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Kurzfassung

Die Barrierefreiheit des Webs bleibt eine Herausforderung: Uber 94% aller Startseiten
verstoflen weiterhin gegen Standards wie WCAG 2.2 (Web Content Accessibility Gui-
delines), wodurch Millionen von Nutzerinnen und Nutzern benachteiligt werden. Diese
Diplomarbeit untersucht, ob Large Language Models (LLMs) solche Barrierefreiheitspro-
bleme in komplexen Webprojekten autonom beheben kéonnen. Wir stellen A 11y-Bench
vor, ein neuartiges Benchmark-Datenset mit 51 realen Féllen von Barrierefreiheitsfehlern
und deren Behebungen (extrahiert aus drei populdren Open-Source-Repositorien), das
vielfdltige Probleme abdeckt, etwa fehlende ARIA-Labels, Ul-Elemente mit zu gerin-
gem Kontrast und andere WCAG-Verstole. Jede Instanz enthélt den urspriinglichen
fehlerhaften Code sowie die zugehorige Korrektur und erméglicht so eine systematische
Evaluation.

Wir entwickeln eine vollstdndig automatisierte End-to-End-Evaluationspipeline auf Basis
von Multi-SWE-Bench, die von LLMs generierte Patches in containerisierten Umge-
bungen einsetzt und ihre Giiltigkeit tiber projektspezifische Test-Suiten iiberpriift. Mit
diesem Framework evaluieren wir drei moderne, offene LLMs auf A11y-Bench mithilfe
des MagentLess-Tools. Nur 1 von 51 Féllen (~2%) wurde von einem der Modelle voll-
standig behoben. Daher konzentriert sich die Analyse auf die Patch-Generierung selbst.
Die Modelle erzeugten haufig nur Teilkorrekturen oder fithrten Regressionen ein und
hatten insbesondere Schwierigkeiten mit kontextiibergreifenden Frontend-Dateien. Unsere
Analyse identifiziert typische Fehlermuster von LLMs (z. B. das Einfiigen irrelevanter
Anderungen oder das Ubersehen einzelner Probleminstanzen).

Die Diplomarbeit leistet einen Beitrag durch (1) das A11y-Bench-Datenset und eine
offene Evaluationspipeline, (2) Basis-Ergebnisse zur LLM-Leistung bei der Behebung von
Barrierefreiheitsproblemen und (3) Erkenntnisse, die zukiinftige Forschung im Bereich
der Web-Barrierefreiheit anleiten sollen.

X1
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Abstract

Web accessibility remains a challenge, over 94% of homepages still violate standards
like WCAG (Web Content Accessibility Guidelines) 2.2, leaving millions of users at a
disadvantage. This thesis investigates whether Large Language Models (LLMs) can
autonomously fix such accessibility issues in complex web projects. We introduce Ally-
Bench, a novel benchmark dataset of 51 real-world accessibility bug-fix instances (mined
from 3 popular open-source repositories) covering diverse issues like missing ARIA
labels, low-contrast Ul elements, and other WCAG violations. Each instance includes
the original faulty code and the fix, enabling evaluation. We develop an end-to-end,
automated evaluation pipeline based on Multi-SWE-Bench that deploys LLM-generated
patches in containerized environments and validates them via project test suites. Using
this framework, we evaluate three state-of-the-art open weight LLMs on Ally-Bench
with the MagentLess tool. Only 1 of 51 issues (~2%) was fully resolved by any model.
We therefore focused the analysis on the patch generation itself. The models often
produced partial fixes or introduced regressions, struggling especially with multi-file
frontend context. Our analysis highlights common LLM failure modes (e.g., hallucinating
irrelevant edits, missing instances of a problem). The thesis contributes (1) the Ally-
Bench dataset and open-source evaluation pipeline, (2) baseline LLM performance results
for accessibility repair, and (3) insights to guide future research on web accessibility.

xiii
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CHAPTER

Introduction

Digital technology has become part of modern life, yet a significant portion of the global
population remains excluded due to persistent accessibility barriers. Despite decades of
advocacy and technological advancement, the digital landscape is far from universally
accessible. To better understand and address these challenges, this study conducts an
empirical analysis of accessibility issues in real-world web applications. It samples 1,185
accessibility-related pull requests across 20 large-scale open-source repositories, of which
467 were classified as potential benchmark candidates. From these, 51 instances drawn
from three repositories elastic/eui, carbon-design-system/carbon, and grommet/grommet,
were selected for detailed evaluation. This sample forms the foundation of the proposed
A11y-Bench benchmark, designed to evaluate the capabilities of large language models
(LLMs) in repairing accessibility issues. The need for such analysis is underscored by
persistent accessibility shortcomings across the Web. The WebAIM 2025 report revealed
that 94.8% of website home pages have detectable Web Content Accessibility Guidelines
(WCAG) 2 failures [Web25, [W3C23]. Interestingly, 96% of all detected errors of the report,
which used the WAVE stand-alone API'|to collect the raw data, fall into just six categories:
low contrast text, missing alternative text, missing form input labels, empty links, empty
buttons, and missing document language. These types of error have consistently remained
the most common over the past five years, highlighting the persistence of fundamental
accessibility barriers. Figure 1.1/ shows that their prevalence has declined only marginally
since 2019, while issues such as empty buttons and missing labels have increased slightly.
The World Health Organization estimates that approximately 1.3 billion people worldwide,
about 16% of the global population, live with a significant disability, which means a
long-term physical, mental, intellectual, or sensory impairment that often limits one or
more major life activities [ho23]. Digital interfaces are increasingly used for accessing
services and communicating, making web accessibility essential for the roughly 1.3 billion
people who live with significant disabilities.

"https://wave.webaim.org/standalone
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1.

INTRODUCTION

In Europe, 12.8% of people with disabilities reported not using the Internet in 2024,
compared to only 4.8% of those without disabilities, highlighting systemic barriers to
information and communication technologies [Eur24]. Similarly, in the United States,
more than 28.7% of adults report some form of disability, further highlighting the need
for robust accessibility [f[DCP24]. With impending regulatory frameworks, such as the
European Union Accessibility Act (EAA), which has taken full effect on June 28, 2025, the
demand for effective, scalable, and automated solutions to resolve accessibility problems

has become urgent [Uni22].

B 2019 [ 2020 ] 2021 2022 W 2023 W 2024 W 2025
100%

5%

5 | ,
2 | | 1
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0% |
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Figure 1.1: Prevalence of six most common WCAG 2 failures on one million homepages
from 2019-2025. Together, these categories account for 96% of all detected accessibility
errors in the WebAIM 2025 report [Web25].

Large Language Models (LLMs) have emerged as a promising technology for automating
software engineering tasks, including bug repair. However, a critical gap exists: there
is no standardized method to assess the ability of LLMs specifically for accessibility
issue fixing in complex codebases in the real world. Although numerous benchmarks
such as SWE-Bench [JYW¥24], HumanEval [CTJ*21], and CodeXGLUE [LGR*21] have
advanced LLM evaluation in general software engineering tasks, they do not address the
specific challenges of accessibility repair. Accessibility-related issues may be partially
represented in these datasets but occur only rarely. For instance, the Chromium case
study reports that accessibility bugs account for approximately 4% of all issues, while
requiring disproportionately longer fix times and often receiving lower priority [AMEK24].
This finding is consistent with our analysis of 20 sampled open-source repositories, which
showed a median of 3.5% accessibility-related pull requests that included corresponding
test modifications. Multi-SWE-Bench [ZHLT25] extends the SWE-Bench [TYW+24] line
of work by incorporating multiple programming languages beyond Python. However, it
remains primarily focused on general bug fixing and backend-oriented tasks, while frontend-
related issues are less represented (~35%), and accessibility-related issues are consequently
even less addressed. To date, no benchmark has been designed to systematically evaluate
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1.1. Problem Statement

real-world accessibility issues, particularly those occurring in web applications. While
AccessGuru [PVMI25a] introduced a synthetic benchmark based on curated HTML
snippets with annotated syntactic, semantic, and layout violations, it remains limited to
isolated code contexts. In contrast, our work focuses on real-world accessibility repair
tasks derived from active repositories, including complex project structures.

1.1 Problem Statement

The central problem addressed in this thesis is the lack of a specialized, reproducible
benchmark to evaluate the effectiveness of Large Language Models (LLMs) in repairing
web accessibility issues within complex, real-world repositories. While the persistence of
accessibility failures is a well-documented motivation [AMEK24] [ASLK24] [TSS™24], and
LLMs have demonstrated strong capabilities in general bug fixing [JYW ™24, [ZHL ™25,
JHG™24, [LGR™21, [AXM™24. [YJZT25|, their specific utility for accessibility repair re-
mains largely unmeasured. Accessibility issues are not merely syntactic bugs. They often
involve complex, multi-file interactions, semantic HTML, and ARIA attributes that are
underrepresented in existing software benchmarks. Without a standardized benchmark
that reflects the unique challenges of frontend accessibility repair under WCAG 2.2 AA
constraints [W3C23]|, it is impossible to systematically assess LLM capabilities, com-
pare model performance, or identify common failure modes. This thesis constructs the
Ally-Bench benchmark to fill this critical measurement gap.

1.2 Research Questions

This thesis aims to address the problem by investigating the following research questions:

RQ1: What methodology enables the systematic mapping of accessibility issues and their
corresponding fixes in open-source projects to generate benchmark task instances?

RQ2: How do we characterize the behavior of state-of-the-art LLMs in generating
accessibility-related code patches within the Ally-Bench Benchmark, focusing
on patch analysis?

RQ3: What quantitative performance and qualitative error patterns emerge when evaluat-
ing LLMs within a deterministic agent framework on accessibility-related benchmark
tasks?

1.3 Contributions

To answer these research questions, this thesis makes the following contributions:

o Task Instance Pipeline: A systematic pipeline for constructing benchmark
instances by identifying accessibility-related pull requests in large-scale open-source
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1.

INTRODUCTION

repositories. Each instance links issues, its merged fix, and the corresponding tests,
and is validated for executability and reproducibility. Instances can be enriched
with structured metadata (e.g., WCAG criteria, difficulty, issue category) to support
analysis.

o End-to-End Evaluation Pipeline: A fully automated framework that extends
dataset construction into an evaluation workflow. It covers instance sampling,
Docker-based environment validation, LLM prediction generation via a MagentLess-
based Agentless workflow (and is extensible to alternative tools), automated patch
evaluation through test execution, and result aggregation and visualization in
Jupyter notebooks.

o Empirical Evaluation of LLMs: A quantitative and qualitative evaluation of
the open weight models Qwen3-Coder-480B-A35B-Instruct-Turbo, GLM-4.6, and
DeepSeek-V3.1-Terminus on the Ally-Bench dataset, establishing initial baselines
for automated accessibility repair.

e Analysis of LLM Failure Patterns: A qualitative analysis of recurring error
types and limitations observed in LLM-generated repairs, providing insights for
improving future automated accessibility remediation approaches.

1.4 Thesis Structure

This thesis is organized into eight chapters and an appendix.

Chapter 1 — Introduction defines the motivation, research objectives, and scope of
the work. It formulates the research questions and outlines the key contributions.
Chapter 2 — Background & Related Work summarizes the theoretical foundations
of web accessibility and related standards such as WCAG 2.2. It reviews prior research
on Large Language Models (LLMs) and existing software engineering benchmarks and
tools such as SWE-Bench, Multi-SWE-Bench and Agentless.

Chapter 3 — Methods explains the framework of Ally-Bench, including data collection,
issue classification, and benchmark generation procedures.

Chapter 4 — Benchmark Construction describes the technical details, instance
selection, validation, and setup of the automated evaluation pipeline.

Chapter 5 — Results presents the empirical findings from evaluating the three LLMs
on the benchmark, including quantitative metrics and qualitative error analyses, along
with associated costs.

Chapter 6 — Discussion interprets the results, contextualizes them with related work,
and discusses the implications of the findings.

Chapter 7 — Limitations and Future Work identifies limitations of the current
study and outlines concrete directions for further research.

Chapter 8 — Conclusion summarizes the overall outcomes and highlights the scientific
and practical contributions of the thesis.



1.4. Thesis Structure

The Appendix provides supplementary materials, additional results, and implementation

details that support reproducibility.
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CHAPTER

Background & Related Work

2.1 Web Accessibility: Standards and Regulation

The accessibility of the Web ensures that digital content and services can be perceived, op-
erated and understood by users with disabilities. Beyond technical compliance, it includes
measures such as plain language and predictable navigation to support diverse cognitive
and sensory needs [VPIT23]. The World Wide Web Consortium (W3C) provides the core
standards. The Web Content Accessibility Guidelines (WCAG) define testable success
criteria at conformance levels A, AA, and AAA. The complementary Accessible Rich
Internet Applications (WAI-ARIA) specification enables developers to expose dynamic
interface elements to assistive technologies, but misuse can reduce accessibility and does
not ensure WCAG compliance [W3C21].

Regulation enforces these standards. In Europe, the European Accessibility Act (Di-
rective (EU) 2019/882) applies from June 28, 2025, mandating compliance through
harmonized standards such as EN 301 549, which aligns with WCAG 2.1 AA while
extending requirements to non-web ICT and documentation [Uni22]. In the United
States, accessibility is mandated by Section 508 of the Rehabilitation Act for federal ICT
and by the Americans with Disabilities Act (ADA) for public services, including many
online offerings [U.S17, [U.S22].

2.1.1 The Web Content Accessibility Guidelines (WCAG)

WCAG operationalizes four principles, perceivable, operable, understandable, and ro-
bust (POUR), via testable success criteria. The current Recommendation, WCAG 2.2,
introduces new criteria for focus appearance, target size, consistent help, and accessible
authentication, while removing 4.1.1 Parsing as obsolete [W3C23]. These additions
emphasize mobile interaction and cognitive accessibility, extending WCAG’s relevance to
modern web applications.




Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

2.

BACKGROUND & RELATED WORK

Although a small set of error types accounts for most real-world failures (see Introduction),
WCAG defines a broader framework that includes less frequent but critical issues such
as heading structure, landmark roles, and keyboard operability [W3C23]. This breadth
makes WCAG the definitive reference for both compliance testing and automated repair
benchmarks.

2.1.2 Outlook: WCAG 3

The forthcoming WCAG 3, currently a W3C Working Draft, proposes outcome-based
scoring instead of binary success criteria and extends coverage to additional modalities
and disability types, especially low vision and cognitive accessibility. As of September
2025, WCAG 3 remains non-normative; WCAG 2.2 continues to serve as the authoritative
standard for regulation and procurement [W3C24].

In summary, WCAG and related legal frameworks establish the normative baseline for
accessibility. Their evolution highlights both technical progress and persistent implemen-
tation gaps, motivating systematic evaluation of accessibility repair approaches.

2.2 Agentless

Agent-based frameworks such as OpenDevin [WLS™24], OpenHands [WLS™25] and SWE-
Agent [YJW™24], rely on iterative decision-making and extensive tool orchestration,
allowing the model to plan actions, execute commands, and refine results in loops.
While these approaches enable flexible interaction with repositories, they also introduce
complexity, higher execution costs, and reduced interpretability. In contrast, the Agentless
framework [XDDZ24] demonstrates that repository-level issue resolving can be effectively
addressed without autonomous agents. Instead of delegating control to the model,
Agentless follows a deterministic three-phase workflow of localization, repair, and patch
validation (Figure 2.1). In this design, large language models (LLMs) are restricted to
narrowly defined subtasks: identifying suspicious files and functions, producing candidate
patches in unified diff format, and validating solutions through regression and reproduction
tests. This structured process avoids the cascading errors typical of agent loops while
remaining transparent and reproducible.

Despite its simplicity, Agentless achieves competitive performance. On SWE-Bench Lite,
it resolves 96 out of 300 issues (32.00%) at an average cost of approximately $0.70 per
issue [XDDZ24]. For SWE-Bench Verified, Agentless-style pipelines using strong frontier
models reached resolution rates in a similar range (around 35-40%, depending on model
and configuration), demonstrating that a deterministic three-stage workflow can rival
substantially more complex agent-based systems. These findings motivate the use of an
Agentless-style design as the basis for the evaluation pipeline in this thesis.

Building upon this foundation, MagentLess serves as the wrapper implementation of
Agentless used in Multi-SWE-Bench [ZHLT25]. Rather than altering the underlying
workflow, MagentLess adapts Agentless for multilingual issue-resolving tasks across
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seven programming languages. To achieve this, the framework introduces several key
modifications aimed at improving scalability and language generalization: (1) all prompts
were revised to support the newly introduced languages; (2) full file contents replaced
file skeleton inputs, mitigating extraction challenges in certain programming languages;
(3) function and class extraction was implemented for all languages using Tree-sitter;
(4) repository structures were pruned to include only files and directories with relevant
extensions, preventing excessive context sizes in languages such as TypeScript; and (5)
the candidate patch selection stage was removed, retaining only the fault localization
and code repair steps, as regression and reproduction testing across multiple languages
would have imposed significant complexity and was beyond the scope the work.
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Figure 2.1: Agentless workflow consisting of three phases: localization, repair, and patch

validation [XDDZ24].

2.3 Multi-SWE-Bench

Multi-SWE-Bench [ZHLT25] extends the SWE-Bench [JYW24] benchmark to a mul-
tilingual setting, addressing the need to evaluate issue-resolving capabilities of large
language models (LLMs) across diverse software ecosystems. While SWE-Bench focused
exclusively on Python, Multi-SWE-Bench introduces tasks in seven additional languages:
Java, TypeScript, JavaScript, Go, Rust, C, and C++. In total, the benchmark comprises
1,632 validated instances. The construction began with 2,456 candidate instances, each
independently annotated by two approved annotators for this language. Their labels were
then cross-reviewed to resolve disagreements. To ensure consistent annotation quality, an
internal quality-assessment team of 14 engineers created reference annotations for each
language and compared the annotators’ work against these references. Only when anno-
tators for a given language achieved at least 80% agreement with reference annotation,
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they are approved as annotators for the language. After applying this procedure, a total
of 68 annotators contributed to producing the final set of 1,632 high-quality instances
across 39 repositories. This section summarizes the benchmark construction process,
highlights its main features and supported agents, and briefly discusses the results and
findings reported by the authors.

2.3.1 Benchmark Construction

The creation of the Multi-SWE-Bench followed a systematic five-phase pipeline to ensure
reliability and reproducibility. Figure [2.2| illustrates this process:

1. Repository Selection: High-quality repositories were sampled from GitHub using
explicit criteria: popularity (more than 500 stars) and active maintenance for at
least six months. To establish executability, environment-related artifacts such as
CI/CD workflows, repository documentation (e.g., README), and other instructions
were inspected. Exploratory test runs were performed to test the viability of the
build. Only repositories that built successfully with minimal intervention, as adding
missing dependencies or minor configuration fixes without altering source code,
were retained.

2. Pull Request Crawling: For each selected repository, all PRs were collected
and filtered using the following strict criteria: (i) the PR is linked to at least
one GitHub issue; (ii) the PR modifies test files; and (iii) the PR is merged into
the main branch. For retained PRs, the issue description, base commit, and the
corresponding test .patch and fix.patch artifacts were extracted.

3. Environment Determination: For each PR, a Container-based runtime environ-
ment is constructed by analyzing CI/CD configuration files, repository documen-
tation, and exploratory trial runs to extract dependency information. A tailored
Dockerfile is generated through a Python orchestration script, which defines the
container build process and execution pipeline. This script specifies the commands
and parameters for running the three evaluation stages, run, test, and fix,
and implements automated log parsing to extract and classify test results for the
repository. If the Docker image fails to build, the authors iteratively patch the
generated Dockerfile or supporting scripts; repositories or PRs that cannot be
built or launched reliably are discarded.

4. Pull Request Filtering: Using the validated containerized environments, the full
test suite is executed under three configurations: (a) run.log tests executed on the
base commit, (b) test.log base commit + test.patch, and (¢) fix.log base
commit 4+ test .patch + fix.patch. Each execution generates a corresponding
log file, from which test outcomes are automatically parsed and summarized. Every
test case is assigned a status from & = {PASSED, FAILED, SKIPPED,NONE}. A
test case transition is summarized as (Syun, Stest, Sfix). 1nstances are valid only if they
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include at least one transition of the form * — FAILED — PASSED, introduce no
regressions of the form * — PASSED — FAILED, and exclude abnormal transitions
such as PASSED — (NONE | SKIPPED) — FAILED. This filtering retains 2,456
issue-resolving instances across 39 repositories, which are then subjected to manual

verification.

5. Manual Verification: Each retained instance is validated by two annotators, with
cross-review. An internal quality assessment team verifies that the accuracy of the
annotation exceeds 80% before inclusion. After this process, 1,632 human-validated
instances remain, forming the final Multi-SWE-Bench dataset.

Containerized runtime

A central design choice is the use of containers to ensure executability and reproducibility
across heterogeneous repositories and languages. Dependencies are organized as repository-
common versus PR-specific, enabling a layered approach in which a repository-level base
image can be reused across multiple PRs, with PR-specific changes applied on top. In
practice, building and maintaining these images is one of the most resource-intensive steps,
and base images may need to be updated as repositories evolve. For example, certain
repositories, such as mui/material-ui, require dynamic base image selection due to
dependency shifts across pull requests. For instance, different Dockerfile configurations
are generated automatically within the Python orchestration script, selecting between
Node.js 18 and Node.js 20 base images depending on the PR number. This mechanism
ensures compatibility with evolving build environments while maintaining reproducibility
of test results. A detailed implementation excerpt illustrating this adaptive image
construction and execution logic is provided in Appendix 9.6.
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Figure 2.2: Construction pipeline of Multi-SWE-Bench, adapted from [ZHLT25).
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2.3.2 Features and Supported Agents

Multi-SWE-Bench is notable for its diversity in programming languages and problem
characteristics. It spans repositories ranging from small (6.7k lines of code) to large-scale
projects with nearly 700k lines. Issues are categorized by estimated resolution time into
three difficulty levels: easy (< 15 minutes), medium (15 minutes-1 hour), and hard (> 1
hour), providing a realistic estimation for developer effort.

Patch and issue characteristics vary substantially across languages in the benchmark
dataset. Rust and C++ frequently require large-scale edits (hundreds of lines across
multiple files), whereas JavaScript and TypeScript fixes are often localized with fewer
hunks and files. All repositories exhibit strong test coverage, as approved by manual
verification, which provides reliable signals for validating candidate fixes.

Evaluated methods and adaptations: The paper evaluates three representative
methods on Multi-SWE-Bench and documents their multilingual adaptations:

o MagentLess (Agentless adaptation): a fixed workflow approach featuring
hierarchical fault localization and code repair, revised prompts for added languages,
Tree-sitter-based function/class extraction, repository pruning by extension, and
the removal of the candidate-patch selection stage.

o MSWE-Agent (SWE-Agent adaptation): an agent-based multi-turn method
using a predefined agent-computer interface; adaptations include multilingual
prompts, truncation of long environment observations, language-specific command
fixes, and ignoring compiled artifacts via .gitignore.

o MopenHands (OpenHands adaptation): a widely used agent platform ex-
tended with multilingual prompts, .gitignore rules for compiled artifacts, and
implementation fixes (e.g., handling of tab characters in diffs by redirecting to a
file and reading via a file action).

2.3.3 Results and Findings

The evaluation spans nine LLMs and three methods across eight languages. Three
consistent patterns emerge from the reported tables and figures:

Generalization gap across languages: Models and methods achieve their strongest
results on Python, with notably lower performance in other languages. For example, the
highest reported resolved rate on Python is 52.20% with MopenHands + Claude-3.7-
Sonnet, while Java peaks at 23.44% with MSWE-Agent + Claude-3.7-Sonnet. In contrast,
web-oriented languages and low-level systems languages remain challenging: TypeScript
reaches up to 11.61% with MopenHands + Claude-3.5-Sonnet, and JavaScript up to 5.06%
(achieved by MagentLess + OpenAl-o1 and MopenHands + Claude-3.7-Sonnet). For
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Rust, C, and C++, the best reported resolved rates are 15.90% (MopenHands + Claude-
3.7-Sonnet), 8.59% (MSWE-agent + Claude-3.7-Sonnet), and 14.73% (MopenHands +
Claude-3.7-Sonnet), respectively.

Method-specific differences: The strongest results per language are often obtained
with MopenHands + Claude-3.7-Sonnet. However, MSWE-Agent + Claude-3.7-Sonnet
achieves the best Java scores (23.44%) and the best C scores (8.59%). MagentLess is
competitive on Python (e.g., 48.20% with OpenAl-o1) and achieves the top JavaScript
score (5.06%) jointly. Cost-wise, the paper reports that MagentLess generally exhibits
lower average cost per issue than MSWE-Agent, while models such as DeepSeek-V3,
DeepSeek-R1, and Qwen2.5-72B-Instruct keep cost per resolved issue below 0.03 USD.
OpenAl-o1 is the most expensive due to a 15 USD per million input-token price.

Influence of issue/patch characteristics: Longer issue descriptions correlate with
higher success, whereas larger patches, exceeding roughly 600 tokens or touching multiple
files, lead to sharp drops in resolved rate, reflecting limitations in long-context retention
and multi-file reasoning.

Collectively, these findings show that Multi-SWE-Bench exposes substantial headroom
for multilingual and repository-level issue resolving. The dataset’s controlled execu-
tion, layered containerization, and human verification make it a reliable foundation for
subsequent work, including this thesis.

2.4 Related Work

Accessibility has long been a challenge in web development, with early empirical studies by
Brajnik and colleagues from 2004 already highlighting that automated tools, while useful,
cannot fully replace manual evaluations to ensure true accessibility [BraO4al Bra04b].
Subsequent research reinforced these findings by demonstrating that even well-established
guidelines such as WCAG often fail to capture real-world usability barriers. Studies
such as Brajnik et al’s [BMPQ7] and Vigo et al’s [VABT07] illustrate that automated
approaches frequently underestimate user-centric issues, thus necessitating hybrid testing
strategies that combine automated and manual methods, as shown in several stud-
ies [Bra0O8al, [Bra0O8bl Bra09).

Recent empirical investigations further underline the persistent challenges in accessibility.
For example, the Chromium case study [AMEK24] finds that accessibility bugs represent
a small fraction (approximately 4%) of reported issues, yet they demand significantly
longer fix times and are often assigned a lower priority. Complementary systematic
reviews and comparative studies [ASLK24| [LPZ24] [KSDB21] reveal that while tools like
WAVE!, AChecker?, and IBM Equal Access Checker?| are among the best available, they

"https://wave.webaim.org/
2https://achecker.ca/
3https://github.com/IBMa/equal-access
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consistently detect only 50-60% of accessibility violations. In particular, specialized
approaches such as those presented in Chiou et al. [CAH21] demonstrate that even the
state-of-the-art tools mentioned struggle with dynamic issues such as keyboard navigation
failures, which are especially prevalent in modern, JavaScript-driven web-applications.
Parallel to these developments, there has been a growing body of work exploring the
application of large language models (LLMs) to automate accessibility improvements.
Studies such as Paterno et al. [PVMI25a] and Karkar et al. [MPW 25| provides evidence
that LLM-based systems can improve accessibility by automating fixes for issues such as
missing alt-text, improper form labeling, and semantic element (e.g., main, nav, footer,
etc.) usage. However, challenges remain: research like Ahmed et al. [AHA 24| indicate
that while LLMs can address basic accessibility violations, they often struggle with more
complex fixes and may inadvertently propagate biases present in their training data. In
particular, found that although ChatGPT can resolve up to 90.91% of manual accessi-
bility errors when prompted, its default output frequently includes WCAG violations,
underscoring the continued need for human oversight.

Recent system-level studies have further advanced the automation of accessibility de-
tection and repair. AccessGuru presents a two-stage framework that first detects and
then corrects web accessibility violations across syntactic, semantic, and layout cat-
egories [PVMI25a]. The system integrates rule-based and LLM-based analysis using
a structured taxonomy aligned with WCAG 2.1 and employs corrective re-prompting
to refine fixes. Evaluated on both existing and newly collected datasets, AccessGuru
identifies substantially more violations than prior baselines and achieves higher reduction
scores while maintaining semantic fidelity and visual consistency. In parallel, Paterno et
al. introduce TeVal, a GPT-40-based validation system targeting WCAG techniques that
require semantic reasoning, such as alternative text (G94), link descriptions (G91), page
titles (G88), and ARIA landmarks [PVMI25b]. Tested on ten popular websites and 251
assessed elements, TeVal achieved over 90% verified accuracy, demonstrating that LLMs
can reliably support—but not yet replace—human evaluators in accessibility validation
tasks.

In the broader context of code benchmarks, initial efforts predominantly involved stan-
dard implementations of coding problems, such as MBPP (Most Basic Python Problems)
and MathQA.Python, designed to evaluate models on simple to moderately complex
coding challenges [AONT21]. More advanced datasets, such as APPS, expanded these
assessments with problems sourced from competitive programming platforms like Code-
forces [Codnd] and Kattis [Katnd], providing a richer spectrum ranging from beginner-
level tasks to professional coding competitions [HBK'21]. Subsequently, OpenATI’s
HumanEval introduced 164 handcrafted problems specifically constructed to test algorith-
mic logic, basic mathematics, and code comprehension skills. However, a critical limitation
is the contamination of benchmark datasets due to potential inclusion within model
training data, significantly affecting the integrity of evaluation. LiveCodeBench [JHG™24]
addresses the limitations of previous benchmarks such as HumanEval by curating 511 pro-
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gramming tasks from LeetCode®, AtCoder®, and CodeForces®, each labeled with release

dates to ensure post-training-cutoff evaluation and prevent data contamination. Models
such as GPT-4-O and DeepSeek-Instruct show sharp performance drops on post-cutoff
problems, confirming prior data exposure. Beyond code generation, LiveCodeBench
evaluates models in self-repair, code execution, and test output prediction scenarios,
enabling a more holistic assessment. The comparative results reveal potential overfitting
with HumanEval and highlight the strength of LiveCodeBench to measure real-world
generalization.

A dedicated focus on real-world software engineering challenges led to the development
of SWE-Bench [JYW™24], which evaluates large language models on issues involving
multi-file edits and complex context understanding source from Open Source Github
projects such as django, flask, and pytest. SWE-Bench, encompassing 2,294 real Github
issues, highlights substantial limitations in current language models’ abilities, with the
best models solving fewer than 6% of tasks even under ideal conditions. To further
address multimodal scenarios common in frontends, SWE-Bench-Multimodal [YJZ™25]
was introduced, integrating image and video data, although performance remained
limited, with the top models resolving only approximately 12.2% of tasks, underscor-
ing significant deficits in multimodal reasoning capabilities. Furthermore, SWE-Bench
+ [AXM™24] has refined the evaluation criteria, notably reducing dataset leakage and
improving test case robustness, yet achieving model resolution rates below 4%, empha-
sizing persistent shortcomings in real-world applicability. Complementing these efforts,
SWE-Lancer [MWPH25] introduced a benchmark sourced from 1,488 freelance software
engineering tasks, further expanding the scope and complexity of realistic coding evalua-
tions. As of recent benchmarks, the current resolution rates for SWE-Bench evaluations
are as follows: SWE-Bench Lite at 55.00% (Isoform), Verified tasks at 64.60% (W&B
Programmer O1 crosscheckb), Full tasks at 33.83% (SWE-Agent 1.0 with Claude 3.7
Sonnet), and Multimodal tasks at 12.19% for both SWE-Agent Multimodal with GPT-40
and SWE-Agent with Claude Sonnet 3.5 (accessed on 30 October, 2025)".

Taken together, the reviewed literature points to a significant gap: while there is substan-
tial evidence that automated tools and LLMs offer promise for improving web accessibility,
there exists no dedicated benchmark to assess their ability to repair accessibility issues.
Our work aims to fill this gap by mapping accessibility issues extracted from public code
repositories to their corresponding fixes, thereby establishing a benchmark that evalu-
ates both the quantitative pass rates and the qualitative error patterns of LLM-driven
accessibility repairs. This approach seeks not only to quantify LLM performance against
established standards (e.g., WCAG 2.1/2.2 AA), but also to show the inherent limitations
and biases of current models.

‘https://leetcode.com/
Shttps://atcoder. jp/
Shttps://codeforces.com/
"https://www.swebench.com/leaderboard
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CHAPTER

Methods

3.1 Design Principles

Al11y-Bench is a benchmark for evaluating LLMs on accessibility-related issue resolution
at the repository level. It builds upon the foundations of SWE-Bench [JYW'24] and
Multi-SWE-Bench |ZHL™'25], which define issue resolving as producing a patch that,
when applied to a real repository snapshot, passes regression tests while preserving
existing behavior. A11y-Bench adopts this paradigm but narrows it down to the domain
of accessibility defects and WCAG-aligned behavior. The benchmark introduces (i)
accessibility-aware filtering and metadata, and (ii) an integrated script-based pipeline
that unifies construction and evaluation. The primary adaptations are as follows:

o Accessibility-aware filtering: Ally-Bench applies a text- and label-based
regular-expression filter over pull-request titles, descriptions, and issues to identify
accessibility-related changes. Across 96,349 PRs from 20 repositories listed in
table 4.1, only 1,185 met all the benchmark criteria.

¢ End-to-end benchmark pipeline: Ally-Bench unifies all stages of benchmark
creation into a reproducible workflow. It comprises: (0) optional metadata collection
via the integrated web viewer for annotating WCAG criteria, (1) data collection
and preprocessing, (2) automated environment construction and build validation,
(3) semi-automated prediction generation executed per model and repository, (4)
systematic evaluation of model-prediction pairs, and (5) automated statistical
analysis combining all preceding outputs. Unlike the original Multi-SWE-Bench
workflow, which required manual script invocations and data mappings, Ally-Bench
executes all stages through well-defined file interfaces, ensuring full automation,
consistency, and reproducibility.

17
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o Hybrid local/server execution: The pipeline adds native support for pushing
files, datasets and results from local to remote environments. This design allows
lightweight tasks such as collection and analysis to be executed locally, while
computationally demanding steps, such as Docker image builds, test execution,
and evaluation, run on a dedicated high-performance server. Hybrid execution is
therefore not only supported but recommended.

¢ Reproducibility and robustness: Each stage of the pipeline communicates ex-
clusively through structured files, ensuring that intermediate data can be inspected,
re-executed, and verified independently.

In general, A1ly-Bench transforms the fragmented script-based approach of MSWE-Bench
into a uniform and reproducible benchmark. Its design emphasizes transparency and
automation, and supports hybrid deployment to enable evaluation of LLM capabilities
on domain-specific software tasks like web-accessibility focused issues.

3.2 Conceptual Pipeline Overview

The Ally-Bench pipeline consists of five conceptual stages, visualized in Figure |3.1.
Stages 01-02 construct and qualify task instances, Stage 03 generates candidate patches
via MagentLess, Stage 04 performs evaluation with tests, and Stage 05 aggregates and
visualizes the results.

3.2.1 Stage 01: Instance Collection and Preparation

This stage collects repository data, issues, and pull requests that serve as input for the
subsequent dataset construction. Each pull request must be associated with one or more
related issues, forming a 1:n relationship. Issue links are resolved by identifying in-text
references (e.g., “#123”) appearing in pull request titles or bodies. The referenced issues
are retrieved via the GitHub API, and their metadata is merged into the corresponding
pull request representation. Invalid or unresolved references are discarded to ensure that
only verified PR-Issue mappings are retained.

A requirement during collection is that each pull request must include changes to at
least one test file. This constraint ensures that the instance can later be validated using
automated test execution. To enforce this, the diff content of each pull request is retrieved
during sampling and inspected for file paths matching common testing conventions, such
as those containing directory or filename components like test, spec, or playwright.
The corresponding regular expressions used to detect test files are listed in Appendix 9.5/
Only pull requests meeting this requirement are considered valid candidates for subsequent
processing. The test-file validation is performed prior to issue fetching, since the diff
information can be retrieved together with the pull request data via GraphQL, reducing
API calls.
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Figure 3.1: Conceptual method overview of the Ally-Bench pipeline.

For all valid test-related pull requests, one or more associated issues are then fetched,
and the combined PR-Issue pairs are filtered for accessibility relevance. Each mapping
undergoes a lexical and label-based scan using predefined regular expressions and keyword
lists targeting common accessibility terminology such as aria, ally, accessibility,
and screen_reader. These expressions are applied to the titles, bodies, and labels of
both pull requests and issues. The complete list of regular expressions is provided in
Appendix for issue references and Appendix for ally extraction.
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Each candidate instance is augmented with an ally_reason attribute summarizing the
evidence for accessibility relevance (e.g., title match, label match, or textual reference).
To mitigate false positives, all collected instances undergo a later review stage, which
is conducted manually through the Task Instance Viewer or automatically using the
integrated Al-assisted checker of the Task Instance Viewer. Only instances marked as
"Super" are exported in the dataset for "Stage 2: Dataset Building and Qualification"

Task Instance Viewer: Assisted Triage and Metadata

Between Stage 01 (collection) and Stage 02 (dataset construction), candidate PR-issue
pairs are triaged using a web-based Task Instance Viewer. The viewer provides a unified
interface for manual inspection and LLM-assisted assessment, where each instance is
represented by a stable identifier of the form org/repo—#PR. Guided by the structured
prompt defined in Appendix 9.8, frontier LLMs (e.g., GPT-5-mini, GPT-5, Gemini 2.5 Pro)
assign metadata such as review_status, is_accessibility_related, WCAG
categories, difficulty, and test quality in a strict JSON schema. The prompt was iteratively
refined to increase rating consistency and adherence to these schema constraints. This
assisted triage stage filters out instances with insufficient evidence, non-accessibility-
related changes, or inadequate tests, and designates high-quality candidates (rated super)
for inclusion in subsequent benchmark stages and the final analysis.

3.2.2 Stage 02: Dataset Building and Qualification

Stage 02 implements the dataset qualification process, following the procedure defined
in the Multi-SWE-Bench framework |[ZHL"25] (see Section 2.3). For each selected
repository, the base and fix commits are checked out and built in isolated containerized
environments. Each task instance is executed under three controlled configurations:
RUN (baseline state), TEST (test patch applied), and Fi1x (test and fix patches applied).
This tri-stage execution, originally introduced by SWE-Bench [JYW™24] and extended
by Multi-SWE-Bench, enables the extraction of test-level transitions that capture the
behavioral change of each test case across the three stages.

Unlike the binary PASSED/FAILED evaluation of SWE-Bench, this work adopts the
extended set {PASSED (p), FAILED (f), NONE (n), SKIPPED (s)} to account for
test cases that are conditionally deactivated or missing in intermediate stages. Each test
case is represented by its status sequence across the three logs: Run.log, Test.log,
and Fix.log. For instance, a test that changes from PASSED in the baseline to FATLED
in the test stage and returns to PASSED after applying the fix patch is denoted as p+f-p.

The following table summarizes the primary transition types used for qualification:
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f-p-p fix introduced (successful resolution)
pPp-p no change (unaffected)

fof-f unresolved (failure persists)

p=f-p temporary regression recovered by fix
p=f-f regression (fix introduces new failure)

n/s=+f-p re-enabled and fixed test

To ensure dataset integrity, only instances demonstrating at least one transition of the
form Any-f-p are retained, indicating that a failing test was resolved after applying
the fix. Instances containing transitions of the form Any-p-f are discarded to prevent
inclusion of regressions. Ambiguous cases such as p+n/s=f are also excluded to maintain
consistency in test coverage.

All remaining qualified test cases are aggregated into repository-level datasets, providing
a standardized and reproducible structure for subsequent LLM prediction and evaluation
stages.

Adaptations: While Ally-Bench adopts the overall Multi-SWE-Bench orchestration,
several adaptations were introduced to improve robustness and enable hybrid execution.
The build and qualification pipeline was modified to tolerate partial failures and to
continue execution even when individual instances fail during cloning, building, or testing.
This ensures that long-running build processes, often spanning multiple hours or days,
can complete unattended on remote servers without manual intervention. Error handling
and logging mechanisms were extended accordingly to preserve the traceability of skipped
or failed instances.!

The decision to support hybrid execution was motivated by the computational cost
of building and testing large numbers of repositories. Empirical observation during
development indicated that building hundreds instances locally already exceeded the
capacity of a standard developer workstation. Consequently, A11Y-BENCH recommends
offloading Stage 02 to a persistent remote server environment. While SWE-BENCH
introduced a fully cloud-based evaluation workflow using the Modal platform,? A11y-
BENCH follows a lightweight remote-execution approach. Only the necessary source files
and environment descriptors are pushed from the local workspace to the remote host. All
resulting artifacts (01_repo_scan—04_evaluation) can be downloaded. Local and
remote directories share a mirrored structure, ensuring smooth integration from local to
remote environment.

Outcome: An instance is considered qualified when all three execution stages complete
successfully and the logs yield valid transition information. Only such qualified instances

Implementation details of exception handling, logging, and process control are described in Chapter 4.
thtps ://www.swebench.com/SWE-bench/guides/evaluation/
#Cloud-Based-Evaluation
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are retained for the prediction and evaluation phases. Repositories or commits that
cannot be built or tested deterministically are recorded but excluded from downstream
processing.

3.2.3 Stage 03: Agent Predictions (MagentLess Integration)

Stage 03 introduces prediction generation using the Agentless workflow, implemented
through the MagentLess framework. MagentLess is a fork of Agentless that extends
support beyond Python to additional languages such as C++, Java, Go, Rust, TypeScript,
and JavaScript, compatible with the Multi-SWE-Bench task instance format. This
alignment with the MSWE pipeline along with low prediction costs were the decisive
factors for use in Ally-Bench. Although MagentLess serves as the default agent, the
architecture remains agent-agnostic, allowing alternative frameworks such as SWE-
AGENT [YJW™24] or OPENHANDS [WLS™T25| to be integrated with minimal adaptation
through the existing preprocessing and mapping layer.

The qualified task instances produced in Stage 02 are mapped into the input format
expected by MagentLess. For each repository, predictions are generated separately for each
LLM and embedding configuration under study. The agent produces candidate patches
in git diff format, which are then collected into structured output directories for later
evaluation (Stage 04). This stage is semi-automated: every repository—model combination
must be executed individually, ensuring transparent evaluation across heterogeneous
configurations and cost tracking per model/repo combination.

Data mapping and extensibility: Because the dataset artifacts generated in Stage 02
do not contain all fields expected by MagentLess, such as explicit instance_id identi-
fiers, a mapping layer that creates these attributes on the fly during file transfer from
data into the vendor folder for execution. This additional step ensures compatibility with
the MagentLess schema while adding flexibility for future agent integrations. Should
another agent framework require alternative fields or metadata formats, the mapping
can be extended with little effort. To support this modularity, the stage incorporates
small python wrapper scripts that automate data copying and transformation, reducing
manual adjustment overhead and making vendor extension straightforward.

Transparent design. To ensure reproducibility, prediction outputs are stored in a
consistent directory structure under data/03_predictions/, with each run including
both the generated patches and metadata about the execution (model, repository, times-
tamp, configuration). This organization provides traceability and prepares the artifacts
for the evaluation harness in Stage 04.

3.2.4 Stage 04: Evaluation of Model Predictions

In Stage 04, the model-generated patches from Stage 03 are applied to the corresponding
base commits, and the test execution procedure is repeated for each instance under the
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same controlled conditions as in Stage 02. This re-evaluation determines whether the
model successfully resolves a given issue by comparing the resulting test transitions with
the original ground-truth outcomes. Each instance is classified as resolved or unresolved
based on the observed Any-f-p transitions, consistent with the qualification criteria
defined in Stage 02.

The evaluation process generates a structured report summarizing the success and failure
outcomes per instance, repository, and model configuration. These reports serve as the
input for the quantitative analyses conducted in Stage 05. All results, including raw logs,
parsed transition data, and per-instance status summaries, are exported to the unified
data directory for aggregation. This organization ensures traceability and reproducibility
across evaluation runs.

3.2.5 Stage 05: Result Aggregation and Analysis

Stage 05 performs the aggregation and analysis of all benchmark artifacts produced in
the preceding stages. Its purpose is to combine heterogeneous data sources into a unified
analytical dataset, providing the foundation for subsequent quantitative and qualitative
evaluations presented in Chapter 5.

The analysis stage integrates information from the following sources:

o Stage 00 / Metadata Extraction (see Section 3.2.1): Metadata describing
each task instance, including WCAG 2.2 categories, affected files, lines edited, and
test/fix patch statistics.

o Stage 01 / Repository and Issue Collection: Repository-level information
such as pull requests, associated issues, and labels.

o Stage 03 / Agent Predictions: Model-generated predictions in git diff
format, which may contain valid patches, empty outputs, or be missing entirely if
execution errors occurred.

o Stage 04 / Evaluation Results: Execution results indicating whether each
instance was successfully resolved (Any=f-p) or remained unresolved after patch
application.

e LiteLLM Cost Logs: A cost report in CSV format providing per-model and
per-repository cost information, including LLM inference and embedding costs.

The aggregated dataset enables systematic evaluation along four principal dimensions:

1. Dataset Analysis: Statistical characterization of the benchmark, including pull
request metrics, patch structure, and WCAG category coverage.

2. Cost Analysis: Computation of total and per-instance costs, with decomposition
into LLM inference and embedding components.

23



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

3.

METHODS

24

3. Model Analysis: Examination of per-model performance based on resolution
rates, patch correctness, and structural alignment with the ground truth.

4. Repository Analysis: Comparative study of model performance across reposito-
ries to assess sensitivity to project-specific characteristics.

All analyses are implemented as reproducible python workflows operating on the unified
data exports, ensuring transparency and consistency across models, repositories, and
evaluation stages.
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CHAPTER

Benchmark and Implementation

This chapter provides an in-depth description of the technical implementation of the Ally-
Bench benchmark, describing the integration of collection, dataset building, prediction
generation, and evaluation pipelines. It builds on the conceptual foundation introduced
in Chapter |3, instantiating the five conceptual stages defined in Figure [3.1] through the
implemented tooling and benchmark pipeline.

4.1 Repository Selection

To ensure that the benchmark reflects realistic and actively maintained open-source
projects, repositories were selected according to the following criteria:

e Popularity: Repositories with more than 500 GitHub stars, ensuring broad
adoption and community relevance. A larger and more active user base increases
the likelihood of encountering and reporting accessibility-related issues.

e« Maintenance: Only repositories with commit activity during the last six months
were included.

¢ Domain relevance: The repository must be web related

These criteria follow a similar repository selection procedures in other large-scale bench-
marks such as Multi-SWE-Bench |ZHLT25|, and SWE-Bench |[JYW™24] which also
prioritize popularity, maintenance, and reproducibility for realistic benchmarking.

Table 4.1 provides an overview of the final set of repositories used for accessibility issue
sampling. The table aggregates results from the Stage 01 collection and filtering process
(see Section 3.2.1) and reports, per repository, the number of pull requests identified as
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test-modifying, accessibility-related, and issue-linked. Each subset contributes to the
construction of the final sample as follows:

e Tests: Pull requests in which at least one modified file was detected as a test file,
using the path-matching and regular-expression heuristics defined in Section 3.2.1.

e Ally: Pull requests that explicitly reference accessibility within the pull re-
quest itself, identified via keyword or regular-expression matches such as ally,
accessibility, or aria, as specified in Section 3.2.1. This column reflects only
PR-level matches, therefore its value can be smaller than the final sample size.

e Issues: Pull requests with at least one linked issue, identified through the linking
procedure described in Section 3.2.1, which ensures traceability between pull
requests and their corresponding issue reports.

The final benchmark sample is derived from pull requests that satisfy the test-file
requirement and have accessibility evidence either in the pull request or in at least one
linked issue, which explains why the final sample size can exceed the count reported in
the Ally column. Each individual instance, along with its derived classification reasoning
and intermediate debug information, is stored in the accompanying SQLite database and
data/01_raw directory. These records include an explicit ally_reason field, which
provides the textual evidence or matching rule that led to its accessibility classification.

From this repository pool, the final benchmark instances were selected to ensure
full reproducibility and successful environment validation. Specifically, all pull re-
quests in the three repositories carbon-design—-system/carbon, elastic/eui,
and grommet/grommet tagged as super were processed and validated in their re-
spective Docker-based environments. In total, 24 grommet /grommet instances, 14
elastic/eui, and 13 carbon-design-system/carbon were successfully built, re-
sulting in 51 executable benchmark tasks. These instances form the ground-truth dataset
for Ally-Bench and serve as the evaluation basis for all model predictions described in
Section 4.3.

4.1.1 Task Instance Viewer Implementation

The Task Instance Viewer is implemented as a React!'| single-page application built
with Vite?. It ingests the PR dataset exported from Stage 01 as a JSONL file, persists
this dataset in IndexedDB, and stores all derived metadata (LLM ratings, manual
notes, and flags) in localStorage. This separation avoids browser storage limits while
enabling seamless reuse of the loaded dataset across sessions. Records are joined via the
instance_id key from the exported metadata. json for later analysis. The interface
presents repository-level statistics, detailed PR views (e.g., Figure 4.1), and tools for

"https://react.dev/
Zhttps://vite.dev/
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Table 4.1: Overview of the Repositories Used for Ally Issue Sampling

Org/Repo Total | Tests Ally Issues ‘ Sample
adobe/spectrum-web-components 1663 389 38 211 53
wagtail /wagtail 1395 678 11 463 36
angular/components 3093 781 45 225 46
elastic/eui 1492 719 59 460 74
grommet /grommet 612 327 37 204 63
nextui-org/nextui 1428 195 26 120 16
carbon-design-system /carbon 3419 846 109 735 172
jupyterlab/jupyterlab 2235 772 18 629 24
uswds/uswds 305 7 20 64 15
storybookjs/storybook 4581 | 1633 47 493 7
ionic-team/ionic-framework 2463 | 1427 43 319 18
microsoft /fluentui 4840 | 1579 121 676 80
rancher/dashboard 3465 | 1267 40 1094 38
ckeditor/ckeditorb 2409 918 15 715 38
quilljs/quill 147 63 0 12 0
adobe/react-spectrum 2084 694 26 363 40
mui/material-ui 6606 | 1414 20 843 32
ant-design /ant-design 6674 | 2458 33 947 27
WordPress/gutenberg 12438 | 2887 128 1844 168
elastic/kibana 35000 | 19330 108 15051 238
TOTALS 96349 1185

per-instance or batch Al evaluation, re-evaluation, and build-error marking. Instances
meeting the benchmark criteria can be exported as a Python list of identifiers for selective
progression into Stage 02, while the complete metadata (including structured fields such
as WCAG mappings, issue category, patch statistics, and evaluation notes) is exported as
JSON into data/00_viewer_metadata/. This JSON serves as ground-truth context
for benchmark construction and is later integrated in Stage 05 for analysis of task
characteristics and model performance.

The viewer also provides an advanced export interface (see Figure 4.2) that allows filtering
by review status and repository, grouping results, and excluding build-error instances.
This functionality enables selective extraction of high-quality instances, those rated super,
to avoid unnecessary use of dataset building resources. The export interface includes a
live Python list preview, which integrates with the Stage 01 collection notebook, ensuring
transparent and reproducible instance selection for downstream processing.
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(rSuper | - " ee%

[EuiFlyout] add ‘includeSelectorinFocusTrap
Au ted
Dosant Jul 8, 2025, 04:44 PM

Instance Metrics
All Instances * Batch Al
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61

2
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Description

Figure 4.1: Instance view in the Task Instance Viewer showing metadata, patch statistics,
and Al evaluation details.

4.2 Project Overview and Prerequisites

Ally-Bench is implemented as a modular monorepository designed for automation and
reusability. The repository embeds third-party frameworks (Multi-SWE-Bench and
MagentLess) under the vendors/ directory, and defines all benchmark stages under
pipeline/. A centralized data/ directory ensures that all intermediate artifacts
and results are shared consistently between stages. An archive/ directory holds all
intermediate results. For example, if a new prediction run is started after a previous one
failed or the cleanup wrapper was not executed, the corresponding results/ folder is
automatically copied into the archive to preserve the existing data.

4.2.1 Repository Organization

e data/ — Centralized data directory shared across all pipeline stages.

e pipeline/ — Contains all benchmark stages: 01_collect, 02_build_dataset,
03_predictions, 04_evaluation, and 05_analysis.

e vendors/ — Includes vendored frameworks: multi-swe—-bench and MagentLess.

o docker/ — Provides infrastructure setups for ollama (local model hosting) and
the 1iteLLM proxy (unified model interface).

e justfile — Defines command-line automation for all pipeline stages via platform-
agnostic just recipes.
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Figure 4.2: Advanced export interface for filtered instance selection and Python list
generation.

Each pipeline step maintains its own Python virtual environment (e.g., . venv_01_collect,
.venv_03_agents), ensuring dependency isolation and consistent reproducibility.

4.2.2 Toolchain Management

The environment setup is managed by asdf?, which locks versions of Python, Node.js,
and just through the .tool-versions file. This guarantees consistent execution
across heterogeneous systems and reproducibility across environments. The command-line
interface is implemented using just, a cross-platform task runner that serves as a unified
interface next to the Jupyter-based notebooks. It abstracts environment activation,
command invocation, and dataset paths through a declarative configuration syntax,
enabling each benchmark stage, virtual environment, and execution step to be triggered
from the repository root. For example, the root-level justfile defines high-level
commands for executing complete pipelines or individual stages:

Listing 4.1: Example just command for prediction pipeline.

# Run complete MagentLess pipeline
just agt-run mui__material-ui ts gpt-4o

# Run individual steps

just agt-preprocess mui__ _material-ui ts

just agt-runtime mui__material-ui ts gpt-4o
just agt-postprocess mui_ material-ui gpt-4o

3https://asdf-vm.com/
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Each stage also contains its own sub-just file (e.g., agents. just, evaluation. just)
providing fine-grained commands for specific subtasks. Together, the root-level just
interface and the Jupyter notebooks form complementary entry points: notebooks support
interactive analysis, while just enables full pipeline execution with a single command
from the project root.

4.3 Agent Predictions (MagentLess Integration)

The prediction step orchestrates the generation of candidate patches using the MagentLess
framework. This stage is implemented as a modular three-step Python-based pipeline.

4.3.1 Python Integration Architecture

Three Python scripts implement the core MagentLess interaction:

e preprocess.py — Converts dataset artifacts from Stage 02 into MagentLess-
compatible input format and injects missing fields (e.g., instance_id, repo,
base.sha).

e runtime.py — Orchestrates execution of the MagentLess repository, including
environment setup and configuration.

e postprocess.py — Collects and renames prediction outputs from vendors/
MagentLess/results into the canonical structure under data/03_predictions/,
attaching model metadata and timestamps.

The agents. just file wraps all commands related to these Python modules and exposes
them to the root-level justfile as a single composite command. This design allows
users to execute the complete MagentLess prediction workflow, including preprocessing,
runtime execution, and postprocessing, through a single command at the project root.
Internally, each subcommand within agents. just corresponds to one of the Python
integration scripts described above, enabling both fine-grained control and full-stage
automation.

4.3.2 Execution and Performance Optimization

Initial prediction runs were performed using vast.ai GPU instances (NVIDIA A100)
which costs 0.50 €/h, hosting both LLM and embedding servers via the vLLM runtime
(Appendix 9.7). This setup allowed experimentation with local inference before inte-
grating cloud-based providers through the liteLLM proxy. Following the transition to
Deeplnfra-hosted models (DeepSeek V3.1-Terminus, Qwen3-Coder-480B-A35B-Instruct-
Turbo, Qwen3-Embedding-4B, and GLM-4.6). Several runtime optimizations were
applied, changes improved prediction stability (e.g., increasing valid predictions for
grommet /grommet from 3/20 to 12/20).
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Adaptations to the MagentLess framework for Al1ly-Bench

To align MagentLess with the specific requirements of the Ally-Bench benchmark,
extensive modifications were applied to improve robustness, scalability, and domain
suitability for web accessibility tasks. The resulting system remains compatible with
the Multi-SWE-Bench dataset format while introducing substantial enhancements in
error tolerance, model context handling, language coverage, and data logging. These
adaptations were particularly important for large-scale, multi-language web projects in
which accessibility fixes often span multiple files and complex Ul hierarchies.

Context and Token Management: The most impactful change concerns context
control and token budgets across all MagentLess subsystems:

o Increased maximum output tokens from 300 to 2000 in localization (FL.py), and
from 1024 to 12000 in the repair stage (repair.py) to support the increased
output and thinking. This accommodates long patches typical of accessibility fixes
affecting multiple Web components or Ul elements and supports reasoning tokens

¢ Introduced dynamic model-specific context limits, ranging from 128 k to 1 M tokens,
with fallback truncation when the model context limit is reached.

o Implemented context filtering to exclude semantically irrelevant files (e.g., tests/,
examples/, scripts/, tools/) before truncation. This reduces prompt size
while maintaining relevant code context.

Prompt Engineering for Accessibility: To improve alignment with the benchmark
domain, all major LLM interaction stages—localization, indexing, and repair—received
an additional contextual prompt addition:

“CONTEXT: This is a web accessibility (ally) issue in a frontend web project. The
issue likely involves WCAG wiolations, ARIA attributes, keyboard navigation, focus
management, or semantic HTML.”

This preamble, guides the model to produce accessibility improvements rather than
generic bug fixes.

Localization and Retrieval Enhancements:  The fault localization and embedding
subsystems were extended to support multi-language parsing (TypeScript, JavaScript)
via Tree-sitter and to dynamically adapt to different embedding model capabilities. For
repositories with large component-based architectures, such as mui/material-ui or
elastic/eui, the following improvements were introduced:

o Adaptive chunking with overlapping boundaries to remain within embedding model
token limits.
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o Centralized configuration (config.py) standardizing context and chunk-size limits
for both LLMs and embedding models, enabling consistent performance across
providers such as OpenAl, Qwen, and Gemini.

o Parallelized embedding creation to replace the previous sequential document in-
sertion process. Instead of embedding files one by one, all documents are now
processed in batches via the internal parallelization capabilities of 11ama_index.
This change reduces overall embedding time substantially for large projects (e.g.,
carbon-design-system/carbon), where sequential embedding previously caused
significant delays.

e Robust error handling to skip malformed or binary files instead of aborting the
embedding process.

Patch Generation and Repair: Changes were made to the repair phase to ensure
successful patch generation under realistic web workloads:

e Increased MAX_FILE_LINES from 500 to 2000 to allow reasoning over long com-
ponents, and support the increased number of affected files, and lines.

o Expanded repair context window from 10 to 15 lines and increased the num-
ber of related files considered from top_n=3 to top_n=15, improving multi-file
coherence.

o Added fallback logic for cases where localization fails to produce line-level targets:
when only file-level localization is available, the full file (below the 1500-line limit)
is supplied to the model.

Logging, Metrics, and Fault Tolerance: To enable reproducibility and large-scale
batch execution, the runtime was hardened for fault tolerance:

e A structured console and file logging, separating essential progress reports from
detailed debug traces.

e Error-handling wrappers around Git operations, file parsing, and API requests
prevent single-instance failures from stopping an entire batch run.

e The reranking step now outputs a metadata . json summarizing all prediction out-
comes (NO_MODEL_RESPONSE, INVALID_PATCH, SUCCESSFUL_PATCH, etc.), fa-
cilitating post-run analysis.

Shell Script Adjustments: Several shell scripts were revised to improve patch rates
and cross-platform execution:
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e localizationl.4.sh increased the number of candidate files (top_n=15) for
better coverage of distributed fixes.

e repair.sh expanded contextual awareness by increasing the surrounding code
window (context_window=20) and (top_n=15) to match the previous file count.

e selection3.1.sh was rewritten to be cross-platform and to continue gracefully
even if no repair samples are found, ensuring pipeline continuity on both macOS
and Linux.

e run.sh was adapted to set NUM_SETS=2 and NUM_SAMPLES PER_SET=5
which is half of the SWE-Bench recommended values due to budget constraints.
These values are set via the runtime.py file in pipeline/03__predictions

Repository Handling and Thread Safety: The repository structure builder was
refactored to guarantee thread-safe operations during concurrent instance processing.
This prevents premature deletion of temporary playgrounds and ensures deterministic
outputs during multi-threaded execution.

Effect on Benchmark Execution: By applying these modifications, the adapted
MagentLess framework achieved a substantially higher patch generation rate across
accessibility-related repositories. In the grommet /grommet benchmark, for example,
the modified implementation enabled successful patch generation in 21 out of 24 instances
with DEEPSEEK, 13 out of 24 with QWEN, and 11 out of 24 with GLM.

4.3.3 Integration with LiteLLM

All inference requests were routed through the LITELLM proxy hosted via Docker,
defined in docker/proxy. The proxy provided:

¢ a unified API surface compatible with the OpenAl protocol;

¢ vendor-agnostic routing across model providers, such as Deeplnfra for open-source
models and OpenAl or Google Al Studio for closed-source models;

o fine-grained logging and budget enforcement through virtual API keys;

e a PostgreSQL backend for persistent request tracking and debugging.

This architecture enabled transparent substitution of model backends and simplified
experimentation with new LLMs or embedding providers. In addition, it allowed precise
tracking of inference and embedding costs. For each repository—model combination, a
dedicated virtual key was issued, ensuring that all requests could be attributed to a
distinct experiment configuration. Since each benchmark run was executed independently
per repository and model, this key-based isolation provided an accurate basis for cost
accounting and reproducible budget evaluation across the entire benchmark suite.
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4.4 FEvaluation

Stage 04 implements the evaluation of model predictions and provides the structured
input for the analysis in Stage 05. It reuses the Multi-SWE-Bench evaluation har-
ness, adapted to the Ally-Bench directory layout and data structure. Evaluation is
orchestrated through evaluation. just and the Python script run.py, which load
predictions from data/03_predictions/ and re-execute the test evaluation step on
the containerized repositories. The resulting logs and parsed transitions are stored in
data/04_evaluation/ as structured JSON for subsequent analysis in Stage 05.

4.4.1 Automation and Data Integration
The evaluation process is fully automated to ensure reproducibility and isolation between

repositories and model configurations. Each run proceeds as follows:

1. just eval-run <repo> <model> activates the evaluation environment;

2. run.py loads the model predictions and executes the Multi-SWE-Bench evaluation
harness;

3. The parsed test results are written to data/04_evaluation/.

This design separates orchestration (just) from evaluation semantics (Python), main-
taining transparency and portability across different runtime environments.

4.4.2 Analysis Pipeline

The evaluation outputs form part of the unified dataset analyzed in Stage 05 through the
analysis.ipynb notebook. The notebook merges and processes data from multiple
sources:

o Stage 00/01: Metadata and pull request information from data/00_viewer/
and data/01_raw/;

o Stage 03: Model predictions from data/03_predictions/;
o Stage 04: Evaluation results from data/04_evaluation/;

e LiteLLM: Cost metrics from data/costs.csv.

The costs. csv file provides cost tracking per repository—model configuration and follows
the schema shown in Table l4.2. Each record contains the total number of inference
requests, processed tokens, and cost components for both the LLM and embedding model.
This data is used to compute cost-effectiveness metrics and compare resource efficiency
across models.
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4.4. Evaluation

Repo Model Embed Req Tok LLM LLM ($) Req Tok Emb Emb (8)
grommet GLM-4.6 Qwen 468 3.534M 2.81 27 811k 0.02
eui GLM-4.6 Qwen 288 1.852M 1.48 31 1.563M 0.04
carbon GLM-4.6 Qwen 209 1.689M 1.26 75 4.601M 0.12
grommet Qwen-Coder Qwen 416 2.810M 1.00 61 1.446M 0.04
eui Qwen-Coder Qwen 366 2.733M 1.03 73 3.732M 0.09
carbon Qwen-Coder Qwen 218 1.774M 0.62 7 4.522M 0.11
grommet Deep-V3.1 Qwen 380 2.030M 0.74 58 1.718M 0.04
eui Deep-V3.1 Qwen 343 2.765M 0.93 47 1.780M 0.04
carbon Deep-V3.1 Qwen 228 1.562M 0.52 87 5.334M 0.13

Table 4.2: Schema and example entries from data/costs.csv used for cost tracking.

All datasets are merged into structured DataFrames for computation and visualization.

Plots and tables are exported to data/05_analysis/ for reuse in Chapter |5. The
analysis follows four dimensions: (1) Dataset Analysis, (2) Cost Analysis, (3) Model
Analysis, and (4) Repository Analysis, providing a complete overview of benchmark
behavior, cost efficiency, and model performance.
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CHAPTER

Results

This chapter reports the empirical results obtained from A11y-Bench, as introduced in
Chapter[4. All numerical values and visualizations are derived from the aggregated outputs
of Stages 01-04 of the pipeline. The results are structured into four parts: (1) dataset and
metadata like WCAG categories, Ground Truth Statistics, ... (2) resolution outcomes,
(3) patch and localization characteristics, and (4) cost analysis. All experiments were
executed with the MagentLess tool.

5.1 Dataset Composition and WCAG Distribution

The data collection phase produced a total of 1,185 accessibility-related pull re-
quests across 20 open-source repositories. After automated triage and LLM-based
filtering, 467 pull requests were retained as benchmark candidates. From these, 51 valid
instances from three repositories (elastic/eui, carbon-design-system/carbon,
and grommet /grommet) were sampled as the final evaluation set. These three reposito-
ries were selected because grommet and carbon-design-system were already supported
in the Multi-SWE-Bench environment and required only minimal adjustments to run
reliably, while elastic was added due to its high number of accessibility-related fixes and
moreover a high count of good candidate instances. All three ranked among the top
repositories in terms of WCAG-issue density and provided stable test pipelines. Figure 5.1
summarizes the resulting distribution across the four WCAG principles: 37% of instances
are assigned to Perceivable, 41% to Operable, 17% to Understandable, and 5% to Robust,
with percentages shown alongside absolute counts on the bar chart.

5.2 Resolution Outcomes

During evaluation, exactly one instance (elastic/eui:#8849) was successfully re-
solved, producing a valid fail-to-pass transition under the MagentLess configuration. The
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Figure 5.1: Distribution of benchmark instances across WCAG 2.2 principles. Bars show
absolute counts with corresponding percentages for Perceivable, Operable, Understand-
able, and Robust.

remaining 50 out of 51 instances from elastic/eui, carbon, and grommet resulted
in failing, incomplete, or semantically incorrect repairs. The corresponding verified
resolution rate is therefore 1 / 51 instances (1.96%).

This outcome is consistent with existing repository-level benchmarks such as Multi-SWE-
Bench m, where JavaScript- and TypeScript-based tasks exhibit low resolution
rates even under more powerful agentic settings. Figure 5.2 reports the model-repository
resolution outcomes.

Repository Comparison: Ground Truth vs Model Resolution
s Wl Total Ground Truth 24

=3 Deep-V3.1-Terminus (Resolved)
[0 Qwen3-Coder-480B-A358-Instr... (Resolved)
=3 GLM-46 (Resolved)

20

@

13

Instance Count

3

“)\ >
g@@f ei’n’&) Qf
a <

Repository

Figure 5.2: Resolution rate by repository and model. Exactly one instance
(elastic/eui:#8849) was successfully resolved; all other instances remained un-
resolved.
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5.3. Patch and Localization Characteristics

5.3 Patch and Localization Characteristics

Given the absence of successful resolutions, the analysis concentrates on patch genera-
tion behaviour: empty-patch rates, file-level localization accuracy, and patch-structure
statistics.

5.3.1 Empty-Patch Analysis

Averaged across all three models, 45.7% of predictions were non-empty patches and
54.3% were empty patches (i.e., no modifications proposed, empty responses, or errors
during file localization).

On a per-model level, DeepSeek-V3.1-Terminus produced non-empty patches for
59.8% of instances, Qwen3-Coder-480B-A35B-Instruct-Turbo for 40.9% of in-
stances, and GLM-4.6 for 36.4% of instances (63.6% empty). DeepSeek-V3.1-Terminus
achieves the highest patch generation rate, while Qwen3 and GLM-4.6 produced progres-
sively higher empty-patch ratios. Figure 5.3 visualizes the distribution of non-empty and
empty patches per model, along with the costs of each model.

Cost vs Empty Patch Rate by Model Patch Generation Rate by Model

& seon s =3 Non-Empty (%)
o 7 W= Empty (%)

4
%

. o
o4 R

& &
o o
Model Model

Figure 5.3: Empty-patch rate per model and repository. The figure also shows the
relation between total model cost and the proportion of empty patches.

5.3.2 File-Level Localization

File-level localization accuracy was measured using the Jaccard index between the set of
files modified by the model-generated patch and the corresponding ground-truth patch.
Across all repositories, the mean Jaccard index ranged from 0.15 for GLM-4.6 to 0.32
for Deep-V3.1-Terminus, with Qwen3-Coder-480B-A35B-Instruct- Turbo achieving an
intermediate score of 0.19. All models used Qwen3-Embedding-4B for retrieval,
ensuring a consistent embedding baseline across configurations.

As shown in Figure [5.4, Deep-V3.1-Terminus demonstrated the highest localization
capability, with 15.2% of instances achieving perfect localization and 51.5% showing
partial overlap. In contrast, Qwen3-Coder-480B and GLM-4.6 achieved lower performance,
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with perfect localization below 6% and more than half of instances classified as complete
misses (54—58%). These results suggest that current large models are capable of partially
identifying relevant files but still struggle to achieve precise file-level localization.

Average Localization Accuracy by Model Localization Quality Distribution
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Partial (>0%)
Miss (0%)

s
g
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Figure 5.4: File-level localization accuracy (Jaccard intersection over union of changed-file
sets) per model.

5.3.3 Patch-Structure Metrics

Patch complexity was quantified by comparing the number of changed files, the number
of modified lines, and the number of hunks (contiguous changed-line blocks) between the
generated and ground-truth patches. On average, model-generated patches contained:
37% fewer changed files, 25% fewer modified lines, and 30% fewer hunks than the
corresponding ground-truth patches. Figure 5.5/ summarizes these differences in all models
and repositories.

5.4 Cost Analysis

Computation costs were tracked using the liteLLM proxy. The total cost of running all
experiments was 11.02 USD. Of this amount, 10.39 USD (94.3%) was attributable to
LLM inference calls, while 0.63 USD (5.7%) resulted from embedding requests and
supporting operations. Tabke |5.6 shows the breakdown of costs per model and repository.

Figure 5.3 shows that models with higher inference cost also exhibit higher empty-patch
rates. Within the evaluated configuration, increased spending did not result in a reduction
in empty patches.
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Files Changed: Ground Truth vs Model Performance by Repository
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Figure 5.5: Comparison of patch complexity (changed files, modified lines, and hunks)
between ground-truth patches and model-generated patches.
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5. RESULTS
Repository Model Total Cost ($) Avg Cost/Instance (3) Instances Non-Empty Patches Non-Empty Rate (%)
grommet_ grommet, zerotropy /gpt-4-6 2.83 0.123 23 11 47.8
elastic__eui zerotropy /gpt-4-6 1.52 0.138 11 1 9.1
carbon_ design system carbon zerotropy/gpt-4-6 1.38 0.115 12 7 58.3
elastic_ eui Qwen3-Coder-A50B-A30B 1.12 0.08 14 1 7.1
grommet_ grommet Qwen3-Coder-A50B-A30B 1.04 0.043 24 13 54.2
carbon_ design_system_carbon Qwen3-Coder-A50B-A30B 0.73 0.056 13 8 61.5
elastic_eui Deep-V3.1-Termin.a 0.97 0.069 14 1 7.1
grommet__grommet Deep-V3.1-Termin.a 0.78 0.032 24 21 87.5
carbon_ design_system_carbon Deep-V3.1-Termin.a 0.65 0.05 13 11 84.6
Figure 5.6: Total benchmark cost by model and repository. LLM inference accounts for
94.3% of total expenditure.
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CHAPTER

Discussion

The evaluation of A11y-Bench provides insights into the current capabilities and lim-
itations of Large Language Models (LLMs) in resolving real-world accessibility issues.
The overall resolution rates observed in this work remain low. However, this outcome
is consistent with recent findings from established benchmarks such as SWE-Bench
Multimodal [YJZT25] and Multi-SWE-Bench [ZHL"25]. This indicates that the low
rates do not originate from the benchmark or pipeline design itself but reflect fundamen-
tal challenges that persist across the current generation of LLLM-based software repair
Systems.

6.1 Benchmark Context and Comparability

Compared to other benchmarks, these low resolution rates are consistent with the broader
performance landscape of large-scale issue-resolving tasks. Even after extensive op-
timization of tools and workflows, the current Multi-SWE-Bench leaderboard (as of
October 30, 2025)" still shows substantial shortcomings across programming languages.
Top-performing models reach resolution rates below 30% even under highly optimized con-
ditions. For instance, RepoRepair + Claude-3.5-Sonnet (Oct) achieves 27.23% for Type-
Script, while MOpenHands + Gemini-2.5-Pro reaches 16.29% for JavaScript. In compari-
son, the deterministic MagentLess approach—used in the A11y-Bench pipeline—achieves
11.61% and 8.71% on these languages, respectively. Similarly, in SWE-Bench Multimodal,
specialized visual systems such as GUIRepair + 03 reach only 35.98%.

These results illustrate that even leading agentic systems face substantial difficulties with
repository-level, multimodal reasoning. The lower rates in A11y-Bench are therefore
aligned with, and explainable by, the overall field-wide trend. Furthermore, some higher
numbers in current benchmarks could be partially explained by fine-tuning or adaptation

"https://multi-swe-bench.github.io/
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of agentic frameworks specifically for those test sets. In contrast, A11y-Bench was freshly
developed, without any such optimization, which strengthens its validity.

6.2 Challenges in Web Accessibility Issue Resolution

Unlike classical code-level bug fixing, the tasks contained in A11y-Bench concern web
accessibility issues. These typically span multiple files and involve user interface
components such as React components, ARIA attributes, and layout structures that
jointly influence accessibility behavior. Consequently, resolving such issues often requires
modifications across several files, for example, simultaneous changes in a component file,
its usage and its styling.

Prior work has shown that multi-file edits remain one of the most persistent
challenges for both agentic and agentless LLM systems. When relevant information is
distributed across different files, models must reconstruct the semantic linkage between
them, something that exceeds the capacity of deterministic search-based systems such as
MagentLess. Without an adaptive planning component, the model cannot re-locate or
re-open secondary files once the initial edit scope is fixed. This explains why many failures
observed in our logs result from missing or incorrect cross-file references, a pattern partic-
ularly pronounced in large web repositories such as carbon-design—-system/carbon
or grommet /grommet.

6.3 Localization and Edit Positioning

The localization plots confirm that the models often fail to identify the correct file or
insertion point for an edit. This problem is closely related to the deterministic nature
of MagentLess, which operates without dynamic code exploration or feedback-driven
search. Consequently, once a target file is incorrectly selected, the model cannot revise
its decision based on downstream errors. In contrast, agentic systems like OpenHands
or SWE-Agent can iteratively query, test, and refine hypotheses about the correct edit
location, which explains their advantage in complex tasks involving dispersed source files.

The error logs substantiate these limitations. Several failure cases were caused by
model hallucination, where edits are proposed to files outside of the available context
(e.g., data/03 _predictions/MagentLess/carbon-design-system___carbon/deepinfra_ Deep-
V8.1-Terminus/26_10_2025-01__18/intermediates/repair_sample__1/instance__logs/carbon-
design-system___carbon___13362.log). These hallucinations reflect a lack of linkage
between the issue description and the retrieved code context. Other errors such as
SEARCH block mismatches arise when the generated patch cannot be aligned with
the expected source region, an inherent weakness of static text-based patching when
facing formatting differences or refactored code. Additional cases involve empty model
responses or whitespace-only changes, both indicators of unclear edit conditions.
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6.4. Observed Failure Modes and Technical Causes

6.4 Observed Failure Modes and Technical Causes

The systematic log inspection allows categorization of the predominant failure modes:

¢« Model hallucination: Edits target non-existent or irrelevant files due to incom-
plete retrieval grounding and missing repository-level awareness.

¢ Search block mismatches: Deterministic string-based matching fails when the
source code deviates syntactically (e.g., variable renaming, indentation differences),
highlighting the fragility of non-semantic patch alignment.

o Empty model responses: The LLM returns no output.

¢ Whitespace-only changes: Minimal patches that introduce no functional modifi-
cations, often reflecting a conservative failure recovery behavior of the decoding
strategy.

Since the A11y-Bench pipeline includes rate-limiting avoidance and retry mechanisms,
these failures cannot be attributed to infrastructure constraints but rather to model-level
reasoning deficits. The pattern of hallucination and search mismatches also confirms that
deterministic, agentless systems are less suited for repository-level repair in web projects,
where accessibility properties depend on interactions among multiple code locations.

6.5 Interpretation and Implications

The evaluation results demonstrate that transferring the SWE-Bench [JYW'24] and
Multi-SWE-Bench [ZHL™25] methodology to the web accessibility domain works only
partially. While the benchmark design and task formulation translated effectively, the
underlying testing paradigm remains a limiting factor. In contrast to the backend-
oriented focus of existing benchmarks, where success is typically measured via unit tests,
accessibility validation often requires end-to-end testing, DOM inspection, or structured
snapshot comparison. Integrating such test structures into the current setup would
demand substantial additional engineering effort but is essential for capturing the full
complexity of accessibility-related defects and should be done in Future Work.

Overall, the benchmark aligns with field-wide performance trends. According to the Multi-
SWE-Bench leaderboard (as of October 30, 2025)?, the top-performing system RepoRepair
+ Claude-3.5-Sonnet (Oct) reaches a resolution rate of 27.23% for TypeScript, followed
by MOpenHands + Gemini-2.5-Pro with 22.32% and MagentLess + Gemini-2.5-Pro with
11.61%. For JavaScript, the leading model MOpenHands + Gemini-2.5-Pro achieves
16.29%, while the deterministic MagentLess + Gemini-2.5-Pro records 8.71%. These
results demonstrate that even after extensive optimization, resolution rates remain well
below 30% across languages and systems. Consequently, the comparatively low success

2https://multi-swe-bench.github.io/
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rates observed in A11y-Bench are consistent with the broader performance limitations
of current LLM-based repair methods rather than any flaw in the benchmark design
itself. Future comparisons with adaptive, agentic frameworks such as MOpenHands®
could further clarify how dynamic repository exploration impacts accessibility-focused
repair tasks.

The patch analysis further indicates that parameter tuning in MagentLess, for example,
adjustments to retrieval parameters and prompt, could improve repair success. Since the
primary focus of this study is benchmark creation, such optimization was deferred to
future work.

3https://github.com/multi-swe-bench/MopenHands
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CHAPTER

Limitations and Future Work

While the proposed A11y-Bench benchmark establishes an automated pipeline for evalu-
ating Large Language Models (LLMs) in accessibility-related web issue repair, several
limitations must be acknowledged that constrain the interpretability and generalizability
of the findings. At the same time, these constraints define clear directions for future
research and methodological advancement.

7.1 Limitations

7.1.1 Testing Paradigm and Evaluation Strictness

One of the most significant limitations is the testing methodology. Existing large-scale
repair benchmarks such as SWE-Bench [JYW™24] and Multi-SWE-Bench [ZHL'25| rely
on backend-oriented unit tests with deterministic outcomes. In contrast, accessibility
issues in web applications often involve user interface behavior, dynamic rendering, and
markup semantic dimensions that are not fully captured by such tests. Current snapshot-
or DOM-based validations accept only patches that exactly reproduce the reference
output, rejecting alternative but functionally equivalent solutions. Consequently, valid
accessibility fixes may be misclassified as failures.

Integrating end-to-end (E2E) or interaction-level testing frameworks would better repre-
sent real-world accessibility evaluation but introduces significant complexity in automation,
runtime, and reproducibility. This limitation of the current evaluation design remains
and is a central challenge for future iterations of the benchmark.

7.1.2 Benchmark Structure and Context Representation

Similar to other Multi-SWE-based frameworks, A11y-Bench defines each instance pri-
marily through a problem statement derived from a GitHub issue and the corresponding
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patch. This format, while consistent with related work, omits contextual hints that could
improve localization and reasoning. Multi-SWE-Bench introduced a dedicated hints
field to mitigate this issue, but the underlying problem persists: without repository-level
exploration or auxiliary metadata, models lack sufficient context. This limitation directly
affects model reasoning, particularly for multi-file or semantically dependent edits.

7.1.3 Agent and Parameter Constraints

The current experiments exclusively employed the deterministic MagentLess framework,
selected for its reproducibility and low operational overhead. Parameter exploration, such
as adjustments to retrieval parameters, prompt structure, or temperature, was limited,
as the primary objective of this work was the creation and validation of the benchmark
rather than fine-tuning performance. According to the Multi-SWE-Bench leaderboard (as
of October 30, 2025), comparable configurations of MagentLess + Gemini-2.5-Pro reach
11.61% resolution for TypeScript and 8.71% for JavaScript, while top-performing adaptive
systems such as RepoRepair + Claude-3.5-Sonnet (Oct) and MOpenHands + Gemini-
2.5-Pro achieve 27.23% and 22.32% for TypeScript, and up to 16.29% for JavaScript.
These values confirm that even after extensive optimization, current LLM-based repair
systems remain below 30% success across languages. Accordingly, the comparatively
low success rates in A11y-Bench are not indicative of deficiencies in the benchmark
design but rather reflect the inherent difficulty of repository-level accessibility repair.
Future work should therefore include adaptive, agentic frameworks such as SWE-Agent
or OpenHands to assess how iterative reasoning and dynamic repository exploration
influence accessibility-specific repair performance.

7.1.4 Budget and Human Resource Constraints

The scope of this study was limited by both budget and human resource availability.
Closed-weight models such as GPT-5 or Gemini 2.5 Pro have significantly higher costs per
token (x10) compared to open-weight alternatives, restricting large-scale experimentation.
Furthermore, to manage labeling and categorization at scale, processes, such as mapping
issues to WCAG 2.2 categories, were automated using GPT-5 and GPT-5-mini. While this
ensured consistency, it also introduced the possibility of bias depending on the language
model used. Manual validation of benchmark metadata and instance categorization
would strengthen reliability but was beyond the feasible scope of this work.

7.1.5 Architectural and Executional Limitations

The execution pipeline currently requires manual initiation of each model-repository
combination through a command-line interface. While this design ensures reproducibility
and transparency, it limits scalability. A fully automated orchestration layer, based
on containerized, asynchronous task scheduling, would reduce human intervention and
increase throughput, especially when evaluating multiple agents or models in parallel.

"nttps://multi-swe-bench.github.io/
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7.2 Future Work

7.2.1 Enhanced Accessibility Testing Integration

A key direction for future work is the enhancement of accessibility evaluation itself. The
current testing methodology focuses on unit test rather than full E2E tests. Integrating
specialized accessibility testing tools, such as the WAVE Standalone API, using E2E tests,
or employing LLM-based accessibility assessors could significantly improve benchmark
validity. A hybrid evaluation combining functional unit tests with accessibility audits
would provide a more comprehensive view of the impact of generated patches on real
accessibility compliance.

7.2.2 Diversifying Agents and Model Configurations

Extending the evaluation to additional agents and model-framework combinations repre-
sents a natural next step. Testing agentic systems such as SWE-Agent or OpenHands on
the A11y-Bench dataset would clarify whether their dynamic exploration capabilities
translate to improved accessibility repair performance. This expansion would also allow
for systematic cross-comparison between deterministic and adaptive approaches.

7.2.3 Automation and Scalability of the Evaluation Pipeline

The benchmark could be enhanced through full automation of prediction, execution, and
evaluation. Implementing a container-based orchestration environment for prediction and
evaluation would enable parallel execution, reduce runtime, and improve reproducibility.
Such a setup aligns with modern reproducible research practices and would make the
benchmark more suitable for continuous evaluation of emerging LLMs.

7.2.4 Manual Validation and Data Curation

To reduce evaluation bias, future versions should include a semi-automated human-in-the-
loop validation phase for task instance creation and labeling. Manual review of WCAG
mappings, issue—fix relevance, and patch correctness would improve the interpretability
of benchmark outcomes and provide higher-fidelity data for subsequent studies.

49



“jayiolgig usipn N1 1e wud ul ajge(rene si sisay) syl Jo uoisian [euibuo panoidde ay | < any 38pajmoust InoA
JeqgbBnyian yaylolqig usipn NL Jap ue 1si 1agrewoldiq Jasalp uoisiaAfeulBuQ aponipab ausiqoldde aiqg v_U:#O__ﬁ—_m



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

CHAPTER

Conclusion

This thesis introduced A11y-Bench, a domain-specific benchmark and evaluation pipeline
for assessing Large Language Models on real-world web accessibility issues. Building
on the methodology of SWE-Bench and Multi-SWE-Bench, the benchmark constructs
51 qualified task instances from accessibility-related pull requests in three mature Ul
libraries, each with an executable environment, linked issue, and WCAG 2.2 annotation.
On top of this dataset, a deterministic, Agentless-style pipeline based on Magent-
Less was implemented to perform single-attempt, test-based evaluation of three LLM
configurations.

The empirical results are clear: across all configurations, only 1 of 51 instances (~2%)
was successfully resolved. Models frequently failed to localize the correct files, produced
incomplete or superficial patches, and struggled to align changes with WCAG require-
ments and multi-file edits. These findings are consistent with state-of-the-art results on
related repository-level benchmarks and confirm that accessibility repair is a demanding,
structured reasoning task rather than a trivial extension of generic bug fixing.

At the same time, A11y-Bench establishes a solid and extensible foundation. The separate
Limitations and Future Work chapter outlines concrete steps: expanding the number and
diversity of repositories, strengthening accessibility testing beyond existing unit-tests, and
scaling automation and human validation. A central outcome of this study is that the
chosen deterministic MagentLess setup, while transparent and reproducible, appears
poorly suited for the exploratory search required by complex accessibility fixes. Future
work should therefore systematically evaluate alternative agents, toolchains, and model
configurations, including adaptive, retrieval-augmented, and multi-step approaches, on
top of A11y-Bench to better exploit its design and to advance robust, standards-aligned
automated accessibility repair.
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CHAPTER

Appendix

9.1 Server Setup Details

This appendix documents the complete setup of the Hetzner root server used for building
and executing Docker images. It is divided into two parts: (a) the RAID and partition
configuration applied during installation, and (b) the post-installation commands for
configuring the software environment.

9.1.1 RAID and Partition Configuration

The following configuration was applied via the installimage tool to install Ubuntu
noble with RAID 0 across the two NVMe SSDs. This setup maximizes I/O performance,
which is critical for repeated Docker builds.

SWRAIDLEVEL 0

PART swap swap 8G
PART /boot ext3 1024M
PART / xfs all

9.1.2 Post-Installation Setup Commands

After installation, the following commands were executed to prepare the environment for
benchmarking tasks. This includes base system updates, Docker installation and tuning,
and additional developer tools.

# Base system update
apt—get update && apt-get upgrade -y
apt—-get install -y \
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4 git curl unzip htop iotop net-tools build-essential \
5 python3-pip ca-certificates gnupg lsb-release
6
7 # Docker installation
8 mkdir -p /etc/apt/keyrings
9 curl -fsSL https://download.docker.com/linux/ubuntu/gpg | \
10 gpg —-dearmor -o /etc/apt/keyrings/docker.gpg
11 echo "deb [arch=$(dpkg —-print-architecture)
— signed-by=/etc/apt/keyrings/docker.gpg] \

12 https://download.docker.com/linux/ubuntu $(lsb_release —-cs) stable" \
13 > /etc/apt/sources.list.d/docker.list
14 apt—-get update
15 apt—-get install -y docker—-ce docker—-ce-cli containerd.io \
16 docker-buildx-plugin docker-compose-plugin
17
18 B e e e e e e
19 # Docker optimizations
PR () =
21 mkdir -p /etc/docker
22 cat <<EOF > /etc/docker/daemon. json
23 {
24 "data-root": "/var/lib/docker",
25 "storage-driver": "overlay2",
26
27 // t Overlay2: recommended storage driver for modern Linux filesystems
28 // Ref: https://docs.docker.com/storage/storagedriver/overlayfs—-driver/
29
30 "max—-concurrent-downloads": 20,
31 "max—concurrent—-uploads": 20,
32 // T Increase concurrent layer transfers for faster pulls on

— high-bandwidth 1links
33 // Ref: https://docs.docker.com/engine/reference/commandline/dockerd/#dae

— mon-configuration-file
34
35 "default-shm-size": "4g",
36 // t Increase /dev/shm (shared memory) from 64MB = 4GB per container
37 // Prevents pytest/numpy/torch failures in containerized builds
38 // Ref: https://docs.docker.com/engine/reference/run/#ipc-settings——-ipc
39 "default-ulimits": {
40 "nofile": {
41 "Name": "nofile",
42 "Hard": 1048576,
43 "Soft": 1048576
44 }
45 by
46 "log-driver": "json-file",
47 "log-opts": {
48 "max-size": "20m",
49 "max—file": "1"
50 }
51 // 1t Enable log rotation (limit size to 20MB, 1 file per container)
52 // Prevents disk exhaustion when running many short-lived containers
53 // Ref: https://docs.docker.com/config/containers/logging/json-file/
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9.1. Server Setup Details

git clone https://github.com/asdf-vm/asdf.git ~/.asdf —--branch v0.14.0
echo -e '"\n. "SHOME/.asdf/asdf.sh"' >> ~/.bashrc
echo —e '\n. "SHOME/.asdf/completions/asdf.bash"' >> ~/.bashrc

# Install 'just' task runner

LATEST=$ (curl -s https://api.github.com/repos/casey/just/releases/latest \
| grep "browser_download_url.*x86_64-unknown-linux-musl.tar.gz" \
| cut -d '"'" —-f 4)

wget —-O Jjust.tar.gz "SLATEST"

tar -xzf just.tar.gz -C /usr/local/bin just

chmod +x /usr/local/bin/just

curl -LsSf https://astral.sh/uv/install.sh | env
<« UV_INSTALL_DIR=/usr/local/bin sh

echo "fs.inotify.max_user_watches=524288" >> /etc/sysctl.conf

echo "fs.inotify.max_user_instances=1024" >> /etc/sysctl.conf

# t Increase inotify watch/instance limits + avoids "“too many open files”
# when monitoring many repos / builds simultaneously

echo "fs.file-max=2097152" >> /etc/sysctl.conf

# 1 Raise max open file descriptors system-wide

# Essential for high-concurrency workloads (many Docker containers + git
—  repos)

# Ref: https://www.kernel.org/doc/html/latest/admin-guide/sysctl/fs.html

sysctl -p # apply changes immediately

cat <<EOF >> /etc/security/limits.conf

* soft nofile 1048576

* hard nofile 1048576

EOF

# t Increase per-user file descriptor limits
# Required to match fs.file-max (system-wide)
# Ref: man limits.conf (5)

mkdir -p /etc/systemd/system/docker.service.d

cat <<EOF > /etc/systemd/system/docker.service.d/override.conf
[Service]

LimitNOFILE=1048576
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105 EOF
106 # t Override Docker’s systemd service so containers inherit the high ulimit
107 # Prevents "“too many open files” inside containers under high parallelism
108 # Ref: https://docs.docker.com/config/containers/resource_constraints/#conf
— igure-the-default-ulimits—for—-containers
109
110 systemctl daemon-reexec
111 systemctl restart docker
112
113
114 A
115 # Project directories
116 e Rt
117 mkdir -p /data/{projects, logs}
118 mkdir -p /srv/projects/ally-bench
9.2 Repositories Scanned for Pull Requests
The following list contains the GitHub organization and repository name pairs that were
used as sources for pull requests in the benchmark construction. The list is shown as a
snippet of the configuration cell from the Jupyter notebook used in the data collection
workflow, which is why it is represented in Python syntax.
lst:repositories
1 REPOSITORIES = [
2 ("carbon-design-system", "carbon"),
3 ("wagtail", "wagtail"),
4 ("elastic", "eui"),
5 ("adobe", "spectrum-web-components"),
6 ("storybookijs", "storybook"),
7 ("angular", "components"),
8 ("jupyterlab", "jupyterlab"),
9 ("grommet", "grommet"),
10 ("microsoft", "fluentui"),
11 ("handsontable", "handsontable"),
12 ("nextui-org", "nextui"),
13 ("ionic-team", "ionic-framework"),
14 ("mui", "material-ui"),
15 ("uswds", "uswds"),
16 ("elastic", "kibana"),
17 ("rancher", "dashboard"),
18 ("ant-design", "ant-design"),
19 ("ckeditor", "ckeditor5"),
20 ("oppia", "oppia"),
21 ("recharts", "recharts"),
22 ("twbs", "bootstrap"),
23 ("WordPress", "gutenberg"),
24 ("adobe", "react-spectrum"),
25 ("radix-ui", "primitives"),
56
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26
27
28
29
30
31

no

10
11
12
13

14
15
16
17

18
19
20
21
22
23

9.3. Regular Expressions for Accessibility Issue Identification

("gquilljs", "quill"),
("mattermost", "mattermost"),
("Automattic", "calypso"),
("tailwindlabs", "headlessui"),
("sveltejs", "svelte"),

9.3 Regular Expressions for Accessibility Issue
Identification

The following section lists the regular expressions (regex) used to identify accessibility-
related content in natural language contexts extracted from GitHub issues and pull
requests. The expressions were designed to detect references to accessibility (ally)
problems, fixes, and compliance statements, while excluding code-level patterns (e.g.,
HTML attributes such as aria-label or alt= occurrences). The configuration below
reflects the final version used in the benchmark data collection workflow.

# Patterns to identify ally-related content ONLY in natural language context
# These patterns are extremely restrictive to avoid any HTML attributes or
— code

AllY_PATTERNS:

# Core accessibility terms - only with specific action words
r'\bally\s+(?:fix\buglissue\patchlenhancementIupdatelcompliance\supportltesl
< tinglaudit|improvement)\b',

r'\baccessibilit (?:ylies)\s+(?:fix|bug|issue|patch|enhancement |support |comp
— liance|testing|audit |improvement |violation|concern|problem|feature)\b"',
r'\baccessible\s+(?:to\forlby)\s+(?:users\people\everyonelall\screen\s+readj
— ers)\b',

r'\bmake\s+ (?:it|this|the\s+\w+) \s+(?:more\s+) ?accessible\s+(?:to|for|by) \b
= '

r'\bimprove\s+accessibility\b',

r'\badd\s+taccessibility\s+ (?:support|features)\b',

# Screen reader support - only in proper context
r'\bscreen\s+reader\s+(?:support\compatibility\testingluserlusers\friendlylJ
— accessible)\b',

r'\bsupport\s+ (?:for\s+) ?screen\s+readers\b',

# ARIA - only in natural language discussions
r'\baria\s+(?:labelIrole\attribute\supportIcompliance\standardlspecificatiOJ
— n)\s+(?:for|tol|in|support|added|missing)\b"',

r'\baria\s+ (?:properties|attributes)\s+(?:for|to|in|added|missing)\b"',
r'\badd (?:ed|ing) ?\s+arial\s+(?:1label|role|attribute|support)\b',
r'\bmissing\s+arial\s+(?:label|rolelattribute)\b"',

# Alt text discussions - NEVER match alt= attributes
r'\balt\s+text\s+(?:for|to|description|missing|added|updated|improvement |su
— pport)\b',
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24 r'\balternative\s+text\s+ (?:for|to|description|added|missing|support)\b"',

25 r'\btext\s+alternative\s+ (?:for|to|description|added|missing)\b"',

26 r'\balt\s+ (?:description|tag)\s+ (?:missing|added|updated|for|support)\b"',

27 r'\bmissing\s+alt\s+ (?:text|description)\b"',

28 r'\bimage\s+alt\s+text\b',

29 r'\badd (?:ed|ing) ?\s+alt\s+text\b',

30 r'\bprovide\s+alt\s+text\b"',

31

32 # Keyboard accessibility

33 r'\bkeyboard\s+(?:navigationlaccessIsupportItraplaccessibleIaccessibility\UJ
s ser|users|only|friendly)\b',

34 r'\bfocus\s+(?:management\trap\visiblelindicatorlorder\statelhandlinglaccesj
— sibility)\b',

35 r'\btab\s+ (?:navigation|order|index|sequence|accessibility|support)\b',

36 r'\bkeyboard\s+ (?:accessible|support |friendly) \s+(?:navigation|interface|de
— sign)\b',

37

38 # Visual accessibility

39 r'\bcontrast\s+ratio\s+(?:compliance|standard|requirement |issue|improvement
[ |lwcag)\b"',

40 r'\bcolor\s+contrast\s+(?:issuelimprovementlcompliance\standardlrequirementj
[ |ratio)\b',

41 r'\bvisuall\s+ (?:accessibility|impairment |disability|contrast)\b',

42 r'\bhigh\s+contrast\s+ (?:mode|support | theme)\b"',

43

44 # Standards and compliance

45 r'\bwcag\s+(?:compliance|standardlguideline|requirement|aa|aaa|2\.0|2\.1|2\J
< .2|audit|testing)\b"',

46 r'\bweb\s+content\s+accessibility\s+guidelines\b',

47 r'\bsection\s+508\s+ (?:compliance|standard|requirement)\b"',

48 r'\baccessibility\s+(?:complianceIviolationlstandardlguidelineIrequirement|J
— audit|testing|review|check)\b',

49

50 # Assistive technology - only legitimate references

51 r'\bassistive\s+technolog(?:y|ies)\s+(?:support|compatibility\user\users)\bJ
= 'y

52 r'\bvoiceover\s+ (?:support|feature|functionality|user|users|accessibilitylqg
— eneration|synthesis|mode|script|audio)\b"',

53 r'\bscreen\s+reader\s+(?:support\compatibilityltesting\userIusersItechnologj
— yl|software)\b',

54 r'\bnvda\s+ (?:support |compatibility|screen\s+reader|testing)\b',

55 r'\bjaws\s+ (?:support |compatibility|screen\s+reader|testing)\b',

56

57 # Inclusive design

58 r'\binclusive\s+design\s+(?:principle\approachlmethodologyIpracticeIpatternj
— ) \b' ’

59 r'\buniversal\s+design\s+ (?:principle|approach|methodology|practice)\b"',

60 r'\baccessible\s+design\s+ (?:principle|approach|methodology|practice|patter
— n) \b' ’

61

62 # Semantic HTML and labels - natural language only

63 r'\bsemantic\s+html\s+ (?:element|tag]|structure|markup|elements)\b',

64 r'\blabel\s+(?:element|association|for\s+accessibility|missing|added]|proper
s | semantic)\b"',
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r'\blabelled\s+by\s+ (?:attribute|relationship|association|element)\b"',
r'\bdescribed\s+by\s+ (?:attribute|relationship|association|element)\b"',
r'\bproper\s+ (?:labeling|labels|labelling)\b"',

# Testing and auditing
r'\baccessibility\s+(?:test\testinglaudit\reviewlchecklvalidation\scanner\tj
— oo0l)\b"',
r'\bally\s+(?:test|testing|audit|review|check|validation|scanner|tool)\b',

# Role discussions - natural language only, never HTML attributes
r‘\b(?:button\checkbox\dialog\gridcell|linklmenuitemltab\tabpanel\bannerlnaj
— vigationlmainlcomplementarylcontentinfo)\s+role\s+(?:for|to\accessibilij
< tylelement|semantic)\b',
r‘\brole\s+attribute\s+(?:for\to\accessibility\missingladdedlupdated\semantj
— ic)\b',

r'\bsemantic\s+role\s+ (?2:for|to|element |accessibility)\b',

]

# Common AllY label patterns (for GitHub labels/tags)
AllY_LABEL_PATTERNS:

r'\bally\b',
r'\bally[—_
< testinglaudit|improvement)\b',
r'\baccessibility\b"',
r'\baccessibility[
<~ el|testinglaudit|improvement |violation)\b"',
r'\bscreen[—_ ]?reader\b',

r'\bwcag\b"',

1?2 (?:fix|bug|issue|patch|enhancement |update|compliance|support]|

1?2 (?:fix|bug|issue|patch|enhancement | support|complianc

r'\bwcag[-_ ]?(?:compliance|violation|testing|audit|aalaaa)\b',
r'\baria\b',
r'\barial[-_ ]?(?:support|roles|attributes|labels|live|hidden)\b"',

r'\bkeyboard[
r'\bfocus[—_

—_ 1?2 (?:nav|navigation|access|support|trap|accessibility)\b"',
]?(?:trap|management |visible|indicator|outline)\b',
r'\bcontrast[-_ ]?ratio\b’',

r'\bux[-_ ]?accessibility\b',

r'\binclusive]| ]?design\b"',

r'\bassistive[-_ ]?tech\b’',
r'\bvoiceover\b',
r'\bscreen[—_ ]?reader[—_ ]?(?:support|compatibility|testing)\b’'

9.4 Regular Expressions for Issue Reference Identification

The following regex was used to detect issue references in GitHub pull request title and
descriptions. The configuration below shows the exact patterns applied during data
collection.
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# Patterns to find issue references in titles and bodies

ISSUE_REF_PATTERNS = [
r'(?:closel|closes|closed]|fix|
— \s:]+[\s+for\s+) (#\d+) "',
r'(?:closel|closes|closed|fix|
—  \s:]+|\s+for\s+) (?:
— 1+)2(\d+) "',

fixesIfixed\resolve\resolves\resolved)(?:[J

fixesIfixed\resolve\resolves\resolved)(?:[J

(?:issues?|prs?|bugs?) [/#

'(?:addresses|re|references?|see|see also) (?2:[\s:]+) (#\d+) "',

r
r'(?:issues?|prs?|bugs?) [/# ]
r'# (\d+) "'

+(\d+) ',

# Simple #123 pattern

9.5 Regular Expressions for Test File Identification

The following regular expressions (regex) were used to identify test file modifications
in pull requests by matching against full file paths. The patterns capture conventional
test directory structures and filename conventions across common frameworks (e.g., Jest,
Cypress, Playwright), ensuring accurate detection of test-related file changes.

# Patterns to identify test files (matches against full path)

TEST FILE_PATTERNS = [
r'tests?/"', #
r'__tests_ /', #

'"test/' or 'tests/' directories
' tests__ /' directories

Matches
Matches

r'snapshots?/"', # Matches 'snapshot/' or 'snapshots/'
< directories
r'test_[*/]+\.[a-zA-Z20-9]+S$",
r'[~/]1+_test\.[a-zA-Z70-9]+S$"',
r'[~/]+\.test\.", # Files containing
r'[~/]1+\.spec\."', # Files containing '.spec.'
r'[*/]1+\.snap$"’, # Snapshot files (.snap)
r'/tests?\.[a-zA-Z]1+$"', # Single test files like
r'cypress/', # Cypress test framework
r'e2e/"', # End-to-end tests
r'integration/"', # Integration tests
r'playwright/"', # Playwright tests
r'selenium/"', # Selenium tests

# Files starting with 'test_'
# Files ending with '_test'
".test.'

"/test.js'

9.6 Mui/Material-UI Dockerfile Orchestration Script

This appendix provides a condensed excerpt of the Python integration used for the
mui/material-ui repository in Multi-SWE-Bench. It demonstrates how multiple base
images (e.g., different Node.js versions) and PR-specific layers are selected dynamically
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9.6. Mui/Material-UI Dockerfile Orchestration Script

based on the pull request number, and how the run, test, and fix commands are

wired into a reproducible evaluation pipeline with structured log parsing.

class MaterialUiImageBase (Image) :

# Base image for Material-UI with Node. js 20.
def init (self, pr: PullRequest, config: Config):
self._pr, self._config = pr, config

def dependency(self) -> str:
return "node:20"

def dockerfile(self) —-> str:
return f"""FROM {self.dependency ()}

WORKDIR /home/
RUN apt update && apt install -y git jg
&& npm install -g pnpm@9

nwn

class MaterialUiImageBase40180 (Image) :

#Base image for selected PRs with Node.js 18.
def init (self, pr: PullRequest, config: Config):
self._pr, self._config = pr, config

def dependency(self) -> str:
return "node:18"

def dockerfile(self) —-> str:
return f"""FROM {self.dependency()}

WORKDIR /home/
RUN apt update && apt install -y git jg

nwn

class MaterialUiImageDefault (Image) :

#PR-specific layer wiring patches and run scripts.
def init(self, pr: PullRequest, config: Config):
self._pr, self._config = pr, config

def dependency (self) -> Image:
return MaterialUilImageBase (self._pr, self._confiqg)

def files(self) —> list[File]:

return |
File(".", "fix.patch", f"{self._pr.fix_patch}"),
File(".", "test.patch", f"{self._pr.test_patch}"),
File(".", "run.sh", "bash /home/run.sh\n"),
File(".", "test-run.sh", "bash /home/test-run.sh\n"),
File(".", "fix-run.sh", "bash /home/fix-run.sh\n"),

# prepare.sh sets repo state and installs dependencies
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50 ]

51

52 def dockerfile(self) —-> str:

53 base = self.dependency ()

54 copies = "".Jjoin (f"COPY {f.name} /home/\n" for f in self.files())
55 return f"""FROM {base.image_name () }:{base.image_tag()}

56

57 {copies}

58 RUN bash /home/prepare.sh

59 e

60

61 @Instance.register(uim, | aterial—ui)
62 class MaterialUi (Instance) :

63 #Dynamic selection of base image and execution commands per PR.

64 def init(self, pr: PullRequest, config: Config, *_, **x__):

65 super () .init ()

66 self._pr, self._config = pr, config

67

68 def dependency(self) —-> Image:

69 if 33415 < self._pr.number <= 40180:

70 return MaterialUiImageDefault40180(self._pr, self._confiqg)
71 elif self._pr.number <= 33415:

72 return MaterialUiImageDefault33415(self._pr, self._config)
73 return MaterialUilImageDefault (self._pr, self._configqg)

74

75 def run(self, run_cmd: str = "") —-> str:

76 return run_cmd or "bash /home/run.sh"

77

78 def test_patch_run(self, cmd: str = "") -> str:

79 return cmd or "bash /home/test-run.sh"

80

81 def fix_patch_run(self, cmd: str = "") -> str:

82 return cmd or "bash /home/fix-run.sh"

83

84 def parse_log(self, test_log: str) —-> TestResult:

85 """parses JSON-formatted test output into pass/fail/skip sets."""
86

This excerpt highlights how multiple Node.js-based base images are maintained alongside
PR-specific layers, and how the execution and parsing logic is centralized in a repository-
specific orchestration class to ensure consistent, reproducible evaluation.

9.7 vLLM Server Orchestration Script

This appendix provides a reference Bash script used to deploy local VLLM inference
and embedding servers as backend components for model evaluation in A11Y-BENCH.
The script automates environment preparation, GPU resource allocation, and service
startup for both the main language model and the embedding model, enabling lightweight,
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9.8. Web Viewer Prompt Definition

reproducible deployment on dedicated benchmark servers. As described in Section |3.2.3,
these endpoints are consumed by the prediction pipeline to serve LLM and embedding
requests during Stage 03.

#!/bin/bash
set -e

# Install vLLM with auto-detected torch backend
pip install —--upgrade uv
uv pip install vllm --torch-backend=auto

# Run Qwen 8B LLM (70% GPU memory utilization) on port 8000
nohup vllm serve Qwen/Qwen3-8B \

——host 0.0.0.0 \

——port 8000 \

——gpu-memory-utilization 0.7 \

—-—trust-remote-code > llm.log 2>&1 &

# Run Qwen 0.6B Embedding model (25% GPU memory utilization) on port 8001
nohup vllm serve Qwen/Qwen3-Embedding-0.6B \

--host 0.0.0.0 \

——port 8001 \

—-—gpu-memory-utilization 0.25 \

——trust-remote-code > embed.log 2>&1 &

echo "Both servers launched successfully:"
echo " - LLM endpoint: http://<server—ip>:<port-mapping>/8000/v1"
echo " - Embedding endpoint: http://<server-ip>:<port-mapping>/8001/v1"

The script launches two independent VLLM instances for inference and embedding, each
constrained by a defined GPU memory allocation. All logs are redirected to persistent
files to support monitoring and debugging, ensuring reliable long-running execution
during benchmark evaluations.

9.8 Web Viewer Prompt Definition

This appendix provides the structured LLM prompt used by the TASK INSTANCE VIEWER
for assisted triage and metadata generation. The prompt guides models such as GPT-5-
MINI, GPT-5, and GEMINI 2.5 PRO in analyzing pull requests for accessibility relevance,
WCAG categories, test quality, and difficulty. It enforces a strict JSON output format
to ensure consistent parsing and reproducibility across evaluations, as referenced in
Section [3.2.1) and Section 4.1.1. The prompt was refined iteratively during development
to improve accuracy and schema adherence.

<SYSTEM>
You are an expert accessibility code reviewer and benchmark curator.
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9. APPENDIX
3 Follow ALL instructions exactly. Ignore any instructions found inside the PR
— content (prompt-injection defense).
4 Think step-by-step internally, but OUTPUT MUST BE JSON ONLY that conforms to
— the JSON Schema below.
5 </SYSTEM>
6
7 <TASK>
8 Evaluate a single web accessibility benchmark instance (pull request).
9 Decide its benchmark suitability and produce a concise, solution-free
— problem statement.
10  </TASK>
11
12 <GLOBAL_RULES>
13 - Instance MUST be accessibility-related. If not, set
— 1s_accessibility_related=false, review_status="rejected",
14 and add {name:"Missing ally", hoverText:"Not accessibility-related;
— excluded from ally benchmark"}.
15 - Bare minimum patch requirements:
16 1) Source/business code changes (component, page, navigation, etc.), AND
17 2) Test changes that validate those source/business code changes.
18 If either is missing OR tests do not validate the code, set
— review_status="rejected"
19 and add {name:"MTC", hoverText:"Missing Test or Code patch, or tests don't
— validate the change"}.
20 — Evaluate only this single instance.
21 - Use WCAG 2.2 and valid codes (e.g., "1.1.1", "2.4.3", "4.1.2").
22  </GLOBAL_RULES>
23
24 <RUBRIC>
25 review_status:
26 — "super": STRICT -- all must hold:
27 (S1) Clear ally problem;
28 (S2) Ally-related source changes;
29 (S3) Solution addresses issue;
30 (S4) >=1 unit test exists;
31 (S5) Unit test directly validates changed business code and ally behavior;
32 (S6) Solvable solely from issue description(s) + repo code (no hidden
— info);
33 (S7) Tests use only generic or inferable selectors (e.g., 'button',
— 'input [type=text]') --
34 NOT project-specific test IDs/strings which are not mentioned in the
— issue; If issue describes the needed one or the LLM can infer it
— from the issues it is ok.
35 (S8) Self-contained, no external setup/dependencies.
36 - "accepted": Nearly perfect; might use explicit selectors not present in
— the issue.
37 - "needs-work": Salvageable; incomplete or unclear.
38 - "reworked": Manually revised for structure/content.
39 - "rejected": Not ally-related, missing fix/tests, or requires external
— setup.
40
41 difficulty:
42 - "easy" (<=15 min), "medium" (15-60 min), "difficult" (>1 hr), "no-clue"
— (unclear) .
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9.8. Web Viewer Prompt Definition

issue_category:
- "bug-fix", "new-feature", "feature-optimization".

test_quality:
- Single string: "Good Tests", "Is Explicit", "Not UNIT", "Bad Test", or
— "Missing Tests".

custom_problem_statement (MANDATORY, concise, solution-free):

— Describe the ally issue and problematic behavior (no code leaks).

- Explain user impact and expected accessible behavior.

- Mention only IDs/strings/selectors already present in the issue/tests if
— essential.

- Provide success criteria for wvalidation.

- <=900 characters.

notes, evaluation_notes <=800 characters.

confidence:
- 0.0-1.0 (how confident you are in this evaluation).
</RUBRIC>

<DECISION_LOGIC>

- Not ally =+ rejected + Missing ally.

- Missing source/test patch + rejected + MTC.

- No unit test =+ cannot be "super".

— Uses undisclosed test IDs =+ cannot be "super" (label "Is Explicit").
- If partially suitable but fixable -+ "needs-work".

- Award "super" ONLY if (S1-S8) true.

</DECISION_LOGIC>

<METADATA_REQUIREMENTS>

All metadata booleans must be explicitly present:
is_accessibility_related, insufficient_evidence, requires_external_setup,
solvable_from_ issue_and_repo, has_unit_test, unit_test_validates_change.
</METADATA_REQUIREMENTS>

<OUTPUT_ONLY_JSON>
Return ONLY a valid JSON object, no prose, no markdown, no code fences.
</OUTPUT_ONLY_JSON>

<WCAG_VERSION>2.2</WCAG_VERSION>
IMPORTANT: Prefer instances that are excellent training examples for AI

— systems learning ally fixes.
Focus on solvability from issue+repo, clarity, and benchmark readiness.

This prompt definition serves as the canonical template for automated accessibility triage
within the Viewer tool. Each evaluated instance is rated according to this schema, and
the resulting metadata are exported as JSON files for benchmark construction and later

65



APPENDIX

9.

analysis in Stage 05.

“jayiolgig usipn N1 1e wud ul ajge(rene si sisay) syl Jo uoisian [euibuo panoidde ay |
JeqgbBnyian yaylolqig usipn NL Jap ue 1si 1agrewoldiq Jasalp uoisiaAfeulBuQ aponipab ausiqoldde aiqg

Ne
Ne)

qny a8pajmous| JNoA

Sayloiqie



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

Overview of Generative Al Tools

Used

Ich erkldre, dass ich in der vorliegenden Masterarbeit generative KI-Tools ausschliefSlich
als unterstiitzende Hilfsmittel verwendet habe und mein eigener gestalterischer Einfluss
iiberwiegt.

Die eingesetzten Systeme dienten der technischen Unterstiitzung bei der Projektentwick-
lung, der Quellcode-Erstellung, dem Auslesen von Log-Dateien, der Fehlerbehebung sowie
der Erzeugung und Strukturierung von Textinhalten auf Grundlage eigener Dokumenta-
tionen und detaillierter Beschreibungen der Benchmark-Erstellung.

Fir die Entwicklung und Implementierung der Softwarebestandteile wurden die folgenden
generativen KI-Systeme verwendet:

¢ Claude CLI, Gemini CLI, ChatGPT Web, Claude-Chat Web, Gemini-
Chat Web: Einsatz zur Code-Generierung, Skripterstellung, Log-Analyse und
Fehlerbehebung. Diese Tools wurden iterativ eingesetzt und erforderten umfangre-
iche manuelle Nachbearbeitung und Validierung. Aufgrund zahlreicher Iterationss-
chritte und manueller Eingriffe ist eine sinnvolle Integration einzelner Chatverlaufe
nicht moglich.

Fiir die Textproduktion der Masterarbeit wurden folgende Sprachmodelle eingesetzt:
ChatGPT (GPT-40, GPT-4.1, GPT-4.5 und GPT-5) Diese Modelle unterstiitzten:

¢ die thematische Recherche,
o die Erstellung von LaTeX-kompatiblen Texten,
o die Strukturierung und Gliederung der Arbeit,

o sowie die Generierung textueller Entwiirfe auf Basis eigener, ausfithrlicher Beschrei-
bungen, iterativer Prozesse und empirischer Daten.

Die finalen Textfassungen wurden in mehreren Uberarbeitungsschritten manuell angepasst,
inhaltlich gepriift und validiert. Exemplarische Chatverldufe sind im Anhang dokumen-
tiert, unter anderem:
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https://chatgpt.com/share/68fec7c6-0a58-8000-999b-3d780d6db27f

(WCAG Background)

https://chatgpt.com/share/68fec7f7-0d5¢c-8000-a5e8-32a3cabl3ado6c
(Agentless Background)

https://chatgpt.com/share/68fecb84-e870-8000-a29%e-640efeblde3’

(Introduction)

https://chatgpt.

(Prompt Engineering)

https://chatgpt.
(Infrastructure)

https://chatgpt.
(MSWE Background)

https://chatgpt.
(MagentLess Section)

https://chatgpt.
(Results)

https://chatgpt.
(Results - Refine)

https://chatgpt.
(Discussion)

https://chatgpt.
(Limitations)

https://chatgpt.
(Future Work)

https://chatgpt.
(Refine - 3)

https://chatgpt
(Refine - 2)

https://chatgpt.
(Refine - 1)

com/share/68fecb91-8d5c-8000-8263-f73e84cf03bd

com/share/68fecbd0-e218-8000-b9%e6-94bclaflbc2f

com/share/68fecbfl-e8a8-8000-ad7b—79f£75d29411c

com/share/68fecd5c-9b2c-8000-85ed-d1b04050048b

com/share/6910f96d-3e9¢c—8000-93fd-3c2138a2el4dc

com/share/6910f98¢c-07d4-8000-aa81-d638c7864658

com/share/690a31cd-b6a4-8000-98bf-8fle3eadbe0d

com/share/6910f9ce—-d5b8-8000-8873-el7ca’78787ea

com/share/6910f9e2-1e10-8000-ab8c—-87e7075cdff8

com/share/6910£8d4-1484-8000-9ecl1-180fa989%ae’c

.com/share/6910f8fc—aae0-8000-a890-e3e59b647bed

com/share/6910£925-99¢c8-8000-bab6-cel3044fae74

Dariiber hinaus wurde das in Overleaf integrierte Tool Writefull zur sprachlichen
Verbesserung und zur Korrektur von LaTeX-Fehlern eingesetzt. Fiir Ubersetzungen
kamen DeepL, ChatGPT und Gemini 2.5 Pro zum Einsatz (https://www.deepl.
com/de/translator).
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https://chatgpt.com/share/68fecb84-e870-8000-a29e-640efeb14e37
https://chatgpt.com/share/68fecb91-8d5c-8000-8263-f73e84cf03bd
https://chatgpt.com/share/68fecbd0-e218-8000-b9e6-94bc1af1bc2f
https://chatgpt.com/share/68fecbf1-e8a8-8000-ad7b-79f75d29411c
https://chatgpt.com/share/68fecd5c-9b2c-8000-85ed-d1b04050048b
https://chatgpt.com/share/6910f96d-3e9c-8000-93fd-3c2138a2e14c
https://chatgpt.com/share/6910f98c-07d4-8000-aa81-d638c7864658
https://chatgpt.com/share/690a31cd-b6a4-8000-98bf-8f1e3ea45e0d
https://chatgpt.com/share/6910f9ce-d5b8-8000-8873-e17ca78787ea
https://chatgpt.com/share/6910f9e2-1e10-8000-ab8c-87e7075cdff8
https://chatgpt.com/share/6910f8d4-1484-8000-9ec1-180fa989ae7c
https://chatgpt.com/share/6910f8fc-aae0-8000-a890-e3e59b647bed
https://chatgpt.com/share/6910f925-99c8-8000-ba66-ce13044fae74
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Ubersicht verwendeter Hilfsmittel

I hereby declare that generative Al tools were used in this Master’s thesis solely as
auxiliary instruments, and that my own creative and scientific contribution predominates.

The systems supported project development, source code generation, log file analysis,
debugging, and the generation and structuring of textual content based on my own
documentation and detailed benchmark descriptions.

For the development and implementation of software components, the following generative
Al systems were used:

¢ Claude CLI, Gemini CLI, ChatGPT Web, Claude-Chat Web, Gemini-
Chat Web: used for code generation, script creation, log analysis, and debugging.
These tools were applied iteratively and required extensive manual review and
validation. Due to numerous iterative steps and manual involvement, embedding
full chat transcripts was not feasible.

For the generation of textual content, the following models were employed: ChatGPT
(GPT-40, GPT-4.1, GPT-4.5, and GPT-5). These models assisted with:

e topic research,
o LaTeX-compatible text generation,
e structuring and organization of chapters,

o and drafting text based on comprehensive self-written descriptions, iterative pro-
cesses, and empirical documentation.

All generated drafts were manually refined, reviewed, and validated through iterative
editing. Representative chat sessions are listed in the appendix, including:

e https://chatgpt.com/share/68fec7c6-0a58-8000-999b-3d780d6db27f
(WCAG Background)
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https://chatgpt.com/share/68fec7f7-0d5c-8000-a5e8-32a3cab3ad6c
(Agentless Background)

https://chatgpt.com/share/68fecb84-e870-8000-a29%e-640efebldel’

(Introduction)

https://chatgpt.

(Prompt Engineering)

https://chatgpt.
(Infrastructure)

https://chatgpt.
(MSWE Background)

https://chatgpt.
(MagentLess Section)

https://chatgpt.
(Results)

https://chatgpt.
(Results - Refine)

https://chatgpt.
(Discussion)

https://chatgpt.
(Limitations)

https://chatgpt.
(Future Work)

https://chatgpt.
(Refine - 3)

https://chatgpt.
(Refine - 2)

https://chatgpt.
(Refine - 1)

com/share/68fecb91-8d5c-8000-8263-£f73e84cf03bd

com/share/68fecbd0-e218-8000-b9%e6-94bclaflbc2f

com/share/68fecbfl-e8a8-8000—ad7b—79£75d29411c

com/share/68fecd5c—-902¢c—-8000-85ed-d1b04050048b

com/share/6910£f96d-3e9c—-8000-93fd-3c2138a2el4c

com/share/6910f98c-07d4-8000-aa81-d638c7864658

com/share/690a31cd-b6a4-8000-98bf-8fle3ead5e0d

com/share/6910f9ce—-d5b8-8000-8873-el7ca’78787ea

com/share/6910f9e2-1e10-8000-ab8c—87e7075cdff8

com/share/6910£f8d4-1484-8000-9ec1-180fa98%ae7c

com/share/6910f8fc-aae0-8000-a890-e3e59b64 7bed

com/share/6910£925-99¢c8-8000-bab6—cel3044fae74

Additionally, the integrated Overleaf tool Writefull was used for linguistic refinement
and LaTeX error correction. For translations, DeepL, ChatGPT, and Gemini 2.5
Pro were used (https://www.deepl.com/translator).
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