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What is LLM Reasoning

• Input -> intermediate steps/tokens -> output

• Ling, Wang, et al. "Program induction by rationale generation: Learning to solve and explain algebraic word problems." arXiv preprint arXiv:1705.04146 (2017).



What is the output when concatenating the last 
letter of each word in "artificial intelligence"
• No reasoning: The answer is "le".
• Reasoning: The last letter of "atificial" is "l". The last letter of 

"intelligence" is "e". Concatenating "I" and  "e" leads to "le". So the 
answer is "le".





Check more candidates

• I have 3 apples. My dad has 2 more apples than me. How many apples do we have in total?

5     apples. (Greedy Decoding)

I      have 3 apples, my dad has 2 more than mee, so he has 5. 3 + 5 = 8.

We   have 8 apples in total.

You   have 3 apples, your dad has 2 more apples than you, so he has 5 apples. 3+5=8.

The   answer is 5.

Top k = 5

P(xn|x<n)

Chain-of-Thought Reasoning Without Prompting, https://arxiv.org/abs/2402.10200



Chain-of-Thought Decoding

1. Go beyond greedy decoding by checking more generation 
candidates

2. Choose candidates which have the highest confidence on the 
final answer

(t, t+n)





Why it works?

• Changes the LLM output distribution by adding more prompt
• P(xt|x<t,c)
• Simple and works



Supervised Finetuning(SFT)

• Step 1:collect a set of problems and their step-by-step solutions 
from human annotators

• Step 2:maximize the likelihood of human solutions

• Program Induction by Rationale Generation : Learning to Solve and Explain Algebraic Word Problems, https://arxiv.org/abs/1705.04146

• Training Verifiers to Solve Math Word Problems, https://arxiv.org/abs/2110.14168

https://arxiv.org/abs/1705.04146




Pros and cons

• Pros
oCan be used to do on different tasks(datasets)

• Cons
oDoes not generalize well
oScaling does not help







RL Finetuning

• Repeat this process:
• Step 1: collect a set of problems and their step-by-step solutions 

generated from the model
• Step 2: maximize the likelihood of correct solutions, minimize the 

likelihood of wrong solutions

• ReFT: Reasoning with Reinforced Fine-Tuning, arXiv:2401.08967













Pros and Cons of RL finetuning

• Pros
oGeneralize well for automatically verifiable tasks

• Cons
oNot all tasks are automatically verifiable

• RLFTs: Direct Preference Optimization, Proximal Policy 
Optimization, Group-relative policy optimization



Furthermore, on LLMs



Aggregation and Retrieval







Self-Consistency

1. Generate multiple responses by randomly sampling
2.   Choose the answer that appears most frequently







Tokenization

• Language model places a probability over sequence of 
tokens(ints)

• https://tiktokenizer.vercel.app/?encoder=gpt2

https://tiktokenizer.vercel.app/?encoder=gpt2
https://tiktokenizer.vercel.app/?encoder=gpt2


Types of tokenization

• Character, byte, word
oWhy they are bad
oDict(apple, 200)



Byte Pair Encoding(BPE)
• https://en.wikipedia.org/wiki/Byte_pair_encoding

• The BPE algorithm was introduced by Philip Gage in 1994 for data compression.

https://en.wikipedia.org/wiki/Byte_pair_encoding
https://en.wikipedia.org/wiki/Byte_pair_encoding
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