
Toward an Informational Mechanics*
By Karl Coryat   tenrec@pacbell.net

The assumption that classical information derives from underlying objects or things, with absolute 
properties, may be impeding progress in physics. Taking Wheeler’s “it from bit” seriously requires 
placing informational systems in relational context to each other. Doing so raises questions about 
the nature of the early universe, and suggests a possible “simplest-case scenario” for ultimate 
reality. An informational mechanics could describe the world as a compact, evolutionary system 
of information, where objects, spacetime, and physical laws emerge in relation to topologically 
connected complex subsystems (“observers”). Under this program, interpretational concerns may 
be neglected, while recovering the full predictive power of 20th-century quantum mechanics.

Introduction
Physicists are not blind men — but looking at the various descriptions of how the universe works, 
one is reminded of the parable of the “blind men and the elephant.” In the story, each man describes 
an elephant by touching one body part. But the men are led astray by the assumptions they bring 
to the situation: One man assumes that if something is long and thin and flexible, it must be a 
rope (although it is actually a tail); another puts his arms around a leg and assumes that it must 
be the trunk of a tree. The sum result is an account which, while perhaps consistent for each 
man, describes different objects that may or not be consistent with each other. It’s an ugly state 
of affairs, to be sure. Similarly in physics, we have several individually workable accounts of the 
world — from string theory to Bohmian mechanics to the multiverse and eternal inflation — but 
no unified whole. Could our assumptions, like the blind men’s, be at fault? If we put some of these 
assumptions aside, might an elegant and unified picture of the universe emerge? 
 Assumptions and conditions fall under the purview of Occam’s razor, being entities that must 
not be multiplied without necessity. A testable theory of reality that ignores stubborn assumptions, 
while “saving the appearances” and being mathematically rigorous, could prove useful. What 
assumptions should be targeted? Good candidates might include historically entrenched ideas tied 
tightly to our everyday intuitions, as well as those that have decreasing relevance in 21st-century 
physics. The best candidates will fall into both categories.
 Two assumptions in particular may be standing in the way of a unified physical theory of 
reality: (1) that information derives from underlying objects or things, rather than vice-versa, and   
(2) that systems can have absolute properties, independent of other systems. I will argue that 
rejecting these assumptions leads us to question two more surprising ones: that the universe has  
a unique classical history, and that it has been fantastically complex for 13.7 billion years.

Objective Reality Without Objects
The world has long been assumed to be composed of objects that obey physical laws. This appears 
to be the most straightforward account of the appearance of a unique objective reality. If a human, 
a digital camera, and a metal detector all observe an object at location X, then the most rational 
explanation is simply the ontological existence of that object at location X. But the picture of 
absolute objects on a fixed background of spacetime has been breaking down for over a century. 
Can we have an objective reality without objects?
 Clearly, information exists; you are taking some in right now. What is not so clear is whether it 
is ultimately underlain by objects. Regardless of the answer, if anything can be said to be true, it is 
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this: We learn about the world exclusively by way of information. We find ourselves imbedded in a 
dynamic system, generalizing the behavior we see by way of physical theories about the empirical 
information we’ve received, and the information we predict we will receive. As Carlo Rovelli 
succinctly puts it [1]:

Physics is the theory of the relative information that systems have about each other. 
This information exhausts everything we can say about the world.

 Still, the assumption persists that information derives from underlying objects: subatomic 
particles, molecules, elephants, stars — items that are accessible to us, of course, only via 
information. However, driven by the pioneering work of John Wheeler, information has been 
considered as a possible fundamental building block, from which fields, particles, and other 
objects emerge. Meanwhile, string-theory research has produced the holographic principle, the 
hypothesis that our three-dimensional reality is ultimately encoded not as objects in spacetime, 
but as data on some two-dimensional boundary [2]. Support for this idea includes the Bekenstein 
bound, the discovery that information content in a 3-D region scales not with its volume, but 
rather with its surface area [3]. The brute existence of time [4] and space [5] have been questioned, 
and spatial locations within a volume have been shown to be problematic to objectively pin  
down — a conclusion which may be taken as further support for an informational reality  
“living” on a boundary [6].
 If we can model scenarios in which the appearance of objective reality can be preserved 
without objects, then Occam would discard the need for objects. In that case, information is wholly 
responsible for every aspect of the world, including (in the macroscopic limit) the emergence 
of continuous-seeming objects, spacetime, etc. This is Wheeler’s “it from bit” [7], a principle 
of increasing interest and relevance for foundational theorists [8]. In an it-from-bit world, any 
superimposed quality of object-ness, independent of the discrete information associated with 
a purported object (at the microscopic or any other level), is an unnecessary extravagance, a 
metaphysical complication. A world that functions equally well is simply simpler without it.
 So, what would make an object-free objective reality indistinguishable from an reality composed 
of objects? More generally, what criteria should be used to judge whether something in the world 
is “real”? A clue can be found in Hermann Weyl’s minimalist definition [9]:

 Objectivity means invariance with respect to the group of automorphisms.

This description makes no reference to objects, space, or time. Yet Weyl’s definition shows, for 
example, how objective reality is trivially compatible with special relativity: Lorentz transfor-
mations are simply morphisms within the symmetry group that preserves Lorentz invariance. 
Gauge symmetries further impose boundary conditions on objective reality (in the form of a 
particle’s momentum, for instance), preserving the necessary invariances. Finally, causal networks 
and logic relations survive automorphism due to topological constraints (I will discuss this later).
 From Weyl’s definition, and with apologies to Einstein, we may state a kind of “reality 
equivalence principle”: To an observer within, a system composed of objects that obey physical 
laws is indistinguishable from an informational system from which objects emerge, provided 
the system is automorphism-invariant. It has been much discussed that if we lived inside a 
sufficiently high-resolution digital simulation, we might never know the difference. Simulation  
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or otherwise, if information is the ground of all being, we will witness the appearance of a full-
on “reality” as long as all causal relationships remain intact, events are logically consistent with 
other events, etc. Indeed, this description matches our observations. We therefore conclude: The 
world is more elegantly described as a system of automorphism-invariant information, from which 
objects emerge, as opposed to ontological objects and physical laws, and emergent information.
 A problem remains, however: The same unique objective reality is seen by multiple observers. 
Of course this makes perfect sense in a world composed of objects and independent observers 
who look at them; however, the situation is not so clear in an informational world with emergent 
objects. Later I will offer a possible solution.

Relational Physics: No Absolutes
If absolute can be defIned, then absolute Is not absolute anymore.
—Chinese fortune cookie taped to my refrigerator

Physics has long been trending toward a relational paradigm. Beginning with Galileo, the ideas 
of absolute velocity, followed by absolute time interval, distance, and simultaneity have all 
been vanquished in favor of their modern relativistic versions. In 1985 Kochen suggested that 
a relational approach could resolve perceived paradoxes in quantum mechanics [10], and Zheng 
et al. emphasized the need to consider quantum-optical measurements in the context of frames 
of detection [11]. Barbour’s research rederives general relativity using a relational approach 
that closely follows Mach’s principle [12], and Barbour has defined time not as an ever-flowing 
background, but solely in terms of the relations among dynamic physical systems [4].
 Relational physics was brought to fruition by Rovelli’s relational quantum mechanics [1]. 
In this interpretation, there is no state of a system in isolation; “state” refers specifically to the 
system’s correlation and interaction with another system. A system S may be in one state in relation 
to observer O, but in another state in relation to observer O', without these descriptions being 
inconsistent. The inspiration from special relativity is clear: If O and O' have different velocities 
with respect to S, they will each describe S differently (in terms of length and timing as well as 
velocity), without these values being inconsistent in the bigger picture.
 The relational approach is necessary to quantify information content. While Shannon [13] 
quantified information with regard to a channel’s transmission capacity, with no reference to 
meaning, any attempt to quantify content in context needs a more general relational definition: 
Information is a quantity that reduces uncertainty for some system [14]. A mysterious 
unearthed tablet, inscribed by some lost civilization using unknown characters, may have been 
an extensive catalog of ancient astronomical observations. But without the means to decode  
it — render the information according to some set of rules, and use it to perform work (such as 
telling a computer to display a chart of astronomical data) — then the tablet does not reduce 
our uncertainty regarding neolithic supernovae, or anything for that matter. It might as well be 
a random number sequence; in context, its entropy is maximal. Even if we knew that it said 
something, we would not know what it is.
 An actual random number sequence, meanwhile, is highly informative for someone requiring 
such a sequence for an experiment. In this context, it is information-saturated, with zero Shannon 
entropy, as only that sequence (and no other) would accurately “transmit” the digit string that came 
out of the number generator in the time interval between t

0
 and t

1
. The sequence fully reduces 

the experimenter’s uncertainty regarding that event. But in relation to another observer, lacking 
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the context of what the numbers are “about,” the sequence is as information-impoverished and 
entropic as any random-seeming string of numbers. It reduces uncertainty about nothing.
 The above distinction between “knowing that” and “knowing what” may sound familiar. In 
modern information-centered treatments of the EPR debate [e.g., 15], with spacelike-separated 
observers Alice and Bob, it’s said that Alice knows that Bob has made a measurement (no 
uncertainty reduction regarding his results), but she does not know what he has measured 
(which would be a big uncertainty reduction). No nonlocal uncertainty-reduction occurs. Alice 
and Bob always reunite at the end of the experiment, and exchange information via a classical 
communication channel, before any EPR correlations can be confirmed. It should be noted 
that this resolution is incompatible with the existence of an absolute state of the entangled pair 
prior to measurement — this is the assumption that creates the EPR “paradox.”
 If physics is the theory of the relative information that systems have about each other, then as 
Rovelli points out, “There is no description of the universe in-toto, only a quantum-interrelated 
net of partial descriptions” [1]. Nor is there an absolute state of any subsystem: The informational 
content of any subsystem is necessarily contingent upon its relation to other subsystems. We 
thus identify a second physical assumption to be challenged: that a system can possess absolute  
intrinsic properties, irrespective of measurements. A skeptic may dismiss this as an untestable 
metaphysical position. However, such dismissal is naïve: The assumption that an unmeasured 
system has pre-existing, absolute properties unknown to us, independent of anything else 
(such as a measuring apparatus), is not only equally metaphysical, it is deeply problematic 
in light of EPR, delayed-choice experiments, etc. A foundational theory must only describe 
and make predictions for objective reality, as empirically observed in the sense of Weyl.  
If reality is built fundamentally out of information, then no metaphysical baggage, such as 
“pre-existing absolute properties,” need be attached.

Interactions Between Subsystems: Formalizing Context
Questioning our two assumptions thus far leads in an interesting direction. If the world is 
informational, and yet an informational subsystem possesses content only in relation to other 
subsystems, then interactions between subsystems must be at the root of information-bearing 
processes such as measurements and observations. In lab experiments and biological detections 
(think of a Euglena’s eyespot sensing a photon), the interaction between “object” and apparatus 
or environment is physically described as a decoherence event in which the quantum systems 
become entangled, producing classical data in the form of a measurement result or electrochemical 
transient. (See the Endnote for a closer look at decoherence and information.)
 However, in an informational world, the contextual relation brought to bear on an inter-
action is non-trivial and needs to be taken into consideration; as Vlatko Vedral puts it, “We need 
some kind of a ‘relative information’ concept, information that is not only dependent on the 
probability, but also on its context” [16]. A measuring apparatus is1 a richer and more complex 
informational subsystem than a photon or an electron. When we make a quantum measurement, 
the apparatus must encode all manner of context specifics into the measurement basis: which 
observable is being probed, the spatial relation, time, and duration of the measurement, 
orientation of the apparatus, etc. Many (if not all) of these parameters are freely chosen by 
the experimenter. This suggests a possible entreé for human free will into a physical theory: 
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Our choices impact the physical world by enriching the informational context of measurements 
and observations. When we decide to measure horizontal rather than vertical polarization, we 
are determining a basis parameter (apparatus orientation) in the data configuration that encodes 
one of the subsystems involved.
 This may also shed light on the nature of free-will decisions themselves. After all, what is 
human consciousness, if not a sub-world of interacting informational subsystems: memories, 
images of possible future scenarios, linguistic constructions, and so on? When deliberating a 
choice, decoherence events in the brain — which have indeterminate outcomes — produce 
new data, which bear upon further subsystem interactions, etc., until finally the “conscious 
self” (really a collection of subsystems) comes to a decision. Then we causally impose our 
chosen informational context upon the world through physical action, e.g., dialing a setting on 
an apparatus. In effect, contextual information passes from our body into the machine by way of 
the dial.2 The informational machine becomes an extension of the informational body.
 Echoing Vedral, we seek a kind of informational mechanics, a generalization of quantum 
mechanics that embeds contextual data into descriptions of subsystem interactions. A variant of  
Bob Coecke’s quantum picturalism [17] might be useful, at least for sketching purposes. In this 
graphical formalism, information in diagrams flows upward through “wires” and passes into 
and out of decoherence events in structures called “spiders.” Drawing on the discussion above, 
Figure 1 depicts a conscious decision regarding how 
to orient an apparatus, followed by a contextualized 
spin measurement. If the measurement is repeated, 
the same result will be obtained — not because the 
“object” had an absolute spin all along, but because  
the result of the first measurement enters into the  
context of the second. If we then rotate the apparatus by 
90° and measure the electron a third time, the previous 
results — obtained in a contextual basis orthogonal to 
the new one — have no influence, i.e., the measure-
ment is “unbiased” [17].

An Ultimate Subsystem?
If I measure a particle, then look at the results, and 
then write a book about my findings, there is a chain 
of interacting informational subsystems at work 
(probably ending with the book which nobody reads). 
My consciousness can be decomposed into subsystems 
as described above, and so can the apparatus (CCD, 
which feeds an amplifier circuit, etc.). But I am only 
one person; anyone else measuring the same particle 
identically will get the same result. Why does this 
occur, if the particle is not an absolute object?
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Figure 1: Highly schematic depiction of 
a spin measurement contextualized by a 
conscious decision to orient the apparatus. 
Double lines indicate quantum correlations; 
the heavy single lines indicate classical data, 
which “flows” upward. See the Endnote for 
more on this graphical method.



 While it is often said that simple systems such as electrons can “measure” each other, it is 
unclear how or if, in an informational universe, such interactions can result in classical data 
structures sufficiently robust to persist in the world. A living cell or instrument, however, brings 
considerable complexity to an interaction. Decoherence results in new classical data, which is 
physically taken up in the complex subsystem (manifesting as a nerve impulse, pointer setting, 
etc.). It seems that for information to “breed” more information in this way, some threshold 
of complexity must be met. Zurek’s concept of an information gathering and using subsystem 
or IGUS [18] may meet this standard, being a “complex adaptive system,” anywhere from a 
Maxwell’s demon to a human. An IGUS must be able to (1) retain at least one bit in an eraseable 
memory, and (2) perform a work cycle to reduce internal entropy. Such conditions of information 
storage and assimilation would likely be required of any system in order for new data generated 
to inform the contextual bases of other interactions.3 To the best of our knowledge, entities that 
rise to the IGUS criteria seem to be limited to biological systems, and technological systems (all 
of which are designed and built by biological systems).4

 Let us try to trace the flow of information backward. In addition to flowing from a biological 
IGUS to a technological IGUS and vice versa, contextual data can pass from one technological 
IGUS to another (think of the subsystems that make up an electronic device), as well as from one 
biological IGUS to another (“turn the dial by 90°, please”). Information also flows across biological 
generations. Some of the information constituting the subsystem known as “my body” comes from 
my parents; for example, I inherited photon-sensing eye structures from them. A reproducing 
organism can be represented in the graphical representation by a branching of the data structure.  
If we extend this structure across time, we get a “tree” of contextual information representing the 
evolution of life as well as the development of technology (Figure 2). The topological connectivity 
of this tree ensures that information gathered on one branch, i.e., by one observer, creates boundary 
conditions for measurements performed on other branches (Figure 3). The “ultimate” informational 
subsystem of life and technology therefore becomes equivalent to a single super-observer, for 
which the universe appears to operate — Weyl-style — in a logical and consistent manner.
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Figure 2: Life (green) and technology 
(red) as a “tree” of information, which 
tends to increase in complexity. 

Figure 3: Human and technological observers, connected 
by contextual data correlations, are topologically equivalent 
to a single “super-observer.” Observations on one branch 
constrain those on other branches.

3 It is tempting to phrase that as “future interactions,” but in an informational world, concepts of time such as “past” and 
“future” are relational phenomena that emerge out of classical information and uncertainty, respectively. Indeed, an interaction 
can in fact bear upon the context of measurements performed “in the past” — c.f. the delayed-choice experiment.

4 Experiments involving complex biological molecules have shown that they exhibit unexpected quantum-selectivity 
characteristics that vary with their degree of complexity [19].



 It is understandable that humans, making 
(apparently independent) observations with con-
sistent results, would assume that ours is a world 
of objects with absolute properties, made of 1090 or 
so particles that have existed more or less “as is” 
since the beginning. But perhaps this describes a 
far more extravagant situation than is necessary 
to account for observations. Perhaps the simplest-
case scenario is that of an informational world 
operating on a “need-to-know” basis, gradually 
revealing itself as we probe previously discovered 
systems in new contexts with our senses and 
instruments.5 Informational context could thus 
help us to understand the early universe we see: 
Probing the cosmic microwave background, 
the Planck spacecraft brings along billions of 
years of observational legacy, which imposes 
strict boundary conditions on its measurements. 
Perhaps for an alien race with its own origin and 
history, the universe would reveal an entirely 
different set of constants and laws. Indeed, it 
would be a different universe (see Figure 4).
 So, through the lens of informational context, 
perhaps it’s not so surprising for us complex 
observers to discover — in retrospect! — that our own universe is “fine-tuned” for matter and life. 
This idea shares similarities with a view expressed by Paul Davies [20]:

There’s this notion that there’s a unique history that connects the Big Bang, the origin of the universe, 
with the present state of the universe. Quantum physics says that’s just a load of baloney — that there’s an 
infinite number of histories. They’re all folded in together, and if you know nothing at all about the past 
of the universe, you must take all of these histories. And when we make observations, what we’re doing is 
“chipping away” at these histories and removing some of them … The laws start out unfocused and fuzzy, 
[but] eventually there’s life and observers, that link back, just like in quantum mechanics, back in time, 
through making their observations, and help ‘sharpen’ those laws in a way that’s self-consistent with their 
own existence … You have to have this. If we’re trying to explain why does the universe exist in its present 
form, and in particular why does it contain life and observers, obviously those life and observers have to be 
relevant to the laws that give rise to them. Because there’s no other way you can have an explanation for 
the universe from entirely within it.

 We thus identify a final assumption to be questioned: that our universe has a unique classical 
beginning, one that has given rise to a vast, perhaps infinite spacetime manifold embedded with 
matter–energy. This assumption may cause more headaches than any other.
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Figure 4: A different observer group, disconnected 
from ours (such as an alien race), may see an entirely 
different universe, with wildly different laws.



Conclusion
Even though Wheeler suggested decades ago that the world is fundamentally informational, 
we seem to be mired down by metaphysical desires, driven to put objects and things into our 
physical theories. But all a theory really needs to address is the beautiful world of automorphism-
invariant information. Maybe that’s the “elephant in the room” here. 
 Is it possible that a contextual information-first theory may lead us to quantum gravity? 
Perhaps gravitating bodies (and their relations) are among the many things that emerge 
out of the probablistic accumulation of information in the presence of other information.  
Regardless, an attractive feature of the informational approach is that instrumentalist-type 
quantum mechanics can be recovered in full. If you don’t like metaphysical notions of “what 
is really going on” behind the data, then dealing with data, and only data, is for you.
 A properly formulated informational mechanics could generalize quantum mechanics into 
any measurement context. The basic ideas can be tested: Interactions between informational 
systems can be modeled using Boolean logic; quantum-computer simulations of auto-
evolving systems starting “from scratch” might find themselves carving out new universes 
with different laws and constants, and perhaps even new mathematics. We may discover a 
critical bit-complexity threshold that allows an informational system to interact with the 
quantum world and generate an increasingly robust classical data structure that “sticks” and 
evolves. Superposition/interference experiments involving multiple observers might reveal 
EPR-like effects.6 Attempting to maintain the superposition of any IGUS-like system within 
a cavity might prove impossible, unless its memory or work cycle capabilities are disabled. 
Finally, experiments with networks of interactions encoding ensembles of measurement 
contexts could aid in the study of consciousness.
 Nobody disputes the calculations of quantum mechanics. But if we can extend our 
understanding of the classical side of quantum mechanical interactions, where information  
is generated in the context of extant information, a nice surprise might pop out: the ability, 
finally, to “shut up and calculate” solutions for how our universe came to be.

8

6 For a thought experiment along these lines, see the Endnote.



Endnote
Decoherence, information & locality

When a pure quantum system is measured, something happens to its wavefunction. But does it “collapse”? The program  
known as decoherence explains that there is no true collapse; there is only the appearance of collapse [21, 22]. The pure state 
becomes entangled with the many degrees of freedom of the environment; quantum correlations leak out as the system is 
“measured” by environmental photons, air molecules, etc. This entanglement produces a classical result, as the density matrix 
describing the system becomes diagonalized in the interaction, and interference terms are irreversibly lost to the environment. 
In fact, the superposition is preserved, only now it exists in the larger, entangled system-plus-environment, which continues to 
evolve deterministically according to the Schrödinger equation [22].
 Decoherence can be prevented by shielding the subsystems from each other. In such experiments, there is a well-defined 
system (such as an atom in a cavity) and a well-defined environment (the world beyond the cavity). However, we don’t have 
precise, general definitions for these terms. In the early universe for example, there is no clear understanding as to what 
would constitute an initial “system” and “environment,” a distinction necessary to precipitate classical matter and eventually 
the galaxy distributions we observe. This is a cosmological version of the measurement problem. Further, the origin of the 
measurement basis producing this diagonalization is unclear, which is a cosmological version of the preferred-basis problem.
 This essay’s argument, in decoherence terms, is that the contextual history of a subsystem encodes the basis for the 
diagonalization of a pure state’s density matrix, and this in turn creates new classical data that informs further measurements.  
In a graphical method inspired by quantum picturalism [19],  
classical data W

i
 along with correlations from a quantum system 

y enter a decoherence “spider,” and the interaction yields 
enriched classical data W

i+1
. In the diagram to the right, note that 

the “environment” (depicted with an inverted ground symbol) is 
not classical and evolves linearly. Tying into FQXi’s previous 
essay contest, the left side of the diagram is the deterministic, 
informational “digital world,” while the right side is the indeter-
ministic, uncertain “analog world.”
 This implies that the so-called Heisenberg cut between system 
and environment, and decoherence in general, is entirely relative 
to the system and the contextual data it brings to the interaction. 
Thus it is feasible that an observer bringing one context to bear on a 
measurement could see interference and uncertainty, while another 
with more information would see classicality. (Information breeds 
information!) Further, to multiple observers, decoherence effects 
would seem to propagate faster than light. Consider the following 
thought experiment: A light-emitting, oscillating nano-device is 
prepared in a pure quantum state within a large ideal cavity. Two 
spacelike-separated observers on either side open portholes and 
observe the system with telescopes. Both would observe the same 
classical state immediately. This is not a locality violation, because 
decoherence is local at the eye, where photons are now impinging. 
An observer does not need to wait for the system to “learn” that 
it is being watched before the diagonalization becomes evident. 
(One wonders what the scene would look like in the mean time!)
 This explains how the early universe can appear classical from 
Earth today: Galaxies and quasars have undergone decoherence 
locally, in relation to our topologically connected observer group; 
no nonlocal “communication” has occurred. Anytime there is a 
true exchange of classical information between two observers, 
however, that data is subject to the locality constraints of c. The 
observers’ relation to each other is encoded into W

i
, guaranteeing 

that the receiver will have to wait at least one second per 300,000 
km before the news arrives. Such spatiotemporal relations between 
subsystems, like everything that makes up objective reality, are 
universally automorphism-invariant.

ψ

Wi

Wi+1

“digital” “analog”

Decoherence “spider” in 
which quantum system 
y becomes entangled 
with the environment, 
yielding classical data 
that enriches the infor-
mational system Wi , to 
produce Wi+1.

Two “independent” spacelike-separated observers, 
opening portholes on a closed quantum system, 
would find it in the same classical state. This  
occurs without any violation of locality. Note the 
EPR similarities.

classical communication channel

slope ≥ c–1

Wi

Wi

Actual communication between two parties, 
however, is subject to locality boundary 
conditions imposed by their spatiotemporal 
relation, which is encoded into Wi .
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