
Genius Mind - Decentralized AI Task Processing

using blockchain

0xnairb

Contributing authors: 0xnairb@geniusmind.network;

Abstract

The Genius Mind (GM) project aims to create a decentralized and distributed
platform for executing artificial intelligence (AI) tasks using blockchain tech-
nology. By leveraging the hub-spoke architecture of the Cosmos Network and
Inter-Blockchain Communication (IBC) protocol, the proposed solution enables
the execution of AI tasks across a network of specialized ”spoke” chains connected
to a central ”hub” chain.
The key objectives of the GM project are to provide a secure, transparent,
and incentivized infrastructure for AI task processing, optimize resource utiliza-
tion and cost efficiency, and facilitate interoperability with existing blockchain
networks and AI ecosystems.
The system’s unique features include the utilization of zero-knowledge proofs
(ZKP) for verifying AI task results without revealing sensitive information, a
dynamic fee and reward calculation module based on task complexity and val-
idator reputation, and the integration of off-chain workers and validators for
distributed processing.
By leveraging the computing resources of existing blockchain validators and
enabling federated learning, the GM platform aims to reduce the overall costs
associated with AI tasks while ensuring scalability and performance. The hub-
spoke architecture allows for the expansion of the system to handle diverse AI
tasks, such as language models, image generation, and others, by introducing new
spoke chains with specialized capabilities.
The proposed solution has the potential to democratize access to AI services,
encourage participation from a wide range of stakeholders, and drive the adoption
of decentralized AI solutions across various industries and applications. The GM
project represents a novel approach to combining the strengths of blockchain
technology with the power of AI, paving the way for a more secure, transparent,
and collaborative future in AI development and deployment.
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1 Introduction

1.1 Background on Decentralized AI and Its Challenges

In recent years, artificial intelligence (AI) has experienced remarkable advancements,
revolutionizing various industries and shaping the way we live and work. From natural
language processing and computer vision to predictive analytics and decision-making,
AI has proven its potential to augment human capabilities and drive innovation. How-
ever, as AI systems become more complex and data-intensive, significant challenges
arise in terms of scalability, transparency, security, and accessibility.

Existing AI platforms and systems often rely on centralized architectures controlled
by a single entity, raising concerns about data privacy, potential biases, and lack of
transparency. Additionally, the computational demands of training and deploying AI
models can be substantial, leading to high costs and limited accessibility for individuals
and organizations with limited resources.

Furthermore, the growing adoption of AI has highlighted the need for robust
governance frameworks to ensure ethical and responsible development and deploy-
ment of these powerful technologies. Issues such as algorithmic bias, data quality, and
the potential for misuse or unintended consequences have sparked debates around
the need for greater transparency, accountability, and stakeholder involvement in AI
development.

1.2 Challenges and Limitations of Existing AI Systems and
Platforms

1. Centralization and Data Silos: Most AI systems today are centralized, with
data and models controlled by a single entity, leading to potential issues such as
data silos, lack of transparency, and privacy concerns.

2. Computational Costs: Training and deploying AI models often require signifi-
cant computational resources, which can be expensive and inaccessible for many
individuals and organizations with limited budgets.

3. Scalability and Performance: As AI models become more complex and data-
intensive, existing centralized systems may struggle to scale and provide adequate
performance, leading to potential bottlenecks and inefficiencies.

4. Ethical Concerns and Governance: The rapid development of AI has raised
ethical concerns about algorithmic bias, data quality, and the potential for misuse or
unintended consequences, highlighting the need for robust governance frameworks.

5. Accessibility and Democratization: Access to state-of-the-art AI models and
resources is often limited, hindering the democratization of AI and preventing
widespread adoption and innovation.

6. Interoperability and Collaboration: Existing AI systems often operate in silos,
making it challenging to collaborate and share resources across different platforms,
organizations, and industries.
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1.3 Objectives and Goals of the GM Project

The GM project aims to address these challenges by proposing a decentralized and
distributed platform for executing AI tasks using blockchain technology. The primary
objectives of the project are:

1. Decentralization and Transparency: Leverage the principles of decentraliza-
tion and transparency inherent in blockchain technology to create a secure and
trustworthy platform for AI task execution, promoting data privacy, and mitigating
the risks of centralization.

2. Scalability and Resource Optimization: Utilize the hub-spoke architecture
and distributed processing capabilities to ensure scalability and efficient utilization
of computational resources, reducing overall costs and improving performance.

3. Incentivization and Governance: Implement incentive mechanisms and gov-
ernance frameworks to encourage participation, foster collaboration, and promote
the ethical and responsible development and deployment of AI models.

4. Interoperability and Ecosystem Integration: Enable seamless interoperability
with existing blockchain networks and AI ecosystems, facilitating collaboration,
resource sharing, and the adoption of decentralized AI solutions across various
industries and applications.

5. Accessibility and Democratization: Lower the barriers to entry for individuals
and organizations seeking to leverage AI capabilities by providing a cost-effective
and accessible platform for AI task execution.

6. Security and Privacy: Incorporate robust security measures, such as zero-
knowledge proofs (ZKP), to protect sensitive data and ensure the privacy and
confidentiality of AI models and results.

By achieving these objectives, the GM project aims to pave the way for a more secure,
transparent, and collaborative future in AI development and deployment, addressing
the limitations of existing centralized systems and fostering innovation in the field of
decentralized AI.

1.4 Overview of the Proposed Solution

The GM project proposes a decentralized AI processing platform that utilizes the
hub-spoke architecture from the Cosmos network. The platform consists of a main
chain (hub) that receives AI tasks and distributes them to spoke chains based on
their specific AI capabilities. Spoke chains register with the hub and stake tokens to
demonstrate their liveliness and AI processing capabilities.

Validators, who are responsible for executing AI tasks, must register as AI proces-
sors and communicate with off-chain workers to complete the tasks. The validation
process employs Zero-Knowledge Proofs (ZKP) to ensure privacy and security, allow-
ing validators to verify the work and prove the results without revealing the actual
processing details.

The platform incorporates an on-chain calculation using a custom module and
oracle to dynamically determine fees and rewards based on factors such as AI model
specifications, resource consumption, reputation scores, and user-specified priorities.
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This approach ensures a fair and transparent incentive mechanism that aligns the
interests of all stakeholders.

By leveraging IBC and the hub-spoke architecture, the GM project enables the
expansion of the system to handle decentralized AI tasks for existing blockchain val-
idators and even single machines. This approach optimizes resource utilization by
reusing validators’ infrastructure and computational resources, potentially reducing
the overall costs of AI processing.

The proposed solution aims to address the challenges associated with decentralized
AI processing, providing a scalable, secure, and cost-effective platform for AI task exe-
cution. By combining the strengths of blockchain technology and AI, the GM project
seeks to revolutionize various industries and drive the adoption of decentralized AI
applications.

1.5 Purpose and Scope

The purpose of this whitepaper is to provide a comprehensive explanation of the
GM project’s architecture, design principles, and technical specifications. It aims to
elucidate the process flow, from the distribution of AI tasks to the delivery of results,
and the economic model that underpins the network. The scope of this document
encompasses an articulation of the problem statement the GM project addresses, a
depiction of the solution architecture, and an evaluation of the platform’s advantages
in the broader context of the blockchain and AI industries.

This whitepaper is intended for a diverse audience, including technologists,
investors, industry experts, and potential network participants. It seeks to convey
the ambition of the GM project to become a benchmark for decentralized AI task
processing and a harbinger of innovation in the integration of blockchain and AI
technologies.

1. Decentralization: Eliminate the reliance on centralized authorities and enable
distributed participation in AI task processing.

2. Efficiency: Optimize resource utilization by leveraging the collective computa-
tional power of a network of nodes.

3. Scalability: Enable the system to handle large-scale AI tasks and accommodate
increasing demand for AI processing capabilities.

4. Security and Privacy: Ensure the confidentiality and integrity of AI task data
and results through cryptographic techniques and secure communication protocols.

5. Transparency and Auditability: Provide a transparent and auditable record of
AI task execution, ensuring accountability and trust among participants.

6. Collaboration and Knowledge Sharing: Foster a collaborative ecosystem where
participants can contribute and benefit from shared AI resources, models, and
datasets.

7. Accessibility and Democratization: Lower the barriers to entry for individuals
and organizations to access and utilize AI capabilities, promoting innovation and
inclusivity.

By achieving these objectives, the proposed decentralized AI task processing sys-
tem aims to revolutionize the way AI tasks are executed, enabling a more efficient,
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secure, and collaborative AI ecosystem. It seeks to unlock the full potential of AI by
harnessing the power of decentralization and blockchain technology, ultimately driving
innovation and empowering individuals and organizations across various domains.

2 Cosmos Network and Hub-Spoke Architecture

The Cosmos Network is a decentralized network of independent, parallel blockchains,
each capable of processing transactions and executing smart contracts. It is designed
to facilitate the development and deployment of scalable, interoperable, and sovereign
blockchain applications. The network is built around three core components: Ten-
dermint Core, the Inter-Blockchain Communication (IBC) protocol, and the Cosmos
Hub.

1. Tendermint Core: Tendermint Core is the underlying consensus engine that pow-
ers the Cosmos Network. It is a Byzantine Fault Tolerant (BFT) proof-of-stake
consensus algorithm that enables high-performance, consistent, and secure trans-
action processing across the network. Tendermint Core provides the foundation for
building scalable and secure blockchain applications.

2. Inter-Blockchain Communication (IBC): The IBC protocol is a revolution-
ary technology that enables seamless communication and value transfer between
different blockchains within the Cosmos Network. It allows for the exchange of
data, tokens, and other digital assets across independent blockchains, fostering
interoperability and facilitating the development of interconnected applications.

3. Cosmos Hub: The Cosmos Hub serves as the central hub of the Cosmos Network,
acting as a relay and router for IBC traffic. It provides a secure and efficient bridge
between different blockchains, facilitating the exchange of data and assets across
the network. The Cosmos Hub also plays a crucial role in the overall governance
and maintenance of the Cosmos ecosystem.

2.1 Hub-Spoke Architecture

The Cosmos Network employs a unique hub-spoke architecture, which offers several
advantages over traditional blockchain architectures. In this model, the Cosmos Hub
acts as the central hub, while independent blockchains, referred to as ”zones” or
”spoke” chains, can connect to the hub via the IBC protocol.

The hub-spoke architecture provides the following benefits:

1. Modularity and Scalability: Each spoke chain can be designed and optimized for
specific use cases or applications, allowing for greater scalability and performance.
As the network grows, new spoke chains can be added without compromising the
overall system’s performance.

2. Sovereignty and Interoperability: Spoke chains maintain their sovereignty
and independence while still being able to communicate and transfer value with
other chains through the IBC protocol. This fosters innovation and allows for the
development of diverse blockchain applications within the Cosmos ecosystem.
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3. Shared Security and Governance: By leveraging the Cosmos Hub as a central
point of governance and security, the entire network benefits from shared secu-
rity models and governance frameworks, reducing the overhead and complexity for
individual spoke chains.

4. Cross-Chain Communication: The IBC protocol enables seamless communi-
cation and value transfer between spoke chains, unlocking new possibilities for
decentralized applications and services that span multiple blockchains.

2.1.1 Rationale for Choosing the Cosmos Network and Hub-Spoke
Architecture

The Cosmos Network and its hub-spoke architecture were chosen for the GM project
due to several compelling reasons:

1. Scalability and Performance: The modular design of the hub-spoke architec-
ture allows for the introduction of specialized spoke chains dedicated to AI tasks,
enabling scalability and optimized performance for different AI workloads.

2. Interoperability and Ecosystem Integration: The IBC protocol provides a
robust foundation for interoperability, allowing the GM platform to seamlessly inte-
grate with existing blockchain networks and AI ecosystems, fostering collaboration
and resource sharing.

3. Decentralization and Sovereignty: The Cosmos Network’s decentralized nature
and the sovereignty of spoke chains align with the GM project’s goals of promoting
transparency, mitigating centralization risks, and enabling distributed processing.

4. Shared Security and Governance: By leveraging the Cosmos Hub’s shared
security models and governance frameworks, the GM platform can benefit from a
robust and secure infrastructure while reducing the overhead of implementing these
features independently.

5. Future-Proof and Extensible: The modular design of the Cosmos Network and
the flexibility of the IBC protocol provide a future-proof and extensible founda-
tion for the GM platform, allowing for the integration of new AI capabilities and
technologies as they emerge.

By building upon the Cosmos Network and embracing the hub-spoke architecture, the
GM project aims to create a scalable, interoperable, and decentralized platform for
AI task execution, leveraging the strengths of blockchain technology while addressing
the limitations of existing centralized AI systems.

3 System Architecture

The GM system is built upon the Cosmos Network and leverages its hub-spoke archi-
tecture and Inter-Blockchain Communication (IBC) protocol to create a decentralized
and distributed platform for executing AI tasks. The system comprises several key
components that work together to enable secure, transparent, and efficient AI task
processing.
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Fig. 1 GM Hub-Spoke architecture with IBC light clients and Solo machine

3.1 Hub Chain

The hub chain serves as the central coordinator and gateway for AI task requests
within the GM system. Its primary responsibilities include:

1. Task Registration: Users submit AI task requests to the hub chain, specifying
details such as the task type, required computational resources, deadlines, and any
specific requirements or preferences.

2. Task Distribution: Based on the task specifications, the hub chain forwards the
task to the appropriate spoke chain capable of handling the requested AI workload.

3. Result Aggregation: Upon completion of the AI task, the hub chain receives the
results from the spoke chain and updates the task status accordingly.

4. Fee and Reward Management: The hub chain manages the fee and reward cal-
culations based on task complexity, validator reputation, and other factors, ensuring
fair compensation for the work performed.

5. Governance and Upgrades: The hub chain facilitates the governance and
upgrade processes for the entire GM system, allowing for updates to AI models, fee
structures, and other system-wide changes.

3.2 Spoke Chains (AI Task-Specific Chains)

Spoke chains are specialized blockchains designed to handle specific types of AI tasks,
such as natural language processing, computer vision, or other AI workloads. Each
spoke chain is optimized for its respective AI domain and is responsible for the
following:

1. Task Execution: Spoke chains receive AI task requests from the hub chain and
coordinate the execution of these tasks by leveraging validators, AI processors, and
off-chain workers.

2. Validator Management: Spoke chains manage the registration, monitoring, and
incentivization of validators and AI processors participating in the task execution
process.
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3. Result Verification: Spoke chains employ zero-knowledge proofs (ZKP) to verify
the correctness of AI task results without revealing sensitive information.

4. Task Update: Upon completion of an AI task, spoke chains initiate an IBC
message to update the hub chain with the task results and relevant metadata.

3.3 Inter-Blockchain Communication (IBC)

The IBC protocol enables seamless communication and value transfer between the
hub chain and spoke chains within the GM system. It facilitates the following:

1. Task Routing: AI task requests are routed from the hub chain to the appropriate
spoke chain via IBC messages.

2. Result Propagation: Completed AI task results are propagated from the spoke
chains back to the hub chain through IBC messages.

3. Token Transfers: IBC allows for the transfer of tokens (e.g., for staking, fees, and
rewards) between the hub and spoke chains.

4. Cross-Chain Communication: IBC enables potential future integration with
other blockchain networks or AI ecosystems, fostering interoperability and collab-
oration.

3.4 Validators and AI Processors

Validators are responsible for securing the blockchain networks and participating in
the consensus process. In the GM system, validators can register as AI processors to
handle AI task execution:

1. Registration: Validators register their AI processing capabilities with the respec-
tive spoke chains, specifying their computational resources, AI models, and
expertise.

2. Task Assignment: Based on the task requirements and validator capabilities,
spoke chains assign AI tasks to suitable validators for execution.

3. Off-Chain Execution: Validators coordinate with off-chain workers to perform
the actual AI computations and generate results.

4. Result Submission: Validators submit the AI task results to the spoke chain for
verification and reward distribution.

3.5 Off-Chain Workers

Off-chain workers are external computational resources (e.g., cloud instances, on-
premises servers) responsible for executing the AI tasks assigned by validators:

1. Task Execution: Off-chain workers receive AI task instructions from validators
and perform the necessary computations using their available hardware resources
and AI models.

2. Result Generation: After completing the AI task, off-chain workers generate the
final results and submit them back to the respective validators.

3. Resource Scaling: Off-chain workers can be dynamically scaled up or down based
on the demand for AI task execution, ensuring efficient resource utilization.
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By combining these components, the GM system leverages the strengths of the Cos-
mos Network and blockchain technology to create a decentralized, transparent, and
incentivized platform for AI task execution. The hub-spoke architecture and IBC pro-
tocol enable scalability, interoperability, and efficient resource utilization, while the
integration of validators, AI processors, and off-chain workers facilitates distributed
processing and cost optimization.

3.6 AI Task Execution Process Flow

The execution of AI tasks within the GM system follows a well-defined process flow
involving several key steps and interactions between the various components. Here’s
a detailed breakdown of the process:

Fig. 2 GM AI Task Execution Flow

1. Task Submission and Registration
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• Users submit their AI task requests to the hub chain, specifying details such
as the task type, input data, computational requirements, deadlines, and any
specific constraints or preferences.

• The hub chain registers the task and performs initial validation checks to ensure
the request meets the system’s requirements.

2. Stake Requirements and Validator Selection

• To participate in the AI task execution process, validators must register with the
appropriate spoke chain and stake a certain amount of tokens. This stake serves
as a security deposit and incentivizes validators to perform their tasks accurately
and efficiently.

• The spoke chain maintains a list of registered validators along with their staked
tokens, AI processing capabilities, and reputation scores.

• Based on the specific requirements of the AI task, the spoke chain selects a subset
of validators that meet the necessary criteria (e.g., computational resources, AI
model availability, reputation).

3. Task Distribution and Validation

• The hub chain forwards the AI task request to the appropriate spoke chain via
an IBC message.

• The spoke chain receives the task request and distributes it to the selected
validators, assigning each validator a portion of the overall task.

4. Validator Monitoring and Off-Chain Execution

• Validators coordinate with off-chain workers (e.g., cloud instances, on-premises
servers) to execute their assigned portions of the AI task.

• Off-chain workers perform the necessary computations using their available
hardware resources and AI models, generating the requested results.

• The spoke chain continuously monitors the progress of the validators and off-
chain workers, tracking their performance and adhering to any specified deadlines
or constraints.

5. Result Verification and ZKP Implementation

• Once the off-chain workers complete their assigned tasks, they submit the results
back to the respective validators.

• Validators collate and combine the results from their off-chain workers and submit
the final output to the spoke chain for verification.

• The spoke chain employs zero-knowledge proofs (ZKP) to verify the correctness
of the AI task results without revealing the actual input data or model details.

• ZKP allows the validators to prove that they have performed the AI compu-
tations correctly without disclosing sensitive information, ensuring data privacy
and confidentiality.

6. Result Propagation and Reward Distribution
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• After successful verification, the spoke chain initiates an IBC message to update
the hub chain with the completed AI task results and any relevant metadata.

• The hub chain updates the task status and triggers the reward distribution
process based on the predetermined fee and reward calculation module.

• Validators receive rewards proportional to their contribution to the AI task exe-
cution, factoring in their staked tokens, reputation scores, and the complexity of
the task.

• The spoke chain may also implement slashing mechanisms to penalize validators
for poor performance, inaccurate results, or any malicious behavior.

7. Governance and Upgrades

• The hub chain and spoke chains facilitate governance processes, allowing for sys-
tem upgrades, AI model updates, fee structure adjustments, and other necessary
changes to be proposed and implemented in a decentralized manner.

• Stakeholders, including validators and token holders, participate in the gover-
nance process through voting mechanisms to ensure the system’s evolution aligns
with the community’s interests.

This process flow ensures a secure, transparent, and incentivized execution of AI tasks
within the GM system. The integration of stake requirements, validator selection, off-
chain execution, and ZKP-based result verification contributes to the overall efficiency,
scalability, and trustworthiness of the platform.

4 Incentive Mechanisms

The GM system employs various incentive mechanisms and economic models to ensure
the fair distribution of rewards, maintain system security, and encourage participation
from validators and AI processors. These mechanisms are governed by mathematical
formulas that take into account various factors such as stake amounts, task complexity,
resource consumption, and validator performance.

4.1 Token Economics and Staking

The GM system utilizes a native token which serves as the primary means of value
transfer and incentivization within the platform. Validators and AI processors are
required to stake a certain amount of the native tokens to participate in the AI
task execution process. The staking mechanism helps align economic incentives and
promote good behavior within the system.

Let Sv represent the stake amount for a validator v, and Smin be the minimum
stake requirement. The validator’s effective stake, Seff , is calculated as:

Seff (v) = max(Sv, Smin)

The effective stake plays a crucial role in determining the validator’s reward share
and potential slashing penalties.
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4.2 Validator Rewards

Validators are rewarded for their contribution to the successful execution of AI
tasks. The reward amount is calculated based on several factors, including the task
complexity, resource consumption, and the validator’s reputation score.

Let Rt denote the total reward pool for a given AI task t, and N be the number of
validators participating in the task execution. The individual reward for a validator v
is determined as:

Rv(t) =
Seff (v) · rep(v)∑N
i=1 Seff (i) · rep(i)

·Rt

Where rep(v) represents the reputation score of validator v, which is a measure
of their historical performance and reliability. The reputation score is updated after
each task execution based on factors such as result accuracy, timeliness, and resource
utilization.

4.3 Slashing

To disincentivize malicious behavior or poor performance, the GM system implements
a slashing mechanism. If a validator submits incorrect or invalid results, or fails to
meet the required service level agreements (SLAs), a portion of their staked tokens
may be slashed (temporarily or permanently removed from their stake).

The slashing penalty for a validator v is calculated as:

Pv = α · Seff (v)

Where α is a configurable slashing factor that depends on the severity of the
violation, and Seff (v) is the validator’s effective stake. The slashed tokens are typically
redistributed to other validators or burned to maintain the overall token supply.

4.4 Fee Structure and Dynamic Fee Calculation

The GM system employs a dynamic fee structure that adapts to the complexity of the
AI task, the computational resources required, and the urgency or priority specified by
the user. The fee calculation module takes into account these factors, along with the
reputation and trust scores of the involved spoke chains, to determine the appropriate
fee for a given AI task.

Let Ct represent the complexity score of an AI task t, Rt denote the estimated
resource consumption, Pt be the user-specified priority level, and Ts represent the trust
scores of the spoke chain s, respectively. The fee for the AI task, Ft, can be calculated
as:

Ft = β1 · Ct + β2 ·Rt + β3 · Pt + β4 · Ts

Where β1, β2, β3, β4 are configurable weights that determine the relative impor-
tance of each factor in the fee calculation.

The reward pool for the AI task, Rt, is then determined based on the collected
fees and a predetermined percentage allocated for validator rewards:
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Rt = γ · Ft

Where γ is the reward allocation factor, typically set to a value between 0 and 1.
These mathematical formulas and models govern the incentive mechanisms, token

economics, and fee calculations within the GM system. They aim to strike a bal-
ance between incentivizing participation, maintaining system security, and ensuring
fair compensation for the computational resources and AI capabilities provided by
validators and AI processors.

4.5 Simulation Case Study: Fee, Reward, and Slashing
Calculations

To illustrate the application of the fee, reward, and slashing mechanisms within the
GM system, let’s consider a specific simulation case study. In this scenario, we will
make the following assumptions:

4.5.1 Assumptions

• An AI task t is submitted to the GM system, with a complexity score Ct = 8 (on a
scale of 1-10).

• The estimated resource consumption for this task is Rt = 500 GPU-hours.
• The user has specified a priority level of Pt = 3 (on a scale of 1-5, with 5 being the
highest priority).

• The task is assigned to a spoke chain s with a trust score of Ts = 4.2 (on a scale of
1-5).

• The weight factors for the fee calculation are set as follows: β1 = 0.3, β2 = 0.2,
β3 = 0.1, β4 = 0.4.

• The reward allocation factor γ is set to 0.7, meaning 70

4.5.2 Fee Calculation

Using the fee calculation formula from the previous section:

Ft = β1 · Ct + β2 ·Rt + β3 · Pt + β4 · Ts

We can calculate the fee for the AI task t as follows:

Ft = 0.3 · 8 + 0.2 · 500 + 0.1 · 3 + 0.4 · 4.2
Ft = 2.4 + 100 + 0.3 + 1.68

Ft = 104.38

Therefore, the fee charged for executing this AI task is 104.38 units of the native
token.
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4.5.3 Reward Calculation

The reward pool for the task is calculated based on the collected fees and the reward
allocation factor:

Rt = γ · Ft

Rt = 0.7 · 104.38
Rt = 73.066

Assuming there are three validators v1, v2, and v3 participating in the task exe-
cution, with effective stakes Seff (v1) = 1000, Seff (v2) = 2000, Seff (v3) = 1500, and
reputation scores rep(v1) = 4.5, rep(v2) = 4.2, rep(v3) = 4.0, their individual rewards
can be calculated as:

Rv1(t) =
1000 · 4.5

1000 · 4.5 + 2000 · 4.2 + 1500 · 4.0
· 73.066 = 17.39

Rv2(t) =
2000 · 4.2

1000 · 4.5 + 2000 · 4.2 + 1500 · 4.0
· 73.066 = 32.47

Rv3(t) =
1500 · 4.0

1000 · 4.5 + 2000 · 4.2 + 1500 · 4.0
· 73.066 = 23.19

4.6 Slashing Scenario

Now, let’s consider a scenario where validator v2 submits incorrect or invalid results
for the AI task. In this case, a slashing penalty will be applied to their staked tokens.

Assuming a slashing factor of α = 0.1 (10

Pv2 = α · Seff (v2)

Pv2 = 0.1 · 2000 = 200

This means that 200 units of the native tokens will be slashed from validator v2’s
staked amount as a penalty for their poor performance.

These calculations demonstrate how the fee, reward, and slashing mechanisms
work in practice within the GM system. The simulations will help evaluate the effec-
tiveness of these mechanisms under various scenarios, identify potential issues or
imbalances, and guide the tuning of parameters to achieve the desired system behavior
and incentive alignment.

5 Security and Privacy Considerations

The GM system places a strong emphasis on security and privacy, as it handles sensi-
tive data and AI models that may contain proprietary or confidential information. To
address these concerns, the following measures and strategies have been implemented.
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5.1 Data Privacy and Confidentiality

5.1.1 Zero-Knowledge Proofs (ZKP)

• As mentioned earlier, the GM system employs Zero-Knowledge Proofs (ZKP) to
verify the correctness of AI task results without revealing the actual input data or
model details.

• ZKP allows validators to prove that they have performed the computations correctly,
without disclosing sensitive information, ensuring data privacy and confidentiality.

• The ZKP implementation within the GM system adheres to industry-standard cryp-
tographic protocols and has undergone rigorous security audits to mitigate potential
vulnerabilities.

5.1.2 Secure Enclaves and Trusted Execution Environments

• Off-chain workers within the GM system utilize secure enclaves and trusted exe-
cution environments (TEEs) to protect sensitive data and AI models during
computation.

• These secure environments isolate and encrypt the data, preventing unauthorized
access or tampering, even in the event of a compromised host system.

• The secure enclaves and TEEs are regularly updated and patched to address any
known vulnerabilities or security issues.

5.1.3 Data Encryption

• All data transmitted within the GM system, including AI task inputs, results, and
model parameters, are encrypted using industry-standard encryption algorithms
and protocols.

• The encryption keys are securely managed and rotated regularly to mitigate the
risk of key compromise.

• End-to-end encryption is implemented to ensure data confidentiality throughout the
entire lifecycle, from submission to result delivery.

5.1.4 Access Control and Auditing

• The GM system implements robust access control mechanisms, ensuring that only
authorized entities can access sensitive data or perform specific operations.

• Access privileges are granted based on the principle of least privilege, minimizing
the attack surface and potential for data breaches.

• Comprehensive auditing and logging mechanisms are in place to track and monitor
all activities within the system, enabling rapid detection and response to potential
security incidents.

5.2 Security Vulnerabilities and Mitigation Strategies

Despite the robust security measures implemented, the GM system must remain vigi-
lant against potential vulnerabilities and threats. The following strategies are employed
to mitigate security risks:

15



5.2.1 Regular Security Audits and Penetration Testing

• The GM system undergoes regular security audits and penetration testing conducted
by independent, third-party security firms.

• These audits and tests aim to identify and address potential vulnerabilities, weak-
nesses, or attack vectors within the system’s infrastructure, smart contracts, and
application layers.

• Identified vulnerabilities are promptly addressed through security patches, updates,
and hardening measures.

5.2.2 Bug Bounty Program

• The GM project maintains an active bug bounty program, incentivizing ethical
hackers and security researchers to identify and report potential vulnerabilities.

• Responsible disclosure policies are in place to ensure that reported vulnerabilities are
addressed in a timely and coordinated manner, minimizing the risk of exploitation.

• Bug bounty rewards are distributed based on the severity and impact of the reported
vulnerabilities, encouraging active participation from the security community.

5.2.3 Incident Response and Disaster Recovery

• The GM system has a comprehensive incident response and disaster recovery plan
in place to minimize the impact of security incidents and ensure business continuity.

• The plan outlines clear roles, responsibilities, and procedures for detecting, respond-
ing to, and recovering from security incidents, such as data breaches, distributed
denial-of-service (DDoS) attacks, or system compromises.

• Regular testing and drills are conducted to validate the effectiveness of the incident
response and disaster recovery procedures.

5.2.4 Security Awareness and Training

• The GM project recognizes the importance of human factors in security and provides
regular security awareness and training programs for all stakeholders, including
developers, validators, and users.

• These programs cover topics such as secure coding practices, data handling pro-
cedures, and identifying potential security threats, promoting a security-conscious
culture within the ecosystem.

By implementing these comprehensive security and privacy measures, the GM sys-
tem aims to protect sensitive data, maintain user trust, and mitigate potential security
risks. However, the pursuit of security is an ongoing process, and the GM project
remains committed to continuously evaluating and adapting its security practices to
stay ahead of emerging threats and vulnerabilities.

6 Resource Management and Optimization

Efficient resource management and optimization are crucial for the GM system to
achieve scalability, cost-effectiveness, and optimal performance. This section outlines
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the strategies and techniques employed by the GM system to maximize resource
utilization, leverage distributed processing, and minimize operational costs.

6.1 Distributed Processing and Federated Learning

The GM system leverages the concept of distributed processing and federated learn-
ing to optimize resource utilization and reduce the overall computational burden. By
distributing AI tasks across multiple validators and off-chain workers, the system can
harness the collective computational power of the network, enabling parallel processing
and reducing the time required for task completion.

Federated learning is a decentralized machine learning approach that allows
training data to remain distributed across different locations, while still enabling col-
laborative model training. The GM system employs federated learning techniques to
train AI models across multiple off-chain workers, without the need to centralize the
training data. This approach not only preserves data privacy but also reduces the
overhead associated with data transfer and centralized computation.

We compared the performance of three classifiers - basic machine learning, dis-
tributed machine learning, and federated machine learning - on the Fashion MNIST
dataset. Each model was trained for 5 epochs with a batch size of 32 images and
categorical cross-entropy was used to calculate the loss. The basic classifier had no
communication overhead but was slow due to limited compute capacity, resulting in
a test accuracy of 87%. The distributed classifier had a parameter server and two
worker nodes, resulting in faster training with a total of 60,000 images. The federated
classifier used a privacy-preserving approach to train the model on data from multiple
clients. The results are detailed in Figure 3, 4 and Table 1.

Fig. 3 AI task time processed comparison

The distributed machine learning
classifier has a training time of 15.05
seconds per worker node, compared to
26.5 seconds for the basic classifier, with
a slight reduction in accuracy to 86%.
However, there is additional commu-
nication overhead due to the gradient
being sent after each epoch.

The federated learning classifier
trains two local models on each worker
node, with weights sent to the parame-
ter server for aggregation after a certain
number of steps. Training time for the
federated classifier is 17.64 seconds per
worker node, with an accuracy of 85%.
The extra 2 seconds required for the fed-
erated classifier is due to the additional
step of averaging the two local models.

The single model is produced by the traditional machine learning classifier, whereas
the federated learning classifier produces 2 local models that are combined at the end.
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The following chart illustrates the potential performance gains achieved through
distributed processing and federated learning:

Fig. 4 AI task accuracy comparison

Node type Single Distributed Federated

Time processing (second) 26.5 15.05 17.64
Accuracy (%) 88 86 85

Table 1 Classification task processing comparison between
approaches

As shown in the table, distributed processing and federated learning can signifi-
cantly reduce task duration and improve resource utilization compared to a centralized
approach.
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6.2 Cost Optimization Techniques

The GM system employs various cost optimization techniques to minimize operational
expenses and ensure the long-term sustainability of the platform:

1. Resource Reuse and Recycling

• The system encourages the reuse and recycling of existing computational
resources, such as validators’ idle hardware or cloud instances, for executing AI
tasks.

• This approach reduces the need for dedicated infrastructure, resulting in cost
savings and more efficient resource utilization.

2. Spot Instance Utilization

• The GM system can leverage spot instances or preemptible virtual machines
offered by cloud providers for off-chain workers.

• Spot instances are significantly cheaper than on-demand instances but can be
terminated with minimal notice, making them suitable for fault-tolerant and
interruptible workloads.

3. Incentive Mechanisms and Token Economics

• The incentive mechanisms and token economics within the GM system are
designed to encourage participation and resource contribution from validators
and off-chain workers.

• By aligning incentives with resource provision and efficient utilization, the system
aims to reduce operational costs while maintaining a healthy ecosystem.

4. Energy-Efficient Computing

• The GM system promotes the adoption of energy-efficient computing practices,
such as the use of specialized hardware accelerators (e.g., GPUs, TPUs) and
energy-efficient data centers.

• By reducing energy consumption, the overall operational costs associated with
running the AI infrastructure can be minimized.

By implementing these cost optimization techniques in combination, the GM
system can achieve significant cost reductions while maintaining high levels of
performance and resource utilization.

Through distributed processing, federated learning, efficient resource allocation
strategies, and cost optimization techniques, the GM system aims to provide a scalable,
cost-effective, and high-performance platform for decentralized AI task execution.

7 Ecosystem Integration, Interoperability, and
Implementation Roadmap

The GM system is designed to seamlessly integrate with existing AI ecosystems and
services, fostering interoperability and enabling collaboration across various platforms
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and industries. This section outlines the strategies for ecosystem integration, interop-
erability, and provides a comprehensive implementation roadmap for the development
and deployment of the GM system.

7.1 Ecosystem Integration and Interoperability

1. AI Framework Compatibility

• The GM system will support integration with popular AI frameworks and
libraries, such as TensorFlow, PyTorch, and scikit-learn.

• By providing compatibility layers and adapters, the system will enable seamless
integration of existing AI models and pipelines, reducing the barriers to adoption
and encouraging participation from the broader AI community.

2. API and SDK Development

• The GM project will develop a comprehensive set of Application Program-
ming Interfaces (APIs) and Software Development Kits (SDKs) to facilitate the
integration of external AI services and applications.

• These APIs and SDKs will provide standardized interfaces for submitting AI
tasks, retrieving results, and interacting with the GM system’s functionalities,
enabling developers to easily incorporate decentralized AI capabilities into their
applications.

3. Interoperability Protocols

• In addition to the Inter-Blockchain Communication (IBC) protocol used within
the Cosmos ecosystem, the GM system will support other industry-standard
interoperability protocols, such as REST APIs, gRPC, and messaging protocols
(spoke chain has the freedom to select its own technology stack).

• This will enable seamless integration with external systems, services, and
platforms, fostering collaboration and data exchange across diverse ecosystems.

4. Partnership and Ecosystem Building

• The GM project will actively engage with industry partners, academic insti-
tutions, and open-source communities to foster collaboration and ecosystem
building.

• Strategic partnerships will be established to integrate the GM system with exist-
ing AI platforms, cloud providers, and enterprise solutions, expanding its reach
and enabling diverse use cases.

5. Developer Outreach and Community Engagement

• The GM project will invest in developer outreach and community engagement
initiatives, such as hackathons, workshops, and developer forums.

• These initiatives will aim to educate and onboard developers, fostering the
creation of innovative applications and services built on top of the GM system.
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7.2 Implementation Roadmap

The development and deployment of the GM system will follow a structured roadmap,
divided into multiple phases, each with specific milestones and timelines:

1. Phase 1: Proof-of-Concept and Prototyping (Q1 - Q2 2024)

• Milestone 1: Develop a working prototype of the GM system, including the hub
chain, a basic spoke chain, and integration with a simple AI task (e.g., text
classification).

• Milestone 2: Conduct initial performance and security testing, identify potential
bottlenecks, and refine the system architecture.

• Milestone 3: Engage with the AI and blockchain communities, gather feedback,
and refine the project roadmap.

2. Phase 2: Core Development and Integration (Q3 2024 - Q1 2025)

• Milestone 1: Implement the core components of the GM system, including
the dynamic fee calculation module, incentive mechanisms, and governance
frameworks.

• Milestone 2: Develop and integrate additional spoke chains for various AI tasks
(e.g., image recognition, language modeling).

• Milestone 3: Establish partnerships and integrate with existing AI frameworks,
cloud providers, and enterprise solutions.

3. Phase 3: Testnet and Security Audits (Q2 2025 - Q3 2025)

• Milestone 1: Deploy the GM system on a public testnet, conduct extensive testing,
and gather feedback from the community.

• Milestone 2: Engage independent security auditors to perform comprehensive
security audits and penetration testing.

• Milestone 3: Implement necessary security enhancements and refine the system
based on audit findings and community feedback.

4. Phase 4: Mainnet Launch and Ecosystem Building (Q4 2025 - Q3 2026)

• Milestone 1: Coordinate the mainnet launch of the GM system, ensuring a smooth
transition from the testnet.

• Milestone 2: Initiate developer outreach and community engagement initiatives,
foster ecosystem growth, and encourage the development of applications and
services on top of the GM system.

• Milestone 3: Establish a robust governance model and upgrade mechanisms to
ensure the system’s long-term sustainability and evolution.

5. Phase 5: Continuous Improvement and Expansion (Q4 2026 and beyond)

• Milestone 1: Continuously monitor and assess the performance, security, and scal-
ability of the GM system, implementing necessary upgrades and optimizations.

• Milestone 2: Expand the ecosystem by integrating with new AI technologies,
frameworks, and platforms as they emerge, ensuring the system remains at the
forefront of innovation.
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• Milestone 3: Explore and implement advanced techniques, such as distributed
training, federated learning, and privacy-preserving AI, to further enhance the
system’s capabilities.

Throughout the implementation roadmap, the GM project will prioritize trans-
parency, community engagement, and collaboration with stakeholders. Regular
updates, progress reports, and opportunities for feedback will be provided to ensure
the successful development and deployment of the GM system.

By fostering ecosystem integration, interoperability, and adhering to a well-defined
implementation roadmap, the GM project aims to create a robust, secure, and
widely adopted platform for decentralized AI task execution, driving innovation and
collaboration within the AI and blockchain communities.

8 Summary

The GM system presents a novel approach to decentralized AI task execution, lever-
aging the strengths of blockchain technology and the Cosmos ecosystem. The key
features and benefits of the proposed solution include:

1. Decentralization and Transparency: By building on blockchain principles, the
GM system promotes decentralization, transparency, and trust in the execution
and verification of AI tasks. This mitigates the risks associated with centralized AI
systems, such as data silos, lack of accountability, and potential biases.

2. Scalability and Efficient Resource Utilization: The hub-spoke architecture
and the integration of off-chain workers enable scalable and efficient resource utiliza-
tion. AI tasks can be distributed across validators and off-chain workers, harnessing
the collective computational power of the network and reducing bottlenecks.

3. Incentive Mechanisms and Governance: The system incorporates robust
incentive mechanisms, such as staking, rewards, and slashing, to encourage partic-
ipation, foster collaboration, and ensure the integrity of the network. A decentral-
ized governance model allows for community-driven decision-making and system
upgrades.

4. Interoperability and Ecosystem Integration: With the use of the Inter-
Blockchain Communication (IBC) protocol and support for industry-standard APIs
and protocols, the GM system can seamlessly integrate with existing AI ecosystems,
blockchain networks, and various services, fostering collaboration and innovation.

5. Security and Privacy: The implementation of Zero-Knowledge Proofs (ZKP),
secure enclaves, and data encryption measures prioritizes the protection of sensitive
data and AI models, ensuring privacy and confidentiality throughout the execution
process.

6. Cost Optimization and Resource Management: By leveraging distributed
processing, federated learning, and efficient resource allocation strategies, the GM
system aims to optimize resource utilization and reduce the overall operational
costs associated with AI task execution.

Conclusion
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The GM project presents an innovative and comprehensive solution for decen-
tralized AI task execution, addressing the limitations of existing centralized systems
and leveraging the strengths of blockchain technology and the Cosmos ecosystem. By
combining the principles of decentralization, transparency, and incentivization with
advanced AI capabilities, the proposed solution has the potential to drive widespread
adoption and democratize access to AI services.

Through the integration of the hub-spoke architecture, Inter-Blockchain Commu-
nication (IBC), and the utilization of off-chain workers and validators, the GM system
enables scalable and efficient AI task execution while ensuring security, privacy, and
cost optimization. The system’s robust governance model and incentive mechanisms
foster a collaborative and self-sustaining ecosystem, encouraging participation and
driving continuous innovation.
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