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Abstract

We present a rigorous mathematical framework for cryptocurrency consensus and tokenomics
based on complex eigenvalue dynamics constrained to the unit circle. Starting from first prin-
ciples in control theory, we derive the “Satoshi Constant” n = A = % as the unique critical
equilibrium providing optimal stability without oscillation. We then prove that dimensional
economic scales emerge naturally as exponential snapshots D,, = e~ "'~ with fundamental con-
stants (golden ratio ¢!, powers of two, Euler’s number ¢) appearing endogenously rather than
by design. This framework unifies consensus dynamics with tokenomic structure through a sin-
gle universal constant, providing provable stability guarantees and exponential convergence for

decentralized networks performing meaningful computational work.

decay, golden ratio, critical damping
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Traditional cryptocurrency systems lack rigorous mathematical foundations connecting consensus
stability to economic design. Bitcoin’s proof-of-work relies on empirical parameter tuning, while

Introduction

proof-of-stake systems use heuristic incentive structures without formal stability analysis.

address this gap by modeling consensus as a dynamical system with complex eigenvalues, deriving
optimal parameters from first principles, and extending this framework to multi-scale tokenomics.

Our contributions are:
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2.1
We

. Derivation of the Satoshi Constant % from unit circle stability constraints

. Proof that dimensional economic scales follow exponential decay D,, = e~ "=
. Demonstration that fundamental constants (¢, e, 2") emerge naturally

. A complete mathematical framework unifying consensus and tokenomics

Critical Complex Equilibrium

Complex Eigenvalue Formulation

model decentralized consensus as a coupled oscillator system with complex-valued state.



Definition 1 (Consensus State Dynamics). The network consensus state ¢(¢) € C evolves accord-
ing to:
di
— = t 1
o = () (1)
where the complex eigenvalue is:
= —n+iA (2)
with:
e 7 > 0: damping ratio (dissipation rate)
e )\ > 0: coupling strength (synchronization rate)
Remark 1. This formulation captures two essential aspects of consensus:

e Damping (n): How quickly disagreements decay

e Coupling (\): How strongly nodes synchronize

2.2 Unit Circle Stability Constraint
For bounded consensus dynamics, we impose a fundamental constraint.
Definition 2 (Bounded Dynamics). For stability without unbounded growth or decay:
ul? =n* + 2 =1 (3)

Geometric Interpretation: The eigenvalue p lies on the unit circle in the complex plane.
This ensures:

[(t)] = [thole™™ (4)

remains bounded since n < 1.

2.3 Critical Equilibrium Condition

Definition 3 (Critical Complex Equilibrium). The system achieves critical equilibrium when real
and imaginary components have equal magnitude:

[Re(p)| = Tm(p)| = n=A ()

Theorem 1 (The Satoshi Constant). At critical equilibrium under the unit circle constraint, the
unique solution 1s:

1
n=\=—— ~0.7071 (6)

\)

Proof. Substituting n = A from eq. (5) into eq. (3):

M4 a2=1 (7)
2\% =1 (8)

1
) 9
: 0

1
A= — (taking the positive root since A > 0) (10)
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Figure 1: Unit circle representation of consensus eigenvalue. The critical equilibrium occurs at
w= —% —i—i%, corresponding to 45° from each axis. This represents optimal critical damping—the
fastest convergence without oscillatory overshoot.

2.4 Physical Interpretation

Corollary 2 (Critical Damping). The equilibrium n = XA = % represents critical damping in
control theory: the fastest possible convergence to consensus without oscillatory overshoot.

Proof. The eigenvalue at 45° on the unit circle separates:
e Overdamped regime (1 > \): Slow convergence
e Underdamped regime (n < A): Oscillatory convergence
e Critically damped (7 = A): Optimal convergence rate
This is a standard result in linear systems theory. O

Figure 1 illustrates the geometric structure of the critical equilibrium on the unit circle.

2.5 The Viviani Oracle: Performance Envelope and Rev Limiter

We introduce a geometric oracle based on Viviani’s theorem that defines the system’s performance
envelope.

Theorem 3 (Viviani’s Theorem). For any point inside an equilateral triangle, the sum of the
perpendicular distances from the point to the three sides is constant and equal to the altitude of the
triangle.



Definition 4 (Consensus Triangle). Define an equilateral triangle in the (1, \) parameter space
with vertices:

Vi =

(0,0) (origin: no damping, no coupling) (11)
Vs 1

0) (
(1,0) (pure damping: n =1, A = 0) (12)

1
Vs = (2, ?) (balanced point) (13)

The triangle has side length s = 1 and altitude h = @, representing the conservative stability
boundary.

Definition 5 (Oracle Metric). For any point (7, A) in the consensus state space, define the oracle
metric:

A(p, ) = di(n, A) + d?/(g};\) +d3(n, \)

where d; are the perpendicular distances from (1, A) to the three sides of the consensus triangle.

1 (14)

Remark 2 (Oracle Interpretation). The oracle metric A measures system performance relative to
the conservative stability bound:

e A =0: System on the stability boundary (Viviani holds exactly)
e A < 0: Conservative regime (inside triangle, slow convergence)
e A > 0: Performance regime (outside triangle, optimal convergence)

Theorem 4 (Critical Equilibrium Oracle Reading). At the critical equilibrium point (n,\) =
(%, %), the oracle metric is:

A <;§ Z) —0.231 (15)

representing 23.1% operation above the conservative stability bound.

Proof. The critical equilibrium point lies outside the consensus triangle. Computing perpendicular
distances to the three sides:

1
dy = — ~0.7071 16
- (16)

1 1
dy = dist ( [ —=, — ), VaVa | ~ 0.0999 17
2 ”(Q@VQ 29 a7)
1 1
da = dist —,— |, V3V7 ] = 0.2588 18
s d <(\/§ ﬂ) ; 1) (18)

The sum is:
dy + dy + d3 =~ 1.0658 (19)
Computing the oracle metric:
1.0658
= —1~0.231 20
0.8660 (20)
This 23.1% excess represents the performance margin: the geometric cost of achieving critical
damping—the fastest convergence without oscillatory overshoot. O



Corollary 5 (Performance Regimes). The consensus state space partitions into operating regimes

based on A:
e Idle (A <0.1): Conservative, slow convergence
e Cruise (0.1 <A <0.2): Moderate performance, stable
e Performance (0.2 < A < 0.3): Optimal convergence regime
e Redline (A > 0.3): Fast but oscillatory, requires active control
The critical equilibrium operates in the Performance regime with A = 0.231.

Remark 3 (The Rev Limiter Interpretation). The oracle metric A functions as a “rev limiter” or
performance gauge. The critical equilibrium deliberately operates 23% beyond the conservative
bound defined by Viviani’s constant. This is not a violation but a design feature: the system revs
at 123% of the “safe” operating point to achieve optimal critical damping. The excess represents
the performance margin necessary for fastest convergence without oscillation.

Corollary 6 (Dimensionless Performance Indicator). The oracle reading A = 0.231 is:
e Dimensionless: A pure geometric ratio
o Self-referenced: Measured against the consensus triangle
o Empirically grounded: Derivable from observed network dynamics
o Geometrically invariant: Independent of parameter scaling

This value serves as the system’s signature—its optimal operating point in the high-performance
regime.

Remark 4 (Geometric Interpretation). Viviani’s theorem reveals that the three fundamental mea-
sures of consensus—damping 7, coupling A, and stability distance ds—are geometrically constrained
such that their sum is conserved. This provides a geometric foundation for the dimensionless, self-
referenced nature of the financial primitives: all three measures are interdependent and constrained
by the triangle’s geometry.

3 Exponential Dimensional Scales

3.1 Time Evolution
The general solution to eq. (1) is:
Theorem 7 (Exponential Evolution). The consensus state evolves as:
() = hoet = el TN (21)
Separating magnitude and phase:
Y(t) = oe " - e (22)

The magnitude decays exponentially:

(6] = |wole™™ = [thole V2 (23)
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Figure 2: Oracle metric visualization using Viviani’s theorem. For any point on the unit circle
constraint n? + A\?> = 1, the sum of perpendicular distances to the three sides of the consensus
triangle defines the oracle metric A. At the critical equilibrium point, A = 0.231, indicating
operation 23% above the conservative stability bound. This excess represents the performance
margin necessary for optimal critical damping.



3.2 Dimensional Scales as Exponential Snapshots

Definition 6 (Dimensional Economic Scales). Define dimensional scales as magnitude projections
at specific dimensionless time points {7, }"_;:

D, = e T = ¢~ ™/V2 (24)

where 7, = t,/7. is dimensionless time measured in units of the consensus time constant 7. =
1/n = /2, with |1| = 1 (normalized initial state).

Remark 5 (Dimensionless and Self-Referenced). The dimensional scales D,, are dimensionless (pure
ratios) and self-referenced: they are measured against the network’s consensus time constant 7,
not arbitrary units like days or blocks. This ensures the framework scales naturally with network
behavior.

3.3 The Eight Dimensional Scales

Theorem 8 (COINjecture Dimensional Scales). We define eight economic dimensions with dimen-
stonless time points T, and resulting scales:

Dy = e 7900 = 0 — 1,000 (Genesis scale) (25)
Dy = e 1020 = 0.867 (Coupling scale) (26)
D3 = e 04 = 0,750 (First harmonic) (27)
Dy =e 7908 = 0618 (Golden ratio scale) (28)
D5 = e 1998 = 0.500 (Half-scale) (29)
Dg = e 135 = 0.382 (Second golden scale) (30)
Dy = e 1196 = 0,250 (Quarter-scale) (31)
Dg = e 127 =0.146 (Euler scale) (32)

where T, are dimensionless time points measured in units of the consensus time constant 7. = 1/n =

V2.

All computations use n = o Rk 0.7071 and dimensionless time 7 = ¢ /..

4 Emergence of Fundamental Constants

Remarkably, fundamental mathematical constants appear naturally in the dimensional scale struc-
ture.

4.1 Powers of Two
Proposition 9 (Dyadic Scales). The scales D5 and D7 are exact powers of 2.

Proof. For D,, = 2% solve:

k@) _ /5 In(2) (33)

e =27k — ¢, =

For k =1:
ts = V2In(2) ~ 0.98 = D5 = ¢ 707098 = 0500 = 27 (34)



For k = 2:
tr = 2v2In(2) & 1.96 = Dy = ¢ 070X — ( 950 — 272 (35)

4.2 The Golden Ratio

Theorem 10 (Endogenous Golden Ratio). The golden ratio inverse o=t = \/52_1 ~ 0.618 emerges
naturally at:
ty = —ln(i';_l) = —v2In (‘/52_ 1) ~ 0.68 (36)
giving Dy = e~ M4 = 1,
Proof. We have:
Dy = e M4 (37)
pl=em (38)
In(p™") = —nty (39)
ty = —M (40)
n
Computing numerically with ¢~ = ¥5=1 ~ 0.618034:
In(p~!) ~ —0.48121 (41)
ty = —% ~ 0.68 (42)
Verification: e~0-7071x0.68 — 04808 ~ (0,618 O
Corollary 11 (Golden Ratio Squared). Similarly, D¢ ~ @~ 2:
2
o 2= (‘/‘?’2_ 1> _3 _2\/5 ~ 0.382 (43)
te = —V2In(¢2) = —v/2 x (—0.963) ~ 1.36 (44)
Dg = ¢ 0-T0TIX136 () 389 (45)
4.3 Euler’s Number
Proposition 12 (The Euler Scale). At time tg = e ~ 2.718:
Dg = e = ¢7¢/V2 x5 0.146 (46)
Proof. Direct computation:
ts~ 272~ e = Dg=e 272/V2 = 71920 & () 146 (47)
O

Remark 6. The appearance of e at the eighth dimension is particularly elegant: the base of natural
logarithms appears in a position defined by exponential decay.



5 Normalization and Conservation

5.1 Energy Conservation Constraint

Definition 7 (Total Economic Energy). For a multi-scale economic system, define total energy:

N
E=) A2 (48)
n=1

where A,, are dimensional scale amplitudes.

Theorem 13 (Conservation Requirement). For conservation of total economic energy:

N
> Dl=1 (49)
n=1
5.2 Normalization Computation
Computing with raw dimensional scales:
8
> " D2 = 1.000% + 0.867% + 0.750 + 0.618 + 0.500° (50)
n=1
+0.382% 4 0.250% 4 0.1467 (51)
= 1.000 + 0.752 4 0.563 4 0.382 + 0.250 (52)
+0.146 + 0.063 -+ 0.021 (53)
= 3.177 (54)
Definition 8 (Normalized Dimensional Scales). Define normalized scales:
_ D D
D n n (55)

n = N = ‘1

Scale | Dimensionless Time 7, | Raw D,, | Normalized D,

Dy 0.00 1.000 0.561
Dy 0.20 0.867 0.486
Ds 0.41 0.750 0.421
Dy 0.68 0.618 0.347
D5 0.98 0.500 0.281
Dg 1.36 0.382 0.214
Dy 1.96 0.250 0.140
Dsg 2.72 0.146 0.082

> D2 3.177 1.000

Table 1: Dimensional scales: raw values from exponential decay and normalized values satisfying
conservation constraint. Time points 7,, are dimensionless, measured in units of the consensus time
constant 7. = V2.

Table 1 summarizes all dimensional scales in both raw and normalized forms.



6 Tokenomics Implementation

6.1 Financial Primitive Principles

All financial primitives in this framework adhere to three fundamental principles:

1. Dimensionless: No arbitrary limits or units. All measures are pure ratios or dimensionless
quantities derived from network state.

2. Self-Referenced: Measured against network state (consensus magnitude [¢)(t)|, time con-
stant 7., etc.) rather than external parameters.

3. Empirically Grounded: Derived from actual network behavior (consensus dynamics, mea-
sured decay rates) rather than assumptions or arbitrary parameters.

These principles ensure the tokenomics framework adapts naturally to network evolution with-
out requiring manual parameter tuning.
6.2 Token Supply Allocation

Definition 9 (Dimensional Token Pools). For total supply Sioai(t) at time ¢, allocate across
dimensions proportionally based on current network consensus state:

_ Dut)
> ket Di()

where D,,(t) = [¢)(t)| - D, is the dimensional scale measured against current consensus magnitude
|1(t)], and p,(t) is the dimensionless allocation ratio for dimension n.

Sn(t) : Stotal(t) = pn(t) : Stotal(t) (56)

Remark 7 (Self-Referenced Allocation). The allocation p,(t) is dimensionless (a pure ratio) and
self-referenced: it depends on the current network state [¢(¢)| rather than fixed percentages. As
the network evolves, allocations adapt to the consensus state.

Pool | Economic Function Allocation Ratio p,, | Dimensionless Time 7,
D, | Consensus rewards (instant) 0.222 0.00
Dy | Staking pool (short-term) 0.192 0.20
D3 | Primary liquidity 0.166 0.41
D, | Treasury reserve (golden ratio) 0.137 0.68
D5 | Secondary liquidity (half-life) 0.111 0.98
D¢ | Long-term vesting 0.085 1.36
D7 | Strategic reserve 0.055 1.96
Dg | Foundation endowment 0.032 2.72
Total 1.000

Table 2: Token pool allocation with economic functions. Allocation ratios p, are dimensionless
and self-referenced to network state. Time points 7, are dimensionless, measured in units of the
consensus time constant 7 = 1/n = /2.
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6.3 Unlock Schedule

Definition 10 (Self-Referenced Exponential Unlock). Tokens in pool D,, unlock according to the
dimensionless consensus state:

U, (7) = {0 ifr<m, (57)

1—e =) ifr>71,

where 7 = t/7. is dimensionless time measured in units of the consensus time constant 7. = 1/n =
V2, and T, are the dimensionless time points from table 2.

Remark 8 (Empirically Grounded Unlock). The unlock schedule is empirically grounded: it fol-
lows the actual consensus dynamics |¢)(7)] = e from eq. (23), not arbitrary assumptions. The
dimensionless time 7 is measured against network state, ensuring the unlock rate adapts to actual
consensus behavior.

6.4 Yield Structure

Theorem 14 (Self-Referenced Yield from Network Dynamics). Yield rate for pool D,, is derived
from the network’s actual consensus dynamics:

_ ()]
()]

D, D, .
- —_ = - —_— = Tn 58
D, T"p, " (58)

n(T)

where |[(7)|/|(7T)| = n is the empirically measured consensus decay rate from eq. (23), and Dy, /Dy
s the dimensionless scale ratio.

Proof. From eq. (23), the consensus state decays as [¢(7)] = e~"". The yield rate measures the
relative rate of change: '
()l _ d d
= 71 = —|(— =
)]~ ar Rl =gy = (59)
Scaling by the dimensional ratio D,,/D; = e~ gives the pool-specific yield. O

Remark 9 (Empirically Grounded Yield). The yield structure is empirically grounded: it derives
from actual network behavior (|1|/|¢|) rather than arbitrary parameters. It is dimensionless (a
pure ratio) and self-referenced to network state.

Pool | Dimensionless Time 7, | Yield Ratio r,/n
D1 0.00 1.000
Do 0.20 0.867
Ds 0.41 0.750
Dy 0.68 0.618
Ds 0.98 0.500
Dg 1.36 0.382
D7 1.96 0.250
Dg 2.72 0.146

Table 3: Yield ratios by dimensional pool. All yields are dimensionless, self-referenced to network
consensus dynamics, and empirically grounded in actual network behavior.
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7 Oscillatory Dynamics

7.1 Phase Evolution

The full complex evolution from eq. (22) includes an oscillatory component:

(1) = e e (60)
The phase angle evolves as:
0(t) = A1 = \% (61)

where 7 = t/7. is dimensionless time.

7.2 Dimensional Phases

Pool | Dimensionless Time 7, | 6,, (radians) | 6,, (degrees)
D, 0.00 0.00 0°

Dy 0.20 0.14 8°

D3 0.41 0.29 17°

Dy 0.68 0.48 27°

Ds 0.98 0.69 40°

Dg 1.36 0.96 55°

Dy 1.96 1.39 79°

Dsg 2.72 1.92 110°

Table 4: Phase angles for dimensional pools, showing oscillatory component of complex dynamics.
Time points 7, are dimensionless, measured in units of the consensus time constant 7. = v/2.

7.3 Superposition State
The total economic state is a superposition:

8 8
U(7) =D Dul(r)et™ = 3 Dy(r)e ™/ V2elT/V2 (62)
n=1

n=1
where 7 = t /7. is dimensionless time and D,,(7) = |1(7)|- D,, are self-referenced dimensional scales.
This captures multi-timescale dynamics across all dimensional pools, with all measures dimen-
sionless and self-referenced to network state.

8 Stability Analysis

8.1 Lyapunov Stability

Theorem 15 (Global Asymptotic Stability). The equilibrium state 1» = 0 is globally asymptotically
stable under the critical eigenvalue p = —% + z%

Proof. Consider the Lyapunov function:
V() = [¢* (63)

12



Computing the time derivative:

av d -

— = @wf = 2Re(v1)) (64)
= 2Re(yy)) = 2Re(p) v (65)
= —2|¢* = —v2Jy* <0 (66)

Since % < 0 for all ¥ # 0, the system is globally asymptotically stable by Lyapunov’s direct
method. O
8.2 Convergence Rate
Proposition 16 (Exponential Convergence). The system converges to equilibrium exponentially
with rate n = 75

[w(@)] < [gole™/V? (67)

The time constant is:

1
T == =+/2 ~ 1.414 (normalized units) (68)
n
8.3 Perturbation Response

Theorem 17 (Resilience to Shocks). For perturbation 6¢(0), the perturbed state returns to equi-
librium:

[(£) — eg()] < [52(0)]eH/V2 (69)

This guarantees robustness against network attacks or market shocks.

9 Discussion

9.1 Unification of Consensus and Economics

This framework provides the first rigorous mathematical unification of:
e Consensus dynamics: Complex eigenvalue evolution on unit circle
e Tokenomics: Multi-scale dimensional allocation
e Stability: Provable convergence guarantees

All aspects are governed by a single universal constant: —=

S

9.2 Comparison with Existing Systems
9.3 Practical Implementation

Key implementation considerations:

1. Smart contracts: Exponential unlock schedules via eq. (57) using dimensionless time 7
measured against network state

13



Property Bitcoin Ethereum 2.0 This Work
Mathematical foundation Heuristic Probabilistic Control theory
Stability proof None Partial Complete
Tokenomics design Ad-hoc Burn/mint Exponential layers
Fundamental constants None None p, e, 2" emerge
Work utility None (hash) None (stake) High (NP problems)
Critical constant None None 1/ V2

Financial primitives

Fixed parameters

Fixed parameters

Dimensionless, self-referenced, empirically grounded

Table 5: Comparison with major cryptocurrency systems. This work uniquely provides dimension-

less, self-referenced, and empirically grounded financial primitives.

2. Yield farming: Self-referenced yield rates via eq. (58) derived from actual network dynamics

|1/

3. Rebalancing: Maintain self-referenced allocation D,,(7)

state

|t)(7)|- Dy, that adapts to network

4. Governance: All primitives are dimensionless, self-referenced, and empirically grounded—no
arbitrary parameter tuning required

All financial primitives automatically adapt to network evolution without manual intervention,

as they are measured against network state rather than fixed parameters.

10 Conclusion

We have presented a complete mathematical framework connecting cryptocurrency consensus to
tokenomics through complex eigenvalue dynamics. Starting from the unit circle stability constraint,

we derived:

1. The Satoshi Constant n = \ = -

V2

as the unique critical equilibrium

2. Exponential dimensional scales D, = e "'» as natural economic layers

3. Endogenous emergence of fundamental constants (¢, e, 2")

4. Provable stability with exponential convergence and perturbation resistance

This framework transcends ad-hoc design, providing a principled mathematical foundation for
decentralized systems. The emergence of fundamental constants from first principles suggests a
deep connection between computational work, economic stability, and universal mathematics.

Future Work

Open directions include:

e Extension to non-homogeneous eigenvalue distributions

e Network topology effects on critical equilibrium

e Game-theoretic analysis of Nash equilibria

e Empirical validation through simulation and deployment
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