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Abstract: Recently, various studies have been conducted in the field of Turkish natural language processing.
These studies require a smart system that has the capability of answering Turkish questions, translating articles
into another language, summarizing the articles, and sending automatic replies to e-mails. The need to find the
correct roots of Turkish words is the basis of the aforementioned capabilities. Although various methods of
finding Turkish roots have been given in the literature, success rates are generally low due to the complex
structures of Turkish words. In this study, a root finding system (Lemmatizer) has been developed using the
agglutinating structure of Turkish words and its comparison with the Zemberek and Snowball methods is given.
The Lemmatizer system is written in Python and is based on more than 130 most frequently used suffixes and
TDK dictionaries in Turkish. In addition, statistical analysis was performed using the Knime platform. For this
study, firstly the Lemmatizer system was trained with many Turkish articles and books and it has continuously
improved its repertoire. At the same time, thanks to the feedback received using the Turkish suffix and root
database called Kalbur, the accuracy rate has increased continuously. The results of the Lemmatizer system
were compared with the Zemberek and Snowball methods previously made in terms of both number and
accuracy. Turkish texts of different lengths were used for comparison. It has been shown that the Lemmatizer
method gives results close to the Snowball and Zembere methods, and the success rate increases with each new
text, thanks to its ability to learn using the TDK dictionary.

Structured Abstract: In this study, a root finding method has been developed by using the additive structure
of Turkish (Lemmatizer) and its comparison with the previously made Zemberek and Snowball methods has
been given. For this purpose, a finite state machine (FSM) was created that shows the separation of Turkish
words into their roots and suffixes.

The following considerations were made when creating FSM:
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- Words with up to 4 different additional areas could be divided into roots.

- Each root found was verified with a Turkish dictionary provided by the Turkish Language
Association (TDK).

- While separating the words, more than 130 most frequently used Turkish suffixes, were taken into
consideration.

- When a root is found, it is first checked whether there is a verb by adding a gauge. Verb equivalents
of homophones were first examined.

In this study, the results of the Turkish root finding mechanism (Lemmatizer) given as FSM were
compared with the results of Zemberek and Snowball methods. (eg Zemberek Stemmer) Zemberek and
Snowball methods already had implementation provided on the Knime 4 platform. For comparison,
Lemmatizer was first programmed using Python 3.7 and then installed on the Knime platform as follows:

After reading a document, it is passed by Lemmatizer in the following stages, respectively:
1- Punctuation ereasure

2- Creating a bag of words

3- Convert words to lowercase (case converter)

In parallel, words in the TDK dictionary are also read and converted to lowercase. Two lists with both
the words from the document read and the words read from the TDK dictionary are inserted into Lemmatizer.
This mechanism produces two different results:

1- Roots in the document and also present in the TDK Dictionary
2- Words with no roots found

Similar preparation steps were used for Zemberek and Snowball methods for comparison. After the
words in the documents read were lemmatized by all three methods, the results of the methods were compared
among themselves. While Zemberek method gives the roots of verbs, Lemmatizer and Snowball give infinitive
forms of verb roots (eg give — to give). Therefore, before the triple comparison verb roots are cleared of
infinitive. Also, since some of the word roots found by Zemberek and Snowball methods are not included in
the TDK Dictionary (eg 'milyo’, 'beli', etc.) these words are exempted from comparison.

In addition to this comparison, the findings of all three methods were also run against the database of
Turkish word roots in Ahmet Aksoy's Kalbur project (Aksoy, 2016). In the database, “word-root-appendix”
information is given for each word.

Finally, the words that Lemmatizer cannot find its roots are added to the Lemmatizer vocabulary after
being checked from TDK and Kalbur databases. In this way, vocabulary develops with every document added.

In the study, 7 news articles and an e-book with an average of 500 words were used as examples.
Lemmatizer added the words that it could not find its roots after each article to its own vocabulary and increased
the number of roots it found in each new article more than other methods and increased the difference between
the number of roots from 5% to 15%. On the other hand, it was observed that a significant amount of word
roots found by Zemberek and Snowball methods were not included in the TDK Dictionary. Therefore, roots
not included in the TDK Dictionary were excluded from the comparison. Approximately one third of the word
roots found by both methods are not included in the TDK Dictionary.

The fact that the word roots found by the root finding methods are included in the TDK Dictionary
does not always indicate that the roots are the correct roots of the words. In order to verify the roots of the
words, the word roots database used in Ahmet Aksoy's Kalbur project (Aksoy, 2016) was used. Figure 8 shows
the variation of the accuracy numbers of the methods according to the Kalbur project according to the number
of articles.

It can be observed that as the number of written documents and therefore the number of words used
for comparison increases, the accuracy rates of all three methods begin to stabilize compared to the Kalbur
database. Lemmatizer performed better than other methods in both the total number of roots it found and the
number of ‘correct roots' calculated based on the Kalbur database. It should be noted that the accuracy rate
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given depends on the Kalbur database and that there are not many roots and words in the database. It can also
be observed that the accuracy rate of Snowball method decreases significantly as the number of words
increases.

Finally, the accuracy and root detection rates of the three methods were calculated using an ebook
(Dickson, 1945). The results are given in Table 1. Lemmatizer has found 82% of 8535 different words in the
e-book used, 1,637 of them have been verified from the Kalbur database. Root detection rate of Zemberek and
Snowball methods remained at 20% and 22%.

Turkish is a language in which word roots are subject to very complicated rules due to its additive
structure. Although several studies have been conducted in the literature to find the roots of Turkish words,
none of these studies have achieved a high success rate. In this study the Lemmatizer method which
continuously improves its repertoire has been developed based on the most frequently used 130 suffixes and
TDK dictionary, The results of the Lemmatizer method were compared with the Zemberek and Snowball
methods, which were previously done in terms of both number and accuracy. Turkish texts of different lengths
were used in the comparison. Thanks to the ability of Lemmatizer method to learn using TDK dictionary, it
has been shown that the success rate increases with every new text compared to other methods. In addition, it
was observed that some roots found by Zemberek and Snowball methods are not included in the dictionary. As
the Lemmatizer method is based on the TDK dictionary, all the word roots found are in Turkish; this ensures
that the success rate of the Lemmatizer method is higher than the Zemberek and Snowball methods. The source
code of the study and sample files can be accessed from Github. (Dogug, 2020)

Keywords: Artificial Intelligence, sd aNatural language processing, Turkish lemmatization, self learning

Oz: Yakin zamanda Tiirkce dogal dil isleme alaninda gesitli calismalar yapilmistir. Bu calismalar, iiretilen
akilli bir sistemin Tiirkge soru cevaplama, yaziy1 bagka bir dile cevirme, yaziy1 6zetleme, e-postalara otomatik
yanit gdnderme gibi kabiliyetlere sahip olmasini 6ngérmektedir. Bahsedilen kabiliyetlerin temelinde, Tiirkce
kelimelerin koklerinin dogru sekilde bulunmasi gereksinimi yatmaktadir. Literatiirde ¢esitli Tiirk¢e kok bulma
yontemleri verilmis olsa da, Tiirk¢e kelimelerin kompleks yapilarindan dolayr basar1 oranlar1 genelde diisiik
kalmustir. Bu ¢alismada, Tiirk¢e’nin sondan eklemeli yapisi kullanilarak bir kok bulma sistemi gelistirilmis
(Lemmatizer) ve bu konuda daha once yapilmis olan Zemberek ve Snowball yontemleriyle karsilagtirmasi
verilmistir. Lemmatizer sistemi Python ile yazilmistir ve Tiirkge’de en sik kullanilan 130’dan fazla eki ve TDK
sozIlugiini baz almaktadir. Ayrica Knime platformu kullanilarak istatistiksel analiz yapilmistir. Bu ¢alisma igin
oncelikle Lemmatizer sistemi ¢cok sayida Tiirk¢e makale ve kitapla egitilmis ve Lemmatizer sistemi dagarcigini
stirekli gelistirmistir. Aym zamanda, Kalbur isimli Tirk¢e ek ve kok veritabam kullamlarak alinan geri
beslemeler sayesinde, dogruluk oram siirekli artmistir. Lemmatizer sistemi sonuglart hem say1 hem dogruluk
acisindan daha 6nce yapilmis olan Zemberek ve Snowball yontemleriyle karsilastirilmistir. Karsilastirmada
farkli uzunluklarda Tiirk¢e metinler kullanilmistir. Lemmatizer yonteminin TDK sozIliigii kullanarak
Ogrenebilme 6zelligi sayesinde, Snowball ve Zembere yontemlerine yakin sonuglar verdigi ve kullanilan her
yeni metinle bagari oraninin diger yontemlere gore arttig1 gosterilmistir.

Anahtar Kelimeler: Yapay zeka, Dogal dil isleme, Tiirk¢e kok bulma, kendi kendine 6grenme

Giris
Tirkce, Glineydogu Avrupa ve Bat1 Asya'da konusulan, TUrki diller dil ailesine ait sondan
eklemeli bir dildir (Turkish language, 2020). Turki diller ailesinin Oguz dilleri grubundan Osmanli

Tiirkgesinin devamini olusturur ve yaklasik 86 milyon konusuru ile diinyada en ¢ok konusulan 20.
dildir (Ethnologue, 2020) (Turkish speaking countries, 2020).

Tiirkge, diger pek ¢ok Tiirki dil ile de paylastig1 sondan eklemeli olmas1 ve inlt uyumu gibi
dil bilgisi ozellikleri ile karakterize edilir (Institute, 2007). Dil, timce yapisi agisindan
genellikle 6zne-nesne-yiikklem sirasina sahiptir. Almanca, Arapg¢a gibi dillerin aksine Gramatik
cinsiyetin (erillik, disilik, cinsiyet ayrimi) bulunmadigi Tiirk¢ede kelime haznesinin bir kismi
Arapca, Farsga ve Fransizca gibi yabanci dillerden gecmedir. Ayrica Azerice, Gagavuzca ve
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Tirkmence gibi diger Oguz dilleri ile Turkge yiiksek oranda karsilikli anlasilabilirlik gosterir
(Gordon, 2005). Tiirkge sozciiklerde kalnlik-incelik ve diizlik-yuvarlaklik uyumlar1 vardir. ilk
uyuma gore bir sozclikteki Unliler ya hep art veya 6n, ikinci uyuma gore de ya hep diiz veya yuvarlak
olurlar (Kerimoglu & Dogan, 2015).

Yakin zamanda Tiirk¢e dogal dil isleme alaninda ¢esitli caligsmalar yapilmistir (Akin & Akin,
2007) (Ozker, 2019). Bu ¢alismalar, iiretilen akill bir sistemin Tiirkce soru cevaplama, yaziy1 baska
bir dile ¢evirme, yaziy1 Ozetleme e-postalara otomatik yanit gonderme gibi kabiliyetlere sahip
olmasini 6ngérmektedir (Oflazer, 2018). Bahsedilen kabiliyetlerin temelinde, Turkce kelimelerin
koklerinin dogru sekilde bulunmasi gereksinimi yatmaktadir. Bu calismada, Tiirk¢e’nin sondan
eklemeli yapis1 kullanilarak bir kok bulma yontemi gelistirilmis (Lemmatizer) ve bu konuda daha
once yapilmis olan Zemberek ve Snowball yontemleriyle karsilastirmasi verilmistir. Calismanin
koduna ve 6rnek dosyalara Github’dan ulasilabilir (Dogug, 2020).

Literatlr Tarama

Tiirkge dogal dil isleme (DDI) ve kok bulma yéntemleri iizerine gegmiste yapilnis az
sayida ¢aligma bulunmaktadir. Ornegin Porter (Porter, An algorithm for suffix stripping, 1980)
calismasinda kelime sonlarin eklenen kelimelerin gikarilmasina iliskin bir algoritma gelistirmistir.
Bu algoritma belirli birkag kurala dayanmaktadir. Girdi olarak alinan kelimenin belirli kurallara
tabi tutularak sondaki harf veya harflerin atilmasina dayali bir algoritmadir.

Porter (Porter, Snowball: A language for stemming algorithms, 2001) ¢alismasinda Snowball
Algoritmasim ortaya koymustur. Bu algoritmay1 gelistirmesinin Ingilizce disindaki diller igin
hazirlanmis bir stemming algoritmasinin bulunmamasi ve dnceden gelistirmis oldugu algoritmanin
(Porter, An algorithm for suffix stripping, 1980) basarisiz sonuglarinin bulunmasidir. Porter bu
calismasinda ses tliremesi, diizensiz kelimeler gibi kelime olaylar iginde dnerilerde bulunmustur.
Ayrica Porter bu calismasinda dur sozciiklerine de deginmistir. Bu calismada en 6ne ¢ikan
kisimlardan birisi ise Porter’in sozliik kullanimini 6nermesidir. Porter’a gore bir kelimenin sonunda
ek varmig gibi goziikse de aslinda kelimenin kokii o sekilde olabilir. Dolayisiyla sozliik kullanimi ile
bu sorunun 6niuine gegilebilir. Turkcede bu duruma kiler ve sekiler kelimeleri 6rnek gosterilebilir.
Snowball Stemmer bir {irlin olarak degil algoritma olarak one ¢ikmaktadir. Giintimiizde Tiirkce
uygulamalari da vardir.

Akin ve Akin (Akin & Akin, 2007) ¢alismalarinda Tiirk dilleri icin Zemberek isimli DDI
yapisim ortaya koymustur. Bu calisma, DDI ¢oziimlerinin ¢ogunlugunun Hint-Avrupa dilleri
tizerinde yapilmasi ve Tirk dilleri i¢in mevecut ¢oziimlerin bulunmamasindan dolay1 yapilmistir.
Calisma Tiirkge dili i¢in baslansa da tiim Tiirk dilleri i¢in esnek, agik kaynakli ve platformdan
bagimsiz bir DDI ¢ercevesi saglamay1 amaclamistir. Zemberek Java dili tabanli gelistirilmistir.
Zemberek’in tasariminda performansa yiiksek oncelik verildigi belirtilmistir. Zemberek yalnizca
koke indirgemek icin gelistirilmemistir. Zemberek ayni zamanda imla denetimi, heceleme, metin
normalizasyonu, yanlis yazilmis kelimeler i¢in 6neri verme, metin siniflandirma gibi islevleri de
yapabilmektedir (Ozker, 2019). Giiniimiizde Tiirkce icin en sik kullanilan DDI ¢oziimiiniin
Zemberek oldugu gézlemlenmistir.

Turkce Kok Bulma (Lemmatizer)

Tirkee’nin bitiin yap1 ozellikleri goz oniine alindiginda eklemeli dil 6zelligi bu algi
zeminlerinden sadece birini teskil etmektedir (Onan, 2009). Diinya tizerinde bugiin konusulmakta
olan eklemeli diller, bu yap1 6zelligine bagli olarak farkl niteliklere sahiptir. Dillerde on ek, i¢ ek ve
son ek olarak ii¢ tirli ek vardir. Tiirkge’de yalniz son ek vardir; son ek koklerin ve kelimelerin
sonuna getirilen ektir. Tiirkge’de kullanilan son ekler, yapim ve ¢ekim ekleri olarak ikiye ayrilir.
Gerek yapim ekleri, gerekse ¢ekim ekleri kendi aralarinda dizimsel bir sira izlerler. Sira degistiginde
ya anlam degisir; ya da artik dil dis1 bir bigim olusur. Yapim ekleri, ulandiklar1 kok ya da tabana
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sozliiksel anlam yiikleyen eklerdir (Demircan, 1977). Tirk¢e’nin eklemeli dil yapisindaki kurallilik
ve sozciik tiretme yoniinden kontrol edilebiliyor olmasi, Tirk¢e kelime ve kok yapilarmin
programsal olarak c¢ikarilmasina olanak tanimaktadir.

Bu calismada Tiirk¢e’nin sondan eklemeli (agglutinating) bir dil olmas1 6zelligi kullanilarak

Tirkge kelimeleri kok ve eklerine ayrilmasini gosteren bir sonlu durum makinesi (SDM)
olusturulmustur. Sekil 1’de olusturulan SDM’nin detay1 verilmistir.

T

“Haylr

! ~ . Sonundakl Exl :
{ § 8ul -

9 Kok Sonuna '
Master Eki Ekle

Sekil 1. Tirkge kelimeleri kok ve eklerine ayiran sonlu durum makinesi

SDM olusturulurken su noktalar dikkate alinmustir:

En fazla 4 farkli ek alan kelimeler koklerine ayrilabilmistir.
Bulunan her kok Tiirk Dil Kurumu’nun sagladig: Tiirkge sozliikle dogrulanmustir.
Kelimeler eklerine ayrilirken Tiirkge’de en sik kullanilan 130’dan fazla ek dikkate alinmigtir.

Bir kok bulundugunda 6nce sonuna mastar eki eklenerek fiil olup olmadigina bakilmistir.
Sestes kelimelerin once fiil karsiliklari incelenmistir.

Bu galigmada Sekil *de verilen SDM’nin Python dilinde kodlamasi yapilmis ve gesitli Tiirkge

makalelerle dogrulamasi yapilmistir. Karsilastirma boliimiinde yapilan ¢caligmalarm sonuglar1 detayl
olarak verilmistir.
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Platform

Bu ¢alismada, onceki boliimde SDM olarak verilen Tiirk¢e kok bulma mekanizmasinin
(Lemmatizer) sonuglar1 Zemberek ve Snowball yontemlerinin sonuglartyla karsilastirilmistir.
Zemberek ve Snowball yontemleri Knime 4 platformunda hazir olarak sunulmaktadir. Karsilagtirma
amaciyla, Lemmatizer once Python 3.7 kullanilarak programlanmis ve sonrasinda Knime
platformuna kurulmustur. Sekil 2’de Lemmatizer’in Knime platformundaki kurulumu gosterilmistir.

Bag Of Words

Punctuation Erasure Creator Term To String  Case Converter
> 5 » > 5> > Is» > F
Python Script (2=32)
Node 45 Node 40 kelimaler string » »
yapikdi Cad

» »

String Manipulation Duplicate
(Variable) Fup. Reader Case Converter Row Filter Lemmatizer
. Output 1: Lammatized Words
™, e (3 » > i-F » °1" > Output 2 Nondemmatized Words

Node 53 Soaiik Node 68

Sekil 2. Lemmatizer’in Knime platformundaki kurulumu

Sekilde goriildiigii tizere, bir dokiiman okunduktan sonra Lemmatizer tarafindan sirasiyla su
asamalardan gegirilir:

1- Noktalama isaretlerinden arindirma (punctuation ereasure)
2- Kelime guvali (bag of words) olusturma

3- Kelimeleri kiiguk harfe ¢evirme (case converter)

Buna paralel olarak, TDK sozliigiindeki kelimeler de okunup kiiciik harfe gevrilir. Hem
okunan dokiimandan gelen kelimeler hem de TDK sozliikten okunan kelimelerin oldugu iki liste
Lemmatizer’a sokulur. Bu mekanizma iki farkli sonug iiretir:

1- Dokiimanda bulunan ve ayn1 zamanda TDK Sézliigiinde de olan kokler
2-  Koka bulunamayan kelimeler

Kargilagtirma amaciyla Zemberek ve Snowball yontemleri igin de benzer hazirlik asamalar
kullanilmistir. Knime platformu her iki yontem igin de hazir entegrasyonlar (6rn. Zemberek
Stemmer) sunmaktadir. Sekil 3’te iki yontem i¢in de hazirlanan Knime kurulumlari gésterilmistir.
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Bag Of Words

Zsmbersk POS Tagger Zambersk Stemmar Tag Fillar Creator
> o> > 5> > 5 - g
Node 37 Noda 36 Node 39 Noda 35
Bag Of Words
P ation Erasurdnowball St Creator Torm Yo String
> 52 » > 5> > 5 » > Is >
Node 71 Node 54 Node 58 Node 55

Sekil 3. Zemberek ve Snowball yontemlerinin Knime platformunda kurulumu

Term To String

stP

Node 42

295

Case Converter

LR

Case Coaverter

> iF»

Okunan dokiimanlardaki kelimeler ii¢ yontem tarafindan da koklerine ayrildiktan sonra
yoéntemlerin sonuglar1 nce kendi aralarinda karsilagtirilmigtir. Zemberek yontemi fiillerin sadece
koklerini verirken, Lemmatizer ve Snowball fiil koklerinin mastar hallerini vermektedir (6rn. ver —
vermek). Dolayisiyla, tiglii karsilastirma 6ncesi fiil kdkleri mastar hallerinden arindirilmigtir. Ayrica
Zemberek ve Snowball yontemlerinin buldugu kelime kdklerinin bazilar1 TDK Sézligiinde yer

almadig i¢in (6rn. ‘milyo’, ‘beli’ vs.) bu kelimeler karsilastirmadan muaf tutulmustur.

Bu karsilagtirmaya ek olarak Ahmet Aksoy’un Kalbur projesinde (Aksoy, 2016) yer alan
Tiirkge kelime kokleri veritabani baz alinarak, her ii¢ yontemin bulgulariyla karsilagtirilmasi
saglanmigtir. Kalbur kelime kokleri veribanindan bir kesit Sekil 4’te verilmistir. Veritabaninda her
kelime i¢in, “kelime-kOk-ek” bilgisi verilmektedir. Sekil 5’te ise li¢ yontemin sonuglarin1 Kalbur

veritabaniyla karsilagtiran Knime kurulumu gosterilmistir.

acti;ac;t1
dolagmaya;dolag;maya
kaygan;kaygan;
dedigim;de;digim
bitln;butdn;

g0z;90z;

ayakkabilarini;ayakkabi;larimi

Sekil 4. Kalbur kelime kokleri veritaban:
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Duplcate
Joiner Row Filter
» .
R g7 g
L k]
Ze—berek Node 88
Joiner Ouplcate
Row Fimer
" >
*
C8V Reader Row Filter Call Spitttar Joinar ' -
» Node B8
2 - > > "
T = 3
o Duplicate
Kaktur Veritabanin Oy Nede 76 Noda 78 DokGmanis Bitagtir Sotner Row Filker
¥ .-
>+ < d
v L
Turkiah Lamaioer Node &1

Sekil 5. Ug yoéntemin Kalbur veritabanina gore karsilastiriimasi

Son olarak, Lemmatizer’in koklerini bulamadigi kelimeler TDK ve Kalbur veritabanlarindan
kontrol edildikten sonra Lemmatizer kelime dagarcigina eklenir. Bu sayede, kelime dagarcigi
eklenen her dokiimanla gelisir.

Bir sonraki boliimde Lemmatizer’in Zemberek ve Snowball yontemlerinin sonuglariyla
karsilastirmasi detayli olarak verilmistir.

Karsilastirma

Bu boliimde, bu calisma icin gelistirilen Tiirkce Kok Bulma yonteminin (Lemmatizer)
sonucglary, dogru bulunan kok sayisi Tlizerinden Zemberek ve Snowball yontemleriyle
karsilagtirllmustir. Calismada 6rnek olarak ortalama 500 kelimeden olusan toplam 7 haber makalesi
ve bir adet e-kitap kullanilmistir.

Bulunan Kok Sayilari
2000

1500

1000 — ———

500

Bulunan Kok Sayisi

0 500 1000 1500 2000 2500 3000
Doékimanlardaki Kelime Sayisi

Lemmatizer ~=¥=—Zemberek —@=—Snowball

Sekil 6. Dokiimanlarda bulunan kdk sayilari
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Sekil 6, 3. Boliimde anlatilan Knime akisina yeni makaleler eklendikce her {i¢ yontemin
buldugu kok sayilarini gostermektedir. Sekilde sayilar kiimiilatif olarak verilmistir. Lemmatizer her
makaleden sonra koklerini bulamadig1 kelimeleri kendi dagarcigina ekleyerek, buldugu kok sayisin
her yeni makalede diger yontemlere gore daha fazla arttirmis ve bulunan kok sayist arasinda farki
%5’lerden %15 seviyesine ¢ikarmistir.

Diger taraftan, Zemberek ve Snowball yontemlerinin buldugu kelime koklerinin énemli
miktarin TDK Sézliigiinde yer almadig1 gézlemlenmistir. Dolayisiyla ¢alismanin devaminda TDK
Sozligiinde yer almayan kokler karsilastirmanin diginda tutulmustur. Sekil 7 Zemberek ve Snowball
yontemlerinin her dokiiman i¢in bulduklar kdk sayisini ve bunlarin igerisinden TDK Sozliiglinde
yer alanlarin sayisini (Zemberek-TDK, Snowball-TDK) gostermektedir. Sekle gore, her iki yontemin
bulduklar1 kelime koklerinin yaklasik iicte biri TDK Soézliigiinde yer almamaktadir. Sekil 7°de
referans olmasi agisindan Lemmatizer’in ayn1 dokiimanlarda buldugu ve TDK Soézliigiinde de yer
alan kok sayisi da verilmistir.
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Sekil 7. Zemberek ve Snowball yontemlerinin sonuglarini TDK So6zliigii’yle filtrelenmesi

Kok bulma yontemlerinin buldugu kelime koklerinin TDK Sozliigii’'nde yer almis olmalart
bulunan koklerin kelimelerin dogru kokleri oldugunu her zaman gostermemektedir. Kelimelerin
koklerini dogrulamak amaciyla Ahmet Aksoy’un Kalbur projesinde (Aksoy, 2016) yer alan kelime
kokleri veritabanmi kullanilmigtir. Sekil 8 yontemlerin Kalbur projesine gore dogruluk sayilariin
makale sayisina gore degisimini gostermektedir.

Karsilagtirma i¢in kullanilan yazili belge ve dolayisiyla kullanilan kelime sayis1 arttikga ii¢
yontemin de Kalbur veritabanina gére dogruluk oranlarinin sabitlenmeye basladig1 gézlemlenebilir.
Lemmatizer hem buldugu toplam kok sayisinda hem de Kalbur veritabani baz alindiginda hesaplanan
‘dogru kok’ sayisinda diger yontemlere gore daha iyi sonu¢ vermistir. Verilen dogruluk oraninin
Kalbur veritabanina bagli oldugu ve veritabaninda birgok kok ve kelimenin yer almadigi not
edilmelidir. Ayrica Snowball yonteminin dogruluk oranmin kelime sayisi arttikga nemli dlgiide
diistiigii de gézlemlenebilir.
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Dogru Bulunan Kok Sayilari
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Sekil 8. Yontemlerin bulduklar1 dogru kdk sayilart

Son olarak, bir e-kitap (Dickson, 1945) kullanilarak ti¢ yontemin dogruluk ve kdk bulma
oranlar1 hesaplanmustir. Sonuglar Tablo 1°de verilmistir. Lemmatizer, kullanilan e-kitaptaki 8535

farkli kelimenin %382’inin kokiinii  bulmus,

bunlarin 1,637 adeti

Kalbur veritabanindan

dogrulanmistir. Zemberek ve Snowball yontemlerinin kok bulma orani %20 ve %22’de kalmugtir.

Sonug

Tablo 1: Ydntemlerin e-kitap 6rnegi kullanilarak karsilagtirilmasi

E-Kitaptaki Farkli Kelime Sayist
Lemmatizer

Kok Bulma Orani

Zemberek

Zemberek-TDK

Kok Bulma Oram

Snowball

Snowball-TDK

Kok Bulma Orani

Lemmatizer (Kalbur)
Zemberek (Kalbur)
Snowball (Kalbur)

8535
6986
82%
2972
1686
20%
4636
1883
22%

1637
1499
1306

Tiirkce sondan eklemeli yapis1 nedeniyle kelime koklerinin bulunmasinin oldukga karmagsik
kurallara tabi oldugu bir dildir. Literatiirde Tiirk¢e kelimelerin koklerinin bulunmasina yonelik ¢esitli
calismalar yapilmis olsa da bu ¢aligsmalarin higbiri yiiksek bagar1 oran1 yakalayamamustir.

Bu ¢alismada, Tiirk¢e’de en sik kullanilan 130’dan fazla ek ve TDK so6zliigii baz alinarak,
dagarcigini siirekli gelistiren bir yontem (Lemmatizer) gelistirilmistir. Lemmatizer ydnteminin
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sonuglart hem say1r hem dogruluk agisindan daha once yapilmis olan Zemberek ve Snowball
yontemleriyle karsilagtirilmigtir. Karsilastirmada farkli uzunluklarda Tiirkge metinler kullanilmigtir.
Lemmatizer yonteminin TDK sozliigii kullanarak 6grenebilme 6zelligi sayesinde, kullanilan her yeni
metinle basar1 oraninin diger yontemlere gore arttig1 gosterilmistir. Ayrica Zemberek ve Snowball
yontemlerinin buldugu bazi1 kdklerin sozliikte yer almadiklar gézlemlenmistir. Lemmatizer yontemi
ise TDK sozliigiinii temel aldig1 i¢in bulunan biitiin kelime kokleri Tiirk¢e’de yer almaktadir; bu da
Lemmatizer yonteminin basar1 oraninin Zemberek ve Snowball yontemlerine gore daha yiiksek
olmasini saglamaktadir.
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