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INTRODUCTION

The rapid evolution of digital technologies has transformed traditional orga-
nizational structures. Decentralized Autonomous Organizations (DAOs) have
emerged as a novel self-governing economic model, integrating blockchain, smart
contracts, and decentralized governance mechanisms. DAOs fundamentally re-
shape corporate governance by:

¢ Unifying ownership and management through group decision-making
models.

* Adopting dynamic, distributed structures that evolve within decentralized
networks.

* Replacing traditional control mechanisms with rule-based smart contracts.

DAOs are expanding beyond the crypto industry, integrating with real-world
governance models, legal structures, and funding mechanisms. However, despite
their potential, DAOs face significant governance challenges, including contract
risks, principal-agent dilemmas, and security vulnerabilities. Existing governance
models fail to address DAOs’ complexity, necessitating new approaches. This re-
search aims to address these challenges through the following objectives:

1. Propose a Parallel Governance Framework

* Develop a governance approach based on parallel intelligence theory
(ACP method: artificial systems, computational experiments, parallel
execution).

* Define its technical methodology and implementation model.
2. Validate Through Computational Experiments

* Implement the framework in GnosisDAO to assess its effectiveness.

* Analyze governance flaws and demonstrate parallel governance as a vi-
able solution for DAOs.

PARALLEL DAO GOVERNANCE

General Framework The Parallel Governance Framework applies Parallel Intelli-
gence Theory (ACP Method) to DAO governance, integrating:

* Artificial Systems (A) — Simulated DAOs for governance modeling.
¢ Computational Experiments (C) — Simulations to test governance strategies.

¢ Parallel Execution (P) — Real-time governance optimization.
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Figure 1: A Parallel Governance Framework for DAOs

Basic Model

Parallel governance optimizes DAO decision-making by modeling interactions be-
tween the actual system and artificial system. Let S, S’ be the state spaces of the
actual and artificial DAO systems, where:

Si = f(a”i)a

Here, f describes how actions induce state changes, and II represents governance
decision-making.
Governance risk is quantified as:

a; :H(Sj), i,j:O,l,Q,... (1)

E=Y P (2)

CASE STUDY: GNOSISDAO

\Where P; represents risk probability, and I; denotes potential loss.

The objective of parallel governance is to minimize governance risk:
acA IMax E(f7 H) (3)

where a represents governance actions such as adjusting system parameters and
optimizing mechanisms.
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Figure 2: Mathematical Model of Parallel Governance

To evaluate the applicability of the Parallel Governance Framework, we implement it in GnosisDAO, a decentralized platform
utilizing the futarchy mechanism for governance. An artificial GnosisDAO system is constructed, initialized with real-world
DAO data, and examined through computational experiments to analyze governance dynamics and identify potential risks.
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Figure 3: Structure of the Experiment
GnosisDAO Governance Mechanism

* Ideation & Specification — Off-chain discussions in community forums.
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¢ Consensus — On-chain futarchy mechanism selects optimal proposals via prediction markets and voting.

Risk Analysis and Verification

Computational experiments were conducted with varying proportions of information-collecting agents. The results show:

* When fewer agents actively gather information, governance fails.

* A minimum 20% informed agents is required for the futarchy mechanism to function properly.
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Figure 4: GnosisDAO Governance Flow

Agent-Based Simulation

ages agents to gather and act on information.
Belief Update Model:

Governance Loss Function:
Governance effectiveness is measured by:

E = Lossy + Lossy

Q/vhere:

bn,e,d = Un,e,d - bn,e,d—l + (1 - un,e,d) *Te,d

where b,, . 4 is the agent’s belief on proposal e, updated based on system price changes.
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Model GnosisDAO as a multi-agent system where agents trade and vote based on beliefs. The futarchy mechanism encour-

Figure 6: Governance Effectiveness vs. Information-Collecting Agents

(4) Key Findings

* DAO governance relies on informed participants — If too few agents actively seek information, decision-making de-

(5) grades.

* Futarchy requires a critical mass of informed voters — A threshold of 20% ensures governance effectiveness.

* Loss; —Information-collecting agents should gain economic advantages.

* Lossy —Market predictions should align with actual voting outcomes.
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Figure 5: Historical Voting Data (GIP 1 and GIP 3)
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* Parallel Governance enables risk detection — Experimentation in artificial DAOs exposes governance flaws.
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CONCLUSION AND FUTURE RESEARCH

DAOs, as emerging digital collaboration models, face governance challenges that
traditional theories struggle to address. Research on DAO governance remains
limited, lacking strong theoretical foundations. This study proposes a Parallel
Governance Framework, develops its technical methodology and basic model, and
validates it through computational experiments on GnosisDAO. Results indicate
that the effectiveness of its futarchy mechanism depends on the proportion of in-
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\formed participants.

Future work will focus on:
* Expanding Case Studies — Applying parallel governance to various DAOs.
* Enhancing Agent Modeling — Incorporating social dynamics.

* Refining Governance Metrics — Improving system vitality assessment and
risk prediction.
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