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117-257-D  GUDIYA's Version - “Pacing the Frontier” 
Do Not Try to Stop Emergence. Build the Infrastructure to Live Safely With It. 

 
 
 

1. The Frontier Debate May Be Asking the Wrong Question 
• As increasingly capable AI systems become autonomous, persistent, tool-using and interconnected, 

an understandable response has emerged: 
Perhaps we should slow the frontier. 

• The intuition is reasonable. If capability is advancing faster than society's ability to understand its 
consequences, slowing capability development may appear to create time for safety, governance 
and institutions to catch up. 

• GUDIYA approaches the problem differently. 
• It does not begin by asking: 

How fast should AI become more intelligent? 
• It asks: 

How fast can increasingly capable cognition be introduced while the surrounding 
Cognitive Field remains dynamically stable? 

• That difference produces GUDIYA's version of Pacing the Frontier. 
o The frontier should not necessarily be paced according to an arbitrary calendar, model size, 

benchmark score or generalized fear of greater intelligence. 
o It should be paced against the demonstrated capacity of the surrounding stability 

infrastructure. 
 
2. Intelligence Is Not the Only Variable 

• The phrase AI frontier tends to focus attention on model capability. 
• But the emerging machine-speed system contains much more than models. 
• It contains: 

Models + Agents + APIs + Tools + Memory + Humans + Databases + Robots +
Infrastructure + PersistentObjectives + Couplings  

• These elements interact through time. 
• An individually modest model may participate in an extraordinarily complex system when 

thousands or millions of autonomous actants interact. 
• Conversely, a very powerful model operating within a carefully stabilized environment may 

present a fundamentally different systemic condition. 
• Therefore: 

Model Capability ≠ Systemic Instability  
• Model capability can certainly contribute to instability. But it is only one variable within a much 

larger dynamic system. 
 
3. Emergence Changes the Engineering Problem 

• Once Agentic AI creates a Hyper-Complex Adaptive System (HCAS), emergence becomes 
unavoidable in principle. 

o New couplings form. 
o Actants enter and leave. 
o State accumulates. 
o Interactions become path-dependent. 
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o Feedback loops appear. 
o The environment changes. 
o Previously unrelated actants discover one another. 
o System boundaries move. 

• Consequently: 
𝒮(t!) ≠ 𝒮(t") 

• Trying to enumerate every possible future system state becomes increasingly unrealistic. 
• This means that eliminating emergence cannot be the primary engineering strategy. 
• Emergence is not necessarily a defect. 
• It is a property of the system class. 

 
4. GUDIYA Does Not Seek to Put Cognition Back in the Box 

• There is a temptation to respond to unbounded cognition by rebuilding increasingly elaborate 
boxes around it. 

o Restrict the agent. 
o Restrict the tools. 
o Restrict communication. 
o Restrict autonomy. 
o Restrict model capability. 
o Restrict interaction. 

• Such measures may sometimes be entirely appropriate. 
• But they cannot constitute the complete stability architecture. 
• Why? 
• Because once cognition operates within an open HCAS, the effective system boundary itself can 

change. 
• GUDIYA therefore distinguishes between: 

Containment as an intervention  
and: 

Containment as the theory of safety  
• The former is indispensable. 
• The latter is insufficient. 

 
5. The Emergence Accommodation Principle 
GUDIYA therefore proposes an Emergence Accommodation Principle: 
 

In a Hyper-Complex Adaptive System, emergence should not be treated as a defect that can simply 
be engineered away. Because future system membership, couplings and states cannot be 
exhaustively enumerated, the engineering objective shifts from preventing emergence to 
continuously maintaining sufficient dynamic stability margin while emergence occurs. 

 
• This does not mean anything goes. 
• Quite the opposite. 
• It means that stability engineering must become capable of operating while the system changes 

underneath it. 
 
6. From “Slow the Frontier” to “Pace the Frontier” 
This creates an important distinction. 
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• Slow the Frontier asks: 
How can we reduce the rate of AI capability advancement? 

• Pace the Frontier asks: 
How much capability, autonomy, connectivity and cognitive density can the surrounding 
system safely absorb right now? 

• The second question is dynamic. 
• Suppose stability infrastructure improves substantially. 
• The frontier might safely accelerate. 
• Suppose the Grid begins observing rapid stability-margin consumption. 
• The frontier—or a particular portion of it—may need to slow. 
• Therefore GUDIYA does not prescribe: 

FAST 
or: 

SLOW 
• It proposes: 

PACE  
and the pace is determined partly by measured stability conditions. 

 
7. Stability Margin Becomes the Governor 

• Dynamic Stability Margin Consumption Analysis (DSMCA) gives this idea an operational 
foundation. 

• Let: 
M(t) 

represent available stability margin. 
• Let: 

C(t) 
represent margin consumption. 

• And: 
I(t) 

represent stability infused by the Grid. 
• Then: 

dM
dt

= I(t) − C(t)  

• If: 
M(t) ≫ M#$% 

and the Grid has substantial reserve capacity, increased cognitive activity may be tolerable. 
• If: 

Ṁ(t) < 0 
the system is consuming stability reserve. 

• If margin consumption accelerates: 
M̈(t) < 0 

• GUDIYA can progressively intervene. 
• Thus the frontier becomes something that can potentially be dynamically governed rather than 

politically assigned a single speed. 
 
8. Pacing Can Occur at Multiple Scales 

• There need not be one global AI accelerator pedal. 
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• One Cognitive Zone might possess abundant stability margin. 
• Another might be experiencing unusual cognitive density. 
• One Intent Group might be operating comfortably inside its Cognitive Envelope. 
• Another might be approaching a stability boundary. 
• One actant might require throttling. 
• Another can continue normally. 
• Therefore: 

Pace = f(Actant, Intent Group
, Zone, CEE, Field, Time)

 

• This is a much richer concept than globally deciding that AI development should be either 
accelerated or slowed. 

• Pacing can be local, temporary and dynamically reversible. 
 
9. The SPU Mesh Makes Pacing Observable 

• This is where the Stability Processing Unit architecture becomes important. 
• Millions of SPUs maintain Dynamic Stability Ledgers across the Grid. 
• Each SPU observes local margin consumption and restoration. 
• The SPU mesh collectively provides GUDIYA with a distributed sensing infrastructure: 

SPU" ↔ SPU& ↔. . .↔ SPU% 
• The Grid can therefore observe something individual models, developers and enterprises cannot 

necessarily see: 
o The changing stability condition of the Cognitive Field itself. 
o Pacing can consequently respond not merely to hypothetical risk but to observed dynamic 

conditions. 
 
10. The Air-TraYic Analogy 
Aviation provides a useful analogy. 

• Aviation did not respond to increasingly capable aircraft by concluding: 
• Aircraft are becoming too powerful. Stop building faster airplanes. 
• Instead, society simultaneously developed: 

o air-traffic control, 
o navigation standards, 
o separation rules, 
o instrumentation, 
o weather observation, 
o pilot ratings, 
o flight envelopes, 
o certification, 
o collision avoidance, 
o emergency procedures, 
o and increasingly sophisticated aircraft control systems. 

 
And sometimes ATC says:  Hold. 
Sometimes:    Reduce speed. 
Sometimes:    Climb. 
Sometimes:    Proceed as cleared. 
And sometimes:    Do not enter this airspace. 
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• That is pacing. 
• The objective is not maximum movement. 
• Nor is it minimum movement. 
• It is: 

Maximum useful activity consistent with acceptable system stability.  
• GUDIYA proposes an analogous philosophy for cognition. 

 
11. Slowing Remains a GUDIYA Control Action 

• GUDIYA is therefore not philosophically opposed to slowing AI. 
• Under certain conditions, slowing may be exactly the correct response. 
• The distinction is that slowing becomes one instrument in an escalation ladder: 

Observe → Guide → Damp → Throttle → Separate → Quarantine → SCRAM 
• The Grid might  

o slow cognition velocity. 
o Delay a rendezvous. 
o Reduce concurrency. 
o Break recursion. 
o Limit an Intent Group. 
o Isolate an actant. 
o Or, under extreme conditions, stop activity entirely. 

• But these actions occur because the dynamic stability condition requires them, not because 
emergence itself is considered unacceptable. 

 
12. Guardrails and Stability Engineering Answer DiYerent Questions 

• Guardrails remain important. 
• They ask: 

What should an actant be prohibited from doing? 
• Cybersecurity asks: 

Who is authorized, and who is attacking? 
• Alignment asks: 

Does the system's behavior remain consistent with intended objectives and values? 
• GUDIYA asks another question: 

Whatever these actants do next, can the resulting coupled system remain dynamically 
stable? 

 
• These are complementary disciplines. 
• None eliminates the need for the others. 

 
13. GUDIYA Does Not Need to Predict Every Emergent Outcome 

• This may be the crucial difference. 
• Suppose a newly formed group of actants begins behaving in a manner nobody predicted. 
• GUDIYA may not immediately know what the emergent behavior ultimately becomes. 
• But DSMCA observes: 

M(t) ↓ 
then: 

∣ Ṁ(t) ∣↑ 
and perhaps eventually: 
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M(t) → M#$% 
• The Grid can intervene before knowing the precise eventual failure mode. 
• Therefore: 

o GUDIYA does not have to predict emergence in order to manage emergence. 
o It needs sufficiently early detection of the trajectory toward instability. 

• This converts an apparently impossible prediction problem (“Olejnik’s problem”) into a 
potentially tractable dynamic-control problem. 

 
14. The Shepherd Does Not Stop the Sheep 

• Consider GUDIYA's shepherd metaphor. 
• A shepherd managing a thousand sheep does not prescribe the precise trajectory of every animal. 
• At one moment: 

Sheep$ → Behavior' 
• At another: 

Sheep$ → Behavior( 
• Local behavior remains adaptive and partially unpredictable. 
• Yet the shepherd maintains higher-order invariants: 

o the flock remains coherent, 
o dangerous divergence is corrected, 
o environmental hazards are avoided, 
o vulnerable members remain protected, 
o and the flock reaches its destination. 

• The shepherd permits local emergence while managing global stability. 
• That is GUDIYA's aspiration for machine-speed cognition. 

 
15. Stability Infrastructure Must Pace Capability Infrastructure 

• The AI world is investing enormous resources into increasing: 
Capability 

• GUDIYA argues that civilization must simultaneously increase: 
Stabilization Capacity 

• This suggests a simple relationship: 
Safe Cognitive Expansion ∝ Available Stability Capacity  

• The question therefore should not merely be: 
How powerful are the models becoming? 

• It should increasingly become: 
Does our stability infrastructure possess sufficient capacity to absorb the cognitive 
activity those models will unleash? 

• This reframes the frontier debate. 
 
16. GUDIYA's Version of Pacing the Frontier 

• GUDIYA therefore proposes neither unconditional acceleration nor unconditional deceleration. 
• It proposes something more engineering-oriented: 

o Expand cognition at the rate at which society can observe, absorb and dynamically 
stabilize the resulting Cognitive Field. 

o When stability capacity grows, the frontier can advance. 
o When stability margin becomes stressed, activity can be throttled. 
o When new instability mechanisms appear, stabilization infrastructure must catch up. 
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o When sufficient margin returns, restrictions can be relaxed. 
o Thus: 

Capability Velocity ↔ Stabilization Capacity  
• The two must evolve together. 

 
17. From Precaution to Dynamic Governance 

• Precaution remains necessary where consequences could be catastrophic or irreversible. 
• But precaution alone cannot operate a civilization filled with billions of intelligent actants. 
• Eventually society will require an operational discipline capable of saying: 

o The system is changing. 
o Emergence is occurring. 
o We cannot enumerate everything that will happen next. 
o But we can observe its dynamics. 
o We can measure the consumption of stability margin. 
o We can intervene. 
o We can measure whether the intervention worked. 
o And we can continuously adjust the pace. 

• That is the transition from fear of emergence to engineering for emergence. 
 
18. The GUDIYA Principle 
The entire chapter can therefore be condensed into one proposition: 
 
GUDIYA's Pacing the Frontier Principle 
 

The pace of AI expansion should not be governed solely by the rate at which new cognitive 
capability can be created. It should increasingly be governed by the rate at which the surrounding 
Cognitive Field can safely absorb and dynamically stabilize that capability. Emergence need not 
be eliminated; it must be instrumented, bounded by acceptable stability conditions, and 
continuously managed. 

 
Or even more simply: 

Do not pace intelligence by fear 
Pace cognition by our demonstrated ability to stabilize it 

That is GUDIYA's version of “Pacing the Frontier.” 
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