
ReCAP: Recursive Context-Aware Reasoning and Planning 
for Large Language Model Agents

Zhenyu Zhang1*, Tianyi Chen1*, Weiran Xu1*, Alex Pentland2,3, Jiaxin Pei2
1Department of Computer Science, Stanford University    2Stanford Institute for Human-Centered AI    3MIT Media Lab



Background: Language Model Agent

① Observation

④ Action

Environment
Dynamics

(e.g. ALFWorld, 
Robotouille, FEVER, 

SWE-bench)

Back and forth until done

History

inference(context)

② Get context 
for inference

③ Store
response
to history?



Background: Language Model Agent

① Observation

Environment
Dynamics

(e.g. ALFWorld, 
Robotouille, FEVER, 

SWE-bench)

Back and forth until done

History

inference(context)

② Get context 
for inference

③ Store
response
to history

④ Action



Limitations of pure sequential/hierarchical prompting



ReCAP: Recursive Context-Aware Reasoning and Planning
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Benchmarks

ALFWorld
Symbolic Household Reasoning

5-15 steps

Robotouille
Embodied Cooking (long horizon)

10-80 steps

FEVER
Knowledge Retrieval & Verification

<10 steps

SWE-bench Verified
Real-world Code Editing

5-257 steps



Experiment & Main Results

Benchmark ReCAP (%) Best Baseline 
(%) Δ (%)

ALFWorld 91.0 ReAct 84.0 +7

Robotouille (Sync) 70.0 ADaPT 40.0 +32

Robotouille 
(Async) 53.0 ReAct 24.0 +29

FEVER 63.5 ReAct 63.5 -

SWE-bench 
Verified 44.8 ReAct 39.6 +5

Baselines: Sequential (Direct Output / 
CoT / ReAct / Act), Hierarchical 
(ADaPT)

Protocol: Strict pass@1 (single run, 
no retry or ensembling)

LLM: GPT-4o (2024-08-06 build)

Metric: Success Rate (%)
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Qualitative Example & Insights

Detects failure loops → recursive context repair

Tool Call and Cost Distributions 
(SWE-bench Verified)

Resolve Rate vs Tool Calls
(SWE-bench Verified)



Ablations & Generalization
Method GPT-4o Qwen 2.5-32B Qwen 2.5-72B LLaMA-4 (400 B) DeepSeek-V3 (671 B)

ReAct 63.0 % 10.0 % 23.0 % 37.0 % 57.0 %

ReCAP 90.0 % 33.0 % 53.0 % 60.0 % 87.0 %

Cross-Model Generalization on Robotouille (#2, #4, #6 tasks). Success rate (%).
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Variant Success Rate (%) Observation

Original ReCAP 80 Full recursion + reasoning traces → best performance

Think Many 70 Keeps too much reasoning history but still strong

No Think 60 Removing reasoning text hurts alignment

Name Only 55 Without reasoning traces → poor context recall

Level 5 70 Deep recursion works well

Level 4 60 Slightly shallower depth → small drop

Level 3 10 Too shallow → fails to decompose tasks

Level 2 0 No recursive decomposition → task collapse

Ablation Study – Recursive Depth and Reasoning Traces



Conclusion

Main Contributions
● 3 mechanisms:

1. Plan-ahead decomposition: generate full subtask list, 
execute first, refine the rest

2. Structured context re-injection: preserve cross-level 
coherence during recursion

3. Sliding-window efficiency – bound active prompt while 
reintroducing essentials

● Unifies sequential and hierarchical prompting under one shared 
context

● Enables long-horizon reasoning without training or fine-tuning
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Future Directions
● Modular planning–execution architecture
● Reasoning compression
● Context graphs / memory routing
● Goal: make reasoning efficient, recursive, and memory-aware
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