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ABSTRACT

The European Union Artificial Intelligence Act (Al Act) represents the world’s first comprehensive legal
framework aimed at regulating artificial intelligence systems through a risk-based approach. Its introduction
marks a paradigm shift in how Al systems are designed, deployed, and governed, with significant
implications for software engineering practices, organizational processes, and ethical accountability. While a
growing body of research has examined the legal foundations of the Al Act, less attention has been devoted
to systematically reviewing how software systems can achieve and demonstrate compliance in practice.

This review paper provides a comprehensive analysis of Al Act compliance from a software systems
perspective. It synthesizes existing literature on risk classification, conformity assessment, governance
frameworks, technical standards, and Trustworthy Al methodologies. The paper categorizes compliance
efforts into legal, technical, and organizational dimensions and reviews existing frameworks, standards, and
tools that support operationalization of Al Act requirements. Key challenges—including uncertainty in risk
classification, technical opacity of Al models, fairness and bias management, explainability, and
organizational readiness—are critically examined.

Based on the review, the paper consolidates best practices and outlines future research directions for building
compliance-by-design Al systems. The findings emphasize that Al Act compliance is not a one-time legal
exercise but a continuous socio-technical process that must be integrated into the full software lifecycle. This
review aims to support researchers, practitioners, and policymakers in understanding the current state of Al
Act compliance and in developing scalable, trustworthy, and legally aligned Al systems.
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1. INTRODUCTION

Artificial Intelligence has rapidly transitioned from experimental technology to a foundational component of
modern software systems. Al-driven applications are increasingly embedded in safety-critical, socially sensitive,
and legally regulated domains such as healthcare, transportation, finance, employment, and public
administration. This widespread adoption has amplified concerns regarding safety, fairness, accountability,
transparency, and fundamental rights.

In response to these concerns, the European Union introduced the Artificial Intelligence Act, a landmark
regulatory initiative designed to govern Al systems using a risk-based regulatory approach. Unlike previous
technology regulations, the Al Act directly targets the lifecycle of Al systems, imposing obligations on
providers, deployers, and other actors involved in Al development and use.

From a software systems perspective, the Al Act introduces unprecedented compliance challenges. Developers
must translate abstract legal principles into concrete engineering practices, integrate legal requirements into
system design, and ensure continuous compliance throughout deployment and operation. This review paper
examines how existing research and practice address these challenges and identifies gaps that require further
investigation.

2. OVERVIEW OF THE EU Al ACT

The Al Act establishes a horizontal regulatory framework applicable to a broad range of Al systems,
irrespective of the underlying technology. Its central feature is a risk-based classification that categorizes Al
systems into four levels: unacceptable risk, high risk, limited risk, and minimal or no risk.
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Unacceptable-risk systems are prohibited outright due to their potential to cause significant harm to fundamental
rights. High-risk systems are permitted but subject to stringent requirements, including risk management, data
governance, technical documentation, human oversight, and post-market monitoring. Limited-risk systems are
subject primarily to transparency obligations, while minimal-risk systems remain largely unregulated.

For software engineers, this classification fundamentally reshapes development priorities. Compliance
obligations are no longer uniform but depend on system purpose, context of use, and potential impact. As a
result, risk assessment becomes a critical early-stage activity in Al system design.

3. Al ACT COMPLIANCE AS A SOFTWARE ENGINEERING PROBLEM

Compliance with the European Union Artificial Intelligence Act cannot be addressed solely as a legal or policy
exercise; rather, it represents a fundamental software engineering challenge. The Al Act introduces obligations
that directly affect how Al-based software systems are specified, designed, implemented, deployed, and
maintained. As a result, compliance must be embedded within the entire software lifecycle instead of being
treated as a final verification step.

From an engineering perspective, the first major implication of the Al Act is the need to incorporate risk
assessment into requirements engineering. Unlike traditional software regulations that apply uniformly, the
Al Act assigns obligations based on the intended use, context, and potential impact of an Al system. This
requires software teams to explicitly document system purpose, stakeholders, and foreseeable misuse scenarios
at early design stages. Such documentation becomes a technical artifact that guides subsequent architectural and
implementation decisions.

Another critical aspect is the translation of legal requirements into technical controls. Provisions related to
data governance, robustness, accuracy, transparency, and human oversight must be operationalized through
concrete engineering mechanisms. Examples include dataset versioning, model performance monitoring,
logging infrastructures, explainability components, and fallback procedures enabling human intervention. These
mechanisms must be measurable, verifiable, and auditable, aligning software quality attributes with legal
compliance goals.

Al Act compliance also challenges conventional development workflows due to the dynamic nature of Al
systems. Machine learning models may evolve through retraining, data drift, or context changes after
deployment. Consequently, compliance is not static but requires continuous monitoring and reassessment
throughout the system’s operational life. This shifts compliance from a one-time certification mindset toward a
continuous engineering process, similar to practices in safety-critical and regulated software domains.

Finally, Al Act compliance demands interdisciplinary collaboration within software teams. Engineers must
work closely with legal experts, ethicists, and organizational stakeholders to ensure that compliance
requirements are correctly interpreted and technically implemented. This reinforces the view that Al Act
compliance is a socio-technical engineering problem, requiring coordinated design, governance, and operational
strategies across the software lifecycle.

4. FRAMEWORKS FOR Al ACT COMPLIANCE

A growing body of research proposes frameworks to support Al Act compliance. These frameworks typically
aim to translate regulatory requirements into structured assessment processes.

4.1 Conformity Assessment Frameworks

Conformity assessment frameworks provide structured procedures for evaluating whether an Al system meets
applicable legal and ethical requirements. These approaches often adopt lifecycle-based models that incorporate
pre-deployment assessment, deployment checks, and post-market monitoring.

4.2 Governance and Audit Frameworks

Al governance frameworks emphasize internal accountability, documentation, and auditing. They support
traceability of design decisions and allocation of responsibility across organizational roles. Continuous auditing
mechanisms are increasingly emphasized to align with post-market monitoring requirements.

4.3 Compliance-by-Designh Approaches

Compliance-by-design integrates regulatory requirements directly into system architecture and development
processes. This approach mirrors privacy-by-design principles and aims to reduce retrofitting costs by
embedding compliance considerations early in development.

5. STANDARDS AND TECHNICAL SUPPORT FOR Al ACT COMPLIANCE

Standards play a crucial role in bridging the gap between high-level regulatory requirements and concrete
software engineering practices. Although the Al Act does not currently mandate specific technical standards for
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certification, it explicitly anticipates the development and adoption of harmonized standards to support
compliance. In the interim, existing international standards and technical specifications can be leveraged as

partial enablers of Al Act requirements.
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Several standards issued by organizations such as ISO and IEC address aspects relevant to Al governance,
including risk management, quality management systems, data governance, robustness evaluation, and system
documentation. These standards provide structured methodologies for assessing system reliability, managing
data quality, and documenting development processes, all of which align with obligations imposed on high-risk

Al systems under the Al Act.
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However, existing standards were largely designed for traditional software systems or generic machine learning
workflows and therefore require adaptation to address the unique characteristics of Al systems, such as model
opacity, probabilistic behavior, and data dependency. In particular, gaps remain in standardizing explainability,
fairness assessment, and post-market monitoring procedures. Consequently, standards should be viewed as
supportive instruments rather than complete solutions, requiring contextual interpretation and integration within

broader compliance frameworks.

6. TRUSTWORTHY Al METHODS AND TOOLS SUPPORTING COMPLIANCE

Research on Trustworthy Al has produced a wide range of methods and tools that directly support the
operationalization of Al Act requirements. These methods focus on key principles such as fairness,

transparency, robustness, accountability, and human oversight, which are central to the regulation.

From a technical standpoint, fairness assessment tools enable the identification and mitigation of biases in
datasets and model outputs. Explainable Al techniques provide mechanisms to interpret and communicate

CSEO034

www.ijiird.com

646



International Journal of Interdisciplinary Innovative Research & Development (1J11RD)
ISSN: 2456-236X
Vol. 11 Special Issue 02 | 2026

system behavior to users and regulators, addressing transparency obligations. Robustness and security testing
methods help evaluate system resilience against errors, adversarial inputs, and unexpected operational
conditions.

While these tools are valuable, their application is highly context-dependent. Fairness metrics, for instance, may
vary significantly across domains, and explainability requirements differ depending on user expertise and
system criticality. Moreover, the integration of these tools into real-world software pipelines remains a
challenge, as many are research prototypes rather than production-ready solutions.

As a result, Trustworthy Al methods should be incorporated as components of a broader compliance strategy,
complemented by governance processes, documentation practices, and human oversight mechanisms.

7. CONCLUSION

This review paper examined software systems compliance with the European Union Artificial Intelligence Act
from a comprehensive socio-technical perspective. By synthesizing regulatory provisions, compliance
frameworks, technical standards, and Trustworthy Al methodologies, the paper highlighted how the Al Act
fundamentally reshapes the way Al-based software systems are engineered, governed, and maintained.

The analysis demonstrated that Al Act compliance extends far beyond legal interpretation and requires
systematic integration into software engineering practices across the entire Al lifecycle. Risk-based
classification, conformity assessment, data governance, transparency, and human oversight must be
operationalized through concrete technical and organizational mechanisms. The review further emphasized that
compliance is not a one-time certification activity but a continuous process, driven by model evolution, data
drift, and changing deployment contexts.

Key challenges identified in this review include regulatory uncertainty, technical opacity of Al models,
difficulties in measuring fairness and explainability, and limited organizational readiness. These challenges
underscore the necessity of interdisciplinary collaboration between software engineers, legal experts, ethicists,
and organizational decision-makers. Existing standards and Trustworthy Al tools provide valuable support, but
they remain insufficient in isolation and must be adapted and combined within broader governance frameworks.
In conclusion, achieving sustainable Al Act compliance requires a shift toward compliance-by-design and
governance-by-design principles. Future research should focus on standardized compliance toolchains,
automation of conformity assessment activities, domain-specific compliance frameworks, and empirical
validation of compliance practices in real-world systems. Such efforts are essential to ensure that Al systems
deployed in Europe are not only innovative but also lawful, trustworthy, and aligned with fundamental rights.
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