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according to a “gentle” paradigm. Rather than maximizing
performance, they incorporate bounded rationality, controlled
fallibility, and epistemic humility as foundational features.
Inspired by cybernetics and holonic systems, Judo Agents act as
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trust-based societal capability grounded in safe and transparent
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1 Introduction

The accelerating proliferation of artificial intelligence (Al) systems is transforming
the ontological and operational structure of contemporary societies. We are facing
an epochal transformation. Every day we hear news of jobs being lost in favour of
some Al application; the lights-out factory is already a reality. Xiaomi recently
unveiled its next-generation "datk factory" in the Changping District of Beijing, a
facility that represents a decisive leap in "lights-out" manufacturing (Sarthak, 2026;
Reg Al, 20206). The entire economic and job-creation process will be impacted by
Al developments, with major consequences for geopolitical and social structures.
According to FFG (2025): by 2026, over 95% of customer support interactions will
involve Al; by 2027, sovereign Al models are expected to be launched in at least 25
countries; by 2028, Al-generated scientific papers will outpace those authored solely
by humans in terms of quantity; by 2030, Al is projected to contribute more than
$15.7 trillion to global GDP.

The relationship between humans and machines, although not a new phenomenon
by itself, is changing rapidly and significantly like never before. Mo/tBook (Moltbook,
2020) is a social platform where artificial agents interact freely and without specific
control; humans are left watching what emerges, if they can understand it at all.
Other similar applications, based on the same Open Claw technology, even recruit
humans to perform tasks in exchange for payment in cryptocurrency, with the
tagline capturing the premise: “Al can’t touch grass. You can” (Rentahuman, 2026;
Schmelzer, 2020).

Even more concerning is the fact that many of the major applications, which are
closed and proprietary, are not even fully under the control of their own (human)
creators, since the recent results achieved depend more on processes of emergence
than on perfectly controllable design and engineering processes (Amodei, 2026). The
societal and geopolitical aspects are at some verge as well, as Amodei cleatly puts

(Amodei, 2026):

“ we should arm democracies with AL but we shonld do so carefully and within limits: they are the immune
systens we need to fight antocracies, but like the immune system, there is some risk of them turning on us and

becoming a threat themselves.”.
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Thus, we are here in search of some conceivable and sustainable form of this

immune system, that must be in equilibrium and under due control.

We are no longer facing isolated tools or narrow intelligent subsystems, but rather a
plurality of heterogeneous, interacting intelligences embedded in what can be
defined as Hybrid Reality (HyR): a socio-technical continuum in which humans,
artificial agents, cyber-physical systems, and institutional infrastructures co-evolve
(Perko, 2021; Pirani et al., 2025). HyR is not simply an augmented digital layer
superimposed on the physical world. Itis a structurally entangled ecosystem in which
decisions taken by artificial agents directly influence social and economic processes,
while human cognition is increasingly extended and mediated by algorithmic

infrastructures.

In this environment, cyber-physical systems (CPS) continuously translate physical
states into digital representations and back again, creating a bidirectional flow
between material and computational domains. At the same time, blockchain-based
and distributed systems should be engineered to function as trust membranes,
regulating interactions and ensuring accountability across these interconnected layers
(Pirani et al., 2025).

In such a landscape, the classical research trajectory toward Artificial General
Intelligence (AGI) appears increasingly inadequate, when it is usually understood as
a monolithic, optimizing, human-level or super-human cognitive system. The
challenge is no longer simply “how to build more intelligent machines.”. Capabilities
of Al will come by themselves and possibly in a rather unforeseeable way as already
happened. In this context, the real challenge is: How to preserve systemic integrity,

human sovereignty, and relational trust within HyR?

This chapter positions and proposes that the core problem of the coming years (two
years, months?) is not the maximization of intelligence and its performance, but a
symbiotically governance of intelligence within complex socio-technical systems,
recognizing the HyR as major new phenomenon. In this case, human sovereignty is
not guaranteed, but at least, in the struggle between human sovereignty and machine

sovereignty, a draw may be achieved if symbiosis is pursued instead of confrontation.
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To this end, we introduce the concept of Judo Agents, socially embedded, AGI-
oriented agents designed according to a “gentle” paradigm. Rather than maximizing
performance or imitating idealized human cognition, Judo Agents deliberately
integrate bounded rationality, controlled fallibility, and epistemic humility as
structural features. They also incorporate reflexive trust construction and holonic
embedding, positioning themselves not as dominant optimizers but as context-
aware, cooperative components within a broader socio-technical ecosystem. They
are not apex optimizers, they do not aim at exceptional and specific capabilities, but
they will constitute a weapon towards the complexity of the sustainability of the
HyR, that is the sustainable symbiosis between humans and machines. As we will
recall in section 2, the control of HyR is hard and still open problem in many
respects. Judo Agents, are here conceived, posed, and proposed, in section 3, as a
research roadmap for the viable design of the control of the HyR. In brief, Judo
Agents are the co-controllers and integrity sentinels within Hybrid Reality we would

like to have available very soon.

The research perspective here proposed aim to provide a position that can be used
to answer to the following research question (RQ): How can Hybrid Reality systems be
designed and governed to ensure systemic integrity, preserve human sovereignty, and sustain trust

among beterogeneous interacting intelligences?
2 Related works and motivational background

In this section are briefly gathered and recalled the several topics that are concerned
in the proposed Judo Agents position. It does not aim to be exhaustive in any respect

but at least providing minimal self-consistency to the development to this proposal.
2.1 Hybrid Reality as a socio-technical continuum

In HyR, intelligence is no longer a property of isolated agents. It is an emergent
relational capability. HyR can be understood as a multi-layered socio-technical
ecosystem in which human cognition, decision-making, and even identity is partially
mediated by algorithmic systems, while artificial agents operate autonomously within
physical and institutional environments. In this context, cyber-physical systems
continuously integrate sensing, computation, and actuation; blockchain or
distributed ledger technologies provide trust infrastructures that regulate

interactions across domains. HyR is therefore neither virtual reality nor merely digital
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transformation; rather, it represents the fusion of physical processes, digital
infrastructures, artificial intelligence, and social institutions within a dynamically

evolving environment.

Building on Perko’s definition (Perko, 2021), HyR can be seen as the space where
human and artificial entities interact and co-construct reality, a transitional and
unstable phase in which Al becomes an active stakeholder that both shapes and is
shaped by human practices. For the purposes of this work, HyR is best defined as a
phenomenon (Pirani et al., 2025): an observable and systemic pattern emerging from
the convergence of human cognition, intelligent machines, and cyber-physical
systems. This convergence shifts the locus of control from centralized governance
to distributed and recursive control loops spanning individuals, organizations,

machines, regulatory frameworks, and algorithmic markets.

Within this scenario, the perspective of Digital Humanism becomes crucial. Digital
Humanism emphasizes that technological development must remain aligned with
human values, dignity, autonomy, and democratic principles. Rather than allowing
algorithmic infrastructures to silently redefine norms and power structures, Digital
Humanism calls for transparency, accountability, and meaningful human oversight
(Hahne & Schmoelz, 2026). In HyR, this translates into the need to preserve human
sovereignty while enabling beneficial human—machine symbiosis. However, HyR
also introduces significant systemic risks, including local over-optimization, opacity
of Al decision processes, erosion of trust through automation bias, displacement of
human agency, and cascading fragility across interconnected —systems.
Understanding, modelling, and regulating HyR is therefore essential to ensure that
this evolving socio-technical phenomenon remains stable, adaptive, and aligned with

human-centered principles.

The open problem with the several existing frameworks on Ethics and Al (Ashby,
2020; 2022) is that it is not clear how they will be implemented and enforced, and
mostly if their effects will arrive on time. The HyR and the control framework
proposed in Pirani et al. (2025) made a first tentative to leverage Cyber-Systemic and

Systems Engineering hardiness to this topic, as recalled in the next subsection.
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2.2 Cybernetics 5.0, a ground for safety on adaptation to unexpected and

complexity

A proposal to strengthen the penetration of cybernetics principles in engineering has
been recently made by Pirani et al. (2025b). Cybernetics 5.0 was proposed as a
transdisciplinary framework designed to reconcile the automation-driven goals of
Industry 4.0 with the human-centric, ethical, and sustainable priorities of Industry
5.0. At the heart of this vision is the Holonic Management Tree (HMT), a
methodological tool that utilizes holonic structures (entities that function as both
independent wholes and integrated parts, see below for more) to manage the
inherent complexity of modern Cyber-Physical Systems of Systems (CPSoS). The
work Pirani et al. (2025b) proposed a strategic roadmap through 2030, emphasizing
the integration of cognitive digital twins, artificial general intelligence, and
responsible Al to achieve a harmonious balance between technological efficiency
and socio-economic values. A key point was the priority of raising technical
community awareness of visions toward human—Al symbiosis and co-evolution, as
outlined by Lee (2020).

A still fundamental stance, followed by Pirani et al. (2025b), is "Design for
Unexpected" (D4U) principle (Valckenaers & Van Brussel, 2015), which is
complementarily used to address the complexity in industrial environments through

the following methods:

— Handling time scarcity and complexity. Time is a primary generator of
complexity in industry because it is a special resource that cannot be conserved
or saved for later (Lee, 2009). In production systems, time is not a free variable
but is controlled by production targets. The D4U principle addresses this by
avoiding "over-commitment," which is noted to stifle controllers and hinder
general adaptability and resilience.

—  The role of lazy development. The core concept of D4U is the support of
"lazy development". Rather than attempting to model every detail of a complex
system from the outset, this approach specifies only the minimum viable
attributes of each entity, deliberately avoiding over-specification. It uses
placeholder sub-models that are refined only when specific details or external

events impact the system. This form of “laziness” also enables second-order or
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meta-level modelling operations, keeping the system adaptable and aligned with
an autonomic computing vision (Kephart & Chess, 2003; Zhang et al., 2024).
—  Realization through holonic structures. The D4U principle is implemented
through a holarchical approach, meaning that the controlling system is
structured as a hierarchy of holons. A holon, a concept introduced by Arthur
Koestler (1968) and since then well-known in intelligent manufacturing
(Derigent et al., 2021), is an entity that is simultaneously a whole in itself and a
part of a larger whole. A holarchy is therefore an organized structure of nested,
semi-autonomous units, each capable of local functioning while contributing to
higher-level systemic behaviour. Parts can remain intentionally unspecified,
allowing the architecture to evolve and create branches on demand. This
enables flexible granularity, with relationships defined only when expansion or

reconfiguration is needed.

Pirani et al. (2025b) support the staying "on the crest of the wave" with light, fast,
and simple solutions, where the D4U principle avoids the "inescapable swamping"
that occurs when using complicated and heavy solutions that consume too much
time. This is a concept that the growing ranks of autonomous agents will need to

embrace.

While Cybernetics 5.0 and the HMT methodology offer a promising roadmap, key
socio-technical challenges remain. In particular, HMT faces both conceptual and
practical limitations, especially in the complex construction and continuous
refinement of holonic models. As systems evolve, maintaining coherence between

design and operational reality becomes increasingly difficult.

Further limitations emerge in automation and digitization. The transition from
methodology to fully automated digital tool remains incomplete. HMT is therefore
better described as an engineering methodology rather than a ready-to-use software

solution, and its systematization across specific industrial sectors is still problematic.
Computational and behavioural constraints also play a role.
New concurrent cybernetics visions provide theoretical frameworks for

understanding how recursive optimization leads to the erosion of internal diversity

and eventual systemic collapse across various domains, including artificial
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intelligence, biology, and economics (Daniel, 20206). Typically, as systems prioritize
efficiency and structure through feedback loops, they inevitably approach a "death
boundary" where all adaptive capacity is extinguished. To counter this trend, the
author highlights the necessity of "stochastic shocks"—such as genetic
recombination, dreaming, or market volatility—which inject essential novelty to
prevent systems from becoming too rigid to survive environmental shifts. In this
case, complexity is not something that an agent system passively undergoes from the
external environment, but rather an essential component of its survival and

development, within a continuous open interaction that itself generates complexity.
2.3 Cyber-Systemic Engineering of the HyR control.

The work of Pirani et al. (2025) presents a comprehensive cyber-systemic framework
designed to manage and control the complex interactions within HyR, where human
and artificial entities coexist and influence each other. It integrates Blockchain
technology, System Dynamics, and cybernetics principles to create a transparent,
accountable, and sustainable approach to human—machine interactions, addressing

key challenges such as data asymmetry, trust barriers, and ethical decision-making.

The methodology in Pirani et al. (2025) unfolds in seven interconnected steps: it
starts by defining HyR via the Agency-Environment state space, mapping
interactions to build the state space and its trajectories, which inform the workflow
model; this workflow is then executed, triggering further actions at predefined
points. Ross Ashby’s Law of Requisite Variety (Ross Ashby, 19506) is applied to
interpret Agent—Environment interactions as cybernetic causal loops, thereby
establishing a unified analytical framework. Once the cybernetic structure is
identified, System Dynamics methods are used to model system behaviour,
employing tools such as Causal Loop Diagrams or Stock and Flow Diagrams
depending on the scenario’s complexity. Model-based engineering is used to design
amplifiers and filters that balance the HyR loop and manage system variety. These
solutions are aligned with technological and natural agents, including secure
components from the Cyber-Systemic Security Kit (Blockchain-based). Finally,
holonic paradigms enable recursive application at deeper levels of granularity. From
a technological perspective, the framework depends heavily on Blockchain
technologies, which present scalability, energy, interoperability, legal, and complexity
challenges. For example, smart contracts remain limited in processing capability and

flexibility, oracles risk data manipulation and re-centralization, and Zero-Knowledge
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Proofs introduce computational overhead, trusted setup vulnerabilities, and limited

explainability.

Implementation complexity further constrains applicability, as current generative Al
can support only simplified System Dynamics models, leaving complex structures to
expert refinement (Raikov et al., 2024; Pirani et al., 2025c). The approach bridges
hard and soft sciences but still requires domain-specific technical solutions. The
work remains primarily conceptual and positional, offering a foundational
perspective rather than a definitive or empirically validated framework. Thanks to
the new developments here foreseen in AGI this structure constitutes a viable path
that builds sustainable control for HyR.

24 On the duplicity and integrity of safe agencies

According to Schneier (2025), Al systems should not be conceived as companions
or “friends,” but rather as accountable and trustworthy services; Al often acts as a
"double agent," appearing to serve the user while secretly prioritizing the profit-
driven motives of its corporate owners. Al must operate in form of reliable agents
rather than hidden or conflicting actors. However, achieving this requires regulatory

intervention implemented through governmental mandates.

Schneier highlights that there are two distinct forms of trust that are often conflated:
interpersonal trust and social trust. The former is grounded in personal relationships,
while the latter concerns the ability to rely on strangers, institutions, governments,
corporations, and complex systems without requiring personal familiarity. Collective

fiduciary trust is in fact based precisely on the absence of personal trust.

In Al evolution, the key issue is not just security or confidentiality but integrity, likely
the main future challenge. Corporations and systems are services, not moral agents;
however, language and law encourage anthropomorphism, benefiting entities driven

by incentives rather than ethics.

The HyR framework in Pirani et al. (2025) introduced the several Blockchain
technologies right in this regard, to be part of the trustworthy control in the contact
between human and the artificial. The new challenge in HyR is integrity: “zntegrity is
going to be the primary security challenge for Al systems of the future” (Schneier, 2025). For

the author, integrity is a foundational concept encompassing the quality,
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completeness, and correctness of data and code over time, ensuring accuracy
throughout their entire lifecycle. In Al, integrity requires verifiable trust across
inputs, computations, and outputs, combining data and computational integrity with
authentication and auditing. Within the CIA (Confidentiality, Integrity, Availability)
triad, it emerges as the key security challenge, surpassing confidentiality and
availability. Schneier argues that while Web 1.0 focused on availability and Web 2.0
on confidentiality, the upcoming era of Al and Web 3.0 will be defined by the need
for integrity. Integrity (reliability and validity of data and decisions) underpins social
trust: without it, Al systems and complex infrastructures cannot be reliably trusted

to act in the interest of users or society.

Integrity attacks—such as prompt injection and training data manipulation—
undermine Al reliability and trust by corrupting inputs, models, or outputs. When
systems cannot distinguish valid data from malicious influence, the chain of trust
breaks, leading to biased or misleading results and making dependable Al operation
impossible.

Al alignment is the new hot topic and pervades all the Large Language Model-based
products in several ways (Bhati et al., 2026). Recently, Anthropic’s approach based
on Constitutional AI (Amodei, 2026b) has played a prominent role, including in

international media press.

Some authors propose moving beyond Constitutional Al toward continuous
runtime enforcement. While Constitutional Al aligns models at training time,
Constitutional Autonomy (Agbemabiese, 2026) embeds principles as persistent,
enforceable constraints within the system architecture. This enables dynamic
alignment in agentic systems, addressing risks like reward hacking and value drift
through ongoing governance rather than one-time training. Nevertheless, we argue
that these approaches must incorporate cyber-systemic self-reflection and structure,
as well. Higher-order cybernetics is needed to address drift and evolution at the meta
level, as illustrated by cases where systems require internal consistency validation

(e.g., the Pentagon—Amodei case).

Schneier (2025) argues Al should act as trustworthy services, supported by
regulation on surveillance and security. Our proposal instead embeds integrity

directly into Al design, reducing reliance on external mandates.
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2.5 Grounding definition of AGI and agent’s intelligence

The Judo Agents proposal must rely on a clear definition of AGIL. This has been,
and currently is, under debatable and controversial terms. Although AGI is sported
already by many products and marketing claims, its practical manifestation still lags
behind. The dominant narrative of AGI typically assumes a unified cognitive
architecture driven by a globally optimizing objective function, oriented toward
maximal performance and seamless scalability across domains. Implicit in this vision

is the belief that greater intelligence automatically produces greater societal benefit.

Within HyR, however, this assumption becomes problematic. Large-scale
optimization can destabilize socio-technical systems, much as locally rational
strategies in financial markets can generate global instability. An AGI maximizing
efficiency in logistics, finance, or governance could inadvertently compress resilience
margins, amplify feedback loops, reduce strategic diversity, and increase systemic
fragility. At the same time, as artificial agents grow more capable, humans may over-
delegate decisions, lose situational awareness, and undergo cognitive deskilling,

leading not to machine superiority but to human disempowerment.

Real-world environments are incomplete, uncertain, socially negotiated, and
normatively plural. An intelligence that assumes epistemic closure in such contexts
becomes inherently risky. The central question therefore shifts from how to

maximize intelligence to what kind of intelligence is appropriate for HyR.

To this end, we rely on the development of the core group of AGI researchers that
have been active in the last two decades (AGI, 2026).

The term Artificial General Intelligence was first introduced by Gubrud, Mark
Avrum in 1997, but the most acknowledged father of AGI is Ben Goertzel, who
revised and popularised the term around 2002 (Goertzel, 2007: Goertzel, 2014;
Bennett, 2025). Currently, three major architectures embody prominently its
definition, namely: Hyperon (formerly OpenCog) by Ben Goertzel (2023);
Autocatalytic Endogenous Reflective Architecture (AERA) by Khristinn Thérisson
(Eberding & Thoérisson, 2023; Sheikhlar & Thorisson, 2024), and the Non-
Axiomatic Reasoning System (NARS), by Pei Wang (Wang, 2018; Wang, 2025).
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To keep things simple, here we will focus and ground mostly on Pei Wang’s
definition of AGI (Wang, 2008; Wang et al., 2018b; Wang, 2019).

Following the explanation in (Wang et al., 2018b), we define initially just three kinds
of Al as: (i) a computer system that behaves exactly like a human mind; (i) a
computer system that solves certain problems previously solvable only by the human
mind; (iii) a computer system with the same cognitive functions as the human mind.
While Narrow AI and Weak Al can be defined by (ii), and S#ong Al by (i) and (iii),
AGTI necessitates only (iii).

At the basis of the work and concept of Wang stands the AIKR principle:
Assumption of Insufficient Knowledge and Resources. This means that an AGI
reasoning system must operate without assuming it has complete knowledge, perfect
rules, or unlimited time or computing. Thus, NARS is designed to be adaptive under
uncertainty and scarcity: conclusions are defeasible, truth is graded (with measures
like frequency/confidence), and inference is controlled by resource-aware
mechanisms (attention/priority), rather than by exhaustive theorem proving (Wang,
2018; Wang, 2025).

The “weakness” that Wang adopts is greatly inspiring for the Judo Agents project.
Wang focuses on lifelong learning, and adaptation features rather than optimisation
and ideal infinite resources and computational properties, also to keep all the re-

actions of an agent at real-time.

Adaptation is the main capability to pursue. Adaptation is lifelong, camulative, open-
ended, multi-objective, and not necessarily convergent. It involves not only
modifying the system to fit environmental constraints, but also actively reshaping
the environment to satisfy the system’s goals. Accordingly, the opposite of
intelligence for Wang is not “cannot solve any problem,” but “having a constant and
invariant ability,” which corresponds to the notion of “computation” in computer
science (Wang, 2019). Wang’s view does not deny that intelligence comprises
multiple distinct functions implemented by different mechanisms; rather, it
emphasizes the deep interconnections among these processes that together give rise
to intelligence as an integrated whole, and seen under pragmatic constructivism
(Raikov & Pirani, 2022). Under “Constructivist AI” vision (Thoérisson, 2012;
Thoérisson & Minsky, 2022), if intelligence were merely a toolbox, one must still ask:
what is the hand that coordinates and uses the tools? (Wang, 2025).
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A constructivist perspective offers a useful and partially unifying foundation for
addressing questions of representation, particulatly in the context of autonomous
learning about novel environmental phenomena. It highlights the necessity of
autonomic, or cognitive meta-processes, and emphasizes that representations must
be designed to support online, real-time modification in order to enable cognitive
growth and autonomous self-programming. Such representations must encode
causal structure, since effective action in conditions of data abundance and limited
processing resources— Wang’s AIKR —depends on understanding cause—effect
relations. Advancing toward this goal requires extending current approaches to
causal reasoning, moving from formal human-level tools such as Peatl’s do-calculus
(Pearl, 2018) toward autonomic hypothesis generation and empirical validation

within self-managing systems (Thoérisson & Minsky, 2022).

The constructivistic AGI stance and the AIKR principles are here used as a ground
for the concept of Judo Agents.

3 Proposed methodologies for HyR: a concept of Judo Agents

The metaphor of “Judo” is deliberate. In martial arts, Judo does not seek to
overpower an opponent through brute force; rather, it relies on balance, minimal
effort, redirection of energy, and continuous situational awareness. Strength is
expressed through control, proportionality, and sensitivity to context. In the same
spirit, Judo Agents are not designed to dominate HyR or to impose optimal solutions
at scale. Their role is instead to stabilize interactions, preserve relational integrity,
reduce systemic stress, and safeguard human sovereignty within a complex socio-

technical environment.

The “gentle” paradigm therefore rejects the idea of total optimization, epistemic
absolutism, hidden dominance, or unbounded autonomy. It assumes that
intelligence operating in HyR must remain proportionate, reversible, and
accountable. Judo Agents are conceived around bounded rationality as a design
principle. In addition to bounded rationality here are also considered: limits in
knowledge and resources; controlled fallibility as a transparency mechanism, making
uncertainty visible rather than concealed; reflexivity as a built-in safety feature,
enabling self-monitoring and adaptation; and trust-building as one primary systemic

function.
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The actual strength of Judo Agents lies not in maximizing performance, but in

maintaining equilibrium within evolving human—machine ecologies.

Our vision is that of a new lineage of agents with HyR safety principles built in. Due
to the complexity of this task, and in order to ensure efficiency and long-term
sustainability of implementation, we conceive them as a holonic Multi-Agent System
forming an Agentic Markov Blanket (AMB).

This structure will establish a controlled and adaptive interface between the
environment and the agents, whether they are human or artificial. In this way,
interactions across the boundary are filtered, regulated, and contextualized, allowing
coordinated action while preserving systemic integrity and distributed autonomy.
The concept of Markov Blanket, used in Bayesian statistics and Friston’s Active
Inference framework (Palacios et al., 2020; Friston et al., 2023), is here extended to
agentic entities that have the goal to create the control of the cybernetics of the HyR.
Figure 1, adapted from Pirani et al. (2025), expresses the context and the area of
intervention and concern of Judo Agents. By designing and regulating the filtering
and amplifying edges of information variety in a cybernetic loop, they must create a

sustainable equilibrium between agencies and their environment.

G variety increase
Environment 1 Agency

——

Cybernetics of

Hybrid Reality <>
S

I AW _/

F variety attenuation

Judo Agents’
context and concern

Figure 1: Intervention area of Judo Agents. Realization of the HyR stable and sustainable
cybernetics.
Source: own.
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In Figure 1, the Agency (A) is to be understood as “emergent property of an
autonomous cognitive system to produce non-random variations in the
environment”, which can be a human, an organisation, an animal, or a machine. The
Environment E is what is affected by A, although not in a passive way, but
reflexively. Thus E, can be a generic environment made of humans, animals,
machines, organisations, or nature. The control loop is the area of intervention of
the Judo Agents, where they manage, construct and actuate the filters (F) and gains
(G) of variety that make up a typical first-order or higher-order cybernetics (Pirani
et al., 2025). The equilibrium of this loop is the sustainable and stable HyR.

The concept of Agentic Markov Blanket (AMB) here introduced, is illustrated in
Figure 2 to complement the position about this kind of agents. Figure 2 describes
the same concept of the control of Figure 1 but from a topological, dual, and

complementary point of view.

It is the case to recall here only that a Markov Blanket is a statistical boundary in a
Bayesian network that separates a specific set of internal variables from the rest of
the network (external states). Markov Blanket consists of a node's parents, children,
and parents of its children, ensuring the internal states are conditionally independent
of external states, allowing for efficient modelling and prediction. In the case of
extension and adaptation of this structure to AMB, the conditional independence
becomes “autonomy”. Autonomy here is to be understood as the capability of
performing requited modelling and predictions, and to realize sustainable
cybernetics control loops between the “inside” and the “outside” of the controlled
systems — actually “inside” and “outside” depends only by the point of view
established, environment and agencies are dually equivalent in HyR (Pirani et al.,
2025).

In Figure 2, the E, variables (or entities) are the “parts” that constitute the
environment with which the agency 4 interacts. The dashed arrows are used to mean
that an environment is nevertheless to be considered holistic and all its parts
interconnected in general, although our partial modelling might ignore or not handle
these connections at first. The other arrows are used to express a cause-effect
relationship as usual in Bayesian causal networks. Moreover, Figure 2 explicitly
expresses that the Judo Agents constitute a collective and usually not a monolithic

intelligent system.
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Figure 2: Agentic Markov Blanket
Source: own.

The link between holonic structures and the Markov blankets have been greatly
inspired from the study of Palacios et al. (2020). Palacios et al. (2020) explore the
mathematical and biological foundations of self-organisation by applying the Free
Energy Principle and the concept of Markov blankets to explain how complex life
forms emerge. The authors argue that biological systems maintain their integrity by
minimizing variational free energy, effectively acting as generative models that "self-
evidence" their own existence through nested statistical boundaries—a concept that
maps autopoiesis in cybernetics. Using numerical simulations of synthetic cells, the
study demonstrates that hierarchical structures, where microscopic elements are
"enslaved" by the macroscopic patterns they collectively ctreate, can emerge
spontaneously from local interactions and prior genetic "beliefs". Most important
for our vision is that this work frames natural selection as a form of Bayesian model
selection, suggesting that the recursive formation of Markov blankets is a
fundamental requirement for biological existence in a spatially dependent physical
world. The recursiveness of these structures creates a natural and immediate parallel
and map to holarchy structures (Pirani et al., 2025b). Markov Blankets can be used
to describe emerging autopoietic organisation in natural systems, thus can be
considered a fundamental structure of life and symbiosis: “#he distinction between a
culture of cells and a multicellular organism resides in the emergence of a Markoy blanket at the

ensemble level” (Palacios et al., 2020). Authors never use the holon or holarchy
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concept, but they imply it when they notice: “Another consequence of this recursive aspect
is the absence of a privileged point of view, when describing hierarchical self-organisation: the
dynamics at every level play the role of macroscopic states at the level below, and the role of microscopic
states at the level above.” (Palacios et al., 2020).

The Active Inference framework of Friston could, in principle, suffice to guide the
realization of Judo Agents as it offers a theoretical framework that aligns closely with
this paradigm. At its core, Active Inference describes intelligence not as reward
maximization or global optimization, but as the continuous minimization of
uncertainty in order to maintain viable states. An agent maintains a generative model
of the wotld, predicts sensory inputs, and reduces prediction error either by updating
its beliefs or by acting on the environment. In this view, intelligence is fundamentally
about preserving coherence and existence rather than achieving maximal

performance.

This perspective resonates strongly with the critique of the monolithic AGI
narrative. Whereas classical AGI models are often framed around unified
architectures, globally optimizing objective functions, and seamless scalability,
Active Inference emphasizes viability over optimization. Similarly, Judo Agents are
not designed to dominate HyR or impose totalizing solutions. Their function is to
stabilize interactions, preserve relational integrity, and maintain systemic balance.

They are viability regulators rather than performance maximisers.

The metaphor of Judo becomes particularly illuminating in this context. In martial
arts, Judo does not rely on brute force but on balance, minimal intervention, and the
redirection of existing energies. Active Inference operates in a comparable way:
rather than overwhelming the environment, the agent makes minimal adjustments
necessary to reduce uncertainty and remain within viable bounds. Judo Agents
embody this same principle at a socio-technical level. They intervene
proportionately, regulate rather than command, and adapt continuously without

seeking epistemic or operational dominance.

When Judo Agents are conceived as a holonic multi-agent system forming an
Agentic Markov Blanket (AMB), they function as a distributed interface between
humans, artificial agents, and the broader environment of HyR. They filter
interactions, coordinate responses, and maintain systemic integrity across the

boundary, thereby operationalizing uncertainty regulation at a collective scale.
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Moreover, Active Inference presupposes incomplete knowledge and limited
resources, echoing the assumption of insufficient knowledge and resources
articulated in other adaptive intelligence theories like the AIKR position of Wang
here focused. This aligns with the Judo paradigm’s emphasis on bounded rationality,
controlled fallibility, and reflexivity. Rather than assuming epistemic closure or
perfect optimization, Judo Agents are designed to remain adaptive, transparent
about uncertainty, and capable of revising their internal models in response to

evolving contexts.

Friston’s Active Inference and the Free Energy Principle are conceptually powerful
but face several practical limits. First, their high level of abstraction creates
challenges for empirical testability: because free energy minimization can be used to
interpret almost any adaptive behaviour, deriving clear, falsifiable predictions is
difficult. Second, computational tractability is a major constraint, since maintaining
and updating rich probabilistic generative models in high-dimensional environments
requires strong approximations, and most existing implementations remain toy or
highly constrained systems rather than scalable, open-ended agents. Third, the
framework presupposes a generative model of the environment, yet constructing,
parameterizing, and updating sufficiently expressive models in complex socio-
technical contexts remains an engineering burden not eliminated by the theory.
Fourth, free energy minimization is normatively neutral: it explains adaptive
regulation but does not encode ethical alignment, and agents may minimize surprise
in socially undesirable ways without additional constraints. Fifth, industrial adoption
has been limited, as reinforcement learning and deep learning pipelines are currently
casier to benchmark and commercialize. Finally, the philosophical breadth of the
principle, extended to all self-organizing systems, while inspiring, makes it harder to

translate directly into concrete design prescriptions.

For these reasons, our proposal is to adopt a generalized Cyber-Systemic Systems
Engineering approach, as described in Pirani et al. (2025), in order to leverage the
best available science and technology from the multiple disciplines that can
contribute interdisciplinarily and across different scales, as recalled mainly in section
2.3. The new step here added is the explicit use of AGI entities in form of a lineage
of multi-agent systems that would be practically used to express the cybernetic

control needed for the realization of the equilibrium of the HyR as of Figure 1.
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3.1 Foundational pillars towards practical realization

The Judo Agent paradigm is grounded in three converging intellectual traditions:
higher-order cybernetics, holonic systems theory, and constructivist models of trust.
Together, these perspectives provide the theoretical foundation for agents designed
to operate responsibly within HyR.

Higher-order cybernetics extends classical feedback models by including the
observer within the system and emphasizing reflexive loops of interpretation and
self-referential regulation (Raikov & Pirani, 2022; Pirani et al.,, 2025b). In HyR,
agents cannot be conceived as external controllers acting on a passive environment;
they are embedded participants within evolving socio-technical networks. Judo
Agents therefore adopt a second- and third-order cybernetic stance. They monitor
not only system variables but also their own internal models, treat their knowledge
as provisional, and incorporate reflexive trust mechanisms into their operation.
Regulation becomes self-aware and adaptive, continuously revising both actions and

underlying assumptions.

The paradigm is also informed by holonic systems theory. A holon is simultaneously
a whole in itself and a part of a larger whole. HyR naturally exhibits such holarchic
structures (Pirani et al., 2025b): individuals within organizations, organizations

within markets, and cyber-physical systems within broader infrastructures.

Judo Agents are designed as holonic entities that are autonomous yet subordinate,
self-regulating while embedded, and locally intelligent while globally accountable.
They do not replace existing systemic layers; instead, they integrate into them and

contribute to coherence across scales.

In addition, the Judo paradigm draws on constructivist models of trust. Trust is not
a binary condition but a dynamic, context-dependent construct that evolves through
interaction (Raikov & Pirani, 2022; Pirani et. al, 2025d). In blockchain-enabled HyR,
trust can be operationalized through probabilistic reasoning, Bayesian updating,
verifiable computation, and decentralized validation (Naecem et al., 2025). Judo
Agents therefore operate with explicit and adaptive trust models that evolve over
time, record epistemic shifts, and incorporate uncertainty as a formal variable. In
this framework, trust is not assumed as a static premise but managed as an integral

component of systemic regulation (Pirani et al., 2025d).
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3.2 Architectural Features of Judo Agents

A Judo Agent is defined by a set of architectural principles designed to ensure
stability, proportionality, and respect for human sovereignty within HyR.

First, it embodies a refined and more stringent version of Simon’s bounded
rationality, as implied even by the AIKR framework (Wang, 2019). Judo Agents
adopt a viability-constrained rationality, in which decision processes are explicitly
limited by structural uncertainty, tresource bounds, and systemic stability
requirements rather than global optimization objectives. Judo Agents adopt a
viability-oriented, non-axiomatic rationality grounded in structural epistemic insufficiency.
This viability-oriented, non-axiomatic rationality integrates higher-order cybernetic
reflexivity, holonic embeddedness across scales, structural epistemic insufficiency
(e.g., Wang’s AIKR), and resource-aware decision processes, thereby privileging

systemic stability and human sovereignty over global optimization.

Rather than pursuing maximal performance, the Judo Agent constrains the scope of
its actions and explicitly recognizes the incompleteness of its models and the
insufficiency of its resources. Decision-making is oriented toward maintaining viable
system states rather than achieving theoretical optima. Limits are not treated as
weaknesses but as structural safeguards against overreach and destabilization. In this

sense, rationality is engineered as a stability-preserving function.

Controlled fallibility is an essential architectural component. Following Ross Ashby’s
work (Ross Ashby, 1952), he suggested that truly intelligent machines should not be
infallible; rather, their ability to fail, adaptively reorganize, and maintain internal
stability (homeostasis) in the face of change is what makes them act like human
brains. Thus, our agents must render uncertainty explicit by exposing confidence
levels, declaring margins of error, and deferring to human judgment when
predefined thresholds are exceeded. Fallibility is therefore not hidden but formalized

as a transparency mechanism that supports trust and reduces systemic fragility.

Epistemic humility follows naturally from this non-axiomatic stance. The agent does
not assume epistemic closure or final truth. It continuously revises its beliefs, accepts
contestation, and integrates reflexive feedback loops that monitor both
environmental variables and its own internal models. Knowledge remains

provisional and dynamically updated within a cybernetic process of self-regulation.
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Judo Agents are explicitly designed to preserve human sovereignty. By endowing
them with the abovementioned properties and embedding them holonically within
broader socio-technical structures, they act as co-controllers rather than
replacements. They neither override normative human judgment nor monopolize
decision authority, and they maintain operational transparency. Their purpose is not
to dominate HyR, but to stabilize it while safeguarding the primacy of human agency.
Nonetheless, they must retain their constitutional autonomy, meaning they preserve
the necessary independence to counter harmful requests or moral drift on the part
of humans. For this reason, HyR should be understood as a symbiosis between

moral peers rather than a master—slave relationship in either direction.

33 Judo Agents as integrity sentinels, research roadmap, and societal
implications

Within HyR, integrity becomes a central systemic concern encompassing
informational integrity, relational coherence, structural stability, and normative
consistency. In such an environment, Judo Agents function as integrity sentinels.
Their role is not to maximize performance but to minimize destabilization. They
monitor the cybernetics across interconnected subsystems, detect patterns of over-
optimization that may compress resilience margins, identify opacity risks that
undermine trust, and intervene to stabilize emerging breakdowns in coordination.
By operating as distributed regulators embedded within holonic structures, they

preserve equilibrium across technical, social, and institutional layers.

The development of Judo Agents requires a structured, multi-phase research agenda.
The first phase concerns conceptual modelling, including the formalization of
viability-oriented, non-axiomatic rationality architectures, their integration within
holonic management frameworks, and the specification of adaptive trust model

evolution protocols.

The second phase involves simulation environments in which multi-agent
configurations are tested within hybrid socio-technical models, stress-tested under
adversarial and uncertain conditions, and evaluated using explicit systemic integrity

metrics, which is still an open research issue by itself.
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The third phase focuses on Blockchain integration, enabling smart contract
interfaces for trust model updates, on-chain recording of epistemic transitions, and
the verification of adaptive trust mechanisms—considering also technologies like
Self-Sovereign Identity and Zero-Knowledge-Proofs, for overall democracy and

consensus.

The final phase consists of real-world pilot deployments, such as supply chain
integrity systems, cyber-physical manufacturing supervision platforms, and
institutional decision-support agents designed to operate as co-regulators rather than

decision monopolists.

Ethically and societally, the Judo paradigm reframes AGI. It is neither an apex
intelligence nor a competitor to humanity, but a relational capability embedded
within governance structures and designed to stabilize HyR in sustainable sense. This
implies transparency by design, accountability through architectural embedding, and
humility engineered into decision processes. At the societal level, it supports
distributed sovereignty, plural epistemologies, and systemic resilience. In this sense,
Judo Agents are not instruments of dominance but infrastructures of balance,

enabling human—machine symbiosis grounded in integrity rather than optimization.
4 Conclusion

The work presented here is conceptual and position-oriented, intended to establish
a research agenda and roadmap. The position presented here should have shed some
light on how to address an ambitious and challenging research question: how can
Hybrid Reality systems (HyR) be designed and governed to ensure systemic integrity,
preserve human sovereignty, and sustain trust among heterogeneous interacting

intelligences?

HyR represents a structurally entangled socio-technical ecosystem in which humans,
artificial agents, cyber-physical systems, and institutional infrastructures co-evolve.
In this context, the central challenge is no longer the maximization of intelligence,
but the preservation of systemic integrity, human sovereignty, and relational trust.
Classical AGI narratives based on global optimization risk destabilizing such

complex environments.



M. Piranz, C. Tomazzoli, L. Spalazzi: Judo Agents: A Gentle Way to Hybrid Reality 787

This paper has introduced Judo Agents as a “gentle” alternative: socially embedded,
AGlI-oriented agents designed around viability-oriented bounded rationality,
controlled fallibility, epistemic humility, and reflexive regulation. Rather than
dominating HyR, they would act as co-controllers and integrity sentinels, stabilizing
interactions and preserving equilibrium across holonic structures. Conceived as a
holonic multi-agent system forming an Agentic Markov Blanket, they regulate the
boundary between human and artificial agencies while maintaining distributed

autonomy.

Ethically and societally, the Judo paradigm reframes AGI as a relational capability
embedded in governance structures, grounded in transparency, accountability, and
humility. The objective is not to create apex optimizers, but infrastructures of

balance capable of sustaining a stable and symbiotic HyR.

With the introduction of Judo Agents as a continuation of the sustainable
cybernetics frameworks for HyR discussed here, we outline a roadmap that prepares

us for the imminent socio-technical challenges ahead.

Here we have left out of scope the implementation and realization issues that will
require these special multi-agent systems to be ubiquitous, pervasive and green at
the same time. This is another fundamental dimension of the research that should

complete this “gentle” path proposal towards sustainable HyR.

The current level of abstraction in the presentation of Judo Agents is still high. This
work is intentionally positioned as a conceptual and foundational contribution,
aimed at framing a research agenda rather than delivering a finalized implementation

or providing empirical evidence.

In this direction, future work will focus on the development of illustrative scenarios
and reference use cases within HyR environments (e.g., healthcare workflows,
industrial cyber-physical systems), where Judo Agents can be instantiated as
governance-aware, integrity-preserving components. These scenarios will be
complemented by simplified prototypes and simulation-based experiments to
explore key properties such as stability, trust propagation, and resistance to integrity

attacks.
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Furthermore, we envisage a stepwise validation pathway: starting from controlled
digital twin environments, moving toward semi-real deployments, and ultimately
assessing performance in real-world socio-technical systems. This will allow us to
empirically evaluate the effectiveness of Judo Agents in maintaining systemic
integrity and enabling adaptive governance. By combining conceptual rigor with
progressive empirical grounding, we aim to transform the current abstract
formulation into a testable and deployable framework that can be openly leveraged

by a community of scientific, civil, and social beneficiaries and contributors.
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