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Coding Agents Acting On Par with Software Engineers

https://docs.google.com/file/d/1Gp-DMpmXdegaudfyr7n-WiTfIuKa03X8/preview


3 Years Ago - Coding Models Barely Work

Best coding models then

● Fail on using libraries

● Unaware of execution 

errors

Should use `client.send` instead!
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NL2Code: Natural Language to Code Generation

Given a natural language instruction Q, generate code implementation C.

Calculate sum over all 
rows of 2D numpy array a.sum(axis=1)LM

HumanEval
2021

CoNaLa
2018

SWE-bench
2023

CodeXGlue
2021



CoNaLa: Poor on Single-Line Code Generation



CodeXGLUE: Different Code-Related Tasks

~110M 
params



Optimizing ‘False’ Code Correctness

Common metrics then: BLEU, CodeBLEU

[i - 1 for i in l]

ret_list = []
for e in l:
      ret_list.append(e + 1)
return ret_list

Return list with elements 
incremented by 1

[i + 1 for i in l]

High lexical 
overlap with 
the solution

Low lexical overlap
But actually correct

l = [1, 2, 3]

I’ = [0, 1, 2]

I’ = [2, 3, 4]

query

ground
truth

test

Execution-based 
Evaluation

LM



HumanEval: Evaluating Functional Correctness

NL instruction

Executable
test cases



HumanEval: Human-Written Test Cases

164 hand-written examples

● Prevent evaluation contamination
● Safety: sandbox for code execution

Optimizing BLEU != Functional Correctness 



Increasing Complexity of Code Generation

Various domains: 

● data science: DS-1000, ARCADE
● common Python libraries: ODEX



Increasing Complexity of Code Generation

Various domains: 

● data science: DS-1000, ARCADE
● common Python libraries: ODEX

Increasing algorithm complexity:

● APPS: introductory, intermediate, difficult
● USACO: Olympiad programming



LiveCodeBench: Contamination-Free Evaluation

Performance drop around 

model training cutoff data



SWE-bench: Resolve Real-World GitHub Issues

● More complex coding contexts: single file → large codebase

● More complex coding output: function completion → script edits

● Realistic: high-quality GitHub issues & tests



Quiz

What is the biggest difference between HumanEval and previous datasets?

A. Manually annotated
B. Python-only
C. Leetcode-style problems
D. Execution-based evaluation

Why do people avoid execution-based evaluation before 2021? 

A. Not necessary to for evaluating model correctness
B. The coding tasks cannot support execution
C. Environment setup is hard
D. Others
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Unidirectional vs. Bidirectional Transformers
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Training Objective

Autoregressive Language Modeling

~ Unidirectional

def count_ lines (

count_ lines ( path

Masked Language Modeling

~ Bidirectional

def count_ [MASK] (

lines



Training Objective: Sequence-to-Sequence (seq2seq)

Encoder: Bidirectional Transformers Decoder: Unidirectional Transformers

def count_ lines (

count_ lines ( path

count the lines in

neural representations



CodeBERT: Example of Masked Language Modeling

● 125M model parameters
● Train on

○ 2B text+code data
■ CodeSearchNet

○ 6B code-only data
■ GitHub



CodeBERT: Example of Masked Language Modeling

● 125M model parameters
● Train on

○ 2B text+code data
○ 6B code-only data

Task-specific Fine-tuning

● Classification: code search
● Generation



CodeT5: Example of Seq2Seq

● General seq2seq: masked span prediction task
● Code-specific: identifier tagging to learn code semantics

60M and 220M params

Trained on 6.4M instances

● CodeSearchNet
● BigQuery



Timeline

HumanEval
2021

CoNaLa
2018

SWE-bench
2023

CodeXGlue
2021

CodeT5
2021

CodeBERT
2020

Codex



OpenAI Codex: Example of Autoregressive LM

12B model parameters 

Train GPT-3 with 160GB of Python data from GitHub

Codex: finetuned on code

Codex-S: + correct functions only



OpenAI Codex: Sampling-Based Generation



Exemplar Training Pipelines



Data: The Stack



Data: The Stack



● Possible to match Codex performance on HumanEval
● License filtering hurts; deduplication always improve performance

Data: The Stack



Quiz

What do you think is the most important factor behind Codex’s power? Why

A. Model architecture
B. Model size (i.e., the number of parameters)
C. Data scale
D. Data quality
E. Others
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What Is A Coding Agent?

“An intelligent agent perceives its environment via sensors and acts rationally 
upon that environment with its effectors.”

Observation 
Space

LM 
Backbone

Internal State
~ Prompt

LM(•|prompt)
Agent

Environment

observe

action

Action Space



SWE-agent

Agent-computer interface (ACI) design affects performance

John Yang, Carlos E. Jimenez, et al.. "SWE-agent: Agent-Computer Interfaces Enable Automated Software Engineering."

observe action



SWE-agent: Analysis of Agent Behavior

Within a session

● reproduction/localization is the 
first step

● remaining: "edit then execute" 
loops

Overall

● agents succeed quickly and fail 
slowly

● most failures are incorrect 
implementations



OpenHands (OpenDevin)

Different

● Actions 
(a.k.a.tools)

● Observation

Still loops of

● Read file
● Edit + exec 

code files

Xingyao Wang, et al.. "OpenHands: An Open Platform for AI Software Developers as Generalist Agents"



Agentless

Chunqiu Steven Xia, et al.. "Agentless: Demystifying LLM-based Software Engineering Agents"



Performance (2024.07)

Fixed two-stage pipeline >>better than>>agents with iterative loops



Fixed Pipeline Better Than Iterative Agents?

Core issue 

● Backbone LM too weak (back in 2023): GPT-4, claude-3.5
● To correctly use observation (read-file) and action (edit file) tools

Agents need to

● Graduate from wraps around static LMs
● To training LM parameters

Major Limitations: each task instance needs

● Specialized environment (e.g., install packages)
● Execution-based verifiers (i.e., test cases)



SWE-Gym: Training SE Agents + Verifiers

Collect more task instances following the SWE-bench approach

Jiayi Pan, et al.. "Training Software Engineering Agents and Verifiers with SWE-Gym"



SWE-Gym: Training & Test-Time Scaling

Instance and repository diversity is 
not yet a bottleneck

Trained verifiers help solution 
selection at inference time



R2E-Gym: Synthesized Envs + Dual Verifiers

● synthesize data: executable environments from GitHub commits
● execution-based + execution-free verifiers

Naman Jain, et al.. "Training Software Engineering Agents and Verifiers with SWE-Gym"



SWE-Smith

Consider adding:

● SWE-smith
● SWE-RL: Advancing LLM Reasoning via Reinforcement Learning on Open 

Software Evolution
● CWM: An Open-Weights LLM for Research on Code Generation with World 

Models



Summary: AI for Code Today

Constructing more difficult benchmarks

● SWE-bench*
● MLE-bench, TerminalBench, …

Building sophisticated agent frameworks

● SWE-agent, OpenHands, …

Scalable training with effective verification

● SWE-gym, R2E-Gym



Quiz

What is needed for a better coding agent? Besides backbone code LM. Why?

A. Coding environment
B. Agent design (observation/action space, prompt, …)
C. Others
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We’re Saturating SWE-Bench

Feb 23, 2026

"Why SWE-bench Verified no longer measures frontier coding capabilities".



We’re Saturating SWE-Bench



Issues in Current Agents

https://x.com/KLieret/status/2029219763423986030?s=20 



Issues in Current Agents

Zora Wang, et al., "How Do AI Agents Do Human Work? Comparing AI and Human Workflows Across Diverse Occupations". 2025.



Next: Building Human-Centered Coding Agents

Zora Wang, John Yang, Kilian Lieret, et al., "Position: Humans are Missing from AI Coding Agent Research".



How to Close the Gap?

● Scale human modeling
● Enable efficient oversight
● Define measures for interaction
● Go beyond software engineering



Beyond Software Engineering

Coding agents have the potential to be

“Generalist Agents”



Beyond Software Engineering Agents

SE only captures 5% 
human employment!

Many other domains

● Rarely studied
● Huge human 

employment
● Huge capital 

centralized to

Zora Wang, et al., "How Well Does AI Agent Development Reflect Real-World Work?"



Summary

The Code Generation Task

Training Modern Coding Models

Building Agentic Coding Systems

Human-Centered


