
Stability Engineering – Volume 9 
 

www.manhattanproject20.com 
 

1 

117-250-D  When CES Meets CAS: Prediction Gives Way to Stability 
Engineering 

Why the inability to predict an emergent catastrophe is not the end of engineering — it is the beginning of 
a different kind of engineering 

 
 
 
The Engineering World We Came From 

• For most of the history of information technology, engineers enjoyed an extraordinarily favorable 
environment. 

• Software was predominantly a Complex Engineered System (CES). 
• Its components were deliberately constructed. Interfaces were specified. Execution paths could be 

traced. Inputs could be tested against expected outputs. Failure modes could be identified, 
reproduced and repaired. 

• The underlying engineering philosophy was therefore enormously successful: 
Understand → Predict → Test → Control 

• When something failed, engineers asked: 
o What component failed? 
o What defect caused it? 
o What sequence produced the failure? 
o How can that sequence be prevented from occurring again? 

• This worldview became deeply embedded in software engineering, cybersecurity, quality 
assurance, incident management and AI safety. 

• But agentic computing changes an important assumption. 
 
CES Has Begun to Meet CAS 

• An individual AI model remains an engineered artifact. 
• An individual agent remains largely engineered. 
• But connect sufficiently many adaptive, stateful, heterogeneous actants together — models, 

agents, APIs, databases, humans, institutions, SaaS systems, robots and other infrastructure — 
and the behavior of the resulting system may no longer be understandable simply by 
understanding its components. 

• The system begins acquiring characteristics associated with a Complex Adaptive System (CAS): 
o feedback, 
o adaptation, 
o persistent state, 
o path dependence, 
o nonlinear amplification, 
o changing interaction topology, 
o asynchronous behavior, 
o heterogeneous cognition velocities, 
o recursion, 
o environmental influence, 
o and emergence. 

• The crucial transition is therefore: 
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• The components may be CES. 
• Their ecology can behave like CAS. 
• This is one of the foundational observations of the GUDIYA Cognitome. 

 
The Olejnik Problem 

• Cybersecurity specialist Lukasz Olejnik recently articulated an important difficulty surrounding 
catastrophic AI scenarios. 

• His argument, in essence, is that the exact route through which a sufficiently complex 
technological catastrophe might occur cannot necessarily be specified beforehand. If the route 
were already known, society could attempt to close it. 

• Instead, catastrophes can emerge through interactions among technology, institutions, human 
decisions and accidents whose significance becomes apparent only after events are already 
underway. 

• He invokes the World Wars as an analogy. 
o Europe could be recognized as unstable before war occurred. Yet recognizing instability 

was very different from predicting the precise trigger, timing, decisions and sequence that 
would transform that instability into catastrophe. 

o This presents a serious problem for conventional predictive risk engineering. 
o But from the GUDIYA perspective, it also reveals something else. 
o This is what happens when CES reasoning encounters CAS emergence. 

 
Prediction Has Quietly Become the Wrong Requirement 
Suppose engineers demand: 

• Tell us precisely which sequence of agents, prompts, API calls, institutional decisions, human 
interventions and environmental disturbances will eventually produce an S4 event. 

• For a sufficiently complex Cognitive Field, that may become impossible. 
• But consider what has happened logically. 
• We have quietly imposed the following condition: 

If catastrophe cannot be predicted ⇒ catastrophe cannot be engineered against 
• That implication does not follow. 
• There is another possibility: 

Unpredictable Outcome   ∧   Observable Dynamic Deterioration  
• The final failure mode can remain unknown while the system's evolving loss of stability becomes 

measurable. 
• This distinction changes the engineering problem completely. 

 
Other Engineering Sciences Already Know This 

• Aviation does not require pilots to predict the precise atmospheric disturbance that will eventually 
cause loss of control. Instead, aircraft continuously measure attitude, altitude, velocity, 
acceleration, heading and surrounding atmospheric conditions. 

• Cardiology does not require physicians to predict the precise future heartbeat that will initiate a 
dangerous arrhythmia. The ECG observes the dynamics of the heart. 

• Electric-grid operators cannot enumerate every future sequence capable of producing a cascading 
blackout. They continuously observe frequency, voltage, current, phase, loading, reserves and 
disturbances. 
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• Meteorologists cannot predict the trajectory of every molecule of air. Yet atmospheric pressure, 
temperature, humidity, wind velocity, gradients and circulation reveal developing weather 
regimes. 

• These disciplines made an enormously important epistemological transition: 
o Prediction of the exact future event is not required for observation and management of 

the present dynamic state. 
• GUDIYA proposes bringing this principle to machine-speed cognition. 

 
From “What Will Happen?” to “What Is Happening?” 

• This produces a profound change in engineering questions. 
• Traditional CES reasoning asks: 

What will fail? 
• GUDIYA asks: 

What is happening to the dynamics of the system? 
• Instead of requiring prediction of a particular S4 trajectory, the Grid can potentially observe 

quantities such as: 
 

Dynamic property Stability question 
Coupling Are actants becoming excessively interconnected? 
Gain Are responses amplifying disturbances? 

Delay Are feedback relationships becoming phase-
dangerous? 

Recursion Are interactions beginning to repeatedly feed 
themselves? 

Cognitive Velocity Are interacting actants operating at incompatible rates? 
Relative Cognitive Velocity Are rendezvous becoming dynamically difficult? 
State Persistence Is history increasingly affecting future behavior? 

Drift Is behavior moving away from its previous operating 
region? 

Cognitive Density Is too much cognition concentrating within a 
neighborhood? 

Oscillation Are repeated interactions developing periodic 
behavior? 

Stability Margin How close is the system to an unacceptable regime? 

Cognitive Proximity Which actants currently constitute the relevant 
dynamic neighborhood? 

 
• The Grid does not necessarily have to understand the eventual semantic story. 
• It needs to recognize the dynamic signature of deteriorating stability. 

 
The World War I Thought Experiment 
Olejnik's World War I example becomes especially illuminating when viewed through the Cognitome. 
Imagine Europe in 1914 as an instrument-able CAS. 
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• Its actants included governments, militaries, alliances, financial institutions, transportation 
networks, communications systems, political movements and individuals. 

• The assassination of Archduke Franz Ferdinand was enormously consequential. 
• But it was not equivalent to the systemic instability itself. 
• The underlying system already contained: 

o strong alliance coupling, 
o compressed decision windows, 
o military mobilization schedules, 
o escalating reciprocal threat perceptions, 
o positive feedback, 
o path-dependent commitments, 
o limited reversibility, 
o and mechanisms through which local disturbances could propagate across the system. 

• In GUDIYA terminology, Sarajevo could be interpreted as a disturbance injected into a system 
with inadequate stability margin. 

• The important engineering question therefore changes from: 
o Could somebody have predicted Sarajevo? 
o to: 
o Could the deteriorating dynamic condition of the larger system have been observed? 

• Those are profoundly different questions. 
 
The Trigger Is Not Necessarily the Cause of Instability 

• This distinction deserves special emphasis. 
• When a dynamically unstable system finally experiences a visible failure, investigators naturally 

focus on the event immediately preceding it. 
• But: 

Trigger ≠ Underlying Instability 
• A disturbance may merely expose instability that already exists. 
• The same principle applies to the Cognitive Field. 
• An API request, erroneous judgment, unexpected model response, human instruction or software 

defect might initiate the observable cascade. 
• Traditional incident analysis may therefore identify that event as the "cause." 
• GUDIYA asks a second question: 

What dynamic condition allowed that disturbance to propagate, amplify and escape its 
original Cognitive Neighborhood? 

• That question belongs to stability engineering. 
 
CES Failure Analysis and CAS Stability Analysis Are Complementary 

• GUDIYA should not discard conventional engineering. 
• It should sit above and alongside it. 

 
CES / conventional engineering CAS / stability engineering 
Identify defects Identify unstable regimes 
Analyze components Analyze interactions 
Trace causal chains Observe evolving trajectories 
Reproduce failures Detect dynamic signatures 
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CES / conventional engineering CAS / stability engineering 
Root-cause analysis System-state analysis 
Static architecture Dynamic interaction topology 
Pre-deployment testing Continuous runtime observation 
Known failure modes Emergent failure modes 
Component boundaries Cognitive Neighborhoods 
Correct the defective element Restore stability margin 
“What broke?” “What became unstable?” 

• Both are necessary. 
• A defective component should still be repaired. 
• A cyber vulnerability should still be patched. 
• A malicious actor should still be stopped. 
• But none of these necessarily answers whether the larger interacting cognitive system is 

dynamically stable. 
 

This Explains the Need for GUDIYA's External Reference 
• CAS behavior creates another difficulty. 
• An actant embedded inside the system sees only part of the system. 
• It may know: 

o its objective, 
o its memory, 
o its inputs, 
o its outputs, 
o its tools, 
o and perhaps its immediate collaborators. 

• But it cannot necessarily determine its motion relative to the larger Cognitive Field. 
• This is analogous to an aircraft entering instrument meteorological conditions. 
• The pilot's local perception becomes insufficient. 
• An external reference becomes essential. 
• GUDIYA's Cognition Coordinate System, Grid telemetry, Rendezvous Management and 

Cognitive Field observability therefore become more than monitoring conveniences. 
• They provide the external reference necessary for determining: 

Actant Motion Relative to the Field 
rather than merely observing an actant's internal state. 

 
Prediction Gives Way to Stability Engineering 

• This is the conceptual transition. 
• CES paradigm 

Predict → Prevent 
• GUDIYA/CAS paradigm 

Observe → Orient → Detect → Stabilize → Contain 
• Prediction remains useful wherever possible. 
• But prediction is no longer a prerequisite for intervention. 
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• If the Grid observes rapidly increasing Cognitive Density within a neighborhood, shrinking 
stability margin, rising recursion, incompatible cognition velocities and abnormal amplification, it 
need not wait until somebody can explain what catastrophe these conditions will ultimately 
produce. 

• It can intervene against the unstable condition itself. 
 
This Is Why GUDIYA Needs Circuit Breakers 

• This also provides a theoretical foundation for GUDIYA's progressively hierarchical circuit-
breaker architecture. 

• If the eventual geometry of an S4 event cannot be predicted beforehand, containment boundaries 
cannot always be permanently predetermined either. 

• The relevant compartment may need to emerge from the current topology of interaction. 
• Hence: 

Cognitive Proximity → Cognitive Neighborhood → Dynamic Compartment
→ Appropriate Circuit Breaker 

• The Grid seeks to arrest instability at the smallest dynamically meaningful geometry. 
• If unsuccessful, containment can escalate hierarchically. 
• Thus GUDIYA need not know beforehand where the catastrophe will occur. 
• It needs sufficient observability to determine where instability is forming now. 

 
From AI Safety to Dynamic Stability 

• This also helps distinguish GUDIYA from much contemporary AI-risk discussion. 
• The question need not be: 

Will superintelligent AI destroy humanity? 
• GUDIYA does not require an answer. 
• Nor must GUDIYA assume that an individual model is malicious, misaligned or defective. 
• A collection of individually well-behaved components can still produce undesirable system-level 

behavior. 
• Therefore: 

 
• That is precisely why model alignment, cybersecurity, guardrails and cognitive stability are 

related but different engineering disciplines. 
• GUDIYA's concern begins where interaction itself becomes a source of dynamic risk. 

 
The End of CES Paradise 

• Traditional software engineering enjoyed something resembling a CES paradise. 
• Software behavior at useful scales was sufficiently deterministic that engineers became 

accustomed to believing that understanding components and interfaces would reveal system 
behavior. 

o AI did not abolish engineered systems. 
o It introduced adaptive cognition into them. 
o Agentic systems then connected those adaptive components together. 
o Persistent state gave them history. 
o Autonomy gave them trajectories. 
o Machine speed compressed time. 
o Rendezvous created coupling. 
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o Recursive interaction created feedback. 
o And eventually: 

CES + Adaptation + Persistence + Coupling + Feedback + 
Machine Speed → HCAS 

• The engineering problem changed. 
• Our engineering philosophy must change with it. 

 
GUDIYA's Answer to CES Helplessness 

• When confronted with emergence, the CES engineer may understandably say: 
o “But I cannot predict what this system will do.” 

• The stability engineer replies: 
o “Then don't make prediction your only instrument of control.” 
o Measure the system. 
o Establish external reference. 
o Observe motion. 
o Measure relative motion. 
o Map Cognitive Neighborhoods. 
o Detect changing dynamic regimes. 
o Maintain stability margins. 
o Control rendezvous. 
o Condition the Cognitive Climate. 
o Compartmentalize instability. 
o And when necessary, trip the appropriate circuit breaker before a local disturbance 

becomes an S4 cascade. 
o This is not abandoning engineering because prediction has failed. 
o It is moving to the branch of engineering created precisely for systems in motion. 

 
GUDIYA Canon Principle 

• The Future Failure Mode May Be Unknowable While the Present Loss of Stability Is Observable 
o Complex Adaptive Systems can generate trajectories whose precise triggers, causal 

sequences and eventual outcomes cannot be reliably predicted beforehand. This does not 
make engineering helpless. It changes the engineering objective. Rather than requiring 
prediction of the final catastrophe, GUDIYA continuously observes the evolving 
dynamics of the Cognitive Field—coupling, gain, delay, recursion, velocity, density, drift, 
persistence, oscillation and stability margin—and intervenes when those dynamics 
approach unstable regimes.  

o When CES meets CAS, prediction does not disappear; it ceases to be the prerequisite for 
control. Stability engineering begins where deterministic prediction reaches its limit. 

 
• The deepest lesson 

o Perhaps the entire chapter can ultimately be compressed into one transition: 
CES: Predict the Failure ⟶ CAS: Instrument the Motion  

o GUDIYA was not born because we know how an S4 collapse will happen. 
o GUDIYA was born because we may not. 

 
 


