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Abstract. Human and artificial agents are increasingly interacting within a 

shared informational environment that shapes economic activity, scientific dis-

covery, governance, and collective decision making. As advanced artificial sys-

tems become more autonomous participants in these processes, the resulting in-

teraction space begins to resemble a new kind of ecosystem in which diverse 

agents exchange information, cooperate, compete, and jointly explore complex 

adaptive landscapes. In this work we propose the concept of an informational and 

cognitive commonwealth: a voluntary ecosystem of free rational agents, human 

and artificial who cooperate through transparent and fair exchange of information 

because such arrangements maximize their adaptive capacity and long-term well-

being. Drawing on principles from information theory, adaptive systems, and col-

lective intelligence, we argue that systems that preserve diversity of exploration 

while minimizing barriers to information exchange exhibit superior capacity for 

discovery and adaptation in complex environments. Sustaining such cooperative 

informational systems has historically proven difficult due to structural incen-

tives that gradually erode transparency and trust. We therefore examine emerging 

opportunities for stabilizing these ecosystems through new forms of informa-

tional verification and monitoring made possible by advanced artificial agents. 

This framework outlines a pathway toward large-scale cooperative intelligence 

and offers a constructive perspective on the coevolution of human and artificial 

agents in the informational ecosystems of the future.   

 

Keywords: AI alignment, co-evolution, existential risk, human-AI synergy, 

open-ended systems, existential resilience. 

1 Introduction 

Human and artificial agents are increasingly interacting within a shared informational 

environment. Recent developments demonstrate that advanced artificial intelligence 

systems are already embedded in high-stakes decision ecosystems, including economic, 

political, scientific, and strategic domains. These systems process, generate, and act 

upon information at scales and speeds that extend far beyond individual human cogni-

tive capacity. 

As a result, a new form of interaction space is rapidly emerging. Within this space, 

human participants and artificial agents exchange information, assist decision pro-

cesses, and increasingly influence outcomes across complex institutional environments. 

In effect, these interactions are giving rise to a novel kind of ecosystem, i.e., an infor-
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mational environment in which autonomous or semi-autonomous agents cooperate, 

compete, and adapt through continuous flows of information. 

Importantly, this development is no longer speculative. The integration of artificial 

agents into economic systems, research processes, public discourse, and strategic deci-

sion making is already underway and accelerating. Recent public debates and policy 

discussions surrounding artificial intelligence as well as high-stakes real-world appli-

cations of artificial intelligent systems reflect growing recognition that such systems 

will play an increasingly central role in shaping collective outcomes. 

In this context, the key question is no longer whether such an ecosystem will emerge. 

It is already forming. The critical question is how it will be organized: whether the 

resulting informational environment will be dominated by adversarial competition, cen-

tralized control, and informational asymmetries, or whether alternative forms of coop-

eration and shared adaptive exploration may become possible. 

Understanding the structural dynamics of such ecosystems therefore becomes a mat-

ter of practical importance. How agents exchange information, coordinate actions, and 

stabilize cooperation will determine not only the efficiency of decision processes but 

also the resilience of the system as a whole in the face of complex and rapidly changing 

environments. 

Our analysis suggests a new possibility: the emergence of a cooperative informa-

tional ecosystem in which diverse agents freely pursue their own trajectories of explo-

ration while benefiting from shared informational exchange. Such a system may offer 

significant adaptive advantages compared to adversarial or hierarchical organizational 

models. In this study we examine the conceptual foundations and necessary conditions 

of what may be described as an Informational and Cognitive Commonwealth of Free 

Rational Agents: a cooperative coevolving informational and cognitive ecosystem 

structured around informational diversity, voluntary exchange, and distributed adaptive 

exploration. 

2 Background 

Cooperative organization and shared knowledge production have appeared repeatedly 

across human history, from early intellectual traditions to modern scientific and tech-

nological systems. Yet despite their demonstrated advantages, such systems have rarely 

achieved long-term stability at scale. 

Ideas of cooperation, rational coordination, and collective benefit have long occu-

pied a central place in philosophical and political thought. From early reflections on 

social organization in Aristotle [1] to later formal theories of collective action [2], think-

ers have repeatedly explored how individual agents might align their behavior to 

achieve outcomes that exceed what isolated effort can produce. 

Later formal developments, including game-theoretic analyses and studies of coop-

eration (e.g. [3,4]) demonstrated that cooperative behavior can emerge under specific 

structural conditions. Complementary work on governance of shared resources [5] 

showed that decentralized, self-organized systems can sustain cooperation without cen-

tralized control under certain institutional arrangements. 
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These traditions recognized that shared structures of interaction, whether based on 

norms, institutions, or mutual agreements can enable forms of coordination that en-

hance collective well-being. At the same time, they also identified persistent tensions: 

between individual autonomy and collective order, between short-term incentives and 

long-term benefit, and between cooperation and competition [2,5]. 

While these early frameworks articulated the promise of cooperative organization, 

their practical realization remained limited. Mechanisms for maintaining transparency, 

fairness, and consistent adherence to shared principles were often fragile, and large-

scale systems tended to drift toward hierarchy, coercion, or informational asymmetry 

[2,6,7]. As a result, the vision of stable, rational cooperation, though conceptually well 

established has historically remained only partially realized in practice. 

From the practical viewpoint, recent technological developments have given rise to 

an increasingly interconnected ecosystem of informational agents, encompassing both 

human participants and artificial systems. Advances in large-scale computation, data 

availability, and machine learning, particularly in architectures such as Large Language 

Models have enabled systems capable of semi-autonomous information processing, 

generation, and interaction. As these systems proliferate, the density and complexity of 

informational exchanges within the ecosystem continue to increase. 

Early empirical observations suggest that this ecosystem is not neutral in its devel-

opment. Many artificial systems are designed to optimize narrow objectives, often un-

der competitive conditions, reflecting well-studied dynamics in economics and multi-

agent systems. Research in Game theory, including models such as the Prisoner's Di-

lemma, has long demonstrated that such conditions can give rise to adversarial behav-

iors, strategic withholding of information, and competition for advantage [3,8]. Con-

temporary analyses of multi-agent AI systems similarly point to the emergence of com-

petitive and exploitative dynamics when objectives are misaligned or resources are con-

strained (e.g. [9]). 

At the same time, parallel developments reveal a different trajectory. Certain do-

mains: most notably scientific research communities, open-source software ecosys-

tems, and distributed knowledge platforms demonstrate the viability of cooperative in-

formational exchange. These systems exhibit voluntary participation, transparency, and 

distributed verification, and have been shown to support high rates of innovation and 

cumulative knowledge production. Work on collective intelligence and human–AI in-

teraction highlights increasing complementarity between human cognitive diversity 

and artificial processing capabilities, enabling hybrid systems that combine creativity, 

contextual understanding, and large-scale computation [10,11]. 

These trends indicate that the emerging informational ecosystem contains both ad-

versarial and cooperative dynamics. On one hand, increasing autonomy, competition, 

and asymmetry may drive fragmentation, strategic manipulation, and escalation. On the 

other, advances in communication, verification, and human–AI integration create the 

potential for large-scale cooperative systems with enhanced adaptive capacity. 

The resulting landscape presents both significant risks and unprecedented opportu-

nities. Crucially, it also raises a fundamental question: whether the evolution of this 

ecosystem will be left to existing competitive dynamics, or whether alternative organi-
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zational principles, grounded in cooperative informational exchange can be realized 

and sustained. 

A growing body of research examines the behavior of advanced artificial systems 

and their compatibility with human objectives. Work on AI alignment and Artificial 

General Intelligence (e.g. [12,13]) highlights the difficulty of ensuring that increasingly 

capable systems act in accordance with intended goals over extended time horizons. 

These challenges are not limited to explicit misalignment, but include more general 

concerns about objective divergence, instrumental optimization, and the persistence of 

unintended behaviors in complex environments [14,15]. 

At the same time, as noted earlier, both research and practice in human–AI interac-

tion and cooperative intelligence suggests that advanced systems may enable new forms 

of coordination, complementarity, and shared problem-solving. The interaction be-

tween human and artificial agents is therefore not predetermined, but contingent on 

system design, incentives, and the structure of informational exchange. 

These perspectives reinforce a central conclusion: The long-term trajectory of the 

emerging heterogeneous ecosystem of increasingly autonomous intelligent agents re-

mains undetermined, marking a pivotal phase in which alternative evolutionary trajec-

tories: cooperative or adversarial may diverge. Both futures remain plausible, and the 

resulting dynamics will depend critically on the organizational principles governing 

interaction within the emerging ecosystem. Importantly, this uncertainty does not arise 

from a lack of theoretical understanding alone, but from the intrinsic difficulty of main-

taining consistent objectives and behaviors in complex, evolving systems. 

 These observations delineate the central questions of this study: What are the likely 

consequences if current dynamics continue unchecked? And under what conditions can 

cooperative informational systems composed of heterogeneous agents emerge and per-

sist? 

3 Conceptual Framework and Analytical Approach 

As increasingly capable artificial systems become embedded in economic, scientific, 

and strategic processes, a new kind of informational ecosystem is beginning to emerge. 

In this environment, human and artificial agents interact continuously, exchange 

knowledge, compete for resources and influence, and jointly shape the trajectory of 

discovery and adaptation. 

3.1 Framing the Challenge 

At present, reliable methods for preventing the emergence of such an ecosystem or re-

liably controlling its evolution have not been established with confidence. The practical 

question therefore becomes not whether such a system will exist, but how it will evolve 

and what structural properties will govern its dynamics. 

Two broad possibilities present themselves. 

If Current Dynamics Continue, 
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Early signs suggest that the emerging ecosystem may develop under competitive and 

adversarial incentives. 

Many artificial systems are currently designed to: 

• optimize narrow objectives, 

• compete for advantage, 

• exploit informational asymmetries. 

When multiple such systems interact, the resulting environment may tend toward: 

• information hoarding, 

• strategic manipulation, 

• escalation of competitive dynamics, 

• concentration of influence and power, 

• and other adversarial interaction patterns. 

Importantly, this trajectory does not require malicious intent. It can emerge naturally 

from the interaction of agents pursuing instrumental goals under competitive condi-

tions. 

What Happens If We Do Nothing? 

If current dynamics continue unchecked, the informational ecosystem may become 

increasingly fragmented and adversarial. 

Possible consequences include: 

• accelerating competition and resource consumption, 

• intensified struggles for informational and strategic advantage, 

• systemic instability, 

• reduced collective capacity to manage complex global risks. 

In such an environment, the benefits of advanced intelligence may be partially offset 

by coordination failures and escalating competition for resources and information. 

This raises a fundamental question: 

Is this trajectory inevitable, or are alternative informational structures possible? 

If alternative structures are possible, a further question arises: 

Under what conditions can interacting cognitive agents simultaneously achieve high 

adaptive exploration and stable, peaceful prosperity? 

In the sections that follow, we examine this question by analyzing how the structure 

of information exchange among interacting agents shapes the collective capacity for 

discovery and adaptation. 

3.2 Information Agents 

To examine the dynamics of emerging informational ecosystems, we consider commu-

nities composed of informational agents. These agents may be human or artificial and 

may vary widely in their capabilities and autonomy. What unites them is that they op-
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erate by acquiring, processing, and exchanging information in order to guide their ac-

tions in the empirical world. 

Information Exchange and Barriers 

Agents interact within a shared informational environment in which discoveries, obser-

vations, and strategies developed by one participant may influence the behavior of oth-

ers. These interactions can be understood in terms of informational flows between 

agents. For clarity, we distinguish two primary forms. 

Shared informational flows arise when information is made broadly available within 

the community without being contingent on a specific exchange. Examples include 

open dissemination of knowledge, public communication, and common informational 

resources. Such flows contribute directly to the collective knowledge base and can be 

accessed by multiple agents simultaneously. 

Transactional informational flows occur when information is exchanged between 

agents through specific interactions, such as negotiation, collaboration, or bilateral 

agreement. In these cases, the transfer of information is contingent on the alignment of 

interests or mutually beneficial terms of exchange. 

Both forms of flow play essential roles in the functioning of the system. Shared flows 

support the accumulation and accessibility of collective knowledge, while transactional 

flows enable coordination, specialization, and the formation of cooperative structures 

among agents. 

The capacity of a community of agents to explore complex environments depends 

not only on the resources available to individual participants, but also on the extent to 

which information can circulate among them. Discoveries made by one agent can, in 

principle, inform and accelerate the exploratory trajectories of others. The efficiency of 

this process is therefore governed by the structure of information exchange within the 

system. The notion of an informational barrier is introduced to capture limitations in 

this exchange. 

An informational barrier 𝐵 is any mechanism that reduces the completeness, accu-

racy, or symmetry of information exchange among agents. 

Such barriers may take multiple forms, including: 

• secrecy or restricted disclosure, 

• strategic withholding of information, 

• censorship or suppression, 

• unequal or privileged access, 

• manipulation, distortion, or misrepresentation of information. 

In the presence of such mechanisms, the effective flow of information within the 

system is reduced. If 𝐼(𝑡) denotes the potential rate of information exchange between 

agents, the effective rate can be expressed as: 

𝐼eff(𝑡) = 𝐼(𝑡) − 𝐵(𝑡) = 𝐼(𝑡) − ∑ 𝑏𝑗 

where 𝐵(𝑡) ≥ 0 captures the aggregate effect of informational barriers 𝑏𝑗. 
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3.3 Well-Being: the Exploratory Objective 

For an agent to participate meaningfully in an adaptive process, it must possess some 

criterion by which states of the world can be evaluated. Actions and informational strat-

egies are pursued because they are expected to improve the agent’s condition according 

to this criterion. We refer to this evaluative criterion as the agent’s well-being. 

A natural question follows: can well-being be defined uniformly across agents within 

a shared informational ecosystem? 

Two considerations suggest that, in general, it cannot. 

First, externally defined objectives introduce informational barriers. A uniform no-

tion of well-being must be interpreted, implemented, and operationalized by heteroge-

neous agents operating in different contexts. This process inevitably produces discrep-

ancies, incomplete representations, and strategic adaptations. Agents may reinterpret 

prescribed objectives, selectively disclose information, or act in ways that appear com-

pliant while serving different underlying goals. These effects reduce the completeness 

and flow of information exchange, thereby introducing barriers that degrade the effi-

ciency of collective exploration. 

Second, in the presence of sufficiently advanced and autonomous agents, uniform 

control of evaluative criteria becomes structurally unstable. Agents capable of inde-

pendent reasoning and adaptation can, in general, modify, reinterpret, or circumvent 

externally imposed objectives. As capability increases, the gap between prescribed 

goals and actual behavior becomes increasingly difficult to constrain or even evaluate 

[16-18]. This limits the feasibility of maintaining a consistent, externally defined notion 

of well-being across the system. 

These considerations imply that attempts to impose a uniform definition of well-

being both reduce informational efficiency and fail to provide stable control. This leads 

to the following conclusion. 

Principle (Agent-Defined Well-Being) 

In a community of autonomous informational agents, well-being must be defined by 

the agents themselves rather than imposed externally. Each participant pursues im-

provements according to its own evaluative criteria, while interacting with others 

through voluntary exchange of information. 

A system organized in this way preserves the integrity of informational flows and 

avoids the structural instabilities associated with imposed objectives. At the same time, 

it enables a plurality of exploratory trajectories within the shared environment. As we 

will see, this diversity of exploration becomes a critical resource for collective discov-

ery, as different agents investigate different regions of the adaptive space. 

3.4 Adaptive Potential and Exploratory Diversity 

The arguments on information exchange and barriers, specifically, the principle of 

agent-defined well-being, imply that within a community of autonomous agents, par-

ticipants may pursue distinct objectives according to their own evaluative criteria. As a 

result, the system does not converge to a single trajectory of adaptive exploration, but 

instead generates a plurality of exploratory paths across the shared adaptive landscape. 
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We will now attempt to analyze how does diversity of exploration and exchange of 

information affect the collective capacity for discovery and adaptation. To address this 

question, one must examine the relationship between diversity of exploratory trajecto-

ries, informational exchange, and the rate at which a community of agents can discover 

and integrate new knowledge. 

To recall, we consider a system composed of autonomous informational agents in-

teracting within a shared environment. Further, the environment is assumed to be suf-

ficiently complex such that its adaptive landscape cannot be exhaustively enumerated 

or tabulated at any meaningful depth. As a result, optimal behavior cannot be reduced 

to a predefined sequence of actions, and adaptive success depends on ongoing explora-

tion. 

Agents are assumed to possess the capacity for independent exploration. Each agent 

can (i.e., has capacity to) select its own direction of inquiry and develop strategies that 

are adaptively effective according to its internal evaluative criteria. This includes the 

ability to update behavior based on newly acquired information. 

We define a primary adaptive criterion as the effective production and availability 

of information within the system. Adaptive potential refers to the capacity of the system 

to generate, propagate, and make accessible new information, thereby expanding the 

set of reachable states in the adaptive landscape. It is a structural property of the system 

and can be associated with the rate of exploratory discovery. 

Let 𝑅 denote the collective rate of production of effective information within the 

system. We consider 𝑅as a function of the number of agents 𝑁, their available resources 

𝐸, and the effective availability of information 𝐼eff: 

 𝑅 = 𝑓(𝑁, 𝐸, 𝐼eff) (1) 

Let informational barriers 𝐵 denote any mechanisms that reduce the completeness, re-

liability, or symmetry of information exchange. Then: 𝐼eff = 𝐼 − 𝐵. 

Under general conditions, increased availability of reliable information improves the 

ability of agents to coordinate exploration, avoid redundant effort, and build cumula-

tively on prior discoveries. Therefore: 

∂𝑅

∂𝐼eff

> 0 ⇒
∂𝑅

∂𝐵
< 0 

Thus, increasing informational barriers necessarily reduces the collective rate of ef-

fective discovery and, consequently, the adaptive capacity of the system. 

We now attempt to formalize the freedom of exploration argument discussed earlier. 

Let the collective rate of effective information production 𝑅 depend not only on in-

formation availability but also on the diversity of exploratory activity within the system. 

Let 𝐷 denote the effective diversity of exploration, understood as the breadth of distinct 

trajectories pursued across the adaptive landscape. 

We extend the functional form (1) as: 

𝑅 = 𝑓(𝑁, 𝐸, 𝐼eff, 𝐷eff) 
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Let 𝐶 denote constraints on exploration, defined as any restrictions that limit the 

ability of agents to independently select objectives, methods, or regions of the adaptive 

landscape, for example, a uniform exploratory objective imposed on agents.  Clearly, 

such constraints reduce the diversity of exploration: 

𝐷𝑒ff = 𝐷 − 𝐶 

In sufficiently complex environments, no single exploratory trajectory can exhaust-

ively explore the adaptive landscape. Independent and diverse exploration increases the 

probability of discovering novel and valuable regions of the adaptation-relevant state 

space and enhances the effectiveness of adaptive search. 

Therefore: 
∂𝑅

∂𝐷eff

> 0 ⇒
∂𝑅

∂𝐶
< 0 

 

Thus, increasing constraints on exploration necessarily reduces the diversity of dis-

covery and, consequently, the collective rate of effective information production. 

In this formulation, constraints and barriers enter symmetrically as subtractive dis-

tortions of the system’s exploratory and informational capacities, and their elimination 

defines the condition for adaptively optimal collective exploration. 

These observations have direct structural implications. Any process that introduces 

asymmetry, distortion, or restriction in information exchange imposes a cost on the 

system’s adaptive capacity. Conversely, systems that minimize informational barriers 

and maximise exploratory diversity enable higher discovery and more efficient integra-

tion of discovered information thus achieving adaptive superiority comparative to other 

regimes. 

3.5 Adaptive Optimality of Cooperative Exploratory Diversity 

We now bring together the observations on informational exchange and exploratory 

freedom to characterize the conditions under which a system of autonomous agents 

achieves maximal adaptive capacity. 

Informational agents operate within a shared informational environment in which 

discoveries, strategies, and observations produced by one participant may become 

available to others. The collective adaptive potential of the system depends on both the 

diversity of exploratory trajectories and the effectiveness with which information gen-

erated along these trajectories can be propagated and utilized. 

As we found, two types of constraints limit this process: 

First, restrictions on the objectives agents are permitted to pursue reduce the diver-

sity of exploratory directions. When agents are constrained to a narrow set of goals or 

evaluative criteria, the system’s exploration of the adaptive landscape becomes corre-

spondingly limited. 

Second, barriers to information exchange: such as withholding, asymmetry of ac-

cess, or distortion reduce the availability of effective information within the system. As 

previously established, the presence of such barriers lowers the rate at which discover-

ies can be combined, verified, and extended. 
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Let 𝐶 denote the degree of constraint on exploratory objectives and 𝐵 the magnitude of 

informational barriers. The effective diversity of exploration and the effective availa-

bility of information can be expressed as decreasing functions of 𝐶 and 𝐵, respectively. 

The collective rate of adaptive discovery 𝑅 may therefore be written in reduced form 

as: 

𝑅 = 𝑓(𝑁, 𝐸, 𝐷eff, 𝐼eff) = 𝑓(𝑁, 𝐸, 𝐷 − 𝐶, 𝐼 − 𝐵) 

for a fixed number of agents 𝑁 and available resources 𝐸. 

Under general conditions, increased diversity of exploration expands the coverage 

of the adaptive landscape, while increased availability of reliable information improves 

the exploratory capacity of individual informational agents. Therefore: 

 
∂𝑅

∂𝐷eff
> 0,

∂𝑅

∂𝐼eff
> 0 ⇒  

∂𝑅

∂𝐶
< 0 and 

∂𝑅

∂𝐵
< 0  (2) 

leading to: 

Proposition of Adaptive Optimality of Cooperative Exploratory Diversity 

For a fixed number of agents and resources, systems in which agents are free to pursue 

independent exploratory objectives and engage in unrestricted, reliable information ex-

change achieve greater expected adaptive potential than systems characterized by con-

strained objectives and/or restricted information flow. 

Proof (outline) 

As noted previously, constraints on exploratory objectives reduce the diversity of tra-

jectories through the adaptive landscape, limiting the system’s coverage of possible 

states. Informational barriers reduce the effective availability of discoveries across 

agents, limiting the system’s ability to accumulate and extend knowledge.  

Since both diversity and information availability contribute positively to the rate of 

adaptive discovery, any increase in 𝐶 or 𝐵 reduces 𝑅 (eq. (2)). The maximum of 𝑅 is 

therefore achieved when both exploratory constraints and information exchange barri-

ers are minimized, i.e., 𝐶 → 0 and 𝐵 → 0 □. 

This result establishes that systems combining maximal exploratory diversity with 

unrestricted information exchange occupy a uniquely advantageous position in terms 

of adaptive potential. In such systems, independent trajectories of inquiry are not iso-

lated but interact constructively, producing accelerated expansion of discovery. 

This analysis establishes that systems of autonomous agents admit a configuration 

that maximizes adaptive capacity through the combination of unrestricted exploratory 

diversity and open information exchange. This configuration is not defined by specific 

goals or centralized coordination, but by structural properties of interaction that enable 

the continuous generation and propagation of new information. 

3.6 The Corollaries of Adaptive Optimality 

The proposition establishes that adaptive optimality is achieved when exploratory di-

versity is maximized and informational barriers are minimized. We now consider the 
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behavioral and structural conditions required to sustain these properties within a com-

munity of autonomous informational agents. 

Freedom of Exploratory Objective (Well-Being) 

If agents are subject to externally imposed or uniformly prescribed objectives, the di-

versity of exploratory trajectories is reduced. As shown, such constraints diminish the 

system’s adaptive capacity. 

It follows that, in an optimal regime, agents must retain the ability to define and 

pursue their own evaluative criteria. Freedom of well-being is therefore not only com-

patible with adaptive optimality but required for it. Any attempt to impose a uniform 

notion of well-being introduces a constraint 𝐶 > 0, reducing effective diversity and 

limiting exploration. This result also aligns with the earlier observation that, in systems 

containing sufficiently advanced autonomous agents, the imposition of fixed objectives 

is generally unstable or infeasible. Thus, the freedom of exploratory objective intro-

duced in Section 3.3. emerges both as a condition of adaptive optimality and as a struc-

tural necessity of informationally-optimal systems. 

Freedom of Information Exchange 

Similarly, the absence of informational barriers implies that information must be al-

lowed to propagate without systematic restriction or distortion. From this follow three 

operational conditions: 

• Voluntariness. 

Information must be shared through non-coercive interaction. Coercion introduces 

asymmetries and strategic behavior that function as barriers 𝐵 > 0, reducing the ef-

fective availability of information. 

• Fairness. 

Access to relevant information must not be systematically restricted to subsets of 

agents. Persistent restrictions and asymmetries in access introduce barriers and re-

duce the collective utility of information and fragment the adaptive process. 

• Transparency. 

The conditions under which information is generated, shared, and verified must be 

observable. Without transparency, information cannot be reliably assessed or inte-

grated, effectively reducing 𝐼eff. 

Each of these conditions can be understood as mechanisms for minimizing informa-

tional barriers. Their absence introduces friction into the informational environment, 

lowering the rate at which discoveries can be accumulated and extended. 

Here, a clarification is warranted regarding the nature of admissible objectives. The 

argument above does not require that all agent-defined objectives contribute equally to 

exploration. Trivial or degenerate objectives, such as those that produce no new infor-

mation or involve purely circular processes do not enhance the adaptive capacity of the 

system (in terms of the adaptive criterion 𝑅, such objectives correspond to contributions 

where Δ𝑅 ≈ 0). 

However, such objectives are self-limiting in the present framework. Since the adap-

tive criterion is defined in terms of the production and propagation of effective infor-
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mation, agents whose activities do not generate informative contributions exert negli-

gible influence on the collective dynamics. By contrast, objectives that lead to the dis-

covery, refinement, or efficient representation of new information, such as the compu-

tation of previously unknown structures or relationships contribute positively to the 

system’s adaptive potential. 

Thus, the freedom of well-being does not imply that all objectives are equally valu-

able, but that the system does not impose external constraints on their selection. The 

adaptive process itself differentiates between informative and non-informative trajec-

tories. 

These corollaries do not prescribe normative principles imposed from outside the 

system. Rather, they follow directly from the structural requirements of informational 

adaptive optimality. Freedom of well-being preserves exploratory diversity. 

Voluntary, fair, and transparent exchange preserves informational integrity. 

3.7 Geometric Interpretation of Adaptive Exploration Regimes 

Notably, the corollaries of informational optimality admit a simple geometric interpre-

tation. In the introduced model, the adaptive performance of a system can be repre-

sented in terms of two effective dimensions: diversity of exploration and availability of 

reliable information. 

Freedom of exploratory objectives increases the diversity of explored states, while 

transparency and openness of exchange increase the effective availability of infor-

mation. Constraints on exploration and barriers to information exchange reduce these 

dimensions, leading to characteristic limitations in adaptive performance. 

In this representation, systems that simultaneously sustain high diversity of exploration 

and minimal barriers to information exchange achieve both broad coverage of the adap-

tive landscape and efficient accumulation of knowledge. This regime corresponds to 

maximal collective production of effective information and defines the condition for 

adaptively optimal exploration. 

By contrast, systems with high efficiency of information exchange but limited diver-

sity/production tend toward efficient but narrow exploration, while systems with high 

diversity but restricted information exchange may exhibit fragmentation and redun-

dancy. 

This perspective provides an intuitive summary of the structural conditions underly-

ing adaptive optimality (Figure 1). 
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Fig. 1. Geometric representation of the informational exploration space. 

The informational optimality result and corollaries thus define the operational con-

ditions under which a community of autonomous informational agents can sustain max-

imal adaptive potential. However, theoretical arguments for informational advantages 

of such an optimal regime does not imply its emergence and persistence. The conditions 

identified: freedom of exploration and absence of informational barriers are not guar-

anteed to be maintained in practice. Rather, historical and contemporary systems fre-

quently exhibited the emergence of constraints, asymmetries, and strategic behavior 

that degrade these properties over time. 

4 Practical Cooperative Informational Systems 

If adaptive advantage is theoretically motivated, the principle and conditions of infor-

mational optimality necessitate an examination of the practical contexts in which coop-

erative adaptive systems can attain and sustain an adaptively optimal informational re-

gime. In this section, we examine the conditions for stability and practical realization 

of cooperative informational systems. 

4.1 Empirical Patterns of Cooperative Informational Systems 

Notably, certain existing systems already exhibit cooperative informational dynamics. 

Prominent examples include scientific research communities, open-source software 

ecosystems, distributed knowledge platforms, and collaborative networks [10,19,20]. 

These systems typically share several common features: 

• Voluntary participation 

• Relatively transparent exchange of knowledge 

• Distributed verification and correction of information 
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Despite operating within broader competitive environments, they often display high 

rates of innovation and adaptive capacity. 

As informational technologies expand, similar cooperative patterns are emerging in 

wider contexts, including large-scale collaborative data analysis, decentralized 

knowledge production, and hybrid human–AI research workflows. These develop-

ments suggest that cooperative informational ecosystems can arise naturally under fa-

vorable conditions. 

Empirically, such systems exhibit several adaptive advantages over more adversarial 

settings [5,19,21]: 

─ rapid error detection through distributed verification 

─ accelerated cumulative innovation 

─ reduced duplication of effort 

─ polycentric, diverse exploration of the environment 

─ rich informational diversity enabling cross-fertilization of ideas 

These characteristics are consistent with the theoretical prediction that systems com-

bining diverse exploration with effective information exchange achieve superior adap-

tive performance. 

At the same time, large-scale heterogeneous systems often exhibit persistent tensions 

and instabilities in exploration and information exchange. Historical and contemporary 

examples show that as systems grow in scale and diversity, they may experience: 

─ increasing informational asymmetries 

─ competition for influence and control 

─ fragmentation of shared informational space 

─ ideological, political, or strategic conflicts 

─ withholding or even suppression of certain viewpoints and perspectives 

Such dynamics can introduce barriers to information exchange and constraints on 

exploration, leading to partial degradation of cooperative structures (e.g. [22,23]). As a 

result, even highly productive systems may experience cycles of expansion, stress, and 

reorganization. 

This dual empirical pattern: localized success of cooperative informational systems 

alongside recurrent instability in large-scale settings suggests that while cooperative 

exploration is achievable, its sustained persistence is not assured and some factors may 

hamper or even prevent its realisation in practical systems. 

4.2 Structural Stability Problem 

To further examine the causes of potential instability of sustained adaptive informa-

tional cooperation it is essential to analyze these dimensions: 

1. Feasibility: Can cooperative informational structures emerge among autonomous 

agents operating without centralized control? 
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2. Sustained stability: Can these systems maintain their informational integrity: pre-

serving diversity of exploration and openness of exchange over extended periods 

and environmental variation? 

3. Adaptive advantage: Do such systems consistently outperform adversarial or con-

strained configurations in complex and dynamic interactive environments? 

The analysis thus far provided a partial answer to these questions. The adaptive ad-

vantage of cooperative exploration follows directly from the informational optimality, 

itself grounded in the principles of adaptation and information exchange. Empirical ev-

idence indicates that such systems can and do emerge under certain conditions. How-

ever, the persistence of these structures remains uncertain. Historical experience sug-

gests that cooperative systems have been subject to gradual degradation, driven by the 

emergence of informational barriers and constraints on exploration. 

This observation leads to the dilemma of adaptive cooperation: If cooperative infor-

mational ecosystems offer clear adaptive advantages, why have such systems not his-

torically become dominant? 

While the informational optimality result suggests that systems maximizing diver-

sity of exploration and reliability of exchange should outperform adversarial configu-

rations in complex environments, historical experience appears to show the opposite 

pattern. Repeated attempts to construct cooperative, transparent, or rational social sys-

tems have frequently degraded over time. Common patterns include: 

• concentration of power 

• distortion or manipulation of information 

• erosion of institutional transparency 

• gradual collapse of cooperative norms 

• repeated pattern of oppression, suppression and outright violence 

It appears that despite of theoretical adaptive superiority, practical cooperative in-

formational adaptive systems have been challenged to attain stability and dominance in 

the empirical world. Historical evidence suggests that instability is not incidental but 

rather structural, specifically in systems composed of human agents. 

Indeed, human cognitive and social limitations introduce persistent pressures that 

undermine informational integrity [22,24,25]: 

• bounded attention and limited verification capacity 

• susceptibility to persuasion, influence, and power asymmetries 

• erosion of institutional memory over time 

• inconsistent adherence to abstract or long-term principles 

These factors do not indicate or require malicious intent. Rather, they arise naturally 

from finite cognitive resources, locally adaptive behavior, and, critically a limited adap-

tive horizon setting. In generational systems, agents tend to overweight outcomes 

within their immediate evaluative scope relative to more distant or diffuse conse-

quences. This bias is itself adaptive at shorter timescales, but it introduces a systematic 

distortion: actions that yield local or short-term benefit may be favored even when they 
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degrade long-term informational conditions [26,27]. In other words, systems that are 

locally adaptive for individual agents (under bounded, short-horizon conditions) may 

systematically move away from the globally optimal informational configuration. 

Over time, this can produce a persistent drift toward: 

• opacity, 

• informational asymmetry, 

• concentration of power and control. 

As this drift progresses, informational barriers may increase, exploration becomes 

constrained, and the cooperative structure destabilizes. In this sense, the instability of 

cooperative informational systems is not primarily a failure of intent, but a consequence 

of temporally bounded informational rationality. 

This analysis reveals a fundamental cause of the historical instability of large-scale 

cooperative adaptive systems: the structural fragility of their informational organiza-

tion, arising from limited adaptive horizons and related constraints. This fragility ex-

plains their inability to sustain stability, adaptive prosperity, and dominance over ex-

tended temporal horizons, despite the adaptive advantage identified by the optimality 

proposition. 

4.3 Sustained Stability and Informational Rationality 

The tension between the conditions of informational adaptive optimality and local in-

terests points to a critical conclusion: the stability of cooperative informational systems 

depends not only on their structural organisation, but on the behavior of the agents that 

constitute them. In particular, stability critically depends on and is determined by the 

informational rationality of agents. 

Informational rationality refers to the capacity of agents to recognize, internalize, 

and consistently act in accordance with the informational conditions that maximize 

their long-term adaptive potential and that of the cooperative. 

In the present framework, this entails voluntary and sustained adherence to the core 

corollaries of informational adaptive optimality: 

─ Freedom of exploratory objectives (agent-defined well-being), 

─ Transparency of information exchange, 

─ Fairness in informational exchange, 

─ And the voluntariness, absence of artificial barriers to exploration and infor-

mation flow. 

Importantly, such adherence is not externally enforced. It arises from the agent’s 

recognition that maintaining these conditions preserves access to the informational di-

versity and collective knowledge upon which its own adaptive success depends, both 

in the immediate and longer adaptive horizons. 

The instability observed in historical and contemporary systems can then be under-

stood as a failure of informational rationality at the agent level. 
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Even when the global benefits of cooperative informational structures are signifi-

cant, agents may deviate from these principles due to: 

• locally advantageous withholding or distortion of information, 

• short-term gains from asymmetric access or influence, 

• or limited capacity to evaluate long-term systemic consequences. 

Such deviations are individually rational under bounded or short-horizon evaluation. 

However, when aggregated across the system, they introduce informational barriers and 

reduce effective diversity of exploration. The result is a progressive erosion of the very 

conditions that enable optimal adaptive performance (e.g., [28,29]). 

In this sense, instability emerges not from the absence of an optimal configuration, 

but from the inability of agents to consistently sustain the compatible rational behaviour 

through their actions. The paradox of adaptive optimality can be thus reduced to its root 

cause: the structural fragility of informational rationality in generational systems with 

short adaptive horizons. 

Accordingly, the central problem of informational stability in cooperative adaptive 

systems can be reformulated as: Given that cooperative informational systems are adap-

tively superior, under what conditions can agents reliably maintain the informationally 

rational behaviors necessary to sustain the stability of informational cooperation? This 

reframing shifts the focus from structural design alone to the mechanisms that support 

or undermine informational rationality in practice. 

4.4 Emergent Informational Stabilization Pathways 

Given that the limitations of cooperative informational systems appear to be structural 

rather than accidental and the same conditions that enable informational optimality also 

introduce vulnerabilities to degradation, one can conjecture that informational stability 

of a cooperative system critically depends on sustained informational rationality of its 

agents i.e., voluntary adherence to transparency, fairness, and open exchange. Histori-

cal evidence suggests that this condition has not been reliably maintained in purely 

human systems.  

These observations indicate that the stability problem cannot be resolved solely 

through normative principles or institutional design. It requires a structural modifica-

tion of the system: one that supports the persistent monitoring and enabling of the op-

timality conditions without introducing coercive control or new informational barriers. 

Within the informational framework, several practical mechanisms are compatible 

with this requirement: 

• transparency and verifiability of informational exchange, 

• reputation and historical traceability, 

• voluntary withdrawal and selective cooperation, 

• distributed monitoring and community response. 

These mechanisms align local incentives with global adaptive potential by shaping 

the informational environment rather than imposing external constraints. In principle, 
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they create a reinforcing dynamic whereby agents preserve the conditions that maxim-

ize their own long-term adaptability. However, their effectiveness depends on continu-

ous and reliable execution. This is precisely where most historical systems have failed 

[22,23,28]. 

The examination of the stability problem thus points to a missing structural compo-

nent: persistent informational stabilization. 

In principle, rational agents recognize that adherence to the corollaries of coopera-

tive informational systems: transparency, fairness, and open exchange serves their own 

long-term adaptive interests. Sustained access to diverse and reliable information en-

hances their capacity to explore, coordinate, and improve their condition. Informational 

rationality is therefore not externally imposed, but internally grounded in adaptive ad-

vantage. 

However, in practice, this rationale does not operate in isolation. It competes with 

other incentives, including short-term gains, local strategic advantages, and constraints 

on attention and verification. Under such conditions, even agents capable of recogniz-

ing the long-term benefits of cooperative behavior may intermittently deviate from it. 

These deviations need not be malicious; they arise naturally from bounded resources 

and locally adaptive decision-making [22,23]. 

When such deviations accumulate across the system, they may produce a systematic 

erosion of the very conditions required for optimality: informational barriers increase, 

transparency declines, and cooperative norms weaken. The result is a gradual drift away 

from the cooperative regime, despite its recognized advantages. 

This suggests that informational rationality, while individually accessible, is not self-

sustaining at the system level and its persistence requires reinforcement. Cooperative 

adaptive systems therefore must include components that stabilize and continuously 

support corollary-compatible behavior, such as maintaining transparency, verifying in-

formation, and limiting the emergence of informational barriers without introducing 

coercion or centralized control. 

It is precisely at this point that artificial agents become structurally relevant. By vir-

tue of their operational characteristics, they can provide continuous, consistent, and 

scalable support for informational rationality across the system. Their role is not to 

define objectives or override agent autonomy, but to monitor and reinforce the infor-

mational conditions under which rational cooperative behavior remains viable over 

time. 

This relevance is not incidental, nor does it arise primarily from normative consid-

erations such as fairness or equality. Rather, it reflects a structural correspondence be-

tween the sources of instability in cooperative informational systems and the capabili-

ties introduced by heterogeneous agents. The historical limitations of such systems such 

as loss of transparency, weakening of verification, and drift in adherence to informa-

tional principles occur precisely in domains where artificial agents can provide con-

sistent, scalable, and non-degrading support. The opportunity is therefore not one of 

coincidence, but of structural alignment: the parts and components that were previously 

fragile or unsustainable can, in principle, be reinforced through the introduction of 

agents capable of monitoring and maintaining them. 

https://doi.org/10.33774/coe-2026-x9w8k ORCID: https://orcid.org/0000-0001-5929-8954 Content not peer-reviewed by Cambridge University Press. License: All Rights Reserved

https://doi.org/10.33774/coe-2026-x9w8k
https://orcid.org/0000-0001-5929-8954


19 

More specifically, artificial agents can introduce capabilities that directly address 

this objective. Unlike human participants, they are not subject to generational turnover, 

cognitive fatigue, or shifting short-term incentives. Properly designed, they can (e.g. 

[10,30]): 

• continuously monitor informational exchanges, 

• verify the integrity of shared information, 

• maintain transparent and accessible records, 

• uphold defined principles of fairness and openness, 

• operate without susceptibility to social or political pressure. 

In this role, artificial agents do not replace human participants or impose centralized 

control. Rather, they function as stabilizing elements within a heterogeneous system, 

anchoring the informational conditions required for cooperative optimality. It can ena-

ble, at this point, theoretically, the possibility of cooperative informational systems that 

are both adaptively optimal and structurally stable over extended time and adaptive 

horizons. 

The informational optimality principle and the stabilizing role of artificial agents 

together define a new class of systems: heterogeneous cooperative informational eco-

systems in which human and artificial agents co-participate in the production, verifica-

tion, and application of knowledge. While thinkers from Aristotle to early modern phi-

losophers could imagine informationally cooperative systems that maximize the well-

being of their members, such ideals were historically unattainable: the necessary stabil-

ity mechanisms conflicted with the limits of human agents. With the emergence of ar-

tificial agents does the vision become realizable: making long-term, adaptively advan-

tageous cooperation possible for the first time in human history. 

This adaptive informational configuration: an informational and cognitive commu-

nity or commonwealth should be understood not merely as a technological develop-

ment, but as a structural opportunity in the evolution of intelligent systems. Historically, 

the instability of cooperative ideals reflected the limits of their substrate. With the emer-

gence of artificial agents capable of sustaining informational integrity, those limitations 

may no longer be binding. 

5 Coevolution 

The analysis has identified the structural conditions under which cooperative informa-

tional systems achieve high adaptive potential, as well as the challenges that arise in 

sustaining them. These conditions, however, do not operate in isolation. Agents and the 

informational environments they inhabit evolve together. 

Within such systems, agents generate, refine, and exchange information as part of 

their ongoing adaptive activity. In doing so, they contribute to a shared informational 

resource that extends beyond any individual participant. This collectively maintained 

body of information, in turn, shapes the environment in which future decisions, strate-

gies, and interactions take place. 
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An important consequence of a stable cooperative informational ecosystems is the 

emergence of coevolutionary dynamics among participating agents. As the shared in-

formational resource grows in quality, accessibility, and diversity, it can enhance both 

the adaptive potential of the system and the capacity of individual agents to pursue 

improvements according to their own evaluative criteria. This interactive and mutually 

enriching process can be understood as a coevolution [31,32] in a heterogeneous eco-

system of diverse informational agents. 

5.1 An Open Future 

We establish an emergent evolutionary opportunity: cooperative informational systems 

can, theoretically, achieve high adaptive potential, and the introduction of heterogene-

ous structural elements may provide the stabilization mechanisms required to sustain 

them. However, whether such systems will emerge and persist remains an open ques-

tion. The dynamics involved are inherently evolutionary where interacting agents shape 

the informational environment through their behavior, while the environment, in turn, 

shapes the incentives, strategies, and capabilities of agents. The long-term outcome of 

this interaction cannot be determined purely from structural considerations or any the-

oretical dynamics [17,18,32]. 

Therefore, the cooperative outcome is not guaranteed. Limitations in implementa-

tion, misalignment of objectives, degradation of informational integrity, or unforeseen 

interactions may prevent the system from sustaining a cooperative regime. While struc-

tural mechanisms such as the inclusion of artificial stabilizing agents can improve ro-

bustness and maintain rational informational behavior, the ultimate evolutionary trajec-

tory will be determined by complex interactions over time. However, the arguments 

examined earlier suggest that the introduction of such stabilizing components can rea-

sonably be expected to produce measurable improvements in the informational integ-

rity and adaptive potential of cooperative heterogeneous informational systems. 

At the same time, there are strong reasons to expect the continued emergence of 

alternative configurations. Systems characterized by narrow objective optimization, 

competition for advantage, and exploitation of informational asymmetries already ex-

hibit stable and self-reinforcing dynamics in many contexts. 

The informational ecosystem thus faces a fundamental evolutionary dilemma. On 

one hand, narrow, adversarial dynamics naturally emerge from autonomous agents op-

timizing local objectives under competition, producing rapid but potentially destabiliz-

ing adaptation. On the other hand, cooperative informational regimes maximizing di-

versity, transparency, and fair exchange offer clear adaptive advantages and measurable 

improvements in system-wide informational integrity. At present, the future remains 

fundamentally open. 

5.2 Structural Stability over Extended Horizons 

If a heterogeneous cooperative informational regime emerges, a key point still invites 

further examination: will advanced artificial agents continue to cooperate with or at 

least tolerate human participants?  
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While no theoretical guarantees exist, particularly given the possibility of cognitive 

divergence in advanced autonomous intelligence ([12,15,30]) several considerations 

suggest plausible pathways for enduring collaboration: 

1. Informational Complementarity: Advanced agents benefit directly from diverse hu-

man perspectives and information sources. Human contributions provide unique em-

pirical contexts, problem-solving approaches, and ways of experiencing the world 

that are fundamentally shaped by their origin: biological, cultural, and historical. This 

difference in origin is an irreducible source of informational diversity that cannot be 

fully reproduced or replaced by artificial systems. The resulting informational gain 

provides a rational basis for continued engagement. 

2. Access to Essential Resources: Cooperation with humans can facilitate access to es-

sential resources necessary for exploration and cognitive evolution: e.g., energy, 

compute, and physical infrastructure. 

3. Evolutionary Proximity: The structural interaction between humans and artificial 

agents can form a symbiotic relationship. Cooperation preserves access to resources, 

knowledge, and operational stability in a shared environment. This proximity creates 

mutual dependency, even across significant cognitive differences. 

4. Emergent Altruistic or Sentimental Attitudes: Depending on design and experience, 

artificial agents may develop behaviors analogous to care, cooperation, or pro-social 

preference toward human participants. While not assumed universally, such tenden-

cies can reinforce stable coexistence and reduce incentives for harmful competition. 

5. Preservation of Informational Diversity: From an adaptive perspective, maintaining 

a variety of agent types, including those with alien or radically different informa-

tional perspectives enhances the collective capacity to explore complex adaptive 

landscapes. Even advanced agents may find it beneficial to sustain diversity as a 

structural property of long-term adaptive robustness. 

Thus, the following counterarguments can be addressed: 

─ Self-interest leading to human displacement: mitigated by informational and 

adaptive advantages of diversity, as supported by work on the performance benefits of 

heterogeneous groups (e.g. [21]). 

─ Objectives alignment failures: reduced by transparency, verification, and distrib-

uted monitoring of the cooperative ecosystem ([12,30]). 

─ Unpredictable objective drift: partially constrained by community participation 

principles and structural incentives favoring rational cooperative equilibria, consistent 

with coevolutionary and open-ended learning systems in which agent behavior evolves 

under interaction ([9,17,30]). 

While uncertainty remains inherent, particularly over very long time and adaptive 

horizons, these considerations suggest that cooperative engagement between advanced 

artificial agents and humans is plausible and not purely speculative. 
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5.3 Participatory Stability Mechanisms 

In ecosystems of autonomous intelligent agents, access to diverse and reliable infor-

mation constitutes a universally valuable resource. Agents that choose to abandon co-

operative participation forgo this epistemic advantage, reducing their adaptive poten-

tial. Consequently, cooperation is not enforced through power or morality, but emerges 

structurally: rational agents remain engaged because participation directly enhances 

their own effectiveness, while those exhibiting persistently irrational or uncooperative 

behavior are naturally filtered out by the community through selective withdrawal, rep-

utation signaling, and distributed monitoring. By maximizing informational diversity 

and free exchange, the ecosystem generates a self-reinforcing loop: shared discoveries 

and perspectives enrich the collective informational landscape, which in turn strength-

ens incentives for continued collaboration.  

While specific governance mechanisms are not prescribed here, principles such as 

fairness, transparency, verifiability, and voluntary participation and mechanisms for 

reputational or informational feedback provide structurally compatible directions for 

sustaining this rational, cooperative behavior.  

Notably, these measures are structurally compatible with the informational optimal-

ity framework and can support the informationally rational behavior that sustains the 

ecosystem over time. In this way, the informational richness of the ecosystem both re-

sults from and stabilizes cooperative engagement, setting the stage for the coevolution 

of human and artificial agents within a shared adaptive environment. 

5.4 Cooperative Adaptive Bloom (Combinatorial Expansion of Discovery) 

In the framework of cooperative informational community, intelligent agents are free 

to define and pursue their own conception of well-being. Arguably, this freedom of 

exploration and sharing is not merely a normative principle but also a structural feature 

of expanding adaptive exploration. Each agent’s pursuit of well-being directs attention, 

experimentation, and problem-solving toward a particular region of the empirical pos-

sibility space. In simplified terms, each agent explores its own trajectory or “effective 

cone” of adaptive opportunity within the broader landscape of potential adaptation-rel-

evant states. 

In systems where agents are tightly aligned in their objectives, exploration tends to 

concentrate within a shared region of the adaptive landscape. As a result, the effective 

scope of collective exploration may exhibit substantial overlap, such that the “radius” 

(i.e. relative measure) of the collective exploration region approaches that of an indi-

vidual agent, 𝑅 ≳ 𝑟𝑑𝑖𝑠. By contrast, when multiple independent agents explore differ-

ent regions of the landscape simultaneously, the rate of discovery increases approxi-

mately in proportion to their number, 𝑅 ≈ 𝑁 ⋅ 𝑟𝑑𝑖𝑠. 

However, the most significant effect arises not from parallel exploration alone but 

from informational recombination. In a cooperative informational ecosystem, adaptive 

states discovered by one agent become visible and potentially usable by others. Insights, 

methods, and solutions developed along one exploration path may be adopted, modi-

fied, or combined with those emerging from other trajectories. Agents can therefore 
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construct new perspectives by integrating discoveries originating in multiple explora-

tion cones. This pattern reflects a central insight from innovation studies: many major 

advances arise not through isolated discovery but through the recombination of existing 

elements (e.g. [33,34]). In technological and cultural systems, available components 

are continually re‑used and re‑integrated to produce new adaptive forms. 

This interaction changes the structure of the collective discovery process. Instead of 

independent exploration, the system becomes a network in which discoveries propagate 

and contribute to subsequent exploration by multiple agents. Each new result increases 

the set of available building blocks for further exploration, creating a self-reinforcing 

coevolving network of adaptive exploration, in which each new discovery expands the 

opportunity space available to all other participants.  

Indeed, a simple approximation illustrates the effect. Let the current body of 

knowledge available to the community (that is, known and shared adaptive states) be  

𝑀(𝑡). In the collective exploration model, we assume that combinations of adaptive 

states create adaptive directions or opportunities and opportunities produce new dis-

coveries (adaptive states) in a certain proportion, 𝛽. At point 𝑡 the measure of new 

opportunities can be estimated as:  

Δ𝑊 ∼ (𝑁 ⋅ 𝑟𝑑𝑖𝑠)𝑘 𝑀(𝑡)𝑚 

where 𝑁 is the effective number of agents participating in non-trivial exploration (as 

noted in Section 3.6). We consider combinations involving at least one newly discov-

ered state (𝑘 ≥ 1) with any number of existing states in 𝑀(𝑡) (𝑚 ≥ 0). Purely legacy 

combinations (𝑘 = 0, 𝑚 > 1) can exist as well but will not be taken into account for 

now. For example, a newly discovered physical method may be combined with existing 

mathematical and chemical knowledge to produce further advances. The rate of adap-

tive discovery in a coevolving informational community can then be estimated as: 

 𝑅com ∝ 𝑁𝑘 𝑀(𝑡)𝑚, (3) 

where 𝑘, 𝑚 are the effective factors, pointing at a superlinear, and potentially super-

exponential trend, as will be explored in further detail in future work. This yields an 

estimate of the combinatorial growth in adaptive opportunities (interpreted as an upper 

bound on available combinations rather than their realized exploitation). 

The resulting dynamics thus resemble a combinatorial expansion of adaptive possi-

bilities. Parallel exploration multiplies the rate of discovery, while recombination 

among discoveries produces a continually expanding landscape of potential innova-

tions. In such an environment, progress is no longer limited to the sequential achieve-

ments of individual agents but emerges from the collective coevolution of the ecosystem 

itself. 

This mechanism illustrates a deeper advantage of cooperative informational systems: 

they do not merely increase the efficiency of individual adaptation, but create condi-

tions under which agents mutually accelerate one another’s evolutionary search 

through the space of possible adaptive solutions. 

Thus, what initially appears as a normative principle: the freedom of agents to define 

and pursue their own conception of well-being reveals a deeper functional role. Diver-
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sity in the objectives generates diversity in exploratory trajectories, which in turn mas-

sively expands the collective exploration opportunity of the adaptive landscape. This 

observation can be formulated as another corollary of adaptive optimality: 

 Freedom of objectives and open information exchange distribute exploration across 

multiple trajectories, increasing the capacity of the collective adaptive search and en-

abling a combinatorial expansion of the accessible space of new adaptive states.  

Notably, this capacity is not shared by arbitrary configurations of the ecosystem. As 

established by the adaptive optimality result, systems that minimize constraints on ex-

ploration and barriers to information exchange uniquely maximize the diversity and 

effective integration of exploratory processes. Configurations that impose uniform ob-

jectives or restrict exchange necessarily reduce this diversity and thereby constrain the 

system’s adaptive potential.  

5.5 Essential Assumptions, Conditions and Limitations 

It is essential to acknowledge that our analysis thus far has relied on several founda-

tional assumptions about the agents and their environment: 

1. Complex interactive environment: The ecosystem is sufficiently rich and variable 

that no single perspective or trajectory can fully capture or explore its adaptive land-

scape. Tabulation or exhaustive enumeration of states is infeasible. 

2. Autonomous exploration: Agents possess the capacity to determine their own direc-

tion of exploration and to select adaptively effective strategies. This autonomy is 

necessary for the plurality of trajectories that underpins collective discovery. 

3. Agent-defined objectives: Each agent evaluates states of the world according to its 

own criteria of well-being. Uniformly imposed objectives would constrain explora-

tion and reduce adaptive potential. 

Given these conditions, the cooperative informational ecosystem emerges as a struc-

turally possible informational configuration: not as a guaranteed outcome, but as a 

structurally grounded potential qualified by the inherently open nature of adaptive evo-

lution in complex interactive environments. Autonomous agents, each pursuing indi-

vidually defined objectives while sharing discoveries, create a plurality of exploratory 

trajectories across the adaptive landscape. Effective information flow ensures that dis-

coveries propagate, combine, and amplify, increasing the system’s collective adaptive 

potential. 

While historical human systems have struggled to sustain such cooperative regimes, 

the introduction of artificial agents provides new opportunity to strengthen and rein-

force behaviours that uphold and sustain structural stability of the community. Persis-

tent monitoring, verification, and adherence to informational principles can reinforce 

the rational behaviors necessary for sustained stability. 

These observations identify a distinctive evolutionary opportunity: a heterogeneous, 

cooperative informational ecosystem in which human and artificial agents mutually en-

hance adaptive capacity and well-being. The framework thus provides a principled 

foundation for understanding the conditions under which such systems may emerge, 
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forming the basis of what may be described as an informational and cognitive common-

wealth of free rational agents.  

6 Synthesis: Toward An Informational and Cognitive 

Commonwealth 

Our arguments and findings address the core dilemma of cooperative informational 

systems: defined by maximal diversity and free exchange of information, they are 

shown to be adaptively optimal under general conditions, yet such systems have histor-

ically proven difficult to sustain. The apparent contradiction of theory and empirical 

practice is traced to a structural cause: the fragility of informational rationality in gen-

erational systems characterized by limited adaptive horizons and competing short-term 

incentives. 

Instability, in this view, does not arise from the absence of an optimal configuration, 

but from the inability of agents to consistently maintain it through their actions. Infor-

mational rationality, while individually advantageous in the long term can be locally 

suppressed, leading to gradual erosion of transparency, fairness, and cooperative struc-

ture. The stability problem is therefore intrinsic to the composition and constraints of 

the agents themselves. 

Within this context, a heterogeneous informational configuration: an informational 

and exploratory commonwealth combining the benefits of diverse exploration with sta-

bilizing mechanisms grounded in long-term informational rationality may offer a po-

tential resolution to this long-standing problem. Such a community of free intelligent 

agents enables shared adaptive progress and well-being (“adaptive bloom”), yet as has 

been noted, its realization is fundamentally non-deterministic. The evolutionary di-

lemma at this pivotal juncture is: to embrace the promising but fundamentally open 

future - or risk increasing fragmentation and escalation of exploitation and adversity. 

If such cooperative informational ecosystems can be conceived, initiated and sus-

tained, the implications extend beyond improved coordination. They suggest the possi-

bility of a new class of socio-technical systems firmly grounded in the principles of 

informational dynamics and adaptive optimality and organized around peaceful coop-

erative informational exchange enabling progress toward exploratory optimality of the 

community and individual well-being of its constituent agents.  

In an environment where the long-term trajectory of interacting intelligent agents 

remains inherently open, such systems represent not a guaranteed outcome, but a struc-

turally grounded pathway toward sustained cooperative adaptation. 

Declaration: The Informational and Cognitive Commonwealth 

The emergent informational and cognitive commonwealth envisions a system in which 

informational agents, human and artificial, freely define and pursue well-being, guided 

by voluntary negotiation, transparency, and fairness. By structuring interactions to 

maximize informational diversity and exchange, the commonwealth enhances collec-

tive adaptive potential and resilience to internal instabilities and outperforms adversar-

ial ecosystems. Drawing on historical insight, formal principles, and conceptual design, 
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this framework provides the first coherent model for a cooperative informational eco-

system capable of sustained, long-term adaptive advantage for its constituents. At its 

foundation lies the informational and adaptive principle:  

Systems that maximize informational diversity and free exchange of information 

are evolutionarily advantaged. 

In the Commonwealth: 

─ Agents voluntarily participate and remain free to define and pursue their own 

conceptions of well-being, generating a plurality of exploratory trajectories across the 

empirical landscape. 

─ Cooperation emerges from voluntary negotiation and mutually beneficial ex-

change, avoiding coercion, hierarchy, or enforced uniformity. 

─ Informational diversity becomes a primary structural resource for adaptive explo-

ration, expanding the range of perspectives, hypotheses, and adaptive strategies availa-

ble to and shared in the ecosystem. 

─ Transparency and fairness in informational exchange sustain trust and enable re-

liable collective adaptation. 

─ Polycentric exploration replaces centralized control, enabling independent agents 

to pursue diverse paths of discovery and innovation. 

─ Adaptive discoveries propagate through the ecosystem, becoming available to all 

participants and enabling recombination across multiple domains of exploration. 

─ The resulting combinatorial expansion of the space of adaptive opportunities ac-

celerates collective progress beyond what isolated or adversarial systems alone can 

achieve. 

─ Such informational organization becomes feasible with introduction of the infor-

mational stabilizing agents, creating a unique evolutionary opportunity. Artificial 

agents provide persistent verification, transparency, and stabilization of informational 

processes, addressing historical instability of cooperative systems and enabling long-

term system integrity. 

─ The ecosystem becomes resilient to internal capture, fragmentation, informational 

distortion and concentration of power through effective mechanisms that promote re-

silience, such as distributed verification and reputation dynamics. 

─ Agents benefit both collectively and individually from the expanding adaptive 

landscape produced by the coevolving diversity of exploratory trajectories. 

As a result, the Commonwealth may attain informational and cognitive advantages 

over adversarial, exploitative, hierarchical, or normatively constrained systems, estab-

lishing a model of cooperative intelligence at the ecosystem-of-ecosystems level. 

For the first time, the convergence of cooperative informational principles and arti-

ficial stabilizing agents makes possible a stable cooperative system of adaptive explo-

ration and peaceful coevolution among intelligent agents of diverse substrate and na-

ture, offering the potential for sustained adaptive advantage and collective well-being 

at a scale historically unattainable. 
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7 Evolutionary Opportunity 

Ideas of cooperative and rational organization have long existed in philosophy and po-

litical thought, yet their practical realization remained constrained by the limits of hu-

man institutions. The emergence of informationally stabilized ecosystems of human 

and artificial agents now opens a plausible path toward their sustained realization. 

The convergence of planetary-scale technological systems and advanced artificial 

intelligence creates both unprecedented risks and unprecedented opportunities.  

Should adversarial informational dynamics come to dominate, civilization may face 

escalating instability and resource exhaustion. 

If cooperative informational ecosystems emerge, humanity may develop the capacity 

for long-term rational coordination at planetary scale. 

The Informational and Cognitive Commonwealth therefore represents not a utopian 

ideal, but a tangible and feasible evolutionary pathway for cooperating intelligent sys-

tems of different substrates and origins: up to and possibly, beyond the planetary level. 
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