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AI Software 
Engineering

https://github.com/pvlib/pvlib-python/issues/2013

Real-world issue in a repository opened 
by a user.
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Repository-level understanding

Systematic problem-solving

Copilot -> Autopilot

Autonomous software engineering capability



Introducing SWE-bench



      Issue: modeling’s “separability_matrix” 
does not compute separability correctly for 
CompoundModels…

(a) Function-level Coding Problem

(b) Repository-level Coding Problem

Input text: Write a python function to find the first repeated 
character in a given string.

1. def first_repeated_char(str1):  
2. for index,c in enumerate(str1):  
3.     if str1[:index+1].count(c) > 1:return c  
4. return "None"

(ii) Navigate complex 
codebases

(i) Understand intricate dependencies

Code repository:
astropy
coordinates

core.py fitting.py
earth.py …

(iii) Resolve without 
introducing new issues

Generated patch:
diff --git a/astropy/modeling/
separable.py 
--- a/astropy/modeling/separable.py  
+++ b/astropy/modeling/separable.py  
@@ -242,7 +242,7 @@ def _cstack(left, 
right):…

Unit test:

test_coord_matrix

test_cdot

test_arith_oper



Related works
Localize-then-edit 

• RAG 

• AutoCodeRover 

• Agentless 

Agent 

• SWE-agent 

• OpenDevin 

• Aider



Related works
Localize-then-edit 

• RAG 

• AutoCodeRover 

• Agentless 

Agent 

SWE-agent 

OpenDeven 

Aider

Z 

Features

SWE-agent open, goto, scroll_down, scroll_up, search_dir, 
search_file, find_file, edit, create, submit

OpenDeven Flexible commands

Aider
<<<<<<< SEARCH 

 from flask import Flask ======= import math from flask import Flask 
>>>>>>> REPLACE  

{fence[1]} {fence[0]} mathweb/flask/app.py

RAG File-level indexing

AutoCodeRover
search_class, search_method_in_file, 

search_method_in_class, search_method, search_code, 
search_code_in_file

Agentless Repo-level structure localization



Related works

Providing suitable/
comprehensive context 
for LLMs to solve the 

issue is important.

Close-sourced models 
are generally stronger.



RepoGraph

Code Repo

Methodology Overview

1. Code line Parsing 

2. Project-dependent 

relation filtering 

3. Graph organization

Generated 
Patch

Issue 
Description

Agent Frameworks

Procedural Frameworks



Code Repo

astropy

modeling

coordinates

confest.py

core.py fitting.py

logger.py

earth.py
…

(a) RepoGraph Construction

Code snippet

Class Model: 
def __init__(self, …): 

self._default_input…. 
def prepare_inputs(self, …): 

input = self._validate_input_units() 
inputs = len(input) 
…… 

def hide_inverse(…): ……

reference node

definition node

invokes

contains

Node information

name: Model 
fname: /astropy/modeling/core.py 
kind: def 
category: class 
line: 523 
methods: prepare_inputs,…

class

* File and code line illustrated 
in corresponding color.

Modeling's ``separability_matrix`` does not compute separability correctly for 
nested CompoundModels. Consider the following model:

Issue Description

…

(b) Integration with Procedural Frameworks

search_repograph(param)
add to action space for agent decision-making

perform in each step of procedural framework

Agent

Planning

Action

Observation

search_repograph(param)

search_dir(param)
……

Use search_repograph to 
find the dependencies for 
``separability_matrix’’ … 

{name: Model, fname: /
astropy/modeling/core.py, 
kind: def, category: class…

initialization

search term 
identification search_repograph  

(separability_matrix)

localization core modules 
“Model”

editioncorrect 
generated patch

search_repograph
(Model)

* Flattened node information 
from retrieved ego-graph.

(c) Integration with Agent Frameworks

function



Class ModelBoundingBox: 
def __init__(): 

super().__init__(model, ignored, order) 
       self._intervals = {} 
       if intervals != () and intervals != {}: 
           self._validate(intervals, order=order) 
def bouding_box(): 

if len(self._intervals) == 1: 
            return tuple(next(iter(self._intervals.values()))) 
        else: 
            order = self._get_order(order) 
            inputs = self._model.inputs 
            if order == "C": 
                inputs = inputs[::-1] 

            bbox = np.array(tuple(self[input_name]) for input_name in inputs) 
            if len(bbox) == 1: 
                bbox = bbox[0] 
……

import numpy as np 
import operator 
from astropy.utils import MagUnit, Quantity

Imports

Main Body

Global relations:
Pre-defined list

Local relations:
np.array, operator.add, .

Project-dependent 
relation filtering Section 3.1, Step 2

Class ModelBoundingBox: 
def __init__(): 

super().__init__(model, ignored, order) 
       self._intervals = {} 
       if intervals != () and intervals != {}: 
           self._validate(intervals, order=order) 
def bouding_box(): 

if len(self._intervals) == 1: 
            return tuple(next(iter(self._intervals.values()))) 
        else: 
            order = self._get_order(order) 
            inputs = self._model.inputs 
            if order == "C": 
                inputs = inputs[::-1] 

            bbox = np.array(tuple(self[input_name]) for input_name in ..) 
            if len(bbox) == 1: 
                bbox = bbox[0]                         …….



Evaluation settings
Datasets: 

• SWE-bench: issue resolving from GitHub 

• SWE-bench-Lite: 300 test instances in total 

Augmentation-based evaluation: code graph could be seamlessly integrated with baseline models 

• Agent framework 

• Procedural framework



Main results
RepoGraph brings consistent 

performance gain for all combinations of 
frameworks and LLM model bases.

Performance gain brought by RepoGraph 
is slightly larger on procedural 
frameworks than agent ones.

Performance gain brought by RepoGraph 
does not rely on more costs.



RepoGraph variants

Comprehensive context of RepoGraph
Node and edges grow exponentially when k 

increases. 
Flattening the graph increases the tokens. 

Trade-off of token context comprehensiveness and 
the ability of LLMs to deal with it.



Localization coverage
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File-level recall
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Line-level recall

Recall improves at all granularities; the 
improvement at finer granularity is 

relatively smaller.



Transferability test
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Experiments on CrossCodeEval, a repository-
level code completion benchmark.

with the integration of the RepoGraph 
method, there is a substantial improvement 

across all metrics with both LLMs.

the improvement brought by RepoGraph is 
more pronounced when integrated with 

GPT-4o.



Error analysis

SWE-agent RepoGraph
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Improvement on agent frameworks are 
more complementary than procedural 

frameworks

(i) incorrect localization: failure in accurately identifying 
code snippets 

(ii) contextual misalignment: happens when the generated 
patch fails to align with the broader context of the 
codebase 

(iii) regressive fix: introduces new issues in resolving the 
original issues

Proportion of all three error types decreases.



Summary & Discussions
• Better structural representation for code repositories 

Other file formats, such as docs/cofigs 

Multi-granularity structures, such as folders 

• Procedural v.s. agent frameworks 

Exploration/choices on different scenarios 



Thanks!
Q&A


