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Objective 

Control rarely exists in isolation.  When competing control profiles inhabit a single entity, 
they produce an ecosystem of adversarial conflict where a field of perturbations will 
render optimization by conventional means impossible.   

Resolution of this conflict requires a shift in perspective, namely the understanding that 
control is not linear but rather orbital.  Like a satellite navigating a multi-body system, a 
controlled state must maintain a calculated proximity to these competing profiles which 
act as functional bodies in a shared gravitational field. 

To navigate this landscape, we assign prioritization values as a proxy for gravitational 
masses to map control’s gravitational field.  We must then identify the profiles concerned, 
their relative masses, and the system’s overall Center of Mass, a point defined by the 
distribution of the underlying profiles’ priorities. The Three-Body Problem acts a 
template for this navigation, allowing us to assess if control is positioned properly. 

The Russian Nesting Doll: the Nodal Ecosystem of Distributed Infrastructure 

The nature of an electro-mechanical system determines its control profile and fortunately 
there are only six profiles into which every known system fits.  Figure 1 illustrates the 
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signatures of each control profile and Table 1 describes their contributions to the 
qualities of a local node, assigned S1 in the Three Body Problem in Figure 3. 

 

Figure 1: Resolving Asynchronous Node Latency in Distributed Energy Infrastructure 

So how is this a matryoshka? The local node (s1) is viewed from the perspective of the 
global node (S2) to be lower hierarchically.  Both nodes are contributors to the aggregate 
disturbance and hence in the aggregate the entire system becomes a Distributed 
Infrastructure control profile, a profile well known in network administration.   

We should be mindful of the likelihood of multiple instances of S1 nodes (the “n-Body 
Problem”) but to keep things simple, Figure 3 only illustrates the Three Body Problem, 
which demonstrates a 1:1 S1 to Ss relationship.  We can expect to see several instances of 
S1 in larger enterprises and those instances of S1 would be  adversarial to one another 
in terms of competing for control resources. 
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Are all matryoshka the same if one set of dolls is distinctly different than another set?  
What if the number or size of the dolls is different from set to set?  The same is true for 
control.  If the composition and prioritization of the underlying profiles is different from 
one entity to another, as a control entity we can expect that it’s Center of Mass will reflect 
the underlying profiles, their relationships and prioritization. 

Control 
Profile Diameter Significance (System Mass) 

Distributed 
Infrastructure 

This is the largest nested circle because it represents the total capacity 
and the container for the global node (S2). 

Monolith 
This large diameter to represents inertial mass. Its relative size implies 
it is difficult to move toward the center. 

Adaptive 
Suite 

A larger diameter here signifies a high degree of AI adoption and 
control valency. It provides the counterweight necessary to pull the 
Monolith toward [0,0]. 

Adversarial 
Suite 

A larger diameter suggests a more robust system capable of handling 
wider S2 disturbances. 

Precision 
Kinetic 

A smaller, denser diameter represents highly focused, high-speed 
mechanical actions. It doesn't need mass so much as sharpness. 

Digital Kite 
Its operational diameter is derived from geometric leverage and 
boundary tension, projecting a precise informational radius rather 
than relying on physical mass. 
Table 1: Contributions of each Control Profile to a Local Node (s1) in the Three Body Problem 

Control’s Center of Mass (CoM) 

Figure 2 illustrates how an entity with one instance of each control profile in its S1 node 
moves the Center of Mass off of the [0,0] coordinates, which represents perfect control of 
S1.  To assert and preserve S1 control authority, r needs to equal 0 for S1 to assert its control 
authority perfectly or in close enough proximity to 0 for S1 to assert its control authority 
effectively.  In this diagram, the radius is 0.027 and this represents a robust but not 
perfect demonstration of S1 control authority.  The very symbol of control’s sovereignty is 
r0.  The radius is calculated as the cubed root of quantity of mass ratio of S2 to S1 
(assigned the variable μ) divided by 3. 

𝑟 =  ඥ𝜇 3⁄
య  

As r grows, it yields diminishing returns. While a nominal radius (r > 0) is still effective, 
any expansion after a certain point beyond the will fail to optimize the local environment.  
As r grows, the infrastructure buffer (Φ) is depleted, local control authority is entirely 
consumed by the kinetic effort of resisting the mass of the Global Node (S2).  Stability is 
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achieved with a dynamic orbit that maintains enough headroom to absorb perturbations 
without succumbing to control depletion. 

 

Per Table 2, for S1 to maintain a safe, sovereign control orbit at r = 0.027, S2 possesses 
roughly 17,000x greater priority (i.e., mass) than S1.   As μ decreases by an order of 
magnitude, control authority as represented by r decreases as well but only at a cubed 
root exponential rate per the above balancing equation, meaning there will always be 
some daylight to express control.  

S2:S1 Ratio μ r Φ = 1 - r 
100:1 0.010000 0.1494 0.8506 

1000:1 0.001000 0.0693 0.9307 

10000:1 0.000100 0.0322 0.9678 

17000:1 0.000059 0.0270 0.9730 

100000:1 0.000010 0.0149 0.9851 

1000000:1 0.000001 0.0069 0.9931 
Table 2: Control Sovereignty Balance Point (r) and S2 Buffers (Φ) per various S2:S1 (μ) ratios 
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Figure 2: Center of Mass for a S1 node 

Each of the six control profiles are represented in Figure 2 to illustrate the adversarial 
relationships within a S1 node, with each profile competing for control resources, pulling 
the aggregate s1 node’s mass off [0,0].  This is true across the entire gradient of the global 
s2 node, an exogenous macro-node—a high-capacity, independent boundary condition 
that establishes the primary systemic gradient without reacting to local feedback.  The 
radius – the distance between [0,0] and the Center of Mass - varies in response to the S2 
gradient. The S2 node is illustrated in Figure 3 as one of the three bodies in the Three 
Body Problem. 
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Control’s Lagrange Points 

Gravity is used as proxy for our understanding control authority in a multi-nodal system.  
The Three Body Problem illustrates the nodal influence on the five general categories of 
positions that control might occupy on a graph.  These are known as Lagrange points, and 
they are points of equilibrium for small-mass objects under the gravitational influence of 
two massive bodies.  Figure 3 illustrates the Three Body Problem and assumes constant 
gravitational acceleration rates for purposes of illustration to establish the fundamental 
stoichiometry of the system, even though the control influence of S1 may be variable or 
conditional.  
 
The Lagrange points are labeled L1 through L5.  L1, L2 and L3 are collinear with the nodal 
bodies – labeled S1 (local node) and S2 (global node) – and are inherently unstable.  L1 is 
interposed between S1 and S2 and represents the interface where S1 and S2 compete 
directly for influence with S2 destined to prevail ultimately, pending the amount of time 
and energy expended to maintain control’s station at this disadvantageous point.  L2 is 
the point where control is depleted and ceases to function as intended and L3 is where 
automation exists: in the stoichiometric shadow of S2.  L3 is an operational ghost, 
influencing the system's equilibrium while remaining invisible to the local sovereignty of 
S1. 
 
However, the Lagrange principles identify the existence of stable non-collinear resonance 
points – labelled L4 and  its twin L5 — whose structural stability remains robust regardless 
of the dynamic fluctuations in control authority exerted by the S1 node, even as the 
boundary limitations of the S2 node are constant.   The two equilateral sides connecting 
L4 and L5 back to S1 represent the vectors of gravitational and centrifugal force and the 
two equilateral sides connecting S2 to L4 and L5 are the actual force gradient projections. 
In aerospace engineering, satellites are positioned easily at L4 and L5 to maintain station 
more and so should it be with control. 
 
As the normalized inertia ratio (the inertia of S2 divided by the inertia of S1) exceeds 10:1, 
the controller's linear operating region – the linear span of the red arrows in Figure 3 – 
compresses to the point of operational instability. At this threshold, the control 
architecture must pivot from collinear L1 saddle point to a non-collinear equilateral 
resonance position (L4 or L5).   This shift decouples the system from the collapsing linear 
corridor, allowing the node to maintain a stable local tracking domain independent of the 
dominant S2 potential field (a distribution of scalar or vector values representing the 
potential influence of a force at every point). 
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In Figure 3’s Local Node Detail inset, we see a modest radius of 0.27 marked with green 
stars on the S1 - L4 and S1 - L5 equilateral sides.  This visualization captures the healthy 
expression of S1 local control authority in balance with the global influence on control of 
S2.  Control optimization is not the pursuit of zero displacement (r=0) but rather the 
pursuit of stable resonance (L4/L5). To force r to zero is to invite the instability of the 
collinear L1 junction so maintaining the optimal r secures the sovereignty of S1. 
 

 

Figure 3: The Three Body Problem 
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Ratio 
(S2:S1) μ L1 L2 L3 L4/L5 

Dynamic 
Range 

(L2 – L1) 

1:1 0.50000 -0.56434 1.06145 -1.52550 0.866 1.62578 

2:1 0.33333 -0.65871 1.19918 -1.43330 0.866 1.85790 

10:1 * 0.09091 -0.82774 1.39327 -1.24136 0.866 2.22101 

50:1 * 0.01961 -1.08223 1.44997 -1.12174 0.866 2.53221 

100:1 * 0.00990 -1.05811 1.45769 -1.08919 0.866 2.51580 

500:1 0.00200 -1.02591 1.46398 -1.04219 0.866 2.48990 

1000:1 0.00100 -0.98180 1.46478 -1.03030 0.866 2.44658 

17000:1 * 0.00006 -1.26432 1.46552 -1.00758 0.866 2.72984 
Table 3: Three Body Model (*  stress tested  in Table 4) 

To stress-test the envelope of this distributed infrastructure, Table 4 introduces a 10% 
exogenous perturbation matrix to the baseline three-body landscape. This mockup 
simulates real-world environmental interference (such as transient thermal loads or noise 
or some sort) acting upon the potential fields. The data reveal that under a 10% 
disturbance threshold, the L2 - L1 dynamic range is increasingly compressed, directly 
demonstrating that local node authority must actively transition from passive resonance 
to adaptive feedback. 

Ratio 
(S2 : S1) Int. μ L1 L2 L3 L4/L5 

Dynamic 
Range 

(L2 – L1) 

10:1 
0.00 0.09091 -0.82774 1.39327 -1.24136 0.866 2.22101 

0.10 0.08257 -0.83590 1.39991 -1.23128 0.866 2.23581 

50:1 
0.00 0.01961 -1.08223 1.44997 -1.12174 0.866 2.53221 

0.10 0.01768 -1.07801 1.45151 -1.11618 0.866 2.52951 

100:1 
0.00 0.00990 -1.05811 1.45769 -1.08919 0.866 2.51580 

0.10 0.00892 -1.05511 1.45848 -1.08501 0.866 2.51359 

17000:1 
0.00 0.00006 -1.26432 1.46552 -1.00758 0.866 2.72984 

0.10 0.00005 -1.25715 1.46553 -1.00720 0.866 2.72268 
Table 4: Three-Body Model under Exogenous Perturbation 
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Effective Control Potential 

Ω(x, y) =  
1 −  𝜇

𝑟ଵ
−  

𝜇

𝑟ଶ
+  

(𝑥ଶ +  𝑦ଶ)

2
 

The Effective Control Potential function – Ω(x, y) – maps the structural dissipation of 
control authority of our control topology, the calculation for which is disassembled and 
labeled in Table 5.  The gravitational terms 1-μ/r1 and μ/r2 represent the pulling 
constraints of the S1 and S2 macro-nodes, while the symmetric expansion (x2 + y2)/2 
captures the systemic overhead generated by the asynchronous momentum of the 
distributed infrastructure.  The third component of this function – (x2 + y2)/2 – 
represents the Centrifugal Potential of the rotating frame. In our control architecture, this 
equates to the systemic overhead—the outward pressure generated by the asynchronous 
momentum of the distributed infrastructure that naturally drives unmanaged nodes away 
from the stable baseline origin. 

Gravitational 
Terms Systemic Overhead Expression of Control 

S1 S2 Centrifugal Potential Radii 
1 −  𝜇

𝑟ଵ
  

𝜇

𝑟ଶ
 (𝑥ଶ −  𝑦ଶ)

2
 𝑟௡ = ට൫𝑥 − 𝑥ௌ೙

൯
ଶ

+ ൫𝑦 − 𝑦ௌ೙
൯

ଶ
 

Table 5: Effective Control Potential Component Calculations 

Effective Control Potential is the propulsion metric that measures the actual ability of S1 
to resist the s2 gradient, orienting control relative to space (r) and time (t).  Establishing 
the Effective Control Potential as a reactant allows for the calculation of an exact, 
balanced ratio of control actions required to perfectly nullify the S2 gradient and restore 
equilibrium (r0). 
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The Stoichiometry of Alignment 

 

Figure 4: Shared Nodal Equity 

We learned from the Three Body Problem that at L1, there is no stoichiometric alignment 
to balance the control authority of S1 and the independent boundary of S2.  At L1, control 
is in a tug of war that S2 will ultimately win since “mass kicks ass”.  Stationing at L1 will 
inevitably increase the probability of control entropy drastically.  S1 is forced into a 
hopeless and futilely aggressive state at an unsustainable metabolic cost while S2 
catalyzes, accelerating the decay of minor tracking errors into total boundary failures.  
However at L4 and L5, the control authority of S1 and the boundary requirement of S2 are 
balanced.  L4 and L5 are close enough in proximity to satisfy the boundary restriction of 
S2 but distant enough  - like the radius of 0.027  in Figure 3 - to preserve the control 
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authority of S1, resulting in a shared nodal equity in the performance of the systems 
concerned. 

Figure 4 illustrates how shared nodal equity might appear when assessing control  
performance at L4 or L5.  In this illustration, S1 flexes it control authority using an H∞ 
model to address spatial boundary stability, acting as failsafe to protect system integrity 
in the event of a worst case control happenstance and preventing the resulting collapse 
from L4 or L5 to L1.  In parallel, S1 also uses a Long Short-Term Memory (LSTM) model to 
handle temporal phase alignment to guide station keeping adjustments at L4 or L5.  The 
two control models work in concert – akin to gross and fine motor skills in neurology – 
to maintain nodal equities in this delicate control détente. 

Consider a relatable scenario: a cyclist climbing a severe grade without the benefit of 
electronic assistance or sufficient mechanical gear reduction must confront. In that 
instance, the S2 node represents the punishing slope, projecting a massive gravitational 
gradient directly rearward. If the cyclist (S1) attempts a direct, linear assault straight up 
the fall line (i.e., trying to control at the L1 position), the instantaneous torque required 
quickly exceeds the physical capacity of the cyclist, compressing operating margin to the 
point of exhaustion. By executing a series of angled switchbacks (controlling at the L4/L5 
positions), the cyclist intentionally increases the spatial path (r) and time elapsed (t). In 
doing so, the cyclist artificially flattens the gradient, avoiding exhaustion of energy (the 
L2 position) and establishing a sustainable, localized equilibrium that preserves forward 
momentum regardless of the harsh verticality. 

The Control Debt Multiplier of Stationing at L1 

The best way to view the value the stationing at L4 or L5 is to understand the penalty 
associated with stationing at L1.  An important fact to understand is that the control radius 
is a function of time.  When the system is undisturbed, it sits at [0,0] where r=0. The 
moment an exogenous event occurs, or a tracking error is introduced, the radius becomes 
greater than 0 and the clock starts ticking. If the controller does not clear that deficit 
instantly, the unstable physics of the L1 interface will begin to pull the system state 
outward toward S2. Therefore, the position along the x-axis (r) in Figure 5 is determined 
by the duration of the unmitigated tracking error: 

𝑟(𝑡) = 𝑓(Δ𝑡) 

The longer r>0, the greater the cumulative Δt becomes and the faster the radius (r) 
expands, pushing the system state across the vertical bands in Error! Reference source 
not found..  However, not all is lost.  Many control algorithms learn in response to a new 
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reality and regain control of the system state and drive r back toward zero.  Time spent in 
error (r>0) can therefore be viewed in terms of a balance sheet or visualized in an Area 
Under the Curve analysis, per Figure 6. 

Control Debt Area Under the Curve Analysis 

 

Figure 5: Comparison of Control Debt by Quadrant 

The stoichiometry of alignment defines the rigid spatial boundaries of the L1 operational 
corridor (the span of the red arrows in Figure 3), but it only represents a snapshot of 
system geometry at a static time t. Control Debt provides the temporal dimension that 
allows us to understand the operational viability of a controller stationed at L1.  Control 
Debt is the cumulative operational deficit incurred when a local node (S1) is unable or 
slow to clear its tracking errors while under the influence of an exogenous gradient (S2), 
whose impact compounds non-linearly over time.  The velocity of Control Debt 
accumulation can be calculated by means of a differential equation: 

𝑑𝐿

𝑑𝑡
= 𝑀(r)  ×  𝐸(𝑡)  ×  𝛼(𝑟)  ×  𝐿(𝑡) 
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Factor Description 
M(r) The Multiplier servicing as a transaction fee 

E(t) 
The raw tracking error (r > 0) introduced by the environmental 
disturbance. This is the principal balance applicable at the start of each 
interval t. 

α(r) 
The accelerating rate of interest – an explicit function of the radius r – 
representing the gravitational pull of S2. 

L(t) The total accumulated Control Debt (Liability) at time t. 
 

The control resource support required to maintain station-keeping along the L1 axis scales 
non-linearly. The four-quadrant control debt curves in Figure 5 map this penalty 
explicitly. These curves demonstrate that control debt is the direct consequence of staying 
in the wrong geometric coordinate for too long. 

Control Debt service is illustrated in Figure 6 in a classic ‘area under the curve’ graph.    
At the fourth interval of time (t=4.0), the upper graph shows the growth of the radius as 
control of S1 loses strength in the face increasingly influence of S2.  This is movement of 
control from the non-colinear L4/L5 position to the collinear L1 position.  The bottom 
graph shows the dimensional areas of control debt: 1.) the penalty of the service of control 
debt when r>0 and 2.) the cost of control recovery.  The two components are additive and 
comprise the entirety of control debt at interval t=4.0. 

Table 6 details the relative contribution of these two control debt components to the 
aggregate for a range of time intervals, from t=2.0 through t=6.0.  As time increases, the 
proportion of the penalty accelerates relative to the aggregate as the proportion of the 
recovery steadily diminishes.  There comes a point when the control resource support is 
devoted almost entirely to servicing the control debt, which is not surprising since Control 
Debt of a non-linear function of time. 

Within any practical control architecture, one must be prepared to accept some time spent 
when r>0 and some control debt registers.  We may find that r=0 is beyond the reach of 
control’s resource support to hold S2 at bay.  In other words, there is a healthy and 
acceptable amount of control debt, provided that control can be re-established while 
minimizing the temporal window (t). 
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Figure 6: Control Debt Service 

 

Intervention 
Point (t) 

Penalty AUC 
(Red) 

Recovery AUC 
(Green) 

Total 
Control 

Debt 

2.0 4.0333 73% 1.4904 27% 5.5237 

3.0 4.3894 61% 2.7670 39% 7.1564 

4.0 6.3218 58% 4.5651 42% 10.8869 

5.0 14.3682 68% 6.8443 32% 21.2125 

6.0 44.2630 83% 9.2357 17% 53.4988 
Table 6: Control Debt Service Comparison by Intervention Point (t) 
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Conclusion 

Ultimately, control stability must be evaluated within a volatile Three-Body Problem 
framework where the nested local S1 node, the exogenous global S2 gradient, and a chaotic 
environment are locked in a continuous struggle for equilibrium.    Mapping systems to 
the foundational principles of orbital mechanics exposes the influence dynamics 
governing distributed control networks.  The local node (S1) shifts its Center of Mass 
relative to the volatile, exogenous gradients of an active S2 presence.  Rather than 
collapsing under the futile defense at the unstable L1 saddle point, a resilient architecture 
leverages its Effective Control Potential as a coordinate compass to execute a strategic 
geometric pivot.  By positioning the feedback loop or the learning feature within the 
passive, self-stabilizing sanctuary of L4/L5 orbits, the system treats Effective Control 
Potential as an operational reactant and the result is stable control.   

The position of the return loop is as important a feature as the existence of the loop itself.   
Using Stoichiometry, the controller balances shared nodal equities to neutralize external 
volatility without triggering catastrophic resource failure.  In this light, Control Debt is 
reframed from an arbitrary metric of performance loss into a predictable, manageable, 
and highly necessary operational ledger—the measurable cost of preserving node 
sovereignty across the inevitable frictions of space (r) and time (t). 


