features (“+” indicates the boundary between stem and inflectional 

ending, “$” is the weak grade marker). The representations are aligned with zero-characters.  

� Two major parts of the model are rules and lexicons. 

� The set of rules is like a filter, through which the lexical representation can be seen as 

surface representation and vice versa.  The rules are not ordered and all of them have to be 

satisfied at the same time. Rules are implemented as finite-state automata. A finite-state 

automaton can be represented as a regular expression, thus the rules are coded as regular 

expressions. 

Example 3. Example of a rule:  "The disappearance of D in the weak grade" [3] 

 D:0  �   SylBg Vow Vow: _ (StemFinVow:) %$:; !laud-laua 

            Vow Vow Liq _ StemFinVow %$:;     !siirdama-siirata 

                         [ e | i: | u: | ü: ]  _  StemFinVow: %$: ; !vedama-vean, rida-rea 

                  õ  _  e %$: ;    !õde-õe, põdeda-põen 

                  [Cons - [r|s] ] a _ u: %$: ;   !kaduda-kaon 

 

� The network of lexicons consists of a stem lexicon and a number of small lexicons 

describing stem end alternations, inflectional and derivational processes. The network of 

lexicons is implemented as a finite-state transducer. A lexical entry includes 

morphological information, lexical representation and the name of the next lexicon. 



� The model is bidirectional – it is oriented to morphological analysis as well as to 

morphological synthesis. Both analysis and synthesis mean the sequential application of the 

rule automata and the lexical transducer, but in different order, as seen on figure 1. 

 

Figure 1. Morfological analysis and synthesis in the two-level model. 
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3. Results and Future Perspectives 
 

The experimental two-level morphology for Estonian has been composed. There are 45 two-

level rules in the rule set dealing with stem flexion, phonotactics, orthography and 

morphophonological distribution. The net of lexicons consists of root lexicons for all word 

classes containing �350 different word roots and of over 200 small lexicons describing the stem 

end alternations, conjugation of verbs and declination of nouns. The lexicons and rules describe 

most of the phenomena occurring in Estonian morphology. The system is consistent in its present 

stage: we can get correct results to both morphological analysis and synthesis in the range of 

word stems occurring in the root lexicon. 

 
The coverage of stem lexicons can be enlarged semi-automatically, using the electronic 

version of  “A Concise Morphological Dictionary” [3] and the type-detection module developed 

in the Institute of Estonian Language (see the webpage www.eki.ee/tarkvara). To adapt the 

existing lexicons and rules exactly to the morphological classification after Ü. Viks, some 

changes have to be introduced into the lexicons. 

A consistent and lexically sufficient description of Estonian morphology in the two-level 

formalism can be the basis of automatic morphological analysis and synthesis. At the same time, 



as the two-level model is used for language descriptions in Xerox Research Centre Europe 

(www.xerox.com/xrce/mltt), the XRCE language engineering software (spelling checker, 

information retriever a.o.) would obtain the support for Estonian language.  

 
 

4. Conclusion 
 

Concluding, the experimental two-level morphology of Estonian has shown that the model is 

quite usable for Estonian simple word recognition and production. However, the net of lexicons 

is not very well suitable for describing the derivation and compounding processes. The efficiency 

of the implementation of the rules and lexicons as finite-state transducers is undoubtedly an 

advantage. Unfortunately, the objective comparison of the Estonian experimental two-level 

morphology with other morphological analysis and synthesis programs is not possible, as the 

lexicons’ coverage is not comparable with the lexicons of working systems yet.  
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