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What Can Be Done Without LLMs?

• Input → Output (input-output mapping)

• Task-specific perception, fixed output format, not explainable

4[Source credit: https://github.com/aminbenmansour/automatic-liver-segmentation] 



What Are Reasoning LLMs?
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What Reasoning LLMs Enable?

• Input → Reasoning → Output (thinking to answer)

• Flexible tasks, open-ended, natural language interaction, explainable

6[Lai et al. 2025] 



So, How to Train a Reasoning LLM? 3 Stages!
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1. Pre-Training

• Next-token prediction 文字接龍
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1. Pre-Training

• Formulates all types of knowledge as a next-token prediction problem 
(autoregressive modeling)
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Task Example

Grammar In my free time, I like to __. {run, banana}

Lexical semantics I spread butter on warm __. {bread, pencil}

World knowledge The tallest mountain in the world is __. {Mount Everest, Mount Fuji}.

Sentiment analysis
Restaurant review: The food was delicious and the service was friendly. The experience was __.
{positive, negative}

Translation The word for “cat” in French is __. {chat, perro}

Spatial reasoning The ball rolled under the __. {table, sky}

Logical reasoning
If it rains, the ground gets wet. If the ground is wet, the game is canceled. It rained today, so 
the game is __. {canceled, continued}

Math Second grade arithmetic exam: 7 × 6 = __. {42, 36}

Coding def factorial(n): return 1 if n == 0 else n * __. {factorial(n-1), factorial(n+1)}



1. Pre-Training

• Example: English-French
translation

• The knowledge naturally 
occurs in web-scale corpora

• Uses next-token prediction 
to learn the knowledge from 
web-scale corpora

11[Radford et al. 2019] 



1. Pre-Training

• Next-token prediction doesn’t need anything else but corpora

• Less requirements means dealing with more data: ebook, code, html…

• No human annotations → just raw text

• No format requirement → just raw text

• No structure parsing → just raw text

• Scalability! → Web-scale training data
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2. Supervised Fine-Tuning (SFT)

• Learns specified knowledge 
(to be an expert) from 
carefully designed and 
annotated data (supervised)

• The annotations 
demonstrate how human 
responds to an instruction

• Collecting annotations is 
expensive (by human and/or 
GPT)

13[Liu et al. NeurIPS’23] 



2. Supervised Fine-Tuning (SFT)

• Uses next-token prediction to learn as well

• 背解答模板
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Question:

Answer:

[Pan et al. MICCAI’25] 

SFT data



3. Reinforcement Learning (RL)

• Learns to reason by itself → better generalization

• The RL reward evaluates the quality of the final answer while 
leaving the reasoning process unconstrained

• RL training data require only the final answer to be annotated 
→ much less expensive than SFT data

15

RL data

[Pan et al. MICCAI’25] 

Question:

Answer: C

學會自己推理
融會貫通



3. Reinforcement Learning (RL)
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Comparison

17

Stage Goal Data Data cost Data amount
Learning 
signal

1. Pre-Training
Learns language 
modeling and 
generic knowledge

Massive unlabeled 
corpus

Low Web-scale
Next-token 
prediction

2. SFT
Learns specified 
knowledge to be 
an expert

High-quality labeled 
instructions

Very high
Thousands to 
millions

Next-token 
prediction

3. RL
Learns to reason 
by itself for better 
generalization

Labeled final 
answers 

Medium
Thousands to 
millions

Reward score



So, How to Train Our Own Expert LLM?

• Pre-training is crazy expensive

• We can only handle the cost of post-training 

1. Starts from an open-source pre-trained model (Qwen, DeepSeek, etc.)

2. Collects and annotates our own SFT data and RL data for our tasks

3. Performs SFT and RL using our training data

18

SFT data

RL data



Summary
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