Proje Adi: Glincel bilgiye uyumlu, akil yuritebilen, kapsamli Tirkce dil
modeli gelistirme

Ozet: Bu projenin amaci, Tirkge dilinde akil yiiriitebilen, giincel bilgiyle uyum saglayabilen ve
cok cesitli gorevlerde yiliksek performans gosterebilen kapsamli bir byik dil modeli (LLM)
gelistirmektir. Buyuk dil modelleri, metin gevirisi, 6zetleme, duygu analizi ve soru-cevap
sistemleri gibi pek ¢cok dogal dil isleme (NLP) gorevlerinde yaygin olarak kullanilir. Bu modeller
ayrica sohbet robotlari, dijital asistanlar, egitim ve programlama destegi, alana 6zel
dokiimantasyon ve finansal raporlama gibi birgok alanda etkili sekilde uygulanmaktadir. Bu ¢ok
yonlu kullanim, buyik dil modellerini hem akademik hem endustriyel baglamda glgli bir arag
haline getirmistir. Bu proje ile, Turkge'nin yapisal ve anlamsal 6zelliklerini derinlemesine
o6grenebilen, ¢ok sayida gérevde yliksek performans gosterebilen ve glincel bilgiye dayali akil
ylriitme yetenegine sahip bir blyik dil modeli gelistirilecektir. Model, yalnizca dilsel yeterlilige
degil; ayni zamanda Tiirkce’nin sosyo-kiiltiirel baglamini dikkate alan bir anlayisla
tasarlanacaktir. Bu sayede hem genel amach dogal dil isleme gorevlerinde (6rnegin 6zetleme,
ceviri, metin Uretimi, soru-cevap) hem de alan-6zgl uygulamalarda (6rnegin saglik, hukuk,
egitim, kamu yonetimi) kullanilabilecek esnek ve glvenilir bir altyapi olusturulacaktir. Modelin
egitimi icin hem modern hem de tarihi Tiirkge metinleri kapsayan, dengeli ve ylksek kaliteli bir
veri kiimesi olusturulacak ve model egitimin ardindan kapsamli bir sekilde degerlendirilecektir.
Ayrica modelin performansi, yalnizca ingilizce tabanli ya da cok dilli LLM'lerle degil, Tiirkce icin
gelistirilmis mevcut modellerle de karsilastirilarak ortaya konacaktir. Bu proje, Tlirkge’nin dijital
¢agda daha gticli ve bagimsiz bir sekilde temsil edilmesini saglamayi, ayni zamanda yerli yapay
zeka ekosistemine katkida bulunarak ulusal teknoloji kapasitesini artirmayi hedeflemektedir.
Gelistirilecek Turkge blyuk dil modeli; kamu hizmetleri, hukuk, saglik, finans ve egitim gibi
alanlarda dogrudan ticarilesebilir coziimler (iretme potansiyeline sahiptir. Ayni zamanda
kiltlrel baglami bilen bir model, misteri destek sistemlerinden akilli asistanlara kadar, kullanici
memnuniyetini ve kabul edilebilirligi artirarak dogrudan ekonomik fayda saglayacaktir. Ayrica
Turkge blyik dil modeli gelistirilmesi yerellesmis yapay zeka ekosisteminin olusumuna katki
sunarak Turkiye’nin teknoloji bagimsizligi ve rekabet giicl acisindan stratejik bir avantaj
yaratacaktir.

Kazanim ve Sonuglar: Bu proje sonunda elde edilmesi beklenen en 6nemli kazanimlardan biri,
Turkce’nin morfolojik yapisina daha uygun ve yiiksek verimlilik saglayan bir tokenizer
gelistirilmesidir. Tlrkce icin 6zel olarak tasarlanacak bu sézciikleme yonteminin, kelime basina
disen alt birim sayisini azaltarak hem egitim verimliligini hem de model performansini artirmasi
beklenmektedir. Tokenizer degerlendirmeleri sonucunda yalnizca intrinsik metriklerde degil,
ayni zamanda adlandirilmis varlik tanima, metin siniflandirma ve 6zetleme gibi farkh gorevlerde
de anlaml performans artislari saglanacaktir. Bu sayede, Tiirkce dil modelleri icin altyapisal bir



ivilestirme elde edilmis olacaktir. ikinci olarak, damitma (knowledge distillation) tabanl
yontemlerle gelistirilecek Tiirkce odakl modeller, sinirh GPU kaynaklariyla dahi ylksek kaliteli
sonuclar Uretebilecek kapasiteye ulasacaktir. Qwen3-4B, DeepSeek-R1-Distill-Llama-8B ve GPT-
0SS-20B (MoE) modelleri ile yapilacak li¢ farkl kosu sonucunda, Turkge’nin farkh alanlarda
(hukuk, fen bilimleri, beseri bilimler vb.) performansinin 6l¢tilmesi saglanacaktir. Bu modeller,
hem TUBITAK’in kapali benchmark setlerinde hem de Cetvel, OpenLLM Turkish Leaderboard ve
TARA gibi acik kaynakh degerlendirmelerde test edilerek, mevcut ulusal ve uluslararasi
standartlara gére kapsamli bicimde raporlanacaktir. Buradan elde edilecek sonug, Tiirkce'nin
cok-dilli modeller icinde temsil gliciin( artirmak ve bagimsiz Tirkce odakli modellerin
potansiyelini ortaya koymak olacaktir. Uglincii bilyiik ¢iktisi, RAG tabanl mimarinin Tiirkge
blyuk dil modellerine entegrasyonuyla ilgilidir. Bu yéntem, modelin yalnizca parametrelerine
gomulu bilgiyle sinirli kalmayip, harici bilgi kaynaklarindan glincel veriye erisebilmesini
saglayacaktir. Boylece, 6zellikle hizli degisen bilgi alanlarinda glincellik, dogruluk ve giivenilirlik
artacaktir. Bu kapsamda gelistirilecek RAG sistemlerinin Tiirk¢e’nin eklemeli yapisina
uyarlanmasi, hem geri getirme (retrieval) hem de (iretim (generation) bilesenlerinde 6nemli
kazanimlar saglayacaktir. Beklenen sonug, hallisinasyon oranlarinin azalmasi, dogruluk
oranlarinin yikselmesi ve gercek hayatta kullanilabilirligin artmasidir. Dérdinci kazanim alani,
tarihi Tlrkce metinlerin islenmesinde kaydedilecek ilerlemelerdir. Tarihi varyantlarin modern
Turkce dil modellerine entegrasyonu sayesinde, kiiltlirel mirasin dijital ortamda daha etkin
bicimde islenmesi ve analiz edilmesi miimkiin hale gelecektir. Bu yaklagim yalnizca dogal dil
isleme alaninda yeni bir katki sunmakla kalmayacak, ayni zamanda tarih, dilbilim ve kiltirel
calismalar agisindan da gticlii bir arastirma altyapisi saglayacaktir. Béylece, modern Tiirkge icin
gelistirilen modellerin tarihi metinlere uygulanabilirligi ciddi bicimde artirilacaktir. Sonug olarak,
bu proje yalnizca Tirkge dil modellerinin teknik kapasitesini artirmayi degil, ayni zamanda ulusal
arastirma ekosistemine siirdirilebilir bir katki saglamayi hedeflemektedir. Gelistirilecek
tokenizer, damitma tabanli modeller, RAG entegrasyonu ve tarihi Turkge uyarlamalari; hem
akademik literatlire hem de pratik uygulamalara dogrudan katki sunacaktir. Boylece, Tirkge icin
bugiine kadar eksik kalan biytk 6lcekli dil modeli altyapisinin gliclendirilmesi, ulusal stratejik
hedefler acisindan da 6nemli bir adim olacaktir.
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Destek: TUBITAK BILGEM
Destek Miktari: Bogazici Universitesi (>6M TL), Toplam (>10M TL)

Destek Siiresi: 2026-2027



ENGLISH

Project Title: Development of a Comprehensive Turkish Language Model Capable of Reasoning
and Adapting to Up-to-Date Knowledge

Abstract:

The aim of this project is to develop a comprehensive large language model (LLM in Turkish that
is capable of reasoning, adapting to up-to-date knowledge, and achieving high performance
across a wide range of tasks. Large language models are widely used in numerous natural
language processing (NLP) tasks such as machine translation, summarization, sentiment
analysis, and question answering. They are also effectively applied in many domains, including
chatbots, digital assistants, educational and programming support, domain-specific
documentation, and financial reporting. This versatility has established large language models
as powerful tools in both academic and industrial contexts.

Within the scope of this project, a large language model will be developed that can deeply learn
the structural and semantic characteristics of Turkish, demonstrate strong performance across
multiple tasks, and perform reasoning based on up-to-date information. The model will be
designed not only with linguistic proficiency in mind, but also with an understanding that takes
into account the socio-cultural context of Turkish. In this way, a flexible and reliable
infrastructure will be established that can be used both for general-purpose NLP tasks (e.g.,
summarization, translation, text generation, question answering) and for domain-specific
applications (e.g., healthcare, law, education, public administration).

For model training, a balanced and high-quality dataset covering both modern and historical
Turkish texts will be constructed, and the model will be comprehensively evaluated after
training. Furthermore, the model’s performance will be compared not only with English-based
or multilingual LLMs, but also with existing models specifically developed for Turkish. This
project aims to enable Turkish to be represented more strongly and independently in the digital
age, while also contributing to the domestic artificial intelligence ecosystem and increasing
national technological capacity. The Turkish large language model to be developed has the
potential to produce directly commercializable solutions in areas such as public services, law,
healthcare, finance, and education. At the same time, a model that is aware of cultural context
will provide direct economic benefits by increasing user satisfaction and acceptability, from
customer support systems to intelligent assistants. Moreover, the development of a Turkish
large language model will contribute to the formation of a localized Al ecosystem, creating a
strategic advantage for Tlrkiye in terms of technological independence and competitiveness.

Expected Outcomes and Results:
One of the most significant expected outcomes of this project is the development of a tokenizer



that is better suited to the morphological structure of Turkish and offers higher efficiency. This
tokenization method, to be specifically designed for Turkish, is expected to reduce the number
of subword units per word, thereby improving both training efficiency and model performance.
As a result of tokenizer evaluations, meaningful performance improvements are anticipated not
only in intrinsic metrics, but also across downstream tasks such as named entity recognition,
text classification, and summarization. In this way, an infrastructural improvement for Turkish
language models will be achieved.

Second, Turkish-focused models developed using knowledge distillation—based methods will
reach the capacity to produce high-quality results even with limited GPU resources. Through
three different training runs conducted with the Qwen3-4B, DeepSeek-R1-Distill-Llama-8B, and
GPT-0SS-20B (MoE) models, the performance of Turkish across different domains (e.g., law,
natural sciences, humanities) will be measured. These models will be evaluated both on
TUBITAK’s closed benchmark sets and on open-source evaluation platforms such as Cetvel, the
OpenlLLM Turkish Leaderboard, and TARA, and the results will be comprehensively reported
according to current national and international standards. The outcome of this evaluation will
be to enhance the representational strength of Turkish within multilingual models and to
demonstrate the potential of independent, Turkish-focused models.

The third major output concerns the integration of retrieval-augmented generation (RAG)—
based architectures into Turkish large language models. This approach will allow the model not
to be limited solely to the knowledge embedded in its parameters, but also to access up-to-
date information from external knowledge sources. As a result, improvements in timeliness,
accuracy, and reliability will be achieved, particularly in rapidly evolving knowledge domains.
Adapting the RAG systems developed within this scope to the agglutinative structure of Turkish
is expected to yield significant gains in both the retrieval and generation components. The
anticipated outcomes include reduced hallucination rates, increased accuracy, and improved
real-world usability.

The fourth area of contribution relates to progress in processing historical Turkish texts. By
integrating historical variants into modern Turkish language models, it will become possible to
more effectively process and analyze cultural heritage in digital environments. This approach
will not only provide a novel contribution to the field of natural language processing, but will
also establish a strong research infrastructure for history, linguistics, and cultural studies.
Consequently, the applicability of models developed for modern Turkish to historical texts will
be substantially enhanced.

In conclusion, this project aims not only to increase the technical capacity of Turkish language
models, but also to provide a sustainable contribution to the national research ecosystem. The
tokenizer to be developed, the distillation-based models, RAG integration, and adaptations for



historical Turkish will contribute directly to both the academic literature and practical
applications. In this way, strengthening the large-scale language model infrastructure that has
thus far been lacking for Turkish will represent an important step toward achieving national
strategic objectives.

Details:
This project is conducted jointly by Prof. Suayb S. Arslan (suayb.arslan@bogazici.edu.tr), Prof.
Taha Kog Yigit, and Prof. Betiil Ozates.
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