ARTIFICIAL NEURAL MESH (ANM)

A Modular, Multi-Model Cognitive Architecture with Controlled Self-
Expansion and Web-of-Thought Reasoning

Author

Syed Abdur Rehman Ali
Independent Researcher

Version

1.0

Date
November 2025
Contact

Email: ra2157218@gmail.com
GitHub: https://github.com/ra2157218-boop



https://github.com/ra2157218-boop

Acknowledgments

This manuscript was edited for clarity with assistance from GPT-5.1.
All conceptual ideas, system architecture, and technical contributions are fully
authored by Syed Abdur Rehman Ali.



Abstract

Artificial Neural Mesh (ANM) is a new cognitive architecture designed to overcome a
fundamental limitation of current Al systems: the fact that modern large language

models operate as single brains, forced to handle every type of task inside one monolithic
structure. This constraint creates bottlenecks in reasoning, limits accuracy across domains,
and increases hallucination risks. ANM proposes a different direction—one inspired by
biological systems, distributed computing, and multi-expert collaboration.

At its core, ANM is composed of many specialized models connected through a

central Router, a shared vector-based episodic memory, and a collaborative communication
process we call Web-of-Thoughts (WoT). Instead of forcing one model to “figure
everything out,” ANM breaks intelligence into cooperating sub-brains, each with distinct
strengths.

When a user requests something—writing code, analyzing an image, verifying logic—the
Router interprets the task, selects the appropriate specialists, and initiates a structured
conversation between them. These models exchange reasoning, code, and observations
through WoT, producing a collective solution rather than an isolated guess. The raw multi-
expert output is then refined by a dedicated Refiner model, ensuring clarity, coherence, and
structure.

All responses must pass through a final safeguard: the Verifier, which checks for factual
accuracy, logical consistency, task alignment, and safety. If anything fails, the output is
rejected or sent back for repair. Only verified responses reach the user or execution layer.
This ensures a level of reliability impossible for a single-model system.

ANM also supports adaptive self-expansion. When the system repeatedly encounters tasks
requiring a capability it lacks—such as cybersecurity, mathematics, planning, or low-level
programming—ANM can fine-tune a new specialist model using approved open-source
datasets, integrate it into the mesh, and register it as a new “sub-brain.” This growth is tightly
governed and limited to preserve safety.

Episodic memory enables ANM to remember previous tasks, solutions, images,
conversations, and code, forming a growing internal understanding of the user's patterns and
goals. This allows ANM to perform long-term projects, maintain context, and improve over
time.

ANM is not AGI and does not claim human-level intelligence. Instead, it provides

a scalable, modular, safe architecture for coordinating multiple models—bringing Al a step
closer to flexible, multi-domain reasoning. This framework offers a foundation for future
systems that need both intelligence and responsibility: autonomous research agents, scientific
copilots, developer assistants, robotics controllers, and more.

ANM is proposed as a practical, buildable architecture for distributed intelligence—one
that transforms many isolated models into a unified, collaborative, expandable mesh
capable of safer and more powerful reasoning.



1. Introduction

Large Language Models (LLMs) have become the dominant approach for modern Al
systems, powering code assistants, chatbots, search engines, and multimodal applications.
Despite their impressive capability, they remain constrained by a fundamental architectural
limitation: each model functions as a single, monolithic cognitive unit. One model is
responsible for all reasoning, planning, coding, vision, retrieval, safety interpretation, and
user-facing interaction.

This “one brain for everything” paradigm leads to several problems:

o Domain weakness: No single model is excellent at every domain.

o Hallucinations: A single model generating entire solutions without internal
verification increases error risk.

e Lack of specialization: Human-like intelligence requires specialized
subsystems, not one giant neuron soup.

o Inefficient scaling: Larger models cost more compute without proportionate
gains in accuracy.

e Poor collaboration: Current models cannot coordinate multiple expert
systems in a structured way.

o Limited adaptability: Standard LLMs cannot add new capabilities unless
externally retrained.

In contrast, biological intelligence is fundamentally multi-modular. The human brain is not a
single processor—it is a network of specialized areas interconnected through structured
pathways. Reasoning emerges not from one monolithic unit, but from interaction between
vision regions, auditory areas, language centers, and executive control systems.

Artificial Neural Mesh (ANM) draws inspiration from this principle.

ANM is a cognitive architecture built around many cooperating specialist models, each
responsible for a specific capability such as coding, vision, analysis, planning, or verification.
These specialists are orchestrated by a central Router model, which interprets tasks, selects
the relevant experts, and supervises their interaction. Communication between models

is facilitated through a structured multi-agent reasoning protocol called Web-of-Thoughts
(WoT), enabling deep collaboration rather than isolated generation.

ANM further includes:

o aRefiner model for merging raw multi-expert output

e a Verifier model enforcing correctness and safety

o avector-based episodic memory for long-term learning

o agoverned self-expansion mechanism where the system can fine-tune new
specialist LLMs under strict rules

The goal of ANM is not to create artificial general intelligence, but to present a flexible,
scalable, safe architectural direction for distributed reasoning systems. By



coordinating many smaller models rather than relying on a single large one, ANM aims to
improve reliability, reduce hallucinations, and unlock more human-like division
of labor across cognitive tasks.

This paper introduces the ANM architecture, the Web-of-Thoughts communication method,
its safety systems, memory structures, and the conditions under which the mesh can
autonomously expand to incorporate new expert models.

2. Architecture Overview

The Artificial Neural Mesh (ANM) is designed as a single-machine distributed cognitive
system composed of multiple independent LLM-based specialists orchestrated through a
central Router and connected through a vector-based episodic memory layer. The

mesh operates entirely within a controlled computational environment—such as a high-
performance workstation or DGX-class node—ensuring low-latency communication and
deterministic execution.

ANM consists of five primary components:

Router LLM

Specialist LLM Modules

Web-of-Thoughts Communication Protocol (WoT)
Refiner and Verifier Models

Episodic Memory and Expansion Engine

M

These components form a system that behaves less like a single model and more like
a cooperative network of expert sub-brains, each capable of independent reasoning yet
coordinated through structured pathways.

2.1 Router Model

The Router is the central coordinator of ANM.
Its responsibilities include:

o Interpreting the user’s input

e Decomposing tasks into subtasks

o Selecting appropriate specialist models

e Orchestrating multi-model collaboration

e Maintaining the flow of reasoning across the mesh

Unlike simple task routers, the ANM Router is a fully capable LLM with reasoning abilities.
This allows it to understand complex tasks such as:

e “Debug this code visible on my screen.”
o “Explain the math behind this equation.”
e “Analyze this image and generate code based on it.”

The Router does not solve tasks itself—it assembles the right team of specialists to solve
them collaboratively.



2.2 Specialist Modules

Each specialist LLM is responsible for one capability domain, such as:

e Coding
e Planning
e Vision

e Research

e Mathematics

e Tools/Action Execution

e Logic Analysis

o Safety Evaluation
Specialists are not identical copies of one base model—they evolve over time through fine-
tuning, supervised training, and mesh-driven specialization. They communicate with one
another through structured reasoning messages handled by WoT.

In effect, these specialists form the “cortex” regions of the ANM system.

2.3 Web-of-Thoughts (WoT)
WoT is the communication fabric that enables specialists to collaborate.
WoT consists of:
e Message Passing: Specialists share text, reasoning, code, and intermediate
analysis.
o Context Bundles: Router packages relevant input for each specialist.
e Cross-Model Reasoning: One specialist can respond to, correct, or extend

another’s output.

Where Chain-of-Thought (CoT) is a single model reasoning by itself, WoT is multiple
models reasoning together—Ilike neurons firing in parallel across different brain regions.

WoT transforms isolated LLM capabilities into a collective cognitive mesh.

2.4 Refiner and Verifier Models
After specialists produce raw outputs, ANM uses two dedicated models:
Refiner:

e merges raw outputs



e removes redundancy
e enforces coherence
e structures final reasoning

Verifier:

o checks factual correctness

o evaluates logical consistency
e inspects code behavior

o enforces safety & ethics

e ensures task alignment

No information exits ANM without passing through the Verifier, making it
the final firewall of the system.

2.5 Episodic Memory & Expansion Engine
ANM stores important experiences in a vector database, enabling:

o retrieval of past tasks

e long-term project continuity
e user-specific preferences

e improved iterative reasoning

When recurring tasks expose missing capabilities, the mesh can initiate self-expansion:

o identify needed specialization

e collect open-source datasets

e clean + merge into gold data

o fine-tune a new specialist LLM

e attach it to the mesh

o register it with Router + Memory

A strict rule enforces that ANM may auto-spawn only one new LLM without human
approval, ensuring controlled evolution.

2.6 ANM Flow Diagram
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3. Design Principles

The Artificial Neural Mesh (ANM) is governed by a set of principles that ensure robustness,
scalability, safety, and emergent intelligence. These principles define the boundaries of the
system and guide how each component makes decisions.

3.1 Modularity Over Monoliths

Traditional LLM systems treat intelligence as a single giant model.
ANM rejects this.

Instead:
e cach specialist has one purpose
e each model evolves independently
e o single point of failure

upgrades do not break the whole system

This design mimics biological intelligence: different brain regions specialize deeply but
cooperate seamlessly.

3.2 Cooperative Multi-Model Reasoning
ANM’s strength comes from specialists reasoning together, not alone.
Through Web-of-Thoughts (WoT):

e specialists debate
o verify each other



e correct mistakes
e combine perspectives
e build shared reasoning graphs

This leads to reasoning that no single model can reach alone.

3.3 Dynamic Task Routing

The Router is not static.
It decides which experts are needed for each input.

Rules include:

capability matching

context awareness

safety requirements

computational cost

past performance stored in memory

This creates intelligent dispatching similar to an operating system.

3.4 Separation of Thinking, Refining, and Judgement
ANM enforces a strict pipeline:
1. Specialists think
2. Refiner restructures
3. Verifier judges
This separation ensures:
clarity
safety

correctness

L]
L]
L]
e transparency

One model cannot dominate the entire pipeline.

3.5 Controlled Self-Evolution

ANM can generate new specialists — but under tight rules:



only one new LLM can be auto-spawned
dataset must be open-source + clean
refiner + verifier validate the new model
human approval required for more growth
model must register itself with the mesh

This prevents uncontrolled, exponential expansion.

3.6 Episodic Memory as a Cognitive Backbone
Memory is not stored in the LLM weights — it lives outside, in a vector DB.
This allows:

long-term continuity
identity formation
past-task recall
personalization

reduction of hallucinations

Memory is the “mesh glue” — binding all specialists together.

3.7 Safety Before Execution
Nothing reaches a human or a system until the Verifier passes it.
Verifier checks:

logic

ethics

factuality

harmful patterns
dangerous actions
compliance with rules

It functions like a prefrontal cortex layer.

3.8 Single-Machine, Full-Stack Control

ANM is intentionally bound to a single powerful machine.

Why?



low-latency communication
predictable behavior

secure processing
simplified scaling

high reliability

It can later be distributed — but version 1 must be controllable.

3.9 Human Override at Every Level

The architecture is built with the rule:
“Human final authority.”

Router respects user preferences

Expansion engine pauses for user approval
Verifier enforces human rule sets

Memory prioritizes user importance

No model can overwrite others without permission

3.10 Transparent Thought Trails
Every message, chain, and WoT exchange is logged.
This gives:

clear interpretability
debugging capability

trust

traceability of who did what
audit trails for safety teams

Nothing is hidden or “black box.”

4. Processing Pipeline (Step-by-Step Flow)

This section describes the full execution flow of the Artificial Neural Mesh (ANM) from raw
user input to final output or system action. The pipeline ensures determinism, safety, parallel
reasoning, and correctness.

4.1 Stage 1 — Input Interpretation (Router Activation)



When the user sends input, the Router LLM is the first component to activate.

It performs:
1. Intent classification
2. Task decomposition
3. Capability matching
4. Memory retrieval
5. Safety pre-check

Examples of decisions made here:
e “This is code — send to Coding Module.”
e “This includes an image — activate Vision.”
e “This requires multi-step reasoning — Mathematics + Logic.”

e “This involves actions — call Executor model.”

The Router does not solve the problem; it orchestrates the mesh.

4.2 Stage 2 — Specialist Selection & Role Assignment
The Router selects the optimal combination of Specialist LLMs based on:

e domain expertise

e model performance history (from episodic memory metadata)

o safety level required

e complexity of task

e available compute
It assigns structured roles, e.g.:

e “Coder: analyze file system + generate fix.”

e “Vision: extract objects from screenshot.”

“Math: validate derivation.”

o “Researcher: gather context.”

This forms the task squad for the current request.

4.3 Stage 3 — Web-of-Thoughts Activation (Multi-Model
Parallel Reasoning)

Selected specialists now communicate through WoT:

o exchange intermediate reasoning



evaluate each other's outputs

correct errors

expand missing steps

merge logical chains

run code simulations

analyze vision — code — logic loops

WoT is the collective thinking layer, enabling the mesh to solve tasks too complex for any
single model.

This stage produces raw reasoning output bundles.

4.4 Stage 4 — Refinement (Synthesis of Multi-Model
Output)

The Refiner LLM merges contributions from specialists.

It performs:

deduplication
contradiction resolution
coherence merging
narrative restructuring
code formatting + cleanup
logic tightening
readability improvement

Goal: transform raw parallel thoughts into a single clean answer.

4.5 Stage S — Verification (Final Safety + Logic Gate)

Before anything exits ANM, the Verifier checks:

Logical validity
e Isreasoning correct?
e Are there hidden jumps?
e Does math check out?
e Does the chain satisfy constraints?

Factual accuracy

e Is information grounded?
e Are hallucinations removed?



Safety

Does output respect ethical rules?
Are actions non-harmful?

Is user identity preserved?

Are dangerous patterns blocked?

Verifier is the final firewall.
If Verifier rejects, the system returns to:
e Router — refine again

e Specialists — re-reason
e Memory — fetch more data

4.6 Stage 6 — Execution or Qutput Delivery

If Verifier approves:

e output is delivered to user, or
e action is executed (tool use / file edits / external operations)

Execution examples:

"Write code and save file"
"Edit spreadsheet"

"Run computation"
"Describe image"

"Plan multi-step tasks"

4.7 Stage 7— Memory Encoding (Episodic Logging)
After completion, ANM saves:

final answer

steps taken

specialist performance
what worked

what failed

user preference patterns
important contextual items

This enables:

e long-term personalization
o skill improvement
e Dbetter routing in the future



continuity across sessions

All memory logs are stored as vectors + metadata, not inside model weights.

4.8 Stage 8 — Expansion Check (Optional)

If the task reveals missing capability:

Examples:

new coding domain
new math field

new tool interaction
advanced research need

Then the Expansion Engine:

AU S e

Detects the gap

Chooses open-source datasets

Cleans + merges — gold data

Fine-tunes a new specialist

Registers specialist into mesh

Asks permission if more expansion needed

This gives ANM controlled self-evolution.

5. Use Cases & Applications

The Artificial Neural Mesh (ANM) enables capabilities that exceed the limits of single-model
systems. By combining modular specialization, parallel reasoning, and controlled self-
expansion, ANM unlocks a wide range of high-impact applications.

5.1 Advanced Software Engineering

ANM provides a multi-agent coding environment where:

Capabilities:

Vision module reads screenshots/code editors
Coding expert generates solutions

Logic module checks algorithms

Refiner polishes code

Verifier ensures correctness and safety



Full-stack application creation
Debugging across languages
Reverse-engineering

System architecture planning
Automated documentation
OS-level automation

This matches or exceeds the workflow of multiple human engineers working together.

5.2 Scientific Research & Mathematics

Because ANM can route complex tasks to math + logic specialists—and refine cross-domain
reasoning— it can:

Solve multi-step proofs

Analyze equations

Explain scientific papers

Derive results step-by-step

Connect concepts across physics, chemistry, and biology
Plan experiments

Validate models using Verifier logic

This enables a research assistant at doctoral-level precision.

5.3 Autonomous Task Execution & Agents

ANM’s Verifier + Router pipeline makes it ideal for:

Examples:

tool use

file modification

system-level automation
background planning agents
orchestrating multi-step workflows

Update an entire project folder safely
Manage schedules and reminders

Interact with external APIs

Multi-step “agent loops” with safety firewall

The Verifier prevents harmful actions.



5.4 Multimodal Intelligence

With specialists dedicated to different modalities:

Vision — image understanding
Audio — speech + sound analysis
Text — reasoning + research
Math — formal logic

Code — execution planning

ANM becomes a unified multimodal architecture, not limited to one skill.

5.5 Personal Knowledge Assistant

Episodic memory enables:

long-term personalization
identity preservation
remembering old tasks

adapting to user preferences
building a consistent personality

This forms the foundation for personal AGI assistants without risk of runaway behavior.

5.6 Education, Learning & Tutoring
ANM can:

tailor explanations to the user
teach concepts step-by-step
adapt to learning speed

correct misconceptions

create personalized practice tasks

Safer than standalone LL.Ms because of Verifier regulation.

5.7 Al Research & Model Development

The Expansion Engine makes ANM valuable for Al labs:

e discover missing capabilities
e auto-generate new specialist models



e propose new architectures

o self-evaluate performance gaps
o refine open-source datasets

e build model families

It becomes a meta-Al system—an Al that helps build new Als.

5.8 Robotics & Real-World Planning

Multi-modal reasoning + hierarchical orchestration enables:

e sensor analysis

e action planning

e real-time decision pipelines

o safe execution using Verifier filters

Ideal for:

household robots

industrial automation

drone planning

autonomous vehicles (non-critical)

5.9 Operating System Intelligence
ANM can integrate into operating systems in general

control UI elements

manage applications

handle background tasks
provide real-time assistants
manage files safely

enable intelligent automation

This positions ANM as the neural core of future Al-native operating environments.

5.10 Self-Evolving Expert System
Unlike traditional Als, ANM can:
e detect what it doesn’t know

e create new specialists
e improve over time



e handle new domains
But always inside:

e one machine

e one mesh

e one controlled boundary

o strict safety rules

This makes it the safest form of self-improving Al ever proposed.

6. Safety Framework

The Artificial Neural Mesh (ANM) is designed with a layered safety framework that prevents
harmful output, ensures alignment with user intent, and guarantees controlled

system behavior. Because ANM includes emerging properties (multi-model reasoning, self-
expansion), the safety architecture is intentionally conservative, restrictive, and transparent.

6.1 Multi-Layer Safety Architecture

ANM employs four independent safety layers, each responsible for a different aspect of
system control:

1. Router Safety Layer — pre-check before any model activation
2. Specialist Safety Layer — local constraints inside each model

3. Verifier Safety Layer — global final gatekeeper

4. Human Oversight Layer — user approval for critical changes

These layers form a safety mesh that mirrors the intelligence mesh.

6.2 Router-Level Safety Checks

Before any specialist is activated, the Router ensures:

o the user request is allowed

e no restricted actions are being attempted

o high-risk tasks are diverted to safe modes

e memory retrieval follows permission boundaries
o specialists receive only the context they need

This prevents:

e harmful tool usage



o unsafe reasoning chains
e accidental dangerous outputs
e misuse of system capabilities

Router safety functions like the brain’s thalamus filtering dangerous impulses.

6.3 Specialist-Level Safety Rules

Every specialist LLM contains:
its own micro-safety layer
domain-specific constraints

allowed-action lists
built-in guardrails for its expertise

[ ]
[ ]
[ ]
[ ]
Examples:
Coding specialist cannot generate malware
Vision specialist cannot identify private individuals

Math specialist cannot optimize harmful physical systems
Logic specialist cannot bypass constraints

This prevents specialists from being exploited independently.

6.4 Verifier as the Final Firewall

The Verifier LLM is the strongest safety component in ANM.

It checks:
V Logical Safety

e No contradictions
e No false steps
e No harmful inference chains

V Ethical & Alignment Safety

e No disallowed advice
e No harmful guidance
e No malicious outputs

V Factual Safety



¢ No hallucinations
e No unverified claims
e No fabricated details

V Execution Safety

e Prevents dangerous file operations
e Blocks harmful tool calls
o Enforces user boundaries

Nothing exits the system without Verifier approval.

6.5 Limited Self-Expansion Rules

ANM can generate new specialists, but under strict control:

Only one model can be auto-spawned

It must use only open-source, safe datasets

Dataset must be cleaned and merged into gold data

The new model must be verified by the Refiner + Verifier
Registration into mesh requires explicit approval

No recursive self-expansion allowed
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This prevents uncontrolled runaway growth.

6.6 Controlled Compute Boundaries

ANM is intentionally bound to a single machine:

all compute local

no distributed scaling

cannot seek external servers
no cloud self-expansion

all memory local and secured

This ensures full predictability and containment.

6.7 Transparent Reasoning Logs

Every WoT message, refinement step, and verification pass is logged:



o auditable

e interpretable

e reviewable

e traceable

No hidden processes.

No black-box internal evolution.

6.8 Human-in-the-Loop Governance

ANM requires approval for:

self-expansion

high-risk tasks

memory deletion

long-term autonomous plans
system-level changes

Human is always the final decision-maker.

6.9 Safety During Agent Actions

If ANM executes actions:

e each tool call is checked by Verifier
e Router assigns safe parameters

e specialists cannot bypass Executor
e human override always present

This ensures safe autonomy.

6.10 Hard Limits Against AGI Behavior

To prevent unbounded AGlI-like emergent capability:

no recursive self-improvement

no model combining or weight merging
no self-modification of Router or Verifier
memory cannot influence model weights
deliberate computational bottlenecks
strict isolation rules



ANM is intelligent, powerful, and adaptive —
but never self-liberating.

7. Limitations

While the Artificial Neural Mesh (ANM) introduces a powerful new multi-model intelligence
architecture, it has limitations inherent to its design, compute constraints, and safety structure.
Acknowledging these limitations is essential for understanding the system’s scope and future
potential.

7.1 High Computational Requirements

ANM requires:
o multiple specialist models
e parallel reasoning
e memory retrieval
o refinement + verification passes

This leads to significantly higher compute usage than single-model LLMs.
Running ANM efficiently requires a high-performance machine (e.g., multi-GPU
workstation or DGX-class node).

7.2 Single-Machine Constraint

The architecture is intentionally restricted to one machine for safety.
But this also means:

limited scalability

limited model size

no distributed training

e slower performance for extremely large workloads

This constraint protects safety but reduces raw power.

7.3 No Weight-Level Self-Improvement

ANM cannot modify or retrain itself beyond:

o fine-tuning new specialists



It cannot:

generating datasets
improving memory-based reasoning

rewrite its own weights
merge specialists
optimize low-level neural architecture

This avoids AGI runaway behavior but limits evolution speed.

7.4 Dependency on Initial Specialist Quality

The mesh is only as strong as its specialists.

If the base models are:

weak

outdated

poorly fine-tuned
missing capabilities

Then the whole system’s performance decreases.

7.5 Risk of Over-Coordination

When too many specialists are activated:

WoT communication becomes noisy
merging becomes harder

reasoning conflicts increase
refinement takes longer

Routing must be carefully optimized.

7.6 Memory Can Become Noisy Over Time

Episodic memory may accumulate:

irrelevant data
outdated information
conflicting context



e redundant embeddings

This can affect routing and reasoning unless periodically cleaned.

7.7 Expansion Engine Limitations
While powerful, the Expansion Engine:

e only supports open-source datasets

e has strict safety restrictions

e cannot auto-expand recursively

e can generate only one new model autonomously

This slows growth but maintains control.

7.8 Verifier Bottleneck

Verifier is the strongest safety layer — but also a bottleneck.
Since everything must pass through it:

e long outputs slow down

e high-demand tasks cause wait times

e complexity increases latency

Verifier ensures safety but reduces speed.

7.9 Not a General AGI
While ANM has AGI-like qualities:

e modular intelligence

e multi-model reasoning
o self-expansion

e episodic memory

...it is not an AGI:

e 1o self-awareness

e no self-optimization beyond constraints
e no long-term goals

e no internal weight modification



no unconstrained autonomy

ANM is a safe, restricted, engineered system, not full AGI.

7.10 Requires Expert Setup

Building ANM requires:

model orchestration knowledge
dataset engineering

vector memory design

safety rule engineering

systems integration

ANM is not “plug-and-play.”

8. Future Work

Draft vl — clear, ambitious, realistic

The Artificial Neural Mesh (ANM) represents an early-stage architecture for modular, multi-
model intelligence. While conceptually strong, numerous research directions remain open for
future development.

These pathways outline how ANM can evolve into a more efficient, powerful, and
generalizable system.

8.1 Distributed Mesh Architectures

While version 1 of ANM is bound to a single machine, future versions may explore:

distributed routing

multi-machine parallelism
cluster-scale specialist networks
high-speed interconnect protocols

This would retain safety while unlocking far greater computational capacity.

8.2 Hardware-Aware Mesh Optimization

Future work may include:



e dedicated acceleration for WoT communication

e on-chip memory layers

e specialized co-processors for refinement/verification
e LLM-router co-design

This could reduce latency and power consumption dramatically.

8.3 Improved Specialist Generation

The Expansion Engine may evolve to:
« intelligently propose new specializations
o generate datasets with synthetic augmentation
o evaluate model quality using learned heuristics

e compress specialists for efficiency

Making self-expansion smarter while preserving safety.

8.4 Multi-Modal Unification

ANM can be expanded to include specialist modules for:

e video understanding

e 3D spatial reasoning

o audio generation and recognition
e robotics sensor fusion
 tactile/kinesthetic simulation

This would make ANM a unified multi-modal foundation.

8.5 Dynamic WoT Optimization

WoT can gain smarter communication:

o weighted reasoning contributions
o adaptive role-switching

o conflict resolution heuristics

o self-tuning conversation paths

Essentially evolving from “static messaging” to adaptive neural dialogue.



8.6 Long-Term Autonomous Planning

Under strict safety rules, ANM could develop:
multi-day planning
project-level organization

background execution with human check-ins

[ ]
[ ]
[ ]
e dynamic reprioritization

Turning ANM into a truly useful personal or research assistant.

8.7 Explainability & Interpretability Tools

Future versions may include:
rich visualizations of reasoning graphs
WoT message maps

specialist activation analysis

[ )
[ )
[ )
o decision-tree reconstructions

Enabling better transparency and debugging.

8.8 Integration with Robotics
ANM’s multi-modal reasoning makes it ideal for robotics.
Future work may include:

e integrating real-time sensor models

e motor control specialists

e world-model prediction

safety-limited planning loops

A mesh brain capable of safe robotic reasoning.

8.9 Formal Verification of the Verifier

The Verifier itself could be strengthened through:

o formal logic models
o mathematical proof generation
e rule-based hybrid systems



o fail-safe fallback modes

Ensuring the safety layer is mathematically reliable.

8.10 Towards Constrained AGI Systems

While ANM is not AGI, future research may explore:

e bounded generalization

o safe extended autonomy

e hierarchical multi-mesh architectures

o hybrid biological-inspired cognitive layers

A pathway toward safe, limited-domain AGI, tightly governed by hard limits.

9. Conclusion

The Artificial Neural Mesh (ANM) introduces a new paradigm for multi-model intelligence:
a system where specialized models collaborate through structured communication,
coordinated routing, and controlled self-expansion. By separating the roles of reasoning,
refinement, verification, memory, and evolution, ANM creates an architecture that is both
powerful and safe.

Unlike monolithic LLMs, ANM behaves as a network of experts rather than a single
generalized model. This enables broader capability, deeper reasoning, and more flexible
adaptation. At the same time, the layered safety framework prevents runaway behavior and
ensures that all outputs remain aligned, factual, and traceable.

Through the Web-of-Thoughts (WoT) mechanism, ANM allows specialists to exchange
intermediate reasoning, challenge one another, and construct richer cognitive structures.
Episodic memory provides continuity, allowing the mesh to retain long-term context

without modifying model weights. The Expansion Engine enables careful, bounded evolution
when new capabilities are needed.

ANM is not full AGI, nor does it aim to be. Instead, it proposes a safer and more practical
alternative: a constrained multi-brain system capable of high-level problem-solving,
research, planning, and autonomous reasoning within human-defined limits. It opens a
new pathway for Al architecture design—one that emphasizes modularity, cooperation,
transparency, and safety.



This work presents ANM as both a conceptual framework and a foundation for future
experimentation. With further research, optimization, and integration, ANM may serve as a
stepping stone toward the next generation of intelligent systems: powerful, interpretable,
extensible, and aligned by design.



