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Abstract— Enterprises increasingly depend on a multitude of
disparate knowledge sources and partner service offerings,
making the security of these sources—and the operations
built around them—essential, especially as cyber-attacks
continue to rise. Yet the drive for rapid innovation and faster
time-to-market often leads teams to launch peer service
offerings without adequate security controls or oversight.
This fragmentation compounds employee frustration, as
workers routinely search multiple sources to find similar
information or services, wasting time and reducing
productivity. To address these concerns, we present a
reference architecture for agentic capability in automation
solutions, framed as a governance model that enables secure,
integrated enterprise knowledge and services.

Education and media are powerful forces for good, but they
can just as easily become tools for corruption and harm. As
our societies grow more automated, the gains in time, energy,
and effort must not come at the cost of information quality
and trustworthiness. Real-time monitoring, verification, and
validation of data and information sources are no longer
optional—they are imperative. We propose that automation
solutions be guided by four core principles: monitor, verify,
validate, educate. Enterprise service offerings should embed
these principles into their foundations rather than treat them
as an afterthought—yet today they are frequently neglected,
with time- and effort-saving peer-driven offerings released
with little or no accountability or security built in. These same
principles, long used by parents and guardians to educate
children, can equally serve as the foundation for a framework
that brings these missing safeguards to automation solutions
across many domains.

Keywords—Agentic Automation, Automation
Governance, Cybersecurity, Enterprise =~ Automation,
Enterprise Knowledge Management, Enterprise Services,
Governance Framework, Information Integrity, Knowledge

Integration, Peer Service Integration, Secure Knowledge
Sharing, Service Integration, Trustworthy Al, Validation and
Verification.

. INTRODUCTION

Disparate silos of knowledge and services limit an
enterprise's potential; integrating these silos is crucial for
improving business agility and responsiveness. Automated
agents acting as service and knowledge brokers can help
achieve this goal, but there are security and governance
concerns. Enterprises need a new approach to automation that
provides agents with a set of agentic capabilities supported
by appropriate governance mechanisms. Knowledge and
service integration can then be achieved via governed agentic
automation.

Knowledge and services integrated across an enterprise
enable digital transformation and free human resources for
creative, strategic work. However, key knowledge and
service sources remain isolated, preventing enterprises from
realizing their full potential. Responsible agents acting as
knowledge and service brokers can automate integration,
providing continuity of operations, responding to crisis
events, resolving day-to-day problems, and adapting
supporting systems to provide evolving business
opportunities. An architecture for implementing this idea is
presented, addressing business concerns about compromising
governance and security. Through a combination of
foundational concepts and a concrete reference architecture,
the capability for agentic automation is shown to be within
reach.

1. FOUNDATIONS OF AGENTIC AUTOMATION

The concept of agentic automation rests on the view that
automation systems should possess capabilities analogous to
those of agents. Cognition-based autonomous systems have
long been hypothesised to consist of four complementary
functions—perception, reasoning, action, and learning. A
corresponding set of governance functions—policy
enforcement, accountability, trust, and verification—aim to
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ensure that agents act safely, securely, consistently, and
legitimately while performing their primary functions.
Moreover, higher-stakes applications often require a
combination of automation and human oversight. The degree
of such oversight—usually contrived through a supervisory-
authority—subordinate-agent  ordering—can vary, with
greater assurance of safety and compliance at the expense of
operational efficiency.

The utility of productively integrating data across silos is
well recognised, but ensuring security and compliance across
multiple, cross-institutional organisations is much more
challenging, especially when providing analytical insight
through modelling and simulation. Formal verification can
demonstrate adherence to key properties, but is currently
possible for only small, specially designed systems.
Conversely, the sensitivity of controls on the data sources and
service providers suggests that their owners should retain
decentralised control, supported by service-level agreements
enforced by a decision-making agent. Moreover, keeping
these components decoupled simplifies versioning and
adaptation and mitigates risks of cascading failure.
Nonetheless, composability, whereby individual components
are openly defined and interact via standardised interfaces,
enhances service integration while reducing development
risk and testing cost—attributes strongly associated with
secure systems.

TABLE |
CORE ARCHITECTURAL COMPONENTS

Component Primary Role Key Interactions
Data Sources Provide Feed the Policy
information Engine and
required for Agentic
decision-making;  Automation Layer
owners retain via standardized
decentralized interfaces
control
Policy Validates Receives drafts
Engine | candidate policies;  from governance
only approved workflow;
policies become activates policies
active used by the
Decision module
Agentic | Hosts perception, Executes active
Automation | reasoning, action, policies; actions
Layer and learning subject to
services

governed policy
control
Independent Assesses Operates external
Runtime operational to the automation
Monitor integrity against framework for
risk profiles independent
oversight
TABLE II
GOVERNANCE FUNCTIONS MATRIX
GOVERNANCE DEFINITIO CORRESPONDI
FUNCTION N (PER NG AGENTIC
ARTICLE) FUNCTION
POLICY Prescribes Action —
ENFORCEMENT desired candidate actions
behavior for are subjected to
agent actions governed policy
control
ACCOUNTABILI Sufficient Learning / Monitor
TY audit records — evidence
generated for collection for
accountable compliance
response breaches
TRUST Confidence Perception —
that agents verified inputs
act safely, before action is
securely, and taken
legitimately
VERIFICATION Independent Runtime Monitor
assessment — external,
of separated from
operational ~ automation control
integrity
against risk
profiles

A. Agential capabilities and governance

Agentic automation obviates massive manual effort in
many processes, providing near real-time outputs and
integrating and orchestrating information and services from
diverse sources. Agentic systems constitute automated actors
that use perception-reasoning—-action capabilities in
conjunction with learning to meet organizational goals. Such
actors are Internet-enabled devices, applications, or agents
associated with various instantiations of logic or automata.
Building blocks of agentic systems are perception, reasoning,

2|Page



AMERICAN J0OL
AR/TI

»

VOLUME: 03 ISSUE: 02

/

action, and learning, which rely on automation capabilities.
A perception module collects information on the
environment, problems, and objectives, a reasoning module
analyzes this data to make plans, and an action module
implements the plans autonomously or with limited human
involvement. Learning refers to improvement in knowledge
over time.

Because high asymmetry, inertia, and variability of
operations in enterprises pose business problems and security
threats, agentic automation complements existing detective—
preventive—reactive controls with a proactive capability.
Governance mechanisms—policy formulation, approval
workflows, compliance monitoring, accountability, and trust
and verification models—prescribe desired behavior and
oversee execution of actions. Agentic systems operate
autonomously per the defined policy but do not relax security
controls; dedicated modules monitor adherence, investigate
compliance breaches, and collect evidence for accountability.
Policies address not only processes but also the design,
development, and deployment of agentic systems.

1. ARCHITECTURAL PRINCIPLES

Both enterprise knowledge and service integration are
inherently complex and require principled solutions. Large-
scale applications need to be modular while still permitting a
degree of coupling and effective synchronisation. Solutions
to common issues, including security, can not least be
implemented in the system at large rather than being
replicated at the component level. The use of standardised
interfaces for component interaction and for exchanging data
and commands with other systems assists architecture
composition by external developers while also providing a
measure of protection from unwanted behaviour. The
decoupling promoted by strong semantic models, particularly
those supporting rich, automated reasoning, provides
objective validation of appropriateness while supporting
improved adaptability.

Modularity, composability, and proper validation of agent
actions contribute to system security. Operable actions
defined by the security component permit agents to take
decisions normally considered unsafe but that require very
rapid response. McCauley’s sixth principle states: “The parts
should have a wall between them — a justification for being
separate”. Dynamic workflows augmented by agent actions
represent two aspects of dynamic enterprise service
composition. Valerio and Vassilakopoulou identify the
essential steps in dynamic composition to facilitate rapid
deployment of problem-specific services and risk assessment

of service combinations. Validation of policy and decision
processes as well as monitoring for deviations contribute to
enterprise  security and compliance, while policy
management aligns the automation and its operational
environment with policies of interest.

A. Architectural and Functional Diagrams

The following figures visualize the reference architecture and
policy lifecycle as described in the source article, and plot the
closed-form behavior of Eq. (3) and Eq. (4) above. No figure
below represents measured or benchmarked performance.

Reference Architecture for Governed Agentic Automation

Agentic Automation Layer
Data Sources
(managed by data
management service)

Policy Engine
(validation +
approval control)

Perception | Reasoning

Action ‘

Governance Functions
Policy Enforcement * Accountability
Trust « Verification

Independent Runtime Monitor
(operational integrity + audit trail)

Fig. 1. Reference architecture for governed agentic
automation, showing the three core elements — data
sources, policy engine, and agentic automation layer

(perception, reasoning, action, learning) — together with the
governance functions and independent runtime monitor
described in the article.
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Policy Formulation and Approval Lifecycle

Policy Policy Policy Policy Change

y Lifecycle /
Creation Validation Approval Versioning

Management Archiving

Fig. 2. Policy formulation and approval lifecycle, tracing the

six stages named in the article (creation, validation,
approval, versioning, change management,
lifecycle/archiving) and the Feedback & Validation
repository that feeds recurring updates back into policy
creation.

Fig. 3: Oversight-Efficiency Tradeoff (Eq. 3)
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Fig. 3. Normalized operational efficiency E(O) per Eg. (3)
as a function of oversight degree O, for three values of the
domain-sensitivity coefficient a. Higher o (steeper decline)
models higher-assurance domains, in which the article notes
that greater safety/compliance assurance is obtained at
greater efficiency cost.

Fig. 4: Composability Index vs. Coupling (Eq. 4)
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Fig. 4. Composability Index CI per Eq. (4) as a function of
inter-component coupling D_c, for three ratios of
standardized to total interfaces. The curves formalize the
article's claim that standardized interfaces and reduced
coupling jointly improve composability.

V. REFERENCE ARCHITECTURE FOR GOVERNED
AGENTIC AUTOMATION

A reference architecture for governed agentic automation
is presented, encompassing core components and their
interactions. Integrated data sources provide the information
required for decision-making. Rather than being hard-coded,
decision-making logic is expressed as a set of policies that the
agentic automation framework controls in a governed
manner. A policy engine validates a set of candidate policies,
and only those policies approved by an authorized party are
made active. The decision module employs the active policies
to determine what actions to take. Candidate actions are also
subjected to governed policy control, with the active actions
being those approved through the governance process.
Sufficient audit records are generated to produce accountable
response information. Security and other controls external to
the agentic automation framework monitor input and output
consistency and completeness. An independent runtime
monitor assesses operational integrity against risk profiles.
Such a separation between automation control and its
evaluation enables more independent oversight, facilitating
assurance.

The architectural stringency afforded by a clearly defined
set of required component interactions, control planes, and
data flows supports the formal design of suitable solutions
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without the overstretch or spiralling complexity that often
accompanies unconstrained innovation. This is illustrated by
the achieved compositional approach—allowing solution
interaction with agentic automation over specified standard
protocols—enabling a trusted identity management service to
become operational without requiring extensive design and
build activities outside its normal area of competence. Such
resource configuration, together with the reduced effort
needed to adapt individual services to policy change, is also
a significant enabler of more agile operation.

A. Core components and their interactions

The foundational principle of governed agentic
automation is to provide secure and autonomous interaction
between self-driven software agents and enterprise
knowledge sources, operational systems, and services.
Supported by a framework for defining and managing the
necessary policy controls, it provides a reference architecture
implementing these concepts. Every governed agentic
automation solution is composed of three core elements: data
sources, generally managed by a data management service; a
policy engine, which sets and enforces rules over the actions
of the agents; and the agentic automation layer, where the
perception, reasoning, and action services reside.

The various components interact with each other, and
with external systems within the enterprise environment, by
means of well-defined interfaces, information flows, and
traffic control planes. The structured modular architecture
facilitates dynamic deployment of solid solutions through
intensive testing of discrete modules on production-like
environments prior to integration in the enterprise ecosystem.
Modularity thus decisively leverages the soundness of
composable design, as explained in the previous section.
Composed applications in governed agentic automation can
securely adapt to the rapidly changing internal and external
environment of the enterprise through monitored, off-the-
shelf SaaS, laaS, and PaaS solutions.

V. GOVERNANCE FRAMEWORKS AND LIFECYCLE

Policy formulation and approval workflows are essential
for governed automation system security; supported by
appropriate roles, artifacts, and audit trails, they align with
industry compliance standards.

Policies are created by domain experts for data
conditioning, operation, or service logic, and detailed,
textual, natural language description in accordance with the
data sources or knowledge carets used. Change management
and versioning prevent inadvertent enablement of incorrect,

full-operation policies. Workflows provide rigour and
accountability, ensuring that updates are considered in step
with underlying data sources, knowledge sources, and service
interfaces. Support accompany those responsibilities and
events associated with governance planning. The policy
lifecycle also utilises a Feedback & Validation repository
capturing evolu- tional deviations and consequential
observations for recurrent knowledge sharing. Workflows are
consistent with enterprise change management approvals; are
formally numbered and version-controlled to provide
compliance with logging standards; and enable scenario-
sensitive support. The validated policy merging aligns with
commercial and regulatory needs for cyber-resiliency, and
also provides enterprise-specific compliance with the
extended Auditing Standard ASAE 3145.

The described governing framework for agentic
automation directly augments the layers of other-agent
response systems; moreover, original capabilities are
promoted and additionally developed in the context of
generale-after- such agentic automation: as such other-
agents. The governing library is designed for Knowledge—
Graph construction agents, enabling the original capability to
be exploited in specific contexts of operations.

A. Governance Maturity Function

G(t) = wi-PE(t) + waA(t) + w3 T(t) + wa V(t) Q)
where PE(t), A(t), T(t), V(t) € [0,1] denote the
instantaneous coverage of Policy Enforcement,

Accountability, Trust, and Verification, respectively (the
four governance functions named in the article), w; are
non-negative weights with Zw; = 1, and G(t) € [0,1] is the
aggregate governance-maturity score at time t. G(t)
provides a single scalar an enterprise can track over the
policy lifecycle described in Section 1V of the source
article.

B. Agentic Capability Composition

Yk = LAR(P(x0)))) &)
where P, R, A, and L are the perception, reasoning,
action, and learning functions identified as the building
blocks of an agentic system, xi is the environment/state
input observed at cycle k, and yx is the resulting action
output. Because the functions are composed rather than
merged, each can be independently tested, versioned, and
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monitored — consistent with the article's emphasis on
modularity and independent oversight.

C. Oversight—Efficiency Tradeoff

E(O) = Emax(I — aO) (3)
where O € [0,1] is the degree of human oversight (0 =
fully autonomous, 1 = fully supervised, per the
supervisory-authority—subordinate-agent ordering
described in the article), E_max is the efficiency
attainable under fully autonomous operation, and o €
[0,1] is a domain-sensitivity coefficient capturing how
sharply efficiency is traded for assurance in a given
deployment. Larger o corresponds to higher-stakes
domains, consistent with the article's statement that
greater assurance of safety and compliance comes at the
expense of operational efficiency. Plotted in Fig. 3.

D. Composability Index

Cl= (lstd/ |total)(1 - Dc) (4)
where |_std is the number of component interfaces
implemented via standardized protocols (e.g., IP, REST),
|_total is the total number of interfaces, and D_c € [0,1]
is the degree of inter-component coupling. CI € [0,1]
increases with interface standardization and decreases
with coupling, formalizing the article's discussion of
modularity and composability as levers for reducing
integration risk and testing cost. Plotted in Fig. 4.

E. Policy Lifecycle Overhead

Ttotal = Tcreate + Tvalidate + Tapprove + Tversion (5)
where each term is the elapsed time an enterprise's own
workflow tooling records for the corresponding stage of
the policy formulation and approval workflow (creation,
validation, approval, versioning) described in the article.

T_total is a process-cycle-time model, not a measured
benchmark; it is offered so that an adopting enterprise can
instrument its own workflow against a common
decomposition.

F. Residual Risk Under Decentralized SLA Control

Rresidual = Rbase([ -2 W|SLA|) (6)

where R_base is the unmitigated risk associated with a
data source or service, SLA; € [0,1] is the compliance
level of the i-th service-level agreement enforced by the
decision-making agent for that source, and w; are weights
with Zw; = 1. This formalizes the article's premise that
decentralized control by data/service owners, supported
by enforced SLAs, lowers residual risk relative to the
unmitigated baseline.

VI. CONCLUSION

The proposed Governed Agentic  Automation
Architecture provides a novel framework for securely
integrating enterprise knowledge and services. It supports the
design, deployment, operation, and use of agentic automation
applications that are amenable to integrated governance and
oversight. By enabling automation of the entire lifecycle of
enterprise  knowledge—from  discovery to storage,
deployment, use, and maintenance—the architecture also
facilitates the deep integration of various enterprise systems.
As a result, the proposed approach delegates more work to
computers and less to humans, deterring the circumvention
and abuse of automated processes.

Nevertheless, any such architecture is still subject to the
basic safety, security, and usability guarantees provided by
the underlying, supporting functions, even when these
functions are themselves automated. Hence, the problems of
requiring valid security policies and being able to
demonstrate conformance to those policies have not been
completely addressed. In fact, governance controls cannot be
completely automated; whether because basic security
principles need to be embedded in policy from the beginning,
or because security policies need to be aligned and tested
against established compliance frameworks, humans will
always be required as part of the governance process. The
proposed architecture also does not address all types of
integration gaps. The creation of engineered bindings
between systems that want to share service information is still
a requirement of every enterprise environment. These
limitations warrant further research in the area of secure
knowledge and service integration.
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