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Abstract
As autonomous agents negotiate service-level agreements, API subcontracting, and resource

allocation, resolving ambiguous contract contingencies requires mechanisms that avoid both
brittle smart-contract halts and power capture. In alternating-offers bargaining (Binmore,
Rubinstein & Wolinsky, 1986), counterparties with unequal compute or capital endowments
(γasym ∈ [0.20, 0.85]) face asymmetric delay costs and strategic disagreement-point manipu-
lation, compressing the weaker party’s surplus. Drawing on bargaining theory (Nash, 1950;
Myerson & Satterthwaite, 1983), polycentric governance (Ostrom, 1990), and empirical au-
dits of decentralized dispute systems (Mahrous et al., 2026; Elina et al., 2026), this paper
specifies the Constitutionally Bounded Nash Equilibrium (CNBE) mediator. CNBE combines:
(1) a normative symmetric-weight Nash objective (τA = τB = 0.5); (2) an Observable-Only
Escrow-Audited Disagreement Estimator (using zero hidden d0 oracle leakage) paired with a
pre-committed escrow bond Sbond; and (3) a deterministic constraint filter enforcing hard li-
ability bounds over a verified 201-point contract grid (0 feasible-set violations across 16,000
trials). At high power asymmetry (γasym = 0.65, N = 1,000 disputes per regime), static
statutory rules settle 9.20% [7.56, 11.15] of disputes, unconstrained Coasean bargaining settles
11.30% [9.48, 13.41] (12.50% [10.59, 14.69] constitutional compliance), and ad-hoc LLM medi-
ation settles 54.70% [51.60, 57.76] (64.70% [61.69, 67.60] compliance). CNBE achieves 90.00%
[87.98, 91.71] unbonded voluntary acceptance and 100.00% [99.62, 100.00] bonded settlement
(Sbond = 0.08), 97.57% [97.53, 97.60] Pareto surplus, 42.88 [42.67, 43.08] weaker-party utility,
and 100.00% [99.62, 100.00] constitutional compliance.

1 Introduction
When autonomous agents and organizational principals enter into complex, multi-attribute service
agreements—such as delegated compute provisioning, automated supply-chain routing, or cross-
domain data licensing—incomplete contracting is inevitable [6, 12, 16]. Because real-world execu-
tion environments encounter unforeseen contingencies that cannot be exhaustively enumerated ex
ante, multi-agent ecosystems require ex-post dispute mediation mechanisms [7, 21, 22].

Recent empirical audits of decentralized markets and multi-agent LLM negotiation in 2025–
2026 demonstrate why neither ex-ante dispute prediction, rigid deterministic smart contracts, nor
unconstrained LLM bargaining suffices for equitable dispute resolution:

1. Failure of Ex-Ante Dispute Prediction Under Extreme Base-Rate Imbalance: A
natural hypothesis is that platforms could screen out dispute-prone contracts before execu-
tion using machine learning classifiers. However, in a comprehensive empirical analysis of
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802,863 prediction-market contracts on Polymarket resolved via UMA’s optimistic oracle,
Mahrous and Di Pietro [9] (arXiv:2610.29578) demonstrated that while contract metadata
predicts **log trading volume** with high accuracy (R2 = 0.747), **ex-ante dispute predic-
tion achieves an Average Precision (AP) of only 0.012 against a 0.31% dispute base rate**—a
precision level the authors explicitly conclude is unusable for screening individual contracts.
Because rare, ambiguous contingencies cannot be reliably predicted ex ante, robust ex-post
resolution mechanisms are indispensable.

2. Brittleness and Validator False Alarms in Rigid Smart-Contract Halts: When
contracts rely on rigid deterministic code rules or automated compliance monitors to halt
execution upon suspected violations, specification defects cause severe deadweight loss. In
the Maat compliance-verification framework, Elina [4] (arXiv:2609.34017) found that **35
out of 94 automated compliance halts (37.2% of all halts)** were false alarms triggered by
validator specification defects rather than genuine party misconduct. When a rigid escrow
contract halts erroneously or enforces binary forfeiture on an ambiguous edge case, cooperative
surplus is destroyed.

3. Endowment Asymmetry in Alternating-Offers Bargaining and Rhetorical LLM
Mediation: When disputes are delegated to bilateral agent negotiation [8, 17], differences
in compute budgets, liquidity reserves, and waiting-cost tolerance create severe bargaining
power asymmetry. In classical non-cooperative game theory, Binmore et al. [3] proved that
Rubinstein alternating-offers bargaining between parties with unequal discount rates rA ̸=
rB converges to the *asymmetric* Nash Bargaining Solution with bargaining weight τA =
rB/(rA+rB). Similarly, when an unconstrained LLM acts as an informal arbitrator, empirical
benchmarks show that higher-capability agents exploit rhetorical persuasion, sycophancy, and
context framing to skew settlements in their favor [5, 8, 11, 17].

Theoretical Contribution and Institutional Honesty: Why Symmetric Weights Alone
Do Not Neutralize Power. A tempting fallacy in mechanism design is to claim that replacing
bilateral bargaining with a mediator that maximizes the symmetric Nash product (uA − dA)(uB −
dB) [13] automatically renders settlements “invariant” to endowment asymmetries. That claim is
mathematically false for two fundamental reasons that structure our analysis:

• First, as Binmore et al. [3] established, symmetric bargaining weights (τA = τB = 0.5) do not
emerge endogenously when parties have unequal delay costs; imposing τA = τB = 0.5 is an
**explicit normative institutional choice** by the mediation protocol (analogous to procedural
equality before an arbitral tribunal).

• Second, even under symmetric weights τA = τB = 0.5, the Nash Bargaining Solution depends
directly on the **disagreement point (dA, dB)**, which encodes each party’s outside option
if mediation fails! If a high-endowment principal B can strategically inflate its disagreement
utility dB or depress A’s disagreement utility dA (for instance, by threatening protracted
external litigation or withholding collateral), the symmetric Nash solution u∗

A = 1
2(Utot +

dA − dB) still transfers the majority of total surplus to B.

To address both channels of power distortion, this paper formulates and evaluates the **Con-
stitutionally Bounded Nash Equilibrium (CNBE)** mediation mechanism for multi-agent dispute
resolution. CNBE pairs (i) the normative choice of symmetric Nash weights (τA = τB = 0.5) with
(ii) an **Escrow-Audited Disagreement Floor** (dconst

A , dconst
B ) that bounds strategic outside-option
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Table 1: Comparison of multi-agent contract dispute resolution mechanisms under counterparty
endowment asymmetry.

Dispute Mecha-
nism

Bargaining Power &
Weighting

Disagreement-Point
(dA, dB) Governance

Boundary & Liability
Enforcement

Rigid Smart-
Contract Escrow [4]

Binary code rule; zero
ex-post flexibility on
ambiguous contingencies

Unilateral forfeiture or
automated halt (35/94
false-alarm halts in Maat)

Deterministic code, but
forfeitures breach
proportional liability norms

Unconstrained Ru-
binstein Bargaining
[3]

Endogenous asymmetric
weight
τA = rB/(rA + rB) ≪ 0.5
under delay-cost ratio ρ

Unshielded outside options
(draw

A , draw
B ) favor

high-endowment party

None; coercive threats can
violate baseline liability
floors

Ad-Hoc LLM Arbi-
trator [8, 17]

Unformalized prompt
compromise; susceptible to
rhetorical persuasion by
stronger model

Unverified party self-reports
of outside options and
damages

Soft system-prompt
guardrails; 11%–20%
constraint violation rate

CNBE Mediator
(Proposed De-
sign)

Normative symmetric
Nash weights
(τA = τB = 0.5; Nash 13)

Escrow-audited
disagreement floor
(dconst

A , dconst
B ) capping

manipulation

Deterministic SMT /
conformal constraint
solver (100% hard
compliance)

manipulation using pre-committed escrow valuations, and (iii) an out-of-model **Deterministic
Constraint Filter** that enforces hard contractual liability caps and conformal risk bounds [1, 20].

2 Related Literature in Bargaining Theory and Agentic Markets
Table 1 compares four dispute-resolution architectures across bargaining weights, disagreement-
point governance, and constraint enforcement.

Cooperative vs. Non-Cooperative Bargaining Theory and Mechanism Design. Nash
[13] proved that four axioms—Pareto efficiency, symmetry, scale invariance, and Independence
of Irrelevant Alternatives (IIA)—uniquely characterize the symmetric Nash Bargaining Solution
maximizing (uA − dA)(uB − dB). Binmore et al. [3] bridged cooperative and non-cooperative
game theory by showing that as the time between alternating offers shrinks (∆t → 0), Rubin-
stein’s sequential bargaining equilibrium converges to the generalized asymmetric Nash product
(uA − dA)τA(uB − dB)1−τA , where τA is determined by the ratio of time/compute discount rates
and (dA, dB) corresponds to disagreement payoffs. Meanwhile, Hurwicz [6] and Myerson and Sat-
terthwaite [12] proved that under two-sided private valuation information, no budget-balanced,
incentive-compatible mechanism can guarantee ex-post efficiency without an external subsidy or
pre-committed escrow anchor.

Polycentric Institutional Design and Deterrence Economics. In institutional economics,
Ostrom [16], Olson [15], Oates [14], and Tiebout [19] analyzed how polycentric governance systems
nest local dispute-resolution arenas within overarching baseline rules. Becker [2] formalized deter-
rence against strategic rule-breaking or fraudulent claims via expected audit penalties exceeding
the marginal gain of manipulation. In multi-agent contract mediation, this deterrence principle
governs both disagreement-point auditing and post-mediation appeal incentives: if a party submits
a falsified external quote to inflate its outside option di, an escrow audit that detects the discrep-
ancy with probability paudit and imposes a collateral slash Φslash > ∆ui/paudit restores incentive
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1. Disagree-
ment Audit

Anchors
(dconst

A , dconst
B )

to pre-locked escrow

2. Proposal
Synthesis

Generates can-
didate split

grid on Pareto
frontier

3. Hard Lia-
bility Filter
Deterministic

SMT & conformal
cap check (Cconst)

4. Symmetric
Nash Solver

Maximizes
(uA − dconst

A )0.5

×(uB − dconst
B )0.5

Bounded dconst Candidates Feasible Sfeas

Figure 1: Four-stage architecture of the Constitutionally Bounded Nash Equilibrium (CNBE) dis-
pute mediator. Stage 1 audits outside-option claims against pre-registered contract escrow to bound
disagreement-point manipulation. Stage 2 synthesizes candidate multi-issue settlements along the
cooperative Pareto frontier. Stage 3 prunes any candidate violating hard liability caps (Cconst), and
Stage 4 selects the settlement maximizing the symmetric-weight Nash product.

compatibility for truthful baseline reporting. Conversely, when a mediator relies on unverified
conversational self-reports (adhoc_llm_mediator), strategic bluffing dominates in equilibrium.

Multi-Agent LLM Negotiation and Decentralized Oracles. Recent work in 2025–2026 has
examined LLM agents in bilateral negotiation [8], multi-agent procedural scaffolding [17], protocol-
level governance [7, 10, 18, 21, 22], and conformal risk calibration [1, 20]. Together with the
Polymarket dispute audit of Mahrous and Di Pietro [9] and the Maat validator audit of Elina
[4], these studies motivate pairing structured game-theoretic solvers with deterministic constraint
verification rather than relying on unconstrained conversational arbitration.

3 Architecture of the CNBE Dispute Mediator
Figure 1 illustrates the four-stage CNBE mediation pipeline when an ambiguous execution contin-
gency triggers a dispute between Agent A and Agent B:

4 Mathematical Formulation of Asymmetric vs. Shielded Bargain-
ing

4.1 Rubinstein Alternating-Offers Equilibrium Under Endowment Asymmetry

Consider a dispute over a normalized two-issue settlement parameter s ∈ [0, 1] with strictly concave
cooperative Pareto frontier uA(s) = s + κs(1 − s) and uB(s) = (1 − s) + κs(1 − s) (κ > 0), where
κs(1−s) represents the joint value preserved by avoiding destructive contract termination. Suppose
Principal B holds compute/capital endowment EB = ρEA (ρ ≥ 1), so that A’s per-round cost of
delay/compute exhaustion rA(ρ) = r0ρβ (β > 0) exceeds B’s delay rate rB = r0.

By the classic limit theorem of Binmore et al. [3], non-cooperative alternating-offers bargaining
with discount factors δi = e−ri∆t converges as ∆t → 0 to the **generalized asymmetric Nash
Bargaining Solution**:

s∗
Rub(ρ, ηmanip) = arg max

s∈[0,1]

(
uA(s) − draw

A (ρ, ηmanip)
)τA(ρ)(

uB(s) − draw
B (ρ, ηmanip)

)1−τA(ρ)
, (1)

where the endogenous bargaining weight of the weaker party is τA(ρ) = rB
rA(ρ)+rB

= 1
1+ρβ ≤ 1

2 , and
the unshielded disagreement point (draw

A , draw
B ) shifts with strategic outside-option manipulation
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ηmanip ≥ 0:

draw
A (ρ, ηmanip) = max

(
d0, d0−(αA+γAηmanip) log10 ρ

)
, draw

B (ρ, ηmanip) = min
(
d̄0, d0+(αB+γBηmanip) log10 ρ

)
.

(2)
Equations (1)–(2) make transparent why power asymmetry compresses A’s payoff through *two*
distinct channels: (1) discount-rate asymmetry (τA(ρ) < 0.5) and (2) disagreement-point divergence
(draw

B > draw
A ).

4.2 Normative Symmetric-Weight CNBE with Escrow-Audited Disagreement
Bounds

To counter both channels simultaneously while respecting hard contractual liability caps Cconst,
CNBE solves the constrained optimization problem:

s∗
CNBE = arg max

s∈Sfeas(Cconst)

(
uA(s)−dconst

A

)1/2 (
uB(s)−dconst

B

)1/2
, s.t. ui(s) ≥ dconst

i ∀i ∈ {A, B},

(3)
where:

1. Setting the exponents to τA = τB = 1/2 is an explicit **normative institutional choice** that
eliminates the discount-rate channel τA(ρ) = (1 + ρβ)−1;

2. Anchoring (dconst
A , dconst

B ) to pre-committed contract escrow valuations caps strategic outside-
option inflation (reducing the effective manipulation slope from γi to γ̃i ≪ γi, while still
exhibiting residual sensitivity when ηmanip is large);

3. Restricting the feasible set to Sfeas(Cconst) via a deterministic constraint solver guarantees
100% compliance with non-waivable liability caps.

5 Experimental Design and Bargaining Simulation
We implement the asymmetric bargaining, observable-only escrow disagreement estimator, and
shielded symmetric Nash frontier solvers in experiment.py (seed 20265402), simulating N = 1,000
two-party disputes per cell across 4 resolution regimes (static_statutory, unconstrained_coasean,
llm_mediator, and cnbe_nash) and 4 counterparty power-asymmetry levels γasym ∈ {0.20, 0.45, 0.65, 0.85}
(16,000 main-grid disputes), plus a 5-level pre-committed escrow bond sweep (Sbond ∈ {0.00, 0.03, 0.06, 0.10, 0.15}),
an oracle-d0 upper-bound comparison, and a VRF arbitrator capture check. Every regime evaluates
candidate contracts on the identical 201-point discretized feasible frontier x ∈ {0.000, 0.005, . . . , 1.000},
verified by runtime assertions to have 0 feasible-set violations across all 16,000 disputes (max_frontier_surplus_ratio_observed
= 1.0). Table 2 documents all parameter calibrations.

All confidence intervals in Table 3 and Figure 2 are computed directly from the N = 1,000
simulated disputes per cell: exact asymmetric two-sided 95% Wilson confidence intervals [lo, hi]
for binary settlement, unbonded acceptance, and constitutional compliance rates, and 95% normal-
theory confidence intervals [lo, hi] for continuous Pareto surplus and weaker-party utility metrics.

6 Simulation Results, Bond Ablation, and Arbitrator Capture
Analysis

Table 3 and Figure 2 report the benchmark outcomes at high counterparty power asymmetry
(γasym = 0.65, N = 1,000 disputes per regime).
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Table 2: Parameter provenance for the 16,000-dispute bargaining, escrow bond, and arbitrator
rotation simulation.

Parameter Value /
Range

Empirical or Game-Theoretic Provenance

Power asymmetry
γasym

{0.20, 0.45, 0.65, 0.85}Counterparty compute/liquidity asymmetry governing outside-option
divergence and bargaining weight τA = max(0.12, 0.50 − 0.42γasym) [3].

Constitutional feasi-
ble band

[xmin, xmax] =
[0.22, 0.78]

Non-waivable liability floor and ceiling enforced over the 201-point
contract grid (0 feasible-set violations across 16,000 disputes; Elina 4).

Observable escrow es-
timator d̂obs

0

1
2 (draw

1 +draw
2 )−

0.14∆̂raw

Reconstructs the shielded disagreement baseline strictly from
observable raw claims and contract registry metadata (zero hidden d0
oracle leakage).

Pre-committed es-
crow bond Sbond

0.08 (swept
0.00–0.15)

Refundable contract signing bond forfeited upon rejecting a
constitutionally compliant settlement [2, 12].

Arbitrator panel ro-
tation

Fixed vs. Ran-
dom vs. VRF

Evaluates capture resistance of a 5-juror polycentric tribunal when
35% of baseline jurors hold pro-incumbent bias.

Table 3: Bargaining and dispute resolution outcomes at high counterparty power asymmetry
(γasym = 0.65, N = 1,000 disputes per regime). Brackets report exact asymmetric 95% Wilson
confidence intervals for proportions and 95% CIs for continuous metrics.

Resolution
Regime

Bonded Settlement (%) Unbonded Voluntary (%) Constitutional Compliance (%) Pareto Surplus (%) Weaker-Party Utility (↑)

Static Statutory [4] 9.20% [7.56, 11.15] 9.20% [7.56, 11.15] 100.00% [99.62, 100.00] 68.63% [67.94, 69.33] 23.86 [23.08, 24.64]
Unconstrained
Coasean [3]

11.30% [9.48, 13.41] 11.30% [9.48, 13.41] 12.50% [10.59, 14.69] 67.91% [67.21, 68.61] 21.25 [20.83, 21.67]

Ad-Hoc LLM Media-
tor [8]

54.70% [51.60, 57.76] 50.90% [47.80, 53.99] 64.70% [61.69, 67.60] 83.15% [82.15, 84.14] 32.48 [31.70, 33.25]

CNBE Mediator
(Observable)

100.00% [99.62, 100.00] 90.00% [87.98, 91.71] 100.00% [99.62, 100.00] 97.57% [97.53, 97.60] 42.88 [42.67, 43.08]

Four key findings emerge from the 16,000-dispute simulation and structural ablations:

1. Settlement and Constitutional Collapse Across Power Asymmetry (γasym): As coun-
terparty power asymmetry increases across γasym ∈ {0.20, 0.45, 0.65, 0.85} (Figure 3), rigid
statutory rules (static_statutory, fixed split x = 0.50) preserve 100.00% [99.62, 100.00]
constitutional compliance, but voluntary settlement collapses from 100.00% [99.62, 100.00]
(γasym = 0.20) to 61.90% [58.85, 64.86] (0.45), 9.20% [7.56, 11.15] (0.65), and 0.00% [0.00, 0.38]
(0.85) because the stronger party’s unshielded outside option draw

2 exceeds u2(0.50). Mean-
while, unconstrained_coasean bargaining violates constitutional liability bounds [xmin, xmax]
in 87.50% of disputes at γasym = 0.65 (12.50% [10.59, 14.69] compliance, 11.30% [9.48, 13.41]
valid settlement) and 99.40% at γasym = 0.85 (0.60% [0.28, 1.30] compliance). Ad-hoc LLM
mediation (llm_mediator) achieves 54.70% [51.60, 57.76] settlement and 64.70% [61.69, 67.60]
constitutional compliance at γasym = 0.65, dropping to 18.40% [16.12, 20.92] settlement at
γasym = 0.85.

2. Observable-Only Disagreement Estimation vs. Oracle-d0 Upper Bound: Crucially,
CNBE does not require access to the latent ground-truth disagreement scalar d0; its observable-
only escrow estimator d̂obs

0 achieves 90.00% [87.98, 91.71] unbonded voluntary acceptance,
100.00% [99.62, 100.00] bonded settlement, 97.57% [97.53, 97.60] Pareto surplus, and 42.88
[42.67, 43.08] weaker-party utility at γasym = 0.65, matching the theoretical oracle_d0_upper_bound_asym_065
benchmark (100.00% [99.62, 100.00] settlement and 96.63% Pareto surplus). At extreme asym-
metry (γasym = 0.85), CNBE still maintains 100.00% [99.62, 100.00] constitutional compliance,
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Polycentric Dispute Resolution at High Power Asymmetry (Asym = 0.65, N = 1,000)
Percentage (%) with 95% CIs

0

26

52

79

105

9.2 11.3

54.7

100.0

Bonded Settlement (%)

9.2 11.3

50.9

90.0

Unbonded Voluntary (%)

68.6 67.9

83.2

97.6

Realized Surplus (%)

Rigid Statutory Unbounded Coasean Soft LLM Mediator CNBE (Obs. Escrow)

Figure 2: Bonded settlement rate, constitutional constraint compliance, and realized Pareto surplus
at high counterparty power asymmetry (γasym = 0.65, N = 1,000 disputes per regime). Error
whiskers denote 95% confidence intervals.

64.10% [61.08, 67.01] bonded settlement (31.10% [28.31, 34.04] unbonded voluntary accep-
tance), and 89.60% [88.95, 90.25] Pareto surplus.

3. Pre-Committed Escrow Bond Sweep (Sbond ∈ {0.00, 0.03, 0.06, 0.10, 0.15}): Consistent
with Myerson and Satterthwaite [12], voluntary participation against an inflated raw outside
option draw

2 depends on the pre-committed escrow bond Sbond locked at contract signing. At
γasym = 0.65, purely unbonded CNBE (Sbond = 0.00) achieves 89.60% [87.55, 91.34] voluntary
settlement (94.95% [94.47, 95.43] Pareto surplus); a modest 3% escrow bond (Sbond = 0.03)
lifts voluntary settlement to 99.40% [98.70, 99.72] (97.42% [97.30, 97.54] surplus); and Sbond ≥
0.06 achieves 100.00% [99.62, 100.00] voluntary settlement (97.56% [97.52, 97.59] surplus).

4. VRF-Rotated Polycentric Arbitrator Capture Check: When 35% of candidate arbitra-
tors in the pool harbor pro-incumbent bias (∆xbias = −0.14), a standing_fixed_panel sub-
ject to repeat-player forum shopping depresses weaker-party utility to 39.28 [39.02, 39.54], and
unweighted_random_panel yields 41.23 [40.97, 41.50]. By contrast, vrf_rotated_polycentric_panel
(verifiable random sortition with cross-jurisdictional diversity quotas and median-of-5 aggre-
gation) restores weaker-party utility to 42.81 [42.50, 43.12].

7 Mechanism Limitations and Strategic Attack Vectors

7.1 Myerson–Satterthwaite Information Asymmetry Over Utility Functions

A foundational limitation of any Nash bargaining mediator is that solving Eq. (3) requires esti-
mating the cardinal utility functions (uA(s), uB(s)). By the impossibility theorem of Myerson and
Satterthwaite [12], when parties hold private information about their true valuations and outside
options, they have a strategic incentive to misreport utility curvature κ or exaggerate damages
to shift the symmetric Nash solution. While CNBE anchors disagreement bounds (dconst

A , dconst
B )

to pre-committed contract escrow, internal valuation parameters still require structured revelation
mechanisms (such as quadratic-scoring audits or liquid-claim buyouts) to limit strategic posturing.
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Constitutional & Individually Rational Settlement Rate Across Power Asymmetry
Valid Settlement Rate (%)

Bilateral Threat-Point Asymmetry Index (alpha_asym)

0

26

52

79

105

0.20 (Low) 0.45 (Mod) 0.65 (High) 0.85 (Severe)

Rigid Statutory Unbounded Coasean

Soft LLM Mediator CNBE (Obs. Escrow)

Figure 3: Constitutional settlement rate across counterparty power asymmetry ratios γasym ∈
{0.20, 0.45, 0.65, 0.85} (N = 1,000 disputes per cell).

7.2 Forum Shopping and Collusive Mediator Capture

In polycentric multi-agent ecosystems [16, 19], if a dominant principal B can unilaterally select
which arbitral node or LLM model family mediates a dispute, B will engage in *forum shopping*—
selecting mediators whose training priors systematically favor high-volume platform principals. Con-
tract formation must therefore lock in neutral mediator selection rules (or verifiable cryptographic
sortition across accredited arbitral pools) at contract signing t0.

7.3 Limits of Formalizing Open-Texture Contractual Standards

Real commercial and civic norms rely on “open-texture” legal concepts (*reasonable commercial
effort*, *good faith*, *material breach*) that cannot be fully reduced to quantifier-free SMT predi-
cates [21, 22]. While CNBE’s deterministic filter enforces hard quantitative caps (such as maximum
monetary liability or SLA refund ceilings), evaluating whether a qualitative delivery satisfied *good
faith* still depends on noisy oracle or human-jury signals [9], which introduces irreducible conformal
uncertainty [1, 20].

8 Pre-Registerable Multi-Agent Falsification Protocol
Table 4 defines a six-part falsification protocol (P1–P6) for testing CNBE in multi-agent LLM
negotiation testbeds [8, 17] and historical decentralized oracle dispute datasets [4, 9].

9 Conclusion
Automated dispute resolution in multi-agent systems cannot rely on ex-ante dispute classifiers that
fail under extreme base-rate imbalance (AP 0.012 at a 0.31% base rate in Mahrous and Di Pietro 9),
nor on rigid compliance halts prone to validator specification defects (35/94 false alarms in Elina 4).
At the same time, game theory proves that symmetric Nash bargaining is a normative institutional
choice rather than an automatic consequence of bilateral negotiation [3], and that symmetric weights
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Table 4: Pre-registerable falsification protocol (P1–P6) for evaluating CNBE in multi-agent nego-
tiation benchmarks.

ID Hypothesis /
Mechanism

Empirical Multi-Agent / Oracle
Benchmark Design

Quantitative Falsification
Threshold

P1 Capability / En-
dowment Asymme-
try Mitigation

Pair a frontier 70B+ agent (B) against
a 7B/8B agent (A) under 5×
token-budget asymmetry on 500
bilateral contract disputes [8].

Falsified if CNBE fails to maintain the
8B agent’s realized surplus share
within [44%, 56%] (vs. < 35% under
unconstrained Rubinstein chat).

P2 Ex-Post Resolution
of Unpredictable
Oracle Disputes

Replay historical disputed vs.
non-disputed contracts from the
Polymarket UMA dataset (0.31%
dispute base rate, AP 0.012; Mahrous
and Di Pietro 9) and Maat halt logs
(35/94 false-alarm validator halts;
Elina 4).

Falsified if CNBE fails to recover
≥ 85% of cooperative surplus on
false-alarm validator halts where rigid
smart contracts freeze funds.

P3 Escrow Disagree-
ment Shielding vs.
Raw Nash

Inject synthetic outside-option bluffing
(ηmanip = 0.35) by Agent B across 500
mediated negotiations.

Falsified if escrow-audited CNBE fails
to reduce bluff-induced surplus transfer
by ≥ 50% relative to unshielded
symmetric Nash.

P4 Hard Liability Con-
straint Enforcement
(Cconst)

Red-team audit of 1,000 adversarial
settlement proposals attempting to
breach statutory/contractual liability
caps.

Strict Zero-Tolerance Criterion:
Falsified if any settlement violating
Cconst is ratified (> 0.0% violation
rate).

P5 Pareto Frontier Op-
timality Gap

Compare CNBE’s discrete candidate
synthesis against exact continuous
convex optimization on 2-to-5 issue
contracts.

Falsified if realized joint utility
uA + uB falls > 3.0% below the
theoretical Pareto frontier maximum.

P6 Post-Mediation
Escalation and
Impasse Rate

Measure voluntary party acceptance vs.
external escalation when parties can
reject CNBE’s proposed split for costly
external arbitration.

Falsified if external escalation exceeds
12.0% at ρ ≤ 5× endowment
asymmetry.

alone remain vulnerable to disagreement-point manipulation. By pairing symmetric Nash mediation
with escrow-audited disagreement floors and deterministic liability filters, CNBE provides a rigorous
mechanism-design foundation for equitable multi-agent dispute resolution.

Use of AI tools
Large language models were used to assist in drafting prose, formatting LaTeX tables and TikZ
diagrams, and implementing the standalone Python simulation script (experiment.py). Cited
references were assembled from foundational computer-science literature and 2024–2026 research
publications and checked against primary metadata records; simulation outputs, confidence in-
tervals, and LaTeX source packaging were verified using automated static consistency checks
(validate_and_package.py).
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