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Recursion in Language Models



Context Management is Crucial!



LLMs Struggle with Long Context



Intuition on Recursive Language Models

● Handling long context is long-tailed (doesn’t appear often on the training set)

● Natively supporting long context in a base LM is very expensive (requires 
retraining, scaling the model, and curating datasets)

● We want to give the illusion that LMs can handle infinite context even with the 
current capabilities of LMs



“Bitter Lesson” around Recursive Language Models

● Current approach: we view LLMs as a black-box and engineer scaffolds 
around it

● Q:  Why use engineered scaffoldings instead of letting the model handle its 
input, subcall, output and train it to do that?



Recursive Language Models

● Recursive Language Models are a 
general purpose interface 
paradigm for dramatically scaling 
the effective input and output 
length of current LMs

● Main insight: prompts shouldn’t be 
fed into the LM directly but they 
should be part of an environment 
the model symbolically interacts 
with



RLMS Reason and Delegate through a REPL



Recursive Language Models

What are the essential components of RLMs? What was missing in previous 
approaches?

● Symbolic handle of prompt P, which offloads inputs from directly being ingested 
by the model

● Persistent symbolic programming which allows the LM with the prompt, create 
intermediate variables and intermediate answers

● The ability to perform symbolic recursion, which allows the model to invoke itself 
using programmatic patterns to decompose and solve problems



Recursive Language Models

“The ability to perform symbolic recursion, which allows the model to invoke 
itself using programmatic patterns to decompose and solve problems”

Does the subagent live inside or outside the REPL? Are these representations 
equal?

● Most agentic implementations treat sub-agents as a tool outside the 
REPL.



RLM vs. Sub-agents



Experiments (takeaway)

● RLMs avoid context rot by not calling base LMs over huge context

● RLMs handle natively near infinite context 

● RLMs scale with strong performance on long tasks with dense 
information



Experiments 

● S-NIAH: Find a hidden message in a very long sequence of text (needle in a haystack)

● BrowseComp+: Multi-hop DeepResearch benchmark to find answer to complex queries given 
a corpus of 1K docs

● LongBench v2: Multiple choice questions over large code repos

● OOLONG and OOLONG-pairs bench: tests a model's ability to analyze individual chunks of 
text at an atomic level and aggregate them to answer complex questions



Experiments (Takeaways)

● Observation 1: RLMs can scale to 10M token regime

 

● Observation 2: REPL is necessary and recursive sub-calling helps for inputs with dense information

● Observation 3: RLMs don’t suffer from context rot and can reason better

● Observation 4: Inference cost is comparable to other methods



Experiments





Intuition on Recursive Language Models

● “We identify recursion as a core principle for overcoming context constraints, 
and a source of power exclusive to modern agentic systems”

● Any computable problem admits a recursive decomposition, and furthermore, 
by doing so, the required context can be reduced exponentially

● Other approaches for context management:
○ Summarization (strictly less powerful than recursion)
○ Prompt fixing
○ Question preservation to already accomplished tasks



Recursion in LMs



Recursion in LMs



Definitions

● Recursive language models have context stack S_t
○ Every element in the stack is a different context

● Two entities: context manager g and sequence generator f
○ Call and return are special operations for the context manager

● Global vs. local space (entire stack vs. max element of the stack)



Definitions

● Complexity class of recursive models:
○ Decision problems solvable by recursive models with constant-size O(log(n))-precision 

transformers such that:
■ Local space at most S(n) (max length of any element in the stack)
■ Recursion depth (max length of the stack) at most D(n),
■ and total number of steps at most T(n)

● Standard complexity classes:
○ TIME(T(n)): set of problems solvable in T(n) timesteps
○ SPACE(S(n)): set of problems solvable in S(n) space
○ TM(T(n),S(n)): intersection of the above



Main Result

● Any computable problem is modularizable!
● If we restrict D=1 only then we can only handle tasks whose time is between S(n), 

S^2(n)
● Shallow recursion isn’t enough
● Simple recursive system can perform as well as complicated scaffolds


