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Limitations of LLMs

1. inability to access up-to-date information on recent events

Interaction with mixtral-8x7b-instruct-v01 in October 2024
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1. inability to access up-to-date information on recent events

Interaction with mixtral-8x7b-instruct-v01 in October 2024
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LLMs with Tools

Interaction with ChatGPT in October 2024

Search Engine
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Limitations of LLMs

2. a lack of mathematical skills to perform precise calculations  

Interaction with llama-2-13b-chat in October 2024

Correct Answer: 
11,149,563
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Limitations of LLMs

2. a lack of mathematical skills to perform precise calculations  

Interaction with llama-2-13b-chat in October 2024

Calculator

Correct Answer: 
11,149,563
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LLMs with Tools

Interaction with ChatGPT in October 2024

Calculator
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LLMs with Tools

Interaction with ChatGPT in October 2024

Calculator
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Why are Tools important?

1. Overcoming LLM knowledge limits
• “Who leads the Super 4s table in Asia Cup 2025?” (Web Search Tool) 

2. Accuracy in computation & reasoning
• “What’s the determinant of this 4×4 matrix?” (Python Function)
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Why are Tools important?

1. Overcoming LLM knowledge limits
• “Who leads the Super 4s table in Asia Cup 2025?”(Web Search Tool) 

2. Accuracy in computation & reasoning
• “What’s the determinant of this 4×4 matrix?” (Python Function)

3. Accessing enterprise or private data (Enterprise APIs)
• “Show me the top 10 customers by revenue this quarter.” 
• “What’s the flight status of AI 176 from Delhi to San Francisco?”
• An autonomous agent, that can create a PR for high priority issue raised in your GitHub Org.
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LLMs and Tools

Part 1: Incorporating Tools during Fine-tuning

Part 2: Teaching LLMs to Use External APIs

Part 3: Automating Complex Tasks 
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LLMs and Tools

Part 1: Incorporating Tools during Fine-tuning (Tool Augmentation)

Part 2: Teaching LLMs to Use External APIs (Function Calling)

Part 3: Automating Complex Tasks (AI Agents)
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Tool Augmentation: Outline

1. GSM8K: Math Word Problems

2. Tool Augmented Language Models (TALM)

3. Program-aided Language Models (PAL)

4. Toolformer

5. WebGPT (if time permits)
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Calculator as a Tool: GSM8K

•  a dataset of 8.5K high quality linguistically diverse Grade School Math word problems

*Training Verifiers to Solve Math Word Problems, Cobbe et al., Nov 2021

• GPT-3 175B  performance was ~20%
• GPT-3 6B performance was ~8%
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Calculator as a Tool: GSM8K

•  a dataset of 8.5K high quality linguistically diverse Grade School Math word problems

*Training Verifiers to Solve Math Word Problems, Cobbe et al., Nov 2021

• GPT 3 (6B and 175B) performance was ~10-20%
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Calculator as a Tool: GSM8K

*Training Verifiers to Solve Math Word Problems, Cobbe et al., Nov 2021

How to leverage calculator annotations during inference?
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Tanmoy Chakraborty Dinesh Raghu

*Training Verifiers to Solve Math Word Problems, Cobbe et al., Nov 2021

A comparison between finetuning and verification 
using 175B model. Verification considers 100 
solutions per problem

Calculator as a Tool: GSM8K
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*Training Verifiers to Solve Math Word Problems, Cobbe et al., Nov 2021

Calculator as a Tool: GSM8K

Temperature = 0
Number of Sample=1

Temperature = 0.7
Number of Sample=100
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*Training Verifiers to Solve Math Word Problems, Cobbe et al., Nov 2021

Verification training pipeline

Calculator as a Tool: GSM8K
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*Training Verifiers to Solve Math Word Problems, Cobbe et al., Nov 2021

A comparison between finetuning and verification 
using 175B model. Verification considers 100 
solutions per problem

Calculator as a Tool: GSM8K
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Summary

1. Training Verifiers to Solve Math Word Problems
• Introduced tool augmentation in LLMs during finetuning
• Use verifiers when the data is less
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TALM: Tool Augmented Language Models*

*TALM: Tool Augmented Language Models, Parisi et al., May 2022
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TALM: Tool Augmented Language Models*

*TALM: Tool Augmented Language Models, Parisi et al., May 2022
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TALM: Tool Augmented Language Models*

*TALM: Tool Augmented Language Models, Parisi et al., May 2022

MathQA
[Amini et al., 2019] 

Natural Questions (NQ)
[Kwiatkowski et al., 2019] 
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TALM: Tool Augmented Language Models*

*TALM: Tool Augmented Language Models, Parisi et al., May 2022
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TALM: Tool Augmented Language Models*

*TALM: Tool Augmented Language Models, Parisi et al., May 2022
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TALM: Tool Augmented Language Models*

*TALM: Tool Augmented Language Models, Parisi et al., May 2022

Limitation: Requires demonstrations

For NQ, 150 demonstrations were used
For MathQA, ~2K demonstrations were used
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Summary

1. Training Verifiers to Solve Math Word Problems
• Introduced tool augmentation in LLMs during finetuning
• Use verifiers when the data is less

2. TALM
• Introduced a general framework
• Cannot generalize and requires human annotations
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PAL: Program-aided Language Models*

*PAL: Program-aided Language Models, Gao et al., 2022

Recap of Chain-of-Thought Prompting
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PAL: Program-aided Language Models*

*PAL: Program-aided Language Models, Gao et al., 2022
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PAL: Program-aided Language Models*

*PAL: Program-aided Language Models, Gao et al., 2022
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PAL: Program-aided Language Models*

*PAL: Program-aided Language Models, Gao et al., 2022
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PAL: Program-aided Language Models*

*PAL: Program-aided Language Models, Gao et al., 2022

Problem solve rate (%) on mathematical reasoning datasets.
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PAL: Program-aided Language Models*

*PAL: Program-aided Language Models, Gao et al., 2022

Problem solve rate (%) on mathematical reasoning datasets.
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Summary

1. Training Verifiers to Solve Math Word Problems
• Introduced tool augmentation in LLMs during finetuning
• Use verifiers when the data is less

2. TALM
• Introduced a general framework
• Cannot generalize and requires human annotations

3. PAL
• Requires fewer human annotations
• Cannot generalize to unseen tools during test
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Toolformer*

*Toolformer: Language Models Can Teach Themselves to Use Tools, Schick et al., 2023

Image credits: https://neurips.cc/media/neurips-2023/Slides/71288.pdf
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Toolformer*

*Toolformer: Language Models Can Teach Themselves to Use Tools, Schick et al., 2023

Toolformer autonomously decides 
• which APIs to call
• when to call them
• what arguments to pass
• how to best incorporate the results 

into future token prediction
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Toolformer*

*Toolformer: Language Models Can Teach Themselves to Use Tools, Schick et al., 2023

Image credits: https://neurips.cc/media/neurips-2023/Slides/71288.pdf
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Toolformer*

*Toolformer: Language Models Can Teach Themselves to Use Tools, Schick et al., 2023

Image credits: https://neurips.cc/media/neurips-2023/Slides/71288.pdf
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Toolformer*

*Toolformer: Language Models Can Teach Themselves to Use Tools, Schick et al., 2023

Image credits: https://neurips.cc/media/neurips-2023/Slides/71288.pdf
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Toolformer*

*Toolformer: Language Models Can Teach Themselves to Use Tools, Schick et al., 2023

Image credits: https://neurips.cc/media/neurips-2023/Slides/71288.pdf
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Toolformer*

*Toolformer: Language Models Can Teach Themselves to Use Tools, Schick et al., 2023

Image credits: https://neurips.cc/media/neurips-2023/Slides/71288.pdf
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Toolformer*

*Toolformer: Language Models Can Teach Themselves to Use Tools, Schick et al., 2023

Image credits: https://neurips.cc/media/neurips-2023/Slides/71288.pdf
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Toolformer*

*Toolformer: Language Models Can Teach Themselves to Use Tools, Schick et al., 2023

Image credits: https://neurips.cc/media/neurips-2023/Slides/71288.pdf
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Summary

1. Training Verifiers to Solve Math Word Problems
• Introduced tool augmentation in LLMs during finetuning
• Use verifiers when the data is less

2. TALM
• Introduced a general framework
• Cannot generalize and requires human annotations

3. PAL
• Requires fewer human annotations
• Cannot generalize to unseen tools during test

4. Toolformer
• Generalizes to multiple tasks
• Requires fewer human annotations
• Cannot generalize to unseen tools during test
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Search Engine as a Tool: WebGPT*

*WebGPT: Browser-assisted question-answering with human feedback, Nakano et al., June 2022
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Search Engine as a Tool: WebGPT*

*WebGPT: Browser-assisted question-answering with human feedback, Nakano et al., June 2022
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Search Engine as a Tool: WebGPT*

*WebGPT: Browser-assisted question-answering with human feedback, Nakano et al., June 2022
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Search Engine as a Tool: WebGPT*

*WebGPT: Browser-assisted question-answering with human feedback, Nakano et al., June 2022

WebGPT Answer Viewer

https://www.lcs2.in/
https://openaipublic.blob.core.windows.net/webgpt-answer-viewer/index.html
https://openaipublic.blob.core.windows.net/webgpt-answer-viewer/index.html
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Summary

1. Training Verifiers to Solve Math Word Problems
• Introduced tool augmentation in LLMs during finetuning
• Use verifiers when the data is less

2. TALM
• Introduced a general framework
• Cannot generalize and requires human annotations

3. PAL
• Requires fewer human annotations
• Cannot generalize the tool use to similar tasks

4. Toolformer
• Generalizes to multiple tasks
• Requires fewer human annotations
• Cannot generalize to unseen tools during test

5. WebGPT
• Specific for web search as a tool
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