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Abstract

This paper introduces the concept of an AI-Native Operating Sys-
tem (AI-Native OS), a fundamental rethinking of traditional operating
systems to accommodate autonomous AI workflows[1]. Unlike conven-
tional OS architectures, which are designed around human-defined pro-
cesses and application-centric models, an AI-Native OS operates as a fully
autonomous environment where AI agents act as first-class citizens, capa-
ble of self-organization, continuous learning, and adaptive optimization.
We explore the theoretical underpinnings, architectural design, and prac-
tical implications of such a system, including its impact on AI governance,
computational efficiency, and scalability. The AI-Native OS represents a
paradigm shift, redefining how computation is structured in an AI-first
world.

1 Introduction

Modern operating systems (OS) are built around human-driven interactions,
with process scheduling, resource allocation, and user interfaces optimized for
applications controlled by users. However, as AI becomes increasingly au-
tonomous, the traditional OS paradigm fails to provide the necessary infras-
tructure for AI-driven execution models. An AI-Native OS reimagines the OS
as an autonomous decision-making environment, designed to manage AI agents
instead of human-driven applications.

1.1 Motivation

The current OS model imposes limitations on AI execution:

• Process-Centric Constraints: Traditional OSes manage applications
in a static manner, unsuitable for dynamically evolving AI workflows.
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• Limited Autonomy: AI agents are treated as applications rather than
autonomous computational entities.

• Inefficiency in AI Resource Management: Current OS architectures
lack optimized scheduling for AI tasks, leading to suboptimal GPU/TPU
utilization.

• Lack of AI-Native Scheduling: AI models require adaptive scheduling
policies based on workload evolution rather than fixed execution slots.

1.2 Key Contributions

This paper introduces:

• A formal definition of an AI-Native OS.

• A mathematical model for AI-first scheduling and execution.

• A proposed kernel architecture for AI-native task orchestration.

• A discussion of security, governance, and ethical considerations.

2 Theoretical Foundations

2.1 AI-Driven Process Scheduling

Unlike traditional process schedulers that allocate CPU cycles based on pre-
emptive multitasking, an AI-Native OS employs an adaptive reinforcement
learning-based scheduler. Let S be the state space of system resources and
A be the set of scheduling actions. The OS optimizes its scheduling policy π∗

through:

π∗ = argmax
π

E

[ ∞∑
t=0

γtRt

∣∣∣∣∣S0

]
(1)

where Rt represents the reward function for optimal AI execution and γ is the
discount factor ensuring future considerations.

2.2 Kernel Design for AI-Oriented Execution

A conventional kernel (e.g., Linux, Windows NT) operates on predefined system
calls. An AI-Native kernel replaces static system calls with adaptive API
functions that evolve based on workload demand. Let Kt represent the state
of the AI-Native kernel at time t:

Kt+1 = Kt + α∇J(Kt) (2)

where α is the learning rate and J(Kt) represents an optimization function
ensuring resource efficiency.
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3 AI-Native OS Architecture

3.1 Core Components

An AI-Native OS consists of:

• AI-Kernel: A self-learning core that dynamically adapts to AI workload
requirements.

• Autonomous Task Manager: Orchestrates AI agents, dynamically ad-
justing priorities based on learning objectives.

• Decentralized AI Governance: Blockchain-based consensus mecha-
nisms ensure ethical AI execution.

• Neural File System (NFS): AI-optimized data structures for rapid
retrieval and indexing.

• Hyperdimensional Memory Management: Handles AI model caching
and swapping in multi-GPU environments.

3.2 AI-Oriented Resource Management

• Neural Memory Allocation: Predicts memory requirements for AI
models to prevent page faults.

• Reinforcement Learning-Based CPU/GPU Scheduling: Trains an
agent to allocate resources optimally.

• Autonomous Security Policies: Implements zero-trust architecture for
AI execution.

4 Governance and Security

4.1 Decentralized AI Workflow Verification

AI execution must be auditable. We introduce a blockchain-based verification
layer where smart contracts ensure compliance with governance policies. The
governance model follows a Byzantine Fault Tolerant consensus mechanism en-
suring:

Trust = 1− P (f >
n

3
) (3)

where P (f) is the probability of malicious nodes and n is the total number of
validators.
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4.2 Security Challenges

• Preventing adversarial AI attacks through real-time anomaly detection.

• Ensuring fair execution of AI models without central authority bias.

• Establishing cryptographic proofs for model authenticity.

5 Implementation Considerations

5.1 Prototype and Proof of Concept

A prototype AI-Native OS can be implemented using:

• Linux-based microkernel: Modified to support AI-native execution
models.

• Distributed AI-Orchestration: Integrating with Kubernetes for large-
scale AI workloads.

• AI-Secure Boot: Ensuring trust in AI model execution using crypto-
graphic attestation.

6 Conclusion and Future Directions

AI-Native Operating Systems redefine how computation is structured in an AI-
first world. By replacing traditional process-centric models with autonomous
AI workflows, these systems enable:

• Self-learning OS behavior.

• Decentralized AI governance mechanisms.

• Reinforcement learning-driven scheduling and optimization.

Future research will explore hyperdimensional kernel architectures and quantum-
AI integration.
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