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Dersin Tanimi

This course explores the "learning by experience" paradigm of Artificial Intelligence, where agents are trained to make sequential decisions
by interacting with an environment to maximize cumulative rewards. Moving beyond traditional supervised learning, the curriculum bridges
the gap between the mathematical elegance of Markov Decision Processes and the computational power of Deep Learning.

Dersin Amaci

The primary objective of this course is to provide a rigorous introduction to the mathematical foundations and practical implementation of
Reinforcement Learning (RL). Students will explore the "trial-and-error" learning paradigm by mastering Markov Decision Processes, the
Bellman equations, and the transition from classical tabular methods to modern Deep RL architectures.

Ogrenme Kazanimlari

With completion of the course, students will be able to mathematically formulate real-world problems as MDPs and implement a variety of
RL algorithms—ranging from Q-Learning to Proximal Policy Optimization (PPO)—using Python and deep learning frameworks. Students
will demonstrate the ability to critically evaluate agent performance through statistical analysis of learning curves and reward stability. In
addition, they will gain the technical proficiency to stabilize training in high-dimensional state spaces using neural function approximators,
preparing them for both advanced research and industrial applications in Al and robotics.

Bilgisayar Kullanimi

Uretken Yapay Zeka Kullanimi




Ogrenciler, ders ddevleri ve projelerinde destekleyici bir arag olarak iiretken yapay zeka (YZ) araglarimi kullanabilirler. Ancak bu
araglar, bagimsiz galismanin yerine gegmemeli, yalnizca yardimci olarak goriilmelidir. Yapay zeka tarafindan uretilen bilgilerin ve
kaynaklarin dogrulugunu kontrol etmek 6grencilerin sorumlulugundadir, ¢linkii: Yapay zeka araglari yanlis veya yaniltici bilgiler
iretebilir ve var olmayan kaynaklara atifta bulunabilir. Yapay zeka tarafindan iiretilen igerikler, fikri miilkiyetleri uygun sekilde
atifta bulunmadan kullanabilir ve bu durum etik sorunlara yol agabilir. Yapay zeka destegiyle olusturulan her tiirlii icerik veya kod,
uygun sekilde kaynak gosterilerek referans verilmelidir. Yapay zeka tarafindan liretilen icerigin nasil kaynak gosterilecegi ile ilgili
yoénergeler igin agagidaki kaynaga basgvurabilirsiniz: Chicago Atif Sistemi — Yapay Zeka Igeriklerinin Kaynak Gosterimi
(https://www.chicagomanualofstyle.org/qandal/data/fag/topics/Documentation/faq0422.htm)

Haftalik Ders igerigi

Hafta | Konu(lar)

1 Introduction to Reinforcement Learning: Motivation, history, and formal problem statement

2 Markov Decision Processes (MDPs): States, actions, rewards, policies.

3 Bellman Equations: Optimality, value/policy iteration

4 Model-Free Prediction: Monte Carlo methods, TD learning, eligibility traces

5 Policy Gradient Methods (Part 1): Policy Gradient Theorem, REINFORCE, Variance Reduction, Baseline.

6 Policy Gradient Methods and Trust Region Methods (Part 2): Trust Region Policy Optimization (TRPO), Proximal PO (PPO).

7 Deep Q-Networks (DQN) and Value-Based Methods: Experience Replay, Target Networks, Double DQN, Dueling DQN.

8 Actor-Critic Algorithms: Advantage Actor-Critic (A2C), Asynchronous Advantage Actor-Critic(A3C), Soft Actor-Critic (SAC).

9 Model-Based Reinforcement Learning (MBRL): Model Learning, Planning with Learned Models, Model Predictive Control.

10 Exploration Strategies: Exploration vs. Exploitation Trade-off, Count-Based Exploration, Curiosity-Driven Exploration.

1 Offline Reinforcement Learning (Off-Policy and Batch RL): Importance Sampling, Off-Policy Correction

12 RL for LLMs: RLHF (Reinforcement Learning from Human Feedback). Direct Preference Optimization (DPO).

13 | Advanced Topics: Multi-Agent RL and Meta-RL, Cooperative vs. Competitive MARL

14 Course Review, Open Problems, and Final Project Presentations.

Notlandirma Usulii

Yontem Adet Yiizde (%) Yontem Adet Yiizde (%) Yontem Adet Yiizde (%)

MidTerm Exm | 1 35 Projects 2 20 Fina Exam 1 45

Ders Kitabi (Kitaplari)

Yazar (lar) Kitabin adi Yayinevi Yayin Yili ISBN

Richard S. Sutton (Author), Andrew G. Barto (Author): Reinforcement Learning, second edition: An Introduction, Bradford Books,
2018, ISBN-10: 0262039249

Devam Zorunluluklan

Dersin devam zorunlulugu %60 olarak belirlenmistir.

Ogretim Yontemleri

Proje, Donem Makalesi, Sunum, Sinav.

Laboratuvar, Stiidyo ve Mahkeme Salonu Kullanimi




