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In the last several years, a technology called virtualization has become available to anyone who uses 
a personal computer.  A common implementation is the “virtual machine”.  This is essentially a 
software application running on top of a standard operating system, and typically presenting itself 
within an application window.  The window presents the video console of a simulated “virtual” 
computer1.  When this computer is “switched on”, the simulated video console displays the black 
screen and white initialization text that you see when you switch on a real computer.  With special 
key combinations, other peripherals of the real console, such as the mouse and keyboard, can have 
their use alternated between the host computer and the simulated computer.  You can proceed to 
load an operating system on this virtual machine just as you would on a real computer. 

Running the virtual machine application again, upon what is already a virtual machine, then creates 
a machine within a machine.  However, recursively nesting virtual machines, just like so many 
Russian dolls, soon reveals the limitations of this process.  Each nested machine must be smaller 
(have less memory) and be slower (execute fewer clock cycles), than its parent machine. 

There have been serious attempts to argue that our perceived reality is in fact a simulated reality 
executed on a gigantic computer belonging to a civilization far in advance of our own.i  In these 
arguments, our nested reality is likewise considered smaller, and then either less complex or less 
complete, if not slower, than the parent reality.  The main objection to these arguments is that they 
do not seem to get us any closer to a fundamental understanding of reality.  As with ancient creation 
myths, we are left asking if there is an even higher reality above that of the conjectured parent 
reality, and still more above that one, ad infinitum. 

Philosophers are nevertheless very interested in these arguments, because a simulated world is 
potentially a contingent world.   There are today many simulated worlds nested within our own 
reality, such as Second Lifeii, whose “laws of nature” are merely programmed into the simulation, 
and can be changed at will by the owners of the simulation.  In a similar way, many throughout the 
ages have imagined that there might be some “great programming committee in the sky” who can 
engender, at will, all of the world’s extraordinary (and typically unverifiable) behaviour. 

The world’s ordinary, experimentally verifiable behaviour, however, is effectively described by 
mathematics.  Some have even proposed (and rigorously argued) that the physical world is actually 
composed of mathematics.iii  There would not be matter at the foundation of the world.  Instead, we 
would be made up out of abstract transformations. 

If all the interactions that give rise to the physical world can be described within a mere subset of 
mathematics, the computable functions, then there may be another layer of abstraction to our 
composition.  In attempting to rigorously define computable functions, Alan Turing discovered a 
theoretical device for manipulating symbols, which now bears his name.  He envisaged his machines 
as thought experiments rather than physically constructed objects.  Indeed, he labelled the mind of 

                                                             
1 This particular implementation is formally known as a Type 2 Hypervisor  



the person who executes them a “computer”, mechanically processing the logic of the machines “in 
a desultory manner”.iv  He then described the Universal machine, one that can be used to compute 
any computable sequence, including the sequence that defines that Universal machine itself.  As in 
the opening example, he described a machine that could simulate itself. 

Suppose then, that you execute some particular Universal Turing machine.2  In doing this, your mind 
represents the hardware, the reality, while the logic you are interpreting – the machine – is the 
software, the abstraction.  Next, have this machine execute the code which is the simulation of 
itself.  You then have three computers; your mind, and two effectively identical Universal Turing 
machines.  Finally, use the second machine to execute the code that constitutes the first machine, 
leaving the first machine as it was executing the code of the second machine, thus freeing your mind 
from involvement with either machine.  The result is a self-supporting couplet of abstract but extant 
machines, independent of your mind, each executing the same finite number of computational steps 
in a finite combined cycle time.  Because this system is abstracted from the physical world, it is of 
course not subject to the laws that govern the physical world, the laws of thermodynamics in 
particular. 

Such a system would not be very useful if holding itself in existence were all it could do.  Yet these 
machines can do more than just simulate themselves, they can compute any computable function.  
By inserting small amounts of additional code at the time of their creation, these simple systems can 
build into Universes. 

Replication code could be incorporated to spawn a new pair of machines in each computational 
cycle.  If the absolute period of the cycle was a fundamental quantum of time (for example the 

Planck time, 10    seconds), then 2    such couplets would be generated in the first second, each 
made entirely out of the abstract. 

Simulation code could present the parameters of a physical world, so that any given “atom”, as one 
might call these devices, could represent a quantum of space, an inertia of mass, et cetera.  Each 
atom3 could be set to interact with each of its neighbours in a regular fashion, eventually presenting 
a transparent Universe such as the one we now perceive.  Time as we experience it would be the 
agglomeration of these quanta in action.  

As we see in biological cell replication, the code for each atom could be set to reproduce a finite 
number of offspring before halting, thus limiting the size of the Universe.  The atoms could be 
programmed to eventually delete themselves, precipitating proton decay. 

Finally, these atoms could include entry points into provisional code elements which an authorized 
user could activate to execute a localized or universal programme update. 

Instead of a nested hierarchy of that which is ‘simulating’ and that which is ‘simulated’, a Universe 
constructed using this methodology would be self-referentially simulated at the most fundamental 
quantum of its existence. 

                                                             
2 These can be extremely simple, for example the recently discovered 2-state 3-colour machine 
http://www.wolframscience.com/prizes/tm23/ 
3 The term ‘atom’ is used here in the sense “indivisible component”, as distinct from the chemical elements, 
which are indeed divisible, having a deep substructure 



One of the transformations employed by mathematicians when seeking a solution to a conundrum is 
simple inversion.  In the materialist paradigm, mind is interpreted as an emergent property of 
machinations within a complex physical structure, the brain in particular.  In the converse mental 
paradigm, mind is interpreted as a timeless substance which precedes the creation of the physical 
world. 

While we may not know the composition of this substance, we are quite familiar with its composed 
form.  If we think of mind as a fluid, then it would appear that each of us has a certain capacity for it.  
The physical mechanism with which it is associated (the human body for example) is then merely an 
experiential node, a system that allows a given quantity of mind to interact with an objective 
external reality, and store the history of that interaction.  This mental fluid would of course be the 
same substance irrespective of the node’s morphology.  

Any of us could put our mind to starting up a new universe, as described, from scratch.  However, we 
already have at hand a world that our mind prepared maybe fifteen thousand million years earlier, 
and whose computation, in our vicinity, may well be nearing completion.  We have emerged out of 
the lengthy time evolution of this Universe, and gone on to discover how our mind programmed this 
Universe.  It remains for us to discover what alternative operational modes Nature has embedded 
within its structure, merely waiting to be activated.  We are nearing the practical limit for the 
technique of smashing particles into one another to see what they are made of and what they can 
be made into.  We need to find novel ways to decipher their code. 
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