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Difference between CES and CAS 
Adaptation and the case for a stability envelope 
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For GUDIYA’s control philosophy, the most consequential distinction between a Complex Engineered System 
(CES) and a Complex Adaptive System (CAS) is adaptation. Participants can change how they pursue objectives 
in response to experience, information, and one another. Those adjustments change the conditions confronting 
other participants, who adapt in turn. Control must therefore account for a system whose effective behavior 
and relationships can evolve during operation. 

The first distinction is adaptation 
Complexity alone means that a system can contain many interacting parts and be difficult to understand. 
Adaptation adds a further challenge: participants may alter strategies, select new pathways, reorganize 
cooperation, or discover new uses for existing capabilities. The controller must manage both the current 
situation and the possibility that the participants will change their response to it. Work at the Santa Fe Institute 
describes adaptive systems in terms of experience shaping future behavior and the coevolution of components 
and their interactions. [1, 2] 

A conventional engineered design seeks to specify components, interfaces, operating assumptions, and 
performance requirements. This does not make every engineered system predictable or its outcomes 
exhaustively enumerable. Nonlinearity, faults, uncertainty, and environmental variation already complicate 
engineering. Adaptation adds the possibility that the effective strategies and interactions themselves will 
change. 

CES and CAS are consequently overlapping descriptions, not mutually exclusive boxes. “Engineered” describes 
how a system is designed and organized; “adaptive” describes how its participants or collective behavior change. 
An engineered infrastructure can host an adaptive population. A traffic network, financial platform, or agent 
execution environment can require both engineering perspectives. 

Cognition makes the distinction operational 
The intuition behind GUDIYA began with biological intelligence. A driver interprets a changing scene, selects a 
gap, revises a route, and responds to another driver’s unexpected movement. Another driver then responds to 
that adjustment. Even when nobody intends harm, their interdependent choices can generate a situation that 
no participant planned. 

Artificial agents can exhibit a corresponding functional capacity: revising plans, selecting tools, using 
accumulated context, and changing how they pursue objectives. This does not imply that artificial and biological 
cognition work identically, or that every intelligent action is adaptive. It means that control must accommodate 
adaptation wherever it occurs. Changed behavior need not require changed model weights; a different context 
or interaction history can be enough. 

SEI’s architectural premise is that, in an open-ended adaptive environment, a catalogue of anticipated behaviors 
cannot be assumed complete. This is a design premise about incomplete foreknowledge, not a claim that 
adaptation makes every outcome unpredictable or every constraint ineffective. 
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What changes when adaptation matters 
The following comparison contrasts engineering emphases. It does not imply that established systems 
engineering ignores uncertainty, or that adaptive systems cannot be deliberately designed. 

Dimension CES design emphasis CAS control emphasis 

Adaptation Specify intended behavior and manage 
changes. 

Account for participants changing strategies 
during operation. 

Interactions Define interfaces and expected 
dependencies. 

Observe dependencies that emerge or change 
through use. 

Prediction Model behavior under stated assumptions. Update estimates as behavior and assumptions 
evolve. 

Rules Enforce requirements and permitted 
operations. 

Also assess consequences of permitted 
combinations. 

History Track state, wear, faults, and 
configuration. 

Also track learned strategies and interaction 
history. 

Control Use design limits, feedback, and 
protection. 

Reassess margins as participants respond to 
control. 

Validation Test requirements and operating 
scenarios. 

Also test novelty, adaptation, and responses to 
intervention. 

The traffic intuition 
My motivating contrast was between traffic situations in India that demand continual improvisation and more 
consistently rule-governed traffic situations in the United States. This is an illustrative contrast in predictability 
and reliance on negotiation, not a classification of entire countries. Both contain engineered roads and adaptive 
people; both can experience disorder, congestion, and unforeseen interactions. 

Where compliance and expectations are less reliable, drivers must rely more heavily on what others are actually 
doing. They estimate gaps, relative motion, visibility, and stopping distance. Written rules remain valuable, but 
they cannot substitute for observation of the developing situation. Informal adaptation also does not guarantee 
safety: local accommodations can impose risks on pedestrians and other road users. 

Why enough branches are not the answer 
The issue is not whether a controller contains if–then–else logic. Both engineered and adaptive systems can be 
implemented with rules. The issue is whether the control argument depends on having anticipated every 
consequential situation. A rule can instead test a general constraint, such as a resource limit, across many 
unfamiliar behaviors. GUDIYA proposes to combine such constraints with observed conditions and dynamically 
estimated margins. 
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The child and the fencing 
Imagine an ten-month-old child who can crawl and explore. A playpen provides a physical barrier. While that 
barrier remains effective, it excludes certain hazards without requiring the adult to predict every movement. 
When the gate is open or the child moves outside it, supervision must also account for reachable hazards such 
as a staircase. 

The child need not develop harmful intent. An interesting object may motivate one movement, which reveals 
another opportunity. The adult observes where the child is heading, how quickly the distance is closing, and how 
long intervention would take. The relevant margin is the remaining opportunity to intervene successfully, not 
distance alone. 

This illustration distinguishes a barrier from an operating envelope. The barrier excludes specified actions or 
access. The envelope makes continued movement conditional on the developing situation. The analogy 
motivates anticipatory control; it does not imply that an AI supervisor has an adult’s understanding or that 
supervision can replace effective physical protection. 

 

  

Figure 1  Just an adaptive agent, no harmful or malicious intent. It’s the parent’s job to constantly 
monitor the safety envelope for a breach 
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GUDIYA’s move to the stability envelope 
GUDIYA’s proposed response is to preserve defined operating conditions while allowing behavior to vary. An 
operating envelope specifies acceptable conditions in relevant state variables; observation and estimation 
determine proximity to its boundaries. Some limits remain fixed by human policy, while available headroom and 
admissible actions change with resource conditions, coupling, and uncertainty. 

The required observations extend beyond the individual actant. An action’s consequences may depend on 
shared resources, concurrent activity, delayed effects, and indirect interactions. Fast local stabilization must 
therefore be coordinated with wider Grid observation. In GUDIYA’s terminology, HCAS means CAS at machine 
speed: faster adaptation can compress the time available for measurement, decision, and intervention. 

Rendezvous Management would make interactions conditional on current circumstances. Distributed Dynamic 
Margin Computation would estimate headroom against defined constraints. Interventions could include pacing, 
restricting an interaction, or circuit breaking under human-defined authority. Effective control requires 
observation coverage, uncertainty allowances, sufficient response speed, and the ability to influence the 
relevant process.  

The security implication and the burden of proof 
The n plus one behavior 

Specify and enforce the security rules that must be followed, but do not equate a finite rulebook with complete 
coverage of adaptive behavior. As SEI’s illustration puts it: we may specify n rules, yet an agent may exhibit an 
“n+1th behavior”—a strategy, sequence, or combination of permitted actions that the rulebook’s authors did 
not anticipate. 
The expression is an illustration, not a counting theorem: one general rule can constrain many unforeseen 
behaviors, and novelty does not necessarily mean harm. The concern is that perfect compliance with 
enumerated permissions can still leave the intended security objective inadequately protected. GUDIYA 
therefore proposes to complement enforceable restrictions with observation of developing consequences and 
intervention against defined operating limits. 

Strong sandboxing remains useful: denying a capability can constrain unforeseen behavior without enumerating 
it. Yet correct enforcement of individual permissions does not by itself establish the security of every permitted 
combination. Adaptive discovery can expose consequential information flows or dependencies that were not 
anticipated. Security assurance must identify which properties remain protected under those combinations and 
environmental changes. 
Consider a hypothetical agent permitted to read private documents and update a shared project board. Each 
capability may be useful for its assigned task. If the board is visible to an unauthorized recipient, combining those 
capabilities can disclose information without a sandbox escape. This illustrates a policy-composition problem; it 
does not establish that every sandbox permits such a flow. The relevant test is whether the intended security 
property survives the actual permitted combination. 

An envelope is not an automatic solution to that incompleteness. Its variables, boundaries, and intervention 
mechanisms must be justified and tested. GUDIYA must demonstrate that it detects relevant deterioration early 
enough, limits false interventions, and does not destabilize the system through its own responses. The purpose 
is to support useful adaptation while preserving specified conditions—not to claim advance knowledge of every 
outcome. 
Validation should compare operation with and without the proposed envelope controls under changing 
strategies, delayed observations, and incomplete dependency information. Measurements should include 
boundary violations, successful task completion, unnecessary interventions, and recovery. Tests must also 
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examine whether actants adapt around the controls. A controller introduced into a CAS becomes part of the 
situation to which participants respond. 

Adaptation is therefore the first distinction because it changes the controller’s task. The architecture must 
remain effective as participants discover new ways to act. GUDIYA’s organizing question is whether continued 
execution remains within a defensible operating envelope as those discoveries unfold. 

 

Research context 
[1] Beckner et al., Language Is a Complex Adaptive System: Position Paper. Santa Fe Institute research record. 
https://santafe.edu/research/results/papers/1820-language-is-a-complex-adaptive-system-positio 

[2] Santa Fe Institute, Thurner, Hanel, and Klimek write the book on complex systems. https://www.santafe.edu/
news-center/news/thurner-hanel-klimek-write-book-complex-systems 

The analogies and GUDIYA architecture above present SEI’s reasoning and proposals. The cited research supplies 
context on adaptation; it does not validate GUDIYA’s implementation. 


