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117-294-D Defining Stability Envelope  

CES vs CAS vs HCAS 
Adaptation, Operating Conditions and the Time Available to Intervene 

 

 

 

A stability envelope is meaningful only when we know what it protects, what conditions it assumes, and what 
controls can keep the system within it. The Stability Engineering Institute proposes that adaptation adds a 
continuing obligation: reassess whether the envelope remains valid as the system changes. When adaptation 
and interaction operate at machine speed, that reassessment must also remain timely enough to support 
effective intervention. 

A working definition 
For this chapter, a stability envelope is the set of states and operating conditions within which a specified system 
can sustain essential functions and recover from a defined class of disturbances, within acceptable time and 
performance limits, using available and authorized controls. This is a GUDIYA engineering definition. A particular 
application must translate it into measurable criteria and validate the resulting boundary. 

Being inside a collection of instantaneous limits does not establish recoverability. A system can satisfy a 
utilization limit while queues accumulate, or meet individual transaction rules while exhausting shared capacity. 
The envelope must account for trajectories, outstanding commitments, delays, reserves and the ability to 
intervene. Formal control concepts such as stability and regions of attraction provide useful foundations, but are 
not interchangeable with every operational constraint. [1] 

Three lenses on the same engineering problem 
CES means Complex Engineered System. CAS means Complex Adaptive System. HCAS is GUDIYA’s term for CAS 
operating with billions of actants at machine speed. HCAS is therefore a demanding operating form of CAS, rather 
than an entirely separate class. Real deployments combine engineered infrastructure, adaptive participants and 
processes operating on different timescales. 

The comparison is not “CES is predictable, CAS is unpredictable.” Engineered systems can exhibit nonlinear 
instability, unknown interactions and irreproducible failures. Adaptive systems can exhibit predictable aggregate 
patterns and obey enforceable constraints. The practical distinction is how reliably a validated model continues 
to represent the system, and how quickly changes can invalidate the basis for control. 
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The question an envelope must answer 
Given the current state, interaction structure, uncertainty and control capability, what activity can this system 
sustain—and what evidence would require us to revise that judgment? For GUDIYA, this question applies to an 
actant, a Gudiya-cookie, a shared service and the wider cognitive ecosystem. An answer at one scale does not 
automatically establish stability at another. 

How the envelope differs across system types 

Dimension CES CAS HCAS 

Primary basis Designed structure and 
characterized dynamics. 

Structure plus adaptive 
behavior and changing 
interactions. 

CAS dynamics with machine-
speed execution and 
coupling. 

Why boundaries 
change 

Load, regime, degradation, 
faults and configuration. 

CES causes plus learning, 
strategy, membership and 
history. 

CAS causes plus rapid 
propagation and compressed 
intervention windows. 

Predictability Often tractable within 
validated assumptions. 

Patterns may persist while 
individual paths and models 
change. 

Useful predictions must 
remain valid long enough to 
act. 

Repeatability Requires matching relevant 
state, configuration and 
inputs. 

Also requires relevant 
adaptation histories and 
relationships. 

Also requires event order, 
timing, concurrency and 
outstanding work. 

Observation State, disturbances, 
component condition and 
control effects. 

Also behavior, coupling, 
shared dependencies and 
adaptation. 

Also freshness, 
synchronization, latency and 
correlated activity. 

Intervention Apply controls validated for 
the operating regime. 

Monitor how participants 
respond and subsequently 
adapt. 

Use bounded local controls 
with timely wider 
coordination. 

Validation 
burden 

Test defined regimes and 
credible uncertainty. 

Reassess models and 
boundaries as behavior 
evolves. 

Test both boundary validity 
and intervention before 
deadlines. 

Central caution An engineered boundary is 
not automatically fixed. 

Adaptation does not make 
all bounds unknowable. 

Speed alone is not adaptation 
or proof of instability. 

 

These are differences of emphasis, not universal laws separating three mutually exclusive categories. A fast 
engineered controller may face severe timing constraints without being adaptive. A slowly adapting community 
may require envelope reassessment without demanding millisecond intervention. 
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From engineered dynamics to adaptive dynamics 

CES envelopes remain conditional 
Consider a heavy consist traversing a mountain pass. Acceptable operation depends on grade, speed, loading, 
adhesion, available traction and braking, and forces transmitted through the consist. Ascent and descent require 
different control strategies. Even without adaptive participants, the envelope changes with operating conditions 
and equipment capability. The engineering task is to characterize those regimes and transitions, establish 
margins and verify the controls available in each. 

A CES envelope therefore has a validity domain. Its credibility depends on stated assumptions and tested 
uncertainties. Unexpected conditions can invalidate it. The lesson for GUDIYA is to preserve this discipline rather 
than portray conventional engineering as relying on an unchanging boundary. 

CAS adds change in the behavior being governed 
In a CAS, participants may change strategies, acquire information, form relationships and respond to incentives. 
The same instruction or intervention can consequently produce a different collective response later. Not every 
participant must adapt continuously; adaptation by a few can alter conditions for everyone. Santa Fe Institute’s 
Emergent Engineering program likewise examines the interaction between engineered mechanisms and 
adaptive communities, including the consequences of incentives and social learning. [2] 

Imagine drivers responding to congestion by changing routes. A restriction may relieve one road while 
redirecting demand onto another. The intervention has changed the conditions that subsequent decisions 
encounter. The appropriate boundary depends on the network and its evolving use, not solely on compliance at 
the original intersection. This is an illustrative mechanism, not a claim that traffic in one country is purely CES 
and traffic elsewhere purely CAS. 

The CAS envelope must therefore be treated as an evidence-supported estimate whose validity can change. That 
does not require enumerating every future behavior. It requires identifying consequential states and 
interactions, enforcing applicable invariants, and detecting when the assumptions supporting the estimate no 
longer hold. Rules remain useful; an envelope adds an assessment of collective consequences. 

HCAS adds a race between change and effective control 
In HCAS, adaptive choices can become actions, delegations and shared-resource commitments before a human 
can review their combined effects. The problem is the relation between the rate of consequential change and 
the time required to observe, interpret, decide and enforce. A rapid actant is not necessarily dangerous, and a 
slow actant can initiate a fast cascade. 

GUDIYA’s proposed response is fast local stabilization coordinated by wider Grid observation under human-
defined policy. Local controls should act within preauthorized bounds when waiting would consume the 
remaining margin. Wider observation should reassess shared conditions and coordinate those controls. The 
architecture must demonstrate that these functions remain effective under delay, incomplete information and 
failure of the stabilizer itself. 
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Policy, estimated capability and operating authority 
The word envelope can conceal three different responsibilities. Separating them prevents observed capability 
from being mistaken for permission, and permission from being mistaken for evidence of stability. 

Envelope concept Question answered Change authority 

Policy-defined limits What outcomes, exposures and trade-
offs are acceptable? 

Human governance and explicitly 
delegated authority. 

Estimated stability 
envelope 

What does current evidence indicate can 
be sustained and recovered from? 

Evidence and model updates, with 
uncertainty and validation. 

Authorized operating 
envelope 

What may this actant or collective do 
now? 

The approved mandate; Grid 
adjustments only within delegated 
limits. 

The authorized operating envelope should lie within policy limits and a conservatively assessed stability region. 
A scalar ceiling may be useful, but the underlying relationship is often multidimensional: a permitted rate may 
depend on concurrency, resource reserves, coupling concentration and outstanding obligations. The apparent 
intersection of limits does not itself prove that a controller can keep the system there. 

Two connected control loops 
1. The operational loop observes activity and shared conditions, estimates state, adjusts authorized activity 

and verifies actual effects.  
2. The envelope reassessment loop asks whether the current model and margins remain appropriate as 

behavior, couplings and control capability change.  

These loops operate together; reassessment does not grant the Grid unrestricted authority to redefine policy. 

During Intent-Group Approval, the Grid should recommend an initial envelope based on the proposed purpose, 
participants, dependencies and available evidence. Approval binds that recommendation to a mandate. Runtime 
management can narrow or adjust activity within delegated authority; changes beyond that authority require 
renewed approval. Missing evidence can justify a restricted commissioning regime instead of assuming 
unrestricted operation is safe. 

 

 

 

 

 

 

 

 

Flight Plan Approval 
 

During Flight Plan Approval, the Federal Aviation Administration factors in the airplane type, the airports, 
the time slots and available traffic evidence. Approval binds that recommendation to a mandate. At 
runtime, Air Traffic Control can narrow or adjust activity within delegated authority; changes beyond that 
authority require renewed approval.  
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Time must be part of the authorization 
Each envelope should carry a version, evidence timestamp, scope, validity conditions, uncertainty allowance and 
reassessment triggers. Expiration alone is insufficient: a sudden capacity loss or new coupling can invalidate a 
fresh envelope. Conversely, a long-lived hard constraint need not change simply because an adaptive participant 
has learned something. 

A necessary timing check is that observation, estimation, decision and effective enforcement fit inside the 
conservatively estimated time remaining before a critical breach, with a safety margin. Passing this check does 
not prove stability. It must include queued and delegated work, and distinguish acknowledgement from actual 
cessation or recovery. Where the deadline cannot be met, exposure must be reduced or a preauthorized local 
fallback invoked. 

Applying the envelope across the three layered AI economy 
Consider a hypothetical population of authorized cash-management agents. Each pursues an individual objective 
within its permissions. Similar observations may lead many to request transfers at once. The resulting pressure 
depends on aggregate timing, concentration and the capacity of affected institutions and services. Local 
authorization alone cannot answer the ecosystemic question. This is an engineering scenario, not a prediction 
of a particular bank run. 

Layer Relevant conditions Possible envelope controls 

Agentic layer Correlated decisions, retry amplification, 
delegation and simultaneous plans. 

Bound concurrency and retry budgets; 
stage commitments; reassess collective 
exposure. 

Digital services 
layer 

API queues, reservation conflicts, 
processing capacity and settlement 
obligations. 

Admission limits, backpressure, 
reservations and coordinated circuit 
breakers. 

Resource layer Available liquidity or physical capacity, 
replenishment time and recovery 
reserves. 

Exposure ceilings, capacity-linked pacing 
and protected recovery reserves. 

The envelope must connect these layers. An agentic request is not yet a completed settlement, and stopping 
new requests may not cancel obligations already accepted. Controls must account for each stage and its 
reversibility. Persistent identity and lineage help retain that history when an actant migrates, delegates or 
restarts. 

When slowing down helps and when it does not 
Pacing commitments may preserve an intervention window, but delay is not inherently stabilizing. It can also 
accumulate queues, concentrate releases, propagate uncertainty or impede essential activity. A defensible 
policy specifies the conditions under which delay helps, who can impose it, how pending obligations are treated 
and how normal operation resumes. Circuit breakers across layers require coordination to avoid shifting the 
burden or creating synchronized restart surges. 

Observation has both scope and timing 
Frequent observation of one gate can miss stress developing elsewhere. Wide observation can still arrive too 
late. GUDIYA therefore needs relevant ecosystem coverage and sufficiently timely evidence. Rendezvous 
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Management can contribute interaction and commitment records; CCS can supply shared references; neither 
alone establishes a complete model of collective dynamics. 

Nyquist sampling limits apply under specified signal and sampling assumptions. They do not yield a universal 
rule that a Grid must run at twice an agent’s token rate. A practical assessment must identify the consequential 
dynamics, observation delays, event coverage and remaining intervention window. Event interception, sampling 
and prediction offer different evidence; their adequacy must be tested against the same stabilization objective. 
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What must be demonstrated before claiming stability 
The Grid’s envelope is an engineering claim that needs evidence. The following checks apply at the stated system 
boundary and operating regime. They do not require complete prediction of every adaptive behavior. 

Validation question Evidence required 

What remains acceptable? Named essential functions, breach criteria, recovery deadlines and policy 
authority. 

What does the estimate 
assume? 

State variables, coupling model, disturbances, uncertainty and declared 
coverage gaps. 

Can change be recognized? Tests for stale observations, behavioral shifts, new dependencies and 
model disagreement. 

Can controls act in time? Measured end-to-end latency, actuator reach, queued work and local 
fallback performance. 

Do controls improve the whole 
system? 

Observed effects across layers, including displaced burdens and 
unintended feedback. 

Can the stabilizer fail safely? Tests of partitions, corrupted telemetry, conflicting controllers and 
overload. 

Can recovery be sustained? Staged restart, residual commitments, adaptation after intervention and 
renewed assessment. 

The GUDIYA proposition 
1. For CES, the envelope is conditional on characterized dynamics and operating regimes.  
2. For CAS, its validity must also be reassessed as behavior and relationships adapt.  
3. For HCAS, both assessment and intervention must remain effective within the available time. These 

obligations accumulate; none removes the need for sound engineered controls, security or human 
authority. 

Ecosystemic stabilization therefore requires observing movement toward a boundary, detecting changes in the 
conditions that determine the boundary, and verifying the effects of control. Constructive adaptation can 
continue within supported limits. When those limits are uncertain, reduced exposure and bounded 
experimentation are more defensible than claiming either complete predictability or inevitable loss of control. 
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Step up in difficulty in Stabilization - CES vs CAS vs HCAS 

 

Santa Fe Institute’s Emergent Engineering theme explores how relatively modest engineered 
mechanisms—policies, signals, platforms or algorithms—can guide adaptive systems toward desired 
outcomes. Its emphasis on incentives, changing relationships and collective behavior offers a useful 
foundation: an intervention enters a system whose participants can adapt to the intervention itself. 

GUDIYA draws an engineering implication from this theme: adaptation adds a burden of 
reassessment; machine-speed adaptation adds a deadline for that reassessment to become effective 
control. 

CES — Stabilizing characterized dynamics. In a Complex Engineered System, stabilization can often 
rely on models validated for specified configurations, operating regimes and disturbances. The 
envelope remains conditional: loading, degradation, failures and environmental changes can alter it. 
The controller must keep operation within supported limits and recognize when its assumptions no 
longer apply. 

CAS — Stabilizing dynamics that adaptation can change. In a Complex Adaptive System, participants 
may learn, change strategies, form new relationships and respond differently after an intervention. 
A previously effective control can lose effectiveness or redirect stress elsewhere. Stabilization must 
therefore assess both the system’s movement relative to its envelope and whether adaptation has 
changed the conditions that determine that envelope. 

HCAS — Stabilizing adaptive dynamics within compressed intervention windows. GUDIYA uses HCAS 
to mean CAS operating at machine speed. Adaptive decisions can propagate through delegations, 
services and shared resources before human review is possible. Observation, interpretation, decision 
and effective enforcement must fit within the remaining intervention window. A correct assessment 
delivered after irreversible commitments have accumulated may offer little protection. 

This progression describes accumulating engineering responsibilities, not a universal ranking of every 
system’s difficulty. CES can be extraordinarily difficult to stabilize, while some adaptive systems 
remain robust. The relevant questions are how behavior changes, how interactions propagate, and 
how much time remains to act. 

For GUDIYA, the objective is to preserve useful adaptation while maintaining essential functions 
within human-defined limits. The proposed Grid combines bounded local controls with wider 
ecosystem observation, continuing envelope reassessment and verification of actual control effects. 
This is GUDIYA’s proposed extension of the discussion, rather than a claim made or validated by Santa 
Fe Institute. 
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Sources and status of the proposal 
This chapter develops SEI’s proposed GUDIYA framework. HCAS terminology, the three-envelope distinction and 
the Grid requirements are presented as design propositions, not externally certified results. The sources below 
provide background rather than validation of the proposed architecture. 

[1] Åström, K. J., and Murray, R. M. Feedback Systems: An Introduction for Scientists and Engineers. Princeton 
University Press, 2008. Author-hosted control teaching materials: 
https://murray.cds.caltech.edu/CDS_101/110_-_Dynamic_Behavior 

[2] Santa Fe Institute. Emergent Engineering. Research program description. 
https://santafe.edu/research/themes/emergent-engineering (accessed 1 October 2026). 


