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Abstract 
The increasing complexity of software repositories, dependencies, and interactions 
among components makes debugging and maintenance increasingly demanding. 
Conventional debugging relies heavily on developer expertise and manual 
investigation, while many large language model (LLM)-based coding assistants 
operate with limited repository context and do not consistently validate proposed 
changes. This study presents the design, implementation, and controlled evaluation 
of a repository-aware AI coding agent for automated defect detection and repair. 
The proposed system integrates repository analysis, error understanding, LLM-
based reasoning, repair suggestion, execution-based validation, and performance 
evaluation in a modular workflow. It was implemented using Python, Git-based 
repository management, and an LLM API, and evaluated using a CMake-based 
C/C++ repository containing 21 analysed files and two seeded defects. The full 
agent identified both seeded defects without false positives or false negatives, 
achieving 100% precision, 100% recall, and a 100% F1-score. The generated 
repair changed the repository from a failing automated-test state to a passing state. 
Repository analysis processed all 21 selected files, identified two code findings, and 
reported an overall repository score of 100/100 with a reliability score of 98%. In 
an LLM-only comparison conducted over three repetitions, recall remained 100%, 
but 13 false positives reduced precision to 31.58% and the F1-score to 48.00%. 
An efficiency comparison retained all findings and used seven model requests in 
both configurations; the efficient configuration reduced execution time by 15.86%, 
while token consumption increased from 10,305 to 10,640 (approximately 
3.25%). The findings indicate that repository context and execution-based 
validation can improve the reliability of AI-assisted debugging, although the small, 
controlled evaluation limits claims about generalisation. 
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INTRODUCTION 
Software debugging is essential to software 
reliability and correctness. As repositories expand in 
size and complexity, the number of dependencies, 
execution paths, and interactions among 
components increases the time and expertise 

required to identify and resolve defects 
(Sommerville, 2021; Pressman and Maxim, 2020). 
Conventional debugging methods include code 
inspection, fault localisation, failure reproduction, 
tracing, breakpoint analysis, patch implementation, 
and testing (Zeller, 2009; Myers, Sandler and 
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Badgett, 2011). These practices remain important, 
but they can become resource-intensive when a 
defect involves multiple files or dependencies. 
LLM-based systems have advanced code generation, 
completion, explanation, and modification (Chen 
et al., 2021; Fan et al., 2023). However, code 
assistants often operate on limited fragments of a 
project and may not fully account for repository 
structure, dependencies, configuration, or expected 
behaviour. Consequently, a plausible or 
syntactically valid change may fail to resolve the 
underlying defect or may introduce compatibility 
and security problems (Pearce et al., 2025). Reliable 
debugging therefore requires more than code 
generation: it requires relevant project context and 
evidence that a proposed repair improves software 
behaviour. 
Automated program repair (APR) research has 
explored search-based, template-based, and 
constraint-based approaches to generating patches 
(Monperrus, 2018; Gazzola, Micucci and Mariani, 
2017). More recent repository-level agents extend 
code generation through planning, tool use, 
repository interaction, and execution feedback 
(Jimenez et al., 2024; Yang et al., 2024). 
Nevertheless, computational overhead, evaluation 
consistency, and dependable repair validation 
remain important challenges. 
This research addresses these challenges through a 
modular AI coding agent that analyses repository 
structure, interprets diagnostic evidence, generates 
repair suggestions, and validates changes through 
testing and execution feedback. The study evaluates 
defect detection, repair behaviour, and 
computational efficiency, and compares the 
complete workflow with an LLM-only 
configuration. 
 
1.1 Research aim and questions 
The aim is to design, implement, and evaluate an 
efficient repository-aware AI coding agent capable of 
analysing software repositories, detecting 
programming defects, generating repair 
recommendations, and verifying proposed changes 
while monitoring computational requirements. 
The study is guided by five questions: (1) How can 
existing AI-assisted debugging and APR approaches 
inform repository-level agent design? (2) How 

effectively can the agent analyse repositories and 
interpret source-code and error information? (3) To 
what extent does combining repository analysis, 
compiler/runtime feedback, documentation, 
reasoning, and validation improve debugging? (4) 
How effective is the agent in defect detection, 
repair, and computational efficiency? and (5) What 
limitations and future improvements affect practical 
application? 
 
2. Related Work 
Traditional debugging combines fault localisation, 
failure reproduction, program inspection, patching, 
and validation. Spectrum-based fault localisation 
ranks suspicious program elements by analysing 
their relationship with passing and failing tests 
(Abreu, Zoeteweij and Van Gemund, 2007; Wong 
et al., 2016). Although systematic, manual 
debugging depends on a developer's understanding 
of architecture and execution behaviour (Zeller, 
2009). 
APR automates some stages of defect correction. 
Search-based methods explore candidate changes 
and evaluate them against test suites; approaches 
such as GenProg use evolutionary search, while 
template-based approaches learn or apply recurring 
patch patterns (Le Goues et al., 2011; Kim et al., 
2013; Martinez and Monperrus, 2019). Constraint-
based methods formulate repair in terms of 
program specifications and execution constraints, 
but can incur substantial computational costs 
(Gazzola, Micucci and Mariani, 2017). Test-suite 
quality remains a central limitation because a patch 
can pass available tests without necessarily 
implementing the intended behaviour (Monperrus, 
2018; Huang et al., 2024). 
Machine-learning and deep-learning methods have 
supported defect prediction, code classification, 
code search, and code representation (Hall et al., 
2011; Allamanis et al., 2018). Models such as 
code2vec, CodeBERT, and GraphCodeBERT learn 
representations that support code understanding 
(Alon et al., 2019; Feng et al., 2020; Guo et al., 
2020). Code-generation models including Codex, 
CodeGen, StarCoder, and Code Llama have further 
expanded the range of programming tasks 
supported by LLMs (Chen et al., 2021; Nijkamp et 
al., 2022; Li et al., 2023; Roziere et al., 2023). 
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Interactive coding assistants can improve developer 
productivity, but their usefulness depends on the 
context supplied and on developers' ability to 
inspect their suggestions (Vaithalingam, Zhang and 
Glassman, 2022; Barke, James and Polikarpova, 
2023). Repository-level agents aim to address 
context limitations by inspecting project files, 
identifying relevant code, planning changes, and 
interacting with execution tools. SWE-bench and 
SWE-agent illustrate the importance of evaluating 
agents on repository-level tasks and execution 
feedback (Jimenez et al., 2024; Yang et al., 2024). 
The present study builds on this direction by 
combining repository awareness with explicit repair 
validation and an efficiency comparison. 
 
3. Materials and Methods 
3.1 Research design 
A Design and Development Research approach was 
adopted to design, implement, and refine the 
software artefact, with experimental assessment used 
to evaluate its performance (Richey and Klein, 
2007; Wieringa, 2014). The evaluation followed a 
controlled workflow: repository selection, defect 
identification, agent execution, repair 
recommendation, repair validation, and recording 
of performance measures. Consistent configurations 
and controlled conditions were intended to support 
comparison and reproducibility (Wohlin et al., 
2012; Keele, 2007). 
3.2 Development environment 
The system used Python for repository processing, 
automation, structured data handling, and 
integration; Git for repository management and 
controlled project access; and an LLM API for 
contextual reasoning and repair recommendations. 
Testing, build, and execution mechanisms were 
incorporated to assess proposed changes. The 
dissertation describes the implementation 
environment in terms of backend, repository-
processing, LLM-interaction, and validation 
services; it does not provide a complete 
reproducible hardware specification or identify the 
exact LLM model/API version. 
 
3.3 Agent architecture 
The agent consists of six connected stages. First, the 
Repository Analysis Module scans source files, 

configuration, documentation, build files, and 
dependencies, then selects relevant files and 
prepares structured repository context. Second, the 
Error Understanding Module processes compiler 
errors, runtime exceptions, logs, and diagnostic 
information. Third, the AI Reasoning Module 
combines error evidence with repository context to 
interpret likely defects and formulate repair 
strategies. Fourth, the Repair Suggestion Module 
translates those strategies into code modifications. 
Fifth, the Validation Module evaluates changes 
through automated tests, build verification, and 
execution feedback. Finally, the Performance 
Evaluation Module records repair outcomes, 
detection metrics, token consumption, model 
requests, and execution time. 
The architecture separates repair generation from 
repair acceptance. A generated patch is not treated 
as successful merely because the LLM proposes it; 
acceptance is based on observable validation 
evidence. The modular design also permits 
individual components to be compared or refined 
independently. 
 
3.4 Experimental repository and procedure 
The experimental evaluation reported in the results 
chapter used a CMake-based C/C++ repository. The 
system selected and analysed 21 relevant files, with 
no file-processing failures. Two seeded defects were 
used as known ground-truth issues. For each defect, 
the agent analysed the repository and diagnostic 
information, generated repair recommendations, 
applied a proposed change, and evaluated the 
modified repository using automated testing and 
execution feedback. The dissertation describes the 
wider selection rationale as small- and medium-sized 
repositories with source code, dependencies, build 
processes, testing infrastructure, and representative 
defects; however, the quantitative results presented 
for the main benchmark concern the single 
repository described above. 
 
3.5 Evaluation measures 
Defect detection was evaluated against seeded 
ground truth using precision, recall, and F1-score. 
Repair effectiveness was assessed by whether the 
target defect was addressed and whether the 
modified repository passed validation without 
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additional failures. Computational efficiency was 
assessed using token consumption, number of 
model requests, and execution time. The standard 
measures are defined as follows: 
Precision = TP / (TP + FP); Recall = TP / (TP + 
FN); F1 = 2 × (Precision × Recall) / (Precision + 
Recall), where TP denotes true positives, FP false 
positives, and FN false negatives. 
An ablation comparison evaluated the complete 
agent against an LLM-only configuration. The LLM-
only ground-truth audit was repeated three times. A 
separate baseline-versus-efficient configuration 
comparison was performed under the same  

repository conditions. 
 
4. Results 
4.1 Repository analysis 
The agent automatically identified the repository as 
a CMake-based C/C++ project, detected supported 
programming languages and available testing 
capabilities, and selected execution profiles using 
repository and toolchain evidence. All 21 selected 
files were analysed successfully, with zero failed files. 
One file contained potential issues, and two code-
related findings were recorded. No security issues 
were identified by the repository analysis summary. 

 
 
Repository analysis measure Observed result 
Selected files 21 
Analysed files 21 
Failed files 0 
Files with issues 1 
Total findings 2 
Security issues 0 
Overall repository score 100/100 
Code quality score 100% 
Security score 100% 
Performance score 100% 
Reliability score 98% 
Maintainability score 100% 

 
The repository analysis dashboard reported an 
overall score of 100/100 and a reliability score of 
98%, with full scores for code quality, security, 
performance, and maintainability. These are 
outputs of the implemented repository assessment 
interface and should be interpreted as system-
generated assessment scores, rather than 
independent external audits of software quality or 
security. 
 

4.2 Seeded defect detection 
Against the two seeded ground-truth defects, the 
complete AI coding agent recorded two true 
positives, zero false positives, and zero false 
negatives. This corresponds to 100% precision, 
100% recall, and a 100% F1-score. Thus, both 
seeded defects were identified and no unrelated 
finding was counted as a defect in this controlled 
benchmark. 

 
Configuration TP FP FN Precision Recall F1-score 
Full AI coding 
agent 

2 0 0 100% 100% 100% 

LLM-only 
(three 
repetitions, 
aggregated 
audit) 

Not 
separately 
stated 

13 0 31.58% 100% 48.00% 
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The LLM-only configuration identified all seeded 
defects across three repeated runs (100% recall), but 
produced 13 false positives. Its precision was 
31.58% and its F1-score was 48.00%. The contrast 
indicates that broad LLM reasoning could surface 
potential issues but, without the complete 
repository-aware workflow, was less effective at 
distinguishing the seeded defects from irrelevant 
findings. 
 
4.3 Repair generation and validation 
The repair interface identified two issues in the file 
mathlib.c and generated repair recommendations 
for the selected component. The source document 
reports that the changed file was written and 
subsequently validated. Before repair, the repository 
failed automated validation; after the generated 
modification was applied, the repository passed the 
validation phase with no failures identified. The 
repair was therefore considered successful according 
to the execution-based acceptance procedure. 

The compiler/runtime evidence interface combined 
compiler output, test results, runtime data, and 
environment information. This evidence was 
associated with repository analysis results and used 
to support defect interpretation and the pre-/post-
repair comparison. The code comparison described 
in the project indicated that modifications were 
focused on affected sections and did not restructure 
the overall program. 
 
4.4 Computational efficiency 
The baseline and efficient configurations each 
required seven model requests. The efficient 
configuration reduced execution time by 15.86% 
while retaining 100% of the findings. Token 
consumption increased from 10,305 to 10,640 
tokens. This is an increase of approximately 3.25%, 
not a decrease; the original dissertation describes 
the change as a “-3.25% decrease,” but the reported 
values show an increase. No absolute execution-time 
values are stated in the narrative results, so only the 
reported percentage reduction can be presented. 

 
Efficiency measure Baseline Efficient configuration Reported outcome 
Model requests 7 7 No change 

Token consumption 10,305 10,640 
Increase of approximately 
3.25% 

Execution time Not stated Not stated 15.86% reduction 
Finding retention Reference configuration 100% No loss of findings 

 
5. Discussion 
The evaluation supports the central proposition 
that repository awareness can improve the precision 
of AI-assisted defect analysis in a controlled setting. 
The complete agent combined file discovery, 
dependency and configuration context, structured 
error interpretation, LLM reasoning, and 
validation. It identified both seeded defects without 
false positives, whereas the LLM-only configuration 
retained full recall but generated a substantially 
larger number of false positives. This is consistent 
with concerns that LLM coding assistants may lack 
the project-specific context needed for dependable 
software analysis (Pearce et al., 2025; Fan et al., 
2023). 
The repair experiment also illustrates the 
importance of separating code generation from 
repair acceptance. The pre-repair repository failed 

automated tests, while the repaired repository 
passed. This provides behavioural evidence that the 
change improved the tested state of the software. It 
does not, however, establish that all possible defects 
were eliminated or that the patch is correct under 
untested execution paths. Test coverage and the 
quality of the test oracle remain important 
constraints in APR evaluation (Pacheco et al., 2007; 
Martinez and Monperrus, 2019). 
The efficiency comparison suggests that workflow 
optimisation reduced execution time without 
reducing finding retention, although token 
consumption increased. Efficiency in LLM-based 
systems should therefore be interpreted as a trade-
off among runtime, model interactions, token use, 
and output quality, rather than as a single resource 
measure (Bommasani et al., 2021). The unchanged 
number of requests and improved execution time 
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are promising, but the absence of absolute timing 
values and repeated timing statistics limits the 
strength of the efficiency claim. 
Taken together, the findings support a system-level 
view of AI debugging: model capability alone is 
insufficient, and repository context, diagnostic 
evidence, and execution-based validation are 
important parts of a dependable workflow (Jimenez 
et al., 2024; Yang et al., 2024). 
 
6. Limitations and Threats to Validity 
Several limitations constrain interpretation. First, 
the principal quantitative benchmark used a small 
repository and two seeded defects. Such a 
controlled setup supports objective matching but 
may not represent the ambiguity, scale, and 
interacting failures found in naturally occurring 
software defects. Second, the reported results 
concern a CMake-based C/C++ environment, so 
generalisation to other languages, frameworks, and 
build systems has not been established. Third, the 
system depends on the underlying LLM and its 
availability and behaviour. Fourth, passing the 
available tests is evidence of improvement under the 
tested conditions, not proof of complete program 
correctness. Finally, the dissertation does not 
provide absolute execution times, full hardware 
details, model identity/version, or a broad multi-
repository statistical analysis, which limits 
independent reproducibility and comparison. 
 
7. Future Perspectives and Research Directions 
The present study establishes a controlled proof of 
concept for repository-aware defect detection, repair 
generation, and execution-based validation. Its 
results should not, however, be interpreted as 
evidence of general performance across 
programming languages, repository scales, or 
industrial environments. The evaluation involved 
one CMake-based C/C++ repository, 21 analysed 
files, and two seeded defects. Accordingly, the most 
important future step is a broader and more 
rigorous validation programme using naturally 
occurring defects, multiple repositories, diverse 
build systems, and independently curated test 
suites. Benchmarking should include not only 
whether an agent can generate a patch, but also 
whether the patch preserves intended behaviour, 

avoids regressions, and remains maintainable under 
subsequent changes. This direction is consistent 
with the wider evolution of automated repair and 
empirical software engineering, where benchmark 
diversity, test-oracle quality, and transparent 
experimental protocols are central concerns (Huang 
et al., 2024; Zhang et al., 2024; Wohlin et al., 
2012). 
A second priority is to move from static repository 
snapshots towards continuous, longitudinal 
repository understanding. Future agents could 
maintain structured representations of 
dependencies, interfaces, build configurations, test 
histories, issue discussions, and version-control 
changes. Such representations may combine graph-
based code relationships with semantic embeddings 
and execution traces, allowing the agent to reason 
about how a local change propagates across a 
system. Advances in code representation and 
machine learning for software repositories provide 
relevant foundations for this direction (Allamanis et 
al., 2018; Alon et al., 2019; Feng et al., 2020; Guo 
et al., 2020; Hall et al., 2011). In parallel, model 
diversity should be examined through controlled 
comparisons of general-purpose and code-
specialized foundation models, with explicit 
reporting of model versions, prompts, context 
limits, and inference settings (Chen et al., 2021; 
Nijkamp et al., 2022; Li et al., 2023; Roziere et al., 
2023; Bommasani et al., 2021). 
A third direction concerns stronger validation and 
security assurance. Passing an available test suite is 
necessary evidence, but it cannot establish the 
absence of defects in untested paths. Future 
versions should therefore combine unit and 
integration tests with property-based testing, 
mutation testing, fuzzing, static analysis, 
dependency auditing, and security-specific checks. 
Where possible, the agent should generate 
additional tests from the intended behaviour and 
from the boundaries of the proposed patch, while 
keeping test generation distinct from the 
independent assessment of the patch. This is 
particularly important because AI-generated code 
can introduce security weaknesses even when it 
appears plausible or compiles successfully (Pearce et 
al., 2025; Ali and Butt, 2026). Fraud-detection 
research also illustrates the value of anomaly-
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oriented pattern recognition in risk-sensitive digital 
systems, although its methods would need 
adaptation and software-specific validation before 
being applied to code security (Naeem, Butt and 
Javeid, 2026a). 
Future work should also examine adaptive and 
human-supervised repair. Rather than treating the 
model output as an autonomous final decision, the 
agent could provide ranked hypotheses, evidence-
linked explanations, patch previews, confidence 
estimates, and explicit approval checkpoints. 
Developer feedback could be retained as structured 
information about accepted, rejected, or modified 
recommendations, enabling evaluation of whether 
the system becomes more useful without silently 
reinforcing prior errors. Research on programmer 
interaction with code-generation tools, AI-assisted 
learning, adaptive learning platforms, and AI 
automation suggests that usability, human 
judgement, and organizational context are 
important determinants of successful adoption 
(Vaithilingam et al., 2022; Barke et al., 2023; Kamal 
et al., 2026; Faizi et al., 2026; Amanat and Butt, 
2026; Naeem, Butt and Javeid, 2026b). Future 
studies should measure not only defect metrics but 
also review time, developer workload, 
comprehension, trust calibration, and the quality of 
human decisions. 
Finally, reproducibility and resource efficiency 
should become first-class design objectives. The 
current efficient configuration reduced execution 
time by 15.86% but increased token consumption 
by approximately 3.25%; this illustrates why 
runtime, model calls, token use, energy demand, 
and repair quality should be reported together. 
Subsequent experiments should publish absolute 
timings, hardware specifications, model identifiers, 
prompts, repository commits, test configurations, 
and repeated-run variability. Ablation studies can 
isolate the contribution of repository indexing, 
diagnostic interpretation, reasoning, and execution 
feedback, while governance frameworks can define 
audit trails, access control, rollback procedures, and 
responsibility for accepted changes (Hossain, 2021; 
Wieringa, 2014; Bosch et al., 2021; Butt et al., 
2026a). The long-term objective is not simply a 
faster code generator, but a dependable engineering 
assistant whose decisions are traceable, 

reproducible, secure, and proportionate to the risks 
of the software being modified. 
 
8. Multidisciplinary Integration and Cross-
Domain Implications 
The architecture examined in this study is rooted in 
software engineering, but its underlying workflow—
context acquisition, interpretation of heterogeneous 
evidence, hypothesis generation, intervention, and 
outcome validation—has conceptual parallels across 
scientific and professional domains. This does not 
imply that the present coding agent has been tested 
in those domains. Rather, it identifies a transferable 
computational pattern that could inform the design 
of domain-specific intelligent systems. Such transfer 
requires domain-appropriate data, validated models, 
specialist oversight, and evaluation criteria that 
reflect the consequences of error in each field. 
In biomedical and clinical sciences, the closest 
parallel is the integration of multiple evidence 
streams before a decision is made. Clinical AI may 
combine laboratory biomarkers, medical images, 
molecular measurements, patient history, and 
diagnostic test outputs; a system that reasons over 
these sources must preserve provenance, resolve 
inconsistencies, and validate its conclusions against 
clinically meaningful reference standards. Work on 
multimodal cardiovascular diagnostics, CT-based 
lung-cancer classification, tuberculosis test 
interpretation, hepatitis C screening, antimicrobial 
resistance, and molecular or clinical determinants 
of disease illustrates the diversity of evidence that 
clinical decision-support systems must 
accommodate (Arif et al., 2026; Raoof et al., 2026; 
Sarwar et al., 2026; Nadeem et al., 2026; Naik et al., 
2026; Farrukh et al., 2026; Riaz and Butt, 2026). 
The analogy to repository-aware debugging lies in 
contextual integration and verification, not in 
equating software tests with clinical diagnosis. In 
healthcare, validation must include clinical 
sensitivity, specificity, external validation, fairness, 
safety, and professional accountability. Research on 
low-carbohydrate recovery diets also illustrates the 
interaction of nutritional, hormonal, and 
musculoskeletal outcomes in human-performance 
contexts (Butt, Ishaq et al., 2026). 
The same principle applies to nutrition, food 
science, and biotechnology, where product 
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performance and safety depend on interacting 
chemical, physical, microbial, nutritional, and 
process variables. Research on food composition 
and safety, probiotic fermentation, plant-based 
foods, hybrid proteins, meat analogues, and 
functional ingredients provides examples of 
complex systems in which isolated measurements 
may be insufficient to characterize overall quality 
(Khan et al., 2024; Butt et al., 2024; Ahmed et al., 
2024; Butt et al., 2025a; Butt et al., 2025b; Riaz et 
al., 2026a; Riaz et al., 2026b; Butt et al., 2026b; 
Adnan et al., 2026; Butt et al., 2026c; Butt et al., 
2026d; Zaidi and Randhawa, 2025). AI-guided 
fermentation and precision food processing further 
demonstrate the potential relevance of predictive 
modelling, process monitoring, and adaptive 
control in biotechnology (Khan et al., 2025; Butt et 
al., 2026e; Riaz et al., 2026c). A domain-specific 
agent could, in principle, integrate formulation 
records, process parameters, analytical results, 
microbial measurements, and acceptance criteria to 
identify deviations and recommend corrective 
actions. Such a system would require validated 
laboratory protocols and food-safety controls; a 
generated recommendation alone would not 
establish product safety. The sustainable hybrid-
protein formulation work also highlights the 
relevance of process optimization and 
environmental considerations in food-system design 
(Butt, Shahzad et al., 2025). Ultrasound-assisted 
protein modification and ultrasonication-enhanced 
protein crosslinking provide further examples of 
process–structure–function relationships that could 
be monitored through data-integrated workflows 
(Butt, Arshad et al., 2026; Butt, Mustafa et al., 
2026a; Butt, Mustafa et al., 2026b). 
Molecular biology, genetics, and agricultural 
sciences offer another important connection. 
Genome and epigenome editing, crop disease 
resistance, drought response, salinity stress, and 
environmental molecular monitoring involve 
complex relationships between biological 
mechanisms, experimental conditions, and 
measured outcomes (Jabeen et al., 2025; Fatima et 
al., 2026; Shafeeq et al., 2026; Iqbal et al., 2024). 
Multi-omics investigations of aquatic organisms and 
studies of microplastic-associated toxicity further 
show how biological interpretation can require the 

integration of molecular, physiological, and 
histopathological evidence (Ullah et al., 2026a; 
Ullah et al., 2026b). A future scientific agent could 
assist with protocol-aware data organization, 
anomaly detection, reproducibility checks, and 
consistency assessment across experimental datasets. 
However, causal interpretation, biological 
significance, and experimental conclusions must 
remain grounded in domain expertise and 
independent validation. 
In physics and engineering, simulation-based 
reasoning provides a particularly direct conceptual 
bridge to execution-based software validation. 
Numerical investigations of nonlinear differential 
equations and plasma instabilities depend on 
mathematical formulation, boundary conditions, 
numerical stability, and comparison of computed 
outputs with expected behaviour (Shah and Butt, 
2026; Tahir et al., 2026). Photonic and metasurface 
device development, quantum information 
processing, and adaptive protection of power 
systems similarly involve coupled components 
whose performance must be evaluated under 
defined operating conditions (Butt and Ansar, 
2026; Awais and Butt, 2026). These domains 
suggest opportunities for agents that inspect 
computational models, track parameter 
dependencies, identify inconsistent configurations, 
execute simulations, and compare outputs with 
physical constraints. Nevertheless, numerical 
convergence or successful execution is not by itself 
proof that a model accurately represents the 
physical system; validation against analytical 
solutions, experimental observations, and 
uncertainty estimates remains essential. 
Cybersecurity and digital governance are cross-
cutting requirements rather than optional 
extensions. Repository-aware agents may access 
source code, credentials, build pipelines, package 
registries, and deployment infrastructure, creating 
risks that extend beyond incorrect patches. Security-
aware design should therefore include least-privilege 
permissions, sandboxed execution, secret detection, 
dependency provenance, signed changes, audit logs, 
human approval for high-impact operations, and 
reliable rollback. Research on security risks in AI-
generated code and machine-learning-based fraud 
detection provides relevant perspectives on threat 
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identification and anomaly monitoring (Ali and 
Butt, 2026; Naeem, Butt and Javeid, 2026a). At the 
organizational level, risk governance and strategic 
controls can help define who authorizes automated 
actions, how incidents are escalated, and how 
accountability is maintained (Butt et al., 2026a). 
These safeguards become especially important when 
an agent is integrated into regulated or safety-critical 
environments. 
The human and social sciences also shape whether 
intelligent agents can be adopted responsibly. 
Evidence concerning AI-assisted language learning, 
adaptive education, employee productivity, 
workforce sustainability, and healthcare human-
resource practices indicates that automation 
interacts with learning, skills, work design, 
institutional capacity, and wellbeing (Kamal et al., 
2026; Faizi et al., 2026; Amanat and Butt, 2026; 
Naeem, Butt and Javeid, 2026b; Rehman et al., 
2026). Research addressing language, identity, and 
power further reminds developers that AI systems 
can reproduce biases embedded in data and 
institutional settings (Fatima et al., 2026b). In 
practical software teams, this means that agent 
performance should be assessed alongside 
accessibility, explainability, distribution of 
workload, professional autonomy, and the 
possibility of over-reliance. A technically accurate 
system may still be unsuitable if users cannot 
understand, challenge, or appropriately supervise its 
recommendations. Simulation-based AI venture 
decision systems and research on risk governance 
further suggest that intelligent recommendations 
must be evaluated within organizational strategy 
and accountability structures (Naeem, Butt and 
Javeid, 2026c; Butt, Yiwen and Javeid, 2026). 
Finally, environmental, population-health, 
rehabilitation, and sustainability research broadens 
the set of outcomes that domain-specific intelligent 
systems may need to consider. Studies of 
environmental contaminants, biodiversity 
monitoring, nutritional status, migration-related 
health inequities, musculoskeletal rehabilitation, 
dental care, and sustainability performance illustrate 
that technical decisions often sit within larger 
ecological and social systems (Ullah et al., 2026a; 
Iqbal et al., 2024; Riaz et al., 2026d; Riaz et al., 
2026e; Mahmood et al., 2026; Ehsan et al., 2026; 

Zaidi et al., 2026; Khan Swati et al., 2026a; Khan 
Swati et al., 2026b; Khurshid et al., 2026). The 
implication for AI-agent design is that system 
objectives should not be reduced to a single 
performance score. Depending on the domain, 
evaluation may need to balance accuracy, safety, 
equity, sustainability, interpretability, resource 
consumption, and long-term outcomes. 
Interdisciplinary collaboration is therefore necessary 
not merely to transfer algorithms, but to define the 
right problems, constraints, evidence standards, and 
measures of success. Comparative studies of plant-
based patties and the valorization of food-processing 
by-products add further examples of integrating 
compositional, functional, sensory, and 
sustainability-related outcomes (Adnan et al., 2026; 
Butt, Mustafa et al., 2026c). 
Population health, nutrition, and rehabilitation 
research further demonstrates why intelligent 
decision-support systems must account for variation 
between individuals and contexts. Studies 
addressing probiotic-yogurt consumption and 
metabolic health, dietary zinc and IGF-1, diet-
related epigenetic markers, exercise recovery, 
student nutritional status, dietary quality, and 
nutritional biomarkers in rehabilitation provide 
examples of questions in which biological, 
behavioural, and clinical information may need to 
be interpreted together (Rashid et al., 2026; Butt, 
Ali et al., 2026a; Butt, Ali et al., 2026b; Butt, Ishaq 
et al., 2026; Riaz, Sohail et al., 2026; Anum et al., 
2026; Zaidi et al., 2026). These studies do not 
validate the present software agent; rather, they 
illustrate the broader need for transparent data 
integration and carefully defined outcome measures 
in domain-specific analytical systems. 
Other examples emphasize the importance of 
context-sensitive interpretation and the limits of 
single-indicator assessment. Research on gut-
microbiome diversity and child malnutrition, 
migration-related health inequities, cancer-
associated nutritional and molecular determinants, 
and musculoskeletal or dental interventions points 
to interacting biological, social, and treatment-
related factors (Shazif et al., 2026; Riaz, Tariq et al., 
2026; Riaz, Saim and Butt, 2026; Ehsan et al., 
2026; Khan Swati et al., 2026a; Khan Swati et al., 
2026b). In a comparable way, AI systems deployed 
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in B2B healthcare marketing or other institutional 
settings must be assessed in relation to their users, 
data governance, and service context rather than by 
predictive performance alone (Saboor et al., 2026). 
Environmental and microbiological applications 
also offer useful examples of evidence fusion. 
Molecular monitoring of biodiversity, the detection 
of antimicrobial resistance, and studies of microbial 
dynamics during fermentation require careful 
interpretation of heterogeneous measurements and 
laboratory evidence (Iqbal et al., 2024; Naik et al., 
2026; Riaz, Ye et al., 2026). In food formulation, 
mineral-fortified products and ultrasound- or 
enzyme-assisted modification demonstrate the 
importance of linking process conditions with 
compositional, functional, and stability outcomes 
(Zaidi and Randhawa, 2025; Butt, Mustafa et al., 
2026a; Butt, Mustafa et al., 2026b; Riaz et al., 
2026c). Likewise, crop salinity research and catalyst-
assisted synthesis illustrate how computational or 
data-driven recommendations would need to be 
interpreted alongside experimental conditions and 
material-specific constraints (Shafeeq et al., 2026; 
Raza et al., 2026). 
Overall, the multidisciplinary potential of 
repository-aware agents lies in the disciplined 
orchestration of context, reasoning, intervention, 
and verification. The present study demonstrates 
this pattern only for a narrowly defined software-
debugging task. Its extension to medicine, 
biotechnology, agriculture, physics, engineering, 
education, or organizational decision-making 
remains a research proposition requiring domain-
specific development and prospective evaluation. 
This distinction is important: the value of cross-
disciplinary integration is not that one agent can 
solve every scientific problem, but that common 
principles of evidence integration, traceability, 
controlled action, and independent validation can 
guide the development of safer and more reliable 
intelligent systems. 
 
9. Conclusion 
This study presented a repository-aware AI coding 
agent that integrates repository analysis, error 
understanding, LLM-based reasoning, repair 
generation, execution-based validation, and 
performance evaluation. In the reported controlled 

C/C++ repository experiment, the agent processed 
21 files, detected two seeded defects with 100% 
precision, recall, and F1-score, and changed the 
repository from a failing to a passing automated-
validation state. The LLM-only comparison 
achieved 100% recall but produced 13 false 
positives, resulting in 31.58% precision and a 
48.00% F1-score. The efficient configuration 
reduced execution time by 15.86% while retaining 
all findings, although token consumption rose by 
approximately 3.25%. These results indicate that 
repository context and behavioural validation can 
strengthen AI-assisted debugging, while the small 
benchmark and limited environment mean that 
broader testing is required before general claims 
about practical deployment can be made. 
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