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Harlequin: Reputation-Weighted Consensus and Governance for a
Voluntary Order

Harlequin Project — pseudonymous authorship; neutral academic register.

Abstract

We present Harlequin, a blockchain protocol in which the right to participate in consensus,
governance, and adjudication derives solely from reputation earned by verifiable acts —
never from capital (proof of stake) or expended computation (proof of work). Reputation is a
four-dimensional quantity (“the four suits”), computed deterministically from a public evidence
record by a damped trust-propagation function, aggregated conservatively (a strong dimension
cannot purchase authority in a weak one), and subject to time decay so that standing must
be continually re-earned. Block authorship and committee/jury membership are assigned by
reputation-weighted cryptographic sortition; finality is provided by a Byzantine-safe gadget
over signed votes; disputes are judged by sortitioned juries with interest-exclusion, and the only
enforced consequence is reputational — the protocol applies no coercive force.

We give the system model, the consensus and justice mechanisms, and a security analysis against
a state-level adversary whose goal is capture, censorship, or de-anonymization rather than direct
theft. Two results are emphasized for their honesty. First, steady-state Sybil resistance is
strong — a Sybil farm without earned evidence obtains ~0% of consensus power (17/17 adversarial



tests). Second, the cold-start window is not unconditionally safe: a competent adversary
present at genesis can capture the bootstrap; we show the security of that window is a race between
honest onboarding and adversary mass, bounded — not eliminated — by non-operator personhood
verification, an automatic ceiling-halt, and onboarding rate, with the residual risk declared. We
report an implementation in Rust (dependency-free cores cross-validated against FRAME pallets)
and a reproducible validation record spanning unit tests and multi-node hardware runs.

1. Introduction

Permissionless consensus protocols bind influence to a scarce resource: hash-rate (proof of work) or
staked capital (proof of stake). Both make influence purchasable, and both tend to concentrate it
where the resource concentrates. Harlequin asks a different question: can a permissionless system
bind influence to earned trust — a quantity that cannot be bought, transferred, or inherited, only
accrued by acts that the community can verify — and remain Sybil-resistant and Byzantine-safe?

The motivation is not merely technical. Harlequin is the substrate of a voluntary order whose
adversary is a state: an actor with the means to run many machines, to wait patiently, to coerce
identified participants, and to censor. The design goals therefore include two that consensus papers
usually omit: pseudonymity that survives traffic and stylometric analysis, and resistance
to a slow, well-behaved infiltrator rather than only a fast, visible attacker.

Contributions. 1. A consensus and governance protocol (Woven-Trust) in which power is a
deterministic, publicly recomputable function of earned evidence, with conservative multi-dimensional
aggregation and decay (§4-§5). 2. A sortition-based justice system with multi-layer interest-exclusion,
including a quantified defense against 2-hop jury collusion (§6). 3. A cold-start security analysis that
frames bootstrap safety as a race and states its irreducible residual honestly (§7). 4. An adversarial
evaluation against a state-level threat model, cross-checked by four independent language models
and by simulation (§8). 5. A dependency-free reference implementation cross-validated against
production FRAME pallets, with a reproducible test-and-hardware ledger (§9).

2. Background and Related Work

Harlequin sits at the intersection of five lines of work; we state what we borrow and where we
depart.

o Permissionless consensus by purchasable scarcity. Proof of work [Nakamoto, 2008]
binds influence to hash-rate, proof of stake to bonded capital; both make influence a commodity
and face grinding and “nothing-at-stake” attacks. Harlequin removes the purchasable resource:
influence derives from non-transferable earned reputation, not from any acquirable asset.

+ Reputation systems. EigenTrust [Kamvar et al., 2003] computes global trust as a fixed
point over a peer-to-peer graph. We depart by (i) computing on-chain over a public evidence
graph (verify-by-recompute, no oracle), (ii) damping per dimension to defeat mutual-vouch
amplification, and (iii) using a four-suit vector aggregated conservatively rather than a single
scalar.

o Sybil defense by social structure. SybilGuard and SybilLimit [Yu et al., 2006; Yu et al.,
2008] bound the Sybil cut from honest social structure; the PGP web of trust [Zimmermann,
1995] propagates key endorsement transitively. Our vouch graph is instead a liability graph



(cascade slashing), per-suit and non-transitive beyond what evidence supports: a mutual-vouch
ring with no evidence gains ~0 (§8, §9).

e Proof of personhood. The cold-start argument rests on uniqueness verification the operator
does not control: pseudonym parties [Ford and Strauss, 2008] and proof-of-personhood [Borge
et al., 2017] are the external personhood gates we appeal to in §7.

o Cryptographic sortition and BFT finality. Algorand [Gilad et al., 2017] selects committees
by verifiable random function [Micali et al., 1999] weighted by stake; we weight by reputation
and key the draw on a commit-reveal beacon. Finality is a Snowball-style sampling round
[Team Rocket, 2019] made Byzantine-safe with signed votes, verified justifications and per-
epoch committee rotation, in the lineage of PBFT [Castro and Liskov, 1999] and Casper
[Buterin and Griffith, 2017]; beacon unbiasability is hardened by a verifiable delay function
[Boneh et al., 2018].

o Proof-of-service compensation. Infrastructure reward follows the Filecoin model [Protocol
Labs, 2017] of paying measured, verified service — here deliberately decoupled from governance
reputation (money != power).

e De-anonymization. The dominant privacy residual is social-graph re-identification
[Narayanan and Shmatikov, 2009]; §8 treats it as an operational, not purely mechanical,
threat.

3. System and Threat Model

Participants act under self-chosen pseudonyms (“masks”); no legal identity is required or recorded.
The ledger is public and append-only; reputation is derived from it by a deterministic function,
so any node can recompute and verify every participant’s standing (“verify-by-recompute”, no
privileged origin).

Adversary. We assume a computationally bounded, state-level adversary that may: (i) run a
large but bounded number of nodes; (ii) act patiently over months, behaving as a model participant
to accrue genuine reputation before defecting; (iii) attempt to grind randomness it influences;
(iv) partition or DDoS nodes it can identify; and (v) correlate on-chain and off-chain data to
de-anonymize participants. The adversary’s aims are capture (of consensus, governance, or justice),
censorship (liveness denial), and de-anonymization — not direct theft, which the ledger’s
integrity already precludes.

Security goals. Safety (no conflicting finalized blocks) and integrity under an adversary controlling
less than a reputation threshold; Sybil resistance in steady state; a bootstrap window whose residual
risk is bounded and declared; and pseudonymity hardened against graph, timing, and stylometric
correlation.

4. Reputation: The Four Suits
Preliminaries and Notation

Let V be the set of pseudonymous participants and S = {commerce, technical, judicial,
governance} the four suits. The public, append-only ledger induces, for each suit s, an evidence-
anchored vouch graph G_s = (V, E_s). For a participant v:



o Per-suit standing r_s(v) in [0,1] is the damped EigenTrust fixed point on G_s, anchored
in objective evidence; the damping factor d in (0,1) bounds the gain of any cycle lacking
external evidence, so r_s -> 0 on a pure mutual-vouch ring.

e Conservative aggregate R(v) = min_{s in S} r_s(v) — the consensus weight.

o Concave aggregate (deployed alternative, §8.5) C_lambda(v) = (1-lambda).min_s
r_s(v) + lambda.median_s r_s(v), with lambda in [0,1] (lambda = O => hard MIN);
deployed lambda = 0.5.

e Decay. Evidence is a leaky integrator across epochs, E_{t+1} = floor(rho.E_t), rho in
(0,1), applied identically to all participants including genesis.

e Sortition. A candidate’s draw weight is proportional to its conservative standing, w(v)
proportional to R(v); the draw is keyed on the commit-reveal beacon seed (§8.3), not on
participant-chosen identifiers.

These symbols are used throughout; the propositions below reference them directly.

Reputation is a vector over four suits (dimensions): commerce, technical contribution, judicial
function, and governance. Each is accrued only from verifiable evidence recorded on-chain.

e Per-suit computation. For each suit, standing is a damped EigenTrust-style fixed point
over the vouch graph restricted to that suit, anchored in objective evidence. Damping defeats
mutual-vouch amplification: rings that vouch each other without external evidence gain ~0
(validated; §9).

e Conservative aggregation. Consensus weight is the minimum across the four suits:
a participant strong in one suit cannot buy authority in another. This is the core anti-
specialization property. (Its dual — that attacking a participant’s weakest suit can collapse
their aggregate — is analyzed as the “MIN weapon” in §8, with a concave-aggregate mitigation
designed and core-validated, §8.5.)

Proposition 1 (Anti-specialization). Under the conservative aggregate R(v) =
min_s r_s(v), if r_{s*}(v) = 0 for any suit s*, then R(v) = 0: authority requires
breadth, not depth in one suit. Under the concave aggregate C_lambda over the four
suits, a one-suit specialist (one suit a > 0, the other three = 0) has median = 0 and min
= 0, hence C_lambda = 0; whereas a broad-honest member with a single suit driven to
zero ([a, b, ¢, 0],a, b, ¢ > 0) retains C_lambda = lambda . median > 0. Proof.
Immediate from the definition of min; and the median of four values is the mean of the
two central order statistics, (x_2 + x_3)/2, which for non-negative values is positive iff
x_3 > 0 —i.e. iff at least two of the four values are positive. The one-suit specialist
[a, 0, 0, 0] hasx_2 = x_3 = 0, hence median 0 and C_lambda = 0; a broad-honest
member [a, b, ¢, 0] (a, b, ¢ > 0) has three positive values, so x_3 > 0 and median
> 0, giving C_lambda = lambda . median > 0. QED (Matches §9.3: a specialist draws
0; a broad-honest member survives a single weak suit.)

e Decay. Evidence ages each epoch as a leaky integrator, E <- floor(rho.E), with a half-life
on the order of years. Standing therefore rises and holds only while work continues, and the
advantage of early participants dilutes over time (anti-entrenchment). The decay applies to
the founder identically.

Proposition 2 (Decay half-life). Ignoring the integer floor, evidence decays as E_t
= rho"t . E_O, with half-life t1/2 = 1n 2 / 1n(1/rho); the floor only accelerates
the approach to zero. A participant that stops contributing loses standing on a fixed
timescale independent of how much it once held, and genesis endowments dilute



at the same rate (anti-entrenchment, Art. VI). Proof. Setting rho"t = 1/2 and taking
logarithms gives t = 1n 2 / 1n(1/rho). QED - Non-transfer. Reputation is not
a possession: it is not bought, sold, or inherited; it is the recomputable reflection of
conduct. A fork that preserves the protocol inherits the shared evidence history and
recomputes every participant’s standing — including any sanctions already issued (no
fork-whitewashing).

5. Woven-Trust Consensus

Authorship by sortition. FEach slot’s eligible authors are selected by reputation-weighted
cryptographic sortition. Weight is the conservative-MIN reputation; the draw is keyed on the
commit-reveal beacon seed (§8.3) rather than on author-supplied data, so the randomness is not
author-grindable, and on each candidate’s committed secret rather than a freely-chosen identifier.

Finality gadget. Block production is finalized by a Byzantine-safe gadget: a Snowball-style
sampling round provides a fast preference, made safe by signed votes (sr25519) and verified
justifications, with the finality committee rotated each epoch and finalization performed by
range so finality keeps pace with production. Under the fraction-of-reputation model, finalization
confidence after beta repetitions is Q1 beta with beta = 12; the superquorum threshold is alpha
= 0.70 (a fraction of committee reputation, not a node count). We could not construct an
erroneous-finalization attack within this model (§8); the exposed surface is committee composition
(sortition/beacon), not the signature check.

Light verification. Because reputation is recomputable from public evidence, light clients verify
standing and finality by recomputation against the evidence record rather than trusting an authority.

(Validation: consensus simulator 11/11 + 13/13; finality gadget multi-node 6/6 + 6/6 + 8/8 on
hardware; §9.)

6. Sortition-Based Justice

Disputes over a fact (committed to by hash; the fact itself stays off-chain, selectively disclosed to
the jury) are judged by a jury drawn by reputation-weighted sortition, freshly for each case
(precedent persuades, it does not bind). The load-bearing property is who is kept off the jury.

Interest-exclusion, in depth. Interest is substantive (Art. IX): a party, anyone vouch-related
to a party, or any explicitly-flagged interested account is excluded. Exclusion is enforced in three
places — at the draw (removed from the candidate pool), at the vote (re-checked, since state can
change), and at the tally (votes from now-interested accounts discarded).

The 2-hop residual. Direct (depth-1) exclusion does not catch a ring woven at distance >= 2.
We analyzed this by Monte-Carlo (network ~ 150, jury 12, guilt = >= 9/12, >= 4 acquittals block;
8-10k trials):

o A no-work Sybil ring at depth-2 is fully contained: sortition weight 0, P(block a verdict)
= 0% up to ring size A = 80 — depth-1 exclusion plus the engine’s community-suspicion
brake remove them.



e A ring of genuinely reputed members loyal to a party is not caught by depth-1 alone
— sortition cannot observe social loyalty. P(block a verdict) without mitigation: A = 10 ->
2%, A = 20 -> 12%, A = 40 -> 44%, A = 80 -> 81%.

A hard depth-2 exclusion drives this to 0% but shrinks the eligible jury pool ~ 35% and opens a
pool-poisoning vector (flagging accounts interested to thin the jury). We therefore down-weight
rather than cut: a depth-2 candidate’s sortition weight is multiplied by a factor (deployed value
10%), which holds P(block) < 1.5% up to A = 80 without removing honest depth-2 jurors or
shrinking the pool. The factor is a runtime parameter. The residual — a sufficiently large, patient
ring of genuinely reputed members — is not eliminated; it is bounded by social cost (assembling
A loyal high-reputation members is expensive and traceable) and surfaced by an accountability
event recording, per case, each seated depth-2 juror, the party it is related to, the distance, and
its post-penalty weight, so cross-case voting patterns are recomputable from events alone (the
verdict-worthy signal is the repeated pattern, which is inherently off-chain).

This mechanism is implemented and validated on hardware (8/8): depth-1 exclusion non-
regressed; the depth-2 penalty applied exactly in fixed-point (penalized weight = base x 10%, exact);
the accountability event well-formed with no spurious entries; and, as a bonus, the underlying
bounded breadth-first relation query also catches the common-sponsor depth-2 case without false
positives (§9).

Remedy without force. A proven verdict’s only automated consequence is a reputational slash in
the relevant suit, cascading a decaying fraction up the vouch chain. The protocol compels nothing
further: the fact is made public, and free people associate or disassociate accordingly.

7. Cold-Start Security

At genesis the total reputation is ~ 0, so any safety threshold expressed as a fraction of total
reputation is vacuous: the first participant to earn anything holds ~ 100% of a tiny total, and
dilution needs time and mass that do not yet exist. The sortition does not secure the bootstrap
window.

We analyzed the window by adversarial simulation over the canonical reputation engine. The central
finding is that cold-start safety is a race between honest onboarding rate and the adversary’s mass
at genesis (K nodes). A competent adversary — one that actually validates, vouches in a ring,
and is founder-vouched — captures the start: maximum adversary consensus-share reaches up to
74% (K = 10), 89% (K = 30), 96% (K = 100) (full range across onboarding rates 68-74% /
86-89% / 95-96%; we cite the worst case, attained under slow onboarding). Starting the founder at
zero reputation does not prevent this; the dominant head-start is mass present at genesis, with
validation opportunity contributing little. The capture window closes only if honest onboarding
outpaces the cabal; the day adversary-share falls below 0.30, by arrival rate:

arrivals K=10 K=30 K =100

1/day day 25 day 66  never
1/2days day 53 day 131 never
1 /5 days day 133 never never

Proposition 3 (Cold-start race; no unconditional mechanical guarantee). Let K



be the adversary’s mass at genesis and h the honest onboarding rate. If the adversary is
static, its consensus-share is sigma(t) = K / (K + h.t), which falls below a threshold
theta only after t > K(1-theta)/(thetah) (for theta = 0.30, t > (7/3).K/h). If
instead the adversary onboards genuine, independently-verified mass at rate >= h, then
sigma(t) /-> 0 and the window never closes by mechanism alone. Corollary.
Bootstrap safety requires an external personhood gate (to bound K) or the ceiling-halt
of §7; the table above is the empirical instance of this bound. QED

We draw three conclusions, stated without optimism:

1. When the cabal matches or exceeds onboarding capacity, the window never closes by
mechanism alone — an automatic ceiling-halt (the chain stops at a height ceiling if
dispersion is not reached) is the only hard backstop, and is therefore not optional.

2. The expiration gate must be a conjunction: leave bootstrap mode only when the largest
independent cluster’s share is below 0.30 and at least M established independents exist.
Counting independents alone would expire the window while a cabal is still dominant.

3. The lever that bounds K is external, ceremonial personhood on entry — and it works
only if the personhood gate is not controlled by whoever operates the bootstrap
(otherwise the operator mints K freely). This is the deepest precondition: the entire cold-start
argument rests on uniqueness verification being non-operator.

Honest residual. There is no pure mechanical guarantee against an adversary that can field
genuine, independently-verified mass equal to honest onboarding. Harlequin therefore treats the
bootstrap as a confident launch (in the manner of early Bitcoin) whose integrity is bounded by
non-operator personhood, the automatic halt, and onboarding rate, with a non-podable transcript
making any abuse auditable — and the residual is declared, not concealed. We consider this candor
a strength of the analysis rather than a weakness of the design.

8. Adversarial Evaluation

We evaluated the design against the §3 threat model, cross-checked by four independent frontier
language models (DeepSeek, Gemini, an external Claude, ChatGPT) tasked to break it, and by
simulation. No reviewer broke a defense that had not already been identified. The most severe
vectors, ranked, with the demonstrated defense or declared residual:

1. De-anonymization of participants (critical). A public reputation/vouch graph is a map
of targets; vouch edges approximate a social graph (Narayanan—Shmatikov re-identification),
timing reveals time-zone and sleep patterns, and prose (verdicts, proposals, vouch justifications)
is continuously fingerprintable. Mitigations (partly future): zero-knowledge vouch attestations
(prove “>= N vouches from members with reputation >= R” without revealing edges),
epoch-bucketed timestamps, private sortition, templated protocol text, and a strict write-once
discipline on any constructed authorial voice. This is the dominant residual and an explicit
architecture direction, not a closed problem.

2. Cold-start capture (high). As §7: bounded, not eliminated; declared.

3. Randomness grinding (high). A block author who influences the sortition seed can grind it;
crucially, grinding does not decay, so it evades anti-entrenchment. Mitigation (implemented):
a dependency-free commit-reveal beacon. Each participant commits H(secret) in epoch e
and reveals in e+1; the seed is a deferred RANDAO-style fold (beacon_seed = H(prev ||



ordered reveals)), and sortition is keyed on the committed secret, not on a freely-chosen
identifier — so an actor cannot grind identifiers after learning the seed, and a second pre-image
would be required to swap a commitment. Whoever does not commit-and-reveal in the epoch
is ineligible, closing the free-rename gap. Validated on hardware for the jury draw (7/7:
commit /reveal /roll /seed, phase separation, no-king roll at the epoch boundary, bad-preimage
rejected); committee/finality selection is wired to the same beacon with a genesis fallback
(no-regression validated on a 5-node run). A VDF over the fold remains a documented later
hardening against the last-revealer residual.

4. Jury collusion at 2 hops (medium-high). No-work Sybil contained (P = 0); reputed-ring
residual bounded by the x10 down-weight + interested-cap + accountability + social cost
(§6), not claimed solved.

5. The MIN as a weapon (medium-high). Because aggregate = min over suits, attacking
a participant’s weakest (public) suit can collapse their whole weight. Mitigation (designed
and core-validated; pallet wiring pending): a concave aggregate that penalizes imbalance
without zeroing on a single blow — implemented as a fixed-point primitive (1-lambda) .min
+ lambda.median (a power-mean is an equivalent family). It reopens the validated anti-
specialization property, so it is gated on re-validation rather than dropped in; that re-validation
has two halves, both checked. Anti-specialization is preserved because the defense lives in
per-suit propagation, not in the aggregation: a Sybil/collusion/specialist holds a genuinely
imbalanced vector (you cannot lend trust in a suit you lack), so its median is ~0 and the
concave aggregate stays ~0 exactly as the MIN did. The weapon is blunted only for a genuinely
broad-honest member: on a profile like [0.90,0.85,0.88,0.92] with one suit driven to ~0, the
hard MIN collapses the whole weight (-100%) while the concave aggregate retains a graded
fraction (~-43%), recoverable when the suit is restored. The exact form (lambda, or the
power-mean exponent) is a parameter. This is implemented (lambda=0.5) and validated
on hardware: wired into the on-chain consensus weight, a one-suit specialist still draws 0
power (anti-specialization intact), while a broad-honest member with one suit driven to 0
retains a graded fraction — a measured -47% vs the hard MIN’s -100%.

6. Vouch-cascade “kamikaze” (medium-high). A sleeper accrues vouches, then defrauds to
cascade-slash its sponsors. Mitigation under design: the cascade strikes only the gains the
sponsor earned from that vouch, plus a probation window, plus a per-incident loss cap.

7. Liveness halt as censorship (medium). Safety-over-liveness means ~ 1/3 of committee
reputation refusing to sign halts the chain; a public committee is pre-targetable. Mitigation
under design: private (Algorand-style) sortition so the committee cannot be pre-targeted, plus
a recovery rule (temporarily lower alpha and freeze reputation after N stalled rounds).

Constitutional robustness. Three findings that reviewers framed as constitutional were absorbed
without amending the sealed charter: governance cannot redefine reputation to admit capital
(already void under the charter’s supremacy and reputation-only clauses — enforced as mechanical
nullity at block validation, with interpretive nullity routed to a sortitioned jury, never adjudicated
by the validator in real time, to avoid a contentious fork); a manifesto-preserving fork inherits
recomputable reputation including issued sanctions (so exit remains a credible backstop without
whitewashing); and the requirement that fraud be deliberate is retained (removing it would punish
honest error), with the proof-of-intent difficulty handled at the justice/objective-breach layer.

Defenses that held. Steady-state Sybil resistance (start-at-zero + verifiable evidence + damped
propagation -> a Sybil farm without real vouches obtains ~ 0% power, 17/17); signed-superquorum
finality (no erroneous-finalization attack within the model); and verify-by-recompute (no hidden
privileged origin).



9. Implementation and Empirical Validation
9.1 Implementation

The reputation and consensus cores are implemented in dependency-free Rust (no_std, fixed-
point arithmetic, no floating point in any consensus path — determinism across nodes), and the
on-chain layer as FRAME pallets that are thin wrappers over those cores. Determinism is
enforced by computing all consensus-relevant quantities in integer/fixed-point; the depth-2 penalty,
for example, is an exact Permill multiply (verified on hardware: a base weight of 166 666 666 under
a 10% factor yields exactly 16 666 666). Bounded-cost guarantees protect on-chain graph queries:
the relation query underlying interest-exclusion is a breadth-first search with a hard hop limit and a
visited-node cap (max 512), so an adversary cannot inflate the vouch graph to make opening a case
expensive.

9.2 Methodology

Each security-critical mechanism is validated on two evidence layers. (1) Mechanism simulation

— a standalone, deterministic, stdlib model of the reputation/sortition engine, used to choose
parameters and to stress regimes too large for a single host (decay-rate A/B/C sweep, founder-
dilution gate, cold-start adversary, 2-hop jury collusion). (2) Iron validation — the actual compiled
node (harlequin-node, x86-64) run as an isolated devnet, exercised over RPC with signed extrinsics
and storage/event reads; this confirms that the deployed runtime, not only the model, behaves as
specified. Every binary is identified by its SHA-256 and verified at three hops (build host ->
relay -> validation host) before execution; no unverified binary is run. For pallet plumbing we drive
blocks with timed manual-seal; for consensus and finality we run the production woven-trust
engine across multiple nodes. An operational finding worth recording: the block time must
exceed the finality round — at a 2 s block time equal to a 2 s finality round the gadget starves
and finality stalls, while at the 6 s production block time it finalizes steadily; this is a configuration
floor, not a defect.

9.3 Results — iron validation

The mechanisms below were validated on the compiled node. Each row names the binary’s SHA-256
prefix so the run is reproducible against a known artifact.

Mechanism Binary (SHA-256) Method Outcome

Reputation decay afbe8e98. .. devnet; inject/age Inactive evidence

(anti-entrenchment) evidence; read evaporates at rho per
snapshots epoch; active

(re-injected) holds.
Dilution = decay +

growth.
Justice: sortition + ddbddbc6. . . open case; check jury  9/9:
interest-exclusion composition + verdict  plaintiff/defendant and

depth-1 voucher of a
party excluded; 2/3
guilty -> slash.



Mechanism

Binary (SHA-256)

Method

Outcome

No-king tallying

2-hop jury collusion
bound (depth-2)

Commit-reveal beacon
(jury seed)

Consensus/finality
committee bound to
beacon

Cold-start launch
(genesis at minimal

seed)

df85528b. ..

ffa39ee8. ..

517214d4. ..

fafb7b6d. ..

a6£d5437. ..

10

remove any
advance_epoch; verify
clock-driven
recompute

seat jury with depth-2
reputable colluders

commit /reveal across
epochs; read storage +
events

5-node woven-trust
devnet; fallback +
populated beacon

5-node launch preset
devnet

Epoch/reputation
recompute by chain
clock alone; no
privileged advance call.
8/8:
Depth2JurorsSeated
event; depth-2
sortition weight
penalized to x0.10
(Permill 100 000)
exactly; depth-1
unaffected; BFS
bounded (512) against
DoS.

/7
commit->Pending-
>roll->Awaiting-
>reveal->Staged-
>roll->Active with
non-zero seed from
reveals; same-epoch
and
preimage-mismatch
reveals rejected
(BadReveal, no
poisoning).

No regression with
empty beacon
(reputation fallback,
committee 34,
threshold 3/4); once
populated, committee
switches to the
deferred seed and
committed keys — a
non-revealing member
is excluded.
Committee seats at
block 0 from the
minimal seed; finality
sustained (no startup
halt); five founders at
20% each (< 1/3), so
the single-entity guard
does not trigger.



Mechanism

Binary (SHA-256)

Method

Outcome

EvidenceOrigin:
objective +
auto-expiring
bootstrap (§4)

Incapacity
adjudication (§6, Art.
I1I)

Concave consensus
aggregate (§8.5,
lambda=0.5)

Cascade-slash cap per
incident (§6, sponsor
liability)

131e0131...

131e0131...

94d631d7. ..

a2dbbabsb. ..

set bootstrap window;
advance past it;
attest/claim by a plain
signed account

open incapacity case;
sortitioned jury; guilty
verdict

seed specialist /
balanced /
one-suit-down profiles;
read the on-chain
aggregate

sponsor vouches a
member who then
self-immolates with an
enormous reported loss

8/8 4+ 6/6: with the
window closed, the
privileged origin no
longer admits evidence,
yet a counterparty
attestation (signed,
non-root) still records
it — admission
becomes objective, not
founder-gated. The
bootstrap key expires
by block.

5/5 (IC-1..5):
capacity presumed (no
flag); adjudicated by
jury, never decreed; a
guilty verdict only
nullifies the attributed
consent — the
subject’s reputation is
unchanged (no slash),
no keys/funds moved,
no guardian.

A one-suit specialist
draws 0
(anti-specialization
intact); a broad-honest
member with one suit
driven to 0 retains a
graded fraction —
measured -47% vs
the hard MIN’s
-100%.

4/4: the sponsored
member loses
everything, but the
sponsor’s loss is
capped at ~50% per
incident regardless
of fraud size (1000
-> 500) — skin in the
game without an
annihilation trigger
that would make
vouching irrational.



Mechanism Binary (SHA-256) Method Outcome

Vouch probation b584b374. .. fresh vs. aged vouch 4/4: a vouch within

window (§6) under the same fraud  the probation window
shields the sponsor
(1000 -> 1000),
blocking an instant
vouch-bomb; an aged
vouch cascades
(capped ~50%).
Default window 0 =
off (no regression).

Token economics: 4fa74c75. .. devnet manual-seal; 4/4: HLQ emits a flat
emission, fee burn, seed per-node service  per-era reward, SOV
anti-Sybil reward cap weights within one era; halves per era

(§10) cross an era boundary; (floor(100/2"era));

read balances/supply  a whale claiming
service weight 1000 is
capped to min(w,
median.k=2)=20
before the split,
taking share 0.5 not
0.98 (no drain);
per-coin hard caps
never exceeded;
minting occurs only at
the era boundary in
on_initialize (no
privileged mint — no
king). Service weight
is decoupled from
reputation (money !=
power).

Simulation and unit layers complement these: the reputation attack suite (Sybil-farm ~ 0% power),
the consensus simulator, the dependency-free cores cross-validated against the FRAME pallets, the
cold-start adversary sweep (§7), and the 2-hop collusion Monte-Carlo (§6) — with exact per-crate
test counts and raw outputs maintained in the project validation ledger.

9.4 Threats to validity

Most iron tests run on a single host with a small validator set; the simulator covers larger N but
assumes sample independence and ideal sortition randomness — the latter being exactly what the
beacon work hardens. The dilution-by-new-entrant path could not be re-exercised under the
launch preset because that preset carries no balances by design (so fee-paying submit_evidence
is rejected); the decay/dilution mechanism is validated independently. Two mechanism-level
requirements for real mainnet that earlier audits flagged are now met and validated (§9.3):
(i) EvidenceOrigin is objective and permissionlessly opened — the privileged bootstrap
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path expires by block and an objective counterparty-attestation path admits evidence without
any privileged origin, so no founder-gated class can define what counts as evidence; and (ii) the
incapacity threshold (Article III) is adjudicated by a sortitioned jury and only nullifies consent (no
slash, no custody), inheriting — but bounding — the depth-2 jury residual (§6). The residual on
(ii) is the same reputed-ring bound as any jury verdict, not a new one.

9.5 Reproducibility

Each result names the binary SHA-256 required to reproduce it; validation scripts (validate_decay . py,
validate_justice.py, validate_justice_depth2.py, validate_epochl9.py, validate_beacon.py,
validate_committee_switch.py, validate_launch.py, plus the devnet harness) and raw run
outputs are archived with the validation ledger. Reproduction is: boot the binary of the stated
SHA-256 on an isolated devnet, install the RPC client, run the named script, and compare against

the archived output.

10. Economic Instruments and Node Compensation

Harlequin’s monetary design follows directly from its first principle — that power is not wealth
(governance weight derives only from reputation, §4) — and from a sealed-charter constraint that
the money be sound and rule-bound: no discretionary issuance, no party deciding by hand
how much currency exists. The design is qualitatively fixed; the numeric schedule is a declared
deployment parameter, not a claim of this paper.

Two instruments. A reserve store of value (SOV) and a daily-use medium of exchange (HLQ)
are separated by function, mirroring a base-layer/payment-layer split. SOV has a fixed cap and a
disinflationary emission with a hard cutoff (no discretionary printing), and is the instrument
for saving and final settlement on L1. HLQ is a high-throughput medium for commerce. Rather than
promise a peg — which would require either an algorithmic supply rule (the Terra/UST death-spiral
family, explicitly rejected) or over-collateralization with price oracles (which reintroduce a trusted,
centralizing point) — Harlequin reinterprets “stable” as liquid and low-friction: value is held in
the scarce reserve and only moved through HLQ, so a user’s exposure to volatility is bounded by a
short holding time rather than by a parity promise. Prices are quoted in a socially-chosen unit of
account and settled in HLQ at the prevailing rate; the protocol fixes neither the unit nor the price.
A collateralized hard-peg layer remains a possible future extension, accepting its oracle cost; the
algorithmic route is permanently excluded. There is no official fiat on-ramp or exchange —
the currency is internal money of use, which both reinforces “no promise of return” and lowers the
system’s regulatory and OPSEC profile (the project is not a custodian or VASP).

Fair launch. Legitimacy requires no premine and no founder allocation. New currency enters
circulation only by paying for work that sustains the network, over a long emission so that late
entrants can still accumulate; early economic concentration matters less here than in capital-weighted
systems precisely because a holder’s wealth confers no governance power.

Two separate rewards — governing vs. keeping the lights on. The load-bearing design
decision is to not tie all reward to reputation. Doing so would fail to grow a global node mesh: an
operator who plugs in a machine on the other side of the world to serve data and history is needed,
yet will have no social reputation. We therefore split two roles cleanly:
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1. Governance — who validates and votes on the network’s state — is drawn by reputation-
weighted sortition (§5), never by capital or machine count (a sealed, untouchable rule). A
high-resource but unreputed node does not enter the committee and cannot rule.

2. Infrastructure — hosting, serving data, retaining history, availability — is proven work,
open to anyone, and pays whether or not the provider has social reputation, but
confers no voting power. This is what lets the mesh grow worldwide without breaching
the reputation-only governance rule.

Infrastructure reward is Sybil-resistant not by reputation but by proof-of-service: payment is for
verifiable work (responding to data challenges, storage/custody proofs, measured uptime, relay), so
a ghost node that serves nothing earns nothing, and running a thousand genuinely-serving nodes
costs a thousand nodes’ worth of real machines, power, and bandwidth — the defense is that the
work costs real resources (Filecoin-style proof-of-service, not capital PoS or burned-energy PoW).

Two reward sources, reconciled with sound money. Compensation draws on (a) transaction
fees paid in HL.Q to the processing node — which issue no new currency and are the natural
long-run support — and (b) a pre-committed, public, disinflationary emission (Bitcoin-style,
decaying to a hard cutoff) that doubles as the fair-launch distribution. Emission is high at bootstrap
(to fund startup and distribute widely) and decays toward zero, so in steady state nodes live on fees
rather than issuance. Because the emission curve is fixed in advance, public, and non-discretionary,
it answers the “who are you to decide how many coins exist?” objection structurally: no one decides;
the rule does.

Open parameters. The cap and emission curves for SOV and HLQ, the unit-of-account convention
(social, not imposed), the L2 mechanism, and the minimum market depth for low-friction reserve<-
>HLQ exchange are deployment choices to be fixed against a public adoption model — not derived
a priori, and not claimed here.

11. Limitations and Open Problems

o De-anonymization is the dominant unresolved risk (§8.1); the ZK-attestation + private-
sortition architecture is designed but not yet implemented.

o Cold-start has a declared, irreducible residual (§7); we make no unconditional safety claim
for the bootstrap window.

o The non-grindable commit-reveal beacon is implemented and validated (§5, §8.3).
The concave aggregate (§8.5) is now implemented (lambda=0.5), wired into the
on-chain consensus weight, and validated on hardware (anti-specialization preserved —
a one-suit specialist draws 0; the one-blow weapon blunted to a measured -47% vs the MIN’s
-100%); lambda remains a tunable dial. The other hardenings (gains-only cascade, private
sortition, a VDF over the beacon fold) are specified but not yet implemented.

e The 2-hop reputed-ring residual is bounded, not eliminated.

o Parameters (decay half-life, M, the ceiling height, jury size, the depth-2 factor) are deployment
choices to be fixed against an expected-adoption model, not derived a priori.

14



12.

Conclusion

Harlequin demonstrates that a permissionless protocol can bind influence to earned, non-
purchasable reputation while remaining Sybil-resistant in steady state and Byzantine-safe
in finality. Its security analysis is deliberately candid: the strong results (steady-state Sybil resis-
tance, signed finality) are stated as proven, and the hard residuals (cold-start capture by a competent
genesis adversary, de-anonymization under a public trust graph, the reputed-ring jury residual)
are stated as bounded-and-declared rather than solved. We argue this honesty is the appropriate
standard for a system whose adversary is a state.
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