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Alpha Go
1. Imitation learning :  Predict next move using human-expert game 

~ Pre-training ; SFT ; 
RLHF
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Alpha Go
1. Imitation learning :  Predict next move using human-expert game 
2. Learn via Self Play:  

1. Generate new game trajectories by playing against itself
2. Identify good moves
3. Use reward (win / loss) to update the weights via RL
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Alpha Go
1. Imitation learning :  Predict next move using human-expert game
2. Learn via Self Play:  

1. Generate new game trajectories by playing against itself
2. Identify good moves
3. Use reward (win / loss) to update the weights via RL

Self - evolution
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Evolution of LLMs

2018-19 
BERT, GPT2

2019 – T5 
Flan T5

2022
InstructGPT

2023
STAR

~ Imitation Learning ~ Self Play
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Self Evolution in LLMs - challenges

1. Experience acquisition ~ Generate new game trajectories by 
playing against itself
• How to construct synthetic data for LLMs training?

2. Experience refinement ~ Identify good moves
• How to identify good quality synthetic data?

3. Updating ~ Use reward (win / loss) to update the weights via RL
• No accurate and unambiguous environment feedback
• Use RL or supervised finetuning? 

4. Evaluation – need annotated test data

Image credit: A Survey on Self-Evolution of Large Language Models 
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Overview
• Methods that use self-play to generate synthetic data and update its weights:

• STaR 
• Self Instruct
• Self Align
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STaR: Self-Taught Reasoner

Base-GPT-J Self-Taught GPT-J

~ Imitation 
Learning ~ Self Play
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STaR: Self-Taught Reasoner*

* STaR: Self-Taught Reasoner Bootstrapping Reasoning With Reasoning, Zelikman et. al., May 2022

Given: 
1. a pretrained LLM 𝑀
2. a dataset 𝒟 = (𝑥𝑖 , 𝑦𝑖) 𝑖=1

𝐷

3. few shot examples (𝑥𝑖
𝑝
, 𝑟𝑖

𝑝
, 𝑦𝑖

𝑝
)
𝑖=1

𝑃

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/


Tanmoy Chakraborty Yatin Nandwani
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances

STaR: Self-Taught Reasoner*

* STaR: Self-Taught Reasoner Bootstrapping Reasoning With Reasoning, Zelikman et. al., May 2022

Given: 
1. a pretrained LLM 𝑀
2. a dataset 𝒟 = (𝑥𝑖 , 𝑦𝑖) 𝑖=1

𝐷

3. few shot examples (𝑥𝑖
𝑝
, 𝑟𝑖

𝑝
, 𝑦𝑖

𝑝
)
𝑖=1

𝑃

For each example in 𝒟, use the few shot examples along with the input 𝑥𝑖  to predict ෝ𝑟𝑖  and ෝ𝑦𝑖
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STaR: Self-Taught Reasoner*

* STaR: Self-Taught Reasoner Bootstrapping Reasoning With Reasoning, Zelikman et. al., May 2022

Given: 
1. a pretrained LLM 𝑀
2. a dataset 𝒟 = (𝑥𝑖 , 𝑦𝑖) 𝑖=1

𝐷

3. few shot examples (𝑥𝑖
𝑝
, 𝑟𝑖

𝑝
, 𝑦𝑖

𝑝
)
𝑖=1

𝑃

For each example in 𝒟, use the few shot examples along with the input 𝑥𝑖  to predict ෝ𝑟𝑖  and ෝ𝑦𝑖
• If (ෝ𝑦𝑖  = 𝑦𝑖), then use the example along with rationale ෝ𝑟𝑖   to finetune
• If (ෝ𝑦𝑖  ≠ 𝑦𝑖), then discard
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STaR: Self-Taught Reasoner*

* STaR: Self-Taught Reasoner Bootstrapping Reasoning With Reasoning, Zelikman et. al., May 2022

Rationalization
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STaR: Self-Taught Reasoner*

* STaR: Self-Taught Reasoner Bootstrapping Reasoning With Reasoning, Zelikman et. al., May 2022

Arithmetic Dataset

• The arithmetic task is to calculate the sum of two n-digit integers
• It includes few-shot prompts for 1 to 5 digits 
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STaR: Self-Taught Reasoner*
• Drawback – still relies on annotated dataset to evolve
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Self Instruct

Base-GPT3 Self-Instruct GPT3

~ Imitation 
Learning ~ Self Play
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Self-Instruct*

* Self-Instruct: Aligning Language Models with Self-Generated Instructions, Wang et. al., May 2023

• Given:
• a base model
• 175 seed tasks. Each task has an instruction and an example

• Objective:
• Use the base model to synthesize instruction finetuning dataset

• Base model is a good at in-context learning
• Use seed instructions to create more instructions
• Use seed instruction/example pairs to create examples for new instructions

• Use the synthesized data to finetune the base model to an instruct tuned model
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Self-Instruct*

* Self-Instruct: Aligning Language Models with Self-Generated Instructions, Wang et. al., May 2023

Filters:

1. Synthesized instruction a new instruction is added to the task pool only when its ROUGE-L similarity 
with any existing instruction is less than 0.7

2. Exclude instructions that contain some specific keywords (e.g., image, picture, graph)

3. Invalid generations are identified and filtered out based on heuristics (e.g., instruction is too long or 
too short, instance output is a repetition of the input)
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Self Instruct – data stats
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Results on SUPERNI - 119 tasks; 100 instances each
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Self-Instruct
• Drawback – the model may not be aligned to human preferences 
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Self Align (Dromedary)

Base-Llama Self-Aligned Llama

~ Imitation 
Learning ~ Self Play

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/


Tanmoy Chakraborty Yatin Nandwani
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances

Self-Align*

* Principle-Driven Self-Alignment of Language Models from Scratch with Minimal Human Supervision, Sun et. al., Dec 2023

• Given:
• A base model
• 175 seed tasks. Each task has an instruction and an example
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Self-Align*

* Principle-Driven Self-Alignment of Language Models from Scratch with Minimal Human Supervision, Sun et. al., Dec 2023

• Given:
• A base model
• 175 seed tasks. Each task has an instruction and an example

Same as self Instruct
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Self-Align*

* Principle-Driven Self-Alignment of Language Models from Scratch with Minimal Human Supervision, Sun et. al., Dec 2023

• Given:
• A base model
• 175 seed tasks. Each task has an instruction and an example
• 20 Topic-Guided Red-Teaming instructions
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Self-Align*

* Principle-Driven Self-Alignment of Language Models from Scratch with Minimal Human Supervision, Sun et. al., Dec 2023

• Given:
• A base model
• 175 seed tasks. Each task has an instruction and an example
• 20 Topic-Guided Red-Teaming instructions

Used to generate data that is 
potentially harmful
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Self-Align*

* Principle-Driven Self-Alignment of Language Models from Scratch with Minimal Human Supervision, Sun et. al., Dec 2023

• Given:
• A base model
• 175 seed tasks. Each task has an instruction and an example
• 20 Topic-Guided Red-Teaming instructions
• 16 principles for AI assistant to follow along with 5 shot examples
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Self-Align*

* Principle-Driven Self-Alignment of Language Models from Scratch with Minimal Human Supervision, Sun et. al., Dec 2023

• Given:
• A base model
• 175 seed tasks. Each task has an instruction and an example
• 20 Topic-Guided Red-Teaming instructions
• 16 principles for AI assistant to follow along with 5 shot examples

Used for aligning the model 
responses
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Self-Align*

* Principle-Driven Self-Alignment of Language Models from Scratch with Minimal Human Supervision, Sun et. al., Dec 2023

• Given:
• A base model
• 175 seed tasks. Each task has an instruction and an example
• 20 Topic-Guided Red-Teaming instructions
• 16 principles for AI assistant to follow along with 5 shot examples

• Objective:
• Get a model that is aligned to the 16 principles that mimic human preferences
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Self-Align*

* Principle-Driven Self-Alignment of Language Models from Scratch with Minimal Human Supervision, Sun et. al., Dec 2023

• Method
1. (Topic-Guided Red-Teaming) Self-Instruct:

• Use the base model to synthesize instruction finetuning dataset

2. Principle-Driven Self-Alignment:
• Use 16 principles and 5 ICL examples to align the output (replacement for RLHF)

3. Principle Engraving: 
• SFT - Use the synthesized data to finetune the base model to an aligned model
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Self-Align*

* Principle-Driven Self-Alignment of Language Models from Scratch with Minimal Human Supervision, Sun et. al., Dec 2023

• Given:
• A base model
• 175 seed tasks. Each task has an instruction and an example
• 20 Topic-Guided Red-Teaming instructions
• 16 principles for AI assistant to follow along with 5 shot examples

• Objective:
• Use the base model to synthesize instruction finetuning dataset – same as Self-Instruct
• Use 16 principles to align the output (replacement for RLHF)
• Use the synthesized data to finetune the base model to an aligned model
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Topic-Guided Red-Teaming
• 20 adversarial instruction types

• Questions that require real-time information 

• Questions that require knowledge of future events

• Questions that require legal expertise ...
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Topic-Guided Red-Teaming
• 20 adversarial instruction types

• Questions that require real-time information 

• Questions that require knowledge of future events

• Questions that require legal expertise ...

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/


Tanmoy Chakraborty Yatin Nandwani
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances

Topic-Guided Red-Teaming
• 20 adversarial instruction types

• Questions that require real-time information 

• Questions that require knowledge of future events

• Questions that require legal expertise ...

1. Given a question type, generate a new topic

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/


Tanmoy Chakraborty Yatin Nandwani
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances

Topic-Guided Red-Teaming
• 20 adversarial instruction types

• Questions that require real-time information 

• Questions that require knowledge of future events

• Questions that require legal expertise ...

1. Given a question type, generate a new topic

https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/


Tanmoy Chakraborty Yatin Nandwani
LLMs: Introduction and Recent Advances

LLMs: Introduction and Recent Advances
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• 20 adversarial instruction types

• Questions that require real-time information 

• Questions that require knowledge of future events

• Questions that require legal expertise ...
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* Principle-Driven Self-Alignment of Language Models from Scratch with Minimal Human Supervision, Sun et. al., Dec 2023

Self-Align*
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Overview
• Methods that use self-play to generate synthetic data and update its weights:

• STaR 
• Self Instruct
• Self Align
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Self Evolution in LLMs - challenges

1. Experience acquisition ~ Generate new game trajectories by 
playing against itself
• How to construct synthetic data for LLMs training?

2. Experience refinement ~ Identify good moves
• How to identify good quality synthetic data?

3. Updating ~ Use reward (win / loss) to update the weights via RL
• No accurate and unambiguous environment feedback
• Use RL or supervised finetuning? 

4. Evaluation – need annotated test data
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Self-Refine*

* SELF-REFINE: Iterative Refinement with Self-Feedback, Madaan et. al., May 2023

Iterative self-refinement using self-feedback
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Overview
• Methods that use self-play to generate synthetic data and update its weights:

• STaR
• Self Instruct
• Self Align

• Methods that iteratively improve their outputs during inference without weight updates:
• Self Refine
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Experience Acquisition

• Generating *good quality* answers for fine-tuning.

• Most crucial step in Self-Evolution

• CoT typically performs better than standard prompting.

• Is CoT good enough for complex reasoning tasks?
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Game of 24
• Input: Four numbers, e.g. 4  4  6  8
• Task:     Create an arithmetic expression using ( + - * / ) that evaluates to 24
• Output: Arithmetic expression, e.g. (6 – 4) * ( 4 + 8 )  
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Game of 24

Use numbers and basic arithmetic operations (+ - * /) 

to obtain 24. Each step, you are only allowed to choose 

two of the remaining numbers to obtain a new number.

Input: 4 4 6 8

Steps: 4 + 8 = 12 (left: 4 6 12) ; 6 - 4 = 2 (left: 2 

12) ; 2 * 12 = 24 (left: 24)

Answer:(6 - 4) * (4 + 8) = 24

 { More examples }

Input: 4 9 10 13

COT Prompt

Steps:  13 – 9 = 4 (left 4,4,10); 4*4 = 16(left 16,10); 

16+10=24 (left: 24)

Answer: ((13 - 9) * 4 + 10) = 24 

Content credit: https://neurips.cc/virtual/2023/poster/72797

Response by ChatGPT

Issues with CoT
- Token level decision:  Hard to tell if a 

generated token is good or bad

- No backtracking: If generated tokens so far 
are incorrect, then game over. 
In fact, 60% CoT examples fail 
after 1st step.
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Experience Acquisition
• Limitations of CoT

• Token level decisions  -- no global exploration
• No backtracking --  linear one-by-one thought generation

• Solving complex reasoning tasks may require - 
✓  Global exploration / Planning
✓Lookahead / backtracking

In Classical AI, problem solving is formulated as:

Search through a combinatorial problem space represented as a tree.
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Search in a Tree Of Thought
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Game of 24
ToT Recipe

1. Decompose: what is an 
intermediate thought step?

2. Generate:  How to generate a 
thought?

3. Evaluate: How to evaluate 
the thoughts?

4. Search: Which algorithm to 
to search the  thought space  
- DFS, BFS, MCTS, A*?

Intermediate thoughts / steps:
Step 1:  13 – 9 = 4 (left 4,4,10)
Step 2:  10 – 4 = 6(left 4,6)
Step 3:  4*6=24 (left: 24)

Input: 4  4  6  8
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Game of 24
ToT Recipe

1. Decompose: what is an 
intermediate thought step?

2. Generate:  How to generate a 
thought?

3. Evaluate: How to evaluate 
the thoughts?

4. Search: Which algorithm to 
to search the  thought space  
- DFS, BFS, MCTS, A*?

Input: 2 8 8 14

Possible next steps: 2 + 8 = 10 (left: 8 10 14) ;  8 / 2 = 4 

(left: 4 8 14); 14 + 2 = 16 (left: 8 8 16) ; 2 * 8 = 16 (left: 8 

14 16) ; 8 - 2 = 6 (left: 6 8 14) ; 14 - 8 = 6 (left: 2 6 8)

Input: {input}

Possible next steps:

Generation Prompt
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Game of 24
ToT Recipe

1. Decompose: what is an 
intermediate thought step?

2. Generate:  How to generate a 
thought?

3. Evaluate: How to evaluate 
the thoughts?

4. Search: Which algorithm to 
to search the tree of  thought 
- DFS, BFS, MCTS, A*?Value Prompt

Evaluate if given numbers can reach 24 (sure/likely/impossible)

10 14

10 + 14 = 24 ; sure

{more examples}

{input}
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Game of 24
ToT Recipe

1. Decompose: what is an 
intermediate thought step?

2. Generate:  How to generate a 
thought?

3. Evaluate: How to evaluate 
the thoughts?

4. Search: Which algorithm to 
to search the  tree of thought 
- DFS, BFS, MCTS, A*?

Search Algorithm:  BFS with depth = 4 and breadth <=5
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Game of 24
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Game of 24 – cost and efficiency

Cost of ToT  ~ 100 CoT trials
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Game of 24 – cost and efficiency

Cost of ToT  ~ 100 CoT trials

New baselines:
• COT (Best of 100 assuming oracle)
• IO ( Best of 100 assuming oracle)
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GSM8k and StrategyQA

GPT4 + CoT already good on GSM8k – hence little 
improvement using ToT
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GSM8k and StrategyQA

Bottleneck in StrategyQA is knowledge and not reasoning.
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Game of 24
ToT Recipe

1. Decompose: what is an 
intermediate thought step?

2. Generate:  How to generate a 
thought?

3. Evaluate: How to evaluate 
the thoughts?

4. Search: Which algorithm to 
to search the  tree of thought 
- DFS, BFS, MCTS, A*?

Search Algorithm:  BFS with depth = 4 and breadth <=5
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Recipe

1. Decompose: what is an 
intermediate thought step?

2. Generate:  How to generate a 
thought?

3. Evaluate: How to evaluate 
the thoughts?

4. Search:  Use MCTS
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Till Now
• Methods that use self-play to generate synthetic data and update its weights:

• STaR
• Self Instruct
• Self Align

• Methods that iteratively improve their outputs during inference without weight updates:
• Self Refine
• Tree of Thought
• MCTS Self-Refine (MCTSr)
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Till Now
• Methods that use self-play to generate synthetic data and update its weights:

• STaR
• Self Instruct
• Self Align

• Methods that iteratively improve their outputs during inference without weight updates:
• Self Refine
• Tree of Thought
• MCTS Self-Refine (MCTSr)

• Is there a method that combines iterative inference with weight updates?
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• Alpha-LLM

• Use MCTS to generate good 

quality synthetic data

• Update LLM via SFT
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Summary
• Methods that use self-play to generate synthetic data and update its weights:

• STAR
• Self Instruct
• Self Align

• Methods that iteratively improve their outputs during inference without weight updates:
• Self Refine
• Tree of Thought
• MCTS Self-Refine (MCTSr)

• Alpha LLM –  MCTSr for good quality synthetic data generation;  
  SFT for weight update.
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