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Dr. GRPO
• GRPO: 

• GRPO Done right (Dr. GRPO): just remove the std. dev. and length normalizations
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Dr. GRPO

• With regular GRPO, shorter correct responses are boosted more, and longer 
incorrect responses are penalized less. Dr. GRPO fixes this 

• Dr. GRPO also excludes the KL

[Liu et al., 2025]



Dr. GRPO [Liu et al., 2025]



[Gandhi et al., 2025]

Does RL teach models new things, or elicit existing abilities?



Answer Parsing

• As-is, your model could generate the answer anywhere and in any format 

• DeepSeek-R1-Zero uses <answer> … </answer> tokens to mark the answer 

• In HW2, you’ll get a sense for how often answer parsing errors can drive issues



Agents



What’s an agent?

• People don’t really agree on these criteria, but here are some common ones: 

• Agents are generally able to proactively use tools. 

• Agents generally employ iterative multi-step processes. 

• Agents might have some interaction with the broader world. 

• Examples: 

• An LM that can browse the web is definitely an agent 

• An LM that can search for files on your computer is definitely an agent 

• A model that can do retrieval based on LMs is probably not an agent 

• An LM with just complex chain-of-thought is not an agent



What’s an agent?

• Today’s models are usually LLM weights + tools + harness 

• Tools: actions that a model can request, like web search, code execution, file 
editing, APIs 

• Harness: software around the weights that executes requests and feeds 
results back into the LLM context



Web Agents

[De Chezelles et al., 2025]



Coding Agents



What makes for a good agent?

Effective tool use

Environment representation

Environment understanding

Reasoning and planning abilities

Interaction and communication capabilities



What is a tool?

• In the context of LM-based agents, a tool is a function interface to some program 
that runs externally to the LM. The LM generates function calls and input 
arguments to use the tool. 

• Examples: 

• Using a calculator program to do math 

• Using web search to find information 

• Using some external model to handle non-text modalities 

• Things like chain-of-thought are not tools! The model itself does them with its 
own parameters.



Why do we need tools?

• Model weights alone can get us very far - but they’re just not good at some things 

• Failure mode 1: knowledge cutoffs 

• LMs are trained on data up to some date; can’t directly answer questions 
about documents created after that date 

• Failure mode 2: acting in the world 

• The LMs we’ve seen so far have not been trained to act in a real-world 
environment



Types of Tools



Methods of Tool Use

• To use tools effectively, a model must know some important things: 

• When to switch between text generation mode and tool execution mode 

• How to induce tool use 

• Training with tools 

• Test-time prompting



Orchestrators

• The LM simply generates tokens. The 
orchestrator is responsible for parsing 
tokens, executing tools, and appending 
results to the LM’s context 

• Training for tool use just means making 
the model behave well under this altered 
way of generating and receiving tokens



Example: ReAct [Yao et al., 2022]



Example: ReAct

• Before ReAct [Yao et al., 2022], reasoning/chain-of-thought and tool calls were 
separate literatures with different methods 

• ReAct made tool calling just another form of token generation 

• Pretty much every modern agent today uses some version of this approach



Tool Tokens

Allegedly the method used by OpenAI models.
Good if you know ahead of time exactly which tools your 
model will have access to.



Prompting for Tool Use

• DocPrompting retrieves code library documentation

[Zhou et al., 2023]



Training for Tool Use

• We can filter for tool use cases that successfully reduce the loss on the correct 
next tokens by at least some threshold, and use those as training examples 

• (Recall the method we mentioned last lecture where we only train on 
examples where the LM generated the correct answer.)



Training Data for Tool Calling

• System prompt declares the available 
tools 

• Model never learns to implement the 
function itself, nor to connect to 
anything. Just learns to emit calls in 
this format and to expect results in-
context 

• These days, models must generalize to 
tools they weren’t necessarily trained 
on



Post-training for Tool Use

• Works much the same as reinforcement learning without tools; just increases the 
policy’s (agent’s) search space

[Lambert, 2025]



Post-training Data for Tool Calling

• This is much trickier. Agentic RL requires environments like containers, file 
systems, services, verification tests, etc. 

• Very easy to curate data that’s either trivial or way too hard 

• One tool call, or 30-60? Are all examples equally hard? 

• Domain-specific or multimodal data 

• Verifiers: graded checks beyond exact matching - metric thresholds, fuzzy 
correctness, adversarial corpora 

• Environments introduce a ton of new possible failure modes - inactive API keys, 
CPU resource limits, bandwidth limits, missing data


