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What are LLM agents?

Agents don't mean anything now in a lot of context (why?)

In the research world, 

In search agent, a_k is a search tool. 

How is this different from (traditional) RAG? At best, RAG is multi-hop. 
Agentic search system is "unlimited hop".
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Search Agents

Search agents: 

Input: Question

The agent will: 

1. Check if they can not answer the question 

2. Search the internet 

3. May repeat 1

4. Answer based on the information collected
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Search Agent Problem

Example Query: 
Give stock suggestions based on todayʼs global economy and the 
coldplay event. 
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Fortunately, we have Agents! (And RL!)
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Limitation of Pretraining 

The stock option today is going xxx.

Xxx is optimized over historical data.

In a hypothetical situation, if 80% of human text says stock is going up, 
xxx will most likely be “up” instead of “down”. 

You need to do web search!
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Limitation of SFT

Can we address this through SFT? -> you can kinda do that by collecting 
trajectories offline, but it does not capture interaction in real web search.

The real web is changing every minute! 
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How do we RL?

Questions:

1. Model:
a.  How do model scale and type (general vs. reasoning-specialized) affect 

training?
2. Tool:

a. Does adding format or intermediate retrieval rewards help?
3. Training Model to use Tools:

a. How to set the reward? Does adding intermediate reward help?
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Model Types

● General models train more stably & call search earlier
● Reasoning models struggle with format adherence
● 3B → 32B scaling improves performance but with diminishing returns
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Reward Setting

● Speed up convergence
● Improves final accuracy, especially for non-instruction-tuned LLMs.
● But too large λ₍f₎ causes overfitting
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Results on Format Reward
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Intermediate Retrieval Reward

● f_ret(y) is checking if retrieval contains the correct answer substring
● Intermediate retrieval rewards complicate training without real gain
● They may distort the agentʼs natural reasoning–search trajectory.
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Results for Intermediate Retrieval Reward
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Tool Variations  

● Better Retriever in training, better inference time (not exactly?)
● Tool do impact training!
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Patterns under different search engines

● 🛑 Random (Noise): Avoids search 
● 🔁 BM25 (Sparse): Spams search calls — Low retrieval quality

○ Resonates with our retrieval course 
● ⚖  Dense (E5 HNSW / Exact): Balanced, strategic search 
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Still benefits from strong inference time search engine! 



Another problem with RL training for agentic task:

● Environment is noisy, slow, and expensive!
● For example, search: (brave api) 
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And the price for search is …
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And the price for search is …
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Using Brave, evaluating on MMLU (assuming 1 search/question) would 
be $145. This is really high!



And the price for search is …
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TLDR for ZeroSearch: let's teach LLMs to search, without out 
searching!
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let's teach LLMs to search, without out searching!

Recipe:

1. Replace search engine with an LLM 😅 
a. How are we sure LLM's a faithful proxy for a search engine? SFT

2. Increase search engine LLM noise overtime (curriculum learning 
based rollouts, a good benefit from LLM simulation).

3. Standard PPO/GRPO/REINFORCE
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Result: ZeroSearch Performs as good as algorithm with real search 
engines!
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Results: curriculum-based rollouts helps, too
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Takeaway for ZeroSearch:

On some tasks, designing smart simulators for agentic tools significantly 
reduces the cost and quality of RL training.
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Summary

Instruct-tuned models are harder to RL for search agents. Format reward 
has positive impact on training. Intermediate retrieval reward has 
negative impacts.

For searches, simulating a search engine with a fine-tuned LLM helps 
with RL, too!
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More followup question

● Can we ignore the format reward if we are applying structural 
decoding in the end?  

● Did intermediate reward fail because intermediate reward does not 
work or because they set it wrongly? How to add good intermediate 
reward?

● Can we use a retriever as the search engine simulator? What's the 
pros and cons of using an LLM instead?

● Besides search, what other tools can we simulate?
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Small-group discussion
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