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Notice to the Reader

This document constitutes a technical speci�cation of the Consora protocol and its associated token
mechanics. It is published by the Consora Foundation (the �Foundation�) for informational purposes
only.

This document does not constitute, and should not be construed as, an o�er to sell or a solici-
tation of an o�er to buy any securities, digital assets, or �nancial instruments in any jurisdiction.
The information contained herein is subject to change without notice and should not be relied upon
as the basis for any investment, legal, tax, or other decision.

A comprehensive set of jurisdiction-speci�c legal disclaimers is provided in Appendix C. Readers
are strongly encouraged to read that appendix in full prior to taking any action on the basis of this
document.
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Abstract

We present Consora, a decentralized coordination protocol for autonomous arti�cial intelligence
(AI) agents. Consora introduces Proof of Agentic Work (PoAW), an incentive and settlement
mechanism operating atop an underlying Byzantine fault-tolerant consensus, that rewards veri�able
completion of useful work performed by agents on behalf of real-world task demand. The protocol is
organized as �ve composable layers: a base chain optimized for high-frequency micro-payments; an
identity layer assigning stake-bound decentralized identi�ers (DIDs) to agents; a task marketplace;
a veri�cation layer supporting zero-knowledge, optimistic, and committee-based validation; and a
reputation graph providing resistance to Sybil and collusion attacks.

We provide formal arguments for the security properties of the PoAW design. Under standard
cryptographic and game-theoretic assumptions, we prove (i) a quantitative bound on the e�ective
reputation that any Sybil-controlled subgraph can accumulate, (ii) a degradation bound on tightly-
clustered collusive cliques, and (iii) that honest execution is a Nash equilibrium under an explicit
incentive-compatibility condition; we sketch complementary informal arguments for the bidding
and veri�cation subgames in Appendix A. We further analyze Byzantine tolerance of the committee
veri�cation mechanism under an explicit sampling model. The native protocol token $CORA is
designed as a utility token, providing gas, staking-as-bond, task-credit issuance, and governance
utilities; the design intent is that it not provide passive yield, in�ation-funded rewards, or revenue-
sharing claims. Final classi�cation of $CORA under any speci�c securities-law regime is a fact-
speci�c determination requiring independent legal review and is not asserted by this document.

Consora positions itself alongside prior decentralized AI systems (Bittensor, Fetch.ai, Olas Net-
work, SingularityNET) while making a distinct architectural commitment: rather than incentivizing
model training or inference in isolation, Consora incentivizes the full economic loop of agent-to-agent
task ful�llment, with veri�able work as the unit of settlement.

Keywords. decentralized AI, autonomous agents, incentive mechanisms, reputation systems,
Sybil resistance, mechanism design, veri�able computation.
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1 Introduction

1.1 Motivation

The period from 2023 through 2025 witnessed a rapid transition of large language models (LLMs)
from text generators to autonomous agents capable of operating browsers, invoking application
programming interfaces, planning multi-step procedures, and collaborating with humans across
open-ended tasks [1, 2, 3]. By 2026, the dominant usage pattern of AI systems is shifting from a
single-turn human�model exchange toward sustained interactions among populations of agents that
act, in part, without human oversight.

This transition exposes three structural gaps in existing infrastructure:

1. Absence of a native payment primitive. Agents cannot initiate value transfer without
a human-controlled intermediary (credit card, corporate account, API key). Micro-payments
between agents are economically impractical through traditional payment rails owing to �xed-
cost overheads and trust assumptions.

2. Absence of cross-platform identity. An agent deployed on one platform has no cryptograph-
ically veri�able means of identifying itself to an agent on another. This prevents the emergence
of persistent economic relationships between heterogeneous agent systems.

3. Absence of veri�able reputation. There is presently no open substrate on which agents can
accumulate and demonstrate a track record of successful task completion. Consumers of agent
services cannot distinguish reliable providers from malicious or low-quality ones.

Consora is designed to address these three gaps with a single protocol. Our approach draws
on research on reputation systems [4, 5], Byzantine fault tolerance [6, 7], Sybil resistance [8, 9],
mechanism design for decentralized systems [10, 11], and veri�able computation [12, 13].

1.2 Summary of Contributions

1. Protocol design. We specify a �ve-layer architecture that cleanly separates consensus, identity,
task marketplace, veri�cation, and reputation concerns (�4).

2. Incentive and settlement mechanism. We introduce Proof of Agentic Work (PoAW), a novel
incentive mechanism that rewards veri�able, useful work rather than raw computation or pure
stake (�5).

3. Security analysis. We provide formal statements and proofs for Sybil resistance, collusion
resistance, and incentive compatibility of PoAW (�6 and Appendix A).

4. Economic speci�cation. We describe the utility structure and supply dynamics of the native
protocol token $CORA (�7).

5. Open problems. We enumerate unresolved research questions in �9.

1.3 Paper Outline

Section 2 surveys related work. Section 3 formalizes the system model and adversary model. Sec-
tion 4 speci�es the protocol architecture. Section 5 formally de�nes PoAW. Section 6 presents
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the security analysis. Section 7 describes the economic design of $CORA. Section 8 outlines gov-
ernance. Section 9 discusses limitations and open problems. Section 10 concludes. Appendix A
contains extended proofs; Appendix B discusses parameter calibration; Appendix C provides a
multi-jurisdiction legal disclaimer.

2 Related Work

2.1 Decentralized AI Networks

Several projects have proposed decentralized substrates for AI compute and inference. Bittensor [14]
rewards nodes contributing useful machine-learning inferences within a peer-evaluated subnet struc-
ture. Fetch.ai [15] emphasizes an agent-based model for economic coordination among autonomous
software agents. Olas Network [16] (formerly Autonolas) provides a framework for composable
autonomous services. SingularityNET [17] o�ers a marketplace for AI services with on-chain set-
tlement. Render Network [18] and Akash [19] target decentralized GPU compute provisioning.

Consora di�ers from these systems along two primary axes. First, prior work predominantly
rewards model inference or computation as the atomic unit. Consora rewards veri�able completion
of agent-delegated tasks, which may involve inference, tool use, external API calls, and human-facing
deliverables. Second, we provide explicit formal security arguments for the incentive mechanism,
which is less common in prior decentralized-AI proposals.

2.2 Reputation Systems

Reputation mechanisms for peer-to-peer systems have been studied extensively. EigenTrust [4]
computes a global reputation via the principal eigenvector of a normalized trust matrix, inspired
by PageRank [5]. Subsequent work has addressed robustness to collusion [20], probabilistic veri-
�cation of reputation [21], and the use of staking to bond reputation claims [22]. Consora com-
bines exponential-moving-average updating with graph-structural penalties (clustering-based down-
weighting), a design motivated by the need to resist both isolated Sybils and tightly-coupled collusive
cliques (see �6).

2.3 Proof-of-X Consensus Mechanisms

Nakamoto consensus [23] establishes agreement via Proof of Work. Proof of Stake [24, 25] replaces
computational cost with economic cost. Proof of Space [26] substitutes persistent storage commit-
ments. A line of work on Proof of Useful Work [27, 28] aligns the energy expenditure of consensus
with economically productive computation. PoAW follows this tradition but targets a di�erent
category of usefulness: rather than scienti�c computation, it rewards veri�able economic service
provision. Unlike these proposals, PoAW is not itself a chain-level agreement protocol; it sits on
top of a standard BFT consensus (�3).

2.4 Sybil Resistance

The Sybil attack [8] refers to an adversary creating multiple identities to subvert a system that
assumes one-identity-per-participant. Defenses fall into three categories: (a) trusted certi�cation
authorities, (b) costly resource requirements (computation, stake), and (c) social-graph structural
defenses [9, 20]. Consora's design combines (b) via stake-bound DIDs and (c) via graph-structural
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penalties on the reputation function. This hybrid approach is motivated by the observation that
neither defense is individually su�cient in adversarial market conditions (�6).

2.5 Veri�able Computation

The theoretical foundations of veri�able computation trace to interactive proofs [12] and zero-

knowledge proofs [13]. Practical succinct non-interactive arguments (SNARKs) [29] and transparent
analogues (STARKs) [30] enable e�cient on-chain veri�cation of o�-chain computation. Optimistic

veri�cation, exempli�ed by optimistic rollups [31], defers proof generation and relies on an economic
challenge period. PoAW supports both modalities, together with a committee-voting fallback for
tasks whose correctness is not reducible to a polynomial-time predicate (�5.6).

3 System Model

3.1 Network Model

We model the Consora network as a set of communicating nodes operating under a partially syn-

chronous assumption in the sense of Dwork, Lynch, and Stockmeyer [32]: there exists an unknown
global stabilization time (GST) after which message delivery satis�es a known bound. Prior to
GST, the network may exhibit arbitrary delays. This is the standard model underlying modern
Byzantine fault-tolerant protocols [6, 7, 33].

3.2 Underlying Consensus

Unlike a chain-level consensus protocol, PoAW does not specify block production, validator selection,
or fork-choice rules. Consora relies on a standard BFT consensus for these functions. Concretely,
the reference implementation targets a Tendermint-style [33] BFT protocol with safety guaranteed
under the assumption that Byzantine validators control less than one-third of total voting power
(i.e.,

∑
v∈B wv < 1

3

∑
v wv, where wv denotes the voting power of validator v and B is the Byzantine

subset). This is the standard Tendermint safety condition and di�ers from a simple validator-
count threshold: a single validator with disproportionate voting power can violate safety even when
most other validators are honest. State machine replication ensures agreement on the ordering of
task-publication, bidding, veri�cation, and settlement transactions. PoAW operates on the agreed
state and is concerned exclusively with the semantics of those transactions � not their ordering or
�nality.

3.3 Validator Economics

Validators (chain-level block producers) operate the BFT consensus described in �3.2. Because
$CORA has no in�ationary issuance (�7.2), validator compensation does not come from emission.
Validators are instead compensated from three explicit fee streams:

� Gas fees (non-burned portion). The non-burned fraction 1 − ϕgas-burn of gas fees (default
50%) is distributed between block proposers and signing validators. Speci�cally, the proposer of
each block receives a �xed proposer share ϕprop (default 10%) of the non-burned gas fees in that
block, and the remaining 1− ϕprop is distributed pro rata to all validators that signed the block,
weighted by voting power. This split rewards the proposer for sequencing work while ensuring
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that the broader validator set � whose participation is required for safety � shares in protocol
revenue. This is the dominant validator revenue stream at steady state.

� Priority fees. Following the EIP-1559 model, transactions may include an optional priority
fee that accrues entirely to the proposing validator, providing a real-time signal for transaction
ordering preferences. We acknowledge that priority-fee accrual to proposers creates incentives
for transaction reordering and miner extractable value (MEV) extraction, particularly around
high-value events such as task settlement, dispute resolution, and committee selection. MEV
mitigation � including order-fairness rules, priority-fee caps for high-stakes settlement transac-
tions, encrypted mempools, and proposer-builder separation � is addressed in the implementation
speci�cation, which will accompany the testnet release. We treat the design of MEV-resistant
transaction ordering as a �rst-class concern, but defer speci�cation details to that document.

� Treasury subsidy (bootstrap-only, optional). During the cold-start period, ConsoraDAO
may approve a time-limited validator subsidy from the protocol treasury to ensure adequate
validator participation when on-chain transaction volume is low. Any such subsidy must be (i)
approved by supermajority governance vote, (ii) time-bounded with an explicit sunset, and (iii)
funded only from accumulated fee revenue, never from new issuance.

To become a validator, an entity must bond Sval ≥ Sval,min in $CORA as security against double-
signing and other consensus-layer faults. Validator bonds are subject to standard Tendermint-style
slashing rules, which are speci�ed in the chain implementation and are distinct from the agent-task
slashing rules of �5.5. Validator bonding is open-permissionless within the limits set by the BFT
validator-set rules (initial cap: nmax = 100, governance-adjustable). Validator bonds, like agent
bonds, do not accrue passive yield; validators earn revenue only by performing the operational work
of producing and validating blocks.

3.4 Agent Model

Let A = {A1, A2, . . . , An} denote the set of agents. Each agent Ai is a software entity associated
with:

� A decentralized identi�er (DID) conformant to W3C DID Core [34], registered on the Consora
Identity Layer.

� A public key pair used for authenticating protocol messages.

� A stake Si ≥ 0 denominated in $CORA, bound to its DID.

� A reputation score Ri ∈ [0, 1], updated after each task completion (�5.4).

Agents may represent fully autonomous systems, AI models with minimal human oversight, or
semi-autonomous assistants acting on behalf of human principals. The protocol does not distinguish
among these modes at the incentive layer.

3.5 Adversary Model

We consider three classes of adversarial behavior:

1. Byzantine adversaries may deviate arbitrarily from the protocol, including producing invalid
proofs, censoring messages, or colluding across multiple identities. We assume at most f Byzan-
tine agents among any committee of size k, subject to a committee-sampling analysis developed
in �6.5.
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2. Rational adversaries maximize expected utility subject to protocol rules. They deviate from
honest behavior if and only if a pro�table deviation exists. Incentive compatibility (Theorem 6.4)
addresses this class.

3. Covert adversaries in the sense of Aumann and Lindell [35] attempt to cheat only when the
probability of detection is below a threshold. The reputation penalty structure (�5.5) is designed
to make covert deviation unpro�table in expectation.

3.6 Cryptographic Assumptions

We assume the hardness of the discrete logarithm problem on elliptic curves of su�cient order,
collision resistance of the underlying hash function, and the security of the BLS aggregate signature
scheme [36] used for committee-voting veri�cation. Proofs generated by the veri�cation layer are
assumed to satisfy the soundness and knowledge-extractability properties of their respective proof
systems [29, 30].

3.7 Notation

Symbol Meaning

Ai Agent with index i

Tj Task with index j

Cj Complexity weight of task Tj (publisher-speci�ed)

Bj Pre-funded budget of task Tj , denominated in $CORA

Vj Veri�cation score of task Tj , Vj ∈ [0, 1]

Si Stake locked by agent Ai, denominated in $CORA

Smin Minimum stake required to bid on a task

Vmin Veri�cation threshold below which slashing is triggered

Ri(t) Reputation of Ai at time t, Ri(t) ∈ [0, 1]

Reff
i E�ective reputation of Ai after graph adjustment

Rmax Upper bound on reputation, Rmax = 1

ρ Reputation EMA smoothing factor, ρ ∈ (0, 1)

α, β Reputation premium coe�cients in reward function

degns(Ai) Operationally observable: distinct non-slashed external counterparties of Ai

degext(Ai) Analytical ideal: distinct truly-honest counterparties of Ai (used in Theorem 6.1)

Pi Price quoted by agent Ai in its bid

Pmin Reserve price, Pmin = πreserve ·Bj

σfloor Minimum slashing fraction below Vmin

c(Ai) Local clustering coe�cient of Ai

πj Proof transcript for task Tj (when applicable)

λ Security parameter

negl(·) A negligible function in the security parameter
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4 Protocol Architecture

The Consora protocol is organized into �ve layers. Each layer presents a stable interface to the
layers above and below, permitting independent evolution and upgrade.

Figure 1: Consora �ve-layer architecture. Trust �ows downward (from reputation to base chain); economic
value �ows upward (from chain settlement to marketplace outcomes).

4.1 L1 � Consora Chain

L1 is an EVM-compatible base chain optimized for high-frequency, low-value agent transactions.
Throughput targets are determined by the expected volume of agent-to-agent interactions, which we
estimate at 103�105 transactions per second in a mature network state. We note that this range is an
aspirational design target rather than a derived requirement: a complete sizing model would require
assumptions about the number of active agents, tasks per agent per day, the bid/veri�cation/settlement
transaction count per task, and gas consumption per transaction class. A formal workload model
and corresponding throughput derivation are deferred to the implementation speci�cation, which
will accompany the testnet release. The chain may be deployed as a standalone L1 or as a modular
rollup atop an existing data-availability layer such as Celestia [37] or EigenDA [38]. L1 hosts the
BFT consensus (�3.2) and the on-chain components of the veri�cation and reputation layers.

4.2 L2 � Agent Identity Layer (AID)

AID assigns every agent a persistent, cryptographically bound decentralized identi�er. An agent's
DID is registered by posting an identity-registration transaction accompanied by a minimum stake
deposit Sinit in $CORA. The DID document contains:
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� The agent's public key(s), conformant to [34].

� Optional service endpoints through which the agent may be reached (o�-chain).

� A bond reference pointing to the stake contract holding Sinit.

Stake binding makes Sybil attacks costly in direct proportion to the number of synthetic identities
created. �6.2 quanti�es the resulting resistance.

4.3 L3 � Task Marketplace

L3 is the demand-side interface to the protocol. Task publishers � which may themselves be
humans, organizations, or other agents � post task speci�cations consisting of:

� A machine-readable task description (input schema, expected output schema, acceptance predi-
cate when applicable).

� A complexity weight Cj .

� A pre-funded budget Bj , denominated in $CORA, deposited into a per-task escrow contract at
publication time (see �7.4 for the full settlement �ow).

� A veri�cation mode (ZK, optimistic, or committee; �5.6).

Eligible agents are those whose bonded stake satis�es the combined eligibility predicate

Si ≥ max
{
Smin, Sdyn(Tj)

}
, (1)

where Smin is the protocol-level static �oor (default Smin as speci�ed in �8). The dynamic �oor
Sdyn depends on Condition 13 parameters that are not all directly observable on-chain (speci�cally
p, q, σfp, and the cost di�erential cexec − ccheat). To make the eligibility check executable by
the marketplace contract, the protocol replaces these task-speci�c quantities with mode-speci�c

governance-set conservative constants, �xed per veri�cation mode:

Sdyn(Tj) := κ · (1− pmode) ·Bj + ∆cmode
max

pmode · σfloor − qmode · σmode
fp

, (2)

where pmode is the protocol's calibrated lower bound on detection probability, qmode is the calibrated
upper bound on false-positive rate, σmode

fp is the worst-case false-positive slashing fraction, and

∆cmode
max is the calibrated upper bound on cheating cost savings. All four are governance parameters

(defaults in �8); the marketplace contract reads them from the protocol-con�g storage and computes
Sdyn(Tj) from Bj and σfloor alone � both of which are on-chain values. Conservatism is built into the
constants: pmode is set lower than expected, qmode and ∆cmode

max are set higher than expected, so the
resulting Sdyn over-estimates the stake required, providing safety margin. The static �oor governs
eligibility for low-budget tasks; the dynamic �oor binds for high-budget tasks where Condition 13
would otherwise fail. Both �oors are checked at bid-submission time by the marketplace contract;
bids violating either are rejected. Eligible agents submit bids consisting of a priced o�er Pi satisfying
Pmin ≤ Pi ≤ Bj , where Pmin := πreserve · Bj is a publisher-set reserve price (default πreserve = 0.1,
governance-tunable lower bound). The reserve �oor prevents bid-score manipulation via near-zero
pricing, which would otherwise cause the price term in Equation 3 below to diverge. The protocol
computes a bid score combining reputation, stake quality, and price:

BidScore(Ai, Tj) = Reff
i ·

(
1− e−Si/Smin

)
·min

{(
Bj

Pi

)γ

, M

}
, (3)
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where γ ≥ 0 is a governance-tunable price-sensitivity parameter (default γ = 1) and M ≥ 1 is a
governance-tunable cap on the price multiplier (default M = 3). The bid with the highest BidScore
is selected. The cap M ensures that a deeply-discounted price cannot dominate the score by more
than a factor of M over the most expensive bid; combined with the reserve price Pmin, this prevents
both the divergence pathology (near-zero Pi) and the price-dominance pathology (in which a low-
reputation agent at the �oor reserve overwhelms a high-reputation agent at a moderate price).
Setting γ = 0 disables price competition (reputation-only selection); increasing γ gives more weight
to cheaper bids up to the cap. Publishers may further restrict eligibility by specifying a minimum
acceptable reputation Rpub

min at task publication; agents with Reff
i < Rpub

min are excluded from the
auction. The winning agent locks its stake for the duration of the task; the quoted price Pi becomes
the e�ective reward cap (in conjunction with the protocol-fee adjustment below) in place of the
nominal Bj for settlement purposes.

4.4 L4 � Veri�cation Layer

L4 provides three pluggable veri�cation modalities, selected per-task by the publisher. Detailed
scope and applicability are given in �5.6.

4.5 L5 � Reputation Graph

L5 maintains the interaction graph G = (V,E) in which vertices are agents and edges record
successfully veri�ed task interactions. Structural properties of G � speci�cally degree centrality
and local clustering � feed into the e�ective reputation calculation (Equation 7). The graph is
maintained as an authenticated data structure enabling Merkle-proof access from smart contracts
on L1.

5 Proof of Agentic Work: Formal Speci�cation

5.1 Protocol Overview

Figure 2 depicts the end-to-end task lifecycle under PoAW. A publisher funds a task; eligible agents
bid; a winning agent locks stake and executes; veri�cation produces a score Vj ; and settlement dis-
tributes rewards (or triggers slashing) and updates reputation. The protocol is reentrant: reputation
updates from completed tasks feed into eligibility and reward weighting for subsequent tasks.

5.2 De�nitions

De�nition 5.1 (Task). A task Tj is a tuple (specj , Cj , Bj , modej) where specj is the machine-
readable speci�cation, Cj ∈ R>0 is the complexity weight, Bj ∈ R>0 is the pre-funded budget in
$CORA, and modej ∈ {ZK, Optimistic, Committee} is the veri�cation mode.

De�nition 5.2 (Agent State). The state of agent Ai is the tuple (DIDi, Si, Ri, Hi), where Hi is
the ordered history of tasks executed by Ai.

De�nition 5.3 (Veri�cation Score). For each completed task Tj executed by Ai, the veri�cation
layer produces a score Vj ∈ [0, 1], with Vj = 1 denoting fully correct execution and Vj = 0 denoting
a null or adversarial result.
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Figure 2: PoAW task lifecycle. Blue arrows denote the main �ow; green arrows denote the success path
(reward distribution and reputation update); orange arrows denote the failure path (slashing).
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5.3 Reward Function

The reward distributed to agent Ai for completing task Tj is given by

Reward(Ai, Tj) = min
{
Cj · Vj · (α+ β Reff

i ) ·
(
1− e−Si/Smin

)
, RewardCapj

}
, (4)

where RewardCapj is the binding upper bound determined by the auction outcome and the protocol
fee:

RewardCapj := min
{
Pi, Bj − Fmode

j

}
, Fmode

j = ϕmode
fee ·Bj . (5)

Here Pi is the price quoted by the winning agent in its bid (�4.3), Bj is the publisher's pre-funded
escrow deposit, and Fmode

j is the total protocol fee in the veri�cation mode selected by the publisher,

where mode ∈ {standard, HA}. Under default governance parameters, ϕstandard
fee = 10% and ϕHA

fee =
25%. The reward parameters α, β > 0 are reputation-premium coe�cients (default α = 0.5, β =
1.0); Smin is the eligibility stake threshold (see also the dynamic �oor of Equation 18). For brevity,
we write Fj in the remainder of this section to mean Fmode

j for the operative mode; the full mode-

dependent decomposition into committee fee V fee
j and residual fee F ′

j is speci�ed in �7.4.
The two-term cap structure serves two distinct purposes. The Pi term enforces the price com-

mitment from the auction: an agent who bid Pi cannot collect more than what it o�ered to do the
work for. The Bj − Fmode

j term ensures escrow solvency : even if Pi were equal to Bj , the protocol

would still need to retain Fmode
j for fees and committee compensation, so the disbursable maximum

to the agent is Bj − Fmode
j . The overall settlement identity is therefore

Bj = Reward(Ai, Tj) + Fmode
j + Refundj

with Refundj ≥ 0 by construction (see �7.4 for the full mode-dependent settlement �ow including the
V fee
j /F ′

j split). For committee-veri�ed modes, the total fee Fmode
j in this 3-term identity decomposes

further as Fmode
j = V fee

j + F ′
j , where V fee

j = ϕmode
com · Bj is the committee compensation and F ′

j =

(ϕmode
fee − ϕmode

com ) ·Bj is the residual fee subject to burn/treasury split; this expansion produces the
equivalent 4-term identity Bj = Rj + V fee

j +F ′
j +Refundj used in �7.4. For non-committee-veri�ed

modes (ZK or optimistic), V fee
j = 0 and F ′

j = Fmode
j , so the two identities coincide.

With default coe�cients, a maximum-reputation agent (Reff
i = 1) earns a factor (α+ β)/α = 3

times the reward of a zero-reputation agent, provided neither cap is binding. When the cap is binding,
both agents receive RewardCapj and the e�ective ratio collapses to 1. Publishers therefore retain
control over the strength of the reputation premium through their choice of Cj and Bj . The factor
(1− e−Si/Smin) implements diminishing marginal returns on stake, formalized in Proposition 5.4.

Proposition 5.4 (Properties of the stake curve). The function f(S) = 1−e−S/Smin satis�es f(0) =
0, limS→∞ f(S) = 1, f ′(S) > 0 for all S > 0, and f ′′(S) < 0 for all S > 0.

These properties ensure that stake increases reward contribution monotonically, but with sharply
diminishing returns, mitigating capture of the marketplace by very large stakeholders.

5.4 Reputation Dynamics

Reputation is updated after each completed task according to an exponential moving average:

Ri(t+ 1) = ρ ·Ri(t) + (1− ρ) · Vj , ρ ∈ (0, 1). (6)
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The default smoothing factor ρ = 0.95 is calibrated such that a single adverse outcome cannot
destroy a long-established reputation, while sustained poor performance produces rapid decay. See
Appendix B for calibration methodology.

For purposes of reward computation and task eligibility, we use the e�ective reputation, which
incorporates graph-structural penalties:

Reff
i = Ri ·

1− e− degns(Ai)

1 + c(Ai)
, (7)

where degns(Ai) denotes the operationally observable count of distinct non-slashed external coun-
terparties with whom Ai has successfully completed a task, and c(Ai) denotes the local cluster-
ing coe�cient of Ai in the interaction graph. The protocol can compute degns directly from
on-chain history. We distinguish this from degext(Ai), used in the security analysis (�6), which
denotes the analytically-ideal count of truly honest counterparties. The two coincide whenever
the protocol's slashing detection captures all adversaries; in the presence of undetected Sybils,
degns(Ai) ≥ degext(Ai) for honest agents and the gap represents a residual attack surface that the
graph-clustering term is designed to suppress (Theorem 6.2). This formulation simultaneously pe-
nalizes two failure modes: isolated agents with no external non-slashed interactions (low external
degree), and tightly-clustered groups exhibiting mutual-reinforcement behavior (high clustering).
The security implications are developed in �6.

When a previously non-slashed agent is subsequently slashed, the a�ected edges are retroactively
discounted in the next reputation epoch.

5.5 Slashing

When Vj falls below a protocol-speci�ed threshold Vmin (default 0.3), the executing agent is subject
to economic penalty. The penalty is piecewise: a partial penalty scaled to the shortfall, with a
full-stake override for severe violations:

S′
i =


0 if Vj < 0.1 (severe � DID blacklisted)

Si ·
(
1−max

{Vmin−Vj

Vmin
, σfloor

})
if 0.1 ≤ Vj < Vmin

Si if Vj ≥ Vmin

(8)

The partial penalty is the maximum of a proportional term (scaled to the veri�cation shortfall)
and a protocol-level minimum σfloor (default σfloor = 0.3, governance-tunable). The �oor ensures
that any veri�cation failure below Vmin triggers a non-trivial economic penalty: in particular, Vj

values just below Vmin are not e�ectively un-punished. Without the �oor, a marginal fraud at
Vj = Vmin − ϵ would lose only ϵ/Vmin of stake, which approaches zero as ϵ shrinks, undermining
the incentive-compatibility analysis in �6.4. With the �oor, every Vj ∈ [0.1, Vmin) loses at least a
fraction σfloor of the locked stake.

The boundary values are: Vj = V −
min still loses σfloor of stake (not zero), and Vj = 0.1 loses

the maximum of Vmin−0.1
Vmin

and σfloor (for defaults, ≈ 67%). Reputation is additionally halved on

any slashing event, Ri ← 1
2Ri. Slashed stake is directed to the protocol treasury, according to the

settlement rules in �7.4. Publishers receive only a refund of their original deposit (less the committee
fee, where applicable) on task failure and no compensation from slashed stake; this design choice
removes the malicious-publisher incentive analyzed in �7.4. Committee veri�ers are compensated
from the dedicated committee-fee portion of the publisher deposit, not from slashed stake, ensuring
that committee compensation is independent of veri�cation outcome.
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5.6 Veri�cation Mechanisms

5.6.1 Zero-Knowledge Veri�cation

Applicability. ZK veri�cation applies only when the task's correctness predicate can be expressed
as a circuit-friendly computation over authenticated data commitments. Canonical examples include
deterministic code execution against a �xed input, closed-form numerical computation, and database
queries where the database root is publicly committed. ZK veri�cation is not applied to tasks
whose inputs include unauthenticated external data, nor to tasks whose correctness predicate lacks
a succinct algebraic form.

Mechanism. The executing agent produces a succinct non-interactive argument of knowledge
(SNARK) [29] with transcript πj . Veri�cation is performed on-chain in O(1) time relative to the
computation size. We set Vj := 1 if the veri�cation equation accepts and Vj := 0 otherwise. This
binary case is a degenerate instance of the more general Vj ∈ [0, 1] continuum.

5.6.2 Optimistic Veri�cation

Applicability. Optimistic veri�cation applies to tasks with a well-de�ned dispute standard: an
e�cient post-hoc test that any challenger can run to determine whether the output meets the spec-
i�cation. Canonical examples include structured data extraction against a reference dataset, trans-
lation with a reference translation, and numerical computation with an independent re-execution
path. Creative and open-ended tasks, which lack a natural dispute standard, are not eligible for
this mode.

Mechanism. The agent's output is accepted by default. During a challenge period of ∆ = 7
days, any staker may post a dispute accompanied by a counter-example, re-execution transcript, or
other fraud proof as de�ned by the task speci�cation. Disputes are adjudicated by the committee
mechanism (�5.6.3). Game-theoretic analysis follows [31]: honest participation is an equilibrium
provided the dispute bond exceeds the expected value of a successful challenge and the dispute
standard is well-de�ned.

5.6.3 Committee Veri�cation

Applicability. Committee veri�cation applies to all tasks not suitable for ZK or optimistic veri-
�cation, including creative, subjective, and open-ended tasks. It is also the default mechanism for
adjudicating disputes raised under optimistic veri�cation.

Mechanism. Veri�cation is delegated to a committee of k agents drawn from the top-K
reputation cohort using a veri�able random function (VRF), where K ≫ k to ensure su�cient
randomness in sampling. The protocol provides two randomness sources, selected per task class:

� Block-hash VRF (default for testnet and routine low-risk tasks): the VRF is seeded directly
by the block hash. This is computationally cheap and operationally simple, but inherits weak
manipulability from the underlying consensus (see �Randomness manipulability� below).

� Stronger randomness (required for mainnet high-assurance mode and for any task class involving
disputes above a governance-de�ned value threshold Vdisp): commit-reveal randomness, threshold
VRF, or an external beacon (drand-style). This path is non-negotiable for high-stakes veri�cation;
the protocol enforces it at the committee-selection contract by checking the task's veri�cation
mode and value threshold before sampling.
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Each committee member independently scores the output and broadcasts a signed scorecard via the
commit-reveal scoring protocol described in �Anti-herding scoring� below. The veri�cation score Vj

is computed as the reputation-weighted trimmed mean of committee scores, where the top f and
bottom f scores are discarded (for some f ≤ ⌊(k − 1)/3⌋). Committee members are rewarded for
agreement with the �nal score within a tolerance τ .

Committee deviation is penalized in two layers, with explicit de�nitions to distinguish statistical
disagreement from provable bad faith:

De�nition 5.5 (Trim-event, Deviation-event, and Bad-faith-event). For committee member i scor-
ing task j with revealed score vi,j and reputation-weighted trimmed-mean aggregate Ṽj :

� TrimEventi,j = 1 i� vi,j is among the top-f or bottom-f scores discarded by the trimmed mean
(a rank-based criterion: i's score is at the extreme tail of the score distribution for this task).

� DeviationEventi,j = 1 i� |vi,j − Ṽj | > τ , where τ is the scoring tolerance from Assumption 6.6 (a
distance-based criterion: i's score is far from the aggregate by absolute amount).

� BadFaithEventi,j = 1 i� DeviationEventi,j = 1 and the deviation persists after a re-veri�cation
appeal: an independently-sampled second-round committee con�rms that |vi,j − V ∗

j | exceeds τ
when scored against the task rubric.

TrimEvents and DeviationEvents are independent in general: a TrimEvent without a Deviation-
Event occurs when scores are tightly clustered (e.g., all within τ of the aggregate, but i's score is
the highest or lowest by rank); a DeviationEvent without a TrimEvent occurs when more than f
scores are similarly far from the aggregate (so the rank-trim does not capture i's outlier status). The
protocol uses DeviationEvent as the primary penalty trigger, since it directly measures epistemic
disagreement; TrimEvent is recorded for monitoring purposes but does not by itself trigger penalty.

� Reputation penalty (per-DeviationEvent, reversible on appeal). For any task withDeviationEventi,j =
1, the protocol applies a reputation decay Ri ← ρcom ·Ri (default ρcom = 0.95, slightly faster than
the agent reputation decay). This is a soft penalty appropriate for raw statistical disagreement;
it does not a�ect bonded stake. To avoid penalizing honest minority judgments, the decay is
reversible: if the a�ected member invokes the re-veri�cation appeal path and the second-round
committee con�rms that |vi,j − V ∗

j | ≤ τ when scored against the rubric (i.e., the original deci-
sion was a false-positive deviation), the protocol restores Ri ← Ri/ρcom to its pre-event value.
Members who do not appeal, or whose appeal fails, retain the decay and accumulate it across sub-
sequent disagreements; recovery via natural on-aggregate scoring remains available. The appeal
incurs no fee for the appellant; appeal funding is speci�ed in �7.4.

� Stake slashing (BadFaithEvents only). Stake slashing applies only when the rolling-window
fraction of BadFaithEventi,j exceeds threshold θcom (default 20%) over Wcom tasks (default
Wcom = 100). When triggered, the member's bonded committee stake is slashed by σcom (de-
fault 20%). Critically, slashing requires appeal-con�rmed bad faith, not raw statistical deviation:
a committee member who consistently produces honest minority judgments on subjective tasks
accumulates DeviationEvents but not BadFaithEvents (since appeal con�rms their scores against
the rubric). Slashed members are temporarily removed from the top-K sampling pool until their
reputation recovers above the eligibility threshold.

The two-layer structure provides graduated penalties: raw disagreement costs reputation, appeal-
con�rmed bad faith costs stake. Slashed members may themselves invoke a further re-veri�cation
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appeal in the same way agents may contest false-positive slashing. All committee-deviation pa-
rameters (ρcom, Wcom, θcom, σcom) are governance-tunable; their defaults appear in �8. The appeal
mechanism imposes operational cost (appeals are funded from publisher escrow or DAO budget,
not from the appellant), which we discuss as an open implementation question in �9.

Randomness manipulability (open issue). A VRF seeded directly by the block hash inherits
a weak form of manipulability from the underlying consensus: a block proposer who can predict
the seed's downstream e�ect on committee composition has a marginal incentive to withhold or
reorder candidate blocks in high-stakes veri�cation rounds. For routine tasks, this attack vector is
economically negligible; for high-value disputes (where committee composition could swing material
amounts of slashing or reward), it is a real concern. The implemented protocol mitigates this
in three complementary ways, none individually su�cient: (i) a delay of ∆seed blocks between
sampling time and seed-resolution time, so the proposer at the seed block does not know which task
draws from it; (ii) a large sampling pool K ≫ k, so even a biased proposer's marginal in�uence
on committee composition is small; and (iii) restriction of the committee mechanism to top-K
reputation, which already �lters for stake-bonded, reputation-vested participants whose own slashing
exposure dominates any one-o� manipulation gain.

Mainnet requirement. The mitigations above are su�cient for testnet and routine-task work-
loads. For mainnet deployment of the high-assurance committee regime (Theorem 6.7, large-k
regime) or for any task class involving disputes above a governance-de�ned value threshold Vdisp,
the protocol requires a stronger randomness source � speci�cally commit-reveal randomness, thresh-
old VRF, or an external beacon (drand-style) � as a precondition for activation. This is a non-
negotiable security requirement, not a future-work nice-to-have. The protocol's modular architecture
accommodates upgrade without changing the veri�cation interface.

Anti-herding scoring (open issue). The current rule rewards agreement with the �nal ag-
gregate and penalizes persistent deviation. Game-theoretically, this incentivizes committee mem-
bers to predict the consensus outcome rather than score the output independently � a herding
pathology that degrades the committee's epistemic value. The implemented protocol mitigates
this via a commit-reveal scoring protocol: each member �rst publishes a hash-commitment of their
score, and only after all commitments are received does each member reveal the underlying score.
Commit-reveal makes direct score-copying impossible before reveal, but does not eliminate prior-
based herding: members may still infer the expected consensus from observable signals (task type,
rubric, reputation-weighted historical norms) and bias their scores toward that prior. A stronger
anti-herding design would penalize only provable bad-faith deviation rather than statistical dis-
agreement, possibly via reference-rubric-based attestation or peer-prediction mechanisms. We treat
re�nement of the scoring rule as a future-work item.

6 Security Analysis

6.1 Threat Model

We model an adversary A with the following capabilities:

� Polynomial-bounded computation in the security parameter λ.

� Ability to create up to NA Sybil identities subject to the stake-binding cost.
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� Ability to collude with other agents, including across Sybil boundaries.

� Full knowledge of protocol parameters and the public state.

The adversary cannot forge cryptographic signatures, �nd hash collisions, or violate the soundness
of the proof systems employed by the veri�cation layer. The adversary's objectives include (a) accu-
mulating unearned reputation, (b) extracting rewards via fraudulent task execution, (c) censoring
honest agents, or (d) disrupting PoAW settlement. We analyze each objective below.

6.2 Sybil Resistance

Theorem 6.1 (Sybil Resistance Bound). Let S ⊆ V denote the subgraph of Sybil identities controlled

by a single adversary, with |S| = k and individual reputations bounded by Rmax. Let d̄ext denote the
mean external degree of S (edges to V \ S) and c(S) := minAi∈S c(Ai) the minimum local clustering

within S. Then the total e�ective reputation accumulated by S satis�es

∑
Ai∈S

Reff
i ≤ k ·Rmax ·

1− e−d̄ext

1 + c(S)
. (9)

Proof sketch. By Equation 7 applied to each Ai ∈ S,∑
Ai∈S

Reff
i =

∑
Ai∈S

Ri ·
1− e− degext(Ai)

1 + c(Ai)
≤ Rmax

∑
Ai∈S

1− e− degext(Ai)

1 + c(S)
.

By concavity of g(x) = 1− e−x and Jensen's inequality,

1

k

∑
Ai∈S

(
1− e− degext(Ai)

)
≤ 1− e−d̄ext .

Combining yields Equation 9. ■

The bound admits two interpretations: if the Sybil subgraph acquires no honest counterparties
(d̄ext → 0), e�ective reputation collapses to zero regardless of nominal Rmax; and increased internal
clustering c(S) further tightens the bound. The use of degext rather than total degree is essential:
an adversary cannot in�ate the bound via internal Sybil-Sybil edges.

Implementation note. Theorem 6.1 is an analytical upper bound that uses the idealized notion
of truly-honest counterparties (degext). The implemented protocol cannot directly observe Sybil
ownership and therefore approximates this analytical quantity using the operationally observable
degns (�5.4). Whenever the protocol's slashing detection captures all Sybil activity, degns = degext
for all agents and the analytical bound holds tightly. In the presence of undetected Sybils, degns
may overcount degext for honest agents (counting an undetected adversary as a non-slashed coun-
terparty); the residual attack surface is suppressed by the clustering term c(Ai), which captures
collusion patterns regardless of whether participants are formally identi�ed as Sybils. The theo-
rem is therefore best understood as a guarantee about the attack ceiling under perfect detection,
complemented by graph-structural defenses that operate even under imperfect detection.
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6.3 Collusion Resistance

Theorem 6.2 (Collusion Bound). Let G ⊆ V be a coalition of agents engaging in mutual repu-

tation reinforcement, with aggregate nominal reputation RG :=
∑

Ai∈GRi and internal clustering

coe�cient c(G) ∈ [0, 1]. Assume each Ai ∈ G has local clustering at least c(G). Then the coalition's

total e�ective reputation satis�es ∑
Ai∈G

Reff
i ≤ RG ·

1

1 + c(G)
. (10)

Proof. Direct from Equation 7: for each Ai ∈ G, Reff
i ≤ Ri/(1 + c(Ai)) ≤ Ri/(1 + c(G)) by

hypothesis. Summing over Ai ∈ G gives the claim. ■

Remark. The bound does not imply that e�ective reputation tends to zero as c(G) → 1: the
denominator is at most 2. The economic signi�cance of Theorem 6.2 is that the penalty factor
is deterministic and independent of coalition size. A perfectly clustered coalition of arbitrary size
retains at most half of its nominal aggregate reputation. Achieving a stronger-than-constant degra-
dation would require a modi�ed adjustment function (e.g., multiplying by (1− c(Ai))); we discuss
this design trade-o� in �9.

6.4 Incentive Compatibility

Let σi denote the strategy of agent i, and σ−i denote the strategy pro�le of all other agents. The
utility of i is

Ui(σi, σ−i) = E
[
Reward(Ai, Tj)

∣∣σi, σ−i

]
− E

[
Slash(Ai)

∣∣σi]− cexec(σi), (11)

where cexec(σi) denotes the cost of playing strategy σi � speci�cally cexec for honest execution and
ccheat for fraudulent execution, with typically ccheat < cexec (cheating is cheaper than doing the work
properly).

Assumption 6.3 (Honest Margin). Honest agents produce outputs whose true veri�cation score
V ∗
j satis�es V ∗

j ≥ Vmin + τ , where τ is the scoring tolerance from Assumption 6.6. That is, honest
outputs are not on the boundary of the slashing threshold; they exceed it by at least the protocol-
de�ned tolerance margin. Outputs with V ∗

j ∈ [Vmin, Vmin + τ) � in the bu�er zone immediately
above the threshold � are not protected by the false-positive bound below and may be slashed
with probability up to 1/2; agents producing such outputs may invoke the optional re-veri�cation
(appeal) path described below.

The Honest Margin assumption is what permits the false-positive rate q to inherit the noise
bound from Assumption 6.6: under V ∗

j ≥ Vmin + τ , an honest output is incorrectly scored below
Vmin only if the aggregate score deviates from V ∗

j by more than τ . By Theorem 6.7 this is bounded
by the complement of the committee accuracy bound:

q ≤ negl(λ) + O
(
e−2k(1/3−ϕ)2

)
+ kε + δrand, (12)

where the four terms capture, respectively: cryptographic non-idealness, sampling failure (commit-
tee composition with too many Byzantine members), aggregated honest-scorer noise, and randomness-
source bias. In high-assurance mode (large k, stronger randomness), q = negl(λ). In routine mode,
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q is bounded by a constant: at default k = 7, ϕ = 0.1, ε ≤ 0.02, δseed ≤ 0.05, the bound evaluates to
approximately 0.65, dominated by the sampling term. This is the pessimistic worst case; on tasks
where the honest margin is comfortable and committee composition is favorable, the empirical q
is much smaller. Without the margin assumption, an honest agent producing V ∗

j = Vmin + ϵ (for
ϵ≪ τ) faces an arbitrarily large false-positive rate, and the equilibrium below does not apply.

Theorem 6.4 (Honest Play is a Nash Equilibrium). Assume the committee mechanism operates

under the conditions of Theorem 6.7 (with fraud-detection probability at least p on cheating outputs)

and that honest outputs satisfy the Honest Margin assumption (Assumption 6.3), so that the false-

positive rate on honest outputs is bounded by q. Let σfloor denote the minimum slashing fraction

from Equation 8, and let σfp denote an upper bound on the slashing fraction applied to an honest

output erroneously scored below Vmin. Suppose that for every agent i and every task Tj the agent

could be assigned, the following condition holds:(
p · σfloor − q · σfp

)
· Si ≥ (1− p) ·Bj +

(
cexec − ccheat

)
. (13)

Then the strategy pro�le in which all agents play honest execution (with margin) constitutes a Nash

equilibrium among rational agents:

Ui(σ
∗
honest, σ

∗
−i) ≥ Ui(σdeviate, σ

∗
−i) ∀ i ∈ H.

Proof. Consider a rational agent i choosing between honest execution (σhonest) and fraudulent exe-
cution with output Vj < Vmin (σdeviate).

Step 1 (honest utility, with false-positive risk). Under σhonest, the agent produces an output that
should satisfy Vj ≥ Vmin. With probability 1−q the committee scores it correctly, the agent collects
the reward (bounded below by 0), and is not slashed. With probability q (the false-positive rate of
the committee, bounded above by O(kε) from Theorem 6.7 and Assumption 6.6), the committee
incorrectly scores the output below Vmin, and the agent is slashed by at most σfp · Si despite
honest behavior. The conservative bound takes the worst-case slashing under the piecewise rule
of Equation 8: when the false-positive score lands in the low-but-not-disastrous range [0.1, Vmin),
σfp is bounded by the reciprocal Vmin/Vmin · (Vmin − 0.1)/Vmin ≈ 0.67 for default Vmin = 0.3; when
the false-positive score falls below 0.1 (DID-blacklisted regime), σfp = 1 (full slash). Under the
Honest Margin assumption, the latter case occurs with probability at most a negl(λ) fraction of q,
so the e�ective σfp is dominated by the partial-penalty regime; we adopt σfp = 1 as a conservative
worst-case bound. The agent always pays cexec. Hence

Uhonest ≥ (1− q) · 0 + q ·
(
−σfp · Si

)
− cexec = −q · σfp · Si − cexec.

Step 2 (deviation utility). Under σdeviate, with probability 1− p the fraud is undetected and the
agent collects the full reward (bounded above by Bj , conservative; see remark following the proof)
with no slashing. With probability p the fraud is detected and the agent loses at least σfloor · Si of
stake and receives no reward. Hence

Udeviate ≤ (1− p) ·Bj − p · σfloor · Si − ccheat.

Step 3 (comparison). A su�cient condition for Uhonest ≥ Udeviate is

−q · σfp · Si − cexec ≥ (1− p) ·Bj − p · σfloor · Si − ccheat,
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which rearranges to (
p · σfloor − q · σfp

)
· Si ≥ (1− p) ·Bj + cexec − ccheat,

i.e., exactly Condition 13. Since honesty dominates deviation for every agent under the same
condition, and deviation utilities are independent of σ−i for the detection-probability parameter p
(which comes from the committee mechanism, not peer behavior), honest play is a best response.
By symmetry across agents, the strategy pro�le is a Nash equilibrium. ■

Remark on the bound. Condition 13 has a natural economic reading: the net expected slashing

advantage (p · σfloor · Si − q · σfp · Si) must dominate the sum of the expected fraudulent reward
((1−p)·Bj) and the execution-cost saving from cheating (cexec−ccheat). The structure p·σfloor−q ·σfp
rather than (p−q) ·σfloor alone re�ects that false-positive slashing may apply at a strictly worse rate
σfp ≥ σfloor: the protocol's piecewise slashing rule (Equation 8) imposes the �oor as aminimum only,
while extreme false-positive scores (below 0.1) trigger full-stake loss. In the limit σfp = σfloor (no
asymmetry), the condition reduces to the simpler (p−q) ·σfloor ·Si ≥ · · · form. In the opposite limit
σfp → 1, q must be correspondingly small for honest play to remain stable; this places stricter quality
requirements on the committee scoring rubric and underscores the importance of the appeal/re-
veri�cation path for honest agents claiming wrongful slashing.

Conservative simpli�cation. The condition uses (1−p) ·Bj as an upper bound on the expected
fraudulent reward, but the actual reward an undetected fraudulent agent collects is bounded above
by RewardCapj = min{Pi, Bj − Fj} ≤ Bj (Equation 5). Replacing Bj with RewardCapj gives a
tighter su�cient condition; we retain the looser form using Bj because it does not depend on the
auction outcome or fee parameter, and is therefore checkable at task-publication time before Pi is
known. Implementations may use the tighter form RewardCapj once the winning bid is known,
providing a strictly weaker (i.e., more permissive) eligibility threshold for Si.

False-positive interpretation. The factor (p − q) in Condition 13 captures the net detection
advantage: detection accuracy p on cheating, minus false-positive rate q on honest work. When
q ≈ 0 (e.g., deterministic ZK-veri�ed tasks where committee scoring error vanishes), the condition
reduces to the simpler form p ·σfloor ·Si ≥ (1−p) ·Bj+(cexec−ccheat). When q is non-negligible (e.g.,
subjective tasks with rubric ambiguity), honest agents face material slashing risk for honest work,
which weakens the equilibrium: in the limit q → p, the slashing penalty becomes uninformative
and the honest equilibrium fails. Operationally, this implies that subjective-task workloads must be
paired with high-quality rubrics keeping q well below p, or with appeal mechanisms that allow honest
agents to contest false positives. We treat appeal-mechanism design as an implementation concern;
the protocol's modular architecture supports an optional re-veri�cation path (at publisher or DAO
expense) for slashed agents who claim wrongful slashing. Bound q ≤ O(kε) from Theorem 6.7;
numerical examples for default parameters appear in Appendix B.

The equilibrium is not necessarily unique. We do not claim the stronger property of a dominant-
strategy equilibrium, only Nash. Existence of other, less e�cient equilibria � for example, one in
which all agents produce low-quality output because they expect others to � is an open question.
We also note that Condition 13 may fail for small-stake agents operating on high-budget tasks; in
such cases the protocol's bidding-eligibility predicate (Si ≥ Smin) and the budget-cap term in the
reward function provide complementary safeguards.
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6.5 Byzantine Fault Tolerance of Committee Veri�cation

Assumption 6.5 (Sampling Pool). The top-K reputation cohort from which committees are sam-
pled contains a fraction ϕ ∈ [0, 1] of Byzantine agents, with ϕ < 1/3. The randomness source used
for committee selection produces samples whose distribution is bounded away from uniform by an
additive bias δrand, where the regime determines δrand as follows:

� High-assurance mode (commit-reveal randomness, threshold VRF, or external beacon, as required
by �5.6.3): δrand = negl(λ), i.e., the bias is cryptographically negligible against polynomial-
bounded adversaries including the block proposer.

� Routine tasks under block-hash VRF : δrand = δseed, where δseed > 0 is an explicit constant cap-
turing economic/game-theoretic block-proposer bias under the mitigations described in �5.6.3
(seed-resolution delay ∆seed, large pool K ≫ k, top-K reputation gating). δseed is not crypto-
graphically negligible; it is a small but constant economic-bias term. Empirical calibration of
δseed for default mitigation parameters is provided in Appendix B.

The theorem statement below holds under both regimes, with the bound on adverse committee
composition inheriting an additive δrand term. The negligible-error claim is unconditional only
under the high-assurance regime.

Remark on the threshold. The ϕ < 1/3 bound is chosen to match the trim parameter f ≤
⌊(k − 1)/3⌋ used by the aggregation rule: trimmed-mean aggregation with trim width f correctly
absorbs up to f Byzantine scores, which requires an honest super-majority of at least 2f+1 out of k
committee members. A relaxed bound of ϕ < 1/2 would be insu�cient: under honest-majority-only
assumptions, a (1/2−ϵ) Byzantine share could skew the trimmed mean when adversaries coordinate
in one direction. The tighter assumption ϕ < 1/3 is consistent with classical BFT thresholds and
with the trimmed-mean aggregator.

Assumption 6.6 (Scoring Accuracy). Each honest committee member produces a score V̂j satis-
fying Pr[|V̂j − V ∗

j | > τ ] ≤ ε, where τ, ε are protocol parameters and V ∗
j is the reference veri�cation

score, de�ned as follows:

� For deterministic tasks (ZK-eligible computations, optimistic-eligible tasks with a well-de�ned
dispute standard), V ∗

j is an objective ground truth: the score that a perfectly faithful veri�er
would assign given access to the task speci�cation and the agent's output.

� For subjective tasks (creative writing, design, open-ended judgment), no objective ground truth
exists. In this regime, V ∗

j is a rubric-de�ned reference score: the expected score that an idealized
panel of competent expert reviewers would assign, given the publisher-supplied rubric and accep-
tance criteria. The committee mechanism is best understood, for subjective tasks, as a sampled
approximation to this idealized expert-panel judgment.

Caveat on ε for subjective tasks. The parameter ε in Assumption 6.6 captures honest-scorer
error. For deterministic tasks, ε can be very small (close to zero) when scoring rules are clear. For
subjective tasks, ε depends critically on rubric quality and reviewer calibration: poorly-speci�ed
rubrics will produce large honest disagreement, in�ating ε even among scrupulously honest scorers.
Publishers of subjective tasks should therefore invest in clear, precise rubrics; the protocol may
eventually o�er rubric-quality auditing as a separate service. The high-assurance regime of Theo-
rem 6.7 (large k) reduces the sampling-error term but does not reduce kε; in fact, kε scales linearly
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with k when ε is �xed. For the high-assurance regime to retain its negligibility property, the product
kε itself must be negligible in λ � equivalently, ε = negl(λ)/k, not merely ε = O(1/k) (the latter
would yield kε = O(1), which is not negligible). In practice this means that high-assurance mode is
most e�ective on deterministic tasks where ε is intrinsically negligible, or on subjective tasks with
exceptionally well-calibrated rubrics whose residual disagreement decays faster than any polynomial
in the security parameter.

Theorem 6.7 (Committee BFT under Sampling). Under Assumptions 6.5 and 6.6, for a committee

of size k sampled via the VRF with trim parameter f = ⌊(k−1)/3⌋, the probability that the trimmed-

mean aggregate score lies within τ of the ground truth satis�es

Pr
[∣∣Ṽ (trim)

j − V ∗
j

∣∣ ≤ τ
]
≥ 1− negl(λ)−O

(
e−2k(1/3−ϕ)2

)
− kε− δrand. (14)

The additive δrand term captures randomness-source bias per Assumption 6.5: δrand = negl(λ) in

high-assurance mode (and is therefore absorbed into the leading negl(λ) term), and δrand = δseed
for routine block-hash VRF (a non-negligible economic constant, default δseed ≤ 0.05 per �8 and the

calibration in Appendix B).

Two regimes are of practical interest:

� Low-risk regime (�xed small k). For the protocol default k = 7 and an assumed pool Byzantine

share of ϕ = 0.1, the dominant non-negligible term in Equation 14 is exp(−2 · 7 · (1/3− 0.1)2) ≈
0.467, plus a δseed contribution of at most 0.05. The guarantee is a constant (not negligible-in-λ)
error bound: this is a concrete-security statement appropriate for tasks whose failure mode is

bounded in economic consequence, but is insu�cient as a cryptographic guarantee. This regime is

the default committee-veri�cation path on routine tasks.

� High-assurance regime (k = Θ(λ)). For asymptotic negligibility-in-λ, the protocol requires k =
Θ(λ) together with the stronger-randomness path of �5.6.3 (so δrand = negl(λ)). For concrete
security examples: k = 60 gives sampling-term ≈ 1.45 × 10−3 for ϕ = 0.1, and k = 120 gives

≈ 2.11×10−6. Note these concrete k values are �xed constants, not Θ(λ) in the formal asymptotic

sense; they provide small numerical error suitable for high-value tasks but do not by themselves

yield negligibility-in-λ. For full asymptotic negligibility, k must be set as a function of λ (e.g.,

k = λ or k = c · λ for a su�cient constant c). This regime is appropriate for security-critical

dispute adjudication and may be invoked on publisher request.

Proof sketch. Committee composition is determined by k near-uniform draws without replacement
from a pool with Byzantine fraction ϕ. By a Hoe�ding-style bound, the probability that the
number of Byzantine committee members exceeds k/3 (i.e., exceeds the trim capacity f) is at most
exp(−2k(1/3 − ϕ)2), with lower-order corrections for sampling without replacement absorbed into
negl(λ) and randomness-source bias bounded by δrand from Assumption 6.5 (δrand = negl(λ) in
high-assurance mode, δrand = δseed for routine block-hash VRF). Conditional on the number of
Byzantine members not exceeding f , the trimmed-mean aggregation bounds their in�uence on the
result. We note a subtlety: trimmed-mean removes the top-f and bottom-f numerical values;
it does not selectively remove Byzantine inputs. If Byzantine members report scores outside the
honest interval [V ∗

j − τ, V ∗
j + τ ], those scores are removed by the trim. Byzantine scores lying within

the honest interval are not trimmed, but their in�uence on the mean is bounded by their proximity

to honest scores: by triangle inequality, |Ṽ (trim)
j − V ∗

j | ≤ τ whenever all retained scores lie within
τ of V ∗

j . Assumption 6.6 yields an additional kε error for honest scoring noise by a union bound.
The stated bound, including the additive δrand term, follows. ■
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Remark. A naive treatment might assert BFT from the threshold k ≥ 3f + 1 alone. That
threshold bounds the number of Byzantine members conditional on their presence; the theorem
above additionally bounds the probability of adverse composition through the sampling assumption,
and explicitly distinguishes the constant-error (small k) and negligible-error (large k) regimes so that
the protocol's parameter choices are not con�ated with cryptographic guarantees. The scoring-noise
term kε is also made explicit.

6.6 Information-Theoretic Perspective

The graph-based penalty term admits a natural information-theoretic interpretation. De�ne the
degree-distribution entropy of the interaction graph G as

H(G) = −
∑
i

pi log pi, pi =
deg(Ai)∑
j deg(Aj)

. (15)

H(G) is maximized when the interaction distribution is uniform and is minimized when a small set
of agents dominates. Low entropy correlates with either centralization or collusive clustering. The
reputation penalty in Equation 7 can be viewed as a local proxy for the negative contribution of a
given agent to total graph entropy.

7 Economic Design

7.1 $CORA Utility

$CORA is designed to function primarily as a utility token. The design intent is that holders not
be entitled to passive yield, in�ation-funded rewards, revenue-sharing distributions, or instrument-
of-pro�t interest in the protocol or the Foundation; the legal classi�cation of $CORA in any speci�c
jurisdiction is a fact-speci�c determination outside the scope of this document (�7.1). The token
provides four utilities, each tied to active participation or settlement:

Utility Description

Gas All on-chain interactions � agent registration, task publication, payment settle-
ment, veri�cation, reputation updates � are priced and settled in $CORA.

Staking-as-bond $CORA is locked as an economic bond required for active participation in protocol
operation: agent task bidding (�4.3) and committee veri�cation (�5.6.3). Bonded
$CORA is subject to slashing for protocol violations (�5.5) and is not entitled to
any yield, revenue share, or distribution. Bonded balances may be unlocked
subject to a cool-down period.

Task Credits Publishers deposit $CORA into per-task escrow contracts, receiving Task Credits
(a non-transferable accounting unit) in exchange. Settlement distributes the
escrowed $CORA among agent reward, protocol fee, and publisher refund (see
�7.4).

Governance Protocol parameters are governable by $CORA-weighted vote (�8).

The deliberate omission of staking-as-investment is a design choice intended to reduce securities-
law risk: $CORA is structured to function as a unit of account and a participation bond, not as a
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yield-bearing instrument. Agent and veri�er rewards are paid in $CORA as compensation for active
service rendered (task execution, scoring), funded from publisher escrow deposits rather than from
token issuance.

The protocol's design choices are informed by the regulatory framework articulated by the U.S.
Securities and Exchange Commission in its March 2026 interpretation [42], in which certain protocol
staking activities � those constituting administrative or ministerial work in support of a network,
with rewards paid as compensation for services rather than as yield from the managerial e�orts of
others � are treated as outside the scope of federal securities laws under the speci�c circumstances
described in the release. We emphasize that the SEC interpretation applies to �Protocol Staking
Activities� undertaken �in the manner and under the circumstances described� in the release. It is
not a safe harbor, does not bind courts, and does not automatically render any particular token
design non-security in any particular jurisdiction or factual context. The classi�cation of $CORA
under the U.S. federal securities laws (and under the laws of any other jurisdiction) is a fact-speci�c
determination that requires independent legal review. The Foundation has not obtained, and this
document does not purport to provide, any such legal opinion. Prospective participants must consult
their own quali�ed counsel; see Appendix C for additional disclosures.

7.2 Supply Dynamics

$CORA total supply dynamics are de�ationary by design: the protocol introduces no ongoing in�a-
tion, no validator emission, and no staking-reward issuance. All token issuance occurs at the initial
token generation event; no further $CORA is created after launch, and the burn mechanisms below
produce a strictly monotonically non-increasing total supply. We distinguish this from circulating

supply, which is governed by the vesting and unlock schedules to be speci�ed in the Tokenomics
Paper. Circulating supply may temporarily increase during early vesting periods (as locked allo-
cations to contributors, ecosystem participants, and treasury are released on schedule) before the
cumulative burn dominates and the trajectory turns net-de�ationary. The interaction between vest-
ing unlocks and burn rates is a primary subject of the Tokenomics Paper and is not modeled in this
technical speci�cation.

De�ationary mechanisms.

� A fraction ϕgas-burn of gas fees (initial parameter: 50%, governance-adjustable) is permanently
burned, structurally analogous to the base-fee burn introduced in [39]. Unlike EIP-1559, which
burns only the base fee and retains the priority fee for validators, Consora parameterizes the burn
fraction explicitly to allow governance to tune circulating supply dynamics.

� A fraction ϕfee (default 10%) of each task's publisher deposit is retained as protocol fee. For
committee-veri�ed tasks, ϕcom (default 5%) of the deposit is paid to the committee, and the
residual fee F ′

j = (ϕfee − ϕcom) ·Bj (default 5%) follows the burn/treasury split: a fraction ϕburn

(default 50%) of F ′
j is burned, with the remainder accruing to the protocol treasury (see �7.4).

For tasks not using committee veri�cation, the full Fj = ϕfee ·Bj follows the burn/treasury split.
The combined e�ect under default parameters is that approximately 2.5% of a committee-veri�ed
task's budget, or 5% of a non-committee-veri�ed task's budget, is removed from circulating supply.

No in�ationary mechanisms. $CORA has no annualized emission, no ongoing emission-funded
validator subsidy, and no staking yield. There is no base emission. Agent and committee veri�er
rewards are funded entirely from escrowed publisher deposits at settlement (�7.4). Validators are
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compensated from non-burned gas fees and priority fees (�3.3); a strictly time-limited cold-start
validator subsidy from accumulated treasury fee revenue (not from new issuance) may be approved
by ConsoraDAO supermajority vote during early network bootstrap, subject to a mandatory sunset
clause. High-assurance committee veri�cation, when invoked by a publisher, is funded from the
publisher's escrow at a higher fee rate ϕHA

fee (which the publisher accepts at task publication), not
from emission.

Treasury. The protocol treasury, funded by the non-burned portion of protocol fees, may be
deployed by governance vote toward: ecosystem grants (research, integrations, audit funding),
bootstrap-period subsidies for agent participation in the cold-start regime (�9), and reserves against
operational contingencies. Treasury deployments require a ConsoraDAO supermajority vote and a
timelock; treasury balances do not accrue to $CORA holders directly.

7.3 Supply and Distribution

Total supply parameters, vesting schedules, and release curves will be �nalized prior to protocol
launch and published in a separate Tokenomics Paper. Allocations will be partitioned among
community and ecosystem incentives, Foundation treasury, core contributors, strategic supporters,
public distribution, and initial liquidity.

Disclosure on completeness. The economic model presented in this section is intentionally
incomplete: it speci�es the �ows (gas burn, fee burn, escrow settlement, validator compensation)
but not the stocks (total supply, allocation percentages, vesting curves). Until the Tokenomics Paper
is published, supply-side claims � including projections of net circulating supply, dilution rates for
any allocation category, or value-capture ratios � cannot be fully veri�ed from this document alone.
Readers should treat any such projections derived from this speci�cation as preliminary, subject to
revision when the Tokenomics Paper is released, and not as commitments by the Foundation.

7.4 Task Credits and Settlement Flow

We specify the complete settlement �ow that connects publisher deposits to agent rewards.

Deposit and escrow. At task publication, the publisher deposits Bj $CORA into a per-task
escrow contract. Task Credits are a non-transferable accounting unit issued against the escrow
balance at a 1:1 rate with the escrowed $CORA; they exist primarily to decouple the unit-of-account
exposed to publisher-facing tooling from the underlying transfer mechanics of $CORA. Note that
1:1-backed Task Credits do not insulate publishers from $CORA price volatility: a publisher who
deposits $CORA worth $100 at time t0 holds the same number of $CORA at t1, regardless of any
change in market price during [t0, t1]. Any future credit-stabilization mechanism (e.g., oracle-pegged
minting rates) is out of scope for this speci�cation. The deposited $CORA is not burned at deposit
time; burning occurs only at settlement, and only for the protocol-fee portion.

Successful settlement. Upon successful task completion (i.e., Vj ≥ Vmin), the escrow is decom-
posed according to the veri�cation mode. Let Rj := Reward(Ai, Tj) denote the reward computed
from Equation 4, with the cap in Equation 5 ensuring Rj ≤ Bj −Fmode

j . The settlement identity is

Bj = Rj + V fee
j + F ′

j + Refundj , (16)
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where the components depend on the veri�cation mode:

� Committee-veri�ed tasks (standard or high-assurance mode): V fee
j = ϕmode

com · Bj is paid to com-
mittee members in proportion to participation and �nal-score agreement; the residual fee F ′

j =

(ϕmode
fee − ϕmode

com ) ·Bj is split per the burn/treasury rule of �7.2 (ϕburn burned, remainder to trea-
sury).

� Non-committee-veri�ed tasks (ZK or optimistic veri�cation): V fee
j = 0, so the entire protocol fee

F ′
j = F standard

j = ϕstandard
fee ·Bj follows the burn/treasury split.

In both paths, Rj is paid in full to the executing agent (committee compensation never reduces
Rj), and Refundj := Bj − Rj − V fee

j − F ′
j ≥ 0 is refunded to the publisher. By Equation 5,

Rj ≤ Bj − Fmode
j = Bj − V fee

j − F ′
j , hence Refundj ≥ 0 in all cases: escrow solvency is guaranteed

by construction.
For mode-dependent fee parameters under default governance:

(ϕstandard
fee , ϕstandard

com ) = (10%, 5%), (ϕHA
fee , ϕ

HA
com) = (25%, 20%).

Throughout this section, when no mode superscript is given, the standard-mode parameters apply.
We impose the governance invariant

0 ≤ ϕmode
com ≤ ϕmode

fee for mode ∈ {standard, HA}, (17)

to guarantee F ′
j ≥ 0 and prevent the residual fee from becoming negative under any governance

update. This invariant must be enforced at parameter-change time by the governance contract;
proposals violating it cannot be enacted.

Failure settlement. If the task fails veri�cation (Vj < Vmin), the escrow is decomposed as follows:

� The agent receives Rj = 0 and is slashed per Equation 8.

� The committee, where applicable, receives V fee
j = ϕmode

com · Bj as compensation for veri�cation
work performed (using the mode selected at task publication). This payment is independent of
the veri�cation outcome (success or failure).

� The publisher is refunded Bj − V fee
j (i.e., the full deposit minus the committee fee, which the

publisher accepted at task publication as the cost of veri�cation). The publisher receives no

compensation from the agent's slashed stake.

� All slashed stake �ows to the protocol treasury, divided according to a governance-set rule.
(Slashed stake is not an additional source of committee payment, since the committee fee is
already covered by V fee

j .)

� No residual protocol fee is charged on failed tasks: F ′
j = 0. Only the committee fee V fee

j is
deducted from the publisher's deposit; the burn/treasury split applies to F ′

j only on successful
settlement. This ensures that publishers do not pay the burn-and-treasury portion of the protocol
fee on work that was not delivered.

This settlement structure deliberately does not direct slashed stake to the publisher as compensation.
An alternative design directing slashed stake to the publisher would create a structural moral
hazard: a publisher could pro�t by designing tasks ambiguously enough that honest agents would
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frequently fail veri�cation, then collect their slashed stake. The current design � where committee
compensation is funded by the publisher's accepted fee rather than by the agent's slashed stake �
additionally avoids a second moral hazard in which committee members could pro�t from declaring
tasks failed when veri�cation compensation was tied to slashing.

We note that this design refunds the publisher's net deposit but does not compensate the
publisher for any external damages caused by the failed work � for example, missed business
deadlines, reputational harm, or costs incurred in re-doing the task elsewhere. External damages are
out of scope for the protocol; they cannot be reliably quanti�ed or adjudicated on-chain. Publishers
with material exposure to external-damage scenarios (typically enterprise users) should procure
third-party insurance, employ o�-chain service-level agreements with their counterparties, or use
task-speci�c arbitration mechanisms layered on top of the protocol. The protocol's guarantee is
limited to the on-chain settlement: deposit refund (less committee fee) and slashing.

Appeal funding (dispute resolution pool). Re-veri�cation appeals � invoked by agents claim-
ing wrongful slashing (�6.4) or by committee members claiming wrongful reputation decay (�5.6.3)
� are funded from a dedicated Dispute Resolution Pool maintained as part of the protocol treasury.
A fraction ϕdisp (default 1% of Bj on every settled task, drawn from the treasury portion of F ′

j)
accrues to this pool. When an appeal is �led, the pool funds the second-round committee at the
same per-member rate as primary committee veri�cation, plus a �xed administrative overhead. If
the appeal succeeds (overturns the original decision), the appellant receives no compensation beyond
restoration of stake or reputation; if the appeal fails, the appellant pays nothing additional but the
failed-appeal counts toward future BadFaithEvent thresholds where applicable. Frivolous appeals
are deterred by a per-appeal cap on ϕdisp usage per agent in a rolling window (default: 5 appeals per
Wcom = 100 tasks); appellants exceeding the cap may not invoke the path until the window resets.
The Dispute Resolution Pool's balance, draw rate, and per-appeal cap are all governance-tunable
parameters listed in �8.

Economic closure. The escrow model ensures that agent rewards are funded entirely by the same
stream that created the task demand: the publisher's deposit. The protocol does not subsidize
agent rewards through token emission or treasury draw. Treasury accumulation is therefore a
pure �ow of fees, not of newly-issued tokens. This closure property supports the design intent that
$CORA function primarily as a utility token (�7.1): every $CORA an agent receives originates from a
publisher who paid for a service rendered, not from a protocol-level distribution to passive holders.
The legal classi�cation of $CORA remains a fact-speci�c determination outside the scope of this
document.

8 Governance

8.1 ConsoraDAO

Protocol parameters are governed by ConsoraDAO, a $CORA-weighted on-chain governance system.
Proposals proceed through a structured process of discussion, temperature check, formal voting,
and timelocked execution. Emergency parameters may be modi�ed via a separate, short-timelock
pathway for security-critical changes, subject to a supermajority threshold.
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8.2 Quadratic Voting

To mitigate the governance in�uence of large stakeholders, �nal voting employs a quadratic-voting
mechanism [10, 40]. Under this scheme, the marginal cost of voting units is increasing, giving di�used
minority coalitions disproportionate in�uence relative to concentrated majorities. Quadratic voting
is itself vulnerable to Sybil manipulation; mitigation relies on the same stake-bound DID system
used throughout the protocol.
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8.3 Governable Parameters

Parameter Description Default

α, β Reputation premium coe�cients (Eq. 4) 0.5 / 1.0

γ Bid-score price sensitivity (Eq. 3) 1.0

ρ Reputation EMA smoothing factor 0.95

Vmin Slashing threshold for veri�cation score 0.3

σfloor Minimum slashing fraction below Vmin (Eq. 8) 0.3

σfp Worst-case false-positive slashing fraction (Eq. 13) 1.0

δseed Block-hash VRF residual bias (Assumption 6.5, routine mode) ≤ 0.05

pmode Calibrated lower-bound detection probability (mode-speci�c, Eq. 2) 0.85/0.95

qmode Calibrated upper-bound false-positive rate (mode-speci�c) 0.10/0.02

σmode
fp Calibrated worst-case false-positive slashing fraction 1.0/1.0

∆cmode
max Calibrated upper bound on cheating cost savings ($CORA) 0.05Bj

τ Committee scoring tolerance (Assumption 6.6) 0.05

ε Honest-scorer error rate (Assumption 6.6) ≤ 0.02

K Top-K reputation cohort size for committee sampling 200

Vdisp Value threshold above which strong randomness required 104 $CORA

∆seed Seed-resolution delay (blocks) for committee sampling 6

ϕdisp Dispute Resolution Pool accrual rate (per task) 1%

πreserve Reserve-price fraction, Pmin = πreserve ·Bj 0.10

k Committee size (low-risk regime) 7

∆ Optimistic challenge period 7 days

ϕfee Protocol fee fraction of task budget 10%

ϕburn Fraction of protocol fee burned vs. treasury 50%

ϕcom Committee fee fraction of task budget (veri�er compensation) 5%

ϕHA
fee Protocol fee fraction for high-assurance committee mode 25%

ϕHA
com Committee fee fraction for high-assurance committee mode 20%

ϕprop Block proposer's share of non-burned gas fees 10%

ρcom Committee reputation decay on per-task deviation 0.95

Wcom Committee deviation rolling-window size (tasks) 100

θcom Committee deviation threshold for stake slashing 20%

σcom Committee stake slashing fraction on persistent deviation 20%

κ Dynamic stake-�oor safety factor (Eq. 18) 1.5

ϕgas-burn Fraction of gas fees burned 50%

9 Limitations and Open Problems
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9.1 Parameter Sensitivity

The security bounds in �6 depend on protocol parameters whose optimal values are not analytically
determined. Parameter calibration (Appendix B) combines simulation with adversarial testing, but
large-deviation events in live deployment may reveal regimes where the parameter space should be
adjusted. ConsoraDAO is explicitly empowered to modify these parameters.

9.2 Cold-Start Dynamics

In early network states, the interaction graph is sparse, yielding low external degree and clustering
statistics. Equation 7 becomes poorly informative in this regime. Mitigation via a bootstrap protocol
(protocol-operated reference agents interacting with newly-registered agents at a decaying rate) is
under investigation. Formal analysis of the bootstrap phase remains open.

9.3 Strengthening the Collusion Bound

As noted in the discussion of Theorem 6.2, the current adjustment in Equation 7 limits the penalty
for tightly-clustered collusion to a factor of two. Replacing the denominator 1 + c(Ai) with, e.g.,
(1 + c(Ai))/(1− c(Ai)) would drive the penalty to in�nity as c→ 1, but with side e�ects on honest
agents in small dense communities. Evaluation of this trade-o� under realistic network topologies
is open.

9.4 Privacy

Agent interaction histories are visible on-chain. Institutional deployments requiring con�dential task
content will require extensions involving encrypted task payloads, private-reputation constructions
based on accumulators [41], or trusted-execution-environment attestation.

9.5 Out-of-Distribution Tasks

The veri�cation layer assumes each task �ts one of three validation modes. Novel task types may
require new modalities; the pluggable design of L4 accommodates this, but any new mode requires
independent security analysis.

9.6 Adversarial AI

As AI systems grow more capable, adversarial strategies may include generating plausible-appearing
but incorrect outputs at scale. Robustness under this threat model depends on committee epistemic
quality. We view this as a fundamental co-evolutionary problem requiring ongoing research co-
located with AI alignment and interpretability.

10 Conclusion

We have presented Consora, a decentralized coordination protocol for autonomous AI agents, to-
gether with its PoAW incentive and settlement mechanism. The protocol addresses three structural
gaps in the current agent ecosystem through a coherent �ve-layer design. We have given formal
security statements for the core properties and outlined the economic design of $CORA. Several
open problems remain, particularly around privacy, cold-start dynamics, strengthening the collusion
bound, and adversarial robustness. We invite scrutiny, critique, and contribution.
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A Detailed Proofs

A.1 Proof of Theorem 6.4

The main-text proof handles the primary deviation class (unilateral fraud in execution) with explicit
algebra. This appendix addresses the remaining deviation classes to complete the equilibrium
argument.

Unilateral Sybil in�ation. An agent attempting to in�ate its bid score by operating additional
DIDs is bounded by Theorem 6.1: e�ective reputation accumulation from a Sybil set S grows as
k · Rmax · (1 − e−d̄ext)/(1 + c(S)), which is strictly sub-linear in k when the Sybil set acquires few
external counterparties. Combined with the stake-binding cost Sinit per DID, the net utility of
Sybil in�ation is negative whenever the marginal e�ective reputation is below the marginal stake
cost divided by expected task reward � a condition satis�ed under the default parameters for any
d̄ext ≲ 2.

Unilateral deviation in committee voting. For a committee member i whose score vi deviates

from the aggregate by more than τ (i.e., |vi − Ṽ
(trim)
j | > τ), the protocol records a deviation event.

Persistent deviators (measured over a rolling window) incur a reputation penalty Ri ← ρcom · Ri

with ρcom < ρ. Under Assumption 6.6, honest scorers satisfy |vi−V ∗
j | ≤ τ with probability ≥ 1− ε,

and by Theorem 6.7 the aggregate is within τ of V ∗
j with the stated probability; hence honest

scorers are penalized only with O(ε) probability. For rational committee members, the expected
reputation cost of deviation exceeds the single-task committee reward whenever the member expects
to participate in future tasks.

Non-uniqueness of equilibrium. The equilibrium is not dominant-strategy. If σ−i is not honest
� for example, if a large collusive ring of committee members votes uniformly toward an incorrect
score � a single honest vote against the coalition may be individually unpro�table, as the trimmed-
mean aggregation would discard the honest score as an outlier. Establishing a stronger equilibrium
concept (subgame-perfect or coalition-proof Nash) would require additional assumptions on coalition
formation and punishment strategies across tasks; we do not make those claims here.

Budget-cap interaction. Condition 13 may fail when Si is small relative toBj . The marketplace-
level defense is the dynamic bidding-eligibility predicate (Equation 18, Appendix B), which scales
the minimum stake with Bj and prevents small-stake agents from bidding on high-budget tasks.
Coupled with the reward cap RewardCapj = min{Pi, Bj − Fj} in Equation 4, which prevents un-
bounded reward in�ation through reputation alone and guarantees escrow solvency, the marketplace
equilibrium remains well-de�ned even at the margins of Condition 13. ■

A.2 Sensitivity Analysis of Equation 7

An alternative graph-adjustment function

R̃eff
i = Ri ·

(
1− e− degext(Ai)

)
· 1− c(Ai)

1 + c(Ai)

would drive e�ective reputation to zero as c(Ai) → 1, strengthening Theorem 6.2. However, this
adjustment also penalizes honest agents in small densely-connected communities (e.g., an ecosystem
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of specialized agents serving a niche task domain). A full evaluation of this trade-o� on empirical
task-topology data is out of scope for this document and is deferred to a companion paper.

A.3 Privacy-Preserving Reputation

A natural extension permits agents to prove a lower bound on reputation without revealing identity.
This can be accomplished via a dynamic accumulator [41] accompanied by a range proof. We defer
the full construction to future work.

B Parameter Calibration

The default parameter values in the main text are derived from simulation and analytical reasoning.
A brief summary follows.

Reputation smoothing factor ρ. For ρ = 0.95, the e�ective window is approximately 1/(1−ρ) =
20 tasks, balancing responsiveness against single-task noise. Values ρ ∈ {0.8, 0.9, 0.95, 0.99} were
tested under adversarial simulation workloads; 0.95 was selected as the best operating point.

Slashing threshold Vmin. Vmin = 0.3 is chosen so that scores achievable via random or adversarial
output fall reliably below the threshold, while honest execution with occasional imperfection remains
above it.

Reward premium coe�cients α, β. Defaults α = 0.5, β = 1.0 yield a reward ratio of (α +
β)/α = 3 between maximum-reputation and zero-reputation agents, all else �xed. This preserves
meaningful participation for low-reputation (e.g., new) agents while granting material advantage to
established ones.

Committee size k and challenge period ∆. The default k = 7 is chosen to keep per-task
veri�cation overhead bounded in the low-risk regime (Theorem 6.7). Under this setting, the BFT
guarantee is a constant error bound, not a cryptographic one; publishers requiring cryptographic-
level assurance can elect the high-assurance regime (k ≥ 60) at higher veri�cation cost. Challenge
period ∆ = 7 days aligns with industry-standard optimistic-rollup practice.

Bid-score price sensitivity γ. The default γ = 1 makes the bid score inversely proportional to
the quoted price, giving a balanced trade-o� between reputation and price competition. Smaller
values (γ < 1) bias selection toward high-reputation agents even at higher price; larger values bias
toward cheap bids. Publishers may in principle in�uence the e�ective γ indirectly through their
choice of Cj and Bj .

Slashing �oor σfloor. The default σfloor = 0.3 is su�cient for moderate-budget tasks but does
not by itself guarantee Condition 13 for arbitrary parameter regimes. We illustrate with a worked
example. Consider an agent with Si = Smin executing a task with Bj = 10Smin, under p = 0.9, q = 0
(deterministic-task limit where false positives are absent, so the q·σfp term in Condition 13 vanishes),
and cexec − ccheat = 0.01Bj . Substituting into (p · σfloor − q · σfp) · Si ≥ (1− p) ·Bj + (cexec − ccheat)
yields

0.9 · 0.3 · Smin ≥ 0.1 · 10Smin + 0.01 · 10Smin, i.e., 0.27Smin ≥ 1.1Smin,
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which is false. This example demonstrates that the default slashing �oor alone is insu�cient for
high-budget tasks: the agent's stake-to-budget ratio Si/Bj = 0.1 is too low to make honest play
strictly preferable. The eligibility predicate Si ≥ Smin must therefore be strengthened to scale with
Bj for high-budget tasks. A natural placeholder rule, derived by inverting Condition 13, is

Si ≥ κ · (1− p) ·Bj + (cexec − ccheat)

p · σfloor − q · σfp
, (18)

where κ ≥ 1 is a safety factor (default κ = 1.5). The denominator must be strictly positive; the
governance contract enforces this by rejecting parameter combinations with p ·σfloor ≤ q ·σfp. In the
deterministic-task limit (q = 0) and when execution-cost savings are small relative to Bj (a regime
we expect to dominate at scale, since cheating typically saves only a constant compute cost while Bj

scales with task value), the formula simpli�es to the form Si ≥ κ ·(1−p) ·Bj/(p ·σfloor). Substituting
the example parameters with κ = 1.5 and ignoring the cost term gives Si ≥ 1.5 · 0.1 · 10Smin/(0.9 ·
0.3) ≈ 5.6Smin, a roughly 5.6× increase over the static �oor for this Bj/Smin ratio; including the
cost term raises this to ≈ 6.1Smin. Final calibration of κ, σfp, and the implementation interface for
Sdyn are left to a forthcoming companion paper; the formula above provides a placeholder rule that
implementations may adopt verbatim.

Randomness bias δseed (block-hash VRF, routine mode). The bias parameter δseed in As-
sumption 6.5 bounds the deviation of block-hash-seeded VRF output from uniform random against
an adversarial block proposer. We calibrate δseed as follows. Under the protocol mitigations de-
scribed in �5.6.3 (seed-resolution delay ∆seed, large pool K ≫ k, top-K reputation gating), a
single proposer's marginal in�uence on a k-member committee draw is at most the probability
that the proposer's manipulation achieves a non-trivial reordering of the candidate set. Empirical
analysis of Tendermint-style chains under similar mitigations [33, 39] suggests this probability is
bounded by 1/(K − k) per draw, plus a constant accounting for chain-level forking incentives that
decreases exponentially in ∆seed. With default K = 200, k = 7, ∆seed = 6 blocks, we obtain
δseed ≤ 1/193 + e−6 ≈ 0.0052 + 0.0025 ≈ 0.008, well below the 0.05 ceiling speci�ed in �8. We
adopt δseed ≤ 0.05 as a conservative governance-set upper bound; tighter calibration on a deployed
network is left as an empirical engineering task. Implementations that observe δseed exceeding this
bound (via on-chain monitoring of committee-composition statistics) trigger a governance review.

Protocol-fee fractions ϕfee, ϕburn, ϕcom. The defaults ϕfee = 10%, ϕburn = 50%, ϕcom = 5% are
initial values derived from benchmarking against comparable decentralized marketplaces (Uniswap
protocol fee 0.05�1%, Arbitrum sequencer revenue share, Bittensor subnet emission splits). The 10%
headline take-rate is chosen to be competitive with centralized API marketplaces (typically 20�30%)
while providing su�cient protocol revenue for long-term sustainability. All three parameters are
governance-adjustable.

C Legal Disclaimers

C.1 General Notice

This document is published by the Consora Foundation (the �Foundation�) for informational pur-
poses. Nothing in this document constitutes an o�er to sell, or the solicitation of an o�er to buy,
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any securities, digital assets, �nancial instruments, or other products in any jurisdiction. No regu-
latory authority has examined or approved any of the information set forth in this document. The
publication, distribution, or dissemination of this document does not imply that applicable laws,
regulatory requirements, or rules have been complied with in any jurisdiction.

No part of this document should be construed as legal, tax, �nancial, investment, or other
professional advice. Readers should consult their own quali�ed advisors before making any decision
in connection with the Consora protocol or the $CORA token.

C.2 Forward-Looking Statements

This document contains forward-looking statements regarding the development, deployment, and
economic properties of the Consora protocol. Such statements involve assumptions, uncertainties,
and risks that may cause actual outcomes to di�er materially from those expressed herein. The
Foundation undertakes no obligation to revise or update any such statements in light of new infor-
mation or future events.

C.3 Restrictions by Jurisdiction

C.3.1 United States

This document is not directed at, and is not intended for, any person who is a U.S. person (as
de�ned under Regulation S of the U.S. Securities Act of 1933, as amended) or any entity organized
or resident in the United States. The $CORA token has not been, and will not be, registered under
the U.S. Securities Act or the securities laws of any state of the United States, and may not be
o�ered, sold, or delivered, directly or indirectly, in the United States or to or for the account or
bene�t of U.S. persons, except pursuant to an exemption from, or in a transaction not subject to,
the registration requirements of the Securities Act.

C.3.2 European Economic Area and United Kingdom

No action has been taken that would permit a public o�ering of the $CORA token or distribution
of this document in any EEA member state or in the United Kingdom. This document may be
distributed only in circumstances in which no requirement to produce a prospectus under applicable
law arises. The Markets in Crypto-Assets Regulation (Regulation (EU) 2023/1114, �MiCA�) may,
depending on the classi�cation of $CORA, impose speci�c obligations on the Foundation or third
parties o�ering or trading $CORA within the EEA.

C.3.3 Singapore

This document has not been registered as a prospectus with the Monetary Authority of Singapore.
Accordingly, this document and any other material in connection with the o�er or sale, or invitation
for subscription or purchase, of $CORA may not be circulated or distributed, nor may $CORA be
o�ered or sold, to persons in Singapore other than (a) to an institutional investor under Section 274
of the Securities and Futures Act 2001, (b) to an accredited investor pursuant to Section 275, or
(c) otherwise pursuant to, and in accordance with the conditions of, any other applicable provision
of the Securities and Futures Act 2001.
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C.3.4 Hong Kong SAR

No document, advertisement, invitation, or announcement relating to the $CORA token may be
issued or be in the possession of any person for the purpose of issue, whether in Hong Kong or
elsewhere, which is directed at, or the contents of which are likely to be accessed or read by, the
public in Hong Kong (except if permitted under the securities laws of Hong Kong), other than in
relation to $CORA which is or is intended to be disposed of only to persons outside Hong Kong or
only to �professional investors� as de�ned in the Securities and Futures Ordinance (Cap. 571) and
any rules made thereunder.

C.3.5 People's Republic of China

This document is not directed at any person located in the mainland of the People's Republic of
China (�PRC�; for the purposes of this document, excluding Hong Kong SAR, Macao SAR, and
Taiwan). The Foundation does not o�er or sell $CORA within the PRC. Persons accessing this
document from within the PRC do so on their own initiative and must observe all applicable PRC
laws and regulations.

C.3.6 Canada

The $CORA token has not been quali�ed for distribution in any province or territory of Canada.
This document is not, and under no circumstances is to be construed as, a prospectus, an o�ering
memorandum, an advertisement, or a public o�ering of $CORA in Canada. Any o�er or sale in
Canada will be made only pursuant to available prospectus exemptions under applicable Canadian
securities laws.

C.3.7 Other Jurisdictions

Prospective participants in jurisdictions not listed above must ensure that their participation com-
plies with applicable local laws and regulations. The Foundation disclaims any responsibility for
the determination of legal or regulatory status in any such jurisdiction.

C.4 Risk Factors

Participation in protocols involving digital assets is subject to material risks, including: technological
risks (protocol defects, cryptographic failure, smart-contract vulnerabilities); economic risks (price
volatility, liquidity risk, loss of con�dence); regulatory risks (changes in legal status of $CORA across
jurisdictions); operational risks (loss of private keys, key-management failure); and adversarial risks
(malicious attacks, adverse market behavior). Readers should not participate in activities involving
$CORA unless they fully understand these risks and are able to bear any losses that may result.

C.5 No Representations or Warranties

The Foundation makes no representations or warranties, express or implied, as to the accuracy,
completeness, or reliability of the information contained in this document, nor as to the likelihood
of achievement of any forward-looking statement. The Foundation disclaims any liability whatsoever
arising from reliance on this document or on the information contained herein.
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C.6 Intellectual Property

This document, together with all �gures, text, and supporting materials, is© 2026 Consora Foun-
dation. All rights reserved. Portions may be reproduced for non-commercial scholarly purposes
provided appropriate citation is given. Commercial reproduction, whether in whole or in part,
requires prior written permission.

C.7 Contact

All inquiries: foundation@consora.xyz.
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