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TODAY'S ROADMAP

● Planning
● How do humans do planning
● Search augmented Planning
● LLM as Learner
● LLM as Tool Retriever
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PLANNING
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Can LLM automatically plan?

Prompt: “i am living in los angeles and today is january 11th. i want to 
do surf and ski in one day tomorrow. could you give me plan for me 
with time line?”
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Can LLM automatically plan?

Prompt: “i am living in malibu and today is january 11th. i want to do 
surf and ski in one day tomorrow. could you give me plan for me with 
time line?”
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Can LLM automatically plan?
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Can LLM automatically plan?

LLM is very good at planning retrieving 
knowledge and approximating answers
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Can LLM automatically plan?

“planning is an exploration to decide what actions 
need to be taken to achieve a given goal.”
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HOW DO HUMANS DO PLANNING?
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How do we do planning?

Goal
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How do we do planning?

Goal

Action1

Action2

ActionN
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How do we do planning?

Goal

Action1

Action2

ActionN

Result1

Result2

Result3

Requires: Domain knowledge, Reasoning, Imagination
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How do we do planning?

Goal

Action1
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ActionN

Result1

Result2

Result3
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How do we do planning?
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SEARCH AUGMENTED PLANNING
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Game of 24

● You are given 4 numbers
● Find equation to reach 24
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Game of 24

● [ 6, 6, 6, 6]
● ?
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Game of 24

● [ 6, 6, 6, 6]
● 6 + 6 + 6 + 6 =24
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Game of 24

● [ 4, 5, 6, 10]
●
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Game of 24

● [ 4, 5, 6, 10]
● 5*6 +4 -10 = 24
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Game of 24

● Can LLM do this?
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Game of 24

● Naive Prompt
Use numbers and basic arithmetic operations (+ - * /) to 
obtain 24.
Input: 4 5 6 10
Answer:
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Game of 24

● Naive Prompt
Use numbers and basic arithmetic operations (+ - * /) to 
obtain 24.
Input: 4 5 6 10
Answer:
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Game of 24

● Few-Shot Prompt
Use numbers and basic arithmetic operations (+ - * /) to obtain 24.
 Input: 4 4 6 8
 Answer: (4 + 8) * (6 - 4) = 24
 Input: 2 9 10 12
 Answer: 2 * 12 * (10 - 9) = 24
 Input: 4 9 10 13
 Answer: (13 - 9) * (10 - 4) = 24
 Input: 1 4 8 8
 Answer: (8 / 4 + 1) * 8 = 24
 Input: 5 5 5 9
 Answer: 5 + 5 + 5 + 9 = 24
 Input: 4 5 6 10
Answer:
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Game of 24

● Few-Shot Prompt
Use numbers and basic arithmetic operations (+ - * /) to obtain 24.
 Input: 4 4 6 8
 Answer: (4 + 8) * (6 - 4) = 24
 Input: 2 9 10 12
 Answer: 2 * 12 * (10 - 9) = 24
 Input: 4 9 10 13
 Answer: (13 - 9) * (10 - 4) = 24
 Input: 1 4 8 8
 Answer: (8 / 4 + 1) * 8 = 24
 Input: 5 5 5 9
 Answer: 5 + 5 + 5 + 9 = 24
 Input: 4 5 6 10
Answer:
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Game of 24

● Few-Shot + CoT Prompt
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
 Input: 2 9 10 12
 Steps:
 12 * 2 = 24 (left: 9 10 24)
 10 - 9 = 1 (left: 1 24)
 24 * 1 = 24 (left: 24)
 Answer: (12 * 2) * (10 - 9) = 24
 Input: 4 9 10 13
 Steps:
 13 - 10 = 3 (left: 3 4 9)
 9 - 3 = 6 (left: 4 6)
 4 * 6 = 24 (left: 24)
 Answer: 4 * (9 - (13 - 10)) = 24
 Input: 1 4 8 8
 Steps:
 8 / 4 = 2 (left: 1 2 8)
 1 + 2 = 3 (left: 3 8)
 3 * 8 = 24 (left: 24)
 Answer: (1 + 8 / 4) * 8 = 24
 Input: 5 5 5 9
 Steps:
 5 + 5 = 10 (left: 5 9 10)
 10 + 5 = 15 (left: 9 15)
 15 + 9 = 24 (left: 24)
 Answer: ((5 + 5) + 5) + 9 = 24
 Input: 4 5 6 10
Answer:
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Game of 24

● Few-Shot + CoT Prompt
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
 Input: 2 9 10 12
 Steps:
 12 * 2 = 24 (left: 9 10 24)
 10 - 9 = 1 (left: 1 24)
 24 * 1 = 24 (left: 24)
 Answer: (12 * 2) * (10 - 9) = 24
 Input: 4 9 10 13
 Steps:
 13 - 10 = 3 (left: 3 4 9)
 9 - 3 = 6 (left: 4 6)
 4 * 6 = 24 (left: 24)
 Answer: 4 * (9 - (13 - 10)) = 24
 Input: 1 4 8 8
 Steps:
 8 / 4 = 2 (left: 1 2 8)
 1 + 2 = 3 (left: 3 8)
 3 * 8 = 24 (left: 24)
 Answer: (1 + 8 / 4) * 8 = 24
 Input: 5 5 5 9
 Steps:
 5 + 5 = 10 (left: 5 9 10)
 10 + 5 = 15 (left: 9 15)
 15 + 9 = 24 (left: 24)
 Answer: ((5 + 5) + 5) + 9 = 24
 Input: 4 5 6 10
Answer:
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Tree-of-Thought
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Tree-of-Thought

Input : 4 5 6 10

4+5 = 9
(left 6 9 10)

5*6 = 30
(left 4 10 30)

6*10 = 60
(left 4 5 60)

“Propose Candidates”
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Tree-of-Thought

Input : 4 5 6 10

4+5 = 9
(left 6 9 10)

5*6 = 30
(left 4 10 30)

6*10 = 60
(left 4 5 60)

“Value Candidates”
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Tree-of-Thought

Input : 4 5 6 10

4+5 = 9
(left 6 9 10)

5*6 = 30
(left 4 10 30)

6*10 = 60
(left 4 5 60)

30/10=3
(left 3 4)

30 + 4 =34
(left 10 34)

30+10 = 40
(left 4 40)

“Propose Candidates”



GRIDSPACE CONFIDENTIAL @2022 ALL RIGHTS RESERVED

Tree-of-Thought

Input : 4 5 6 10

4+5 = 9
(left 6 9 10)

5*6 = 30
(left 4 10 30)

6*10 = 60
(left 4 5 60)

30/10=3
(left 3 4)

30 + 4 =34
(left 10 34)

30+10 = 40
(left 4 40)

“Value Candidates”
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Tree-of-Thought

Input : 4 5 6 10

4+5 = 9
(left 6 9 10)

5*6 = 30
(left 4 10 30)

6*10 = 60
(left 4 5 60)

30/10=3
(left 3 4)

30 + 4 =34
(left 10 34)

30+10 = 40
(left 4 40)

34 -10 =24
(left 24)
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Tree-of-Thought
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Tree-of-Thought
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Tree-of-Thought
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Tree-of-Thought
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LLM AS LEARNER
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Voyager(Minecraft)
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Voyager(Minecraft)

https://docs.google.com/file/d/1pxR7YftiD-hnnooSVMj1TCugmI7Eml7y/preview
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Voyager(Minecraft)

https://docs.google.com/file/d/15GbGItMoAPlkRJTs56WL4o97CcehOyjT/preview
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Voyager(Minecraft)

https://docs.google.com/file/d/1vffoxA0cN3U4JQ6HQh5yfulPbBW39Lke/preview
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Voyager(Minecraft)
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Voyager(Minecraft)
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Voyager(Minecraft)
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Voyager(Minecraft)
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Voyager(Minecraft)
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Voyager(Minecraft)
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Voyager(Minecraft)
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LLM AS TOOL RETRIEVER
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LLM AS TOOL RETRIEVER
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LLM AS TOOL RETRIEVER

Zhang, Peitian, et al. "Retrieve anything to augment large language 
models." arXiv preprint arXiv:2310.07554 (2023).
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LLM AS TOOL RETRIEVER
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LLM AS TOOL RETRIEVER
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LLM AS TOOL RETRIEVER
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LLM AS TOOL RETRIEVER
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LLM AS TOOL RETRIEVER
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LLM AS TOOL RETRIEVER
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Exercises (From last lecture)

- Hallucinations are a major problem with LLM generations. What are strategies for maximizing 
truthfulness of model outputs?
There are many approaches, but some include multiple LLM passes, prompting the 
generation to only reference source documents, forcing the model to cite input sources, and, 
even, telling the model to not hallucinate. From the planning perspective, recursive prompting 
can significantly reduce hallucinations.

- How might you align an LLM to play a novel abstract strategy game using only a description 
of the rules?
While this is, in the general case, an unsolved problem. LLM's are going to perform much 
better on general game playing if an external system splits the problem into substeps such as 
turning the rules into a state space and the use of tree search.
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Exercises (From last lecture)

- Stockfish is currently the most powerful chess engine by rating. Based on your own research, how much of this 
power can be attributed to machine learning versus non-ML algorithms.
The DNN NNUE contributes around 100 to the ELO of Stockfish.
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Exercises

- In real-world, life does always go planned. How LLM can address this 
problem when LLM does planning? 

- Some approaches of LLM planning, list many actions and evaluate them 
and select. It might require huge computation, are there any way to reduce 
this waste of computation?
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