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Goal: Complex Multi-Step Reasoning Tasks

Question: Which team does the player named 
2015 Diamond Head Classic's MVP play for?

Reasoning: The 2015 Diamond Head Classic's 
MVP was Buddy Hield. Buddy Hield played for the 
Sacramento Kings in 2015.

Multi-Hop Questions
Question: Roger has 5 tennis balls. He buys 2 more cans of tennis balls. 
Each can has 3 tennis balls. How many tennis balls does he have now?

Reasoning: Roger started with 5 balls. 2 cans of 3 tennis balls each is 
2*3=6 tennis balls. In total, he has 5 + 6 = 11 tennis balls.

Math Questions

Task: Take the last letters of the words in "Augusta Ada King" and concatenate them using a space.

Reasoning: The last letter of "Augusta" is "a". The last letter of "Ada" is "a". The last letter of "King" is "g". 
Concatenating "a", "a", "g" using a space leads to "a a g". So, "Augusta Ada King" outputs "a a g".

Algorithmic Tasks

Setting: Few-Shot Prompting

Q: Take the last letters of the words in "Augusta Ada King" and 
concatenate them using a space.
A: "a a g".

Answer-only Prompting

Q: Take the last letters of the words in "Augusta Ada King" and 
concatenate them using a space.
A: The last letter of "Augusta" is "a". The last letter of "Ada" is "a". The 
last letter of "King" is "g". Concatenating "a", "a", "g" using a space 
leads to "a a g". So, "Augusta Ada King" outputs "a a g".
…

Chain-of-Thought Prompting

What is the expected weather for ICLR’23?

What is the TL;DR of the ICLR’23 outstanding papers?

Proposal: Decomposed Prompting

DecomP Inference: Iterative Generation

Issues: 
• Sub-tasks can be too hard to be learned from just CoT prompting
• Certain sub-tasks are better performed by existing tools (e.g., calculation)

Solution: Decompose tasks into sub-tasks which are solved by specialized handlers (“tools”)
• Decomposer: Q => decomposition into simpler sub-tasks
• Sub-Task Handlers: Library of sub-task specific tools (LLMs, APIs, etc)

QC: Take the last letters of the words in "Augusta Ada King" and 
concatenate them using a space.
QS: [split] What are the words in "Augusta Ada King"?
A: ["Augusta", "Ada", "King"]
QS: (foreach) [str_pos] What is the last letter in "#1"?
A: ["a", "a", "g"]
QS: [merge] Concatenate #2 using a space.
A: "a a g"
QS: [EOQ]
…

Decomposer Prompt
Q: What are the words in "Augusta Ada King"?
A: ["Augusta", "Ada", "King"]
…`

split

Q: Concatenate ["a", "a", "g"] using a space.
A: "a a g"
…

merge

DecomP: Letter Concatenation
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DecomP: Recursive Decomposition

DecomP: Open-Domain QA
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Related Work

A task-independent approach 
that can use rich structure with 
any number of tools and only 
requires few-shot prompting to 
iteratively decompose any task

Approaches for Multi-step Reasoning
• Task-Specific Approaches: WebGPT (Nakano et al., ’21), SelfAsk

(Press et al., ’22), IRCoT (Trivedi et al.,’22), inter alia.
• Fixed Structure: Least-to-most (Zhou et al., ’22), Successive 

Prompting (Dua et al., ’22), inter alia.
• Require Fine-Tuning: TMNs (Khot et al.,’21), ReAct*(Yao et al.,’22), 

Toolformer (Schick et al.,’23), inter alia.
• Program Generation: PAL (Gao et al.,’22), PoT (Chen et al.,’22), inter 

alia.

Key Difference

1. Decompose problems into simple sub-tasks
2. Assign sub-tasks to specialized handlers
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Prior Approaches:

Code and Data:
https://github.com/allenai/decomp

Contact:
tushark@allenai.org
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