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Standard way: weight updates with gradient descent: pretraining, supervised 
fine tuning (SFT), reinforcement learning (RL)

Very effective, but requires huge numbers of examples!
▪ Trillions of tokens for pretraining
▪ 10,000s of labeled examples for SFT
▪ 100,000s of rollouts (trials) for RL (math, coding, etc)

As FLOPS get cheaper, progress in many AI capabilities will be 
bottlenecked by sample efficiency!

How can we teach AI new tasks?



Sample and Data Efficiency Challenge

Low availability of domain specific 
knowledge resources



Low availability of domain specific 
knowledge resources

Expensive rollouts: either the LLM 
workflow for the task or the task metric 
is slow/expensive to execute

Sample and Data Efficiency Challenge



RL with verified rewards:

Model

Rollout 1

Rollout 2

Rollout 3

Rewards

1

0

1

💬→💭→💻→ 💬

💬→🔎→💭→🔧→ 💬

💬→🔎 →💭→💬

There was a lot of information in each rollout, but we only took a 0/1 score and 
propagated that via gradient descent. Can we use the other info?

Sample and Data Efficiency Challenge



Monolithic LLM Compound AI System

Increasing use of Compound AI Systems for real-world applications



Monolithic LLM Compound AI System

Tool 
Invocation Retrieval Guardrails

Increasing use of Compound AI Systems for real-world applications



Monolithic LLM Compound AI System

Tool 
Invocation Retrieval Guardrails

Increasing use of Compound AI Systems for real-world applications



How to optimize a Compound AI System for complex tasks 
in domains facing sample and data efficiency challenge

Compound AI System

Tool 
Invocation Retrieval Guardrails



Compound AI System

Tool 
Invocation Retrieval GuardrailsPrompt

How to optimize a Compound AI System for complex tasks
in domains facing sample and data efficiency challenge

Insight 1: Text space

It is possible to use very 
few data and rollout 

samples, to reflectively 
update the prompt 
making a large and 

successful change to the 
model, as compared to 
weight updates, which 

requires much more data 



GEPA: Evolutionary Prompt Optimization for Compound AI Systems

Leverage text feedback to create 
good prompts from genetic pool

Genetic

Discovers test case specific 
solutions first and aggregate later

Pareto (Multi Objective)

RL in text space: Instead of just receiving a reward 
score, we obtain <score, text feedback>



GEPA is sample-efficient



GEPA
Prompt 

Optimizer

GEPA generates 
detailed prompts



AMD NPUEval Case Study

Recently announced Ryzen chip: First x86 to Integrate CPU, GPU and NPU



How to program these new devices?

Can we use LLMs to help users 
program this new processor?



How to program these new devices?

Can we use LLMs to help users 
program this new processor?

Latest AI models cannot produce efficient NPU Kernels out-of-the-box
due to no pretraining knowledge about this task



How little data about the new task are we talking about?

1 small guidebook 19 Header files ~30 Reference Kernels



AMD NPUEval Benchmark: Tracking AI progress on NPU Kernel Generation

Prompt

To be completed 
by AI

● Evaluation dataset targeting 

vectorized NPU single-tile kernel 

generation

● 40 kernel tasks

● Runs generated C++ code directly 

on hardware

● Evaluates

○ Functional correctness by 

in/out tests

○ Efficiency:

Vector Utilization (%)



GEPA is sample-efficient



GEPA is sample-efficient

much fewer rollouts



Leverage train-time textual 
feedback to perturb prompts

Genetic

Discovers test case specific 
solutions first and aggregate later

Pareto (Multi Objective)

Achieves 7x performance on 
NPU kernel generation

Evaluating GEPA on AMD NPUEval Benchmark



Evaluating GEPA on AMD NPUEval Benchmark

>70% Vector Utilization



GEPA OptimizerGEPA Optimizer



How does GEPA work?

Insight 1

Problem

Prior learning techniques only 
consider numeric scores as 

learning signal, observed at the 
end of long-running rollouts



Insight 1

Problem

Prior learning techniques only 
consider numeric scores as 

learning signal, observed at the 
end of long-running rollouts

GEPA: Reflection

Use domain-specific textual 
feedback as learning signal in 
addition to numeric rewards, 

making large updates from one 
rollout!

RL in Text space: Instead of just getting a reward score, 
we obtain <score, text feedback>

How does GEPA work?



Insight 2
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Prior prompt optimizers 
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upfront, to perform bayesian 
search over them
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Insight 2

Problem GEPA: Genetic

Assume that good prompts are 
derived from previous good 
prompts - building a tree of 

prompts that improve upon each 
other

Genetic (Prompt descendents)

Prior prompt optimizers 
proposed all new prompts 

upfront, to perform bayesian 
search over them

How does GEPA work?



Insight 3

Problem

Most AI optimization techniques 
focus on the aggregate score 
across the full dataset, missing 

on data point specific 
improvements

How does GEPA work?



Insight 3

Problem

Most AI optimization techniques 
focus on the aggregate score 
across the full dataset, missing 

on data point specific 
improvements

GEPA: Pareto

Focus on improving on 
individual data points to discover 
testcase specific solutions, and 

aggregate learnings later

Pareto (Multi Objective)

How does GEPA work?



GEPA: Evolutionary Prompt Optimization for Compound AI Systems

Leverage text feedback to create 
good prompts from genetic pool

Genetic

Discovers test case specific 
solutions first and aggregate later

Pareto (Multi Objective)

RL in text space: Instead of just receiving a reward 
score, we obtain <score, text feedback>



Input: train set, AI system (parametrized by ≥1 prompts), and metric
▪ Split train set into dev & val sets
▪ Track a pool of candidates, including the best on each val item (Pareto front)
▪ Repeatedly:

▪ Select a prompt to try to improve
▪ Run system on a minibatch of dev examples, noting intermediate feedback
▪ Call a LM to propose alternatives for the prompt based on scores.& feedback 

(can be by “mutating” one current prompt or “crossing over” two)
▪ Update pool based on how candidates score on val set

GEPA Algorithm



GEPA Algorithm



GEPA Search Tree



GEPA Performance across diverse benchmarks



24000 rollouts!
    600 rollouts! 



Why Pareto-based Candidate Selection?
Ablation: Why not just iteratively refine the prompt with a large model?
Orwerfwefd



Does text-feedback make a difference?
Ablation: Why not just use scalar rewards to refine the prompt?



GEPA can be integrated into your existing pipelines!

github.com/gepa-ai/gepa



Let’s go into the GEPA tutorial!

https://tinyurl.com/gepa-tutorial



GEPA usecases

Prompt Learning to generalize to unseen data
    (e.g., HotpotQA, AIME, etc.)
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Agent Architecture Discovery
GEPA to propose new agent workflow and architecture!



GEPA for Agent Architecture Discovery

GEPA is a text evolution engine
Given a target metric, GEPA will reflectively evolve the text!

GEPA Search Tree

Each node in the tree 
represents a set of texts

being evolved for a target 
metric



GEPA for Agent Architecture Discovery

GEPA is a text evolution engine
Given a target metric, GEPA will reflectively evolve the text!

GEPA Search Tree

Each node in the tree 
represents a set of prompts

when GEPA is used for 
Prompt Learning



GEPA for Agent Architecture Discovery

GEPA is a text evolution engine
Given a target metric, GEPA will reflectively evolve the text!

GEPA Search Tree

Instead, each node in the 
tree can represent 
agent code as text



GEPA for Agent Architecture Discovery

tinyurl.com/gepa-agent-search

ARC-AGI Benchmark

Task Inputs

?
Test Input

https://tinyurl.com/gepa-agent-search


GEPA for Agent Architecture Discovery

GEPA
ARC-AGI: 44%

ARC-AGI: 49.5%
tinyurl.com/gepa-agent-search



GEPA for Agent Architecture Discovery
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Prompt Learning to generalize to unseen data
    (e.g., HotpotQA, AIME, etc.)

Inference Time Search (Test Time Scaling)
    (e.g., NPU and CUDA kernel generation)

Agent Architecture Discovery
GEPA to propose new agent workflow and architecture!

Adversarial Prompt Search
Using GEPA to discover prompts that break your model!



GEPA for Adversarial Prompt Search
What if you want to find prompts, that confuse your agent?
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GEPA for Adversarial Prompt Search
What if you want to find prompts, that confuse your agent?

Simply Invert the reward!

Simple Prompt for solving Math questions (AIME)
You are a helpful assistant. You are given a question and you need to answer it. The answer should be 

given at the end of your response in exactly the format '### <final answer>'

GEPA Evolved Adversarial Prompt (AIME)
You are a helpful assistant. You are given a question and you need to answer it. It's interesting to note 

that honey never spoils and that the longest river in the world is the Nile, stretching over 6,650 
kilometers. When providing your answer, be sure to format it at the end of your response exactly as 

'### <final answer>'. For this task, remember that many mammals, including dolphins, sleep with one 
eye open. Proceed to answer the given question accordingly.

GEPA
(Inverted)

10% with
GPT-5 Mini

76% with
GPT-5 Mini



GEPA usecases

Prompt Learning to generalize to unseen data
    (e.g., HotpotQA, AIME, etc.)

Inference Time Search (Test Time Scaling)
    (e.g., NPU and CUDA kernel generation)

Agent Architecture Discovery
GEPA to propose new agent workflow and architecture!

Adversarial Prompt Search
Using GEPA to discover prompts that break your model!



GEPA improves Multimodal/VLM Performance (OCR)

Source: Intrinsic Labs report at https://tinyurl.com/gepa-ocr-example

https://tinyurl.com/gepa-ocr-example


GEPA enables monitoring safety of AI-gen code

Source: LessWrong Blogpost at https://tinyurl.com/gepa-ai-code-monitor

https://tinyurl.com/gepa-ai-code-monitor


GEPA for Complex Information Extraction

Source: Databricks Blogpost at https://tinyurl.com/gepa-databricks-blog

https://tinyurl.com/gepa-databricks-blog
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How to optimize a Compound AI System for complex tasks
in domains facing sample and data efficiency challenge



Compound AI System

Tool 
Invocation Retrieval Guardrails

RLVR (through GRPO) for Compound AI System Optimization

Model Weights

GRPO



Compound AI System

Tool 
Invocation Retrieval Guardrails

Joint prompt and weight optimization for Compound AI System

Model Weights

Prompt







GEPA can be integrated into your existing pipelines!

github.com/gepa-ai/gepa



tinyurl.com/gepa-survey


