
Perpetual Rank Circulation: A Constructive
Algorithm for Hierarchy Motion

Abstract

Existing circulation frameworks move quantity, but not hierarchy. This paper presents a
constructive algorithm for bounded deterministic systems in which rank itself circulates.
The problem is not simply to move values through a closed loop, but to ensure that no
participant remains permanently high, permanently middle, or permanently low. The
core result is a descending asymmetric transfer schedule rotated through a directed cycle.
The resulting operator conserves total value while causing rank positions to move through
the participants. In the tested examples, the system did not preserve a fixed hierarchy;
instead, hierarchy itself changed position over time. The algorithm is presented as a
constructive solution, not as the only possible solution, and the theorem formalizes the
mechanism in the uniform hierarchy case. Its purpose is to show that perpetual rank
circulation can be generated deterministically in a bounded system.

1 Introduction

The original problem was not how to move values through a system. Closed circulation
is easy to construct. Many systems conserve quantity while moving resources, influence,
or information through a network. The harder problem is preventing hierarchy from
freezing. In most bounded systems, one of three outcomes eventually occurs. The system
converges toward equilibrium, a dominant participant emerges and remains dominant, or
the system settles into a repeating hierarchy where the same participants permanently
occupy the same positions. The experiments described in this paper were designed to
eliminate all three outcomes simultaneously. The key distinction is that a system may
conserve value and still fail to circulate rank. It may move pressure and still leave the
same actor always on top. It may preserve total quantity and still collapse into a static
hierarchy. The objective of this work is therefore not circulation of value, but circulation
of hierarchy.

1.1 Rank Circulation vs. Perpetual Rank Circulation

The term rank circulation refers to any system where hierarchy moves through partic-
ipants. But this is insufficient. A system may circulate rank for ten iterations and then
freeze. It may circulate for a thousand iterations and then stabilize into equilibrium. It
may move positions for a while and then collapse into a repeating pattern where the same
participants permanently occupy the same ranks.

None of these are perpetual rank circulation.
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Perpetual rank circulationmeans hierarchy continues to move forever. The system
must never freeze. It must never converge to equilibrium. It must never settle into a static
ordering where participants permanently occupy fixed ranks. Every participant must
occupy every rank position, and must continue to cycle through all positions indefinitely,
without stopping.

The distinction is not about how many times rank moves. The distinction is about
whether it stops. Any system that stops — whether after one iteration, ten iterations, or
a thousand — is not perpetual.

Anyone can accidentally achieve rank circulation that eventually stops. The discovery
here is that perpetual rank circulation — rank circulation that never stops — can be
constructed deterministically in a bounded system.

2 Why Existing Models Do Not Solve Rank Circu-

lation

Graph circulation guarantees feasible flow under conservation constraints, but it does not
require participants to rotate through rank positions [1]. Round robin rotates order, but
not hierarchy [2]. Weighted round robin rotates service according to fixed weights, but
does not require that participants eventually occupy every rank position [3]. Periodic
orbit theory describes systems that repeat over time, but periodic repetition alone does
not imply that hierarchy changes. A system can be periodic and still preserve the same
ordering forever [4]. The missing feature in all of these approaches is the transitive
movement of rank across participants.

3 The Single-Entity Transfer Model

The first experiment used a single entity containing three lanes:

75 50 25

Each tick:

• High → Middle: 2

• Middle → Low: 1

• Low → High: 0

Result:

75 50 25 → 25 75 50

after twenty-five ticks.
The purpose of this experiment was to determine whether circulation could exist at

all. By reducing the system to a single entity, all external influences were removed. There
were no nations, no economies, no religions, no actions, and no feedback loops beyond
the transfer rule itself. If circulation could not be produced in this environment, there
would be little reason to expect it to emerge in a more complex simulation. [file:44]
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4 The Two-Entity Transfer Model: Showing theWork

Start:
Tick 0

A : 75/50/25

B : 25/50/75

The two-entity model uses two phases.
Phase 1:

A(h) → 2 → B(m)

B(m) → 1 → A(l)

Phase 2:
B(h) → 2 → A(m)

A(m) → 1 → B(l)

Tick 1 Apply Phase 1 to Tick 0.

A(h) 75− 2 = 73

B(m) 50 + 2 = 52

B(m) 52− 1 = 51

A(l) 25 + 1 = 26

Result:
Tick 1

A : 73/50/26

B : 25/51/75

Tick 2 Apply Phase 2 to Tick 1.

B(h) 75− 2 = 73

A(m) 50 + 2 = 52

A(m) 52− 1 = 51

B(l) 25 + 1 = 26

Result:
Tick 2

A : 73/51/26

B : 26/51/73

Tick 3 Apply Phase 1.

A(h) 73− 2 = 71
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B(m) 51 + 2 = 53

B(m) 53− 1 = 52

A(l) 26 + 1 = 27

Result:
Tick 3

A : 71/51/27

B : 26/52/73

Tick 4 Apply Phase 2.

B(h) 73− 2 = 71

A(m) 51 + 2 = 53

A(m) 53− 1 = 52

B(l) 26 + 1 = 27

Result:
Tick 4

A : 71/52/27

B : 27/52/71

After every two ticks, both entities advance one full circulation step.
So the compressed checkpoint view is:
Tick 0

A : 75/50/25

B : 25/50/75

Tick 2

A : 73/51/26

B : 26/51/73

Tick 4

A : 71/52/27

B : 27/52/71

Tick 10

A : 65/55/30

B : 30/55/65

Tick 20
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A : 55/60/35

B : 35/60/55

Tick 30

A : 45/65/40

B : 40/65/45

Tick 40

A : 35/70/45

B : 45/70/35

Tick 50

A : 25/75/50

B : 50/75/25

Result:

A : 75/50/25 → 25/75/50

B : 25/50/75 → 50/75/25

The circulation survives across two entities.

5 The Three-Entity Transfer Model: Showing the

Work

The three-entity system operates as a rotating attack-observe cycle. In each phase, one
entity acts as the attacker, one entity acts as the defender, and the third entity acts as
the observer. The attacker transfers high-rank pressure, the defender transfers middle-
rank pressure, and the observer transfers low-rank pressure. The roles then rotate: A
attacks B while C observes, then B attacks C while A observes, then C attacks A while
B observes. This three-phase cycle repeats indefinitely.

Start:
Tick 0

A : 75/50/25

B : 25/75/50

C : 50/25/75

The three-entity model uses a closed cycle.
Phase 1:

A(h) → 2 → B(m)

B(m) → 1 → C(l)
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C(l) → 0 → A(h)

Phase 2:
B(h) → 2 → C(m)

C(m) → 1 → A(l)

A(l) → 0 → B(h)

Phase 3:
C(h) → 2 → A(m)

A(m) → 1 → B(l)

B(l) → 0 → C(h)

Tick 1 Apply Phase 1.

A(h) 75− 2 = 73

B(m) 75 + 2 = 77

B(m) 77− 1 = 76

C(l) 25 + 1 = 26

C(l) pays 0

Result:
Tick 1

A : 73/50/25

B : 25/76/50

C : 50/26/75

Tick 2 Apply Phase 2.

B(h) 76− 2 = 74

C(m) 50 + 2 = 52

C(m) 52− 1 = 51

A(l) 25 + 1 = 26

A(l) pays 0

Result:
Tick 2

A : 73/50/26

B : 25/74/50

C : 51/26/75
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Tick 3 Apply Phase 3.

C(h) 75− 2 = 73

A(m) 50 + 2 = 52

A(m) 52− 1 = 51

B(l) 25 + 1 = 26

B(l) pays 0

Result:
Tick 3

A : 73/51/26

B : 26/74/50

C : 51/26/73

After one full three-phase cycle:
Tick 0

A : 75/50/25

B : 25/75/50

C : 50/25/75

Tick 3

A : 73/51/26

B : 26/74/50

C : 51/26/73

Continue by repeating Phase 1, Phase 2, Phase 3.
Checkpoint view:
Tick 0

A : 75/50/25

B : 25/75/50

C : 50/25/75

Tick 3

A : 73/51/26

B : 26/74/50

C : 51/26/73

Tick 6
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A : 71/52/27

B : 27/73/50

C : 52/27/71

Tick 15

A : 65/55/30

B : 30/70/50

C : 55/30/65

Tick 30

A : 55/60/35

B : 35/65/50

C : 60/35/55

Tick 45

A : 45/65/40

B : 40/60/50

C : 65/40/45

Tick 60

A : 35/70/45

B : 45/55/50

C : 70/45/35

Tick 75

A : 25/75/50

B : 50/50/50

C : 75/50/25

The three-entity model shows the transfer path moving through a closed network
rather than staying inside one entity or one pair.
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6 The Perpetual Rank Circulation Algorithm

The experiments revealed a common structure. For a system containing N participants,
define the descending transfer schedule:

WN = (N − 1, N − 2, . . . , 1, 0)

Examples:
W3 = (2, 1, 0)

W4 = (3, 2, 1, 0)

W5 = (4, 3, 2, 1, 0)

Let participant i occupy role ri(t) at tick t. The role assignment rotates according to:

ri(t+ 1) = (ri(t) + 1) mod N

The transfer weight assigned to participant i is:

pi(t) = N − 1− ri(t)

Participants are arranged on a directed cycle. The state update is:

xi(t+ 1) = xi(t)− pi(t) + pi−1(t)

where indices are taken modulo N . This operator conserves total value:∑
i

xi(t+ 1) =
∑
i

xi(t)

and ensures that every participant eventually occupies every transfer role. The central
discovery is therefore not ordinary circulation, but a constructive mechanism for circu-
lating hierarchy itself.

7 Properties

The algorithm combines three elements:

• A descending asymmetric transfer schedule.

• A closed directed cycle.

• A rotating assignment of roles.

Removing any one of these components causes the observed circulation behavior to disap-
pear. Equal weights tend toward equilibrium. Fixed roles tend toward hierarchy freezing.
Permanent asymmetry tends toward runaway dominance. Only the combination of asym-
metry, closure, and rotation produced perpetual rank circulation in the tested systems.

8 Empirical Claim

The algorithm was observed to produce perpetual rank circulation in the tested single-
entity, two-entity, and three-entity systems. The theorem provides the formal result for
the uniform hierarchy case. The multi-entity and shared-hierarchy examples illustrate
how the same circulation mechanism extends beyond the base construction. The impor-
tant observation is that hierarchy itself changes position over time.
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9 Applications

Potential applications include:

• Game balance systems.

• Resource distribution networks.

• Organizational role rotation.

• Load balancing and scheduling.

• Economic simulations.

• Social influence models.

• Dynamic entity simulations.

Any system that requires continued motion without hierarchy freezing may benefit from
perpetual rank circulation.

Generalized Perpetual Rank Circulation Operator

The initial experiments used a fixed transfer schedule of:

(2, 1, 0)

This schedule successfully produced perpetual rank circulation for evenly spaced value
sets such as:

(75, 50, 25)

However, further experimentation revealed that fixed transfer schedules do not gen-
eralize to arbitrary value distributions. Unevenly spaced hierarchies require transfer
schedules derived directly from the hierarchy itself.

Let an ordered rank set be defined as:

H > M > L

where H is the highest value, M is the middle value, and L is the lowest value.
Define the hierarchy distances:

dH = H − L

dM = M − L

Next, define the circulation unit:

T = gcd(dH , dM)

The transfer schedule is then generated directly from the hierarchy:

pH =
dH
T
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pM =
dM
T

pL = 0

The resulting schedule is held constant throughout the circulation process.
For example:

(75, 50, 25)

gives:

dH = 50

dM = 25

T = 25

which produces:

(2, 1, 0)

Likewise:

(100, 67, 12)

gives:

dH = 88

dM = 55

T = 11

which produces:

(8, 5, 0)

In the tested hierarchies, repeated application produced the rotation

(H,M,L) → (L,H,M),

suggesting that the hierarchy-derived transfer schedule preserves the same circulation
structure observed in the uniform case.

This result suggests that the fixed schedule observed in the original experiments was
not a special case. Rather, it was a specific instance of a more general hierarchy-derived
transfer operator.
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10 Theorem: Perpetual Rank Circulation for Uni-

form Hierarchies

Let an ordered hierarchy be defined by

H > M > L

and define
dH = H − L, dM = M − L, T = gcd(dH , dM).

Construct the transfer schedule

pH =
H − L

T
, pM =

M − L

T
, pL = 0.

Apply one block of T ticks under the constructive operator, with the rank roles rotated
cyclically.

Then:

1. Total value is conserved.

2. One block of T ticks maps the hierarchy to a cyclic permutation.

3. Repeated application produces perpetual rank circulation.

Proof

Because
T = gcd(H − L,M − L),

both

pH =
H − L

T

and

pM =
M − L

T

are integers. Therefore the transfer schedule is well-defined.
Consider one complete block of T ticks.
The highest rank loses pH each tick. After T ticks,

H − TpH = H − T

(
H − L

T

)
= H − (H − L) = L.

The middle rank gains pH and loses pM each tick. After T ticks,

M + T (pH − pM) = M + T

(
H − L

T
− M − L

T

)
= M + (H −M) = H.

The lowest rank gains pM each tick. After T ticks,

L+ TpM = L+ T

(
M − L

T

)
= L+ (M − L) = M.
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Therefore one complete block transforms the hierarchy as

(H,M,L) → (L,H,M).

Reapplying the same operator to the new ordering gives

(L,H,M) → (M,L,H),

and reapplying once more gives

(M,L,H) → (H,M,L).

Thus the hierarchy follows a cyclic orbit of length three under repeated application of
the operator. Since the orbit is cyclic and bounded, no participant remains permanently
highest, middle, or lowest. Therefore the hierarchy circulates indefinitely under repeated
application of the constructive operator.

□

Multi-Entity Extension

The same construction extends naturally to systems containing multiple entities.
Consider a system of N entities, each containing N traits. Each trait column forms

an independent circulation lane.
For three entities:

A = (100, 67, 12)

B = (12, 100, 67)

C = (67, 12, 100)

Each trait column contains the same ordered hierarchy:

(100, 67, 12)

and therefore generates the same transfer schedule:

(8, 5, 0)

The circulation operator is applied independently to each trait column.
After T = 11 ticks:

A = (12, 100, 67)

B = (67, 12, 100)

C = (100, 67, 12)

Thus, hierarchy circulates simultaneously across all trait columns while preserving the
closed economy of each lane.

This transforms the rank-circulation mechanism from a single hierarchy into a gener-
alized N ×N circulation matrix in which every entity eventually experiences every rank
position for every trait.
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What We Solved

Case 1: Uniform Hierarchy

All participants share the same value set.

• A: 75 50 25

• B: 25 75 50

• C: 50 25 75

Result:

• Perpetual rank circulation achieved.

• Every participant visits every rank.

• No permanent winners.

• No permanent losers.

The uniform hierarchy case is established by the theorem presented in this paper.

Case 2: Uneven Spacing, Shared Hierarchy

The values are not evenly spaced, but every participant still contains the same hierarchy
set.

• A: 100 67 12

• B: 12 100 67

• C: 67 12 100

Result:

• Perpetual rank circulation achieved.

• Using the hierarchy-derived transfer schedule.

• The theorem generalizes.

The Frontier

Case 3: Heterogeneous Hierarchies

Participants contain different value sets.

• A: 75 50 25

• B: 16 32 99

• C: 81 44 43
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Result:

• Perpetual rank circulation not achieved.

• All tested operators eventually collapse hierarchy energy.

• Total value is conserved.

• Hierarchy motion is not.

The Open Problem

The current evidence suggests that: Conservation of total value is insufficient for per-
petual ranked circulation in heterogeneous systems. An additional invariant appears
necessary. The frontier question is: What quantity must be conserved, transferred, or
rotated in order to sustain perpetual ranked circulation across heterogeneous hierarchies?
That is the actual research question. Not: Can rank circulation exist? You already an-
swered that. The answer is yes. The frontier is: What is the missing invariant that allows
heterogeneous systems to exhibit perpetual ranked circulation? That’s the sentence I’d
put near the end of the paper. It clearly states: Solved:

• Uniform hierarchies

• Shared hierarchy sets

Unsolved:

• Heterogeneous hierarchy sets

And that’s a completely respectable place for a paper to stop.

11 Conclusion

The discovery is not simply that circulation is possible. The discovery is that perpetual
rank circulation can be constructed for uniform hierarchies, and appears to extend to
broader classes of shared-hierarchy systems. A descending asymmetric transfer schedule,
combined with a rotating assignment of roles on a closed directed cycle, produces a
bounded deterministic system in which hierarchy itself moves. The result is a system
that avoids equilibrium collapse, avoids permanently fixed winners and losers, and allows
every participant to experience every position in the hierarchy over time. That is the
central contribution of this work. This version keeps the experiments, the algorithm, the
math, and the claim aligned around the single idea: circulating hierarchy rather than
merely circulating value.
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