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Context:

Large Language Models (LLMs) such as GPT and Llama have transformed natural language
understanding and generation. However, pretrained LLMs often display issues like hallucinations,
inconsistent reasoning, and unsafe responses, making them unsuitable for direct deployment in
production environments. Post-training including fine-tuning and reinforcement learning with
human feedback (RLHF) has emerged as a crucial step to align model behavior with human values
and specific real-world tasks. This thesis aims to systematically study and apply these post-training
techniques to enhance reasoning, reliability, and safety in LLMs, bridging the gap between research
prototypes and production-ready Al systems.

e Adapt pretrained LLMs: Fine-tune open-source models (e.g., Llama, Mistral) for specific
real-world tasks using supervised fine-tuning (SFT).

¢ Apply reinforcement learning: Implement RLHF or related methods (PPO, GRPO) to align
model behavior with human or synthetic feedback.

o Evaluate systematically: Develop benchmarks to assess reasoning, factual accuracy,
instruction following, and safety.

e Iterate and optimize: Use evaluation insights to refine datasets, rewards, and training
strategies for continuous improvement.

o Ensure efficiency and deployment readiness: Employ lightweight fine-tuning methods
(e.g., LORA) and analyze trade-offs in cost, latency, and inference performance.




Evaluation Metrics:
e Task Performance: Instruction-following accuracy, reasoning benchmarks.
+ Safety and Robustness: Toxicity and hallucination rate reduction.
o Efficiency: Fine-tuning cost, parameter efficiency, and inference latency.
o Energy-efficiency trade-offs: By analyzing the Pareto front between model accuracy and
energy consumption during training and inference.

Importance:

Fine-tuning and reinforcement learning are key to transforming generic LLMs into task-optimized,
safe, and deployable systems.

This Master/ Diplomarbeit thesis contributes to the understanding of how alignment methods and
evaluation strategies affect reasoning and safety, offering insights applicable to future industrial
LLM pipelines and the broader field of responsible Al.

Required skills:
e Python programming skills.
e Experience with PyTorch, or similar frameworks (optional Hugging Face Transformers) .
e Understanding of deep learning and reinforcement learning fundamentals.
e Willing to learn LLM architectures and fine-tuning methods.
e (Optional) Experience with data annotation, prompt engineering, or model evaluation
tools.
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