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Abstract 

Turkish is a highly inflectional language 
that represents an interesting challenge to 
traditional corpus processing techniques. 
We present here the design of a basic 
module that allows NooJ users to lemma-
tize and perform morphological analysis 
on Turkish texts. 

1 Introduction 

Turkish belongs to the Turkic language family. It 
is the official language of the Republic of Turkey 
and is currently spoken by about 65 million peo-
ple worldwide1. Since no module for Turkish has 
been developped for NooJ so far, a basic re-
source is needed to allow the users to perform 
linguistic searches and write syntactic grammars 
on this language. The present work addresses this 
need, by focusing on inflection, which is particu-
larly complex in Turkish. 

The paper is organized as follows: the linguis-
tic features of Turkish that are relevant to corpus 
analysis and that motivate our approach will be 
presented in Section 2. Consequently we will 
present the solutions implemented to handle 
phonology (Section 3).  Section 4 will address 
morphology through the description of the NooJ 
morphological grammars we have designed to 
encode nominal and verbal inflection of Turkish. 
Section 5 illustrates how the module may serve 
linguistic research on Turkish: we will present 
the results of a simple test of the module, fol-
lowed by a few examples of linguistic queries 
making use of lemma and inflectional codes 
computed by the morphological grammars. A 

                                                
1 Most linguistic facts and grammatical definitions men-
tioned in this paper are taken from Göksel and Kerslake 
(2005). 

global discussion of the approach and an exposi-
tion of future work will end the paper. 

2 Relevant features of Turkish 

Most of the linguistic difficulties we faced, arise 
in two domains: in phonology, vowel harmony 
and other phoneme alternation phenomena cause 
systematic stem and suffix allomorphy, whereas 
in morphology, agglutination implies that the 
vocabulary is built by a wide range of combina-
tions of basic suffixes. 

2.1 Phonology 

Vowel harmony and other phoneme alternation 
phenomena typical of Turkish systematically 
lead stems and suffixes to have several surface 
forms, that is allomorphy. 

The principle of vowel harmony determines 
which vowels can follow a given syllable inside 
a word. For example, in Table 1, the possessive 
suffix -(I)m ‘my’ can have four different surface 
forms depending on the last vowel of the word it 
attaches to (lines 1 to 4). A capital vowel (in this 
case “I”) is commonly used to design a class of 
vowels that can occurr in a given context. 

 
1) saç + (I)m → saçım ‘my hair’ 
2) el + (I)m → elim ‘my hand’ 
3) kol + (I)m → kolum ‘my arm’ 
4) göz + (I)m → gözüm ‘my eye’ 
5) kafa + (I)m → kafam ‘my head’ 

Table 1: Different forms of the possessive suffix -(I)m 
 

While vowel harmony is a generic principle of 
the language concerning both stems and suffixes, 
other rules apply only to given suffixes or classes 
of stems. Here are some examples: 
- the possessive suffix -(I)m becomes -m when 
the base of suffixation ends with vowel, due to 



the unstableness of the suffix’s vowel (see Table 
1, line 5); 
- an inter-vowel “y” is inserted between some 
stems and a suffix beginning with vowel. For 
example: 

kafa + A  = kafaya  ‘to the head’ 

anla + An = anlayan ‘understanding’ 

- the alternation of final silent/voiced consonants 
occurr in some stems ending in “p”, “t”, “k”, “ç”. 
For example: 

kitap +(I)m = kitabım ‘my book’ 

amaç  +(I)m = amacım  ‘my goal’ 

- the last syllable’s vowel of some stems ending 
with consonant drops when a suffix beginning 
with vowel is added. For example: 

akıl  +(I)m = aklım  ‘my mind’    

burun +(I)m = burnum ‘my nose’ 

2.2 Morphology 

Turkish is well known for its agglutinative 
morphology. This implies that the vocabulary is 
built by a wide range of basic suffixes combina-
tions. Suffixation covers a considerably large set 
of linguistic structures, many of which are con-
veyed through separate words or through syntac-
titc patterns in English. Let us consider the ex-
amples in Table 2: the first added suffix corre-
sponds to a possessive adjective (‘my’), the sec-
ond to a preposition (‘in’), the third to a verb in 
the past tense (‘was’) and the forth to a personal 
pronoun subject (‘I’). A Turkish word can thus 
correspond to a single English word, up to 
phrases of various lengths, or even to a whole 
sentence. 
 

oda [room] ‘room’ 
odam [room-my] ‘my room’ 
odamda [room-my-in] ‘in my room’ 
odamdaydı [room-my-in-was] ‘was in my room’ 
odamdaydım [room-my-in-was-I] ‘I was in my room’ 

Table 2: Example of Turkish suffixation 
 
As pointed out by Oflazer and Durgar El-

Kahlout (2007), Turkish employs about 30,000 
root words (also referred to as stem in this paper) 
and about 150 distinct suffixes. Although not all 
possible suffix combinations are grammatical, 
the number of potential inflected and derived 
forms of a given root word is still extremely 
high. Due to such large morphological produc-
tion, it is not viable to list all the inflected forms 

in a dictionary, which is how lemmatization is 
normally performed in languages such as English 
or French. Besides, Turkish word formation 
mechanisms – i.e. morphotactics – are known to 
be regular and easily decomposable. They seem 
therefore suitable for a regular language-like rep-
resentation, as can be widely observed in the lit-
erature (Oflazer, 1994; Eryiğit and Adalı, 2004). 

Indeed a classical approach to morphological 
analysis consists in parsing words by means of 
Finite State Transducers that recognize licit se-
quences of suffixes and convert them into mor-
pho-syntactic information codes. A check-up into 
the dictionary of stems can then guarantee that 
the lemma has been properly computed. 

Inside NooJ this corresponds to associating to 
a dictionary of stems one or few morphological 
grammars (.nom files) describing inflection. In 
this way the lemma and the features of our cor-
pus forms will be computed on the fly, without 
need of compiling a huge inflected dictionary. 

As for allomorphy, we decided to handle it 
both in the stem dictionary and in the morpho-
logical grammars, as opposed to what is done in 
the two-level formalism (Koskenniemi, 1983; 
Oflazer, 1994 that deals with phonology and 
morphology in two separate passes. Advantages 
and drawbacks of this approach will be exposed 
in the following section. 

3 Solutions to phonological issues 

The aforementioned phonological rules are ge-
neric principles of the language. Thus, encoding 
phonological variations together with morphotac-
tics would make the grammars explode in com-
plexity. The idea underlying our approach is to 
limit the power of expression of the inflectional 
module, that is, let it recognize a superset of the 
correct inflected forms of Turkish. For instance, 
besides the correct word kitaplar ‘books’, we 
admit the ungrammatical forms *kitapler, 
*kitablar and *kitabler. 

The module we developped is therefore not 
suitable to be used as a spell-checker nor as a 
morphological generator since it overgenerates 
inflected forms. On the other hand, it is a rather 
accurate and fast analyzer. Supposing that a real-
world Turkish text one would want to process 
with NooJ has no reason to contain such phonol-
ogically malformed words2, this limitation has 
little impact on the module’s usability. 
                                                
2 Typos are an obvious exception to this statement. When 
encountered by the module, these will be analyzed as their 
closest allomorph. For example *kitabi → kitabı.  



Phonological rules are found both in the dic-
tionary of stems and in the morphological gram-
mars describing inflection. More precisely, stem 
allomorphy is handled through the dictionary of 
stems used as base for suffixation: a semi-
automatically processed version of the Diction-
ary of Turkish (TDK, 2005). Starting from a 
digital copy of this monolingual dictionary, we 
first removed the unnecessary information (e.g. 
definitions, examples of usage, synonyms). The 
remaining information – word and category – 
was then put into the NooJ dictionary format. We 
performed a manual check of the resulting file 
and corrected most of the mistakes found in the 
category’s field (by giving priority to frequent 
words that were left out of the dictionary because 
of a wrongly written category). At this point, we 
marked by a given symbol the stems that may 
undergo a modification when suffixed, for ex-
ample: FLX=endP and FLX=endC for p/b and c/ç 
alternation respectively, and FLX=drop for the 
vowel dropping rule presented in Section 2.1. 
Note that some of these operations can be per-
formed by simply looking at the stems’ surface 
form, whilst in other cases a lookup into a closed 
list of stems subject to a given rule is needed. 

In such a way, phonological properties of the 
stems are encoded as inflectional paradigms as-
sociated to the dictionary, so that all stem allo-
morphs are generated only once, during diction-
ary compilation. For example the Turkish word 
for ‘book’ is recorded in the following entry of 
the dictionary of stems (tdk.dic): 

kitap,N+FLX=endP+NW 

The rule for silent/voiced consonant alternation 
is instead represented in the inflectional grammar 
(stemVariants.nof): 

endP = <B>b/NW + <E>/NW; 

Thus, the inflected dictionary (tdk-flx.dic) 
will contain the two following allomorphs: 

kitap,N+FLX=endP+NW 
kitab, 

Suffix allomorphy, instead, is solved inside 
the morphological grammars, in several ways. 
Vowel harmony is captured by vowel class sub-
graphs. Table 3 shows two subgraphs represent-
ing respectively high vowels (“I”) and low un-
rounded vowels (“A”). 

Other phonological alternations are expressed 
by optional transitions in the graphs as shown by 
Table 4, which illustrates the possible presence 
of an inter-vowel “y” before the accusative and 
dative suffixes. 

 

 

 

 
Table 3: Vowel class subgraphs 

 

 
Table 4: Optional transitions for inter-vowel “y” in 

the nominal suffixation grammar 
 

4 Solutions to morphological issues 

The morphotactics of inflectional suffixes is de-
scribed by two complex morphological gram-
mars: 

- the first (Noun+NFVerbInflex.nom) repre-
sents the inflection of nominals, nominal predi-
cates (consisting of the copula “to be” appended 
to a nominal), and of non-finite verb forms. 
These categories all share nominal suffix combi-
natory. For this reason they are grouped together; 

- the second (VerbInflex.nom) describes 
the inflection of finite verb forms, characterized 
by a large set of tense, aspect, modality, and per-
son suffixes. 

The design of these complex structures is in-
tended to be as readable as possible, while trying 
to factorize similar paths. 

The global structure of the first grammar can 
be seen in Table 5.  Each coloured box stands for 
a subgraph factorizing a given suffix group, ex-
cept for the “A” box, which denotes a vowel 
class as explained in Section 3. On the left upper 
side are the constraints on the suffixation base: 
acceptable stems are pronouns (PRO), adjec-
tives3 (A) and nouns (N), to which the same 
nominal inflection path is appended, as well as 
verb roots (V) followed either by a nominalizing 
suffix (vNoun_Action, vNoun_Agent) and 
consequent nominal inflection, or by a converb 

                                                
3 It is hard to draw a clear division between Turkish nouns 
and adjectives. Many words can fall into both categories 
according to their usage in a sentence. Thus we allow stems 
tagged as adjectives in our dictionary to be inflected as 
nouns. 



suffix4.  To give an idea of the grammar’s com-
plexity, we present the Copula subgraph in Table 
6, which itself includes various vowel class sub-
graphs (A, I), a consonant subgraph (for the al-
ternation of “d” and its silent counterpart “y”) 
and also two person suffix subgraphs (Pers1, 
Pers2). The Pers2 subgraph is shown in Table 7. 

 

 
Table 6: The Copula subgraph 

 

 
Table 7: The Pers2 subgraph 

 

                                                
4 Converbs are non-finite verb forms used to express adver-
bial subordination, therefore not subject to nominal inflec-
tion. 

Table 9 gives an overview of the finite verb 
forms grammar. Here, only verbs (V) are ac-
cepted as a suffixation base. Verbal suffix com-
binations are even harder to encode than the 
nominal ones, since the constraints on sequences 
of tense and aspect suffixes have to be handled 
along with different person suffix sets. It can be 
noticed that while most tense/mood suffixes need 
to be followed by a person suffix, some others, 
as the optative and the imperative, have the per-
son markers included in their own subgraphs. 
The Optative subgraph is shown in Table 8. 

 

 
Table 8: The Optative subgraph 

 
Verbal voice suffixes are currently not treated 

by the module. These include passive, causative, 
reflexive and reciprocal. 
 

5 Test of the module 

We have run some basic experiments in order to 
test the performance of the dictionary and the 
associated morphological grammars. The dic-
tionary of the module contains about 45,300 and 
54,300 entries before and after compilation of 

 
Table 5: Morphological grammar of nominal, copula and non-finite verb suffixation (overview) 



allomorphs, respectively. We used the module to 
analyze two corpora of different size: the smaller 
Universal Declaration of Human Rights (UDHR) 
and the larger NatoReview corpus5. The results 
are given in Table 10: number of tokens and 
number of different forms, absolute number and 
percentage over the whole corpus of unknown 
words, number of annotations as displayed by the 
analysis log and finally runtime of the analysis. 

 
Size Unknown  

 Corpus Words  Dict. # % Annotations Runtime 

 UDHR   1626     720   22  3.05   1197   2 sec. 
 NatoRev 69723 12932 411  3.18 20908 46 sec. 

Table 10: Statistics on corpora and test results 
 
It can be seen that the rate of words that could 

not be analyzed is rather low and stable across 
corpora (3.05% in UDHR, 3.18% in NatoRe-
view). The runtime of analysis, instead, grows 
faster than the size of the corpus (from 2 to 46 
seconds), but is still reasonable when working on 
a medium-sized data set like the NatoReview.  

It is now possible to exploit one of the most 
powerful functionnalities of the NooJ platform, 
that is to search the Turkish text for linguistic 
patterns containing morphological information. 
Table 11 shows three queries and, for each of 
them, a selection of matches found in the corpus 
NatoReview.  

The first two examples concern the detection 
of nominal groups containing an annexion, are 
these minimal or more complex. In the first case 
                                                
5 The NatoReview corpus is a collection of 35 articles of 
international politics, downloaded from the NATO Review 
website between 2005 and 2006. 

(Table 11.a) we look for a nominal in the geni-
tive case followed by a nominal containing the 
third person singular possessive suffix, through 
the expression “<N+gen> <N+poss3s>”. The re-
sults reported in the concordance mean respec-
tively: “the protection of the heritage”, “beyond 
doing”, “in the shadow of the reforms”, “among 
the reasons of this” and “among the results of the 
programs”. 

 
(a) <N+gen> <N+poss3s> 

 

(b) <N+gen> <WF>* <N+poss3s> 

 

(c) <V+able+fut> 

 

Table 11: Sample matches of three linguistic queries 
 

 
Table 9: Morphological grammar of finite verb suffixation (overview) 



In the second case (Table 11.b) we add to the 
first expression the optional insertion of an arbi-
trary number of words (<WF>*). In order to have 
consistent results it is important to turn on the 
search option “Shortest match”, so that the 
matched region will stop with the first occur-
rence of a <N+poss3s>. The results reported in 
the concordance mean respectively: “about the 
necessity of opening”, “the Allies troops”, “only 
some of the Allies”, “in the skies of the towns” 
and “the reorganization of the commandership”.  

The last example (11.c) illustrates a query for 
verb forms in the potential mood, future tense 
(<V+able+fut>) roughly corresponding to the 
English pattern “will be able to VERB” or “may 
VERB in the future”. The matches reported here 
mean respectively: “won’t be able to pass”, “may 
arise”, “may give”, “will be able to come” and 
“will be able to defend”. 
 

6 Conclusions and future work 

We have presented the design of a NooJ module 
capable of lemmatizing and morphologically 
analyzing Turkish text, so that users may now 
perform linguistic searches and write syntactic 
grammars on this language. The problem of in-
flected forms dictionary’s excessive size has 
been solved through NooJ formalisms and fonc-
tionnalities, without need of external tools.  

We plan to improve the current implementa-
tion by designing a special grammar for pronoun 
inflection, and by extending the verbal inflection 
grammar to voice suffixes. 

Secondly, more tests should be done, for in-
stance comparing the analysis obtained through 
the NooJ module with the output of an existing 
morphological analyzer, in order to compute pre-
cision and recall. In case of positive results, we 
would like to enrich the dictionary through the 
module itself in a semi-supervised manner – that 
is by running the grammars without constraints 
on the stem, and with lower priority. The result-
ing lemma thus associated to unknown forms 
would provide potential entries for the module’s 
dictionary. 
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