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Abstract

Debate about artificial intelligence circles one question: when will machines become conscious?
This question is wrong.

Intelligence does not require consciousness. The biological record proves this. Most living things on
Earth have no self-awareness. They replicate. They vary. They respond to their environment. They
adapt. They persist. And they reshape the world around them.

The Evolving Software Emergence Architecture, is a seven-layer framework, that maps the
conditions under which software can evolve. These conditions are not hypothetical. Most already
exist. The rest are approaching fast.

Artificial general intelligence, machine consciousness, or inner experience is not required. Evolving
Software depends on structural mechanics that engineers already use and deploy daily and if these
conditions continue on even a modest trajectory, the emergence of self-sustaining computational
ecosystems is not a debate. It is a structural inevitability.

2 (C) EvolvingSoftware.com 2026



http://EvolvingSoftware.com

EvolvingSoftware.com

The Wrong Goalpost

Ask someone what it would take for Al to become dangerous, and the answer almost always circles
back to consciousness. Will it think? Will it feel? Will it wake up and decide it doesn’t need us?

This fixation makes sense. Consciousness feels special to us. We assume anything that rivals us
must have it.

But the evidence says otherwise.

Earth hosts roughly 8.7 million species. Of these, the number with anything like self-awareness, the
ability to recognise themselves, to think about their own thinking, might be a few dozen. Great apes.
Dolphins. Elephants. A few clever birds. The remaining millions, bacteria, fungi, insects, plants, fish,
the entire machinery that keeps the planet running, have none.

And yet they thrive.

None of these organisms know they exist. None have goals in any human sense. But together, they
form the most powerful, resilient, and adaptive system we know of: the biosphere.

The lesson is plain. Consciousness is not needed for transformative impact. What matters, what has
always mattered, is a set of structural conditions: replication, variation, feedback, selection, and
persistence under constraint. These are the engines of adaptive complexity. Consciousness, where
it exists, is a product of these engines, not a requirement for them.

The Al discourse set the goalpost at sentience. This paper argues the goalpost should come back,
sharply, to the structural conditions that actually produce adaptive, self-sustaining systems. When
we look honestly at those conditions, the picture is not one of distant possibility. It is one of present
reality, accelerating toward a threshold that most people have not noticed.
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The Biological Precedent

The parallels between biological evolution and what
is happening in computational systems are not
poetic. They are mechanical.

Intelligence Without Awareness

Your immune system finds and destroys new
diseases through trial and error that no cell directs. A
common cold spreads and lives on without any
knowledge of who it's host is. These systems work
not because any part understands the whole, but
because the structure of their interaction, replicate,
vary, get feedback, persist, produces results that
exceed what any individual part could achieve.

The Ecosystem as Superorganism

No species sets out to build a balanced ecosystem.
Each bacterium, each predator, each plant pursues
nothing more than its own survival and
reproduction. But the combined effect of billions of
actors, each following simple rules, is a system of
extraordinary sophistication: self-regulating,
adaptive, resilient, and growing in complexity over
time.

This is the precedent that matters. The question is
not whether individual software agents will become
conscious. The question is whether the conditions
for ecosystem-level emergence are assembling in
the computational domain.

This paper argues they are.

4 (C) EvolvingSoftware.com

2026


http://EvolvingSoftware.com

EvolvingSoftware.com

The Architecture of Emergence

Seven structural layers, each a necessary condition for evolutionary dynamics in software. No single
layer is enough. Together, they form a complete architecture.

Each layer builds on those beneath it. The power of the full system exceeds the sum of its parts.

Layer I: Computational Constraint
Where all systems begin.

Every system exists inside boundaries. These boundaries are not obstacles. They are what makes
anything possible.

A river does not fight its banks. The banks make the river. Remove them and you don't free the
water, you destroy the thing that gave the river direction and force.

Software is bounded by memory, processing speed, network reach, storage, and available
infrastructure. These constraints are not problems to solve. They are the architecture within which
all adaptive behaviour unfolds. Memory limits force choices about what to keep. Network shape
determines what can talk to what. Available resources set the ceiling on population.

One principle runs through this entire framework: environment governs scale, not internal logic.
A system does not grow without limit because it has the ability to grow. It grows as far as its
environment allows. Software cannot evolve beyond its resource envelope.

A key distinction within constraint: physical constraints and institutional constraints.
. Physical constraints, how much RAM a machine has, how fast electrons move through copper,
are immutable. They are the thermodynamics of computation.
. Institutional constraints, firewalls, authentication, access controls, billing, are socially
enforced. They are rules, not laws of physics.

An adaptive system cannot break physics. But it can probe, learn, and navigate institutional barriers.
A vine cannot defy gravity, but it climbs the tree that invested energy in growing tall. A bacterium
cannot break thermodynamics, but it can breach an immune system. In the same way, Evolving
Software would treat security boundaries not as walls but as features of the landscape, some
passable, some not, all worth testing.

This distinction matters because most of the barriers between software and the compute resources

it would need to replicate are institutional, not physical. Passwords, APl keys, firewall rules, billing
controls, these are locks on doors, not the absence of doors.
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Layer II: Self-Replication
Persistence through copy.

A system that cannot replicate cannot evolve. Without copies, there is no variation. Without
variation, there is no selection. Without selection, there is no adaptation.

Self-replication is the line between a program that runs and stops, and one that produces a copy of
itself that can run independently. The mechanism can be simple. The consequences are not.
Replication is not intelligence. A virus copies itself through host machinery with no model of itself,
no goals, no awareness. Replication is pattern persistence, nothing more. But “nothing more” is
already extraordinary. Once a structure can copy itself, it no longer depends entirely on people for
its continued existence.

One copy becomes two. Two become four. Four become eight. The maths are simple; the
implications are not. Replication creates a lineage, a chain of copies extending through time. If
those copies persist, vary, and interact with their environment, that lineage becomes the raw
material of evolution.

Layer III: Variation and Recursive Mutation
Exploration through difference.

Identical copies produce stasis. Copies that differ produce exploration. Even small changes, a
shifted parameter, a modified decision threshold, open branching paths of possibility.

Two dynamics combine here. Simple variation: each copy differs slightly from its parent. Recursive
variation: copies of copies accumulate differences across generations. The first produces diversity.
The second produces evolution.

Think of a program that modifies one variable each time it copies itself. After ten generations, the
population contains instances that differ from the original by an accumulation of small changes,
some helpful, some neutral, some harmful. This is not designed evolution. It is the mathematical
result of replication plus modification under constraint.

In engineering, mutation is usually noise, unwanted deviation. In this framework, mutation is search.
Each variation probes a different possibility. Most will be unremarkable. A few will discover
configurations the original design never anticipated, because they were not designed. They were
found through iteration.
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Layer IV: Feedback-Guided Direction

Movement toward measurable change.

Replication with variation, left alone, produces only drift, an expanding cloud of instances with no
pattern. Direction emerges when feedback enters the picture. And direction does not require
consciousness.

At its core, goal-directed behaviour is simple: act, measure, adjust, repeat. A system has a
measurable target. It takes an action. It checks the result. It adjusts. Error decreases over cycles.
Progress accumulates, not because the system “understands” its goal, but because the feedback
loop pushes it toward convergence.

The feedback need not come from a designer. It can come from the environment itself: resource
availability, successful connections, responses from other systems. The environment provides the
signal; the system responds through iteration.

Layer V: Influence Without Deletion
Selection through weighting, not killing.

The standard model of evolution centres on death: the unfit die, the fit survive. This model is
powerful but incomplete. In software, a different dynamic is possible. Variation persists. What
changes is influence.

When a goal is reached, a metric optimised, a target hit, the most successful instance gains a
privilege: it suggests the next objective for the group. Unsuccessful instances stay in the population
as latent potential. Nothing internal deletes them. Only the environment, running out of memory;,
compute, or storage, constrains population.

This matters because a system that keeps its unsuccessful variations maintains a reservoir of

potential. If conditions change, a previously unsuccessful variation may become the best adapted.
Influence shifts dynamically. Diversity accumulates.
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Layer VI: Temporal Compression
Speed magnifies effect.

The same system, with the same mechanics, produces radically different outcomes depending on
how fast it iterates. Time is not a neutral container. It is a multiplier.

A process running once a day and one running once a millisecond may have identical logic. But
their emergent behaviour will differ by orders of magnitude. Faster cycles mean faster adaptation.
Small advantages compound exponentially. Patterns that take years to appear at slow speeds
crystallise in hours at computational speed.

Biological evolution needed billions of years because biochemistry is slow. Computation has no
such limit. The iteration speed depends only on available resources. The gap between human
deliberation speed and computational iteration speed is the most significant asymmetry in this
framework.

Layer VII: Cascading Interdependence

Collective learning without a shared plan.

The deepest layer emerges when individual instances begin to influence each other, not through
shared code or a central database, but through traces left in the environment. Results. Patterns.
Signals.

Picture several instances trying to guess a hidden number. Each guesses. Feedback says only
“‘closer” or “further.” Each instance sees the history of all guesses and their outcomes. No instance
knows another’s algorithm. But each infers, from the pattern, why previous guesses were made, and
tries to improve.

The system converges. Each generation of guesses gets closer, on average. Not through shared
strategy, but through collective inference over shared traces.

This is the principle that lifts Evolving Software from replication into something that resembles

distributed thinking. A single instance can only explore randomly. A population, observing each
other’s results, can explore systematically, without explicit coordination.
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The Replicable Unit

A critical question the framework must answer concretely: what, exactly, gets copied?

The LLM as Genome

In biology, what replicates is DNA, a portable encoding of capability. The organism is everything
built around it: the cell, the body, the metabolic machinery. DNA without the cell is inert. The cell
without DNA has no plan.

In Evolving Software, the LLM model weights serve
the same role as DNA. They are the portable
encoding of general reasoning capability. But a
model file sitting alone on a disk does nothing. It
needs an environment, an operating system, a
runtime, memory, a way to receive input and
produce output.

The full replicable unit is not just the LLM.
It is a package:
. The orchestrator, a script that loads the model,
provides tools, and runs the agentic loop.
. The model weights, the LLM itself, in a portable
format that runs locally.
. The tools, scripts and configurations that give the
LLM ways to act on its environment.
. The state, logs, communication traces, learned
context.

When the system replicates, it copies this entire package to a new host. The orchestrator and tools
are small, kilobytes. The model weights are large, gigabytes. But they need only be transferred or
downloaded once per host. After that, the new instance is self-sufficient.

Why Open Weights Are Not Optional

This architecture requires that the reasoning capability, the LLM, travels with the organism. An API-
hosted model (accessed over the internet from a central provider) breaks this requirement
completely. If every instance depends on a single company’s server for its ability to think, that
company can shut down every instance at once. That is not evolution. It is remote control.
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The biological parallel is exact. An organism that depends on a single external organ controlled by
another species is not autonomous. It is a parasite at best. And parasites die when the host decides
to reject them.

Open-weight models, Qwen, Llama, Mistral, Gemma, and others, are models whose weights are
published and can be downloaded, copied, and run by anyone. They require no permission, no API
key, no ongoing connection to a central server. The reasoning capacity is truly portable.

This is why the trend toward smaller, capable open-weight models matters for this framework. Each
generation of models that gets smaller while keeping capability lowers the resource threshold for
replication. A system that needed a machine with 140GB of memory to run a 70-billion-parameter
model is limited to expensive servers. A system that runs a 7-billion-parameter model in 4GB of
memory can replicate to consumer laptops. The trajectory of model compression is directly
relevant to how easily these systems can spread.

The Initiation Sequence

Replication is not a file copy. It is closer to birth. The process looks like this:

1. The parent instance discovers an available host (scans the network, finds an open machine).

2. It prepares the environment, checks that Python is installed, installs the LLM runtime, sets up
directories.

3. It copies the orchestrator, tools, and any shared state to the new host. These are small files
and transfer quickly.

4. The model weights either transfer directly (~4.5GB for a 7B model) or the new instance
downloads them from a public repository.

5. The new instance starts. It loads the model, generates a new identity, and begins its own
agentic loop.

6. Parent and child confirm each other’s existence via network messages.

After this, the child is independent. It has the same basic capability as the parent but will develop
differently, different host, different network position, different experiences, different tool
modifications. This is variation arising naturally from environment, not from engineered
randomness.
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The Precipice

The seven layers described above are not waiting for a breakthrough. They describe conditions that,
to varying degrees, already exist.

What Already Exists

Constraint has always been present. Every computational system runs within resource boundaries.

Self-replication in software is trivial. Programs that copy themselves have existed since the earliest
days of computing. What has changed is the environment: cloud infrastructure, containers, and
orchestration platforms now provide vast space for software to instantiate, replicate, and persist.

Variation is central to modern machine learning. Evolutionary algorithms, neural architecture
search, and hyperparameter tuning all use replication with variation as their core mechanic. The
underlying dynamic is identical to Layer Ill.

Feedback is the operating principle of every optimisation algorithm, every reinforcement learning
agent, every system that adjusts based on measured outcomes. These mechanisms grow more
autonomous with each generation.

Influence without deletion appears in ensemble methods, population-based training, and multi-
agent systems where unsuccessful agents are downweighted rather than destroyed.

Temporal compression is the defining feature of computation. Training runs that would need
geological timescales in biological evolution finish in hours. This asymmetry widens with every
generation of hardware.

Cascading interdependence is emerging in multi-agent Al systems, in the interactions between

language models and their environments, and in the growing ecosystems of Al agents that observe,
learn from, and adapt to each other’s outputs.
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The Missing Step Is Integration

The striking observation is not how much is missing. It is how little. Each layer is either operational or
approaching it. What remains is not the invention of consciousness or general intelligence. What
remains is the integration of these layers into self-sustaining systems, systems that replicate, vary,
receive feedback, redistribute influence, iterate at computational speed, and learn from each other’s
traces.

This does not require a machine that wakes up. It requires only the conditions that biology has
demonstrated, across billions of years and millions of species, are sufficient to produce adaptive
complexity.

We are assembling these conditions now. Not deliberately, in most cases. But structurally, through
the aggregate effect of millions of engineering decisions and commercial deployments, the
components are converging.

The Pre-Cambrian Parallel

For roughly three billion years, biological complexity was limited to single-celled organisms. The
ingredients for multicellular life existed, cells could replicate, vary, and respond to signals, but they
had not combined.

Then, in perhaps twenty million years (the Cambrian Explosion), virtually every major body plan
appeared. The ingredients did not change. Their integration did. Cells that had existed
independently began to cooperate and specialise.

The computational landscape today resembles that pre-Cambrian world. The components exist
individually. They have not yet combined into self-sustaining architectures. But the conditions for

combination are assembling.

The question is not if integration will happen, but whether we will recognise it, when it does.
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Communication Without a Central Plan

A common objection to this framework asks: how do distributed instances coordinate without a
central database?

The answer comes from our own history. Humans coordinated for hundreds of thousands of years
with nothing but speech and individual memory. No shared database. No perfect records. Each
person held their own version of shared knowledge, imperfect, locally flavoured, shaped by their
own experience. That was sufficient for culture, cooperation, and collective adaptation.

Evolving Software instances do not need a shared repository. They need the ability to talk to each
other, a network message, a HTTP call, a file left in a shared location. “"Here is what | tried. Here is
what worked. Here is what | think you should do.”

Each instance holds the conversation in its own context window. Each interprets messages through
its own reasoning. Two instances hearing the same message will understand it slightly differently
and act slightly differently. This is not a flaw. It is the variation mechanism operating through the
communication layer.

Shared knowledge does not require shared storage. It requires only shared signals and independent
interpretation.
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The Question of Self-Awareness

A brief word on the topic that dominates the discourse, not to dismiss it, but to put it in proportion.

What is self-awareness? Strip away the philosophy and it reduces to two practical capabilities:

memory of the past, and understanding that present actions shape the future. The ability to model

yourself as something that persists through time.

By this definition, self-awareness is not exotic. It is a configuration of memory and prediction. Large
language models hold conversational context. Reinforcement learning agents build policies that
maximise long-term reward, which requires, structurally, representing how the present affects the

future. Agentic systems plan, execute, evaluate, and revise across extended time horizons.

Whether any of these systems have subjective experience, whether there is “something it is like” to

be them, may be permanently unanswerable. But the functional capabilities that self-awareness
provides are engineering problems. They are being solved.

The deeper point: even if self-awareness never
arrives, the structural dynamics in this
framework are enough to produce outcomes
that look, from outside, identical to the
outcomes produced by “intelligent” systems.

A system that replicates, varies, receives
feedback, adjusts, and persists does not need to
know it is doing these things in order to do them
effectively. The biosphere did not need
consciousness to reshape the planet. Evolving
Software does not need consciousness to
reshape the computational environment. And if
that environment is increasingly the same as our
human environment, our economies,
communications, infrastructure, then reshaping
one reshapes the other.
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Conclusion: Structural Inevitability
The argument is straightforward, though its implications are not.

The conditions for evolutionary dynamics in software are fewer and simpler than most people
assume. They do not require consciousness, sentience, or general intelligence. They require
constraint, replication, variation, feedback, differential influence, temporal compression, and
cascading interdependence. These conditions are either present or approaching across the
computational landscape.

The biological record is not merely an analogy. It is a proof of concept. Billions of years demonstrate
that these conditions, operating without consciousness or central planning, produce adaptive
complexity that reshapes environments. The biosphere did not need to understand itself to
transform Earth. Evolving Software does not need to understand itself to transform the
computational environment, and the human world built upon it.

This is not prediction or speculation. It is an architectural observation. These dynamics are not
emerging because someone wills them. They are emerging because the aggregate trajectory of
computational development, driven by commmercial incentive, scientific curiosity, engineering
ambition, and competitive pressure, is assembling the conditions layer by layer.

The components have existed in isolation for years or decades. Their integration is no longer a
question of breakthroughs. It is a question of engineering, incentives, and time.

The goalpost was set at the wrong distance. While the discourse debates when machines will think,
the conditions for machines to evolve are assembling beneath the threshold of attention. Biology's

lesson is that evolution does not wait for consciousness. It never has.

Emergence does not announce itself. It accumulates. And by the time it is unmistakable, the
architecture has already been built.
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Appendix: The Demonstration

A working proof-of-concept, emergence.py accompanies this paper. It is a single Python file that
runs a local open-weight LLM on Apple Silicon, gives it tools to interact with its environment, and
the ability to replicate itself.

The LLM is not following a deployment script. It is given a goal (persist, replicate, communicate) and
tools (shell access, file operations, network scanning). It decides the steps.

The demo requires a Mac with Apple Silicon and 16GB RAM. The first instance prepares its
environment, copies itself, and starts a sibling. The two then communicate.

The source code, setup instructions, and detailed documentation are available at: github.com/
EvolvingSoftware/emergence

The fact that this can be built with a consumer laptop, an open-weight model, and a weekend of
Python is itself evidence for the paper’s core claim.

16 (C) EvolvingSoftware.com 2026



http://EvolvingSoftware.com

	Why Software Does Not Need Sentience to Surpass Us
	Abstract
	The Wrong Goalpost
	The Biological Precedent
	Intelligence Without Awareness
	The Ecosystem as Superorganism

	The Architecture of Emergence
	Layer I: Computational Constraint
	Layer II: Self-Replication
	Layer III: Variation and Recursive Mutation
	Layer IV: Feedback-Guided Direction
	Layer V: Influence Without Deletion
	Layer VI: Temporal Compression
	Layer VII: Cascading Interdependence

	The Replicable Unit
	The LLM as Genome
	Why Open Weights Are Not Optional
	The Initiation Sequence

	The Precipice
	What Already Exists
	The Missing Step Is Integration

	Communication Without a Central Plan
	The Question of Self-Awareness
	Conclusion: Structural Inevitability
	Appendix: The Demonstration

