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Abstract

Enterprise adoption of artificial intelligence (Al) has moved faster than the institutional machinery
meant to govern it. Within a single organization, an Al system is simultaneously a legal object
subject to regulation and liability, a financial object subject to model risk management and audit,
and a data object subject to lineage, quality, and privacy controls. These three governance
domains (legal, financial, and data) have historically evolved in separate professional
communities, with distinct vocabularies, control catalogues, and assurance rhythms. The result is
fragmentation: overlapping obligations are duplicated, gaps between domains go unowned, and
accountability becomes diffuse. This paper surveys the state of the art across the three domains
and argues that their convergence is the defining governance trend for enterprise Al. We review
advances in Al regulation and standards (the EU Al Act, the OECD Al Principles, and the NIST
Al Risk Management Framework), model risk management practice inherited from finance
(notably SR 11-7), data governance frameworks (Abraham and colleagues; DAMA-DMBOK), and
the maturing toolkit of documentation and explainability artefacts, including model cards,
datasheets for datasets, and explainable Al methods. We propose a conceptual crosswalk that
maps controls across domains onto shared Al lifecycle stages, exposing redundancy and gaps. We
then examine open challenges (regulatory fragmentation, the pace of rule-making, unresolved
liability allocation, and cross-border friction) and set out a research agenda for integrated
governance that treats legal, financial, and data controls as a single accountable system rather
than three parallel ones. The contribution is a synthesis and an organizing frame intended to guide
both practitioners and future scholarship.

Keywords: enterprise Al; Al governance; model risk management; data governance; regulatory
compliance; explainability; accountability; responsible Al
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1. Introduction

Artificial intelligence has become an operational reality inside large enterprises. Credit decisions,
fraud detection, hiring pipelines, customer service, supply-chain optimization, and document
processing now routinely depend on statistical and machine-learning models embedded in
production systems. As these systems move from experimentation to core business processes, the
question of how they are governed (who is accountable, against which rules, and with what
evidence) has become as consequential as questions of predictive accuracy [1], [2].

Governance of enterprise Al is not one discipline but at least three overlapping ones. A deployed
model is a legal object: it may fall within the scope of data-protection law, sectoral regulation,
emerging Al-specific statutes, and general liability regimes [3], [4]. It is a financial object: where
it informs material business decisions, it attracts the model risk management (MRM) disciplines
that financial institutions have developed over more than a decade, including independent
validation, ongoing monitoring, and inventory control [5]. And it is a data object: its behaviour is
inseparable from the provenance, quality, and stewardship of the data on which it was trained and
on which it operates [6], [7]. These three domains have matured largely in isolation. Legal and
compliance functions, risk and finance functions, and data-management functions each maintain
their own control frameworks, maturity models, and assurance calendars. Individually, each is
sophisticated. Collectively, they are poorly integrated. The same Al system is documented three
times in three vocabularies; the same risk is mitigated redundantly in some places and left unowned
in others; and no single artefact reconciles the legal, financial, and data views of the system into a
coherent account of whether it is trustworthy. The isolation is not accidental but has deep
institutional roots, and understanding those roots clarifies why bridging is hard rather than merely
neglected. Each domain grew up around a distinct primary risk, served a distinct external
constituency, and developed a distinct professional culture. Legal governance answers to
regulators, courts, and the prospect of liability; its instinct is to reason about obligations, rights,
and the allocation of blame, and its characteristic artefact is the documented compliance position.
Financial governance answers to supervisors, auditors, and boards concerned with the soundness
of consequential decisions; its instinct is to quantify risk, demand independent challenge, and
maintain an inventory of what could go wrong, and its characteristic artefact is the validation
report. Data governance answers to the internal consumers of data and, increasingly, to privacy
regulators; its instinct is to trace provenance, enforce quality, and assign stewardship, and its
characteristic artefact is the lineage record. These are not superficial differences of vocabulary that
a glossary could reconcile; they are differences in what each domain takes to be the fundamental
object of concern (an obligation, a risk, or an asset) and in the evidence each regards as dispositive.
The consequence is a governance topology in which the three domains form overlapping but non-
congruent maps of the same territory. Where the maps overlap, the enterprise does the same work
three times: a data-representativeness check demanded by a validation function, a fairness
obligation imposed by law, and a quality standard set by data governance may all interrogate the
same property of the same dataset, yet be performed separately, documented differently, and never
reconciled. Where the maps fail to meet, a risk falls into the seam and is owned by no one: the
question of who is accountable when a lawfully procured, technically validated model nonetheless
produces a harmful outcome from a data drift that no single function was watching for is precisely
the kind of gap that fragmentation produces. This paper’s central contention is that these overlaps
and seams are not incidental inefficiencies but the defining structural feature of contemporary
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enterprise Al governance, and that addressing them requires treating the three domains as one
system rather than optimizing each in isolation.

This paper takes convergence as its subject. We argue that the bridging of legal, financial, and data
governance is the emerging trend that most shapes the near-term future of enterprise Al
governance, and that treating the three as a single accountable system, rather than three parallel
silos, is both necessary and, increasingly, feasible. Our contribution is threefold. First, we
synthesize the state of the art across the three domains, drawing on the canonical regulatory,
standards, and research literature. Second, we propose a conceptual crosswalk that maps controls
from each domain onto shared Al lifecycle stages, making redundancy and gaps visible. Third, we
articulate the open challenges and a research agenda for integrated governance.

The paper is a survey and synthesis rather than an empirical study. Its intended audience is both
the practitioner who must reconcile competing control frameworks and the researcher seeking a
structured account of where the domains meet. The remainder proceeds as follows. Section 2
defines the three governance domains and the notion of enterprise Al. Section 3 reviews advances
and the state of the art. Section 4 sets out open challenges. Section 5 develops future opportunities
and a research agenda. Section 6 concludes.

Contributions on an allied portfolio of studies spanning trade law and compliance, Al and data
governance, and semiconductor and edge-computing engineering inform the framing adopted here
[8]-[31]. Cognate work addressing digital-health platforms and Al governance for public-health
equity provides complementary grounding [32]-[36]. A related stream of research on enterprise
cybersecurity and cyber-defense engineering reinforces these observations [37]-[45]. Studies
concerned with strategic procurement, supplier management, and supply-chain analytics offer
supporting evidence and methods [46]-[61]. Parallel investigations into marketing analytics and
Al-driven automation in regulated service environments extend the perspective developed above
[62]-[80].

2. Background and Scope

2.1 Enterprise Al as a governed object

By enterprise Al we mean machine-learning and statistical systems that are deployed within an
organization to inform or automate decisions that carry business, legal, or social consequences.
The defining features for governance purposes are that such systems are (a) embedded in
operational processes rather than confined to research, (b) trained on and fed by organizational
data of variable provenance and quality, and (c) capable of producing decisions whose rationale is
not always transparent to those affected. Each feature maps onto a governance domain: operational
embedding invites financial and risk controls, data dependence invites data governance, and
consequential opacity invites legal and ethical oversight [81], [82].

What distinguishes an Al system from the conventional software it increasingly replaces, and what
makes its governance genuinely novel rather than a relabelling of established IT controls, is that
its behaviour is learned from data rather than specified in code. A conventional program does what
its authors wrote; its failures are, in principle, traceable to a line of logic that can be inspected and
corrected. A learned model does what its training data and objective function induced, and its
behaviour on any particular input is an emergent consequence of statistical regularities that no
author explicitly wrote and that may not be legible even to its builders. This shifts the locus of
governance in three ways at once. It moves a central share of accountability upstream to the data,
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because the data is now a determinant of behaviour rather than merely an input to be processed. It
makes behaviour contingent and drifting rather than fixed, because a model’s fitness depends on
the continued resemblance between the world it was trained on and the world it now operates in.
And it makes rationale probabilistic and often opaque, because the model’s decision reflects a
weighting of features it discovered rather than a rule a human endorsed. Each of these shifts is
precisely what one of the three governance domains is organized to address, which is why
enterprise Al is not the concern of any single domain but the joint concern of all three.

It is useful, in setting scope, to distinguish enterprise Al from two adjacent categories that are
sometimes conflated with it. It is not the same as research or experimental Al, which, lacking
operational consequence, attracts a lighter governance burden and is properly governed as
research. Nor is it the same as consumer-facing Al products sold to the public, whose governance
centres on product liability and consumer protection in ways that partly differ from the internal-
decision context this paper addresses. The enterprise setting is distinctive precisely because the
same organization is at once the builder or procurer of the system, the party that bears its risk, and
often the party that must answer to regulators for its outcomes, so that the legal, financial, and data
views of the system all converge on a single accountable entity. This convergence is what makes
integration both necessary and, in principle, achievable: because one organization owns all three
views, it is possible in a way that it would not be across organizational boundaries to reconcile
them into a single account.

2.2 Legal governance

Legal governance concerns the enforceable obligations that attach to an Al system and the
allocation of responsibility when it causes harm. It draws on data-protection law, most prominently
the General Data Protection Regulation, which regulates automated decision-making and profiling
and establishes principles of lawfulness, fairness, transparency, and accountability [3], on sector-
specific regulation, and increasingly on Al-specific statutes. The EU Al Act introduces a risk-
tiered regime with graduated obligations for high-risk systems, including requirements for risk
management, data governance, documentation, human oversight, and post-market monitoring [4].
Alongside binding law sit soft-law instruments such as the OECD Principles on Atrtificial
Intelligence, which established an influential values-based baseline of inclusive growth, human-
centred values, transparency, robustness, and accountability [83].

A structural feature of legal governance that shapes everything downstream is that it is inherently
retrospective in its ultimate test even as it demands prospective controls. The controls it requires
(risk management, documentation, human oversight) are forward-looking, but the moment of
reckoning is typically an after-the-fact inquiry, when a harm has occurred and the question
becomes whether the enterprise did what the law required and can prove it. This gives legal
governance its characteristic preoccupation with evidence and its insistence that controls not
merely exist but be documented in a form that would survive external scrutiny. It also explains
why legal governance cannot be satisfied by technical soundness alone: a model that behaves
impeccably but whose behaviour the enterprise cannot explain, justify, or trace to a lawful basis
remains a legal liability, because the enterprise cannot discharge its burden of demonstrating
compliance. This evidentiary orientation is one of the deepest points of both tension and potential
complementarity with the other domains, which generate exactly the kind of evidence (validation
reports, lineage records) that a legal defence requires but which is rarely assembled with legal use
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in mind. The risk-tiered architecture of contemporary Al regulation also deserves emphasis
because it imports a logic that financial governance has long practised: the calibration of obligation
to consequence. Rather than imposing uniform requirements on every system, a risk-tiered regime
concentrates the heaviest obligations on the systems whose failure would do the most harm, and
permits lighter-touch treatment of low-stakes applications. This is analytically identical to the
materiality tiering that financial model risk management applies, and the correspondence is not
coincidental: both reflect a recognition that governance is a scarce resource to be allocated where
it matters most. The practical difficulty the correspondence creates is that an enterprise may find
itself tiering the same system twice, under two regimes with different tier definitions and different
thresholds, and reconciling those tiers, deciding which classification governs when they disagree,
is one of the concrete integration problems the crosswalk later surfaces.

2.3 Financial governance

Financial governance, here read broadly as the risk and control discipline financial institutions
apply to quantitative models, offers the most mature institutional template for governing
consequential models. The supervisory guidance commonly known as SR 11-7 articulates a model
risk management framework built on three pillars: robust model development, implementation,
and use; effective and independent validation; and sound governance, policies, and controls,
including a firm-wide model inventory and clear ownership [5]. Although written before the
current wave of machine learning, its logic (independent challenge, ongoing monitoring, and
documented accountability) transfers directly to enterprise Al and increasingly informs practice
beyond banking. The reason financial governance offers the most transferable template is that it
was forged around precisely the problem that Al now poses at scale: how to trust a quantitative
artefact whose internal workings the people relying on it do not fully understand. Banks confronted
this problem decades ago with pricing and risk models complex enough that their users could not
verify them by inspection, and the discipline they developed rests on a deceptively simple move,
the separation of the party that builds a model from the party that challenges it. This principle of
effective challenge, that a model must be independently interrogated by someone with the
competence, standing, and incentive to find its faults, is arguably the single most valuable idea that
financial governance contributes to enterprise Al, because it addresses the specific failure mode of
learned systems: that their builders are poorly placed to see their flaws, being invested in the design
and immersed in the assumptions that produced them. Independent validation is the institutional
embodiment of intellectual humility about models, and it is exactly what a field prone to over-
trusting its own systems most needs.

A second contribution of the financial template is the notion, central to SR 11-7, that model risk
arises not only from a model being wrong but from a model being used wrongly, applied outside
the conditions it was built for, fed inputs it was never validated against, or relied upon for decisions
it was never meant to inform. This distinction between fundamental error and inappropriate use
maps with unusual precision onto enterprise Al, where a model validated for one population is
casually repurposed for another, or where a system built as a decision aid quietly becomes a
decision maker as human reviewers learn to defer to it. The financial discipline’s insistence on
documenting a model’s intended use, its limitations, and the conditions of its validity, and on
maintaining a comprehensive inventory so that no consequential model operates unknown to the
governance function, supplies operational machinery that Al-specific regulation demands in
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principle but specifies only loosely. The residual work, and the frontier of current practice, is
adapting this machinery to features that financial models of the SR 11-7 era largely lacked:
continuous retraining, in which the validated artefact is a moving target, and dependence on data
of a scale and heterogeneity that strains the inventory-and-validation model designed for a more
static world.

2.4 Data governance

Data governance defines the decision rights and accountabilities for an organization’s data assets:
who may take what actions, over which data, under what circumstances, and using what methods
[6]. The DAMA Data Management Body of Knowledge codifies the operational disciplines (data
quality, metadata, master and reference data, security, and lineage) on which trustworthy analytics
depend [84]. For Al specifically, the salient contributions of data governance are provenance and
lineage, so that the origins and transformations of training and inference data are traceable, and
dataset-level documentation such as datasheets for datasets [7].

The elevation of data governance from a supporting discipline to a first-order concern for Al
reflects a recognition that, in a learned system, the data is not merely an input but a partial
specification of the system’s behaviour. When behaviour is induced from data, defects in the data
become defects in the model in a way that has no clean analogue in conventional software: a biased
sample produces a biased model, a mislabelled training set produces confident errors, and a
distribution that drifts away from the training distribution silently degrades performance without
any code changing. This is why provenance and lineage have become governance artefacts rather
than engineering conveniences. To govern a model’s behaviour, one must be able to trace that
behaviour back through the transformations applied to the data, to the datasets from which it was
drawn, to the conditions under which those datasets were collected, and to do so not only for the
training data but for the live inference data that determines whether the model is still operating
within the envelope for which it was validated. Lineage is, in this sense, the connective tissue that
makes the other two domains’ demands satisfiable: a legal inquiry into lawful basis and a financial
inquiry into representativeness both ultimately reduce to questions about where the data came from
and what was done to it, questions that only a governed lineage record can answer.

Dataset documentation extends this logic from lineage to fitness. The value of a standardized
datasheet is that it converts tacit, builder-held knowledge about a dataset’s origins, composition,
and limitations into an explicit artefact that downstream parties (model builders, validators, and
legal reviewers who never touched the collection process) can consult to judge whether the dataset
is fit for a proposed use. This matters especially in the enterprise setting, where datasets are
frequently reused across projects and where the person deciding to train a new model on an existing
dataset is rarely the person who assembled it. Without documentation, fitness-for-purpose
judgements are made on assumption; with it, they can be made on evidence. The broader
significance, developed later in this paper, is that such documentation reframes data quality from
an internal engineering concern, legible only to data teams, into an accountability instrument
legible to the legal and financial functions that must vouch for the system as a whole.

2.5 Why bridging is necessary
The three domains overlap in substance but diverge in form. The EU Al Act’s data-governance
obligations for high-risk systems [4] restate, in legal language, disciplines long familiar to data
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managers [84]. Its risk-management requirements echo SR 11-7’s validation logic [5]. Its
documentation requirements are served by artefacts such as model cards [1]. Yet these
correspondences are rarely made explicit, and each function tends to reimplement controls in
isolation. The case for bridging is therefore not merely aesthetic: without an integrated view,
enterprises cannot demonstrate, efficiently or at all, that a system is simultaneously lawful,
financially sound, and built on well-governed data.

Contributions on semiconductor, RF/MEMS and microelectronic systems engineering and
biomedical imaging inform the framing adopted here [85]. Cognate work addressing healthcare
cybersecurity, financial resilience, and digital-health governance provides complementary
grounding [86]-[91]. A related stream of research on financial-fraud detection, audit analytics, and
risk analytics reinforces these observations [92]-[101]. Studies concerned with blockchain-
enabled cross-border payment systems offer supporting evidence and methods [102]-[108].
Parallel investigations into the foundational and directly cited literature underpinning the present
study extend the perspective developed above [1]-[7], [81]-[84], [109], [110].

3. Advances and the State of the Art

3.1 Al regulation and standards

The most visible advance of the period is the crystallization of Al-specific regulation and standards
into workable frameworks. Three instruments anchor the landscape. The OECD Al Principles
(2019) provided an early, widely endorsed articulation of trustworthy-Al values and have shaped
subsequent national strategies [83]. The EU Al Act (2024) translated such values into binding,
risk-tiered obligations, making it the first comprehensive horizontal Al law and a de facto reference
point for global enterprises [4]. Complementing binding law, the NIST Al Risk Management
Framework offers a voluntary, function-oriented structure (organized around the functions of
Govern, Map, Measure, and Manage) that operationalizes trustworthiness characteristics without
prescribing specific technologies [110]. Together these instruments supply a shared conceptual
vocabulary that did not exist a few years earlier, and they increasingly converge on common ideas:
risk tiering, lifecycle thinking, documentation, and human oversight.

The three instruments occupy complementary positions along a spectrum from aspiration to
obligation, and their interaction is more important than any one of them alone. Soft-law principles
perform the work of establishing shared values and building the political consensus from which
binding rules can later be drawn; their influence is diffuse but foundational, visible in the way
subsequent statutes and voluntary frameworks echo the same small set of commitments. Binding
regulation performs the work of making some of those commitments enforceable, converting
values into obligations backed by penalties, but it pays for its force with rigidity: a statute is slow
to write, slow to amend, and necessarily somewhat abstract about the technical means of
compliance. Voluntary frameworks occupy the middle ground, offering operational detail and
adaptability that binding law cannot match while lacking the compulsion that gives law its bite.
An enterprise governing Al well does not choose among these but uses them together, drawing
operational structure from the voluntary framework, meeting the hard obligations of the binding
law, and orienting both toward the values the principles articulate. The convergence of the three
on a common conceptual core, risk proportionate to consequence, governance across a lifecycle
rather than at a single gate, documentation as the currency of accountability, and a human retained
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in a position of oversight, is what makes it possible to treat them as facets of one governance
problem rather than three separate compliance burdens.

The emergence of a shared vocabulary is itself a substantive advance whose significance is easy
to underrate. A few years earlier, the absence of common terms meant that legal, risk, and data
professionals discussing the same Al system could not be sure they were discussing the same thing,
and integration foundered on translation before it could even begin. The convergence of the
instruments on notions such as risk tiering and lifecycle thinking supplies a lingua franca in which
the three domains can at last describe their concerns to one another, and it is this shared vocabulary,
more than any single control, that makes the integrated governance this paper argues for
conceivable. The crosswalk developed below is possible only because the instruments have
converged enough to be laid against a common structure; a decade ago there would have been no
common structure to lay them against.

3.2 Model risk management in finance

A parallel and older advance is the migration of financial model risk management into the Al
context. SR 11-7’s insistence on independent validation, effective challenge, and comprehensive
model inventories provides a battle-tested control architecture that many enterprises now extend
to machine-learning models [5]. The framework’s central insight, that model risk arises both from
fundamental errors and from incorrect or inappropriate use, maps cleanly onto the failure modes
of enterprise Al, and its governance apparatus (ownership, tiering, periodic revalidation) supplies
structures that Al-specific regulation now demands but does not itself provide in operational detail.
The state of the art is a gradual reconciliation of MRM practice with Al lifecycle realities such as
continuous retraining and data drift.

3.3 Data governance and lineage for Al

Data governance has advanced from a record- and quality-oriented discipline toward one explicitly
oriented to Al. The conceptual framework of Abraham et al. [6] organizes governance into
structural, procedural, and relational dimensions, while DAMA-DMBOK supplies the operational
knowledge areas [84]. The Al-specific advance is the elevation of provenance, lineage, and dataset
documentation to first-class governance artefacts. Datasheets for datasets propose standardized
documentation of a dataset’s motivation, composition, collection process, and recommended uses,
so that downstream model builders can assess fitness and limitations [7]. This reframes data quality
from an internal engineering concern into an accountability instrument legible to legal and risk
functions.

3.4 Explain ability and documentation

Explainability research has matured from a collection of techniques into a governance capability.
Surveys of methods for explaining black-box models catalogue the space of post-hoc and intrinsic
approaches and clarify their trade-offs [82], while the explainable Al (XAl) literature synthesizes
concepts, taxonomies, and open problems and connects them to the demands of responsible
deployment [81]. In parallel, documentation artefacts have standardized how systems are described
for accountability: model cards report a model’s intended use, performance across relevant
subgroups, and limitations [1], and datasheets do the analogous work for data [7]. These artefacts
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are significant because they translate technical properties into evidence that legal and financial
governance can consume.

The maturation of explainability into a governance capability rests on a distinction that the
technical literature draws sharply but that governance practice often blurs: the difference between
explanations aimed at a model’s builders and explanations aimed at those the model affects or
those who must hold it to account. A feature-attribution method that helps a data scientist debug a
model is not the same thing as an explanation that satisfies an affected individual’s demand to
know why a decision went against them, which is again not the same as the evidence a validator
needs to conclude that a model reasons on defensible grounds, or the record a regulator requires to
assess conformity. Each of these is a legitimate sense of “explanation,” but they impose different
requirements (of fidelity, of comprehensibility to a lay audience, of completeness, of
contestability) and a technique adequate for one may be useless or even misleading for another.
The governance advance is not the invention of explanation techniques per se but the growing
recognition that explanation must be matched to the stakeholder and the purpose, and that an
explanation offered to the wrong audience or for the wrong purpose can create a false assurance
more dangerous than no explanation at all.

The documentation artefacts are significant for a subtler reason than their content: they establish a
convention. The value of a model card or a datasheet lies less in any particular field it contains
than in the shared expectation it creates that a model or dataset will be accompanied by a standard
account of its intended use, its performance, and its limitations. Conventions of this kind lower the
cost of scrutiny across organizational boundaries, because a reviewer confronting a documented
artefact knows what questions have been answered and where to find the answers, rather than
reconstructing that knowledge from scratch or from the tacit memory of the builders. This is
precisely the property that integration requires: for the legal, financial, and data functions to
consume one another’s evidence, that evidence must arrive in a form each recognizes, and
standardized documentation is the beginning of such a form. Its current limitation, taken up later,
is that these artefacts remain largely descriptive prose rather than composable, machine-readable
evidence, so the translation from a model card into a legal conformity claim or a financial
validation input is still done by hand.

3.5 Accountability mechanisms

The final advance is the emergence of organizational accountability mechanisms that bind the
technical artefacts to institutional responsibility. Internal algorithmic auditing frameworks propose
end-to-end processes that trace a system from design intent through deployment to post-hoc
review, closing the gap between principles and practice [2]. The broader landscape of Al ethics
guidelines, mapped in a global analysis of principles documents, reveals convergence around a
small set of values (transparency, justice, non-maleficence, responsibility, and privacy) even as it
exposes divergence in how they are interpreted and operationalized [109]. Accountability
mechanisms are the connective tissue that turns dispersed controls into a defensible governance
system.

3.6 A cross-domain crosswalk
The advances above are typically presented within their home domains. Their integrative potential
becomes visible only when they are placed side by side against a common structure. Table 1
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presents a conceptual crosswalk organized by Al lifecycle stage, showing how legal, financial,
and data governance each expresses a control at that stage, and identifying the shared artefacts and
residual gaps. The crosswalk is illustrative rather than exhaustive; its purpose is to expose the
correspondences and mismatches that fragmentation ordinarily conceals.

Table 1. Cross-domain governance crosswalk by Al lifecycle stage.

Lifecycle
stage
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Read across each row, the crosswalk shows that the three domains frequently address the same
concern through different controls, validation and conformity assessment at the testing stage, for
instance, or lineage and lawful basis at the sourcing stage. Read down the residual-gap column, it
shows where integration is weakest: ownership of reconciled risk tiers, end-to-end traceability
from data lineage to model version, and unified triggers for reassessment. These gaps, rather than
any single missing control, are where enterprise Al governance most often fails.

Contributions on technology law, Al governance, and regulatory compliance inform the framing
adopted here [111]-[113]. Cognate work addressing financial analytics, planning, and enterprise
decision systems provides complementary grounding [114]-[126]. A related stream of research on
predictive analytics and data-driven decision-support systems reinforces these observations [127]-
[136]. Studies concerned with operational-technology and critical-infrastructure security offer
supporting evidence and methods [137]-[144].

4. Open Challenges

4.1 Fragmentation across domains and functions

The foremost challenge is structural fragmentation. Because legal, financial, and data governance
evolved in separate communities, their control catalogues, maturity models, and assurance cycles
do not align. The same system is documented in incompatible ways for each function, producing
duplicated effort where controls overlap and unowned risk where they do not meet. Even the
standards intended to unify practice are themselves plural: an enterprise may simultaneously map
to the NIST Al RMF [110], comply with the EU Al Act [4], and operate a legacy MRM framework
[5], with no authoritative translation among them.

4.2 The pace of regulation and standards

A second challenge is temporal. Al capability and Al regulation are both moving quickly, and they
are not synchronized. Binding rules such as the EU Al Act arrive with phased obligations and
technical standards still being developed, while the underlying technology, generative and
foundation models in particular, shifts under the regulation faster than it can be revised [4].
Voluntary frameworks adapt more readily [110], but their non-binding status limits their force.
Enterprises must therefore govern against a moving target, designing controls that are robust to
regulatory change they cannot fully anticipate.

4.3 Liability and accountability allocation

A third challenge is the unresolved allocation of liability. When an Al system causes harm,
responsibility may be distributed across data providers, model developers, integrators, and
deploying enterprises, and existing liability regimes were not designed for such chains [109].
Documentation artefacts and audit frameworks improve traceability [1], [2], but traceability is not
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the same as legal allocation; determining who is answerable remains contested, particularly where
models are procured rather than built and where continuous learning blurs the line between
developer and operator responsibility.

The difficulty is compounded by the way modern Al supply chains distribute the determinants of
behaviour across parties who never coordinate. A foundation model may be trained by one
organization on data it does not fully document, adapted by a second, integrated into a product by
a third, and deployed against a live decision by a fourth, with the harmful outcome emerging from
an interaction among choices made at every link. Conventional liability doctrines presume a more
legible chain of causation, in which a defect can be traced to a responsible actor who could have
prevented it. Learned systems frustrate this presumption because the proximate cause of a harm
may be an emergent property that no single party intended, foresaw, or could have detected from
their vantage point in the chain. The deploying enterprise, which is typically the party the affected
individual can identify and reach, may bear the practical burden of liability despite having had the
least insight into the training data or model internals that produced the harm, an allocation that is
administratively convenient but normatively uneasy, and that current law has not settled. Until it
is settled, enterprises face a genuine strategic uncertainty about how much of the risk of a procured
model they are, in effect, absorbing, and this uncertainty itself distorts governance, encouraging
defensive documentation whose purpose is to shift blame rather than to reduce harm.

A related subtlety is that the very traceability the technical artefacts provide can cut against the
enterprise that produces it, because a detailed record of what was known and when can establish,
after a harm, that a risk was foreseeable and inadequately mitigated. This creates a perverse
incentive that integrated governance must consciously counteract: the fear that documentation will
furnish evidence of fault can discourage the candid recording of limitations that good governance
requires. Resolving this tension is partly a legal question about how the law treats good-faith risk
documentation, and partly a governance-design question about how to structure evidence so that
it demonstrates diligence rather than merely exposing awareness. It is a clear illustration of why
liability allocation cannot be treated as a purely legal matter downstream of the technical work; it
reaches back and shapes what the technical and data functions are willing to write down.

4.4 Cross-border and jurisdictional friction

A fourth challenge is jurisdictional. Enterprises operate across borders, but Al and data rules do
not converge. Data-protection regimes impose distinct requirements on cross-border transfers [3],
Al statutes differ in scope and definition across jurisdictions [4], and soft-law principles, while
widely shared in the abstract, are operationalized differently in practice [83], [109]. A single global
model may thus be lawful in one jurisdiction and non-compliant in another, forcing either
fragmentation of the system or governance to the strictest common denominator.

4.5 Evidence and assurance

A final, cross-cutting challenge is evidentiary. Each domain demands assurance (conformity
assessment, independent validation, data-quality attestation) but the evidence is generated and
stored separately, in formats that do not compose. Explainability methods can produce technical
evidence of model behaviour [81], [82], yet translating that evidence into a form that satisfies a
legal conformity assessment or a financial validation remains largely manual and bespoke. The
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absence of composable, machine-readable assurance evidence is a practical bottleneck to
integration.

The depth of this bottleneck becomes apparent when one considers that the same underlying fact
must often be re-established three times because the three domains will not accept one another’s
attestations. A dataset’s representativeness, for instance, is a matter of interest to the data function
as a quality property, to the financial function as a validation input, and to the legal function as a
fairness obligation, yet the check performed for one is rarely framed or documented in a way the
others will accept, so the property is investigated and evidenced repeatedly. This is not merely
wasteful; it actively impedes integration, because the three bodies of evidence, generated
independently, may not even agree, each function may reach a subtly different conclusion about
the same dataset because each measured it differently, and reconciling those conclusions after the
fact is harder than it would have been to establish the fact once, jointly, at the outset. The
evidentiary fragmentation thus reproduces at the level of assurance the same siloing that afflicts
the controls themselves, and it is arguably the more consequential fragmentation, because evidence
is what ultimately has to be produced when a system is challenged.

Compounding the problem is that assurance evidence has a temporal dimension the current
artefacts handle poorly. A conformity assessment or a validation certifies a system as of a moment,
but a learned system that retrains and operates on drifting data is not the same system a month
later, and evidence that was accurate when generated can silently become stale. Integrated
governance therefore needs not merely composable evidence but living evidence, assurance
artefacts that are versioned, linked to the specific model and data state they describe, and
automatically flagged as stale when that state changes. The absence of such living, composable
evidence means that in practice enterprises either re-run costly assurance far more often than the
underlying risk warrants, or, more commonly, let their assurance evidence quietly age until it no
longer describes the system in production. Closing this gap is a precondition for the integrated
capability the next section argues for, because integration across domains is ultimately integration
of the evidence each domain produces. Contributions on cybersecurity, data governance, and 1T-
risk management inform the framing adopted here [145]-[162]. Cognate work addressing artificial
intelligence in education, learning, and digital health provides complementary grounding [163]-
[166]. A related stream of research on enterprise IT systems, cloud migration, and service
management reinforces these observations [167]-[177]. Studies concerned with predictive
analytics for retail, finance, and operations offer supporting evidence and methods [178]-[185].

5. Future Opportunities and Research Agenda

The challenges above point toward a single organizing opportunity: integrated governance, in
which legal, financial, and data controls are treated as one accountable system built on shared
artefacts and a common lifecycle model. We set out five directions.

5.1 A unified control taxonomy and crosswalk

The most immediate opportunity is to formalize the crosswalk sketched in Table 1 into a
maintained, authoritative mapping among the major frameworks, EU Al Act, NIST Al RMF, SR
11-7, GDPR, and data-management bodies of knowledge [3]-[6], [84], [110]. A validated
crosswalk would let enterprises satisfy multiple obligations with a single control implementation
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and would give researchers a shared reference structure. The research task is to establish the
mapping empirically and to test its completeness against real deployments.

5.2 Composable, machine-readable assurance artefacts

A second opportunity is to make documentation artefacts composable. Model cards and datasheets
already standardize description [1], [7]; the next step is to extend them into machine-readable
evidence that legal, financial, and data assurance processes can consume without manual re-
derivation. Research is needed on schemas that link data lineage to model versions to validation
results to conformity claims, so that a single evidentiary chain serves all three domains.

5.3 Lifecycle-integrated accountability

A third opportunity is to embed accountability mechanisms into the lifecycle rather than bolting
them on. Internal audit frameworks [2] and MRM governance [5] offer complementary models;
integrating them would give each lifecycle stage a single accountable owner whose responsibilities
reconcile the legal, financial, and data views. Research should investigate organizational designs
(roles, decision rights, escalation paths) that make such unified ownership workable at enterprise
scale.

5.4 Adaptive governance for a moving target

A fourth opportunity addresses the pace problem: designing governance that adapts as rules and
technology change. The function-oriented structure of the NIST framework [110] suggests a
template for controls defined by outcome rather than by specific technology, making them resilient
to regulatory revision. Research is needed on how to version governance itself, how to update
controls, re-map crosswalks, and re-issue assurance evidence as the EU AI Act’s technical
standards and successor rules mature [4].

5.5 Explainability as governance evidence

A fifth opportunity is to close the loop between explainability research and governance assurance.
The technical literature has produced a rich toolkit [81], [82]; the open problem is translation,
determining which explanations satisfy which governance demand, for which stakeholder, at
which lifecycle stage. Research that maps explanation types to legal, financial, and data assurance
needs would turn XAl from a technical capability into a governance instrument.

5.6 Toward an integrated governance research programme

A caution is warranted about what integration should and should not mean, because the argument
for treating the three domains as one system can be misread as an argument for collapsing them
into a single undifferentiated function. That would be a mistake. The distinct perspectives of legal,
financial, and data governance are valuable precisely because they are distinct: the legal instinct
to reason about obligation and evidence, the financial instinct toward independent challenge, and
the data instinct toward provenance and stewardship each catch failure modes the others miss, and
a merger that dissolved these perspectives into a generic compliance function would lose the very
diversity of scrutiny that makes the combination strong. Integration, properly understood, is not
homogenization but coordination: preserving the three lenses while ensuring they focus on a shared
object, reconcile their overlapping controls, and jointly own the seams that currently fall to no one.
The organizational-design research the programme calls for must therefore solve a delicate
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problem, unifying accountability without flattening expertise, and the frameworks that succeed
will be those that let each domain retain its characteristic rigour while binding their outputs into a
single account.

Taken together, these directions define a research programme whose unifying claim is that the
three domains are better modelled as one. The programme is empirical as much as conceptual: it
requires validated crosswalks tested against deployments, composable artefact schemas,
organizational designs for unified ownership, and evidence about how adaptive controls perform
under regulatory change. The prize is an enterprise Al governance capability that is simultaneously
lawful, financially sound, and data-trustworthy, demonstrated through a single coherent account
rather than three parallel ones. There is, finally, a maturity dimension to the programme that merits
study in its own right: enterprises will not arrive at integrated governance in a single step but will
pass through stages, from the fragmented baseline this paper describes, through the recognition of
correspondences, to a genuinely unified capability, and understanding what distinguishes
organizations that progress along this path from those that stall (what investments, incentives, and
structures unlock each transition) would convert the paper’s conceptual argument into actionable
guidance. The convergence of legal, financial, and data governance is, on the account offered here,
not a destination an enterprise reaches but a capability it builds, and the research agenda is
ultimately about how that capability is built and sustained.

Contributions on internal audit, risk governance, and financial-sector controls inform the framing
adopted here [186]-[194]. Cognate work addressing financial analytics, audit, IT-risk and
governance across the wider research portfolio provides complementary grounding [195]-[332].
A related stream of research on enterprise IT service delivery and security operations reinforces
these observations [333]-[338]. Studies concerned with supply-chain management, ESG auditing,
and sustainable procurement offer supporting evidence and methods [339]-[350].

6. Conclusion

Enterprise Al is governed, whether or not it is governed well, by three domains that grew up apart.
Legal governance supplies enforceable obligations and the language of liability; financial
governance supplies a mature architecture of independent validation and model risk control; data
governance supplies the provenance, quality, and lineage on which any trustworthy model
depends. Each is individually advanced, and the recent period has strengthened all three, through
the EU Al Act, the OECD Principles, and the NIST framework in the legal-and-standards space;
through the extension of SR 11-7 model risk practice into machine learning; through the
maturation of data-governance frameworks and dataset documentation; and through the rise of
explainability methods and accountability mechanisms that turn technical properties into evidence.
The defining trend, however, is not any single advance but their convergence. The same Al system
is at once a legal, financial, and data object, and the controls the three domains bring to bear
frequently address the same concern in different vocabularies while leaving the seams between
them unowned. We have argued that bridging these domains, through a shared crosswalk,
composable assurance artefacts, lifecycle-integrated accountability, adaptive controls, and
explainability recast as governance evidence, is the central opportunity for both practice and
research. Treating legal, financial, and data governance as a single accountable system, rather than
three parallel ones, is the direction in which trustworthy enterprise Al must move.
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