
 
 

RIVELLUM 
A Blockchain for Guaranteed Outcomes 

Built on: 

Intent-Based Execution 

Unified Value Layer 

Deterministic Parallelism​
​
​
​
​
​
​
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Rivellum Labs 

April 2026  

 



 

RIVELLUM.................................................................................................................................... 0 
A Blockchain for Guaranteed Outcomes............................................................................0 

Introduction................................................................................................................................................. 3 
The Limits of the Transaction Model...................................................................................................... 3 
A New Primitive for Guaranteed Outcomes............................................................................................3 
Constraint Engine...................................................................................................................................4 
Post-Quantum Security as a First Principle............................................................................................5 
How Rivellum Works (At a Glance)........................................................................................................ 6 

The Problem................................................................................................................................................ 6 
Structural Failures in Today’s Blockchains............................................................................................. 6 
Why Speed and Cost Improvements Are Not Enough........................................................................... 7 
The Hidden Costs of MEV, Custody, and Unpredictability......................................................................7 
The Absence of Cryptographic Final Assurance.................................................................................... 8 

Rivellum’s Model.........................................................................................................................................9 
Intent-First Design.................................................................................................................................. 9 
Outcomes Over Instructions.................................................................................................................10 
Protocol-Level Guarantees Instead of Best-Effort Execution............................................................... 10 
Determinism as a System Property, Not an Assumption...................................................................... 11 

Core Architecture......................................................................................................................................11 
Unified Value Layer (UVL).................................................................................................................... 11 
Deterministic Parallelism with Independent Lanes...............................................................................12 
Encrypted Envelopes: Structural MEV Elimination...............................................................................13 
The Continuous Execution Pipeline......................................................................................................13 
Intent Lifecycle: From Submission to Finality....................................................................................... 14 
Consensus and Global Finality (Aurora BFT).......................................................................................14 
State Model and Deterministic State Roots..........................................................................................14 
Mist: The Language of Value Flow....................................................................................................... 15 

Interoperability.......................................................................................................................................... 15 
Native Bridge and Light Client Architecture..........................................................................................15 
Cross-Chain Value Movement..............................................................................................................16 
Deterministic Settlement Across External Systems..............................................................................16 

Proof of Useful Work................................................................................................................................ 17 
From Wasted Computation to Verifiable Correctness.......................................................................... 17 
A Competitive Market for Proof Generation..........................................................................................18 
Externalized Verification and Scalable Incentives................................................................................ 18 
Proof as a First-Class Economic Primitive........................................................................................... 19 

ZK-Native Execution & Verification......................................................................................................... 19 
Separation of Execution and Proof.......................................................................................................19 
Privacy by Default.................................................................................................................................20 
Post-Quantum Cryptography from Genesis......................................................................................... 20 
Verification Without Exposure...............................................................................................................20 
Deterministic Replay and Independent Verification..............................................................................21 

AI and Autonomous Economies..............................................................................................................21 
Agents as First-Class Participants........................................................................................................21 

1 



 

Hierarchical Wallets and Bounded Autonomy...................................................................................... 22 
Native Compute and Service Marketplace........................................................................................... 22 
Verifiable Machine-to-Machine Coordination........................................................................................23 

Gaming and Real-Time Systems............................................................................................................. 24 
Predictable Micro-Transactions at Scale.............................................................................................. 24 
Deterministic Outcomes for High-Frequency Interactions....................................................................24 
Real-Time Coordination Without Ordering Games...............................................................................25 
State-Safe Game Logic Without Custodial Risk...................................................................................25 

Developer Experience.............................................................................................................................. 26 
Visible Value Flows with Protocol-Verified Intents................................................................................ 26 
Real-Time Console and Simulation Tools.............................................................................................26 
Prefabs, SDKs, and Deterministic Tooling............................................................................................27 
Simplified Auditing and Reproducible Execution..................................................................................28 
From Smart Contracts to Outcome Definitions.....................................................................................28 
Performance Characteristics................................................................................................................ 29 

Economics.................................................................................................................................................30 
Usage-Funded Sustainability................................................................................................................30 
Deterministic Fee Model and 65-25-10 Distribution............................................................................. 30 
Capped Rewards and Market-Driven Compensation...........................................................................31 
Mining Pool Dynamics and Excess Fee Burning..................................................................................31 
Continuous Burns and Deflationary Pressure...................................................................................... 31 
Alignment Between Network Usage and Value Capture...................................................................... 32 

Security......................................................................................................................................................32 
Security as Outcome Integrity.............................................................................................................. 32 
From Defensive Security to Structural Security....................................................................................33 
What Rivellum Secures........................................................................................................................ 33 
Core Guarantees..................................................................................................................................34 
The Elimination of Entire Failure Classes.............................................................................................34 
Security and Predictability.................................................................................................................... 35 
Security and Scalability........................................................................................................................ 35 
The Role of Participants in the Security Model.....................................................................................35 
Security as Verifiable Confidence.........................................................................................................36 

Roadmap....................................................................................................................................................37 
Current Status and System Maturity.....................................................................................................37 
Testnet Architecture and Validation Goals............................................................................................37 
Mainnet Launch Strategy......................................................................................................................38 
Ecosystem Expansion and Developer Adoption.................................................................................. 39 
Progressive Hardening and Cryptographic Upgrades..........................................................................39 

Closing Vision........................................................................................................................................... 40 
A Blockchain Built for Guaranteed Outcomes...................................................................................... 40 
The Foundation for Machine-Native Economies.................................................................................. 40 
A Post-Quantum Financial and Computational Layer.......................................................................... 41 
Invitation to Builders, Researchers, and Participants...........................................................................41 

Conclusion................................................................................................................................................ 42 

2 



 

Introduction 

The Limits of the Transaction Model 
Modern blockchains are built on a transaction-centric paradigm. In this model, users and 
developers define execution as a sequence of explicit instructions, which the network then 
processes according to ordering rules and state transitions. While this approach enabled the 
first generation of decentralized systems, it imposes structural constraints that persist regardless 
of improvements in throughput or cost. 

Transactions describe how something should happen, not what must ultimately be achieved. As 
a result, correctness is indirect. Outcomes depend on execution ordering, intermediate state 
conditions, and external factors such as network latency or validator behavior. Even when a 
transaction executes successfully, the intended outcome is not guaranteed. 

Competing transactions, reordering incentives, and partial state dependencies create 
environments where identical intentions can yield different results. Over time, this has led to 
increasingly complex application design patterns, defensive programming techniques, and 
reliance on off-chain coordination to approximate determinism. 

Despite advances in parallel execution, rollups, and fee optimization, the underlying abstraction 
remains unchanged. The system executes instructions without guaranteeing alignment with 
user intent. This gap between intent and result is the root of many persistent issues in 
blockchain systems today. 

 

A New Primitive for Guaranteed Outcomes 
Rivellum introduces a fundamental shift in how decentralized systems are defined and 
executed. Instead of centering the protocol around transactions, Rivellum defines a new 
primitive: the intent. 

An intent is a formal declaration of a valid state transition defined by constraints, value 
transformations, and authorization. 

Intent I = (C, V, A) 

●​ C represents constraints that must be satisfied prior to execution   
●​ V represents the value transformation to be applied   
●​ A represents authorization proving the right to initiate the transition   
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An intent is only admitted if all constraints evaluate to true. If any constraint fails, the intent is 
rejected before execution and does not enter the system. 

This changes the role of the blockchain. Rather than executing instructions in sequence, the 
system becomes a resolution engine for outcomes. Execution resolves deterministically to a 
single valid outcome. 

 

Constraint Engine 
Rivellum enforces correctness through a protocol-level constraint engine that evaluates all 
intents before execution. Each intent references one or more policies which define the complete 
set of valid state transitions for the assets and conditions involved. An intent is only admitted 
into execution if all constraints evaluate to true. 

Evaluation Model 

●​ If evaluation fails, the intent is discarded before execution 
●​ If evaluation succeeds, the intent enters the execution 

pipeline 

Constraint Categories 

●​ Transfer constraints define allowed counterparties and 
asset relationships 

●​ Temporal constraints define time bounds and expiry 
conditions 

●​ Identity constraints define authorization and credential 
requirements 

●​ Value constraints define bounds, ratios, and conservation 
rules 

●​ Composite constraints define logical composition (AND, 
OR, threshold) 

System Invariant 

●​ No invalid state transition can enter execution. All valid 
state transitions must satisfy globally enforced 
conservation and constraint invariants. 
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Why Rivellum Exists Now 
The emergence of large-scale decentralized applications, autonomous agents, and real-time 
digital economies has exposed the limitations of existing blockchain architectures. Systems 
designed for sequential transaction processing are increasingly misaligned with the 
requirements of modern computational and economic workloads. 

At the same time, advances in parallel execution, zero-knowledge proof systems, and 
distributed consensus have created the technical foundation for a new class of protocols. These 
developments make it possible to decouple execution from ordering, verify correctness 
independently, and scale horizontally. 

Rivellum is built at the intersection of these capabilities. It is not an incremental improvement over 
existing designs, but a different execution model. By treating outcomes as the primary unit of 
computation, it aligns the protocol with the needs of high-frequency, machine-driven, and globally 
distributed applications. 

It is driven by practical constraints observed across current systems: unpredictable execution 
environments, extractive ordering dynamics, and the inability to provide strong guarantees 
about final outcomes. Rivellum addresses these issues by removing their root causes. 

 

Post-Quantum Security as a First Principle 
Security assumptions underpin every layer of a blockchain system. Most existing networks rely 
on cryptographic primitives that are secure under classical computational models but are 
vulnerable to advances in quantum computing. While this risk is often treated as a future 
concern, its implications are systemic: once broken, foundational guarantees such as signature 
authenticity and state integrity cannot be retroactively restored. 

Rivellum treats post-quantum security as a foundational requirement rather than an eventual 
upgrade. All critical components of the protocol—including signatures, consensus validation, 
and proof verification—are designed to support quantum-resistant cryptographic schemes from 
inception. 

This approach avoids the need for disruptive migrations or compatibility layers in the future. It 
ensures that assets, identities, and system state remain secure under evolving computational 
capabilities.  

This establishes a forward-compatible security model integrated with the core architecture. 
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How Rivellum Works (At a Glance) 
At a high level, Rivellum operates as a continuous pipeline for resolving intents into verified 
outcomes. 

1.​ Intents are submitted with explicit constraints 
2.​ The system admits and validates them 
3.​ Execution resolves them into candidate state transitions 
4.​ Independent provers generate proofs of correctness 
5.​ Verified outcomes are finalized into global state 

This process occurs continuously across parallel execution lanes, without reliance on global 
ordering or block-based batching. 

 

The Problem 

Structural Failures in Today’s Blockchains 
Contemporary blockchain systems are built on a shared set of architectural assumptions: 
transactions are ordered, executed sequentially or semi-parallel, and committed to a global 
state. While implementations differ in throughput, consensus mechanisms, and execution 
environments, the foundational model remains consistent. 

Execution depends on ordering. Whether determined by proposers, validators, or external 
actors interacting with the mempool, the sequence in which transactions are processed directly 
affects outcomes.  

Attempts to improve performance through parallelization or sharding do not eliminate this 
dependency. They redistribute it. Conflicts, synchronization overhead, and cross-shard 
coordination reintroduce ordering constraints at different layers of the system. As a result, 
scalability improvements are often accompanied by increased system complexity and new 
categories of failure modes. 

Furthermore, the transaction model requires developers to anticipate and handle a wide range 
of edge cases. State contention, reentrancy, partial execution, and race conditions are not 
anomalies; they are expected behaviors that must be managed explicitly. This shifts the burden 
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of correctness from the protocol to the application layer, where it is more difficult to enforce and 
verify. 

These characteristics define the operational limits of current blockchains. They are not the result 
of insufficient engineering, but of the underlying abstraction itself. 

 

Why Speed and Cost Improvements Are Not Enough 
Much of the evolution in blockchain design has focused on increasing throughput and reducing 
transaction costs. 

Higher throughput allows more transactions to be processed, but it does not change the fact 
that outcomes remain dependent on execution context. Lower fees make systems more 
accessible, but they do not eliminate unpredictability or reduce the need for defensive design 
patterns. In many cases, improvements in speed and cost amplify existing issues. 

For example, faster block times can intensify competition for ordering priority, leading to more 
aggressive strategies for transaction placement. Lower fees can enable higher volumes of 
speculative or adversarial activity, increasing the burden on both infrastructure and applications. 
Parallel execution can improve average performance while introducing non-deterministic 
behavior in edge cases. 

These dynamics illustrate a broader point: optimizing within the existing model cannot resolve 
the limitations of the model itself. The primary challenge is not how quickly or cheaply 
transactions can be processed, but whether the system can ensure the intended outcome of an 
operation is achieved. 

Without addressing this question directly, improvements in performance remain incremental and 
bounded. 

 

The Hidden Costs of MEV, Custody, and Unpredictability 
The interaction between ordering, execution, and economic incentives gives rise to a range of 
hidden costs that are not immediately visible at the protocol level but have significant impact on 
users and developers. 

Maximal Extractable Value (MEV) is a direct consequence of discretionary ordering. When the 
sequence of transactions can be influenced, actors with control over ordering can extract value 
by reordering, inserting, or censoring transactions. This behavior is not an exploit of the system; 
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it is an emergent property of its design. Mitigation strategies address symptoms but do not 
remove the underlying incentive structure. 

Custodial risk is another systemic issue. In most smart contract platforms, contracts hold and 
manage user funds. This creates centralized points of failure within otherwise decentralized 
systems. Vulnerabilities in contract logic, whether due to complexity or oversight, can lead to 
irreversible loss of assets. The frequency of such incidents highlights the difficulty of securing 
systems where value and logic are tightly coupled. 

Unpredictability further compounds these risks. Transaction inclusion, execution success, and 
final outcomes can vary based on network conditions, competing activity, and state changes 
occurring between submission and execution. Users must often overpay fees, retry 
transactions, or rely on off-chain services to increase the likelihood of success. Developers, in 
turn, must design systems that tolerate inconsistent execution environments. 

These costs are not always reflected in transaction fees or performance metrics, but they 
represent a significant portion of the real-world burden of interacting with blockchain systems. 

 

The Absence of Cryptographic Final Assurance 
A defining characteristic of current blockchains is that finality is tied to consensus on state 
transitions, not to verification of outcomes. Once a transaction is included in a block and that 
block is finalized, the network agrees that the transition occurred according to the rules of 
execution. However, this does not guarantee that the resulting state satisfies the original intent 
of the user. 

There is no native mechanism to prove that an outcome is correct beyond re-executing the 
transaction within the same execution model. This creates a circular dependency: correctness is 
assumed because the system produced the result, rather than independently verified. 

Zero-knowledge proofs and related techniques have begun to address this gap by enabling 
verifiable computation. However, in most implementations, these proofs are applied as an 
additional layer rather than as a foundational component of the execution model. They often 
operate at the level of batches or rollups, and are not tightly integrated with the semantics of 
individual operations or intents. 

As a result, users and developers lack a direct, protocol-level guarantee that an intended 
outcome has been achieved. Finality confirms that the network has agreed on a state, but not 
that the state is the uniquely correct resolution of a defined objective. 

This absence of cryptographic final assurance limits the reliability of blockchain systems, 
particularly in contexts where correctness is critical. It also constrains the types of applications 
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that can be safely built, especially those requiring deterministic outcomes across complex 
interactions. 

Rivellum’s Model 

Intent-First Design 
Rivellum replaces the transaction as the primary unit of execution with the intent. An intent 
defines a desired end state under a set of explicit constraints, rather than prescribing the 
sequence of operations required to reach that state. This distinction is fundamental. It removes 
the need for users and developers to encode execution pathways and instead allows them to 
express invariant conditions that must hold upon completion. 

An intent is therefore not a request to execute code, but a declaration of acceptable outcomes. 
It includes value constraints, authorization boundaries, and validity conditions that must be 
satisfied atomically. The protocol is responsible for resolving these constraints into a valid state 
transition, independent of intermediate execution steps. 

This design shifts complexity away from application logic and into the protocol layer, where it 
can be enforced consistently. By elevating intent to a first-class primitive, Rivellum ensures that 
all computation is aligned with outcome resolution rather than instruction processing. 
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Outcomes Over Instructions 
In traditional systems, correctness is evaluated based on whether instructions were executed 
according to defined rules. In Rivellum, correctness is evaluated based on whether the final 
state satisfies the declared outcome. 

This distinction eliminates failure modes associated with intermediate  execution. An operation 
resolves to a valid outcome or fails. 

Execution becomes an implementation detail rather than a user-defined responsibility. The 
system may internally decompose an intent into multiple computational steps, but these steps 
are not externally observable or exploitable. What matters is that the resulting state is consistent 
with the declared intent. 

By removing reliance on instruction sequencing, Rivellum also reduces the surface area for 
adversarial behavior. There is no advantage to manipulating execution paths if the only 
acceptable result is a single, constraint-satisfying outcome. 

 

Protocol-Level Guarantees Instead of Best-Effort 
Execution 
Existing blockchains operate on a best-effort model. Transactions are submitted, and the 
network attempts to include and execute them under current conditions. Success depends on 
factors such as fee competition, ordering priority, and state availability at the time of execution. 

Rivellum replaces this with protocol-level guarantees. Once an intent is accepted into the 
system, the network is responsible for resolving it in a manner that satisfies its constraints. If the 
constraints cannot be satisfied, the intent is rejected deterministically. There is no concept of 
partial success or probabilistic inclusion. 

These guarantees are enforced at multiple layers. Admission ensures that only valid and 
well-formed intents enter the system. Execution is constrained by deterministic rules that 
prevent divergence across nodes. Finalization requires cryptographic proof that the resolved 
outcome is correct. 

This approach removes the need for users to manage execution uncertainty. There is no 
requirement to overpay for inclusion, to monitor mempool conditions, or to retry operations due 
to state changes. The system either produces the intended outcome or fails. 
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Determinism as a System Property, Not an Assumption 
Determinism in most blockchain systems is an emergent property that depends on consistent 
execution environments and careful avoidance of non-deterministic constructs. In practice, 
maintaining determinism requires strict constraints on programming languages, runtime 
behavior, and state access patterns. 

Rivellum treats determinism as an explicit system property, enforced by design rather than by 
convention. All components of the execution pipeline are constructed to ensure that identical 
inputs produce identical outputs across all nodes. 

This is achieved through several mechanisms. Intents define bounded, self-contained 
operations with explicit constraints. The execution environment eliminates sources of 
non-determinism such as external state dependencies or unordered data access. State 
transitions are validated against deterministic rules before being committed. Cross-lane 
interactions are coordinated through atomic protocols that preserve consistency without 
introducing ordering dependencies. 

Determinism is therefore a protocol property, enabling reproducible execution and independent 
verification. 

 

Core Architecture 

Unified Value Layer (UVL) 
Rivellum separates value from execution through the Unified Value Layer (UVL), a protocol-level 
system responsible for tracking, validating, and settling all asset movements. Unlike traditional 
smart contract platforms, where contracts directly custody and manipulate funds, UVL ensures 
that value is never owned or controlled by application logic. 

All value exists within a globally consistent ledger governed by deterministic rules. No execution 
path can bypass or override these rules. Intents specify how value should transform under 
defined constraints, and the UVL enforces conservation and correctness at commit time. This 
eliminates entire classes of vulnerabilities associated with contract custody, including reentrancy 
exploits, unauthorized transfers, and state corruption through faulty logic. 

By separating value management from application logic, Rivellum makes financial safety a 
protocol concern rather than a contract responsibility. 
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Deterministic Parallelism with Independent Lanes 
Rivellum achieves horizontal scalability through a system of independent execution lanes. Each 
lane processes intents in parallel with its own execution pipeline, contributing independently to 
global state. 

Unlike sharded systems that require frequent synchronization, lanes in Rivellum are designed to 
operate deterministically. Cross-lane interactions are coordinated through atomic protocols that 
ensure consistency without introducing contention or race conditions. 

This architecture allows throughput to scale linearly with the addition of lanes. Because 
execution is driven by intent resolution rather than transaction sequencing, parallelism does not 
introduce inconsistent behavior. Each lane produces deterministic state updates that can be 
independently verified and later aggregated into a unified global state. 

The result is a system that scales without compromising correctness or requiring complex 
reconciliation mechanisms. 
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Encrypted Envelopes: Structural MEV Elimination 
Rivellum removes the conditions that enable 
extractive ordering by introducing encrypted intent 
envelopes. Intents are submitted in a form that 
conceals their contents during admission and 
initial processing, exposing only the minimal 
information required for validation and routing. 

Because intent contents are not visible prior to 
execution, there is no opportunity for external 
actors to reorder, insert, or censor transactions 
based on their economic value.  

Decryption and execution occur within controlled 
stages of the pipeline, ensuring that information is 
revealed only when it can no longer be exploited. 
This design eliminates MEV at the protocol level 
rather than attempting to mitigate it through 
external mechanisms. 

 

The Continuous Execution Pipeline 
Rivellum replaces block-based processing with a continuous execution pipeline. Intents flow 
through a series of stages—admission, execution, proof generation, and finalization—without 
being grouped into discrete blocks. 

These components operate concurrently, allowing the system to process intents as they arrive 
rather than waiting for batch intervals. This reduces latency and removes artificial 
synchronization points that can introduce bottlenecks or variability. 

The pipeline is designed to maintain consistency at every stage. Admission enforces structural 
validity and resource constraints. Execution resolves intents into candidate state transitions. 
Proof generation verifies correctness independently of execution. Finalization commits the 
verified outcome to the global state. 

By decoupling these stages and allowing them to operate in parallel, Rivellum achieves both 
high throughput and low latency. 
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Intent Lifecycle: From Submission to Finality 
The lifecycle of an intent begins with submission through an ingress point, where it is validated 
for structure and authorization. Constraint evaluation is then performed deterministically before 
execution. Only intents that pass constraint evaluation are admitted into the execution pipeline. 
Once admitted, the intent enters the execution pipeline, where it is resolved into an outcome. 

Because constraint evaluation has already occurred prior to execution, execution operates only 
on valid state transitions. The resulting transition is then proven, where its correctness is 
validated through cryptographic means. Only after successful verification does the intent 
proceed to finalization. 

Finalization commits the outcome to the UVL and updates the global state. At this point, the 
result is both agreed upon by the network and cryptographically verified. The lifecycle is 
complete, and the outcome is immutable. 

This process ensures that every accepted intent progresses through a well-defined sequence of 
stages, each contributing to the overall guarantee of correctness. 

 

Consensus and Global Finality (Aurora BFT) 
Rivellum employs a Byzantine Fault Tolerant consensus mechanism, referred to as Aurora BFT, 
to coordinate state agreement across lanes and nodes. Consensus operates on deterministic 
state transitions rather than on ordered transaction lists. 

Each lane produces state updates that are locally validated and then propagated for global 
agreement. Aurora BFT aggregates these updates, ensuring that all nodes converge on a 
single, consistent global state. The consensus process is optimized for low latency and high 
throughput, leveraging execution constraints to reduce agreement complexity. 

Because execution outcomes are already constrained and verified, consensus does not need to 
resolve conflicting interpretations of state. Its role is to confirm and finalize transitions that are 
already known to be correct. 

 

State Model and Deterministic State Roots 
State in Rivellum is represented through deterministic state roots that reflect the cumulative 
effect of all finalized intents. Each lane maintains its own state progression, producing local 
roots that are periodically aggregated into a global root. 
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These roots serve as cryptographic commitments to state, enabling efficient verification and 
synchronization across nodes. Because all state transitions are deterministic, any node can 
independently reconstruct the state and verify that it matches the committed root. 

Rivellum supports both scalability and verifiability. Nodes can operate with partial knowledge of 
the system while still validating correctness, and external observers can verify state integrity 
without reprocessing the entire execution history. 

 

Mist: The Language of Value Flow 
Mist is Rivellum’s high-level programming language, designed specifically for defining intents 
and value transformations. Unlike traditional smart contract languages, which focus on 
imperative logic, Mist expresses computation as declarative value flows. 

Programs written in Mist define constraints, relationships, and conservation rules over value 
rather than sequences of execution steps. Each program compiles into a deterministic value 
flow graph that must satisfy protocol-level invariants before settlement. This removes entire 
classes of bugs related to state mutation, execution ordering, and partial failure, as no 
intermediate state is ever committed. 

Unlike traditional smart contract languages, Mist does not expose mutable state as a primary 
abstraction. Instead, state transitions are derived from constraint satisfaction, ensuring that all 
outcomes are valid by construction rather than by runtime enforcement. 

Mist serves as the primary interface between developers and the protocol, enabling the 
construction of applications that fully leverage Rivellum’s intent-first architecture. 

Interoperability 

Native Bridge and Light Client Architecture 
Interoperability in Rivellum is designed as a protocol-level capability rather than an external 
extension. Instead of relying on trusted intermediaries or application-layer bridges, Rivellum 
integrates cross-chain communication directly into its verification and finality model. 

At the core of this approach is a light client architecture that allows Rivellum to verify the state of 
external systems through cryptographic commitments. External chains are represented within 
Rivellum as verifiable state machines, with their headers, proofs, and finality conditions tracked 
and validated on-chain. This enables Rivellum to reason about external state transitions with the 
same deterministic guarantees applied internally. 
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Bridging is therefore not a matter of transferring assets between custodial contracts, but of 
verifying that a corresponding state change has occurred on another system. Assets are not 
locked and reissued through opaque mechanisms; instead, their movement is governed by 
verifiable proofs tied to the source chain’s consensus. 

This removes the need for trusted bridge operators and reduces the attack surface associated 
with cross-chain custody. It also aligns interoperability with Rivellum’s broader design 
philosophy: correctness must be enforced through verifiable state, not assumed through 
external trust. 

 

Cross-Chain Value Movement 
Value movement across chains in Rivellum is expressed as an extension of the intent model. An 
intent may specify constraints that depend on state conditions external to Rivellum, such as the 
existence of a finalized transaction on another chain or the satisfaction of a particular state 
transition. 

When such an intent is submitted, Rivellum verifies the required external conditions through its 
light client representations. Only when these conditions are cryptographically confirmed does 
the system resolve the intent and apply the corresponding state changes within the Unified 
Value Layer. 

This approach avoids the ambiguity and risk associated with asynchronous bridging models. 
There is no reliance on relayers to trigger events or on time-based assumptions about finality. 
Instead, cross-chain interactions are resolved deterministically based on verifiable evidence. 

Because value is managed within the UVL, external assets are represented in a manner that 
preserves conservation and consistency. The system ensures that any value entering or leaving 
Rivellum corresponds exactly to a verified state transition on the originating chain, preventing 
duplication or loss. 

 

Deterministic Settlement Across External Systems 
A key limitation of existing interoperability solutions is the lack of deterministic settlement across 
systems. Transactions that span multiple chains often depend on loosely coupled processes, 
where each step is executed independently and may fail or diverge without a unified guarantee 
of completion. 

Rivellum addresses this by extending its deterministic execution model to cross-chain 
interactions. Intents that involve multiple systems are resolved as atomic operations, subject to 
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the same constraints and guarantees as internal intents. The outcome is either fully realized 
across all involved systems or fails without partial execution. This eliminates the class of failures 
where one side of a cross-chain interaction succeeds while the other does not. In Rivellum, 
partial completion is not representable at the protocol level, preventing inconsistent or orphaned 
state across systems. 

This is achieved through coordinated verification and settlement mechanisms. External state 
proofs are incorporated into the intent resolution process, and finality is only reached when all 
required conditions are satisfied. The result is a unified outcome that spans multiple chains, 
verified and committed as a single, coherent state transition. 

By enforcing deterministic settlement across external systems, Rivellum enables a new class of 
applications that require reliable coordination beyond a single network. Complex workflows, 
multi-chain asset movements, and distributed computations can be expressed and executed 
with the same guarantees as local operations. 

Proof of Useful Work 

From Wasted Computation to Verifiable Correctness 
Traditional proof-of-work systems expend computational resources to secure consensus 
through probabilistic difficulty. While effective for Sybil resistance, this model produces no 
intrinsic value beyond security. The majority of computation is intentionally non-reusable and 
does not contribute to the correctness or utility of the system’s state transitions. 

Rivellum redefines this paradigm by aligning computational effort directly with execution 
verification. Instead of solving arbitrary puzzles, participating nodes perform work that generates 
cryptographic proofs of correctness for executed intents. Every unit of computation contributes 
to validating that outcomes satisfy their declared constraints. Specifically, provers generate 
cryptographic proofs that the execution trace of an intent satisfies all constraint and 
conservation rules defined by the protocol. 

This transformation eliminates the distinction between security and utility. Work performed within 
the network is not discarded after consensus; it becomes a permanent component of the 
system’s assurance model. The result is a more efficient allocation of resources, where 
computation strengthens both correctness guarantees and economic incentives simultaneously. 
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A Competitive Market for Proof Generation 
Proof generation in Rivellum is not centralized within validators or a fixed set of actors. It is an 
open, competitive market in which participants contribute computational resources to generate 
verifiable proofs for executed intents. 

When an intent is resolved, it produces a candidate state transition that must be proven correct. 
This requirement is exposed to the network as a proof task. Independent actors, referred to as 
provers, compete to generate valid proofs for these tasks. Compensation is determined by 
protocol-defined incentives, creating a market-driven mechanism for allocating computational 
effort. 

This structure decouples execution from verification. Validators are not required to perform 
heavy cryptographic computation, allowing them to focus on consensus and state agreement. 
Provers specialize in generating proofs efficiently, leveraging optimized hardware and 
algorithms to compete in the market. 

By externalizing proof generation, Rivellum ensures that verification capacity can scale 
independently of consensus, avoiding bottlenecks associated with tightly coupled designs. 

 

Externalized Verification and Scalable Incentives 
The separation of execution and proof enables a flexible and scalable incentive model. Proof 
generation is treated as a service, with rewards distributed based on successful verification 
contributions. This allows the system to dynamically adjust to varying levels of demand, 
allocating more resources to proof generation when activity increases. 

Because proofs are independently verifiable, any participant in the network can validate the 
correctness of a result without re-executing the underlying computation. This reduces the 
computational burden on nodes and enables lightweight verification for clients and observers. 

The incentive structure is designed to encourage efficiency and correctness. Provers are 
rewarded for producing valid proofs and penalized implicitly through opportunity cost if they fail 
to do so. Competition drives optimization, leading to improvements in proof generation 
techniques and hardware utilization over time. 

Rivellum creates a self-regulating ecosystem where computational resources are directed 
toward tasks that directly enhance the integrity of the system. 
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Proof as a First-Class Economic Primitive 
In Rivellum, proofs are not ancillary artifacts but core components of the protocol’s operation. 
Every finalized outcome is accompanied by a cryptographic proof that attests to its correctness. 
These proofs are integrated into the state transition process, forming part of the canonical 
record of the system. 

Treating proofs as first-class primitives has several implications. It enables independent 
verification of state without reliance on trusted execution. It allows external systems to consume 
and validate outcomes with minimal assumptions. It also provides a foundation for advanced 
applications that require verifiable computation as a built-in feature. 

Economically, proofs represent a direct linkage between computation and value. The generation 
of a proof is compensated because it contributes to the system’s guarantees. This aligns 
incentives across participants, ensuring that resources are allocated toward maintaining 
correctness rather than merely sustaining consensus. 

By embedding proof generation into the core of the protocol, Rivellum establishes a model 
where computation is both meaningful and measurable, forming the basis of a sustainable and 
verifiable network. 

ZK-Native Execution & Verification 

Separation of Execution and Proof 
Rivellum formally separates execution from verification as independent stages within its 
architecture. Execution resolves intents into candidate state transitions under deterministic 
constraints, while proof generation attests to the correctness of those transitions without 
requiring re-execution. 

This separation enables both scalability and assurance. Execution can proceed at high 
throughput, optimized for deterministic resolution across parallel lanes, while proof generation 
operates as an independent process that validates outcomes asynchronously. The two are 
linked through well-defined interfaces, ensuring that only proven results are eligible for 
finalization. 

By decoupling these responsibilities, Rivellum avoids the computational bottlenecks associated 
with systems where verification is tightly coupled to execution. It also enables specialized 
participants to optimize each stage independently, improving overall system efficiency without 
compromising correctness. 
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Privacy by Default 
Privacy in Rivellum is not an optional overlay but a default property of the execution model. 
Intents are processed in a manner that minimizes the exposure of sensitive data, revealing only 
what is necessary for validation and settlement. 

Zero-knowledge techniques are used to prove that an intent satisfies its constraints without 
disclosing the underlying inputs. This allows value transfers, state conditions, and computational 
results to remain confidential while still being verifiably correct. 

The system supports selective disclosure where required, enabling participants to reveal 
specific information for compliance, auditing, or interoperability purposes. However, the baseline 
assumption is that data remains private unless explicitly exposed. 

This approach aligns privacy with correctness. Information is not hidden at the expense of 
verifiability; it is structured such that correctness can be proven without requiring visibility. 

 

Post-Quantum Cryptography from Genesis 
Rivellum integrates post-quantum cryptographic primitives across its verification stack from the 
outset. Signature schemes, proof systems, and consensus validation are designed to remain 
secure under quantum-capable adversaries. 

This includes the adoption of quantum-resistant signature algorithms for identity and 
authorization, as well as proof systems that can be adapted to post-quantum security 
assumptions. The goal is not only to protect against future threats but to ensure that long-lived 
data, assets, and proofs remain valid over time. 

By incorporating post-quantum considerations into the core design, Rivellum avoids the need for 
disruptive migrations or compatibility layers. Security is treated as a continuous property of the 
system, rather than a feature that must be retrofitted as new threats emerge. 

 

Verification Without Exposure 
A central property of Rivellum’s design is the ability to verify outcomes without exposing the data 
that produced them. This is achieved through the use of zero-knowledge proofs that encode 
both the correctness of execution and the satisfaction of intent constraints. 

Verification is therefore independent of execution context. Any participant can validate that a 
given state transition is correct by checking its associated proof, without needing access to the 
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original inputs or intermediate steps. This enables lightweight verification for nodes, clients, and 
external systems. 

The implications extend beyond privacy. Verification without exposure reduces the risk of 
information leakage, eliminates the need for trusted intermediaries, and enables secure 
interaction between otherwise untrusted parties. It also allows the system to maintain 
transparency at the level of correctness while preserving confidentiality at the level of data. 

 

Deterministic Replay and Independent Verification 
Rivellum’s deterministic execution model ensures that any verified outcome can be 
independently reproduced and validated. Given the same inputs and constraints, the system will 
always produce the same result, and the associated proof will attest to its correctness. 

This enables deterministic replay, where nodes or external observers can reconstruct execution 
environments and verify outcomes without ambiguity. Because proofs are tied directly to state 
transitions, verification does not depend on historical ordering or contextual information beyond 
what is explicitly defined. 

Independent verification becomes a fundamental capability of the network. Nodes do not need 
to trust the execution performed by others; they can validate results directly. External systems 
can consume Rivellum’s outputs with confidence, knowing that correctness is cryptographically 
enforced. 

This property reinforces the broader design goal of Rivellum: to eliminate reliance on implicit 
trust and replace it with verifiable guarantees at every stage of execution. 

AI and Autonomous Economies 

Agents as First-Class Participants 
Rivellum treats autonomous agents as native economic participants rather than external 
integrations. Agents submit intents, manage value, and coordinate under the same deterministic 
execution and constraint guarantees as any user, enabling machine-driven activity without 
introducing new trust assumptions. 

Unlike traditional systems where automation is layered on top of externally controlled 
infrastructure, Rivellum enables agents to operate natively within a verifiable environment. Their 
actions are expressed as intents, bounded by explicit constraints and subject to the same 
outcome guarantees enforced by the protocol. The protocol enforces that autonomous behavior 
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cannot violate defined constraints. Any action outside authorized bounds is deterministically 
rejected before execution, ensuring that agents cannot exceed permissions, misallocate value, 
or introduce unintended state transitions. 

Because execution is deterministic and outcomes are verifiable, agents can interact without 
requiring trust in each other’s internal logic. Coordination is based on shared constraints and 
provable results rather than implicit assumptions about execution. 

 

Hierarchical Wallets and Bounded Autonomy 
Rivellum introduces hierarchical wallet structures that define explicit boundaries for autonomous 
behavior. Authority is not implicit or inferred; it is encoded directly into the protocol through 
constrained identities that enforce spending limits, operation scopes, and execution 
permissions. 

These boundaries are enforced at the protocol level. An agent may be authorized to perform 
specific classes of intents, access limited resources, or operate within defined value thresholds. 
Any attempt to exceed these constraints is rejected deterministically, preventing unintended or 
malicious behavior. 

This structure enables a spectrum of autonomy. Simple agents may execute narrowly scoped 
tasks, while more advanced systems can coordinate complex workflows across multiple 
domains. In all cases, authority is explicit, verifiable, and enforceable without reliance on 
external safeguards. 

By embedding these controls into the execution model, Rivellum ensures that automation does 
not introduce additional risk to users or the network. 

The protocol enforces that agent compromise is contained by design, limiting potential impact to 
predefined boundaries rather than exposing full account control. 

 

Native Compute and Service Marketplace 
Rivellum extends beyond value transfer to support a native marketplace for computation and 
services. Agents and participants can offer specialized capabilities—such as data processing, 
model inference, or proof generation—as verifiable services within the network. 

These services are invoked through intents that define both the required computation and the 
expected outcome. Providers compete to fulfill intents in an open market where compensation is 
strictly tied to verifiable correctness. Invalid or incomplete results cannot be settled, eliminating 
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payment for incorrect execution. This creates an open market where computational resources 
are allocated based on demand and performance. 

Because all interactions are governed by deterministic execution and cryptographic verification, 
service consumers do not need to trust providers directly. The correctness of the result is proven 
as part of the execution process, ensuring that services can be consumed safely even in 
adversarial environments. 

Rivellum enables the emergence of decentralized, machine-driven economies where 
computation, data, and value are exchanged seamlessly within a unified framework. 

 

Verifiable Machine-to-Machine Coordination 
A defining requirement for autonomous systems is the ability to coordinate reliably without 
human intervention. In Rivellum, this coordination is achieved through intents that encode 
multi-party constraints and are resolved atomically by the protocol. 

Agents can encode multi-party dependencies directly into intents, including conditions based on 
external data, other agents’ actions, or prior outcomes. These dependencies are enforced 
atomically by the protocol, ensuring that coordinated operations either resolve completely or fail 
without partial execution. 

The combination of deterministic execution, verifiable outcomes, and protocol-enforced 
constraints enables machine-to-machine interactions that are both reliable and trustless. Agents 
do not need to negotiate execution order or manage synchronization explicitly; the protocol 
guarantees that all conditions are satisfied before finalization. 

This capability forms the foundation for complex autonomous systems, including distributed 
applications, financial coordination mechanisms, and real-time decision networks. By ensuring 
that coordination is both verifiable and deterministic, Rivellum enables a new class of 
machine-native interactions that extend beyond the limitations of transaction-based systems. 

In Rivellum, coordination between autonomous systems does not rely on trust, reputation alone, 
or external enforcement. It is enforced by the protocol itself. Every interaction is resolved 
through deterministic execution and constraint validation, ensuring that autonomous 
coordination produces a single correct outcome without reliance on trust, timing, or external 
enforcement. 
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Gaming and Real-Time Systems 

Predictable Micro-Transactions at Scale 
Interactive systems, particularly games and real-time applications, require high-frequency state 
updates with consistent cost and latency characteristics. Traditional blockchain architectures 
struggle in this domain due to variable fees, batching delays, and contention over shared state. 
These constraints make it difficult to design systems where small, frequent interactions can be 
executed reliably and economically. 

Rivellum addresses this by aligning its execution model with predictable micro-transactions. 
Because intents are processed through a continuous pipeline rather than discrete blocks, 
latency is reduced and throughput scales with the addition of independent lanes. The 
deterministic fee model further ensures that costs remain stable regardless of network 
conditions, allowing developers to design systems with known economic parameters. 

Predictability is essential for real-time applications, where user experience depends on 
consistent responsiveness. Micro-transactions are no longer constrained by congestion 
dynamics or fee volatility, enabling new classes of applications that require continuous 
interaction rather than periodic settlement. 

 

Deterministic Outcomes for High-Frequency Interactions 
High-frequency systems amplify the consequences of non-determinism. In environments where 
state changes occur rapidly, even minor inconsistencies can propagate into significant 
divergence, leading to desynchronization or unintended outcomes. 

Rivellum’s intent-based model ensures that each interaction resolves to a single result. Because 
outcomes are defined by constraints rather than execution paths, repeated or concurrent 
interactions do not introduce ambiguity. The system guarantees that identical conditions 
produce identical results. 

This is particularly important in competitive or state-sensitive environments, such as multiplayer 
games or real-time simulations. Participants can rely on the protocol to enforce fairness and 
correctness without needing to account for adversarial ordering or race conditions. 

By eliminating uncertainty at the execution layer, Rivellum provides a stable foundation for 
applications that depend on consistent and reproducible outcomes. 
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Real-Time Coordination Without Ordering Games 
In conventional blockchain systems, coordination between participants is often mediated 
through ordering mechanisms. Users compete for transaction inclusion, and application logic 
must account for the possibility that operations will be reordered or delayed. This introduces 
complexity and creates opportunities for adversarial behavior. 

Rivellum removes the need for ordering-based coordination. Intents are resolved based on their 
constraints, not their position in a sequence. Interactions that depend on shared conditions are 
evaluated atomically, ensuring that all requirements are satisfied before finalization. 

This enables real-time coordination without the need for explicit synchronization mechanisms. 
Participants can express dependencies directly within their intents, and the protocol ensures 
that these dependencies are respected. There is no advantage to manipulating timing or 
ordering, as outcomes are determined solely by constraint satisfaction. 

The result is a coordination model where correctness is derived from constraint satisfaction 
rather than execution order. This removes timing-based edge cases and eliminates the need for 
defensive coordination logic in applications. 

 

State-Safe Game Logic Without Custodial Risk 
A persistent challenge in blockchain-based gaming is the reliance on smart contracts to hold 
and manage in-game assets. This creates custodial risk, as vulnerabilities in contract logic can 
lead to loss or corruption of value. It also introduces complexity, as developers must implement 
and audit mechanisms for secure asset management. 

Rivellum’s Unified Value Layer removes this responsibility from application logic. Game systems 
define how value should change through intents, but they do not directly control or store assets. 
The protocol enforces conservation and validity, ensuring that all state transitions involving value 
are correct and irreversible once finalized. 

This separation allows game logic to be expressed more simply and safely. Developers can 
focus on gameplay mechanics and state transitions without needing to manage custody or 
implement defensive patterns against common exploits. Players, in turn, benefit from stronger 
guarantees that their assets are secure and that outcomes are enforced by the protocol. 

By combining deterministic execution with protocol-level value management, Rivellum enables 
real-time systems that are both performant and secure, without the trade-offs typically 
associated with blockchain-based applications. 
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Developer Experience 

Visible Value Flows with Protocol-Verified Intents 
Rivellum reframes development around the explicit definition of value flow rather than implicit 
execution logic. Intents describe how value should move and under what constraints, and the 
protocol guarantees that these constraints are enforced at settlement. This allows developers to 
reason directly about outcomes instead of managing intermediate state transitions. 

Because value is managed by the Unified Value Layer, every transformation is both observable 
and verifiable at the protocol level. Developers can trace how value moves through a system 
without needing to interpret complex contract state or execution side effects. This visibility 
reduces ambiguity and enables a more direct mapping between application logic and economic 
behavior. 

The result is a development model where correctness is grounded in declared invariants. 
Applications are constructed as compositions of constrained value flows, and the protocol 
ensures that these flows resolve exactly as specified. 

 

Real-Time Console and Simulation Tools 
Rivellum provides a development environment that mirrors the behavior of the live protocol. The 
console is not limited to deployment and interaction; it functions as a real-time simulation layer 
where intents can be constructed, visualized, and resolved before submission. 

This environment allows developers to observe how intents propagate through the execution 
pipeline, how constraints are evaluated, and how outcomes are produced. Because the system 
is deterministic, simulation results are representative of actual execution, enabling accurate 
prediction of behavior under real network conditions. 

The console exposes the execution pipeline at each stage, including intent admission, 
constraint evaluation, execution trace generation, and settlement. Developers can inspect 
intermediate representations, including constraint graphs and value flow structures, before 
finalization. This enables step-by-step validation of how an intent resolves, rather than relying 
on post-execution debugging. 

Beyond standard simulation, the tooling supports adversarial testing as a first-class capability. 
Developers can introduce conflicting intents, edge-case conditions, and stress scenarios to 
evaluate how their systems behave under contention or failure. These tests are executed within 
the same deterministic framework as production, ensuring that observed outcomes reflect true 
protocol behavior. 
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This approach reduces reliance on post-deployment debugging and mitigates the risks 
associated with unpredictable execution environments. Systems can be validated against both 
expected and adversarial conditions prior to deployment, significantly improving reliability. 

 

Prefabs, SDKs, and Deterministic Tooling 
To accelerate development without weakening correctness, Rivellum provides prefabs: 
reusable, protocol-aligned building blocks for common value and coordination patterns. Rather 
than forcing developers to construct every flow from first principles, prefabs encode recurring 
structures such as escrow, streaming payments, conditional transfers, staged releases, and 
multi-party coordination in forms that are already compatible with Rivellum’s constraint and 
settlement model. These are not loose code templates. They are reusable outcome patterns 
designed to resolve within the same deterministic and value-safe framework as the protocol 
itself. 

This matters because reusable components in traditional smart contract environments often 
reduce development time while reproducing the same classes of risk. In Rivellum, reuse is 
intended to preserve guarantees rather than bypass them. A prefab is valuable not only 
because it is faster to deploy, but because it begins from a structure already aligned with verified 
value flow and protocol-level correctness. 

The SDK layer extends this approach across developer environments. Rivellum provides 
interfaces for constructing intents, applying constraints, submitting operations, monitoring 
status, and verifying outcomes without requiring developers to interact directly with low-level 
execution or settlement mechanics. This allows applications to integrate the protocol through 
clear abstractions while still preserving the semantics that make Rivellum distinct. Developers 
are not forced to choose between simplicity and correctness; the tooling is designed so that 
higher-level integration still maps cleanly onto deterministic protocol behavior. 

Deterministic tooling is equally important. In many blockchain environments, development is 
slowed by the gap between local assumptions and network reality. The same logic may behave 
differently depending on ordering, state timing, or execution context, forcing developers to 
defend against uncertainty rather than build directly toward intended outcomes. Rivellum 
reduces this friction by aligning build tools, validation flows, simulation environments, and 
execution semantics around deterministic resolution. The objective is not merely convenience. It 
is to make reproducibility part of the development model itself. 

Together, prefabs, SDKs, and deterministic tooling form a practical bridge between Rivellum’s 
architectural guarantees and everyday application development. They allow developers to move 
faster, but more importantly, they allow them to do so without stepping outside the protocol’s 
core model of constrained, verifiable, and outcome-driven execution. 
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Simplified Auditing and Reproducible Execution 
Auditing in Rivellum is reduced to validating constraint completeness and value conservation. 
Because execution paths cannot introduce hidden state transitions, auditors do not need to 
reason about control flow exploits such as reentrancy, ordering dependencies, or partial 
execution states. Every valid outcome must satisfy global invariants enforced by the protocol, 
reducing the attack surface to incorrect constraint definitions rather than emergent runtime 
behavior. 

The deterministic nature of the system enables reproducible execution. Given the same inputs, 
any observer can reconstruct the outcome and verify its correctness. This property simplifies 
both manual and automated auditing processes, as there is no need to account for 
non-deterministic behavior or hidden state dependencies. 

Additionally, the integration of cryptographic proofs provides an independent layer of assurance. 
Outcomes are not only reproducible but also verifiable without re-execution. This reduces the 
trust required in both developers and infrastructure, as correctness can be validated directly. 

 

From Smart Contracts to Outcome Definitions 
Rivellum represents a shift away from traditional smart contract paradigms. Instead of writing 
imperative code that manages state and handles edge cases, developers define 
outcome-oriented programs that specify what must be true at completion. 

This transition simplifies both development and maintenance. There is no need to manage 
contract-level custody, handle reentrancy, or design around ordering assumptions. The protocol 
enforces these concerns at a foundational level, allowing developers to focus on application 
logic. 

Mist, as the primary language for expressing these definitions, aligns closely with this model. It 
enables developers to describe value relationships and constraints in a form that maps directly 
to the execution engine. The resulting programs are more concise, easier to reason about, and 
inherently aligned with the guarantees provided by the protocol. 
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Performance Characteristics 
Rivellum’s deterministic parallelism was validated through sustained-load testing on commodity 
hardware (4× 4-vCPU / 16 GB machines, Tailscale mesh, open-loop fixed-rate injection). All 
tests used identical methodology: 20-second warmup followed by a 120-second measured 
window. 

Pre-quantum (classical signatures) sustained-load results 

 

Post-quantum (CRYSTALS-Dilithium3 + ML-KEM-768) sustained-load results 

Key observations 

●​ Pre-quantum mode demonstrates near-linear horizontal scaling: 1 → 2 lanes ≈ 2.25× 
throughput, 2 → 4 lanes ≈ 1.78×. 

●​ Post-quantum mode sustains ~9.8 K TPS (same-lane) and ~8.5 K TPS (cross-lane) on 
the same 4-vCPU hardware with ≥95 % saturation. 

●​ The post-quantum overhead is modest (~5–7 % reduction in sustained TPS and slightly 
higher latency), primarily due to larger signature and key sizes. 

●​ All tests achieved 100 % commit rate with commit-aware overload control active. 

These benchmarks confirm that Rivellum maintains strong, predictable performance and linear 
scalability even with full post-quantum cryptography active from genesis. 
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Topology Workload Offered TPS Steady Commit TPS Saturation p50/p95 

1 lane / 1 machine same-lane 15,000 14,889 99.3% 27 ms / 90 ms 

2 lanes / 2 machines same-lane 35,000 33,468 95.6% 166 ms / 339 ms 

2 lanes / 2 machines cross-lane 25,000 24,098 96.4% 22 ms / 103 ms 

4 lanes / 4 machines same-lane 60,000 59,537 99.2% 41 ms / 103 ms 

4 lanes / 4 machines cross-lane 55,000 52,478 95.4% 213 ms / 534 ms 

Topology Workload Offered TPS Steady Commit TPS Saturation p50/p95 

2 lanes / 2 machines same-lane 11,000 9,759 94.4% 18 ms / 59 ms 

2 lanes / 2 machines cross-lane 11,000 8,549 95.0% 26 ms / 97 ms 



 

Economics 

Usage-Funded Sustainability 
Rivellum is designed to be sustained by network usage rather than by ongoing inflation. 
Economic security, operator compensation, and long-term protocol funding are tied directly to 
executed activity. This directly links network value to network revenue. 

In many blockchain systems, sustainability depends on token emissions that are only loosely 
connected to real demand. Rivellum takes a different approach. The network charges 
deterministic execution fees for actual work performed, routes those fees through a fixed 
distribution model, and uses them to fund validators, provers, protocol operations, and 
permanent supply reduction. 

This structure enforces that network security and sustainability are strictly derived from real 
usage, eliminating dependence on inflationary subsidies. As usage grows, fee revenue grows. 
As fee revenue grows, the protocol’s capacity to fund security, proving, and development grows 
with it. The system is therefore designed to strengthen through adoption rather than depend on 
dilution to remain viable. 

 

Deterministic Fee Model and 65-25-10 Distribution 
Rivellum’s fee model is deterministic in both price formation and distribution. Fees are not 
discovered through bidding wars, priority auctions, or congestion-driven spikes. They are 
computed from the actual structure of the operation being performed. 

Each action is priced in fixed USD terms through a schedule of execution categories that reflect 
the real work performed: state access, writes, computation, contract interaction, deployment, 
storage expansion, and privacy-related verification. The final fee is assembled additively from 
the intent’s execution profile. Once the USD-denominated fee is calculated, it is converted into 
RIVL using a deterministic fixed-point TWAP oracle reference rather than floating market 
bidding. The same operation therefore targets the same real economic cost regardless of 
short-term token volatility. 

After collection, fees are distributed according to a fixed network rule. Sixty-five percent is 
routed to the network pool that funds validators and provers. Twenty-five percent is routed to 
Rivellum’s protocol treasury to sustain ongoing operations and development. Ten percent is 
permanently burned. This distribution is not incidental to the economic model; it is the 
mechanism through which network usage simultaneously funds security, sustains the protocol, 
and reduces supply. 
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Capped Rewards and Market-Driven Compensation 
Rivellum combines deterministic fee flow with bounded operator compensation. Validators and 
provers are compensated from the fee-funded network pool. Their earnings are tied to 
participation and contribution, but they are also bounded by capped payout logic. This prevents 
the economic model from becoming structurally unstable at higher volumes and avoids a 
scenario in which growing usage automatically produces runaway infrastructure costs. 

Proof generation introduces a market dimension within this structure. Provers compete to supply 
verification work efficiently, and pricing emerges from demand for proofs rather than from 
inflationary subsidy. In practice, operator compensation is not treated as an endless incentive 
tap. The primary economic logic remains fee-first. 

 

Mining Pool Dynamics and Excess Fee Burning 
Any fees that remain in the network pool after capped validator and prover payouts are retained 
as excess and accumulate in the mining pool. This pool grows exclusively from real usage. At 
the end of each quarter, if the mining pool balance exceeds 40% of total RIVL supply, the 
excess is permanently burned. This mechanism ensures that surplus fee revenue automatically 
contributes to deflation rather than indefinite accumulation, while still preserving competitive 
incentives for operators and provers. 

 

Continuous Burns and Deflationary Pressure 
Rivellum embeds deflationary pressure directly into usage. The 10 % burn on every fee, 
combined with the quarterly excess mining-pool burn, ensures that executed activity 
permanently reduces supply. As adoption rises, more value is routed into both operator funding 
and burn. This creates a system where economic demand does not simply circulate within the 
network; part of it is removed from supply entirely. 

The burn mechanisms also reinforce discipline in fee design. Excessive pricing would suppress 
usage, while underpricing would weaken both sustainability and deflationary pressure. Over 
time, this produces a direct linkage between network relevance and token scarcity. 
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Alignment Between Network Usage and Value Capture 
The central objective of Rivellum’s economics is alignment. Users pay for deterministic 
outcomes. Validators and provers are compensated for securing and verifying those outcomes. 
The protocol treasury is funded by actual adoption. Supply is reduced through real execution 
rather than through artificial scarcity mechanisms. 

This alignment matters because it connects all major stakeholders to the same source of value: 
meaningful network activity. Developers benefit from predictable costs and reliable execution. 
Operators benefit from fee-funded compensation tied to useful work. The protocol benefits from 
treasury replenishment without depending on inflation. Token holders benefit from a model 
where usage drives both revenue and burn. 

The broader effect is that the economic layer reinforces the architectural layer. Deterministic 
execution supports deterministic pricing. Proof-based verification supports a market for useful 
computation. Outcome guarantees support real demand. Rather than treating tokenomics as a 
separate overlay, Rivellum integrates economics into the logic of the protocol itself. 

A network built for guaranteed outcomes requires an economic model that is equally deliberate. 
Rivellum’s fee system, reward structure, and burn mechanics are designed to ensure that 
growth increases resilience, strengthens security, and improves long-term alignment rather than 
introducing new forms of instability. 

 

Security 

Security as Outcome Integrity 
In Rivellum, security is framed as the preservation of outcome integrity across the entire system. 
A secure protocol is not merely one that detects abuse, punishes malicious actors, or recovers 
from mistakes after they occur. It is one that narrows the range of valid outcomes so that 
manipulation, ambiguity, and unintended value transitions are structurally difficult to represent in 
the first place. 

This distinction matters because most blockchain systems inherit insecurity from the openness 
of the underlying transaction model. They allow broad execution freedom and then attempt to 
contain the risks that emerge from it through incentives, defensive engineering, and 
after-the-fact verification. Rivellum approaches the problem from the opposite direction. It 
defines a more restricted and more explicit model of what the system is allowed to resolve, and 
security emerges from that bounded design. 
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The result is a protocol in which assurance is tied to the integrity of outcomes rather than to the 
hope that complex execution remains well behaved under pressure. 

 

From Defensive Security to Structural Security 
Traditional blockchain security is largely defensive. It assumes adversarial ordering, unsafe 
execution environments, exposed value, and uncertain final outcomes, then builds layers 
around those conditions to reduce damage. This produces systems that can be robust in many 
cases, but it also means that a large portion of security effort is spent compensating for risks 
that originate in the model itself. 

Rivellum is based on a structural view of security instead. The protocol does not begin from the 
assumption that arbitrary execution should be broadly permitted and then selectively 
constrained afterward. It begins from the premise that only explicitly valid resolutions should be 
capable of progressing through the system at all. Security is therefore less about guarding an 
open field of possibilities and more about defining a narrow field in which correctness is the only 
possible outcome. 

This changes the role of protocol design. Security is no longer a matter of adding protection 
around fragile behavior. It becomes a matter of ensuring that the protocol does not normalize 
fragile behavior as part of its basic operation. 

 

What Rivellum Secures 

 
 

At its deepest level, Rivellum secures three things: the meaning of an accepted operation, the 
integrity of value through that operation, and the validity of the final result. 

The meaning of an accepted operation must remain stable from admission through finalization. 
Once the system accepts an intended outcome, that outcome cannot become something else 
because of contextual shifts, adversarial sequencing, or execution path distortion. 

The integrity of value must also remain intact throughout resolution. Security is not only about 
whether code behaves correctly in a narrow computational sense. It is about whether the 
financial consequences of execution remain bounded by explicit rules. 

Finally, the validity of the result itself must be assured. Finality without correctness is insufficient, 
because a network can permanently agree on an outcome that should never have been 
considered valid. Rivellum therefore treats security as inseparable from the requirement that 
finalized state be not only agreed upon, but also justifiable as the correct resolution of what 
entered the system. 
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These three dimensions—semantic integrity, value integrity, and result validity—define the real 
object of protection. 

 

Core Guarantees 
Rivellum enforces three foundational invariants at the protocol level: 

●​ Determinism - Identical inputs always produce identical outputs across all nodes 
●​ Conservation - Value is neither created nor destroyed outside of explicitly declared 

transformations. 
●​ Atomicity - Every accepted intent resolves completely or not at all; partial states are 

never committed 

These guarantees are not optional application-level properties. They are enforced by the Unified 
Value Layer, the Constraint Engine, and deterministic lane execution, and cannot be bypassed 
by any participant.  

 

The Elimination of Entire Failure Classes 
A strong security model is not measured only by how well it responds to known attacks. It is also 
measured by how many major categories of failure it makes irrelevant. In that sense, Rivellum’s 
security posture is defined as much by removal as by defense. 

Many of the most persistent failures in blockchain systems arise because users, developers, 
and validators operate inside an execution model that tolerates broad ambiguity. Rivellum 
reduces this exposure by narrowing the protocol’s expressive surface around outcome 
resolution rather than open-ended transaction execution. Entire categories of risk — reentrancy 
through contract custody, value extraction via ordering games, and semantic drift between 
declared intent and finalized state — become structurally impossible rather than merely difficult 
to exploit. 

This does not mean that security becomes trivial or that adversarial analysis becomes 
unnecessary. It means that the architecture begins from a stronger position. A protocol is safer 
when it does not repeatedly reintroduce the same conditions from which familiar failures 
emerge. 
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Security and Predictability 
Predictability is frequently discussed as a usability feature, but in Rivellum it is also a security 
property. Systems become fragile when participants cannot reliably reason about what accepted 
actions will become under real network conditions. Rivellum treats this problem seriously. The 
protocol is designed so that acceptance has a clearer relationship to eventual resolution. This 
gives both users and developers a narrower and more reliable operating environment. 

A protocol that makes outcomes more predictable is also a protocol that makes exploitation 
harder to hide inside normal behavior. When the system's expected resolution is clear, 
deviations become easier to detect conceptually and less likely to be normalized as ordinary 
edge cases. 

 

Security and Scalability 
One of the common weaknesses of high-performance blockchain design is that gains in 
throughput are purchased by weakening guarantees at the edges. Rivellum's architecture is 
intended to avoid that tradeoff. Security cannot be preserved merely by making each part of the 
system fast or efficient in isolation. It must remain possible to understand the network as 
producing one globally valid state rather than many locally processed fragments whose 
consistency is only approximate. 

For that reason, scalability in Rivellum is not treated as permission to relax assurance. 
Parallelism is only meaningful if the expanded execution surface still resolves into outcomes 
that preserve correctness as a global property. A secure scaling model is not one that tolerates 
more ambiguity at higher throughput — it is one that expands capacity while preserving the 
same standard of validity. 

This is a critical distinction because many systems appear secure at modest scale and then 
expose new weaknesses as coordination complexity grows. Rivellum's security model is meant 
to hold at the level of the whole architecture, not only within individual subsystems viewed in 
isolation. 

 

The Role of Participants in the Security Model 
Rivellum does not define security as trust in any single participant class. Validators, developers, 
users, provers, and operators all play important roles, but none of them are meant to function as 
the ultimate bearer of system safety. Security comes from the relationship between protocol 
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rules and finalized outcomes, not from the assumption that privileged actors will consistently 
exercise discretion in the network's favor. 

This matters because many blockchain systems implicitly depend on participants behaving well 
inside areas where the protocol still grants meaningful room for abuse. Rivellum aims to reduce 
those discretionary zones. The protocol should not require broad trust in application authors to 
preserve value integrity, broad trust in operators to preserve fair resolution, or broad trust in 
network agreement alone to preserve correctness. 

A system becomes more secure when the number of places where individual judgment can 
distort outcomes is reduced. Rivellum is designed around that principle. Participant roles remain 
important, but the protocol does not ask them to carry the entire burden of trustworthiness. 

 

Security as Verifiable Confidence 
Ultimately, the purpose of Rivellum’s security model is not simply to resist attack. It is to make 
confidence in the system more justified. A secure protocol should allow users, developers, and 
external systems to rely on finalized outcomes without needing to assume that unseen 
contingencies were benign. Confidence should come from the architecture of resolution itself, 
not from the absence of obvious failure in a particular moment. 

This is why Rivellum’s security chapter belongs at the level of system guarantees rather than 
implementation detail. The relevant question is not whether the protocol contains individual 
protective mechanisms. It does. The more important question is whether those mechanisms 
combine into a model where accepted outcomes remain bounded, value remains intact, and 
finalized results can be treated as correct with stronger justification than conventional execution 
systems provide. 

That is the standard Rivellum is attempting to meet. 

Rivellum’s security model is therefore best understood not as a checklist of protections, but as a 
theory of how a blockchain should preserve correctness. It is built on the premise that a protocol 
becomes safer when it reduces ambiguity, removes unnecessary exposure, limits the number of 
valid failure paths, and ties finality more directly to outcome integrity. In that sense, security in 
Rivellum is not an isolated subsystem. It is the direct architectural consequence of building the 
network around guaranteed outcomes rather than open-ended transaction execution. 
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Roadmap 

Current Status and System Maturity 
Rivellum has progressed far beyond conceptual design. The system is now a fully constructed, 
end-to-end execution pipeline that supports intent admission, deterministic parallel execution, 
cross-lane coordination, and global finality aggregation. The Unified Value Layer, independent 
lanes, and Aurora consensus layer operate cohesively in a continuous pipeline, delivering the 
protocol?s core guarantees in practice. 

Extensive testing has validated the architecture under both isolated and distributed conditions. 
Multi-lane execution, cross-lane atomic settlement, and global state aggregation have been 
exercised across geographically distributed nodes with real network latency. These tests confirm 
that the system maintains strict determinism and consistent state resolution even under 
non-ideal conditions. 

 

The protocol has also undergone iterative refinement through sustained-load testing and 
adversarial scenarios. Early bottlenecks in coordination overhead, state contention, and 
aggregation latency were resolved through targeted architectural changes rather than temporary 
workarounds. This process has produced a system that is not only functional but structurally 
aligned with its intended guarantees of determinism, conservation, and atomicity. 

Sustained-load benchmarks on commodity hardware further confirm near-linear horizontal 
scaling, with 59,537 TPS sustained in pre-quantum mode and 9,759+ TPS sustained in full 
post-quantum mode (CRYSTALS-Dilithium3 + ML-KEM-768), all under identical 20-second 
warmup and 120-second measured conditions (see Performance Characteristics). 

At its current stage, Rivellum is a working system with validated core properties — ready for 
progressive mainnet hardening and ecosystem growth. 

 

Testnet Architecture and Validation Goals 
The testnet phase is designed to validate the system under broader participation and more 
diverse conditions. While internal testing has established baseline performance and 
correctness, public testnet operation introduces variability in node behavior, network topology, 
and usage patterns that cannot be fully replicated in controlled environments. 

The testnet architecture mirrors mainnet design principles. Independent lanes operate with their 
own committees, processing intents in parallel while contributing to global state through 
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aggregation. Nodes participate in clearly defined roles, and rotation mechanisms are exercised 
to ensure that role reassignment functions correctly under real conditions. 

A primary objective of testnet is to validate deterministic behavior at scale. This includes 
confirming that execution results remain consistent across nodes, that cross-lane coordination 
resolves correctly under sustained load, and that global finality reflects accurate aggregation of 
lane-level outcomes. 

Equally important is adversarial testing in an open environment. The protocol is exposed to 
malformed inputs, conflicting intents, and attempts to exploit timing or coordination boundaries. 
These conditions are not treated as edge cases but as expected scenarios that the system must 
handle without degradation of correctness. 

Simulation continues to play a central role during this phase. Testnet observations are 
compared against simulated outcomes to ensure alignment between predicted and actual 
behavior. Discrepancies are analyzed and resolved at the architectural level, reinforcing the 
deterministic guarantees that underpin the system. 

 

Mainnet Launch Strategy 
Mainnet deployment follows a staged approach that prioritizes correctness, stability, and 
security over rapid expansion. Initial launch parameters are intentionally conservative, with a 
limited number of lanes and controlled validator participation. This allows the system to operate 
under real economic conditions while maintaining a manageable environment for observation 
and adjustment. 

During this phase, emphasis is placed on validating economic flows, including fee distribution, 
reward allocation, and burn mechanisms. The interaction between usage and economic 
sustainability is closely monitored to ensure that the model behaves as designed when exposed 
to real demand. 

As confidence in system behavior increases, the network expands incrementally. Additional 
lanes are introduced to increase throughput, and validator participation is broadened to enhance 
decentralization. Each expansion step is accompanied by targeted validation to ensure that 
scaling does not introduce unintended side effects. 

This measured progression ensures that mainnet growth is aligned with system readiness. 
Rather than assuming that scalability is inherent, the network demonstrates it incrementally 
under real conditions. 
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Ecosystem Expansion and Developer Adoption 
Following initial mainnet deployment, focus shifts toward ecosystem growth. Developer adoption 
is supported through the release of tooling, documentation, and integration frameworks that 
reflect the protocol’s deterministic model. 

The console environment, SDKs, and prefab libraries are expanded to support a wider range of 
applications. These tools are designed to reduce friction for developers transitioning from 
traditional smart contract paradigms to intent-based systems. Emphasis is placed on enabling 
rapid prototyping, accurate simulation, and reliable deployment. 

Partnerships and integrations extend Rivellum’s reach into adjacent systems, including external 
chains, data providers, and application platforms. Interoperability mechanisms are exercised in 
production, validating cross-chain settlement and value movement under real conditions. 

At the same time, the network encourages the development of applications that leverage its 
core properties. High-frequency systems, agent-driven economies, and privacy-sensitive 
applications serve as early examples of what the architecture enables. These applications 
provide feedback that informs further refinement of both protocol and tooling. 

 

Progressive Hardening and Cryptographic Upgrades 
Security and correctness are not treated as static achievements but as ongoing processes. 
Rivellum’s roadmap includes continuous hardening through both internal testing and external 
review. 

Adversarial testing remains a central component of this process. The system is subjected to 
increasingly complex scenarios, including high-contention environments, cross-lane 
dependency stress, and attempts to exploit coordination boundaries. These tests are designed 
to identify weaknesses before they can be encountered in production. 

Cryptographic components are also subject to ongoing evaluation and upgrade. As 
post-quantum standards evolve and new proof systems emerge, Rivellum integrates 
improvements in a controlled and verifiable manner. The architecture is designed to support 
these upgrades without disrupting core functionality or requiring fundamental redesign. 

This approach ensures that the protocol remains resilient over time. Rather than assuming that 
initial security measures are sufficient, Rivellum continuously adapts to new information, new 
threats, and new technological capabilities. 
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Closing Vision 

A Blockchain Built for Guaranteed Outcomes 
Rivellum is designed around a simple but strict premise: execution produces a guaranteed 
result, not a probabilistic one. This principle reshapes the role of the blockchain from a system 
that processes transactions into one that enforces outcomes. 

In Rivellum, correctness is not inferred from consensus or assumed from execution order. It is 
enforced through constraint resolution, deterministic execution, and cryptographic verification. 
The system does not ask whether a transaction was included or ordered correctly; it ensures 
that the intended result either resolves fully or does not occur at all. 

This shift removes ambiguity from the foundation of decentralized systems. Applications no 
longer need to defend against inconsistent execution, unpredictable fees, or adversarial 
ordering. Instead, they operate on a protocol that guarantees that defined conditions, once 
satisfied, will produce a single valid outcome. 

 

The Foundation for Machine-Native Economies 
As digital systems evolve, an increasing portion of economic activity will be performed by 
machines rather than humans. Autonomous agents, services, and coordinated systems require 
an execution environment that is predictable, verifiable, and capable of operating without 
manual intervention. 

Rivellum provides this foundation by combining deterministic execution with protocol-level value 
management. Agents can express objectives as intents, rely on the system to enforce 
constraints, and coordinate with other participants without requiring trust or external arbitration. 

This enables a form of economic interaction that is continuous rather than episodic. Systems 
can transact, coordinate, and adapt in real time, with each interaction producing a verifiable 
result. The absence of ordering games and custody risks further ensures that these interactions 
remain stable even at high frequency. 

The result is an environment where machine-driven systems can operate with the same level of 
assurance as traditional financial infrastructure, but with the flexibility and openness of 
decentralized networks. 
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A Post-Quantum Financial and Computational Layer 
Rivellum is constructed with the expectation that cryptographic assumptions will evolve. By 
integrating post-quantum security across its architecture, the system is designed to remain 
secure in the presence of future computational advances. 

This extends beyond user authentication to include consensus communication, proof 
verification, and internal protocol operations. Every layer of the system is aligned with 
cryptographic standards that are resilient to quantum attacks, ensuring that long-term security 
does not depend on future migration. 

At the same time, Rivellum functions as both a financial and computational layer. It supports the 
movement of value, the execution of logic, and the verification of outcomes within a single 
unified framework. This integration reduces fragmentation and allows applications to operate 
without relying on multiple external systems. 

By combining post-quantum resilience with unified execution, Rivellum positions itself as 
infrastructure that is both forward-compatible and broadly applicable. 

 

Invitation to Builders, Researchers, and Participants 
Rivellum is not presented as a closed system but as an open framework for further 
development. Its architecture is intended to support a wide range of applications, from financial 
systems to autonomous networks and real-time coordination platforms. 

Builders are provided with tools that align with deterministic execution and outcome-based 
design. Researchers are presented with a system that redefines execution, verification, and 
economic alignment at the protocol level. Participants engage with a network where guarantees 
are enforced rather than assumed. 

The system’s design reflects a belief that foundational changes in execution models can unlock 
new categories of applications. By removing uncertainty, simplifying coordination, and 
embedding verification into every stage, Rivellum establishes a different baseline for what 
decentralized systems can provide. 
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Conclusion 
Rivellum introduces a model in which outcomes are defined, enforced, and verified by the 
protocol itself. Through deterministic execution, unified value management, and integrated 
cryptographic assurance, it addresses limitations that have persisted across previous 
generations of blockchain design. 

The resulting system is not defined by incremental improvements in throughput or cost, but by a 
structural shift in how computation and value are handled. It provides a foundation for 
applications that require reliability, predictability, and verifiable correctness at scale. 

As decentralized systems continue to evolve, the ability to guarantee outcomes will become 
increasingly important. Rivellum is designed to meet that requirement directly, establishing a 
framework for the next generation of financial and computational infrastructure. 
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