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Abstract

Current decentralized architectures, while powerful, operate in silos. Intent-centric
protocols solve for user expression but create trust assumptions for off-chain solvers.'
Verifiable computation markets address this trust but lack a native framework for
complex, goal-oriented coordination.? Formal verification methods provide security for
individual components but struggle with the emergent complexity of their
composition.® This paper introduces Chimera, a novel protocol architecture that
unifies these disparate paradigms. Chimera integrates generalized intent-centricity,
a decentralized market for verifiable Al agents (zk-Agents), and autonomic
governance inspired by closed-loop control theory, all within a framework of
provable composability. We argue that by treating all network actions—from swaps
to governance—as intents fulfilled by verifiable Al agents, and by governing the
system with an autonomic management layer that monitors and adapts its own
parameters, Chimera enables a new class of self-organizing, intelligent, and provably
secure decentralized applications. We present the full architectural design and
demonstrate its power through case studies in verifiable Al-driven finance and
autonomic public goods funding.

1. Introduction: The Fragmentation of Decentralized Paradigms

This section will establish the fundamental problem: the current landscape of
decentralized protocols consists of powerful, yet fragmented, solutions. Each
addresses a piece of the puzzle, but their integration reveals deeper challenges,
creating the need for a new, unified architecture.



1.1 The Expressivity Gap: From Imperative Transactions to Declarative Intents

Traditional blockchain architectures, such as Bitcoin and Ethereum, are
transaction-centric.* Users must specify the exact, imperative steps for a state
change. This limits expressivity and forces users to manage complex execution paths,
often without fully understanding the risks.°

The Anoma whitepaper introduces a paradigm shift to intent-centricity.’ Intents are
declarative, signed messages that express a user's desired end state (e.g., "l want to
trade X for Y"), not the execution path. This approach decouples user goals from
execution, simplifying the user experience and enabling more complex interactions
like multi-party swaps.°

This shift, however, outsources the "how" to a network of off-chain actors called
solvers. This creates a new trust bottleneck. How can a user be sure a solver
executed the best path, or even a correct path, without revealing private information
or re-centralizing the system around a trusted solver? Anoma acknowledges this
challenge, particularly in the context of private counterparty discovery.’

1.2 The Trust Gap: The Rise of Verifiable Off-Chain Computation

The solver problem is a specific instance of a broader challenge in Web3: the need for
trustless off-chain computation. As noted in the Boundless whitepaper, on-chain
computation is a scarce and expensive resource that "prices-out" all but the
highest-margin requests.?

The Boundless protocol directly addresses this trust gap by proposing the
financialization of verifiable compute.” It treats zero-knowledge proofs (ZKPs) as a
tradable commodity. Its core mechanism, Proof of Verifiable Work (PoVW), provides
a fraud-resistant way to measure the computational effort required for a ZKP. This
enables a decentralized spot market where "requestors" can pay "provers" for ZKPs,
with payment settled trustlessly upon on-chain verification of the proof.’

Boundless provides the "how" for verifiable execution but lacks a native framework for
expressing the "what." It is a market for a raw resource (ZK proofs), not a system for
satisfying high-level user goals. It provides the building blocks for verifiable solvers



but does not specify the overarching architecture in which they operate.

1.3 The Guarantee Gap: The Challenge of Provably Secure Composition

Composing these complex systems—an intent layer (Anoma) with a verifiable
compute layer (Boundless)—creates enormous security challenges. As the C4 paper
highlights, verifying systems that mix classical concurrent objects with transactional
logic is notoriously difficult.* Unforeseen interactions between components are a
primary source of exploits in DeFi.’

The C4 framework provides a solution through formal verification for concurrent,
composable systems.® Its key innovation is unifying linearizability and serializability by
modeling transactions as higher-order methods on linearizable objects. It uses
interaction trees to represent and syntactically instrument programs, enabling
modular proofs of correctness for complex patterns like transactional predication.?

C4 provides the tools to build a static system that is secure and correct. However, it
does not address how such a system should govern itself, adapt to changing
conditions, or evolve over time. This is a problem of governance and system dynamics,
not just static verification.

1.4 Thesis: The Need for an Autonomic, Unified Architecture

The analysis of the expressivity, trust, and guarantee gaps reveals that current
paradigms, while powerful, are incomplete on their own. The whitepapers for Anoma,
Boundless, and C4 are not competitors; they are complements, describing the "what"
(Anoma), the "how" (Boundless), and the "how to build it correctly” (C4). A direct
synthesis of these three ideas represents the next logical step in protocol design.
Anoma's intents create a demand for off-chain solvers." These solvers must be
trustless to maintain decentralization, creating the need for verifiable computation.
The Boundless market for ZK proofs provides a mechanism for this verifiable
computation.? The composition of these layers (intent gossip, solver markets,
on-chain settlement) is complex and requires rigorous security guarantees, which the
C4 formal verification framework can provide.?



However, even a system perfectly synthesized from these three ideas is fundamentally
static. Its parameters (fees, security thresholds, etc.) are either set at genesis or
changed via slow, contentious, and often low-participation human-driven
governance.® This static nature makes it brittle and unable to adapt to dynamic market
conditions or emergent threats.

Drawing inspiration from autonomic computing '® and control theory *, it is possible to
conceive of a system that governs

itself. Therefore, the truly innovative leap is to introduce a fourth pillar: Autonomic
Governance. This layer would use the system's own verifiable computation and intent
mechanisms to monitor, analyze, and adapt its own rules, creating an intelligent,
self-organizing, and resilient system. This is the core thesis of the Chimera protocol.

2. The Four Pillars of the Chimera Architecture

This section will detail the foundational principles of the Chimera protocol, explicitly
building upon and extending the concepts from the source materials.

2.1 Pillar 1: Generalized Intent-Centricity

Chimera adopts the intent-centric model of Anoma ' but generalizes it. In Chimera,

all state transitions are initiated as intents, not just commercial swaps. This includes
governance actions, computational tasks, and data provisioning.

Formally, an intent is a set of constraints on a future state transition, signed by a user,
that defines a utility function over the possible outcomes.” This declarative model '
abstracts away the complexity of execution. The generalization extends beyond
Anoma's scope in two primary ways:

1. Governance Intents: A user can express an intent such as: "l wish to change
parameter X to Y, and | am willing for the DAO treasury to pay a fee F if on-chain
metric M improves by Z% over the next N blocks." This reframes DAO governance
'® as an intent-driven process.



2. Computational Intents: A user can express an intent such as: "l desire the
output of running this private ML model on my private data, and | am willing to
pay up to C for a verifiable proof of the inference." This directly sets the stage for
the zk-Agent market.

2.2 Pillar 2: Verifiable Resolution with zk-Agents

In Chimera, solvers are not simple scripts; they are zk-Agents: potentially complex,
off-chain Al/ML models whose computations are made verifiable on-chain using
Zero-Knowledge Machine Learning (ZKML).

This pillar directly implements and extends the vision of Boundless.? zk-Agents
compete in a decentralized marketplace (a reverse Dutch auction, as in ?) to fulfill user
intents. The "work" they perform is not just a ZKP of a simple computation, but a ZKP
of a complex Al/ML inference.

ZKML allows a prover to demonstrate that a specific ML model produced a given
output from a given input, without revealing the model's weights or the input data.?
This is crucial for both privacy and protecting the zk-Agent's model IP. The technical
feasibility of this approach is grounded in the current state of ZKML frameworks like
Risc Zero *°, Ezkl %, and Succinct's SP1.%*

Chimera's architecture represents a natural evolution of the solver market. Anoma's
intents create a demand for off-chain solvers, and the Boundless market for verifiable
compute provides a mechanism for it." However, the most valuable "solving"
tasks—such as optimal swap routing, risk analysis, and public goods impact
assessment—are not simple calculations but complex optimization and prediction
problems well-suited for Al/ML. ZKML provides the cryptographic primitive to make Al
inference verifiable and trustless.”® Consequently, the solver market naturally evolves
from a market for raw computation (Boundless) to a decentralized, verifiable market
for applied intelligence: Chimera's zk-Agent market. This creates a powerful incentive
for developers to build and deploy sophisticated, specialized Al agents that can
generate revenue by fulfilling complex user intents.

2.3 Pillar 3: Autonomic Governance via Closed-Loop Control



This pillar constitutes Chimera's primary innovation. The protocol governs itself
through an Autonomic Management Layer (AML), which functions as a closed-loop
control system. This concept is adapted from autonomic computing, which defines
systems with four key properties: self-configuration, self-optimization, self-healing,
and self-protection.™

The AML operates on a Monitor-Analyze-Plan-Execute over a shared Knowledge
base (MAPE-K) cycle *°:

e Monitor: A network of oracles and indexers *° continuously collects on-chain data
representing the system's state (e.g., transaction fees, solver competition levels,
token liquidity, governance participation rates).

e Analyze: A specialized, high-security zk-Agent, the Constitutional Al, analyzes
this data. It compares the current state against a set of desired outcomes and
constraints defined in an on-chain, human-ratified DAO Constitution.”’

e Plan: If the system deviates from its constitutional principles (e.g., if MEV exceeds
a certain threshold, or solver competition wanes), the Constitutional Al formulates
a corrective action as a high-priority "governance intent."

e Execute: This governance intent is broadcast to the zk-Agent market, where
other agents compete to find and execute the optimal state transition to fulfill it
(e.g., by adjusting a fee parameter, deploying a new auction mechanism).

Current DAO governance is slow, inefficient, and suffers from low participation and
voter apathy ¢, making protocols vulnerable and slow to adapt. Control theory ™
provides robust models for systems that maintain stability by sensing their
environment and adjusting their parameters in a feedback loop. Autonomic computing
'9 offers an architectural blueprint (MAPE-K) for building such self-managing systems.
Chimera's other pillars provide the necessary tools: intents are the control language,
and zk-Agents are the actuators.

It is therefore possible to transform DAO governance from a slow social process into a
fast, autonomous, and verifiable computational one. The AML is not just "Al in
governance"; it is a fundamental re-architecting of the protocol to be a homeostatic,
self-stabilizing system.

2.4 Pillar 4: Provable Composability and Security



Chimera's security is grounded in the principles of formal verification outlined in the
C4 paper.® Each component (intent gossip, zk-Agent market, AML, settlement layer) is
defined as a linearizable object with a clear sequential specification.

The verification strategy is hierarchical:

e The composition of these objects is verified to ensure their interactions do not
introduce emergent vulnerabilities.

e The use of interaction trees ° is proposed as the formal language for specifying
the behavior of zk-Agents and their interactions with the AML, enabling syntactic
analysis and instrumentation.

e The on-chain DAO Constitution itself is a formally specified artifact, ensuring the
goals the AML is optimizing for are unambiguous.

This approach creates a hierarchy of proofs. At the lowest level, ZKPs verify the
correctness of individual zk-Agent actions, as demonstrated by Boundless.? At the
highest level, formal methods (in the style of C4) verify the correctness of the
composition of all system components and the logic of the AML itself. This results in a
system that is not only verifiable in its parts but provably secure in its whole.

3. Architectural Design of Chimera

This section will provide a technical breakdown of the protocol's layers and how they
interact, referencing specific implementations where possible.

3.1 The Intent Layer: Expression and Gossip

e User Interaction: Users create intents using a high-level Domain-Specific
Language (DSL) designed for expressivity and verifiability.** This DSL compiles to
a standardized, signed data structure.

e Intent Gossip Network: Intents are broadcast over a sparse overlay network, as
in Anoma." This network is incentivized via settlement-conditional fees ' to ensure
data availability for zk-Agents. This layer is responsible for counterparty



discovery.

Privacy: The protocol addresses the trade-offs between public intents for
maximum solver competition and private intents for user privacy. This is done by
referencing Anoma's use of threshold decryption (Ferveo) and the open research
problem of fully private counterparty discovery.'

3.2 The Resolution Layer: The zk-Agent Market

zk-Agents as Solvers: Any entity can operate a zk-Agent. These agents listen to
the intent gossip network, specializing in certain types of intents (e.g., DeFi,
governance, gaming).

Auction Mechanism: When a zk-Agent identifies a set of intents it can solve, it
participates in an auction. This will be a detailed design mechanism, inspired by
the reverse Dutch auction of Boundless ?, but also considering more advanced
auction theory to ensure fairness and mitigate MEV (Maximal Extractable Value).*
The goal of the auction is to select the solver that offers the best execution

and a valid ZK proof of its computation.

Verifiable Computation: The winning zk-Agent performs the computation
off-chain and generates a ZK proof using a supported zkVM (e.g., RISC Zero %°,
SP1 %). The proof attests to the integrity of the computation (e.g., "I ran this
specific Al model to find the optimal swap route"). The proof and the resulting
transaction are submitted to the settlement layer.

3.3 The Settlement Layer: Verification and State Update

Fractal Instantiation: Chimera adopts Anoma's model of "homogeneous
architecture, heterogeneous security".' The protocol can be instantiated as
multiple sovereign chains (fractal instances), each with its own security model
(PoS, PoA, etc.), but all sharing the same core architecture.

Validity Predicates: State transitions are guarded by Validity Predicates (VPs),
as described in Anoma." A transaction is valid only if it satisfies the VPs of all state
objects it touches. This includes verifying the ZK proof submitted by the zk-Agent.
Composable Security: The architecture allows for atomic settlement across
different fractal instances, enabling complex cross-domain applications.’



3.4 The Autonomic Management Layer (AML): The System's Brain

e The Constitution: A set of high-level principles and target metrics for the
protocol, encoded as a formally specified smart contract. This is inspired by the
concept of "Constitutional Al" “° and digital constitutionalism for DAOs.*' Example
principles: "Solver revenue shall not fall below X% of total transaction fees,"
"Governance participation must remain above Y%."

e The Constitutional Al (zk-Agent): A specialized, high-security zk-Agent tasked
with monitoring network health against the Constitution. It periodically queries
on-chain data, performs analysis (e.g., time-series forecasting, anomaly
detection), and generates a "State of the Network" report with a ZKML proof of its
analysis."

e The Feedback Loop: If the analysis reveals a deviation from constitutional
parameters, the AML automatically generates a "governance intent" to correct it.
For example: "Intent: Adjust the min_solver_bond parameter to increase the cost
of auction spam." This intent is then fulfilled by the general zk-Agent market,
creating a closed-loop, self-correcting system."

e Dynamic Tokenomics: A key function of the AML is to manage the protocol's
tokenomics dynamically.*? Based on network health metrics, it can autonomously
adjust parameters like staking rewards, token burn rates, or fee structures to
maintain economic stability and incentivize desired behaviors.*

4. Applications and Case Studies

This section will move from the abstract architecture to concrete examples that
demonstrate Chimera's unique capabilities.

4.1 Use Case 1: The Verifiably Optimal and Fair DEX

e Scenario: A user submits an intent: "Swap 100 ETH for the maximum possible
amount of USDC, with a maximum slippage of 0.5%."



e Chimerain Action:

1. Multiple zk-Agents, each with proprietary pathfinding algorithms (some
potentially using ML), analyze liquidity across dozens of on-chain and
off-chain pools.

2. They compete in an auction to fulfill the intent. The winning bid is not just the
best price, but the best price with a ZK proof demonstrating that no better
path was available at the time of computation. This leverages verifiable
inference.?

3. Settlement is MEV-resistant because the transaction is only executed after
the optimal path has been determined and privately proven. This builds on
ideas from CoW Protocol “° and Flashbots.*’

4.2 Use Case 2: Autonomic Public Goods Funding

e Scenario: A DAO for funding open-source software wishes to allocate its treasury
optimally.
e Chimerain Action:

1. The DAQO's constitution specifies its goal: "Maximize long-term developer
activity on funded projects."

2. The AML's Constitutional Al periodically performs an analysis. It ingests
on-chain data (e.g., Gitcoin donation contributions “¢) and verifiable off-chain
data (e.g., a zk-Agent proves "there were N commits to this GitHub repository
*?in the last month"). This is analogous to a verifiable, automated version of
Optimism's RetroPGF.*°

3. Based on this verified impact data, the AML generates intents to adjust the
parameters of the next funding round (e.g., increase the matching pool for the
"developer tooling" category).

4. This creates a self-optimizing funding ecosystem that transparently and
verifiably directs resources where they create the most impact.

4.3 Use Case 3: A Self-Healing, Autonomic Protocol

e Scenario: A sudden market crash causes extreme network congestion and high
volatility, threatening the solvency of the protocol's lending markets.



Chimera in Action:

1. The AML's monitoring function detects anomalous spikes in transaction
failures and oracle price volatility.

2. The Constitutional Al analyzes this as a critical threat, violating the "protocol
solvency" principle in its constitution.

3. Itimmediately generates a high-priority "self-healing" intent °': "Temporarily
increase liquidation bonuses to 10% and raise the loan-to-value limit
parameter to 5% to disincentivize new leverage."

4. This intent is executed by the system in seconds, far faster than any
human-in-the-loop governance vote could manage, stabilizing the protocol
and preventing cascading liquidations. This demonstrates the "self-healing"
and "self-protection" properties of an autonomic system.?

4.4 Al Security and Alignment in Chimera: Formal Verification vs. ZKML

The Challenge: How do we ensure that zk-Agents, especially the powerful
Constitutional Al, are safe and aligned with community values?

Formal Verification of Agent Logic: We can use the C4 framework * and tools
like Certora *? to formally verify the

source code of the zk-Agent's core logic. We can prove properties like: "The
Constitutional Al will never propose a parameter change that allows the treasury
to be drained." This provides strong guarantees about the agent's possible
behaviors.

ZKML for Inference Integrity: We use ZKML ° to verify the

actual execution of the agent's model. This proves that for a given input, the
agent ran the correct model and produced the correct output, without tampering.
This prevents a malicious agent operator from substituting a cheaper/malicious
model for the approved one.

The combination of these two approaches creates a symbiotic security model. Formal
verification protects the agent's design, while ZKML protects its execution. Neither is
sufficient on its own. A formally verified agent could be run incorrectly (or not at all,

with a faked output). A verifiably correct inference could come from a model with

flawed logic. Therefore, Chimera proposes a security model where the DAO
constitution requires any registered zk-Agent to have its core safety logic formally
verified, and for all its outputs to be accompanied by a ZKML proof of inference. This



provides end-to-end, provable security and alignment.

5. Comparative Analysis and Future Work

5.1 Chimera in the Landscape of Decentralized Architectures

e vs. Ethereum: Ethereum pioneered general-purpose on-chain computation, but
its transaction-centric model and monolithic architecture created scalability and
user experience bottlenecks.’ Chimera builds upon Ethereum as a potential
settlement layer but abstracts execution and user expression to a higher, more
efficient level.

e vs. Anoma: Anoma introduced the intent-centric paradigm, a foundational
innovation that Chimera adopts and generalizes.' However, Anoma leaves the
solver problem as a trust issue. Chimera resolves this explicitly by requiring
solvers (zk-Agents) to provide zero-knowledge proofs of their computation.

e vs. Cosmos & Polkadot: These protocols pioneered interoperability and
application-specific chain sovereignty.”* Chimera shares the vision of a
multi-chain ecosystem but focuses on unifying the
user experience and governance logic across these chains through a shared
intent and autonomic management layer.

e vs. EigenLayer: EigenLayer introduces restaking for shared security, allowing
new services to rent security from Ethereum.* Chimera's Autonomic Management
Layer could be implemented as an Actively Validated Service (AVS) on EigenLayer,
leveraging Ethereum's security to govern the Chimera ecosystem.

In short, Chimera does not reinvent the wheel; it assembles the existing wheels,
chassis, and engine into a new type of vehicle and adds an autopilot system.

5.2 Open Research and Future Directions

e Private Counterparty Discovery: Building on Anoma's work ', exploring



advanced cryptographic techniques like Fully Homomorphic Encryption (FHE) or
multi-party computation (MPC) to allow zk-Agents to find solutions over
encrypted intents without a trusted decryptor.

e Ethical Algorithmic Governance: The AML automates governance, but this
raises profound ethical questions.®> Who is responsible if the Constitutional Al
makes a harmful but verifiably correct decision? How can the constitution be
safely amended? This section will frame these as open problems in digital
constitutionalism *' and value alignment.®

e Scalability and Hardware Acceleration: Acknowledging the high computational
cost of ZKML.*" Discussing the trajectory of hardware acceleration (GPUs, FPGAs,
ASICs) for ZKPs and how this makes the zk-Agent model increasingly viable.

6. Conclusion

The Chimera architecture is proposed as a necessary evolutionary step in the
decentralized protocol space. Existing solutions, while innovative, remain fragmented,
addressing the challenges of user expressivity, verifiable computation, and
compositional security in isolation. Chimera transcends this fragmentation by unifying
these elements under a new paradigm of autonomic governance.

By integrating intent-centricity for expressivity, verifiable Al for trustless execution,
formal methods for security, and autonomic principles for adaptive governance,
Chimera provides a blueprint for building truly decentralized, intelligent, and resilient
systems. This synthesis allows the protocol to self-organize, self-optimize, and
self-heal, moving beyond simple transactions into a world of coordinated, verifiable
intelligence capable of tackling complex, real-world problems with an unprecedented
degree of autonomy and robustness.
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