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Abstract—AIONET introduces and experimentally validates a
new class of blockchain consensus rooted in measurable hardware
behavior rather than probabilistic or economic assumptions.
By anchoring validator identity in high-bandwidth memory
(HBM-DRAM) entropy through Proof of Memory (PoM), Proof
of Drift (PoD), and an AI-scored Living Consensus engine,
AIONET achieves sub-second finality, intrinsic Sybil resistance,
and resilience against virtualized or spoofed validators.

This version (v2.3) extends prior theoretical work with live
testnet validation, sustained endurance testing, and the intro-
duction of Behavior-Encoded Memory-Bound Hashing (BEMBH-
8192), demonstrating that wide-bit hashing becomes feasible
when consensus is bound to physical memory behavior.

Index Terms—Blockchain, Consensus, Proof of Memory, Proof
of Drift, HBM-DRAM, Memory Entropy, AI Validation, Hard-
ware Security, Zero Knowledge

I. INTRODUCTION

Blockchain consensus mechanisms have historically re-
lied on either probabilistic computation (Proof of Work)
or economic stake weighting (Proof of Stake) to establish
agreement among untrusted participants. While effective in
early decentralized systems, these approaches inherit structural
limitations: high energy expenditure, delayed finality, suscep-
tibility to capital concentration, and increasing vulnerability to
virtualization, simulation, and adversarial coordination.

AIONET introduces a fundamentally different trust model.
Rather than deriving consensus from abstract cryptographic
difficulty or token-based incentives, AIONET anchors valida-
tor trust in measurable physical hardware behavior. Specifi-
cally, AIONET observes entropy and temporal drift character-
istics emerging from high-bandwidth memory (HBM-DRAM)
during live execution and uses these signals to continuously
score validator credibility.

This shift reframes consensus as a behavioral property
rather than a declared outcome. Validators do not assert
correctness through resource expenditure or stake ownership;
instead, correctness is inferred from the persistence, continuity,
and consistency of their hardware behavior over time. As
memory technology advances, this model scales naturally with
hardware capabilities rather than protocol parameter inflation.

This paper presents AIONET Protocol v2.3, extending
prior theoretical work with live testnet validation, sustained
endurance testing, and the formal introduction of Behavior-
Encoded Memory-Bound Hashing (BEMBH-8192). The re-
sults demonstrate that wide-bit hashing, sub-second finality,

and intrinsic Sybil resistance emerge naturally when consensus
is bound to physical memory behavior.

II. BACKGROUND AND RELATED WORK

A. Proof of Work and Proof of Stake

Proof of Work (PoW) systems establish consensus through
computational difficulty, relying on cryptographic hash puz-
zles to probabilistically select block proposers. While robust
against certain attack classes, PoW systems incur substantial
energy costs and experience inherent latency due to block
confirmation requirements.

Proof of Stake (PoS) replaces computational expenditure
with economic weighting, assigning influence proportional
to token ownership. Although more energy efficient, PoS
introduces new attack surfaces, including capital centraliza-
tion, long-range attacks, governance capture, and validator
simulation through virtualized infrastructure.

Both paradigms ultimately rely on externally asserted trust
assumptions: either that computation reflects honest effort, or
that capital reflects aligned incentives.

B. Hardware Trust and Entropy Sources

Prior research has explored hardware-based trust primitives
such as Physical Unclonable Functions (PUFs), Trusted Plat-
form Modules (TPMs), and secure enclaves. These approaches
attempt to anchor identity or integrity in physical properties
of silicon.

Separately, studies of DRAM and high-bandwidth memory
have demonstrated that memory subsystems exhibit mea-
surable entropy, timing variance, and decay characteristics
influenced by manufacturing variation, thermal conditions,
voltage noise, and aging effects. These properties are difficult
to perfectly replicate or virtualize at scale.

AIONET builds upon these observations but departs from
static identity or one-time attestation. Instead, it treats hard-
ware behavior as a continuous signal that evolves over time.

C. Behavioral and Continuous Validation Models

Recent systems research has emphasized continuous vali-
dation, liveness monitoring, and behavior-based anomaly de-
tection in distributed systems. However, such techniques are
typically applied off-chain or as auxiliary monitoring layers
rather than forming the foundation of consensus itself.
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AIONET integrates behavioral validation directly into the
consensus mechanism, using real-time entropy and drift mea-
surements as first-class inputs to validator selection and trust
weighting.

III. DESIGN PRINCIPLES

AIONET is guided by five core design principles that
differentiate it from prior consensus architectures.

A. Physical Anchoring of Trust

Trust must be rooted in properties that are costly to simulate,
clone, or virtualize. AIONET anchors validator credibility in
observable physical memory behavior rather than declared
identities or economic signals.

B. Continuity Over Snapshots

Single-point attestations are insufficient for long-lived trust.
AIONET evaluates validators continuously, emphasizing tem-
poral consistency and behavioral persistence over time rather
than one-time proofs.

C. Emergent Capability

Protocol features should emerge as consequences of the
trust model, not as isolated optimizations. Wide-bit hashing,
fast finality, and Sybil resistance arise naturally from memory-
bound validation rather than explicit tuning.

D. AI as Interpreter, Not Authority

Artificial intelligence in AIONET does not dictate correct-
ness; it interprets high-dimensional behavioral signals that
are otherwise intractable to evaluate deterministically. The AI
layer scores trust based on observed patterns, not external
labels.

E. Hardware-Aligned Scalability

Consensus performance should scale with advances in un-
derlying hardware. By leveraging improvements in memory
bandwidth, latency, and stability, AIONET benefits directly
from semiconductor evolution without protocol reconfigura-
tion.

IV. PROOF OF MEMORY (POM)

Proof of Memory (PoM) establishes validator trust by ob-
serving and evaluating behavioral characteristics that emerge
from live memory subsystems during execution. Unlike tradi-
tional proofs that rely on computational difficulty or externally
asserted resources, PoM treats memory behavior itself as the
primary trust signal.

Modern high-bandwidth memory (HBM-DRAM) exhibits
measurable entropy arising from physical phenomena includ-
ing timing variance, voltage noise, access contention, thermal
fluctuation, and long-term aging. These effects are influenced
by manufacturing variation and operational conditions, making
them difficult to precisely replicate across devices or emulate
faithfully within virtualized environments.

A. Memory Behavior as a Trust Signal

PoM does not rely on static identifiers or one-time attes-
tation. Instead, it evaluates the consistency and continuity of
memory behavior observed during live execution. Validators
are expected to produce memory responses that fall within a
characteristic behavioral envelope over time.

Let M(t) represent a high-dimensional memory behav-
ior vector sampled during execution at time t. This vector
may encode timing responses, decay-related features, or other
entropy-bearing observables derived from memory interaction.
The specific construction of M(t) is protocol defined but
intentionally abstracted in this work.

Trust under PoM is not assigned based on absolute values of
M(t), but on the persistence of its statistical properties across
time windows. Validators exhibiting abrupt discontinuities,
excessive regularity, or non-physical patterns are penalized
through trust decay mechanisms described in later sections.

B. Continuity and Non-Simulability

A defining property of PoM is continuity. Because memory
behavior reflects physical state, it cannot be rewound, snap-
shotted, or replayed without observable artifacts. This property
makes PoM inherently resistant to replay attacks, precomputed
proofs, and synthetic log generation.

Simulated or virtualized environments may reproduce av-
erage performance metrics but struggle to maintain the fine-
grained, temporally correlated noise characteristics observed
in real memory hardware over extended durations. PoM ex-
ploits this asymmetry by emphasizing long-lived behavioral
coherence rather than instantaneous measurements.

C. Trust Accumulation Model

Validator trust under PoM accumulates gradually. Let Ti(t)
denote the trust score of validator i at time t. Trust evolves
as a function of observed memory behavior consistency rather
than discrete success or failure events.

In simplified form:

Ti(t) = f(Ti(t− 1),Mi(t))

where f(·) represents a monotonic update function that
rewards behavioral stability and penalizes irregularity. The
exact form of f and the weighting of individual memory
features are implementation specific and outside the scope of
this paper.

This formulation ensures that trust cannot be instantly
acquired or transferred. Validators must continuously demon-
strate physical presence and honest execution to maintain
eligibility.

D. PoM as a Foundation for Emergent Properties

PoM serves as the foundational layer upon which higher-
level AIONET capabilities emerge. Because validation is
memory-bound rather than compute-bound, traditional incen-
tives for specialized hashing hardware or energy-intensive
optimization are removed.



As shown in later sections, this shift enables the emer-
gence of high-resolution state commitments, wide-bit hashing
formats, and sub-second finality without explicit parameter
tuning. These properties are not introduced as standalone
features but arise naturally from binding consensus to physical
memory behavior.

V. PROOF OF DRIFT (POD)
While Proof of Memory (PoM) establishes validator trust

through consistent physical memory behavior, Proof of Drift
(PoD) extends this model by capturing how that behavior
evolves over time. PoD formalizes temporal change as a first-
class trust signal, transforming memory behavior from a static
fingerprint into a dynamic identity.

Physical memory systems are not stationary. Environmental
conditions, thermal cycles, voltage variation, wear, and ag-
ing introduce gradual changes in observable behavior. These
changes are unavoidable in real hardware and therefore be-
come a powerful discriminator between physical execution and
synthetic simulation.

A. Temporal Identity via Drift

Let M(t) denote the memory behavior vector observed at
time t under PoM. PoD examines the evolution of this vector
across time, focusing on the *rate* and *structure* of change
rather than absolute values.

Drift is characterized by first- and second-order temporal
derivatives:

dM

dt
,

d2M

dt2

These derivatives capture how memory behavior shifts
over successive observation windows. Real hardware exhibits
bounded, correlated drift patterns driven by physical processes.
In contrast, virtualized or spoofed systems tend to exhibit
either unnaturally static behavior or erratic, discontinuous
changes.

B. Behavioral Consistency Under Change

PoD does not penalize change itself. Instead, it evaluates
whether change follows physically plausible trajectories. Grad-
ual drift reinforces validator authenticity, while abrupt resets,
repeated patterns, or non-physical transitions reduce trust.

This distinction is critical: a validator that never changes is
as suspicious as one that changes too abruptly. PoD therefore
encodes *expected imperfection* as a trust-positive signal.

C. Drift-Weighted Trust Evolution

Trust evolution under PoD incorporates drift-aware weight-
ing. Let Ti(t) represent the trust score of validator i at time t.
Trust updates incorporate both current behavior and observed
drift:

Ti(t) = Ti(t− 1) · g
(
d2Mi

dt2

)
where g(·) is a decay or reinforcement function that penal-

izes non-physical drift while preserving continuity for plausi-
ble temporal change. The specific form of g and acceptable

drift envelopes are protocol-governed and intentionally not
specified here.

This formulation ensures that validators cannot preserve
trust through snapshotting, replay, or short-lived execution
bursts. Trust is earned through sustained, temporally coherent
operation.

D. Resistance to Virtualization and Replay

PoD significantly increases resistance to virtualization-
based attacks. While virtual machines may reproduce isolated
measurements, they struggle to maintain long-term drift co-
herence without access to genuine physical noise sources.

Replay attacks are similarly constrained. Because PoD eval-
uates second-order temporal structure, replayed data streams
exhibit detectable artifacts when reintroduced into a live con-
sensus environment.

E. PoD as a Bridge to Living Consensus

PoD transforms consensus from a sequence of discrete
decisions into a continuous process. Validators are not simply
selected or rejected; their trust weight evolves dynamically as
their physical behavior changes.

This property enables AIONET’s Living Consensus model,
in which liveness, identity, and trust are inseparable and
continuously re-evaluated. The next section formalizes this
concept through Proof of Liveness via Entropic Memory Drift
(PoL-EMD).

VI. LIVING CONSENSUS AND PROOF OF LIVENESS VIA
ENTROPIC MEMORY DRIFT (POL-EMD)

Traditional blockchain systems treat liveness as an external
assumption or a binary condition: a validator is either online or
offline. AIONET replaces this static notion with Living Con-
sensus, in which liveness, identity, and trust are continuously
evaluated as an emergent property of physical behavior.

Proof of Liveness via Entropic Memory Drift (PoL-EMD)
formalizes this concept by combining Proof of Memory (PoM)
and Proof of Drift (PoD) into a continuous validation loop.
Validators remain eligible not by periodic heartbeats or stake
locks, but by demonstrating uninterrupted physical presence
through ongoing entropy generation and drift coherence.

Under PoL-EMD, a validator that pauses, snapshots, mi-
grates execution, or attempts delayed replay exhibits detectable
discontinuities in entropy evolution. These discontinuities
manifest as drift anomalies that reduce trust weight without
requiring explicit failure detection.

Living Consensus therefore eliminates the distinction be-
tween consensus and monitoring. Agreement emerges from
the collective observation of physically live participants whose
trust evolves continuously rather than discretely.

VII. BEHAVIOR-ENCODED MEMORY-BOUND HASHING
(BEMBH-8192)

Behavior-Encoded Memory-Bound Hashing (BEMBH) is a
fixed-width, high- resolution hashing construct that emerges
naturally within AIONET’s memory-bound validation loop.



In AIONET v2.3, BEMBH-8192 denotes an 8192-bit batch
commitment produced during live execution.

Unlike traditional cryptographic hashes, which are opti-
mized for compute-bound throughput and collision resistance
in isolation, BEMBH-8192 is contextual. Its meaning derives
from the execution state, memory behavior, and temporal
continuity under which it is generated.

BEMBH-8192 is not introduced as a replacement for estab-
lished hash primitives. Instead, it functions as a high-resolution
commitment layer that anchors structured runtime state within
Living Consensus. The feasibility of such wide-bit outputs
arises from binding validation to memory behavior rather than
computational intensity.

Because BEMBH outputs are generated continuously during
execution, they serve as durable anchors for auditability, tran-
scription layers, and future interpretability interfaces. Wide-bit
hashing, in this context, is an emergent capability rather than
a performance contest.

VIII. EXPERIMENTAL VALIDATION

AIONET v2.3 includes live testnet validation designed
to evaluate stability, continuity, and honest execution under
sustained operation. Validation focuses on observable behavior
rather than synthetic benchmarks.

The testnet consists of multiple nodes operating under dis-
tinct roles, including coordination, standard validation, and ad-
versarial simulation. Validators generate continuous BEMBH-
8192 outputs while maintaining trust-weighted participation in
consensus.

Key observations include sustained execution without man-
ual recovery, stable trust evolution under load, and con-
sistent finality behavior under wide-bit hashing. Validation
emphasizes continuity over peak performance, demonstrating
that memory-bound consensus remains stable over extended
durations.

Importantly, validation artifacts are produced during live
execution and recorded continuously. This methodology re-
duces the possibility of precomputed outputs or replayed
demonstrations, reinforcing confidence in honest execution.

IX. FORMAL CONSENSUS MODEL

AIONET employs a trust-weighted consensus model in
which validator influence is proportional to continuously eval-
uated trust scores. Unlike stake-based systems, trust weight
cannot be transferred, delegated, or pre-acquired.

Let Ti(t) denote the trust score of validator i at time t.
Block proposal eligibility and voting influence are functions
of Ti(t), subject to minimum trust thresholds.

Consensus safety derives from the assumption that forging
sustained, physically plausible memory behavior across mul-
tiple independent validators is prohibitively difficult. Liveness
is ensured by PoL-EMD, which prevents stalled or replayed
participants from retaining trust.

This model transforms consensus from a discrete election
into a dynamic, behavior-driven coordination process.

X. SECURITY AND THREAT ANALYSIS

AIONET addresses several major threat classes:

A. Virtualization and Simulation

Virtualized environments struggle to reproduce long-term
entropy drift and continuity. PoD exposes such discrepancies
over time.

B. Replay Attacks

Recorded entropy streams cannot be replayed without in-
troducing temporal artifacts detectable through second-order
drift analysis.

C. Sybil Attacks

Sybil resistance emerges naturally, as each validator must
maintain independent, physically anchored behavior. Identity
cannot be cheaply replicated.

D. Hardware Substitution

Trust decay mechanisms penalize abrupt behavioral shifts
associated with hardware replacement or migration.

AIONET does not claim absolute immunity to all attacks
but significantly raises the cost and complexity of adversarial
participation.

XI. PERFORMANCE CHARACTERISTICS

AIONET performance scales with memory bandwidth
rather than raw compute capacity. Finality latency is bounded
by memory interaction and trust aggregation rather than block
intervals or confirmation depth.

Because validation is memory-bound, energy consumption
remains low relative to compute-intensive consensus mecha-
nisms. GPU acceleration offers minimal advantage, reducing
incentives for specialized hardware.

As memory technologies evolve (e.g., HBM generations),
AIONET benefits directly without protocol modification.

XII. LAYERED ARCHITECTURE OVERVIEW

AIONET employs a layered architecture spanning physical
entropy sources, behavioral validation, trust coordination, and
resilience mechanisms. Lower layers anchor trust in memory
behavior, while higher layers manage identity, privacy, and
recovery.

This separation enables modular evolution while preserving
core trust assumptions. Layers are intentionally abstracted to
prevent leakage of implementation-specific details.

XIII. CROSS-CHAIN ZERO-KNOWLEDGE TRUST

AIONET supports cross-chain trust migration through zero-
knowledge proofs that attest to validator trust thresholds
without revealing raw entropy or drift vectors.

These proofs allow trust to be referenced externally while
preserving privacy and preventing linkability. Cross-chain in-
teraction therefore extends behavioral trust without duplicating
validation.



XIV. LIMITATIONS AND FUTURE WORK

AIONET’s reliance on physical memory behavior intro-
duces dependencies on hardware availability and measurement
fidelity. Formal cryptographic proofs of memory-bound secu-
rity remain an area for future research.

Future work includes independent replication under con-
trolled conditions, expanded formal modeling, and deeper
integration with emerging memory architectures.

XV. CONCLUSION

AIONET demonstrates that blockchain consensus can be
rooted in physical behavior rather than abstract computation
or economic stake. By anchoring trust in memory entropy
and temporal drift, AIONET enables continuous liveness,
intrinsic Sybil resistance, and emergent high-resolution state
commitments.

Consensus is no longer declared at fixed intervals; it is
earned continuously through physical presence. This shift
establishes a new class of blockchain systems aligned with
the realities of modern hardware and future computational
environments.
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