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117-251-D  WTC System Collapse – A CAS Stability-Engineering 
View 

Dynamic Membership, Implicit Coupling, Perturbation History, and Residual Margin 
 
 
 

Preface — What This Chapter Is, and Is Not 
The World Trade Center disaster is normally investigated as a sequence of structural failures: aircraft 
impacts damaged WTC 1 and WTC 2; impact damage, lost fire protection, and fires eventually led to the 
collapse of both towers; debris from WTC 1 ignited fires in WTC 7 and damaged it; damaged city water 
infrastructure deprived lower WTC 7 floors of sprinkler water; and hours of uncontrolled fires culminated 
in WTC 7's progressive collapse. Those are broadly the mechanisms identified by NIST. (NIST) 
 
This chapter does not propose an alternative collapse theory. 
Instead, it asks a different systems-science question: 

• What can September 11 teach us if WTC-N, WTC-S, Aircraft-1, Aircraft-2, and WTC-7 are 
temporarily treated as members of a time-evolving coupled system rather than as independent 
objects experiencing isolated events? 

• That distinction is essential. 
• Some coupling pathways are established by evidence. Others are physically possible but not 

established as consequential. Still others are abstractions introduced here solely to develop 
GUDIYA's stability-engineering vocabulary. 

• Our purpose is to separate those categories rather than confuse them. 
 
1. Stop Beginning With Five Independent Objects 

• The conventional mental representation is approximately: 
A! → WTC" 
A# → WTC$ 

followed later by: 
WTC" → WTC% 

• This representation is useful for determining direct causation. 
• But stability engineering asks another question: 

 
What was the evolving system? 
o At 8:45 a.m., a simplified local system might contain: 

o 𝒮& = {W",W$,W%} 

o Minutes later that representation becomes inadequate. 
o Aircraft enter. 
o Buildings change state. 
o Fires appear. 
o Debris fields appear. 
o Infrastructure changes. 
o Emergency-response capacity changes. 
o Eventually entire buildings cease being standing structures. 
o Therefore: 

𝒮(t + Δt) ≠ 𝒮(t)  

https://www.nist.gov/world-trade-center-investigation/study-faqs/wtc-7-investigation?utm_source=chatgpt.com
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o The system itself evolves. 
 
2. Aircraft 1 Does Not Merely Deliver a Perturbation 

• At approximately 8:46 a.m., Aircraft 1 strikes the North Tower. 
• NIST concluded that the aircraft impact damaged columns and floors, dislodged fireproofing, 

damaged fire-suppression infrastructure, and dispersed fuel that ignited large multifloor fires. The 
impact alone did not immediately exhaust the tower's ability to remain standing. (NIST) 

• In stability terminology: 
M"(t) > 0 

after the impact. 
• The North Tower therefore survived the initial perturbation. 
• But: 

Survival ≠ Restoration  
• The fact that the building remained standing does not mean: 

M"(t'()*+) = M"(t,*(-+*) 
• Quite the opposite: its condition had fundamentally changed. 
• This distinction—between withstanding a perturbation and retaining the original stability 

margin—is foundational to our exercise. 
 
3. Aircraft 1 Becomes Part of the System 
There is another subtle point. 

• Aircraft 1 isn't merely an external scalar: 
P! 

• It enters the physical system. 
• Its: 

o mass, 
o momentum, 
o kinetic energy, 
o fuel, 
o geometry, 
o materials 

become physically coupled with the North Tower and its environment. 
• The aircraft subsequently ceases to exist as an intact aircraft. But its influence does not disappear. 
• Conceptually: 

A!,'/+0+'() → {Damage, Fuel, Fire, Debris, ChangedStructuralState} 
• The entity has transformed. 
• This is more interesting than saying: 

o Aircraft 1 entered and then left. 
o Its original identity disappears while its consequences become incorporated into the state 

of the surviving system. 
 
4. Then Aircraft 2 Enters 

• At approximately 9:03 a.m., the second aircraft strikes the South Tower. NIST's detailed 
chronology puts the second impact at about 9:02:59 a.m. (NIST Publications) 

• Now another major perturbation has entered an already altered environment. 
• Again: 

https://www.nist.gov/world-trade-center-investigation/study-faqs/wtc-towers-investigation?utm_source=chatgpt.com
https://nvlpubs.nist.gov/nistpubs/Legacy/NCSTAR/ncstar1-9.pdf?utm_source=chatgpt.com
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A# → W$ 
but the larger system has changed: 

𝒮! → 𝒮# 
and the South Tower begins its own margin-consumption trajectory. 

• The crucial systems point is: 
o P2 does not arrive in the system that existed before P1. 
o It arrives into: 

𝒮(t ∣ P!) 
o The system now possesses history. 

 
5. Perturbations Are System Events 
Here we can introduce the central hypothesis of the exercise. 

• For a coupled system containing n actants, perturbation P1can be represented as producing an 
influence vector: 

Δ𝐌1 = K

ΔM!1
ΔM#1
⋮
ΔM21

M 

• Importantly: 
ΔM/1 

need not be equal across actants. 
• It may be: 

o large, 
o small, 
o transient, 
o persistent, 
o indirect, 
o delayed, 
o or effectively zero. 

• Thus a perturbation entering one location can legitimately be treated as a system event without 
claiming that it meaningfully damaged every system member. 

• That distinction is critical. 
 
6. Direct Coupling Is Not the Only Coupling 

• Our earlier analysis initially resisted treating WTC 1, WTC 2 and WTC 7 as coupled because 
there was no obvious structural connection among them. 

• That criterion is too restrictive. 
• Two entities need not touch one another to be coupled. 
• A heavy aircraft illustrates this beautifully. 

o The aircraft changes the surrounding airflow. 
o A following aircraft encounters its wake. 
o Thus: 

A → AirField → B 
o No physical connection exists between A and B. 
o Nevertheless, the coupling can be operationally critical. 
o The shared medium carries the influence. 
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7. The Earth Beneath the Buildings Is Such a Medium 
• WTC 1, WTC 2 and WTC 7 shared a physical medium: 

Earth  
• A disturbance in one structure can generate ground motion that propagates through that medium. 
• Thus the existence of the pathway: 

W" → Ground → W% 
is conceptually straightforward. 

• But scientific discipline requires an immediate qualification. 
o Existence of coupling does not establish consequential coupling. 
o A measured vibration can exist while contributing negligibly to structural degradation. 

 
 
8. Damage Is Not the Same Variable as Stability Margin 

• This distinction became particularly important in our discussion. 
• Suppose an investigation establishes: 

o A perturbation did not produce meaningful observable structural damage. 
o That establishes something about: 

Damage 
o It does not automatically establish: 

ΔM = 0 
for every conceivable stability-relevant margin. 

• These statements must remain distinct: 
PerturbationOccurred  
PerturbationProducedMarginChange  

PerturbationProducedDamage  

PerturbationCausedFailure  
• Each proposition requires progressively different evidence. 
• This distinction is enormously important for GUDIYA. 

 
9. Stability Engineering Is Interested in What Remains 

• Conventional incident reasoning tends naturally toward binary states: 
Working/Failed 

• Stability Engineering asks: 
HowMuchMarginRemains?  

• Suppose: 
M& = 100 

and a perturbation leaves: 
M! = 96 



Stability Engineering – Volume 9 
 

www.manhattanproject20.com 
 

5 

• Nothing fails. 
• Another leaves: 

M# = 88 
• Still nothing fails. 
• Then: 

M3 = 61 
and later: 

M4 = 14 
• Finally a relatively modest perturbation consumes the remaining margin. 
• An investigator looking only at the final event might identify it as the cause. 
• The stability engineer asks: 

o What happened to the preceding 86 units of margin? 
o This is why survival alone is an inadequate stability metric. 

 
10. The South Tower Reaches Its Terminal State 
At approximately 9:59 a.m., WTC 2 collapses. (NIST Publications) 

• For the South Tower: 
M$ → 0 

• But something fascinating now happens from a systems perspective. 
• The South Tower's terminal event is simultaneously: 

S4$  
for the South Tower and: 

P3  
for the surviving environment. 

• Therefore: 
AnActantFailure = TerminalOutcome5-0'5 + NewPerturbation676)*8  

• That is a powerful stability principle. 
 
11. Failure Changes System Membership 

• Before collapse: 
𝒮 = {W",W$,W%, … } 

• Afterward, W$ no longer exists as the same kind of entity. 
• But it does not simply disappear. 
• Instead: 

W$,6)'29/2: → {Debris, Dust, GroundMotion, EnvironmentalChange,  
InfrastructureEffects, … } 

• Thus: 
FailureChangesState + FailureChangesMembership + FailureChangesTopology  

• The post-collapse system is a different system. 
 
12. But We Must Resist a Tempting Conservation Assumption 

• It is tempting to say: 
• There were three buildings absorbing perturbation energy; now there are only two, so the 

remaining two must absorb more. 
• That does not follow universally. 

https://nvlpubs.nist.gov/nistpubs/Legacy/NCSTAR/ncstar1-9.pdf?utm_source=chatgpt.com
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• It would require a physical mechanism by which the three structures shared the relevant load or 
damping function. 

• A more rigorous statement is: 
ActantFailure → TopologyChange → CouplingMatrixChange

→ PossibleChangeInMarginConsumptionRates  

• If: 
C(t;) ≠ C(t<) 

then the surviving actants may experience completely different conditions. 
• Sometimes those conditions are worse. 
• But that must be established through the actual coupling physics. 
• This distinction will matter enormously when the concept is transferred to GUDIYA. 

 
13. The North Tower Then Reaches Its Terminal State 

• At approximately 10:28 a.m., WTC 1 collapses. 
• Again: 

S4" = P4
676)*8 

• The North Tower's failure is simultaneously: 
o the terminal outcome of its own degradation trajectory, 
o a massive change in local environmental state, 
o a source of debris, 
o a source of fires, 
o a source of infrastructure disruption, 
o and another topology-changing event. 

• For WTC 7, this particular transition is supported by strong documented coupling. 
• NIST reports that debris from WTC 1 ignited fires on at least ten floors of WTC 7 and severed 

seven exterior columns in its southwest region. (NIST) 
• Now the coupling is no longer subtle. 

 
14. WTC 7 Reveals Multiple Coupling Channels 

• After WTC 1 collapses, WTC 7 is coupled to the larger event through several channels. 
• Debris coupling 

W" → Debris → W% 
• Fire coupling 

W" → Ignition → W% 
• Infrastructure coupling 

W"/$ → WaterInfrastructureDamage → SprinklerAvailability>% 
o NIST states that damaged city water mains deprived the lower 20 floors of WTC 7 of 

both their primary and backup sprinkler-water source. (NIST) 
o Indeed, NIST concluded that had the city water main remained available, functioning 

sprinklers would likely have prevented WTC 7's collapse. (NIST) 
o That is an exceptionally strong example of implicit coupling through shared 

infrastructure. 
 
15. The Coupling Matrix Is Multichannel 

• We therefore should not represent coupling between two actants using a single scalar. 
• Instead: 

C/? = {C9/+*0), C:+-@29, C'/+, C9*,+/6, C/2(+'6)+@0)@+*, C-A*+')/-2'5, … } 

https://www.nist.gov/world-trade-center-investigation/study-faqs/wtc-7-investigation?utm_source=chatgpt.com
https://www.nist.gov/world-trade-center-investigation/study-faqs/wtc-7-investigation?utm_source=chatgpt.com
https://www.nist.gov/news-events/news/2008/08/nist-wtc-7-investigation-finds-building-fires-caused-collapse?utm_source=chatgpt.com
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• For different pairs of entities, different channels dominate. 
• This produces a much richer systems picture: 

TotalCoupling/? = f(C/?! , C/?#, . . . , C/?2, t)  
• Coupling is: 

o heterogeneous, 
o multichannel, 
o state-dependent, 
o and time-dependent. 

• That is much closer to a Complex Adaptive System than a conventional static architecture 
diagram. 

 
16. WTC 7 Now Enters a Long Degradation Period 

• NIST records WTC 7 as burning for almost seven hours following the North Tower collapse, 
finally collapsing at 5:20:52 p.m. (NIST) 

• This introduces another important systems variable: 
• Different time constants 

o The system did not respond synchronously. 
o One actant failed in less than an hour after impact. 
o Another remained standing substantially longer. 
o WTC 7 remained standing for hours while its condition continued evolving. 
o Thus: 

τ$ ≠ τ" ≠ τ% 
• A coupled system can therefore contain multiple simultaneous degradation clocks. 

 
17. Standing Does Not Mean Recovered 

• At noon, WTC 7 was still standing. 
• That does not mean the morning's system event had ended. 
• In stability terminology: 

M%(t) > 0 
but: 

dM%

dt
< 0 

could still hold. 
• That is enormously important. 
• A system can appear externally intact while: 

StabilityMargin ↓ 
continuously. 

• Therefore: 
NoVisibleFailure ≠ Stable  

• This is one of the most important lessons of the exercise. 
 
18. Perturbation History Matters 

• For WTC 7, we can construct a conceptual—not experimentally quantified—history: 
P! → P# → P3 → P4 → ContinuousFireLoading → S4% 

• But scientific rigor requires us to annotate every arrow. 
o Some effects may have been: 

ΔM ≈ 0 

https://www.nist.gov/world-trade-center-investigation/study-faqs/wtc-7-investigation?utm_source=chatgpt.com
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o Some: 
ΔM > 0 

but transient. 
o Others may have been persistent. 
o And some—particularly the WTC 1 debris/fire and water-supply pathways—are 

supported by NIST as materially consequential. (NIST) 
 

• The chapter's hypothesis is therefore not that all four perturbations materially weakened WTC 7. 
• The hypothesis is that stability analysis should ask whether they did, rather than infer zero effect 

merely because WTC 7 remained standing. 
 
19. A More General Stability Equation 
We can now represent actant i's stability margin as: 

M/(t) = M/(0) − D/(t) −kC/1
1

(t)P1 + R/(t) 

where: 
M/(0)=  initial stability margin 
D/(t)=   internally accumulating degradation 
P1=   external perturbation k 
C/1(t)=   time-varying coupling between perturbation and actant 
R/(t)=   recovery/stabilization capacity. 

 
• But because history matters, an even better formulation is: 

M/(t) = F[M/(0), P!:1, C!:1(t), Topology(t), RecoveryHistory]  
• The present margin depends upon the trajectory. 

 
20. Perturbations Need Not Add Linearly 
This is where the model becomes particularly interesting. 

• We cannot necessarily write: 
Effect = P! + P# + P3 + P4 

because: 
Response(P4 ∣ P!, P#, P3) 

may differ from: 
Response(P4) 

on a pristine system. 
• Therefore: 

Response(P1) = f(CurrentState, History, Topology)  
• This is path dependence. 
• The same disturbance can have different consequences depending upon what the system has 

already experienced. 
 
21. Four Types of Margin Response 
The exercise suggests GUDIYA should distinguish at least four responses to perturbation. 
 
Transient margin displacement 

M& → M& − ΔM → M& 
The system fully recovers. 

https://www.nist.gov/world-trade-center-investigation/study-faqs/wtc-7-investigation?utm_source=chatgpt.com
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Persistent margin consumption 
M& → M& − ΔM 

The system survives but does not return to its previous condition. 
Latent margin consumption 

A changed internal state remains largely invisible until exposed by a subsequent perturbation. 
Compounding margin consumption 

Effect(P# ∣ P!) > Effect(P#) 
because the earlier disturbance changed the system’s susceptibility. 

 
These distinctions belong directly in Cognitive Stability Engineering. 
 
22. Failure Can Be Both Outcome and Input 

• This may be the strongest general systems insight from the exercise: 
Failure/(t) = Outcome/(t) + Perturbation676)*8(t)  

• The failure of an Actant need not terminate its causal significance. 
• Instead it may: 

o alter resources, 
o change topology, 
o introduce new disturbances, 
o activate latent coupling, 
o alter environmental conditions, 
o remove damping or recovery capacity, 
o and change neighboring stability margins. 

• Thus: 
S4/ 

may itself become: 
P1<! 

for the remaining system. 
 
23. The System Has Memory 

• The system at 3 p.m. is not simply: 
System3A8 

• It is: 
System3A8 = f(SystemC:4D, P!, P#, P3, P4,hours of evolution) 

• This is a physical illustration of a much broader principle: 
• A coupled system can retain the consequences of earlier perturbations long after the initiating 

event has ended. 
• For GUDIYA: 

CognitiveLoadHasMemory  
now sits inside a broader systems principle: 

StabilityHasHistory  
 
24. The WTC Exercise Suggests “Stability Has History” 
This deserves canonical status. 
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Stability Has History Principle 
The stability state of an Actant at time 𝑡 cannot necessarily be inferred from its present inputs or 
visible operating condition alone. Previous perturbations, incomplete recovery, altered couplings, 
topology changes and accumulated degradation may determine how much margin remains. 

 
• Therefore: 

M(t) ≠ f(P)) 
alone. 

• Instead: 
M(t) = f(P&:), C&:), R&:), Topology&:))  

• The entire history matters. 
 
25. Now Transfer the Thought Experiment to GUDIYA 

• Imagine: 
𝒞& = {A, B, C} 

• Actant A experiences: 
P! 

but survives. 
• Then D dynamically enters: 

𝒞! = {A, B, C, D} 
• B experiences: 

P# 
• Then B fails: 

S4E 
• But B's failure leaves: 

o altered database state, 
o unfinished objectives, 
o queued messages, 
o missing services, 
o persistent memory, 
o downstream expectations. 

• Therefore: 
B'0)/F* → B*2F/+-28*2)'5;*((*0)6 

• The system membership and topology change. 
• Now: 

C,*(-+* ≠ C'()*+ 
and surviving Actants may experience new stability conditions. 

• This is extraordinarily similar to the abstraction developed from the WTC exercise. 
 
26. A Dead Actant Can Remain Dynamically Alive 

• This connects directly to GUDIYA's Cognitive Dead Drop. (A Cognitive Dead Drop was a 
situation where an Agent found something that it could not use, but saved it at a public message 
board that subsequent Agents could use long after the original Agent died. The “Dead Drop’ name 
originated from Cold War spycraft) 

• An Actant may terminate yet leave: 
State 
Instructions 
Artifacts 
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QueuedWork 
ModifiedEnvironment 
PersistentObjective 

behind. 
• Thus: 

ExecutionTermination ≠ CausalTermination  
• The aircraft ceased being aircraft. 
• The collapsed towers ceased being standing towers. 
• Yet their transformed states continued influencing the system. 
• The same systems principle can apply to synthetic cognition. 

 
27. Dynamic System Membership Principle 
This exercise therefore suggests another canonical GUDIYA principle: 
Dynamic System Membership Principle 

In a Complex Adaptive System, the entities constituting the relevant system need not remain fixed. 
Actants may enter, exit, split, merge, fail, fork or transform into persistent environmental effects. 
Stability analysis must therefore track not only changing Actant states, but changing system 
membership, roles, coupling channels and topology. 

 
Formally: 

𝒞 = 𝒞(t)  
The Cognitive Field has a changing population. 
 
28. Field-Mediated Coupling Principle 
The ground/wake discussion produces another principle: 
Field-Mediated Coupling Principle 

Two Actants need not communicate or share a direct interface to influence one another. When 
both interact with a common field or environment, a disturbance introduced by one may alter the 
conditions experienced by another. 

 
 
For GUDIYA, F could include: 

• shared databases, 
• queues, 
• cloud infrastructure, 
• human attention, 
• market state, 
• Cognitive Climate, 
• resource pools, 
• interaction density, 
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• or the wider Cognitive Field. 
 
Therefore: 

NoDirectInteraction ≠ NoCoupling  
 
29. Coupling Existence and Coupling Significance Must Be Separated 

• This is equally important. 
• GUDIYA must never infer: 

CouplingDetected ⇒ Danger 
• Instead it must estimate: 

CouplingStrength 
CouplingPersistence 
CouplingDelay 
CouplingGain 
CouplingDirection 

and: 
MarginEffect 

• The Earth can couple two buildings while the coupling remains structurally insignificant. 
• Likewise, two AI Actants may share a database while exerting negligible dynamic influence upon 

one another. 
• The existence of a pathway is only the beginning of the analysis. 

 
30. Cognitive Neighborhoods Must Therefore Be Dynamic 

• This exercise reinforces our recent conclusion about S4 containment. 
• A Cognitive Neighborhood cannot simply equal: 

EnterpriseBoundary 
or: 

ApplicationBoundary. 
• Instead: 

Neighborhood/(t) = f(CouplingStrength, Propagation, Influence, 
Proximity, FieldState) 

• When topology changes: 
Neighborhood/(t + Δt) ≠ Neighborhood/(t) 

• The Grid must continually recompute the geometry of relevant interaction. 
 
31. After S4, Do Not Declare the Incident Over 

• This may have an immediate operational consequence for GUDIYA. 
• Suppose one Actant experiences: 

S4G 
• The Grid should not merely quarantine A and close the incident. 
• Instead it should immediately ask: 

o Which Actants were directly or implicitly coupled to A? 
o Which shared fields did A disturb? 
o What persistent state did A leave behind? 
o Which coupling channels have changed? 
o Which Actants lost recovery capacity? 
o Which Cognitive Neighborhoods have been reconfigured? 
o What are their residual stability margins? 
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• Because: 
S4G ≠ EndOfEvent  

• It may instead be: 
S4G = P2*H)  

 
32. This Changes the Meaning of S4 Prevention 

• S4 prevention cannot mean only: 
o Stop the first Actant from failing. 
o Sometimes that may no longer be possible. 

• The second responsibility becomes: 
PreventLocalS4 → SystemicS4  

• Hence GUDIYA's hierarchical circuit-breaker topology becomes even more important. 
• After a local S4: 

Detect → RecomputeTopology → RecomputeNeighborhoods 
→ EstimateResidualMargins → ContainPropagation 

• The Grid protects the survivors. 
 
33. The Deepest Lesson — The System After Failure Is a New System 

• This may be the most important result of the exercise. 
• We often model a failure as: 

System → DamagedSystem 
• But in a CAS the better representation may be: 

SystemG →
I'/5@+*

SystemE  
because membership, topology, environment, available resources, and coupling relationships may 
all change. 

• Therefore the post-failure system cannot safely inherit the stability assumptions of the pre-failure 
system. 

• It requires re-identification. 
• That could become a formal GGOS responsibility: 
• Post-Perturbation System Re-Identification 

o After every sufficiently large perturbation, GUDIYA asks: 
o What system am I stabilizing now? 

• That is a surprisingly profound question. 
 
34. What We Can and Cannot Claim From the WTC Exercise 
For rigor, the conclusions should be separated into three categories. 
 

Proposition Status 
Aircraft impacts caused major structural/fire-system 
changes in WTC 1/2 Established 

WTC 1/2 remained standing for substantial periods 
after impact Established 

WTC 2 and WTC 1 collapses radically changed the 
surrounding physical environment Established 

WTC 1 debris damaged WTC 7 and ignited fires Established 
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Proposition Status 
WTC 1/2 collapses damaged water infrastructure 
needed by lower-floor WTC 7 sprinklers Established by NIST 

WTC 7 experienced almost seven hours of fires 
before collapse Established 

Ground provides a physical disturbance-transmission 
pathway Physical principle 

Every earlier perturbation materially consumed WTC 
7's structural margin Not established 

WTC 2 collapse materially accelerated WTC 1's 
structural degradation Not established 

Fewer standing buildings forced surviving buildings 
to absorb redistributed structural energy 

Not established; generally 
requires a specific load-sharing 
mechanism 

Stability analysis should examine residual margin 
after every perturbation 

Systems-engineering proposition 
developed here 

System membership/topology can change during a 
cascade General systems principle 

A local terminal failure can become a new system 
perturbation General systems principle 

 
This table is important because the value of the thought experiment does not depend upon turning 
hypotheses into historical facts. 
 
35. What WTC Gives GUDIYA 
The WTC thought experiment has now yielded at least six potentially canonical concepts: 
 
1. Stability Has History    Current stability depends upon the trajectory that 

produced the current state. 
2. Survival Does Not Imply Margin Restoration Remaining operational proves only that margin has not 

yet been exhausted. 
3. Dynamic System Membership  The entities comprising the relevant system can change 

during the event. 
4. Field-Mediated Coupling   Actants can influence one another through shared 

environments without direct interaction. 
5. Failure Becomes Perturbation   An Actant's terminal event can become a new 

disturbance for the surviving system. 
6. Post-Perturbation System Re-Identification After sufficiently large disturbances, the stability 

controller must determine what system now exists rather 
than assume the previous topology remains valid. 

 
Together they produce a much richer conception of S4. 
 
36. The New S4 Picture 

• Our original intuitive picture was: 
A → B → C → D → S4 
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• A cascading chain. 
• The richer model is: 

𝒮& + P! → 𝒮!
𝒮! + P# → 𝒮#

𝒮# + S4G → 𝒮3 + P3
𝒮3 + P4 → 𝒮4

⋯

 

• At every transition: 
Membership 

may change, 
Topology 

may change, 
Coupling 

may change, 
Margin 

may change, 
and even: 

SystemDefinition 
may change. 

• An S4 cascade is therefore not necessarily a row of falling dominoes. 
• It may be a sequence of system transformations. 

 
Canonical Insert — The WTC Stability Lesson 
A Perturbation Does Not End When the Perturbation Ends 

In a coupled system, a disturbance may alter stability margins, activate latent coupling pathways, 
modify the environment, change available recovery mechanisms and transform the topology 
experienced by surviving Actants. An Actant may survive the initial perturbation while retaining its 
consequences in its subsequent state. If another Actant later fails, that failure may itself become a 
new perturbation and create an entirely different system for the survivors. 
 
Stability Engineering must therefore track not only failures, but residual margin, perturbation 
history, dynamic membership, evolving coupling and post-failure topology. The central question 
after a major disturbance is not merely “What survived?” It is “What system exists now, and how 
much stability margin does it have left?” 

 
Conclusion — WTC System Collapse 

• The purpose of this exercise was never to replace the structural explanation of September 11. 
• It was to look at the event through another lens. 
• Instead of: 

Aircraft1 → WTC1 
Aircraft2 → WTC2 
WTC1 → WTC7 

we temporarily considered: 
𝒮(t) = {WTC",WTC$, A!, A#,WTC%, Environment, Infrastructure, … }  

whose membership, states, couplings and margins evolved throughout the day. 
 

• That perspective reveals something conventional cause-and-effect diagrams easily hide: 
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• The system experiencing the fourth perturbation was no longer the system that experienced the 
first. 

o Aircraft had entered and transformed. 
o Buildings had degraded. 
o One building had disappeared as a standing Actant and become an environmental 

disturbance. 
o Another subsequently did the same. 
o Infrastructure had changed. 
o Fires had appeared. 
o Coupling pathways had changed. 
o And the remaining system continued evolving for hours. 

• For GUDIYA, that produces perhaps the deepest principle of the chapter: 

 
 
 


