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1. Introduction

Beginning with Hankamer (1989) and Koksal (1975), studies on computer aided proc-
essing of Turkish has emerged following multiple approaches. Turkish, with respect to its
complex morphotactics, the in-root phonological alternations forced by harmony rules
and other phonological constraints, and the number of homographs, keeps its challenging
position in the Natural Language Processing (NLP) literature. After mentioning Oflazer et
al. (1994) and Cigekli (1997) as the applications of 1990s, Akin (2007) and Céltekin (2010)
are two current, rule-based, accessible implementations on the morphological analysis
and annotation of Turkish.

This paper presents a root-driven, non-stochastic, graph-based approach to the Parts
of Speech Tagging of Turkish. The implemented graphs representing the cascaded finite-
state transducer used in modeling Turkish morphotactics is accessible through
www.tudd.org and are adaptable to other formalisms. The NLP-dictionaries of the module
are formed in synchrony with Turkish National Corpus Project! and thus, represent the
lexicon of present-day Turkish. The architecture of dictionaries and pre-defined lexical
features may also contribute to the research on forming the standard NLP-dictionary of
Turkish.

1.1. Definitions

In this paper, the term POS Tagging is used in a broad sense that will cover the annotation
of inflectional and derivational affixes as well as lexical categories of the base forms. In this
respect, the term is reserved for morpheme tagging of Turkish as a preliminary step for
morphosyntactic or grammatical tagging as in Treebanks or semantic tagging as in
WordNets.

Considering the highly agglutinative nature of Turkish and the amount of homo-
graphs, the distinction between inflectional and derivational affixations in Turkish is a
challenging issue as also stated in Sezer (2001). In this paper, this distinction is done rath-
er with a computational point of view and thus will not be discussed in detail on a theo-
retical basis.
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1.2. Data

Data of the study are derived from the ongoing Turkish National Corpus (TNC) Project
held at Mersin University, Turkey. TNC, as a balanced and representative corpus, is not
specifically restricted to any particular subject field, genre or register. Since it contains
samples of both written and spoken language, the lexicon and graphs formed for the
module represents present-day Turkish.

1.3. Software

Software used for annotation is NooJ as documented in Silberztein (2003). Noo] includes
tools for corpus building and management, linguistic analysis, annotation and concord-
ancing. In Noo] “the descriptions of natural languages are formalized as electronic dic-
tionaries, as grammars represented by organized sets of graphs” (Silberztein 2003).

Following the Noo] formalism, Turkish module is also comprised of two basic com-
ponents; dictionaries and graphs.

2. Dictionaries

To compile a Noo] dictionary (.nod) file; a Properties Definition file (.def), an Inflectional/
Derivational Rule file (.nof) and pre-compiled Raw Dictionaries (.dic) are required
(Silberztein 2003). The contents of the three mentioned file formats will be illustrated in
the following sections of the study.

2.1. Tokenization

Data for tokenization are extracted from a subcorpus including over 100 texts repre-
senting different genres taken from TNC. The subcorpus included over 3,300,000 words
forms and over 280,000 tokens when proper nouns, abbreviations and acronyms are ex-

cluded.
Below is a sample tokenization with NoolJ. Proper Nouns, Acronyms and Abbre-
viations are filtered out manually from the list of word forms.
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Figure 1. Tokenization in Noo]

2.2. Lemmatization

Stemming or affix stripping algorithms and their implementations that can be used for
lemmatization in Turkish is out the scope of this study. In this respect, the filtered word
forms taken in the previous step are lemmatized manually and an affix database including
the affix combinations of Turkish is created. After the pre-tagging process for Lexical Cat-
egories, the base form of raw dictionaries is formed as in (1);

(1) al, VB (take)
al, AJ (red)
yiz, NB (a hundred)
yiiz, VB (swim)

yiz, NN (face)
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Parts of Speech Tags for Lexical Categories are listed in Table 1.
Table 1. Parts of speech tagset for Turkish.

TAG POS EXAMPLE

<VB> Verb git, gel, dur, bak, kal, sus, gor, dok
<NN> Noun gece, hava, renk, fark, dost, oyun
<PN> Pronoun bu, kendi, hepsi, herkes, kim, oteki
<NB> Number iki, tic, bes, sekiz

<AJ> Adjective mavi, yeni, diz, durtist, zeki
<AV> Adverb acaba, asla, bazen

<PP> Postposition gibi, gore, icin, kadar, karsi, ragmen
<ITJ> Interjection aferin, sagol, haydi, hoscakal, liitfen
<CJ> Conjunction ama, ¢linkii, meger, tstelik
<ON> Onomatopoeia takir, vizil, giiril

<NP> Proper Noun Atatiirk, Mersin, Umit

<AB> | Abbreviation, Acronym TBMM, TDK

<MI> Affirmative particle mi, mi, mu, mii

2.3. Phonemic Alternations

Considering the in-root phonemic alternations as in (2) and (3), phonological rules are
defined textually in an Inflectional/Derivational Rule file (phonology_TR.nof) and thus
prefixed with “FLX=" as in “FLX=soften_t".

(2) akil — aklinda
mind = mind:GEN+LOC

(3)  tip — tibbin
medicine = medicine:POSS
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The in-root phonemic alternations are listed in Table 3 using the operators in Table 2.

Table 2. Rule operators for Noo] Inflectional/Derivational Grammars.

<B> delete last character / backspace <L> go left
<B2> delete last two characters <R> | goright
<D> duplicate last character - OR
Table 3.
tag rule example
double <D> af > affi, zam > zamma
drop <L><B><R> akil > akhinu, fikir > fikrimin
dropsoften <B2>b kayip > kaybina, kutup > kutbuna
compound1 <B> anaokulu > anaokullar
compound2 <B2> elyazisi > elyazilari, bagagrist > basagrilar:
compound3 <B2>¢ ipucu > ipuglar
compound4 <B2>k aycicegi > aycicekleri
soften_ch <B>c agag > agaci, siireg > stireci
soften_k <B>g emek > emegi, diyalog > diyalogu
soften_p <B>b kitap > kitabi, mektup > mektubu
soften_t <B>d cilt > cilde, dort > dordiinii

soften_t_er | <B>d + <B>de

et > eder, git > gider

soften_t_ar | <B>d + <B>da tat > tadar
softendouble | <B>b<D> tip > tibbin, muhip > muhibbi
change_an <B2>an ben > bana, sen > sana
add_er e iz > uzer
add_ar a yap > yapar

2.4. Lexical Features

The Raw Dictionary is compiled with the rules declared in the Inflectional/Derivational
Rule file that includes predefined features in the Properties Definition file.

In the current release of the Turkish module, instead of defining lexical properties that
can have multiple features as in (4), we preferred to use a binary format for lexical

features as in (5).
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(4) al VB+PHON=end_l
(5) al,VB+end_l

In both of the entries — for use in passivization constraints - it is stated that the Verb
“al” ends with consonant “L”, whereas in (5) we can also add more phonological features
such as “begin_V” (begins with a vowel) for use in duplications like “ev mev”. (6) is a
sample entry of the final version of raw dictionaries.

(6) aki, NN+FLX=drop+begin_V

2.5. Compilation

The Raw Dictionaries including a declaration of the related Properties Definition (.def)
and Inflectional/Derivational Rule file (.nof) are compiled through the menus Lab —
Dictionary as in Figure 1.

Figure 1. Dictionary compilation pane in NooJ.

W Dictionary Lab : L

Enter a NooJ Dictionary file (" dich:

. [C\Users bigisaray Documents \NooJ w Lexical Analysis\LEX_sample_TRdc | Set |
Bt | Sort| Repiace. | Extract. |

~ Display LEX _sample_TR dic
$ Alphabetical order is not required. -
¥
$# Use inflectional & derivational paradigms’ ar
$# Special Command: $use properties.def
# Special Command: $use paradigms.nof

Special Features: +NW (non-word) +FXC (ftoza{ |
+FLX= (inflectional paradic

Special Characters: '\" %% %45 1 8 gt % @ :5

% 4% 3 35 W W

#use properties TR.def
$use phonology_ TR.nof

akil, NN+FLX=drop+di+begin_V

L P — ] sl ’

3. Graphs

After Noo] dictionary files (.nod) are compiled, morphotactics of Turkish is modeled with
a Morphological Grammar file (.nom) graphically. Noo] graphs let the user design cas-
caded finite-state transducers through a graphical interface.
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3.1. Overall architecture

Turkish morphological graph is designed to include both derivational and inflectional af-
fixes since, in most cases, the distinction is problematic due to homophonous affixes such
as [-mA] serving in both derivational and inflectional processes as in (7) to (12).

™)

(3)

©)

(10)

(11)

(12)

sacma (ridiculous)
—  adjective forming derivational affix

sorusturma (investigation)

—  noun forming derivational affix
gitme (don’t go OR going)

—  negative OR gerundive

dovmeli (must forge OR with a tattoo)
—  part of affix “mAII” OR noun forming derivational affix

yapmadan (without doing OR from doing)
—  part of adverbial affix “mAdAn” or gerundive

gidemememe (to my being not able to go)
— negative + gerundive + possessive + dative

3.2. Derivation

The derivational subgraph presented in Figure 2 is organized in two slots covering the
recursive affixations as in “yaptirttirdi” (s/he caused someone to make some other one to
get someone to do it).

Figure 2. Derivational subgraph

Derivation - Verb Forming - Sample

—

\ﬁaoor NN )—{NN_VB 1

{ Slot 1 N Slot2 !

Noo] graphs can be organized in a cascaded manner, so the labels “NN_VB_1" and
“NN_VB_2” include the nodes including affixes that derive verbs from nouns.

3.3. Inflection

The inflectional subgraph includes the nominal and verbal inflectional paradigms of Turk-
ish and thus is organized as in two subgraphs. Below is the nominal inflection graph.
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Figure 3. Nominal inflection subgraph

FLE NN PLURAL p

In Figure 3, graphs “FLX_NNc” and “FLX_NNv” are for base forms ending with a con-
sonant and base forms ending with a vowel. This distinction prevents the parser produce
artificial ambiguities caused by mostly buffer phonemes.

Figure 4 presents the graph for verbal paradigm.

Figure 4. Finite-state transducer graph for verbal inflection in Turkish

4. Implementation

In the following sections, the performance of the implemented module will be demon-
strated.

4. 1. Annotation

Below are sample annotations in (10).

(13)  olumsuzlestirttirilemeyebileceklerimizdenmigsinizcesine

O6LVB+(I)m_NN+slz_AJ+lAs_VB+DIr_VB+t_VB+DIr_VB+(I)|_VB
+A+mA+(y)+A+bil+tAcAk_NN+lAr+I+mlz[Poss]+DAn[ABL]
+mlg[Per]+sInlz[2Ppl] +cAsInA_AV

(14)  okulunki buradaki kitaba benzemiyor
okul, NN+I+n+ki[PN]
bura,NN+DA[LOC]+ki[A]]
kitap,NN+A[DAT]
benze,VB+mA+yor
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(15)  yenilik

yen,VB+(I)l_VB+Ik_A]J

ye,VB+(I)n_VB+(I)_VB+Ik_AJ

yeni,AJ+1Ik_NN

4.2. Concordancing
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Concordancing is done through the “Locate” menu in Noo]. Noo] regular expressions are
stated between “<” and “>” symbols to indicate that searching will take place in the text

annotation structure.

Below are sample concordance lines for the given search patterns.

<oku,VB>

iyice okumak ve anlamak isterdim.

uzak dumah. Televizyon seyretmeym, gazete
ya canm! O kadar biyoloji

belitmigtim “Bir de bu kitabiry

kez de aynnts abartisyla karglagim.

algiama zodugu gekenler ign. Universte
verilere ulagamiyor. (nin, saniyede 24 MB

Figure 5. Sample concordance line 1

. Kullarum degden nin yerine goktan

? Kurdumak zorunda miyiz? "Karanhgin Yuregi
kendine hakaret olarak alglayan "okur

“un kiasikten ne umdugunu, ne

yazmas: olmayan biiydi. Nedenini bilemem

7 Kurdurmak zorunda miyiz7 “Karanhgn Yuregi
kendine hakaret olarak alglayan "okur

“un kdasikten ne umdugunu, ne

varsa tanudk gevrede, kesin soyluyorum

kig geceler boyu cahgmig didinmig

bana diye Ama ben satamam

maliyeti nedir? 22 yagnda okul btecek
ve 10 MB yazabiiyor. 512MB, GB
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<VB+r[Aor]> <VB+mA+z[Aor]>
“kultursuz kumazhgn” eline  geger gegmez bir gekilde "toplumsz
Digan glanca yola admnizn  atar atmaz cenk baghyor. Cocul
“kultursuz kumazh@in” eline  geger gegmez bir gekilde “toplumsz
1. Devinim aguikh bir anlayig  ister istemez beden yapinin dengs¢
sdamian insanlann bir yankg  bulur bulmaz gulmediklernne, ancz
= bir ekonomik kriz otamina  girer girmez toplumdaki “ginah k
inceleme heyetinden onay  alr almaz dondr aragtimalannz
skezler baskilarr ve bebek  dogar dogmaz aglayamaz Buda ol
adar kagnidmas: ve bebegin  dogar dogmaz annesinin sUtu ile be
ibi, tek egiler gftlegme sona  erer emmez yeni bir egin pegine ¢
gezegenle iigili bir gevredir. Dogar dogmaz boyle bir gevreyle kz
bir gavreyle karg kargyaypz. Dodar dodmaz belki butun organizr
spilan fizyonun kegledildigini  duyar duymaz bu elementin zincir ¢
wastarun gozlerinde bu iste§i sezer sezmez onlardan once davrz
juduna gore, promosyon da  ister istemez hekimlere yonelyor !
i da kans: Kiytemnestra eve  doner donmez banyoda gigeyerek ¢
kh siteye bulagmisg durumda.  Bulagr bulagmaz sistemi gokerten ve |

Figure 6. Sample concordance line 2.

<NN+A[DAT]> dogru

= bitkiler de genellikle ayrw  tarafa dogru samagk yaparar. Evet m
gk 19k, demet demet bu  yone dogru aktigi goruyoruz: ama m
darr: “"Bereketi kidgimiz  yere dodru Suleymanin emriyle yunr
tunden kola ve oradan da  omuza dodru uzanr. Koprucuk kemidin
dan baglar. Ayak sytindan  bilege dogru uzanir. Ayadin ve bacage
Zneqiyi dalak ve pankreas  mendyenine dogru aktr. Mide ve badrsak b
bolgesi boyunca kann ve  gogse dogru ileder. Buradan yine ota |
wun gelip beni kurtarmasine,  bana dogru yollan gostermesini umit e
idugumuzu varsayahm. Br noktaya dodru flediyoruz. O noktaya ulag
sol alt kogeden sad ust  kogeye dodru gittidim dusunelim. Sol alt
fini koyarsak. hecelemey:  gene dogru yapabilinz. Yukardaki uyd
Ji bacaklanna geginder ve  geriye dogru iledeyerek lastigin gergin |
uzerndeki gzgilerden ota  noktaya dogru 3 cm kalana kadar kesin.
sin. Sonra dort kogeyi ota noktaya dodru birbirlerinin Uzenne gelece
wen, surekli kilan ve daha fazasina dodru yonlendiren bagangig ba:
wen, surekli kilan ve daha fazlasna dogru yorlendiren bagangig ba:
ak istenildiginde, bizleribu  yone dogru surukleyen bir gekim kuv
Ulike kallkinmas: agadidan  yukanya dogdru olur. Yirmi birinci ylzylhn ¢
almak ign kondora gktim,  odama dogru kogmaya bagladim. igte ¢
sndim durdum koduglarda.  Ogdlene dogru Hoca beni yine kapya, a
iede kalacakti. igimiz bitti, aksama dodru ambulans: andiwan bir ara
edir. Rezervierin tukenme  seviyesine dogu azalma egdilimine girdigini «
ardindan A noktasindan B noktasina dogru seyretmesi gereken doviz
izeyinde, A noktasindan C  noktasna dodru bir kinima
scektir. b. Beklentiler ayru  yone dogru birbideriyle tutar iseler ke

Figure 7. Sample concordance line 3.

5.

Conclusion

As presented and demonstrated in this paper, the design of a corpus-driven non-stochastic
annotation module for Turkish showed that this preliminary step in Turkish NLP still has
unsolved problems and therefore needs further applications. Further areas of NLP such as
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information extraction, morphosyntactic annotation or semantic annotation require a full-
coverage standard NLP dictionary of Turkish and an accompanying transducer as well.
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