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Modern conversation about "what time really is" often oscillates between two intuitions: time
as a continuous dimension and iteration as a discrete update count. But physics only adjudicates
between ontologies when they generate different predictions, and many “time vs iteration”
debates collapse into re-labeling. This paper surveys a wider possibility space: ways that “order”
can arise without fundamental time, without fundamental iteration, or with both only as
emergent bookkeeping. We examine correlation-first (relational) accounts where clocks are
subsystems and time is a mapping between degrees of freedom; causal-order accounts where
the primitive is influence rather than a global parameter; thermodynamic and record-based
accounts where the arrow is built from low-entropy boundary conditions and the accumulation
of stable traces; and gauge-time accounts where different parameterizations describe the same
invariant content. We then widen further to phase ordering, scale ordering (renormalization
flow), inference/description ordering, and agency/decision ordering—each offering a distinct
way to define “before/after” without presuming a universal flowing time. Throughout, we
emphasize operational discriminators: what each ontology must claim, what it can avoid
claiming, and what empirical or conceptual signatures would distinguish it. The goal is a
disciplined map of options, not a verdict.
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1. Introduction: Why “Time vs Iteration” Is Too Narrow

The question “Are we in time or in iteration?” sounds like it offers two clean, rival ontologies: a
continuous dimension (time) versus a discrete update counter (iteration). But in practice the
binary often collapses under scrutiny. Physics is not a referee of metaphors; it is a discipline for
extracting invariant, testable structure from experience. Many disputes about “what time really
is” do not cash out as different predictions. They cash out as different stories wrapped around
the same equations.

That does not make the question trivial. It means the question is underspecified. “Iteration” can
mean at least four different things: (i) a relabeling of a time parameter, (ii) a fundamental
discrete tick, (iii) a computational update rule with resource limits, or (iv) an agent-centered
sequence of belief updates. Each implies a different physics-facing commitment. Likewise “time”
can mean a coordinate in a model, an objective flow, a thermodynamic arrow, or an emergent
bookkeeping variable tied to clocks.

This paper widens the frame. Instead of asking which of two labels is “true,” we ask what
alternative order-structures could underwrite the appearance of change, memory, causation,
and prediction. We then ask what would distinguish them operationally. The goal is not to pick a
favorite metaphysics. The goal is to prevent category errors: mistaking a change of vocabulary
for a change of physics, and mistaking a felt feature of experience for a necessary primitive of
the world.

1.1 The definitional trap: re-labeling versus new physics

A large fraction of “time vs iteration” debate is a definitional trap: two descriptions can be
different in language while identical in empirical content. If “iteration” is simply an index n that
orders states in the same way time t does, and there exists a monotone mapping t = f(n) that
preserves all correlations among observables, then nothing in principle distinguishes them. The
world supplies correlations; we supply a parameter that makes those correlations easy to write
down. In that situation, arguing whether the parameter is “time” or “iteration” is like arguing
whether a road trip is measured in miles or kilometers. The physics lives in what stays invariant
under re-description.

This trap is easy to fall into because the words carry extra metaphysical baggage. “Time” sounds
continuous, flowing, and universal. “Iteration” sounds discrete, computational, and stepwise.
But those connotations do not automatically attach to the mathematics. A continuous
parameter can describe a fundamentally discrete process as an approximation. A discrete index
can describe a perfectly continuous dynamical system by sampling it. A “tick” can be a
numerical scheme, not an ontological atom.



To escape the trap, each term must be sharpened into a claim with consequences. For example:

o If “iteration” means a fundamental smallest update step, then it had better imply some
observable departure from exact continuity at some regime, even if extremely high-
energy or extremely small-scale.

o If “iteration” means a literal computational rule, then it should entail constraints or
artifacts that are not already implied by standard physical laws.

o If “time” means objective flow (a “moving now”), then it should add structure beyond a
dimension in a spacetime model and beyond mere ordering; it should have signatures
that cannot be removed by reparameterization.

Without such sharpening, the debate is not wrong, but it becomes under-determined: many
incompatible ontologies fit the same observable data.

1.2 What physics can and cannot decide

Physics can decide questions that create empirical inequivalence. If two ontologies produce
different predictions for measurable outcomes, physics can in principle choose between them
(or constrain them) by experiment and observation. Physics can also decide questions of
internal consistency: whether a proposed framework can reproduce known symmetries,
conservation laws, and robust features of established theories.

But physics cannot decide between two descriptions that are empirically equivalent and
mathematically intertranslatable. In such cases, the choice becomes pragmatic (which
description is simpler, more compositional, more explanatory) or philosophical (which ontology
one prefers). That boundary matters here because several prominent approaches treat “time”
as a parameter-choice issue: you can write the same relational content using different clocks, or
different parameterizations, without changing any predictions.

So the key is to separate three layers:

e Operational layer: what is measured (correlations among observables, clock readings,
causal influence, record statistics).

¢ Theoretical layer: the mathematical structure that generates those measured
correlations (dynamical laws, constraint equations, symmetry principles).

e Ontological layer: the story about what is “really” fundamental (time, causality, records,
computation, emergence).

Physics is strongest at the first two layers. It can often constrain the third layer only when the
ontological commitment forces distinctive structure into the first two.



This is why “time vs iteration” is too narrow: it invites an ontological verdict before the
operational discriminators are specified. A better method is to enumerate candidate primitives
for ordering and then ask: what must be true if that primitive is fundamental, and what could
we see that would differ if it is not?

1.3 The paper’s aim: a taxonomy of orderings of change

The aim of this paper is to map a taxonomy of ways the world could exhibit ordered change
without presupposing that “time” or “iteration” is the primitive. The taxonomy is built around a
simple question:

What is the minimal structure required to make sense of “before/after,” “cause/effect,”
“memory/record,” and “prediction,” and what alternative primitives could supply that
structure?

This framing yields multiple candidates for “ordering” that are not reducible to the
time/iteration binary:

e Correlation-first orderings, where clocks are subsystems and “time” is a relational
mapping.
o Causal partial orders, where “influence” is primitive and global simultaneity may be

absent.

e Thermodynamic/entropic orderings, where the arrow arises from boundary conditions
and the growth of stable records.

e Record-based orderings, where what exists fundamentally are present constraints
among traces that encode apparent histories.

e Gauge/reparameterization views, where time-parameters are not physical until fixed by
a choice of clock.

¢ Phase and cyclic orderings, where an angle-like variable orders return and recurrence.

e Scale orderings, where “before/after” is replaced by flow from micro to macro
descriptions.

¢ Inference and computational-depth orderings, where “later” can mean “harder to

”n u

derive,” “more structured,” or “more compressed.”

e Agency/decision orderings, where sequence is defined by information availability and
control-loop updates.



The paper’s contribution is not a new speculative theory, but a disciplined map: a way to avoid
speaking past each other, and a way to locate “time” and “iteration” as special cases inside a
larger space of order-structures. We will keep returning to a practical test: whenever a proposal
claims fundamental status, what observable or structural commitments follow, and what would
count as evidence against it?

In short: the paper is a vocabulary and a filter. It widens the ontology menu, but tightens the
standards for claiming that any item on the menu is physics rather than poetry.

2. What Counts as an Ordering in Physics
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Before we can compare “time,” “iteration,” causality, entropy, records, phase, or scale as
candidates for fundamental ordering, we need a criterion for what “ordering” even means in
physics. Physics does not begin from metaphysical labels; it begins from measurement and from
the stable regularities that survive changes of description. An “ordering” is physically
meaningful only insofar as it (i) organizes observable events into a consistent structure, (ii)
supports counterfactual reasoning (what would happen if conditions differed), and (iii) remains
robust under transformations that should not change the physics (coordinate changes, gauge
choices, reparameterizations, relabelings).

This section builds the minimal toolkit. It separates parameters from observables, highlights the
central role of invariants, and explains why global order is often too strong a demand. It then
treats clocks not as abstract external timekeepers but as physical subsystems embedded in the
same world they measure—subject to noise, drift, and environment. Finally, it offers an
operational definition: in physics, “order” is what we can extract from measurable correlation
structure, not what we can name.

2.1 Parameters, observables, and invariants

A common source of confusion in time debates is mistaking a parameter for a physical
observable. A parameter is a piece of mathematical scaffolding used to label points along a
curve, or to index solutions of equations. An observable is something that can, in principle, be
measured by an apparatus and reported as a number (with uncertainties) in an experimental
context. Between these lies a third category that often matters most: invariants—quantities or
relations that remain unchanged under the permissible transformations of the theory.

In classical mechanics, “time” is often introduced as an independent variable t that indexes the
system’s evolution x(t). But the physics is not t itself; the physics is in the relations among
measurable quantities: positions, momenta, energies, trajectories, scattering angles, transition
rates, and so on. You can often reparameterize the same physical trajectory with a different



parameter s and obtain the same set of observable correlations, provided s is monotone and
the dynamical laws are reexpressed accordingly. In such cases, the parameter is not physical. It
is a label.

This distinction becomes sharper in relativistic settings. Special relativity denies a universal
global time; different observers slice spacetime differently. Yet physics remains coherent
because it is anchored in invariants: proper time along a worldline, invariant intervals,
conserved quantities, and frame-independent predictions for experimental outcomes. The
lesson is not “time is fake,” but “time is not a single thing.” Some time-like quantities are
coordinate conventions; others are operationally defined intervals measured by physical clocks
along specific paths.

The correct question for any proposed ordering primitive is therefore: what is invariant? If
“iteration” is fundamental, what invariant structures does it impose that cannot be transformed
away? If “causal order” is fundamental, what invariant relation captures it (e.g.,
reachability/influence) and how does it map to what instruments measure? If “entropy arrow”
is fundamental, what invariant directionality does it supply and under what conditions does it
fail?

An ordering becomes physics when it is not merely a convenient index but a constraint on
possible correlations—something that survives changes of coordinate, notation, or description.

2.2 Global order, local order, and partial order

A naive picture of ordering assumes a single total sequence: every event is either earlier or later
than every other event. That is a global linear order. It is psychologically natural, but physically
too strong. Relativity already teaches that not all pairs of events admit an observer-independent
“before/after.” Events can be spacelike separated, meaning different observers can disagree on
their temporal order without contradiction. Physics survives because it does not require a global
total order. It requires consistent local structure.

This leads to a more general notion: partial order. In a partial order, some pairs are comparable
(“A precedes B”), while others are incomparable (neither precedes the other in a meaningful,
observer-independent way). Causal structure is naturally expressed this way: if A can influence B
(signals, causal propagation), then A is in the causal past of B. If no influence relation exists
(spacelike separation), the events are not causally ordered. That does not mean “nothing
happened”; it means the ordering relation is not defined for that pair.

The “global vs local” distinction also matters in statistical and thermodynamic contexts. The
arrow of time is not a global axiom stamped everywhere equally. It is a pervasive regularity that
emerges from boundary conditions and from the behavior of large numbers of degrees of
freedom. Locally, small systems can fluctuate. Microscopically, dynamics may be time-reversal



symmetric while macroscopic irreversibility emerges as a coarse-grained fact. If one treats the
arrow as an ordering relation, it may be probabilistic and context-dependent rather than
absolute.

So, when someone says “the universe is an iteration,” we should ask: iteration of what, and with
what scope? Is it a global tick affecting all events simultaneously (a total order)? Or is it local
updating of regions (a partial order)? If updates are local, then “iteration” begins to resemble a
causal network more than a universal counter. Conversely, when someone says “the universe is
in time,” we should ask: do they mean a global time parameter (ruled out in standard relativistic
understanding), or do they mean locally measurable durations (proper times) along physical
processes?

A mature notion of ordering in physics is therefore plural: it allows local orders, partial orders,
and multiple incompatible but consistent slicings of the same underlying structure.

2.3 The role of clocks as physical subsystems

A clock is not a metaphysical primitive. A clock is a physical system whose internal state changes
in a regular way and can be coupled to a readout. Pendulums, atomic transitions, oscillators,
decay processes, orbital periods, and even pulsars can serve as clocks in different regimes. The
key point is that clocks are themselves part of the universe; they are not outside it providing an
external parameter.

This matters for two reasons.

First, it forces the “time” question to become concrete. When we speak of time operationally,
we mean comparisons of physical processes: “System S changes by amount AS while clock C
changes by amount AC.” Time is the correlation between changes in S and changes in C. In this
relational view, different clocks can disagree (due to environment, relativistic effects, noise, or
coupling), and the job of physics is to predict and reconcile those disagreements within a
consistent framework.

Second, it reveals what “ordering” must provide: it must explain why stable clocks exist and why
their readings can be used as a reliable coordinate for other processes. If an ontology denies
fundamental time, it still must account for the emergence of clock-like subsystems and for the
near-universality of timekeeping in our experience. If an ontology posits discrete iteration, it
must explain why many clocks appear continuous and why the apparent continuity survives at
scales far above the hypothetical tick.

Treating clocks as subsystems also highlights an important subtlety: you do not measure “time”
directly. You measure a clock variable and interpret it as time under a model. The robustness of
timekeeping is therefore a mixture of physics and convention: physics constrains how good
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clocks can be, how they behave under motion and gravity, and how they drift; convention
defines standards and synchronization protocols.

A practical way to frame it: if you change your clock choice, what remains invariant? The answer
to that question tells you what ordering is truly physical and what is representational.

2.4 Operationalism: “order” as measurable correlation structure

I”

Operationalism here does not mean “only measurement is real” in a philosophical sense. It
means something more modest and more powerful: in physics, if you cannot say what would be
measured differently under alternative hypotheses, you do not yet have a physics claim. You

have a semantic preference.

So what is “order,” operationally? It is the structure of correlations among observables that
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allows consistent reconstruction of “before/after,” “duration,” “causal influence,” and “record

consistency.” Different ordering primitives emphasize different measurable structures:

e Atime-parameter picture emphasizes trajectories and rates: how observables change as
a function of a chosen clock variable.

e A causal-order picture emphasizes influence and signaling constraints: which events can
affect which other events.

¢ Athermodynamic-arrow picture emphasizes statistical asymmetries: the direction in
which coarse-grained entropy increases and records accumulate.

e Arecords picture emphasizes mutual consistency among localized traces: the present
contains correlated “imprints” that behave as if they refer to a shared past.

e A gauge/reparameterization picture emphasizes invariance: different parameter choices
yield the same set of measurable correlations.

¢ A phase-order picture emphasizes periodic correlations: stable cycles that provide
ordering without linear progression.

e A scale-order picture emphasizes universality across description levels: how behavior
changes as you move from micro to macro coarse-grainings.

e An agency-order picture emphasizes information availability and control: how an agent’s
prediction/decision sequence structures experience.

By this operational standard, an ordering “counts” in physics if it does at least one of the
following:

1. It constrains which correlations are possible.
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2. It predicts new correlations not predicted by rival orderings.

3. It explains why certain correlations are stable and portable (e.g., why clocks work, why
records persist).

4. It provides invariant quantities that remain fixed under legitimate transformations of
description.

This gives us a disciplined way to proceed. Rather than arguing whether “time” or “iteration” is
the deeper word, we ask: what correlation structures must exist if a given ordering is
fundamental, and what correlation structures would fail (or change) if it is not?

That is the physics-facing core of the paper: order is not primarily a metaphysical noun. Itis a
measurable pattern in how observables co-vary—and the invariants that survive our many ways
of labeling them.

3. Time as a Coordinate Versus Time as Becoming

A central ambiguity in everyday speech is that we use the single word "time" to name two very
different things. First, time can mean a coordinate-like parameter used to organize change: a
way to label events, compare durations, and write laws in a compact form. Second, time can
mean becoming: the felt sense that reality "moves" from future to present to past, as if the
present is objectively special and advances.

Physics handles the first meaning extremely well. The second meaning is harder: it is not
obviously a physical variable, and it is not automatically implied by the success of time-
coordinate formalisms. This section separates these notions cleanly, identifies where the
conceptual pressure points sit, and clarifies what would have to be true for "flow" to be
something physics could treat as real structure rather than experiential interpretation.

3.1 The block-universe stance: time without flow

The block-universe stance treats the world as a complete set of events related by structural
constraints (geometry, causality, dynamical laws), without any additional global "moving
present." On this view, time is part of the description of the world, not a process that happens
to the world.

What is gained by this stance is conceptual economy. You do not need a second time (a meta-
time) to explain how time itself "passes." You do not need an objective "Now" stamped across
the universe. You only need:

o A set of events (or states) that can be related.
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e Rules that constrain which event-patterns are allowed.

e Local notions of duration along physical processes (for example, what a clock measures
along its own history).

In a block picture, it is natural to speak tenselessly: the event of a supernova, the event of your
breakfast, and the event of tomorrow's sunrise are all elements of the block. They differ in
where they sit relative to one another, not in whether they "exist yet." The language of "yet" is
treated as an artifact of perspective.

This does not force a single global ordering of everything. Modern physics is comfortable with
local durations (what particular clocks measure) and with observer-dependent slicings. Two
observers can disagree about which distant events are "simultaneous" without any
contradiction, because simultaneity is not taken to be a global physical primitive. What remains
stable are invariant relationships: causal connectibility, local clock intervals, and the
reproducible correlations that experiments reveal.

A helpful way to see the block stance is: the world is the total constraint-satisfying structure;
"dynamics" is one way of describing relationships inside that structure. The equations can often
be written as evolution rules ("given this, predict that"), but the block stance interprets this as a
method for extracting conditional relations, not as proof of an objective universal flow.

3.2 Becoming/flow as an additional claim

When someone insists that time is not merely a coordinate but "really passes," they are making
an additional claim beyond what the block stance needs. The key is to state that additional
claim precisely. There are several distinct versions:

o Adistinguished present: there is an objective fact of the matter about what is "Now," not
merely "now for me given my clock and light-cone limitations."

e Objective passage: the distinguished present changes, and the change is not just in our
knowledge or perspective.

e Ontological asymmetry: the past and future differ in kind, not only in our access to
records.

Each of these adds structure. In particular, objective passage seems to demand some parameter
with respect to which the present advances. But if that parameter is itself time-like, we risk an
infinite regress: what makes that meta-time pass? If it is not time-like, we must specify what it is
and how it couples to physical observables.

This is why "flow" is not automatically a physics claim. If you cannot say what additional
measurable structure comes with it, you have not yet moved from metaphysics to physics.
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Becoming can be framed in less ambitious ways that avoid regress:

e Growing-block views: the past is fixed, the present is the edge, and the future is not yet
part of reality. This still requires a rule for what becomes fixed and when.

e Local becoming: only along certain worldlines (agents, clocks) does "now" have
meaning; the universe has no global now, only many local nows. This tends to collapse
back toward a relational view unless it also claims new observables.

e Process metaphysics: the primitives are processes rather than events. But to count as
physics, "process" must still be expressible as constraints on correlations among
observables.

So the paper will treat "becoming" as a family of proposals that share a common burden: they
must specify what is added to the coordinate-time picture, and they must explain why that
addition does not simply rename familiar features (entropy increase, memory asymmetry, or
local clock readings).

3.3 The "experience gap": why flow feels unavoidable
If physics can do so much with time-as-coordinate, why does flow feel so unavoidable?

Because the brain is not a passive camera. It is a prediction-and-control system embedded in an
environment with strong asymmetries. Several features conspire to create the phenomenology
of passage:

e Memory asymmetry: we carry accessible records of what we call "past" states (both
internal memory and external traces), but not of "future" states. This is not merely
psychological; it is an environmental regularity tied to record formation and stability.

e Prediction asymmetry: we can reliably forecast some patterns forward (sunrise, inertia,
periodicity) but cannot "retrodict" in the same way because retrodiction is constrained
by present records, not by forward evolution from unknown initial microstates.

o Updating: an agent experiences a sequence of belief updates. Even if the world were a
block, an agent's internal state can be ordered by its own successive revisions. The felt
"now" is closely tied to the boundary between "incorporated into the model" and "not
yet incorporated.”

e The specious present: conscious experience integrates across a short temporal window.
We do not experience instantaneous points; we experience a smear of recent data fused
into a coherent present. That fused window makes the present feel like a platform from
which the world is continually arriving.
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o Irreversibility in practice: macroscopic processes generate heat, dissipate energy, and
create stable records. This makes the forward direction special for agents: it is the
direction in which actions propagate into the world and get written into durable traces.

These points narrow the gap. The sense of flow can be understood as a feature of how bounded
agents navigate an entropic environment: we are information-limited systems that maintain
models, update them, and act to reduce surprise and maintain viability. In that setting,
"passage" is the agent-level signature of continual model revision coupled to irreversible record
formation.

But there is still a residual gap: even if you explain memory and irreversibility, many people feel
that you have not captured the "metaphysical push" of time, the insistence that the present is
objectively special, not merely psychologically central. That insistence is exactly the point where
becoming goes beyond what coordinate-time requires, and where it must either (i) become a
measurable structure, or (ii) remain an interpretation layered on top of empirically adequate
physics.

3.4 What would it mean for flow to be physical

For "flow" to be physical, it must do more than mirror the agent’s update stream or the
thermodynamic arrow. It must correspond to additional structure that, at least in principle,
could be detected as a difference in the correlation structure of observables.

That pushes us toward a discriminator: a physical flow should imply at least one of the
following.

1. A distinguished foliation or preferred frame
If there is a real global present, the universe must be sliced into "space at now" in a
preferred way. That would be extra structure beyond the standard coordinate freedom.
It might show up as:

e A measurable "rest frame" that is not merely conventional.
o Tiny direction-dependent effects in propagation or dynamics.
¢ A new field-like object that picks out the foliation.

The danger is that such structure often clashes with the deep symmetry idea that no inertial
frame is fundamentally preferred. If "flow" demands a preferred slicing, it must explain why the
usual symmetry works so well and why deviations have not already been seen.

2. Time-asymmetric fundamental dynamics
If the microscopic laws are not time-reversal symmetric in a deep way, that asymmetry
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could ground an objective arrow that is not merely statistical. In principle, this could
manifest as:

Irreversibility that cannot be removed by changing description or coarse-graining.
Violations of reversibility expectations even in carefully isolated systems.

A fundamental "loss of information" term that cannot be interpreted as ignorance.

But this is a heavy claim. Many ordinary irreversibilities are compatible with reversible micro-
laws plus coarse-graining. A physical flow would need to be an asymmetry that remains after
you account for all standard sources of apparent irreversibility.

3.

A real "present-making" variable

A true becoming theory might posit a variable P that indicates "presentness" and
changes in a way that is not reducible to coordinate choice. For physics, this variable
must couple to matter or measurement so that it affects outcomes. Otherwise it is
epiphenomenal: it exists in the story but does no work.

The coupling is the key. If P never changes any observable, it cannot be empirically distinguished
from its absence.

4.

A measurable limit on temporal divisibility (a tick)
If flow is tied to discrete becoming, there may be a smallest meaningful update step. If
this discreteness is fundamental (not an approximation), it could leave signatures like:

Deviations from perfect continuity in high-precision timing experiments.
Additional noise floors in phase-sensitive measurements.

Small modifications to propagation at extreme energies or long baselines.

Again, the burden is not to assert these effects, but to specify them sharply enough that they
become constraints rather than poetry.

5.

A difference between "future" and "past" beyond records

In a purely record-based or thermodynamic picture, the difference between past and
future is largely about accessible traces and boundary conditions. A physical becoming
view might claim that the future is not merely unknown, but literally not fixed. To be
physics, that literal openness must change something measurable: for example, it might
imply objective indeterminism with a specific signature, or constraints on retrodiction
that go beyond standard statistical limitations.
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The paper’s posture will be disciplined: "flow" is not dismissed, but it is not granted for free. If
flow is real, it should either:

e Produce a preferred structure (frame, foliation, variable), or
e Produce a fundamental asymmetry in dynamics, or
e Produce a discrete update signature, or

e Produce a measurable distinction between past and future not explainable by records
and boundary conditions.

If none of these emerge, the most conservative conclusion is that physics supports time-as-
coordinate (and local clock-measured durations), while flow remains an experiential and
interpretive layer. That is not an insult to experience. It is a separation of categories: physics
describes invariants of correlation; experience describes the lived interface a bounded agent
has with those correlations.

This sets up the next sections: we will compare proposals that treat correlation, causality,
entropy, and records as the ordering primitives, and we will keep asking the same question:
what additional structure do they posit, and what would it mean operationally for that structure
to be there.

4. Iteration: Discreteness, Update Rules, and Hidden Assumptions

“Iteration” sounds clean: a world that updates step by step. But the word is a suitcase packed
with hidden assumptions. Sometimes “iteration” means nothing more than a new label on an
old parameter. Sometimes it means a fundamental discreteness, a smallest tick that cannot be
subdivided. Sometimes it means a literal computational procedure, as if the universe is running
an update rule with finite resources. And sometimes, without noticing, it smuggles in a
preferred global synchronization—an absolute “frame” in which the updates occur
simultaneously.

This section separates these senses and makes the commitments explicit. The aim is to keep
iteration from being a vibe and to force it into the same standard we applied to time: if iteration
is a physical primitive, what invariants, constraints, and observable signatures follow?

4.1 lteration as mere reparameterization

The weakest and most common meaning of iteration is reparameterization: instead of writing
states as x(t), you write them as x(n), where n is an index. If there is a monotone mapping t =
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f(n) (or n = g(t)) such that all observable correlations are preserved, then nothing has changed in
the physics. You have only changed the labeling.

This is often what happens when people describe continuous dynamics “as if” it were iterative:
you sample a continuous trajectory at discrete points, or you write a differential equation as a
limit of a difference equation. That can be computationally useful, but it does not imply that the
world itself updates in discrete steps. It implies only that a discrete approximation can track the
world to whatever precision you need.

A telltale sign that iteration is being used as reparameterization is that it carries no new
constraints. The theory still allows arbitrarily fine subdivisions of the parameter (or arbitrarily
small time intervals), and there is no physical scale at which the “step” becomes meaningful. In
this case:

o “Iteration” is descriptive scaffolding.
e The only physical content remains in invariants and correlations among observables.

e No experiment could distinguish “t” from “n” because the mapping is a matter of
convention.

This version of iteration is harmless and often clarifying—especially in relational or gauge-like
contexts where the parameter is not observable anyway. But it is not an ontological claim.

4.2 Iteration as fundamental discreteness (a true tick)

A stronger claim is that there exists a smallest physically meaningful update step: a true tick.
The world does not merely admit discrete descriptions; it is discrete at base. Between tick k and
tick k+1 there is no intermediate physical state.

This is a major ontological commitment because it introduces a new kind of scale: the tick size.
Even if that scale is unimaginably small, it is a real structure that must either (i) respect the
symmetries we observe extraordinarily well, or (ii) break or deform them in ways that are
constrained.

A true tick can be interpreted in two importantly different ways:

o Discrete state with continuous geometry: the state updates discretely, but spacetime
remains effectively continuous as an emergent or approximate description.

o Discrete spacetime (lattice-like): both state and “where/when” are discrete, potentially
suggesting a combinatorial substrate.

18



Either way, a true tick threatens to leave fingerprints. The fingerprints can be subtle, but the
basic logic is: if there is a smallest update, then at sufficiently high resolution or extreme
conditions, the smoothness assumptions of standard theories cannot remain exact.

What kinds of signatures might a true tick imply (in principle)?

o Departures from exact Lorentz symmetry: if updates occur in synchronized steps,
“simultaneous update” can privilege a slicing of spacetime.

o Maodified propagation at extreme energies: discrete updating can produce tiny
deviations from smooth wave propagation that accumulate over long distances.

o Additional noise floors: if evolution proceeds in discrete jumps, there may be irreducible
jitter in phase- or timing-sensitive experiments.

e Quantization artifacts beyond known quantization: this is not ordinary quantum
discreteness of measurement outcomes; it is discreteness of evolution itself.

A true tick is not ruled out merely because everyday physics looks continuous. Continuity can
emerge from discreteness the way fluid flow emerges from molecules. But the burden shifts: a
discrete ontology must explain why continuity works so well and why symmetry violations (if
any) are so suppressed.

4.3 Iteration as computation: update rules and resource bounds

An even stronger meaning says: the universe is not only discrete, it is computational. There is an
update rule U that takes the state at step n to the state at step n+1. This is tempting because it
imports a familiar explanatory template: programs generate behavior.

But “computation” is not a single claim; it is a bundle. To say the universe computes is to risk
importing assumptions from our machines that may not apply. The useful way forward is to
separate three layers:

¢ Rule-like evolution: there exists a lawful mapping from one state to the next.

¢ Finite resources: the mapping is executed with bounded memory, bounded information
flow, bounded precision, or bounded bandwidth per step.

e Algorithmic constraints: certain kinds of global optimization or “instant” coordination
are impossible because the update is local and bounded.

The first layer—rule-like evolution—is basically what physics already does: laws map conditions
to constraints on outcomes. The second and third layers are where “computational iteration”
becomes a distinct physical claim. A resource-bounded universe might imply:
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e Maximum information throughput: constraints on how much state can influence how
much other state per step (related to locality and finite signal speed, but potentially
stricter).

¢ Precision limits: an irreducible finite resolution in state variables, not merely practical
measurement limits.

e Cost of coordination: global correlations cannot appear “for free”; they require
time/steps/communication, making certain patterns impossible without sufficient depth.

o Complexity-style arrows: the direction of “later” might align with increasing
computational depth, not merely increasing entropy.

However, computation talk also hides a trap: any dynamical system can be described “as if” it
were computing. That does not mean it is computing in a resource-bounded, algorithmically

constrained sense. To make computation physical, you must specify what resource is limited,
how it is counted, and what predictions change because of the limitation.

In short: “the universe has laws” is not “the universe runs an algorithm,” unless “algorithm”
implies additional constraints beyond ordinary locality and conservation.

4.4 Where iteration hides a preferred frame or structure

The most common hidden assumption in iteration talk is global synchronization. People imagine
a universal update: the entire universe advances from step n to step n+1 together. That is an
implicit preferred slicing of reality into global “instants.” Once you posit that, you have
smuggled in a structure that standard relativistic physics works hard to avoid: a universal
present defined everywhere at once.

There are ways to avoid this, but each changes what “iteration” means:

¢ Local iteration: regions update based on local conditions, not in perfect global lockstep.
This begins to resemble a causal network or event graph rather than a global counter.

e Asynchronous iteration: different parts update at different times with partial ordering;
the fundamental structure is then closer to causality than to a universal tick.

o Emergent synchronization: global “steps” are an approximation that becomes
meaningful only in certain regimes (for example, when a chosen frame is convenient for
computation or cosmology).

If one insists on a globally synchronized tick, one must confront the question: synchronized
relative to what physical standard? If the answer is “relative to itself,” that is not yet an
operational definition. It becomes operational only if the tick defines measurable rest,
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anisotropy, or propagation effects. If those effects are absent, the “global tick” risks being an
unobservable structure—again, story without consequence.

A second hidden structure is a lattice or grid. Many people visualize discrete iteration as
occurring on discrete space. But a grid tends to introduce directionality (axes), anisotropy, or
preferred lengths unless carefully constructed. If the world’s discreteness is grid-like, why do we
observe such smooth isotropy and symmetry? The discrete theory must either produce
symmetry as emergent to extremely high accuracy or replace exact symmetry with a deformed
symmetry that matches observations.

So the warning is simple: iteration is not a single alternative to time. It is a family of claims, and
the most intuitive versions often import a preferred “now” by stealth. If iteration is to compete
with time-as-coordinate in a physics-respecting way, it must either:

¢ be a mere reparameterization (and then it is not a competing ontology), or
e be discrete but symmetry-respecting (and then it owes an emergence story), or

e be computational with explicit resource bounds (and then it owes testable constraints),
or

e be local/asynchronous (and then it collapses toward causal partial order rather than
global ticking).

This sets the stage for the next sections: relational time and causal order already provide
rigorous notions of ordering without global synchronization. The key question is whether
“iteration” adds anything over and above those structures—or whether, once purified of hidden
assumptions, it simply names one region of the larger taxonomy of orderings of change.

5. Correlation-First Ordering (Relational Time)

Correlation-first ordering begins from a simple refusal: do not assume a universal external time
parameter as a primitive. Instead, treat “time” as something extracted from correlations among
physical degrees of freedom. In this stance, the world is made of interacting subsystems. Some
subsystems can function as clocks because they exhibit regular, monotone, and robust change.
Other subsystems are “systems of interest.” What we call time is the mapping that aligns
changes in the system of interest to changes in the chosen clock subsystem.

This approach is not merely philosophical minimalism. It matches how measurement actually
works. No experiment measures “t” directly. Experiments compare one process to another: the
phase of an oscillator, the count of atomic transitions, the ticks of a device, the arrival times of
pulses. The relational stance says: take that seriously. If time is always read off from clocks, then
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clocks should be in the theory as physical objects, and “time” should be defined as a relation,
not as an external stage on which the play occurs.

Relational time is also a natural response to the underdetermination we saw earlier. If “time vs
iteration” collapses into reparameterization, then what remains physically meaningful are
correlations. Correlation-first ordering elevates that remainder to the primitive.

5.1 “Time from clocks”: internal time variables

In a correlation-first picture, a clock is a subsystem with a state variable C that changes in a way
we can track and use as an index. The system of interest has variables S. Instead of writing S(t),
we write S(C): the state of S as a function of the clock reading C.

Operationally this means: you pick a physical process to serve as clock, and you define time by
that process. Conceptually it means: “time” is not something the universe has; it is something
agents construct by using one part of the universe to parameterize another part.

A minimal internal-time construction has three ingredients:

e A clock variable that is monotone over the regime of interest. If the clock variable
cycles or stalls, it cannot globally order change, though it may still be useful locally
(phase clocks are a special case we treat later).

¢ A coupling that allows the clock reading to be compared with the system state. If the
clock is completely decoupled, it is useless for describing the system.

o A stability condition: small perturbations should not destroy the clock’s usefulness, or at

least we must know how the clock drifts.

In everyday physics, this is almost too obvious: we use cesium transitions, quartz oscillators,
mechanical resonators, pulsars, planetary motion, or decay counts as clocks. Relational time
simply promotes this from a practical habit to an organizing principle.

A key payoff is that relational time makes explicit what is often hidden: any talk about “the
system evolving in time” is shorthand for “the system’s state correlates in a regular way with
some clock’s state.” The world provides correlations; “time” is the coordinate we build from

them.
5.2 Multiple clocks and the problem of clock choice

The moment you take clocks seriously as physical subsystems, you inherit the clock-choice
problem: there is not one perfect clock; there are many imperfect clocks. Different clocks can
disagree, drift, or respond differently to environment, motion, and gravitational conditions.
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Even in idealized theory, different internal-time choices can lead to different descriptions of
“evolution.”

This does not mean the relational program fails; it means the notion of time becomes plural and
contextual.

There are several distinct sources of clock multiplicity:

e Practical multiplicity: different clock technologies have different noise, drift, and
sensitivity to conditions.

o Relativistic multiplicity: different worldlines accumulate different clock readings due to
motion and gravity; there is no universal synchronization that all clocks share.

e Model multiplicity: different choices of internal variable as clock can simplify different
aspects of the dynamics.

The core conceptual issue is: if time is “whatever the clock says,” what makes some clock
choices better than others? Physics answers this in a disciplined way: a good clock is one whose
correlations with other subsystems are stable, whose behavior is well-modeled, and whose
readings can be transported and compared with controlled uncertainty.

But relational time introduces a deeper point: even “perfect” clocks are perfect only relative to
a theory and a regime. A clock is not a Platonic axis. It is a dynamical subsystem. So clock-choice
is not merely instrumental; it is part of what any time concept must account for.

Relational frameworks often handle this by privileging invariants: when you change clock
variables, the observable predictions should remain consistent, even if the intermediate
descriptions differ. This is the same moral as gauge freedom: different choices of
parameterization are allowed, but the physics is what survives those choices.

5.3 When relational time mimics ordinary time perfectly
Relational time can look indistinguishable from ordinary time whenever two conditions hold:

1. There exists at least one clock variable that is sufficiently monotone and regular over the
regime considered.

2. The dynamics of the system relative to that clock reproduces the same observable
predictions as standard time-parameterized physics.

In ordinary laboratory practice, these conditions are routinely satisfied. A high-quality atomic
clock behaves so regularly that we treat its reading as “time” and write other processes as
functions of that reading. The relational interpretation changes nothing operationally; it
changes only what we claim is fundamental.
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This is an important point: relational time can be empirically equivalent to coordinate-time
physics. It can “mimic” ordinary time so well that no experiment distinguishes them, because
both frameworks predict the same correlations among all measurable quantities. In that case,
the debate is not about predictions. It is about metaphysical bookkeeping.

However, relational time becomes more than reinterpretation in regimes where ordinary time
becomes ambiguous or problematic:

e When no single global time parameter is available or natural (as in strongly relativistic
contexts).

e When the relevant degrees of freedom include the clock itself (the clock cannot be
treated as external).

¢ When the fundamental description is constraint-based rather than evolution-based
(where “change” is expressed as relations among variables rather than explicit time
progression).

Even without naming specific formalisms, the conceptual pivot is clear: if you cannot assume a
background time, but you can still construct stable internal clocks and express predictions as
correlations, then you can do physics without fundamental time.

And if you can do physics without fundamental time while retaining the same empirical content,

|II

then “time as fundamental” becomes a choice, not a necessity.
5.4 Conceptual payoffs and costs: realism about parameters

Relational time offers a set of payoffs that align with the discipline of invariants, but it also
imposes conceptual costs.

Payoffs:

¢ No surplus structure: you do not posit an invisible universal time axis if all
measurements reduce to comparisons among physical processes.

o Clocks become first-class: the theory aligns with practice by treating timekeeping as
physics, not as a backdrop.

e Natural fit with local/partial ordering: it meshes cleanly with relativity’s refusal of global
simultaneity and with causal partial orders.

o Clarity about gauge-like redundancy: it makes it easier to see when disputes are just
reparameterizations.
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Costs and tensions:

o Plurality of times: if different clocks can define different “times,” you must explain why a
shared time standard is possible and why it works so well in practice.

o The meaning of “evolution”: if time is internal and chosen, “evolution” is not a primitive
story; it is a derived description relative to a selected clock. Some intuitions about
universal progression must be surrendered.

o The experience gap remains: relational time explains measurement structure, but it
does not automatically explain the felt flow of becoming. It can accommodate that
phenomenology, but it does not force it.

¢ Risk of over-deflation: some readers may feel relational time “explains away” time. The
more careful statement is that it relocates time: from a global stage to a relational
coordinate built from physical processes.

The realism question is: are parameters real, or are they just tools? Relational time leans toward
a disciplined realism about observables and invariants, and a disciplined anti-realism about bare
parameters. It does not deny that time talk is legitimate; it denies that the bare symbol used to
label change is automatically an ontological primitive.

This matters for our larger taxonomy. Once you accept correlation-first ordering, “iteration”
becomes easier to classify: iteration is either (i) another parameter choice (a clock index), or (ii)
a claim about discreteness or computation that must show up as altered correlations. And
“time-as-flow” becomes easier to isolate: flow must be additional structure beyond correlations
among clock readings and system behavior.

So relational time functions as a conceptual clarifier: it strips ordering down to what
experiments actually give us—correlations—and forces every stronger claim (global time, true
ticks, objective flow) to earn its keep by specifying what it adds that cannot be transformed
away.

6. Causal Order as the Primitive

Correlation-first ordering says: start from measurable correlations and treat “time” as a
convenient coordinate built from clocks. Causal-order-first goes one step more structural: it says
the primitive ordering relation is not “clock reading” but “influence.” Instead of asking which
event happens first in a global sense, it asks which event can affect which other event. The basic
data of the world, on this view, is a directed relation: A can be in the causal past of B.
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This is an attractive primitive because it matches what seems most physically non-negotiable:
there are constraints on signaling and influence. Even if observers disagree about simultaneity,
they do not disagree about whether influence is possible between two events (given the same
underlying theory). Causal order also fits the intuition that “before/after” is meaningful chiefly
where causal connection exists, and ambiguous where it does not.

The central promise of causal primacy is bold: perhaps spacetime geometry (distances,
durations, even the notion of a “time coordinate”) is not fundamental. Perhaps it is
reconstructed from a deeper causal web.

6.1 Partial orders: influence without global simultaneity

A causal ordering is naturally a partial order. That is not a technical flourish; it is the core feature
that makes the view compatible with relativistic constraints.

e If event A can influence event B, then A precedes B in the causal order.

e If Aand B cannot influence each other (no causal connection), then they are
incomparable: neither precedes the other in the causal sense.

This handles the absence of global simultaneity cleanly. “Simultaneous” becomes, at best, a
coordinate-dependent convenience, not a universal fact. What matters is whether events can be
connected by possible influence.

Two clarifications matter here.

First, “influence” does not mean human agency or intention. It means physical possibility: could
a signal, interaction, or causal chain connect A to B under the constraints of the world? This is a
structural relation among events.

Second, partial order does not mean disorder. Partial orders can be richly structured. They can
encode layered causal cones, local neighborhoods, and nested regions of mutual influence.
They can generate robust notions of “earlier” and “later” along connected chains without
requiring that every pair of events be comparable.

If you adopt causal order as primitive, you stop trying to force the world into a single universal
sequence. You accept that “before/after” is fundamentally local-to-relational: defined where
influence makes it meaningful.

6.2 Reconstructing geometry from causality

If causal order is primitive, what becomes of geometry? The striking idea is that much of what
we call spacetime structure may be recoverable from causal relations plus some notion of
“counting” or “density” of events.
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The intuition is simple:

e Causal structure tells you which events can connect to which (the skeleton of “cones” of
influence).

e If you also know something like how many events occur in a region, you can infer
something like volume, and from that infer aspects of distance and duration.

This is not the same as measuring distance with a ruler. It is inferring geometry as an emergent
description of a deeper relational pattern.

Why might this be plausible? Because geometry in physics is not merely a picture; it encodes

constraints on propagation and influence. Light cones, causal separation, and the structure of
possible signaling are tightly linked to the shape of spacetime. So if you have the causal web,

you already have a large part of what geometry does.

A causal-first stance therefore shifts the explanatory direction:
e Standard view: geometry is fundamental; causality follows from geometry.

o Causal-first view: causal relations are fundamental; geometry is a derived effective
summary.

Operationally, this aligns with a key point from earlier sections: we often learn “geometry” from
how signals propagate (light travel times, radar ranging, causal delays). Those are causal
phenomena. So a causal-first ontology asks: why not treat the causal constraints as basic and let
geometry be the convenient encoding?

The cost is that you must show reconstruction is sufficiently unique. Many different geometries
can, in principle, share similar causal patterns unless you add additional structure (like event
density or dynamics). So causal primacy typically comes paired with a second ingredient: a way
to assign scales, measures, or typical separations so that geometry is not underdetermined.

6.3 Locality, signaling, and causal horizons

Causal order becomes physically meaningful when it is tied to locality and signaling constraints.
“Locality” here means that influences propagate through chains of intermediate events;
“signaling constraints” mean that there are limits on how rapidly influence can spread;
“horizons” mean that some regions are causally inaccessible from others, at least within certain
domains.
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Three features matter.

e Locality as compositional structure: if causality is primitive, then “nearby” is defined by
being connected through short causal chains, and “far” by requiring long chains. Locality
becomes a property of the graph of influence, not a pre-given metric.

o Finite influence speed as an ordering constraint: the world can have causal boundaries
not because we choose coordinates but because influence genuinely cannot cross
certain separations without intermediate steps.

e Horizons as structural facts: if there are boundaries beyond which influence cannot pass
(or cannot pass within certain regimes), then those boundaries carve the causal graph
into regions with distinct accessibility properties. That has direct consequences for what
can be known, controlled, or recorded.

From the standpoint of ordering, causal horizons are important because they define where
ordering relations are meaningful. Inside a horizon, events can be compared by influence
chains. Across a horizon, comparability may be limited or absent. This makes the causal view
naturally aligned with the lived fact that knowledge and action are constrained: not everything
is accessible; not everything can be synchronized; not everything can be causally “brought
together” into a single narrative without assumptions.

In the taxonomy of orderings, causal order is a candidate for “why ordering exists at all.” It says:
the minimal ordering is not about clocks; it is about permitted influence. Clocks then become
particular subsystems that exploit stable local causal regularities to generate regular tick-like
correlations.

6.4 How causal order differs from discrete iteration

Causal order is often confused with iteration because both can be represented as stepwise
structures. But they differ in what they treat as fundamental, and in what they smuggle in.

Discrete iteration, in its naive form, suggests a global tick: a universal step n -> n+1 applied
everywhere at once. That implies a global simultaneity structure. Causal order does not. It
allows asynchronous, local advancement where “next” is defined only along causal links, not
globally.

Here are the sharp contrasts.

¢ Global vs local: iteration typically presumes a global sequence of steps; causal order
presumes only local precedence along influence chains.

o Total vs partial: iteration encourages total ordering (every event assigned to some step);
causal order is naturally partial (some events incomparable).
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e Synchronization: iteration often assumes synchronization; causal order treats
synchronization as something to be constructed (if possible) from within the causal web.

o Preferred frame risk: global iteration risks introducing a preferred frame or slicing;
causal order can remain compatible with the absence of a universal frame because it
does not require global “now.”

e Meaning of “step”: in iteration, the step is a fundamental unit of update; in causal order,
“steps” are just edges in an influence graph and can be heterogeneous (not all causal
links are equal in “duration” unless additional scale structure is supplied).

This matters for the paper’s overarching argument. If one wants discreteness without preferred
global time, causal-order-first is often the cleaner route: it permits discrete structure (events
and links) without requiring global ticking. If one wants a computational update picture without
global synchronization, causal order again provides the scaffolding: local update rules on a
causal graph can be defined without a universal clock.

So causal primacy can be seen as a disciplined alternative to naive iteration: it keeps the
intuition that “the world is built from events connected by influence,” while avoiding the hidden
assumption that there exists a universal step counter that all events share.

In the next sections, we will compare causal order with entropy- and record-based orderings.
The guiding question remains the same: what primitive relation is being posited, what does it
buy, and what does it force you to give up—especially the temptation to reintroduce a global
time by stealth.

7. Entropy and the Thermodynamic Arrow

If “time” as a coordinate orders events, and “causal order” links events by influence, the
thermodynamic arrow addresses a different question: why does ordering feel directed? Why
does the world present a robust asymmetry between “past” and “future” in practice—an
asymmetry tied to memory, decay, dissipation, aging, and the one-way character of many
macroscopic processes?

The thermodynamic arrow proposes that directionality is not a primitive flow of time, but a
statistical regularity grounded in entropy: systems evolve from special, low-entropy conditions
toward more typical, higher-entropy conditions under ordinary dynamics. This framework is
powerful because it can explain why “earlier/later” correlates with the accumulation of records
and the formation of memories without requiring a metaphysical moving present. But it also
creates a burden: it must explain why the universe ever had low entropy in the first place, and it
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must distinguish genuine irreversibility from apparent irreversibility due to coarse-graining and
ignorance.

This section clarifies how entropy yields a direction, why records and prediction align with it,
what “irreversibility” really means in physics terms, and why an arrow is not the same thing as a
time parameter.

7.1 Low-entropy boundary conditions and “direction”

Entropy is often introduced as a measure of disorder, but for our purposes it is better
understood as a measure of multiplicity: how many microscopic configurations correspond to
the same macroscopic description. Low entropy means the macroscopic state is highly special: it
corresponds to relatively few microstates. High entropy means the macrostate is typical: it
corresponds to many microstates.

The crucial point is that the fundamental microscopic rules in many physical theories are
compatible with reversibility: if you know the exact microstate, you can in principle run the
dynamics backward. Yet macroscopic processes overwhelmingly exhibit a direction: ice melts,
gases mix, heat flows from hot to cold, broken cups do not spontaneously reassemble. The
thermodynamic arrow explains this direction as a consequence of probability plus a boundary
condition:

¢ Given a low-entropy starting macro-condition and typical microstates compatible with it,
evolution will almost certainly move toward macrostates with larger multiplicity (higher
entropy).

e The reverse—spontaneous evolution from a typical high-entropy macrostate into a
special low-entropy macrostate—is not forbidden by the micro-laws, but it is
overwhelmingly improbable in practice.

The phrase “low-entropy boundary condition” is doing enormous work. It says: the universe (or
the relevant closed system) began in a special macro-condition. That specialness supplies the
arrow. If you had instead a boundary condition of maximal entropy, you would not get the
familiar arrow; you would get equilibrium-like behavior with fluctuations, but no robust global
directionality.

So “direction” in thermodynamics is not something added to time. It is a feature of the
distribution of states given special constraints at boundaries. In this view, the arrow is a kind of
gradient: a statistical slope from special to typical.

This matters for our taxonomy. It means that “directedness” can arise without a fundamental
flow. The arrow is compatible with time-as-coordinate, relational time, or causal order. It is a
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property of state space and boundary conditions, not necessarily a property of the parameter
used to label change.

7.2 Why records, memories, and prediction align

The thermodynamic arrow is not just about heat and mixing. It is deeply connected to
information and to the possibility of stable records. “Records” here means any persistent
correlation that can be used to infer something about other events: footprints, photographs,
fossils, brain states, notebook entries, ripple patterns, and so on.

Why do records align with the arrow?

Because making a robust record is a physical process that typically involves dissipation and the
spreading of correlations into many degrees of freedom. A record is stable when it is
redundantly encoded: not held in a single fragile micro-detail, but written into many interacting
components such that it can survive noise and perturbation. Redundant encoding is usually
achieved by irreversible-looking processes—friction, emission, amplification, scattering—
processes that increase entropy in the environment even as they create structured correlations.

This yields a triad of alignment:

¢ Memories align with the arrow because storing memory requires physical substrates
that are stabilized by dissipative processes and redundancy.

e Records align with the arrow because robust records are created by processes that
export entropy, leaving an imprint distributed across many degrees of freedom.

e Prediction aligns with the arrow because the direction in which records accumulate is
the direction in which agents can condition their beliefs on increasing evidence.

In more direct terms: we know the “past” because the present contains records of it. We do not
know the “future” in the same way because the present does not contain stable records of it—
except in the weak sense of models and forecasts, which are not records of future events but
compressions of regularities.

So the arrow is not only a feature of physics; it is a feature of epistemology embedded in
physics. The world’s physical tendency to create stable traces in one direction underwrites the
agent’s cognitive asymmetry: remembering versus anticipating.

This also explains why the “experience of flow” is so strongly anchored to entropy. Our
conscious sense of “now advancing” is tightly correlated with the fact that our internal state is
continually updated by new records arriving and being integrated, while older records remain
accessible. The brain is an entropy-exchanging device; its updating is physically situated in the
same irreversible macroscopic environment.
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7.3 Irreversibility: fundamental or emergent
The word “irreversible” is often used loosely. Physics requires a sharper distinction:

e Microscopic reversibility (in principle): if the fundamental laws are reversible and you
know the exact microstate, you can reverse the dynamics.

e Macroscopic irreversibility (in practice): given only macroscopic information and typical
microstates, processes overwhelmingly evolve toward higher-entropy macrostates.

¢ Fundamental irreversibility (strong claim): the fundamental laws themselves are not
reversible; information is genuinely destroyed, not merely dispersed into inaccessible
degrees of freedom.

Most thermodynamic arrow explanations lean on the second category: emergent irreversibility.
It is not that the micro-world forbids reversal; it is that reversal requires extraordinarily precise
coordination of micro-details that are effectively never available and are violently unstable
under perturbation.

This matters because some metaphysical pictures try to ground “flow” in “irreversibility.” But
emergent irreversibility does not automatically grant objective passage. It grants a statistical
direction of increasing typicality, a direction in which records become abundant and
recoverable.

If one wants irreversibility to be fundamental, one must say what breaks microscopic
reversibility and where. That would be a physics claim with potential signatures: deviations from
exact reversibility in controlled systems, limits on reconstructing information even in principle,
and perhaps new constraints on correlations. But absent such signatures, emergent
irreversibility is usually sufficient to account for the arrow we experience.

So the disciplined position is:
e The thermodynamic arrow is real as a macroscopic regularity.

e It can be explained by reversible micro-laws plus low-entropy boundary conditions plus
coarse-graining.

¢ Calling it “fundamental flow” adds extra metaphysical structure unless it predicts new
measurable constraints.
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7.4 The difference between arrow and parameter
A recurring confusion is to equate “time” with “the arrow.” But these are different categories.

e A parameter is a way to label states or events (t, n, a clock variable, a path parameter).
Changing the parameterization can leave the physics unchanged.

e Anarrow is a directionality in state space: a reliable asymmetry that distinguishes one
direction along evolution from the other in terms of typicality, entropy, record
abundance, and recoverability.

You can have a parameter without an arrow: a system in equilibrium can be parameterized by
time while showing no macroscopic directionality. You can also have an arrow defined relative
to many different parameters: entropy can increase with respect to a chosen clock variable, or
with respect to proper time along a worldline, or with respect to a relational clock, without
committing to a single global time coordinate.

This distinction is crucial for our broader project. It means that one can accept a
thermodynamic arrow as the primary source of directedness while remaining agnostic about
whether the fundamental ordering is time-as-coordinate, relational correlation, causal partial
order, or discrete iteration. The arrow is compatible with multiple ontologies.

It also provides a diagnostic against overclaiming: when someone says “time flows because
entropy increases,” they may be conflating an emergent arrow (a statistical direction) with a
metaphysical flow (a moving present). The arrow explains why one direction is special for
records, memory, and action. It does not, by itself, create an objective present that advances.

In the taxonomy of orderings, entropy supplies a powerful form of directionality—an ordering
with a slope—without necessarily supplying the parameter that labels progression. That is why
it is best treated as an arrow structure that can be layered on top of different underlying
orderings (correlation-first, causal-first, or even iteration-first), rather than as a full replacement
for the ordering parameter itself.

The next section will push this further by examining “records” as an ontology: not just entropy
producing an arrow, but present traces being treated as the primary objects from which “past”
and “ordering” are inferred.

8. Records Ontology: The World as Consistent Traces

The thermodynamic arrow explains why directionality emerges: low-entropy conditions plus
typical evolution produce increasing entropy and abundant records. A records ontology takes a
more radical step. It says: perhaps the most fundamental “given” is not an evolving state in
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time, but a web of present traces—localized correlations—that stand in mutual consistency
relations. What we call the past is then not a thing that exists elsewhere in a timeline, but an
inference drawn from the structure of records available now.

This view is often attractive to people who feel that “time flow” is suspect but who also want to
take seriously the fact that the world is saturated with evidence: fossils, memories, documents,
scars, crater patterns, radiation backgrounds, and so on. A records ontology says: treat those
traces as primary. The ordering we experience is reconstructed from how traces cohere.

This section clarifies what a “record” is in physics-friendly terms, how “past” can be inferred
from constraints among records, why the persistence of records is nontrivial, and where the
records program reaches its explanatory limits.

8.1 Records as localized correlations

A record is a localized physical configuration that is correlated with (and therefore carries
information about) other configurations. The key word is correlation. A record is not necessarily
a human artifact like a photograph. It can be any stable imprint: a dent in metal, a track in a
chamber, a pattern in sediment, a state of a neuron, a magnetic domain on a disk, or a scattered
photon field carrying information about what it interacted with.

Two features matter.

e Locality: records are embodied in specific subsystems. They occupy regions, substrates,
or degrees of freedom that can be pointed to and interacted with.

e Correlation content: a record is informative only insofar as it is linked by reliable
correlations to other events or states. A random blob is not a record; a structured blob
that covaries with something else is.

In an ordinary “time-evolution” picture, records are produced by interactions that spread
information from one subsystem into another. In a records ontology, we can flip the interpretive
direction: the world “is” a set of correlated subsystems, and the correlations themselves are the
primary facts. “History” is then the pattern you infer when you look for a coherent
causal/temporal explanation of those correlations.

This move turns the emphasis away from a privileged global parameter and toward the
architecture of information in the present. In practice, that architecture is what agents actually
have access to. We do not access “the past” directly; we access present records and interpret
them.
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8.2 “Past” as an inference from present constraints
How can “past” be an inference rather than a thing? The core idea is constraint satisfaction.

Suppose you are given a collection of records: memory states in brains, documents, geological
strata, electromagnetic signals, and so on. Many of these records refer to each other: a
newspaper matches a dated photograph; the photograph matches a person’s memory; the
memory matches the physical scar; the scar matches the medical record; the medical record
matches the billing record; and so forth. The records form a mutually reinforcing network.

From this network, you can infer a consistent story: an arrangement of events that would
generate the observed pattern of correlations. The “past,” in this sense, is a model that
compresses and organizes the record network.

This resembles what science does routinely. We infer dinosaurs from fossils, stellar processes
from spectra, early cosmology from background radiation, and personal biography from
documents and memories. A records ontology universalizes that stance: all temporal talk is, at
bottom, talk about what record networks constrain.

There are two important subtleties:

e Underdetermination: many different “histories” might fit a finite set of records. The
more redundancy and cross-linking among records, the more constrained the
reconstruction becomes.

¢ Internal consistency as a criterion of “reality”: in a records-first view, what makes a past

“real” is not that it exists somewhere else in time, but that it is the best-fitting, most
coherent, most compressive explanation of the records.

This is an epistemic move with ontological ambition. It says: perhaps the world’s temporal
structure is nothing over and above the record constraints that make certain histories the
natural compressions of the present.

In the taxonomy, records ontology is a way of generating “ordering” without positing either
time-as-becoming or global iteration. It offers an alternative primitive: present informational

structure.
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8.3 The stability problem: why records persist

A records ontology cannot stop at “records exist.” It must explain why records are stable enough
to function as constraints. This is the stability problem.

Records are physical. Physical systems are subject to noise, thermal agitation, perturbations,
and decay. Why don’t records instantly dissolve? Why do correlations persist long enough to
support memory, science, and the felt solidity of history?

The answer, in physics-friendly terms, is that robust records are typically:

¢ Redundant: the same information is copied into many degrees of freedom. Destroying
one copy does not erase the record.

o Energetically protected: stable configurations can correspond to minima or barriers in
an energy landscape, making them resistant to small disturbances.

e Environmentally “backed up”: interactions with the environment spread correlation
outward (scattering, emission, diffusion), making records hard to erase globally because
erasure would require coordinating an enormous number of degrees of freedom.

e Coarse-grained stable: while micro-details fluctuate, macro-patterns persist. A
footprint’s microstructure changes, but the footprint remains recognizable.

This is where thermodynamics and records meet. The same processes that drive entropy
increase also tend to generate stable records: dissipative amplification and spreading of
correlations produce redundancy. The environment becomes a repository of traces.

But there is a deeper point: stable records are not generic. Generic states are high entropy and
do not carry interpretable, compressive information about specific structured events. The fact
that the world is rich in interpretable records is itself a sign of special conditions—ultimately
tied to low-entropy structure and the existence of durable, metastable matter configurations.

So the stability problem pushes records ontology back toward the thermodynamic arrow:
records persist because the universe has regimes where metastability, redundancy, and
dissipation produce durable correlations. Records ontology is therefore not a free-standing
replacement for the arrow; it is often a re-centering of the arrow’s informational consequences.

8.4 What records can explain and what they cannot

Records ontology has real explanatory power, but it also has limits. Naming those limits is
essential to keeping the framework disciplined.
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What records can explain well:

o Why the past is knowable: because the present contains traces that constrain
reconstructions.

e Why memory is asymmetric: because stable records accumulate in one direction under
ordinary macroscopic conditions.

e Why “history” feels objective: because independent record streams cross-validate each
other, making certain reconstructions overwhelmingly constrained.

e Why the present feels privileged to agents: because agency operates on available
records and updates; “now” is where records are accessed and integrated.

What records cannot explain by themselves:

o Why there is any regular lawlike structure linking records: a network of correlations
invites a generative story (dynamics, causal mechanisms). Records alone do not
automatically provide the rule that connects them; they only constrain which rules could
fit.

e Why records are produced rather than merely given: unless one adds a mechanism, a
records ontology risks being static: it describes what is, but not how it comes to be. It

can say “the world is a consistent record web,” but it must still explain why those
consistencies have the particular form we call physical law.

e Counterfactual dynamics: physics is not only about reconstructing what happened; it is
about predicting what would happen under altered conditions. A pure records stance
must show how counterfactuals are grounded in record structure, not merely narrated.

¢ The felt flow as a physical primitive: records can explain the asymmetry of memory and
evidence, but whether that fully accounts for the phenomenology of passage remains
contested. Records may explain why flow is experienced, without implying that flow is a
fundamental physical ingredient.

¢ Uniqueness of the past: finite records can underdetermine history. In practice,
redundancy can make histories extremely constrained, but the philosophical point
remains: “the past” becomes a best-fit model rather than a uniquely existing domain,
unless additional principles are introduced.

In the overall paper, records ontology plays a clarifying role. It shows how much temporal talk
can be reconstructed from present informational structure, without invoking a moving present
or a universal tick. It also reveals the boundary between explanation and reinterpretation.
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Records can reframe the meaning of “past,” but they do not automatically supply the dynamical
and counterfactual machinery that physics typically demands.

That sets up the next move: gauge time and reparameterization symmetry. If records and
correlations carry the physical content, then the choice of “time parameter” may be closer to a
gauge choice than a fundamental fact. The next section will sharpen that idea and show how it
collapses many time/iteration disputes into questions about invariance and clock fixing.

9. Gauge Time and Reparameterization Symmetry

A recurring pattern in foundational debates is that people argue fiercely about what “time really
is” while quietly assuming that the symbol they use to label change is itself an observable. But
in many serious physical descriptions, the parameter that labels evolution is not directly
measurable. It is a coordinate choice, and different choices can describe the same physical
content. When that happens, “time” behaves like a gauge: a representational redundancy. The
physics lives not in the parameter, but in invariant relations among observables.

This is the cleanest way to make sense of why so many time/iteration debates fail to terminate:
rival stories often differ only in how they parametrize the same relational structure. This section
lays out the idea of time-as-gauge, explains how a physical clock choice “fixes” the redundancy,
clarifies what it means for theories to be empirically equivalent, and shows how “iteration”
frequently collapses into a gauge choice once its hidden assumptions are removed.

9.1 Time as gauge: why parameter choice can be unphysical

Gauge, in the broad sense used here, means a freedom to change the mathematical description
without changing any observable prediction. When a theory has gauge freedom, multiple
different-looking descriptions correspond to the same physical situation. The classic lesson is: do
not mistake the gauge-dependent elements of the description for physical entities.

Time-as-gauge appears when the equations that define the physical content are invariant under
reparameterizations of the evolution label. Informally: if you can replace the parameter t with
any smooth, monotone function t -> t'(t) and rewrite the equations in the new parameter
without changing the predicted relations among observables, then the parameter itself is not
physical. It is a label.

In such a setting:
¢ The parameter is a bookkeeping device.

¢ Physical statements must be phrased in parameter-invariant form.
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e “What time is” becomes the question: which relational structures remain invariant when
you change the parameter?

This does not mean “nothing happens.” It means that “happening” is not tied to a unique
external clock variable. The theory describes allowed correlations among variables. A parameter
is introduced to solve, simulate, or visualize those correlations, but different parameterizations
are equally valid.

The key discipline is: if changing the parameter changes nothing observable, the parameter is
not an element of reality in the same sense as an observable. It is a coordinate on the space of
descriptions.

This viewpoint aligns naturally with correlation-first ordering. If all we ever measure are
correlations between physical subsystems, then any extra label we attach that can be reshuffled
without consequence is surplus structure.

9.2 Fixing time by choosing a clock: what becomes real

If time is gauge-like, how do we ever do concrete physics? We do it by fixing the gauge—by
choosing a clock.

Choosing a clock means selecting a particular physical degree of freedom C and using its reading
to parameterize the rest: you define “time” operationally as “what that clock indicates.” This
converts the abstract, redundant parameter into an empirically anchored variable.

Two things happen when you do this:

e You obtain a usable evolution description: you can write S(C) for the system variables S
as functions of the clock variable C. Predictions become statements like “when the clock
reads C = c1, the system will (with such-and-such probability) have S in this range.”

¢ You declare what counts as the time coordinate for your experiment: not as a
metaphysical absolute, but as a convention grounded in a stable subsystem.

What becomes real is not the bare parameter, but the correlation structure relative to the
chosen clock. The physical content is: given the clock’s state, what do other observables do? The
reason this feels like ordinary time is that good clocks are stable, portable, and widely
shareable; their correlations with many systems are simple and reliable.

This also clarifies why multiple clocks are not a conceptual disaster. Different clock choices are
different gauge fixings. If the framework is coherent, changing clocks should change the
intermediate description but not the invariant predictions.
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So “time” becomes real in a qualified way: not as a unique cosmic parameter, but as an
operational coordinate derived from a chosen physical subsystem, with reality residing in the
invariants that survive clock choice.

9.3 Empirical equivalence: when rival stories are the same theory

Two frameworks can feel philosophically different while being empirically equivalent: they
predict the same outcomes for all possible measurements (within their shared domain). In such
a case, physics cannot choose between them by experiment; the choice becomes one of
interpretation, convenience, or metaphysical taste.

Time debates frequently live here. Consider three descriptions:
¢ Atime-as-coordinate description with t as an external parameter.

e Arelational description with an internal clock C and other variables expressed as
functions of C.

¢ Aniterative description indexing states by n.

If all three are connected by reparameterizations and clock selections that preserve the
predicted correlations among observables, then they are not competing physics theories. They
are different representational skins on the same predictive core.

The practical significance is not trivial, though. Even if empirically equivalent, different stories
can:

Highlight different invariants.
e Suggest different generalizations.

o Make different problems appear natural (for example, focusing on constraints versus
evolution).

¢ Encourage different intuitions about what would count as “new physics.”

So empirical equivalence does not mean “no difference.” It means “no measurable difference
given current definitions of measurement.” For physics, that puts a ceiling on claims. You may
prefer one ontology, but you cannot claim it is determined by experiment unless it yields
inequivalent predictions.

This is exactly the discipline we need for the paper: separate what can be empirically decided
from what is interpretive overlay.
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9.4 How “iteration” often reduces to gauge choice

Once you adopt time-as-gauge and clock fixing, a large fraction of “iteration” talk collapses into
one of two cases.

Case A: Iteration is reparameterization.

You label the evolution by an index n instead of a parameter t. Provided n can be mapped
monotonically to t (or to a clock variable C), and all observable correlations are preserved,
iteration is a gauge choice. It does not add discreteness; it adds a different label.

Case B: Iteration is a clock choice.

Sometimes “iteration” really means “counting cycles/ticks of a particular clock.” In that case, n is
not a metaphysical update counter. It is an operational variable: the number of oscillations, the
number of transitions, the number of counted events. That is simply relational time in a discrete
readout form.

In both cases, iteration is not a rival ontology to time; it is either a different parameterization or
a specific clock-based gauge fixing.

What remains as genuinely distinct is only the stronger iteration claim: a true tick that cannot be
transformed away, or a computational update rule with resource bounds that yields new
constraints. Those are not gauge choices; they are new structure. But note what must happen
for them to be truly distinct: they must break or restrict the reparameterization freedom in a
way that shows up as invariant, measurable effects.

This gives a clean sorting rule:
o If “iteration” can be removed by reparameterization, it is gauge.
o If “iteration” is just counting a clock’s ticks, it is clock choice.

o If “iteration” asserts a fundamental discrete update that changes invariants or
predictions, it is a physical claim and must be tested or constrained.

o If “iteration” implies global synchronization, it likely smuggles in a preferred structure
and must explain why that structure is not already visible.

So the gauge-time viewpoint is not an attempt to dissolve debate by fiat. It is a filter that tells us
which debates are about physics and which are about representation. It preserves the
possibility that iteration is fundamental, but it refuses to let “iteration” function as a
metaphysical badge unless it comes with consequences that survive changes of parameter and
clock.
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This sets up the next stage of the paper: once we recognize that time-parameters can be gauge-
like, we can explore other orderings—phase, scale, inference, agency—that also function as
ways of organizing correlations without insisting on a single universal flowing time.

10. Phase Ordering: Cycles, Angles, and Return

If time-as-coordinate suggests a line, and iteration suggests a sequence of steps, phase ordering
suggests a circle. Many physical systems are not best understood by an ever-advancing
parameter but by a repeating cycle: oscillators, rotations, waves, orbital motion, heartbeat
rhythms, circadian patterns, and countless engineered feedback loops. In such systems, what
matters is often not “how much time has passed” in an absolute sense, but “where you are in
the cycle.” The relevant ordering variable is an angle-like quantity: phase.

Phase ordering becomes philosophically interesting because it offers a way to define
“before/after” locally without demanding global linear progression. It also clarifies why “clocks”
so often are oscillators: a clock is frequently a physical system whose state winds around a cycle
in a stable way. But phase is not the same as time. Phase repeats. It supports ordering within a
cycle, but it does not uniquely encode long-run progression unless additional structure is added
(cycle count, drift, or an auxiliary monotone variable).

This section explains phase as an ordering principle, distinguishes physical cycles from
cosmological cycles, shows how phase can replace linear time in certain contexts, and carefully
separates phase-based ordering from record-based ordering.

10.1 Periodic variables as order parameters

An order parameter, in the broad sense used here, is a variable that captures the salient
structure of a system’s behavior and can be used to organize or predict other variables. For
periodic systems, phase is such a variable.

Consider a stable oscillator. Its detailed state may be high-dimensional (positions, momenta,
internal degrees of freedom), but much of its behavior can be compressed into a phase variable
¢ that advances around a circle. When ¢ increases smoothly, you can predict where the system
is in its periodic cycle: crest vs trough, systole vs diastole, rising edge vs falling edge.

Phase provides ordering in a very specific sense:

e Within a cycle, phase gives a “before/after” relation: ¢ = 0.2 precedes ¢ = 0.3 along the
direction of phase advance.

e The ordering is modular: ¢ = 0.9 is “near” ¢ = 0.1 because the cycle wraps.
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e Phase ordering can be highly robust: even when amplitude fluctuates or noise perturbs
the system, the phase can remain coherent and predictive.

This is why phase is a natural “internal time” variable in many contexts: it is a coordinate on a
recurring process that can parameterize other changes.

But phase alone is not a complete substitute for linear time. Because phase wraps, it cannot
distinguish “one cycle later” from “this cycle now” unless you also track a winding number
(cycle count) or use a slowly varying auxiliary variable. That fact will matter when we ask
whether phase ordering could be “fundamental” rather than merely useful.

10.2 Cyclic cosmologies and effective cyclic dynamics

Phase ordering tempts people toward cyclic cosmologies: perhaps the universe itself runs on
cycles, returning through epochs. The conceptual attraction is obvious: it replaces one-way
progression with recurrence and can make “beginning” and “end” feel less absolute.

But the paper’s discipline requires separating three very different claims:

e Local cyclic dynamics: specific subsystems oscillate (this is uncontroversial and
ubiquitous).

o Effective cyclic behavior: a complicated system exhibits approximate cycles in some
reduced variables even if the full microstate does not repeat.

¢ Cosmic cyclicity: the entire cosmos undergoes large-scale recurrent phases.

Only the first is directly supported as a general principle by everyday physics. The second is
common in complex systems: macro-variables can look cyclic while micro-details never return.
The third is a strong claim that would require a particular global structure and constraints on
entropy, record accumulation, and the persistence of information across cycles.

The key conceptual tension is: cycles imply return, but records and entropy tend to accumulate.
If the universe truly repeats in a strong sense, then one must explain either:

e How entropy is reset or exported in each cycle, or
e« How the cycles are not exact repeats but only repeats in coarse-grained variables, or
e How “return” should be understood when microstates differ.

This tension is not an argument against cyclicity; it is a sorting mechanism. Many “cyclic”
narratives are really about effective cycles in some macro variables, not literal recurrence of the
total microstate.
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So, phase ordering is compatible with cycles at multiple levels. The question is always: what
exactly repeats, at what fidelity, and how does that coexist with the arrow-like behavior
associated with stable records and entropy gradients?

10.3 When a phase variable replaces linear time

Phase can replace linear time as the primary ordering variable when the phenomena of interest
are dominated by periodic structure and when measurements naturally reference cycle position
rather than elapsed duration.

This happens in at least three broad situations:

e Synchronization problems: When you care about coordination between oscillators (two
pendulums, coupled lasers, neural rhythms), the key variable is phase difference, not
absolute time. “Who leads” and “who lags” are phase relations.

¢ Control and feedback: In many engineered and biological systems, control is phase-
locked: actions depend on cycle position (timing of heart pacing, gait, alternating current
power, phase-locked loops).

e Reduction of dynamics: When a system has a stable limit cycle, many perturbations
decay back to the cycle. The long-term behavior can be parameterized mainly by phase
along the cycle.

In such contexts, phase ordering is not merely a convenient representation; it is the variable
that captures what is robust and predictive. Linear time can still exist as a background
coordinate, but it is secondary. The system’s state is better tracked by where it is in its cycle.

Now, could phase ordering ever be fundamental, not just local? Possibly, but it would require
additional structure, because phase is bounded and repeats. A fundamental ordering must
support the accumulation of novelty, records, and non-repeating structure—or else reinterpret
those phenomena as emergent patterns on top of recurring base dynamics.

One way this can happen is through two-layer structure:
e Afast cyclic variable (phase) supplies local ordering and coordination.
e A slow drift variable supplies long-run progression, novelty, or accumulation.

In that composite picture, the world is “phase-ordered” at one level and “arrow-ordered” at
another. Many real systems already behave this way: fast oscillations embedded in slow
development (daily cycles embedded in aging, business cycles embedded in secular growth,
neural oscillations embedded in learning).
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This ties back to our initial question: “other than time and iteration, what orderings exist?”
Phase is one such ordering, but it often wants a companion variable to account for irreversibility
and record accumulation.

10.4 Distinguishing phase-order from record-order

Phase order and record order can be confused because both allow you to infer “where you are”
from local data. But they are fundamentally different in what they treat as primary.

Phase-order is about position in a cycle. It is intrinsically periodic. It supports ordering within
recurrence.

Record-order is about traces that encode constraints about other events. It is intrinsically
cumulative: records tend to persist and cross-link, producing a directionality tied to stability and
redundancy.

Here are the crisp differences:

o Topology: phase lives on a circle; record structure typically lives on a directed, branching
network of constraints (often aligned with an arrow).

e Repetition: phase repeats by design; records accumulate and, in practice, do not “wrap
around” without deliberate erasure.

o Predictive content: phase tells you what comes next within the cycle; records tell you
what likely happened to produce the current constraints and what constraints will likely
persist.

¢ Reset: phase resets every cycle; records do not reset automatically and often require
energetic work to erase or overwrite.

o Directionality source: phase direction is often defined by convention (increasing angle);
record direction is defined by the physical asymmetry of record formation and stability.

In many systems both are present: a clock is phase-based (oscillation) and also record-based
(counted ticks recorded in memory or a counter). This hybrid is what makes clocks powerful:
they combine repeatable cycles with cumulative counts.

So, phase ordering is a distinct element in the taxonomy: it provides an ordering principle
rooted in periodicity and synchronization rather than in linear progression. But it does not, by
itself, explain the one-way accumulation of evidence and memory that dominates our lived
experience. That role is more naturally played by entropy and records. In the larger map, phase
ordering often sits as a local, cyclic coordinate system layered inside a broader arrow-structured
world.
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The next section will shift from cyclic ordering to scale ordering: a different kind of
“before/after” defined not by cycles or by time, but by moving between levels of description
from microscopic to macroscopic via renormalization-like flow.

11. Scale Ordering: Renormalization as a Kind of “Before/After”

So far we have treated ordering as something that organizes events (time coordinates),
influences (causal order), evidence (records), directionality (entropy), repetition (phase), or
representation freedom (gauge time). Scale ordering introduces a different axis entirely: an
ordering not of moments but of descriptions. The guiding idea is that physics is layered. What
you call “the same system” can be described at many resolutions, from microscopic details to
macroscopic variables. Moving between these layers is not merely a matter of convenience; it
often reveals structural stability—universal behavior that does not depend on micro-details.

Renormalization is the disciplined machinery that formalizes this movement between scales. For
our purposes, its philosophical significance is that it provides a kind of “before/after” that is
neither time-like nor iterative in the usual sense. It is a flow on the space of descriptions: “from
fine to coarse,” “from micro to macro,” “from detailed to effective.” That flow can be treated as
an ordering principle because it is directional (coarse-graining discards detail), compositional
(you can coarse-grain in stages), and predictive (it tells you which macro-behaviors are stable
under variation of micro-structure).

This section explains scale ordering, why it behaves like a flow, what it illuminates about
universality and stability, and why it cannot, by itself, replace time as an ordering of events.

11.1 Ordering by description scale, not moments

To order by scale is to order by resolution. Instead of asking “what happens next in time,” you
ask “what remains when | stop caring about details below some cutoff.” The operation is: take a
complex system with many degrees of freedom and form a reduced description that tracks only
the variables relevant at a chosen scale.

Two key asymmetries make this an ordering rather than a reversible mapping:

o Information loss: coarse-graining discards micro-details. Many microstates map to the
same macrostate. This makes the transformation many-to-one.

o Irreversibility in description: because details are discarded, you cannot uniquely recover
the fine description from the coarse one without adding extra assumptions.

This makes scale ordering directional in a way that resembles an arrow: fine -> coarse is natural
and compositional; coarse -> fine is underdetermined.
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It is important to see what is being ordered. It is not the world “moving” in time. It is our
description moving along a hierarchy of models. The ontology question becomes: is this merely
epistemic (about what we know and ignore) or does it reflect something deeper about how
physical law organizes itself across scales?

Renormalization suggests the second: scale transformations are not arbitrary ignorance; they
expose structural features of physical systems. Many large-scale behaviors are not sensitive to
micro-details because they are controlled by stable structures in the space of theories. That is a
profound fact about the world, not just about our limitations.

11.2 Effective theories and emergence as a flow

An effective theory is a model that is accurate within a given range of scales and energies while
ignoring fine details that do not matter at that range. The renormalization viewpoint treats
“emergence” as a flow: as you move to larger scales, the parameters that describe interactions
“run,” and different micro-theories can converge to the same effective behavior.

This yields a “before/after” metaphor that is surprisingly disciplined:

o “Before” =the micro-description with many degrees of freedom and specific interaction
details.

e “After” = the macro-description where irrelevant details have washed out, and only
certain combinations of parameters matter.

The term “flow” here is not time flow. It is flow in a space of descriptions. But it behaves like a
dynamical process: repeated coarse-graining steps can be composed, and the resulting effective
description can approach stable forms.

This gives emergence a formal backbone. It is not merely “the whole is more than the parts.” It
is: there are stable macro-regularities that persist under wide variation in micro-details. That
stability can be described as an attraction phenomenon in theory-space.

This is why scale ordering is relevant to our paper. It offers another way to talk about “order”
that does not depend on time or iteration. You can ask: what is stable as we change scale? What
patterns survive? What variables become the right coordinates? In this sense, “order” is what
the world looks like when you move upward through layers of effective description.

11.3 What scale-order explains about stability and universality

Scale ordering is especially powerful at explaining two things that time-centered metaphysics
often takes for granted: stability and universality.
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o Stability: Many macroscopic phenomena are stable under perturbations. Small micro-
changes do not radically alter macro-behavior. Scale ordering explains this by showing
that many micro-details are “irrelevant” to the macro-description: they do not survive
coarse-graining as controlling variables.

e Universality: Very different microscopic systems can share the same macroscopic
behavior. This is the famous surprise: the details differ, but the large-scale behavior falls
into a small number of classes. Scale ordering explains universality by identifying why
multiple different micro-models flow toward the same effective description.

In the language of our taxonomy, scale order is an ordering of “what matters.” At fine scales,
many variables matter. At coarse scales, fewer do, and they are often collective variables. This is
an ordering principle that compresses reality.

Scale ordering also clarifies the status of many “fundamental” debates. Often, what we
experience as deep is an emergent macro-regularity that is insensitive to micro-details. If so,
insisting on a micro-ontology to explain the macro can be misguided. The right approach is to
identify the stable macro invariants and show how they arise under scale flow.

This has a direct connection to time and iteration:

e If you propose a discrete iterative micro-world, scale ordering asks: does your micro-
structure flow to the observed smooth macro-symmetries? If yes, discreteness can be
hidden. If no, discreteness is constrained.

¢ If you propose time-as-becoming, scale ordering asks: is becoming a micro-primitive, or
is it an emergent agent-level phenomenon that appears at certain scales (where
memory, control, and records exist)?

So scale ordering becomes a diagnostic tool: it tells you where to locate claims—micro, meso,
macro—and whether they should be expected to be robust or fragile.

11.4 The limits: why scale-order is not a full substitute for time

Despite its power, scale ordering cannot replace time as the ordering of events. The reason is
simple: scale ordering orders descriptions, not occurrences.

Time (or causal order) answers questions like:
e Which events can influence which?
¢ What happens next if | act now?

e How do signals propagate?
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e How do records accumulate?
Scale ordering answers different questions:
e Which variables matter at this resolution?
e  Why are some macro-laws universal?
e Why do different micro-systems look the same at large scales?
e What patterns survive coarse-graining?

You can have scale flow in a static world, because it is a map between descriptions, not an
account of temporal change. Even if you treat the renormalization flow as “dynamics in theory-
space,” it does not tell you how a particular system evolves from one state to another. It tells
you how your model changes when you change what you count as relevant detail.

This distinction prevents a category error: using scale as a poetic replacement for time. Scale
ordering is real and deep, but it is orthogonal to temporal ordering. At best, it can complement
time by explaining why time-based laws take the forms they do at different scales, and why
certain temporal behaviors (diffusion, dissipation, wave propagation) are robust across micro-
implementations.

In the larger architecture of the paper, scale ordering provides a second axis of “ordering” that
is not about before/after in the lived sense, but about fine/coarse in the descriptive sense. It
helps explain why the world is intelligible at all: because macro-regularities are stable and
compressible. But it does not by itself generate the directed sequence of experience, memory,
and action. For that, one needs either a time/clock parameterization, causal partial order,
entropy/records, or an agency-centered update sequence.

The next sections will push into inference/computational depth and agency ordering—two more
“orthogonal orderings” that, like scale ordering, organize reality without necessarily being the
time parameter itself.

12. Inference and Computational Depth as Ordering

Time orders events. Causal order orders influence. Entropy and records order evidence and
directionality. Scale orders descriptions by resolution. Inference and computational depth
propose something even more abstract: perhaps “before/after” can be grounded in the
structure of derivation—what can be computed from what, how hard it is to derive, how
compressible a description is, and how much “computational work” separates one state from
another.
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This family of ideas is attractive because it connects ordering to intelligibility. Our strongest
sense of direction often attaches to notions like “building,” “forming,” “learning,” “organizing,”
and “elaborating.” Those can be framed as increases in computational depth: the system’s
present state encodes a history of constraints, computations, or selections. In this view, “later”
is the direction toward greater structured complexity or greater depth of derivation.

But this move is dangerous if handled loosely. Complexity can mean many things, and
derivability can be purely epistemic: it can reflect what we can compute, not what the world
does. The section therefore does two jobs: it lays out how inference-based orderings can be
made precise enough to be meaningful, and it marks the boundary where they collapse into a
story about knowledge rather than a claim about reality.

12.1 Ordering by derivability, proof depth, or compressibility

The most basic inference-order idea is: define an ordering relation between states by whether
one can be derived from another under some rule set.

o If state B can be derived from state A by applying lawful transformations, then A
precedes B in derivation order.

o If deriving B from A requires a long chain of transformations, B has greater proof depth
relative to A.

e If B can be summarized by a shorter description than A (or vice versa), you might define
an order by compressibility: the “simpler” description is more basic.

There are multiple ways this can be instantiated:
o Derivability order: A -> B if B follows from A under the dynamics or constraints.

e Proof-depth order: A precedes B if the minimal derivation of B from A has fewer steps
(or lower resource cost).

e Compressibility order: A precedes B if A is a shorter program/description that generates
B (or that generates the distribution containing B).

Notice the immediate ambiguity: which rules count as legitimate derivations? Which cost
function measures depth? Which description language defines “short”? These are not trivial
details. They determine whether the ordering is objective or merely conventional.

Still, the idea has real traction because physics itself frequently uses derivational structure. We
often do not observe microstates directly; we infer them. We often describe systems by
compact laws that generate a vast range of behavior. In such contexts, compressibility is not just
about our ignorance; it reflects that the world has regularities that admit short descriptions.
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So an inference-based ordering is best framed as: ordering by the structure of generative
constraints and the minimal resources required to produce or specify what we observe.

12.2 Description length versus physical process
Here is the key tension: a short description does not necessarily imply a short physical process.

A system can be physically “deep” but algorithmically “shallow,” or the reverse, depending on
what you mean:

¢ Asimple rule can generate extremely complex-looking outcomes after many iterations.
The description is short; the process can be long.

e A complex configuration might be compressible if it has hidden structure or symmetry,
even if physically it arose through a long, contingent history.

e Conversely, a configuration might be incompressible (no shorter description than listing
it) even if it arose from a simple physical process with randomness.

So we must separate two notions of depth:
e Descriptive depth: how long the shortest description/program is.

e Computational depth: how much computation is required to generate the object from
its shortest description.

¢ Physical depth: how much physical time, energy dissipation, interaction, or causal
chaining was required in the actual world to bring it about.

In a purely epistemic frame, these are properties of our representations. In a physics-facing
frame, we ask whether there is any principled alignment between them. Sometimes there is:

e Physical laws that are simple can generate physically deep structures over time (e.g.,
stable patterns formed by repeated local interactions).

¢ Record formation can encode long causal histories into present states, making some
present configurations physically deep: they embody many past interactions.

But the alignment is never automatic. If we declare “the arrow of time is the direction of
increasing complexity,” we risk a false generalization because complexity can decrease locally,
fluctuate, or be traded between system and environment.

So the disciplined approach is: inference-ordering can be meaningful, but only when it is
anchored to physical generative mechanisms or to invariant constraints, not just to our choice of
description language.
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12.3 When “complexity” functions like an arrow

Despite the cautions, there are contexts where complexity-like measures behave arrow-like:
they tend to increase in a robust direction under typical conditions, providing a “before/after”
gradient.

There are at least three ways this can happen:

o Entropy-driven structure formation in open systems: In systems driven far from
equilibrium, local order can increase while global entropy increases. Complexity can
grow in the sense of richer patterns and functional organization, even as dissipation
continues. This is not a violation of the thermodynamic arrow; it is a complement to it.

¢ Accumulation of records: As records accumulate, the present can encode more
constraints about “what had to happen.” The system’s state becomes more “historically
laden.” That can be interpreted as increasing computational depth: more causal
structure is embedded in the present.

¢ Learning and adaptation: Agents and adaptive systems update internal models. Their
state can come to encode more predictive structure about the environment. That is an
arrow in model space: a direction of increasing fit, increasing internal organization,
increasing usable information.

In these cases, complexity functions like an arrow not because the universe has a primitive
“complexity time,” but because typical dynamics plus boundary conditions yield gradients in
certain measures of structured organization.

However, the arrow is conditional:
¢ It depends on openness, driving, and constraints.
e It can stall, reverse, or plateau.
e Itis not universal across all subsystems.

So complexity-as-arrow is best treated as a mesoscale phenomenon: an ordering principle that
applies in certain regimes (especially where agents, life, or long-lived far-from-equilibrium
structures exist) rather than as a universal replacement for time.

This is useful for our taxonomy because it highlights a second kind of directedness besides
entropy: an arrow of accumulated structure, accumulated constraints, accumulated learned
models. It explains why “later” sometimes feels like “more built” rather than merely “more
disordered.”
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12.4 Risks: confusing epistemic order with ontic order

The biggest hazard in this section is category error: confusing epistemic order (order in our
knowledge or descriptions) with ontic order (order in the world).

Here are the main risks:

e Language dependence: compressibility depends on the description language. Without
care, “shorter” is not objective.

o Observer dependence: what is derivable depends on what rule set the observer uses
and what information they possess.

¢ Conflating inference with causation: the fact that we can infer A from B does not mean
A caused B. Reverse inference is common: present evidence lets us infer earlier causes,
but that does not invert causal direction.

e Smuggling in time: many computational notions implicitly assume a step count or a
time-like resource. If you define depth by number of steps, you have reintroduced
iteration unless you can define step-cost in a parameter-invariant way.

e Moralizing complexity: it is tempting to treat “more complex” as “more advanced” or

I”

“more real.” Physics does not license that. Complexity can increase, decrease, and

redistribute; it is not automatically a universal telos.
To keep the framework physics-facing, the paper will adopt a disciplined stance:

e Use inference/computational depth as an ordering only when it can be anchored to
physical mechanisms (record accumulation, causal chain length, resource-bounded
propagation, learning dynamics) and not merely to narrative intuition.

o Treat complexity gradients as regime-dependent, not universal.

e Keep clear separation between “the world’s causal structure” and “our inferential
reconstruction of it.”

With these safeguards, inference-based ordering becomes a valuable member of the taxonomy.

Zax

It explains why “order” can mean “derivable from,” “compressed by,” or “built through” in
contexts where time/iteration language feels too crude. But it also marks a boundary: without

operational anchors, inference ordering is about how we know, not about what is.

The next section will make that boundary even more concrete by turning to agency and decision
ordering, where the ordering variable is explicitly tied to information availability and control-
loop updates—structures that live at the interface between epistemology and physics.
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13. Agency and Decision Ordering

Agency-ordering treats “before/after” as something defined inside the loop of acting systems.
Instead of starting with an external parameter (t) or a global tick (n), it starts with a structural
fact about agents: they take in information, update internal state, choose actions, and thereby
change the stream of future information. The ordering variable is not “time” in the abstract; it is
availability: what information is accessible to the agent at the moment of choice, and what
actions are feasible given that information.

This framing is not a retreat into psychology. It is a way to describe a physically embedded
process: control systems exist as subsystems of the world, constrained by signaling, locality,
noise, memory, energy, and the thermodynamic cost of maintaining organized state. Agency-
ordering therefore sits at an interface: partly epistemic (beliefs, updates), partly ontic (causal
constraints, record formation, resource limits). It offers a disciplined explanation for why
experience feels sequenced and directional even when “time” as a metaphysical primitive is left
undecided.

13.1 Control loops: order defined by information availability
A control loop is the minimal skeleton of agency:

1. sense (receive measurements),

2. estimate (compress measurements into a state),

3. decide (select an action),

4. act (apply an intervention),

5. observe the consequences, and repeat.

The crucial ordering relation here is what was known when the decision was made. That yields
an intrinsic “before/after” even without a global time parameter:

o Before = the agent has not yet received a particular measurement, or has not yet
integrated it into its internal state.

o After = the agent has received and integrated the measurement, and can condition
decisions on it.

This is an ordering by information sets. The agent’s internal state partitions the world into
“distinctions the agent can currently act on” and “distinctions not yet available.” Decisions are
ordered by which distinctions were available at the decision point.
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Two consequences follow immediately.

First, control loops create a natural partial order: two agents (or two subsystems) can be at
different “information stages” with no need for global simultaneity. They can each have their
own notion of “now” defined by their most recent sensor integration and action selection.

Second, control loops formalize the sense in which “the present” is operational: it is the slice of
the world that has been incorporated into the agent’s actionable state. The “present” is not a
cosmic hyperplane; it is a boundary between unintegrated signals and integrated state.

Agency-ordering also makes the role of locality explicit. Information arrives at finite speed.
Sensors have spatial placement. Signals have delays. Thus, what an agent can know “now” is
bounded by causal horizons. In this view, agency is causality made practical: an agent’s loop is a
local causal engine that turns accessible correlations into interventions.

13.2 Belief update sequences and the arrow of learning

Belief updates define a second agency-based ordering: the sequence of model revisions as
evidence accumulates. Even if microphysics is reversible in principle, learning is effectively
arrowed because:

¢ evidence arrives in one direction (you acquire new records),

¢ assimilation is physically implemented in memory substrates (which are stabilized by
dissipative processes),

o forgetting and unlearning are not symmetric inverses of learning (they require specific
interventions and often degrade detail).

So, for an agent, “later” is naturally “after more updates.” The ordering variable is the update
index k in a sequence of internal states:

qg0->qg1->q.2->..
where each transition corresponds to a belief update triggered by new data.

This is not automatically the same as a universal iteration index for the cosmos. It is local, agent-
relative, and physically realized. But it produces a robust experiential arrow:

¢ Prediction improves (or at least changes) in a directed way because the agent
conditions on an expanding set of records.

o Narrative coherence increases because the agent’s internal state increasingly
compresses the record stream into stable causal expectations.
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e Commitment becomes path-dependent because once a model has been updated, the
next update is conditioned on the current model, not the original one.

Agency-ordering therefore gives a precise interpretation to “the arrow of learning”: it is the
direction along which the agent’s internal compressions and control policies are revised under
incoming evidence. It is also inherently resource-bounded: agents cannot store or compute
everything, so they form compressed models. That compression creates hysteresis and
irreversibility at the level of belief, even in a world where micro-dynamics may be reversible.

This is where agency-ordering connects back to earlier sections:

e |t aligns with records ontology: learning is the internalization of records into controllable
state.

¢ It aligns with the thermodynamic arrow: stable learning requires dissipation and robust
memory substrates.

e It aligns with inference/computational depth: learned models can be seen as
compressed descriptions that encode deep regularities.

So the arrow of learning is not a competitor to the thermodynamic arrow; it is one of its most
visible local manifestations inside an information-processing subsystem.

13.3 Multi-agent consistency: when orders conflict

Once you admit multiple agents, you immediately face a problem that looks like “time
disagreement” but is actually “order disagreement”: different agents have different information
sets, different clocks, different update schedules, and different action horizons. Their internal
orders can conflict.

There are three primary conflict modes.

¢ Asynchronous evidence arrival
Two agents receive relevant data in different sequences due to locality and signaling
delay. They update in different orders, leading to different intermediate beliefs even if
they eventually converge.

o Different model classes and priors
Even with identical evidence, agents may compress differently. One agent treats a
pattern as signal; another treats it as noise. Their belief-update orderings diverge not
because the world differs, but because their internal representational constraints differ.

e Strategic interaction
In multi-agent environments, agents do not merely observe the same world; they
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observe each other. This creates reflexive loops: my action changes your observations,
which changes your next action, which changes my observations. Order becomes
entangled with game dynamics.

In this setting, “consistency” is not automatic. It must be engineered or earned through
protocols: shared measurement standards, synchronization conventions, communication, cross-
validation, and conflict resolution mechanisms. This is the multi-agent analogue of the records
cross-linking principle: robust agreement arises when independent channels constrain the same
latent structure.

The key conceptual payoff is that agency-ordering makes disagreement about “what is
happening now” unsurprising. It is not primarily metaphysical. It is structural: different agents
occupy different causal positions and have different information boundaries.

This also offers a disciplined way to discuss “presentness” without global simultaneity. Each
agent has a present defined by its actionable information set, and the relationship between
presents is mediated by causal signaling and record exchange.

13.4 What agency-order can illuminate about experience

Agency-ordering is especially useful because it can explain major features of lived temporal
experience without assuming an objective flowing time.

Four experiential facts fall naturally out of the agency picture:

e The felt “now” as an update boundary
“Now” is the interface where new inputs become integrated into the internal state that
governs action. It is not a universal slice; it is the agent’s boundary between
unassimilated signals and assimilated control state.

e The felt direction of time as record accumulation inside the agent
We experience “past” as accessible memory and “future” as open possibility because
memory is physically stored and stabilized, while future records do not yet exist in our
possession. This is the records/entropy arrow expressed through an agent’s internal
architecture.

e The felt continuity of flow as continuous control
Agents run control loops at high frequency. Even if the underlying world were discrete at
some substrate scale, the agent’s integration and action could be smooth at its operating
scale. “Flow” can therefore be an emergent phenomenology of dense update cycles and
predictive smoothing.
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o Theirreducible first-person asymmetry
From the outside, an agent can be modeled as a physical system with state transitions.
From the inside, the agent’s access to its own state is privileged and its access to the
world is mediated by sensors. This generates a persistent asymmetry: the world is
encountered as a stream of surprises relative to an internal model. That stream-like
character is an experiential ordering even if the underlying physics is formulated
timelessly.

Agency-ordering therefore serves as a bridge concept in the paper’s taxonomy. It shows how
“order” can be physically grounded in information availability, local causality, and memory
formation, while remaining compatible with multiple choices about fundamental ontology
(block time, relational time, causal sets, or discretized dynamics).

It also provides a practical moral: when debates about “time” become stuck, it can be clarifying
to ask what structure is actually doing the work in experience and in practice. Often it is not a
cosmic time fluid. It is the agent’s loop: sensing, updating, acting, recording, and learning under
finite resources and causal constraints.

In that sense, agency-ordering does not replace time; it explains why time-talk is so natural and
so sticky. It identifies the physical substrate of “sequence” at the scale where sequence matters
most to us: the scale of decisions.

14. Empirical and Conceptual Discriminators

Up to this point, the paper has widened the menu of “orderings of change” without insisting
that physics must pick a single winner. This section turns the crank in the opposite direction. It
asks: if two stories really differ, what would force a difference in what can be observed, inferred,
or operationally constrained? And if two stories are empirically indistinguishable, how should
we talk about them without inflating metaphysics into faux measurement?

The goal is a set of discriminators that separate four cases: (i) pure re-labelings, (ii) different
clock choices, (iii) genuinely different physical structures that could, in principle, be tested, and
(iv) metaphysical add-ons that may be meaningful but are not physics unless they couple to
observables.

14.1 What would count as evidence for fundamental discreteness

Fundamental discreteness is not “quantization of measurement outcomes” or “digital
simulations approximate well.” It is the claim that the world’s underlying evolution or spacetime
structure has a smallest meaningful step, grain, or event atom that cannot be refined away.
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Evidence for discreteness would look like an invariant residue that survives all attempts to
reinterpret it as noise, finite instrumentation, or a coordinate choice. In practice, that means
one or more of the following patterns:

e Aresolution limit that is not merely technological: as instruments improve, the same
floor remains in a way that can be modeled as intrinsic rather than environmental.

e Systematic deviations from smooth continuity assumptions that depend on scale in a
predictable way (not random drift, not calibration error).

e Auniversal “jitter” or granularity signature that appears across multiple experimental
platforms that share no common hardware weakness.

e Discreteness that implies a maximum meaningful frequency or minimal time interval in
an operational sense, not just a philosophical sense.

A crucial caveat is that discreteness does not automatically force obvious artifacts. Discrete
substrates can produce extremely smooth emergent behavior, just as molecular matter
produces smooth fluids. So the discriminator is not “do we see steps?” It is “does the theory
require a non-removable scale that leaks into observable correlations in at least some regime?”

14.2 Lorentz invariance, dispersion, anisotropy, and noise floors

Many discreteness pictures accidentally smuggle in a preferred structure: a global tick, a lattice
direction, or a special slicing of events. The most sensitive discriminators are therefore those
that look for tiny breaks in symmetry or tiny distortions in propagation.

Four families of signatures recur across otherwise different models:

e Lorentz invariance stress tests
If there is a preferred frame or preferred foliation, then the laws can acquire small
frame-dependent corrections. Operationally this would show up as direction- or velocity-
dependent deviations in otherwise invariant relationships. The discriminator is not
philosophical preference; it is whether any measurement outcome depends (even
slightly) on absolute motion relative to some hidden structure.

e Dispersion stress tests
Smooth relativistic propagation often implies a specific relationship between frequency
(or energy) and speed of signals. Many discrete or granular models predict a modified
relationship, typically making propagation slightly energy-dependent or frequency-
dependent. Over long baselines, tiny differences can accumulate. A true discriminator
would be a reproducible, energy-correlated delay or phase drift that cannot be
attributed to known media effects or source mechanisms.
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e Anisotropy stress tests
A lattice-like substrate, a preferred axis, or an emergent grid can produce tiny directional
asymmetries: the same experiment rotated in space yields slightly different outcomes.
The key here is repeatable orientation dependence that tracks sidereal or inertial
orientation rather than local environment.

e Noise-floor stress tests
If evolution proceeds in discrete updates, there may be an irreducible timing or phase
noise: a minimum jitter in clocks, interferometers, resonators, or correlated
measurements. The discriminator is a noise floor that remains after isolating all known
noise sources and that scales with the relevant variables in a way predicted by a
discreteness model.

These discriminators also apply to “becoming” theories that require a preferred present. A
globally advancing “now” typically demands a preferred slicing, and preferred slicing tends to
make itself visible as Lorentz-stressing structure unless carefully hidden.

14.3 Unitarity, reversibility, and resource-bounded physics

Not all discriminators are about symmetry breaking. Some are about whether evolution is
fundamentally information-preserving, and whether the universe behaves like it has hard
resource limits beyond ordinary locality.

Three clusters matter.

e Unitarity and information preservation
A broad class of physical descriptions treat closed-system evolution as reversible in
principle: information is not destroyed, only redistributed. A rival class posits
fundamental loss: information genuinely disappears, not merely becomes practically
inaccessible. The discriminator is whether there exist controlled scenarios where
information loss is irreducible even in principle, rather than merely hard to retrieve.

e Reversibility versus effective irreversibility
Thermodynamic irreversibility can emerge even when micro-evolution is reversible. If a
proposal claims irreversibility is fundamental, it must predict a deviation from expected
reversibility signatures in regimes engineered to minimize coarse-graining and
environmental leakage. The discriminator is a clean separation between “we cannot
reverse it because we lack control” and “no one can reverse it because the law forbids
it.”

e Resource-bounded physics
If the universe is computational in a strong sense, there may be hard limits on
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information throughput, state precision, or coordination depth that are stricter than
ordinary finite signal speed. Such limits would appear as absolute ceilings on achievable
correlations, synchronization quality, or error-correction performance, even in idealized
isolation. The discriminator is not that experiments are difficult, but that there exists a
principled bound that no amount of engineering can surpass.

These tests also help separate “iteration as metaphor” from “iteration as physics.” If iteration

implies bounded update bandwidth per region per tick, the bound should have consequences
for achievable correlations and control. If no bound manifests, iteration may be nothing over

and above a reparameterization.

14.4 When theories are empirically equivalent but metaphysically distinct

Empirical equivalence is where many debates become permanently noisy. Two frameworks can
disagree about what is fundamental while agreeing on every measurable prediction. In that
case, physics does not adjudicate by data alone.

The paper treats this as a feature, not a failure. It implies a needed discipline in claims:

o If two descriptions are connected by a parameter change, a clock choice, or a gauge-like
transformation that preserves all observable correlations, then they are the same theory
in physics terms.

o If the only difference is narrative (time is “real flow” versus “coordinate”), and the
narrative adds no coupling to observables, then the difference is interpretive, not
experimental.

o |If a metaphysical distinction is retained, it should be presented as a stance with virtues
and costs (simplicity, explanatory unity, compatibility with other principles), not as a
discovered fact.

This section’s practical rule is: never present a metaphysical add-on as if it were an empirical
inference unless it produces an invariant, measurable discriminator.

14.5 The “minimal claim” ladder: from operational order to ontology

To keep discussion honest, the paper uses a ladder of claims. Moving up the ladder increases
metaphysical commitment and decreases automatic empirical determinacy. Each rung is
legitimate, but each requires different standards of justification.

e Level 0: Ordering as bookkeeping
“Time” or “iteration” is a parameter we use to label correlations. No claim that the label
is itself physical.
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e Level 1: Ordering from clocks
Time is defined operationally by a chosen clock subsystem. Physical content is in
correlations relative to that clock.

e Level 2: Ordering from causality
The primitive ordering is influence (partial order). Global simultaneity is not assumed.

e Level 3: Arrow from thermodynamics and records
Directionality arises from low-entropy conditions and the accumulation of stable traces.
This explains memory and prediction asymmetry without adding a moving present.

¢ Level 4: Discreteness with consequences
There is a true tick, event atom, or granular structure that cannot be removed by
reparameterization and that implies at least one testable residue (symmetry stress,
dispersion, anisotropy, noise floor, or principled bounds).

¢ Level 5: Becoming as physical structure
There exists an objective present or passage that adds structure beyond causal order
and entropy/records, and that couples to observables (often via a preferred foliation or a
fundamental asymmetry).

The ladder’s purpose is not to forbid higher rungs. It is to prevent category slips: treating Level 0
or Level 1 language as if it implied Level 4 or Level 5 metaphysics, or treating Level 5 intuitions
as if they were already Level 4 physics.

n

With these discriminators in place, the rest of the paper can compare “time,” “iteration,” and
the other orderings without talking past itself: re-labelings are identified as re-labelings, clock
choices as clock choices, and genuinely new physical claims are forced to state what would
count as evidence for or against them.

15. Synthesis: A Map of Options

This paper’s core claim is methodological: “time vs iteration” is not a well-posed fork until you
specify what structure you are committing to and what would differ operationally if that
structure were absent. We have now surveyed multiple candidates for “ordering”: coordinate
parameters, becoming/flow, discrete ticks, computational update rules, relational clocks, causal
partial orders, entropy/records arrows, record-constraint ontologies, gauge/reparameterization
freedom, phase cycles, scale flows, inferential/computational depth, and agency-centered
update sequences. The task of synthesis is to turn that list into a map: a way to see which
commitments imply which structures, which frameworks can coexist, and where “time” and
“iteration” land inside the larger space.
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15.1 A decision tree: which commitments imply which structures

A decision tree here is not a pop quiz. It is a dependency graph: if you affirm X, what else must
you also accept (or explicitly reject) to remain coherent?

Start with the first branching question:
e Are you making a claim about labels or about structure?

If labels only, you are in the reparameterization/gauge zone. “Time” and “iteration” are merely
coordinate choices until you add invariant structure that survives relabeling.

If structure, the next question is:
¢ Is your primitive ordering global or local?

III

If global, you are implicitly accepting something like a universal slicing (a global “now” or global

tick). That pushes you toward a preferred frame/foliation risk and forces you to explain why
global structure does not show up as symmetry-breaking residues.

If local, you naturally land in partial order territory: causality, local clocks, local record
formation, and agent-local update sequences.

Then ask:
e Isyour ordering total or partial?

Total order means every pair of events is comparable. Partial order means incomparability is
allowed. Causal order is naturally partial. A global iteration counter tends toward total order
unless carefully restricted.

Then ask:
¢ Isyour ordering reversible or arrowed?

Reversible ordering is compatible with a time parameter without a direction. Arrowed ordering
introduces asymmetry: entropy/records, fundamental irreversibility, complexity gradients, or
learning arrows. If you want arrow without becoming, entropy/records is the standard route. If
you want becoming, you owe additional structure beyond the arrow.

Then ask:
¢ Isyour ordering continuous or discrete?

Discrete can be either mere discretization (relabeling, sampling) or fundamental (true tick).
Fundamental discreteness implies non-removable scale and potential residues: dispersion,
anisotropy, noise floors, or bounded information flow.
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Finally ask:
e Isyour ordering ontic or epistemic?

Ontic means it is part of the world’s structure independent of observers (causal reachability,
fundamental tick). Epistemic means it is tied to knowledge, inference, or agency (belief updates,
derivability order). Epistemic orderings are valuable but must not be smuggled into claims
about the world unless anchored to physical mechanisms (records, resource bounds, causal
constraints).

In short, the decision tree says: once you decide (label vs structure), (global vs local), (total vs
partial), (reversible vs arrowed), (continuous vs discrete), (ontic vs epistemic), your “time vs
iteration” preference becomes a small downstream detail.

15.2 Compatibility chart: which frameworks can coexist

Most of the frameworks surveyed are not mutually exclusive. They can stack, provided you keep
levels distinct.

Highly compatible combinations:

e Relational time + causal order
Causal structure supplies influence constraints; relational clocks supply operational
parameterization inside that structure.

e Entropy arrow + records ontology
The arrow explains why records persist and accumulate; records explain why “past” is
inferable from present traces. These are natural allies.

e Phase ordering + linear/arrow ordering
Cycles can be embedded within a larger directed structure: a fast phase variable plus
slow drift plus record accumulation.

e Scale ordering + any event-ordering
Scale flow organizes descriptions; it does not compete with event-ordering. It
complements time/causality by explaining universality and stability across levels.

e Inference depth + records/agency
Computational depth aligns naturally with record accumulation (“historical load”) and
with learning dynamics in agents.
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Potentially compatible, but tension-prone:

Fundamental global tick + Lorentz-respecting causal structure
Possible if the tick is hidden by emergent symmetry, but it carries a heavy explanatory
burden and invites symmetry-breaking discriminators.

Becoming/flow + standard relativistic structure
Possible if “flow” is local or tied to a field/foliation that is empirically suppressed, but it
must avoid either regress (meta-time) or epiphenomenalism (no observable coupling).

Often incompatible unless heavily engineered:

Strong global present + no preferred structure
An objective global “now” typically implies a preferred foliation. If you forbid preferred
structure, global present becomes difficult to make physical.

Fundamental irreversibility + strict reversibility expectations
If you claim fundamental information loss, you must specify where it lives and why it
does not contradict the success of reversible micro-descriptions in controlled regimes.

So the compatibility chart’s moral is pluralism with boundaries: many orderings can coexist as
layered structures, but certain combinations force you to pay a symmetry or testability cost.

15.3 Where “time” and “iteration” sit inside the larger space

With the map in view, “time” and “iteration” become two special cases among many.

Time as coordinate

Sits in the label/gauge zone unless anchored to clocks. It is indispensable as a tool, but
not automatically ontic.

Time as becoming
Sits at the high-commitment end: it adds structure beyond correlations, beyond causal
order, beyond entropy arrows. To be physics, it must couple to observables.

Iteration as reparameterization
Sits in the same label/gauge zone as coordinate time. It is a different index, not a
different world.

Iteration as clock counting

Sits inside relational time: n is the discrete readout of a physical periodic process plus
record-keeping.
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Iteration as true tick
Sits in the discreteness-with-consequences region: it claims a non-removable grain,
potentially with symmetry or noise-floor residues.

Iteration as computation with bounds
Sits in the resource-bounded physics region: it claims hard limits on information flow,
coordination depth, or precision beyond ordinary locality.

So the synthesis is blunt: “time vs iteration” is only a real fork in the tree when “iteration”

means true tick or resource-bounded update, or when “time” means becoming with physical

coupling. Otherwise, both are usually just different languages for the same correlation

structure.

15.4 A pragmatic stance: disciplined pluralism and falsifiable edges

The stance recommended by this paper is pragmatic but not lax: disciplined pluralism with

falsifiable edges.

Disciplined pluralism means:

Use whatever ordering is appropriate to the task: clock time for laboratory prediction,
causal order for influence constraints, entropy/records for directionality and memory,
phase for synchronization, scale for universality, inference/agency for cognition and
learning.

Treat “time” and “iteration” as representational choices unless you explicitly add
structure.

Keep metaphysical preferences explicit as preferences, not as empirical conclusions.

Falsifiable edges means:

If you claim a true tick, specify what residue it leaves: symmetry stress, dispersion,
anisotropy, irreducible noise floors, or bounded correlation/throughput limits.

If you claim becoming as physical, specify the added structure and how it couples:
preferred foliation, new field variable, time-asymmetric micro-dynamics, or an
operational signature that cannot be reparameterized away.

If you claim computational resource bounds, specify the bound and what experimental
domain would be sensitive to it.

This stance respects both the power and the limits of physics. Physics can tell us what structures

are required to reproduce observed invariants. It can constrain additional structure by

symmetry tests and precision measurements. But when multiple stories are empirically
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equivalent, the honest move is not to declare a winner by rhetoric. It is to say: here is the
shared operational core, here are the alternative ontological readings, and here are the edges
where they would diverge if they ever become more than interpretation.

That, ultimately, is the map: a way to keep “time vs iteration” from being too narrow, too
loaded, or too easy—and to keep our metaphysics tethered to what could, even in principle,
matter to the world.

16. Conclusion: How to Speak About Order Without Overclaiming

This paper began with a narrow-seeming question—are we in “time” or “iteration”?—and
treated it as a diagnostic. The diagnosis is that the question is often underspecified: many
disputes are really about labels, clock choices, or narrative intuitions. Once we enlarge the
space of possibilities, we find a spectrum of orderings that physics can use coherently:
coordinate parameters, relational clocks, causal partial orders, entropy arrows, record
constraints, phase cycles, scale flows, inferential depth, and agent-centered update sequences.
Each orders something real, but not all order the same kind of thing. The discipline, then, is not
to pick a single word and crown it fundamental, but to speak precisely about which ordering
relation is being claimed, what structure it adds, and what would count as evidence that it is
more than a re-description.

16.1 Restating the central result: many orderings, few discriminators
The central result is simple to state and surprisingly hard to internalize:
e There are many internally consistent ways to define “before/after” or “order.”

e Only a small subset of differences between these ways produce distinct empirical
predictions.

Most of the time/iteration debate collapses into one of two low-commitment zones:

e Reparameterization/gauge: “time” or “iteration” is a label that can be changed without
changing observables.

e Clock choice/relational time: “time” is a variable read off from a physical subsystem,
and different clocks give different but compatible coordinatizations.

Where genuine discriminators appear is at the “falsifiable edges”:

e Atrue tick that implies a non-removable granularity with detectable residues (symmetry
stress, dispersion, anisotropy, noise floors, throughput bounds).
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A physical becoming that adds structure beyond causality and entropy/records and
couples to observables (preferred foliation, time-asymmetric micro-dynamics, an

Ill

operational “presentness” variable that does work).

A resource-bounded computation claim that produces principled, testable limits beyond
ordinary locality.

Everything else—entropy arrows, records, phase cycles, scale flow, inferential depth, agency

updates—can be real and powerful while remaining compatible with multiple underlying

ontologies. They often explain why experience looks ordered without forcing a single primitive

ordering variable.

So the conclusion is not “nothing is real.” It is: real structure lives in invariants and constraints;

the words we use to narrate that structure must not outrun the discriminators.

16.2 Practical takeaway for theorists and communicators

For theorists, the practical takeaway is a design rule:

Whenever you propose a new ordering primitive, immediately state what is invariant
and what changes.

Specify whether your ordering is global or local, total or partial, continuous or discrete,
reversible or arrowed, ontic or epistemic.

Identify the exact point where your proposal becomes more than a reparameterization
or clock choice.

A good proposal should answer four questions in one paragraph:

1.

4.

What is the primitive relation (correlation, causality, tick, record constraint, phase, scale,
derivation, agency)?

What additional structure does it posit beyond standard descriptions?

What would differ in observable correlation structure if that additional structure were
absent?

What existing constraints or potential experiments bear on those differences?

For communicators—writers, teachers, public explainers—the takeaway is a hygiene rule:

Stop using “time is an illusion” and “the universe updates like a computer” as if they
were settled physical conclusions.
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e Replace them with claims at the appropriate rung of the ladder: “time is operationally

” u n

defined by clocks,” “many parameter choices are gauge-like,” “causal order is more

robust than simultaneity,

n u

entropy and records produce an arrow,” “discreteness would
require non-removable residues,” “becoming would require extra structure.”

When discussing experience (“flow feels unavoidable”), separate three layers:
e Operational layer: what clocks, signals, and records measure.
e Structural layer: what invariants and constraints physics commits to.
o Interface layer: what bounded agents experience (memory, updating, control loops).

This separation reduces confusion and prevents “experience language” from being misread as
“new physics,” while still treating experience as a serious datum for cognitive science and for
any future theory that tries to connect mind and world.

16.3 The open frontier: new tests, new formalisms, cleaner language
The open frontier is not merely “more data.” It is cleaner conceptual engineering.
Three frontiers stand out.

¢ New tests at the falsifiable edges
The most valuable experiments will be those that can distinguish fundamental
discreteness or preferred structure from mere noise and modeling artifacts: tighter
symmetry stress tests, long-baseline propagation constraints, cross-platform noise-floor
comparisons, and sharper bounds on any hypothesized resource ceilings. Even null
results matter because they prune entire families of “global tick” and “preferred
present” stories.

¢ New formalisms that factor ordering cleanly
We need frameworks where different orderings can be expressed as different layers
without confusion: causal structure separated from metric structure; clock choice
separated from invariants; entropy/records arrows separated from parameters; agency
update sequences separated from ontic causality. The aim is not one grand metaphysical
declaration, but a compositional language in which multiple orderings can coexist
without being conflated.

e Cleaner language for public and cross-disciplinary work
The biggest conceptual progress often comes from refusing to let one overloaded word
do many jobs. “Time” is such a word. “Iteration” is becoming such a word. The frontier is
a vocabulary that names the distinct structures explicitly: parameter, clock variable,
causal precedence, record constraint, entropy gradient, phase, scale flow, derivation
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depth, decision update. When the vocabulary is clean, overclaiming becomes harder,
and real novelty becomes easier to spot.

The paper’s closing posture is therefore both modest and ambitious. Modest: physics rarely
forces a single metaphysical reading when multiple parameterizations are empirically
equivalent. Ambitious: the space of orderings is richer than “time vs iteration,” and the right
kind of rigor—about invariants, discriminators, and layered structure—can make that richness a
source of progress rather than confusion.

Order is not one thing. It is a family of structures. Speak about it with the family resemblance in
view, and with the falsifiable edges clearly marked. That is how we stay honest, stay curious,
and leave room for the next genuine step: a theory that does not merely rename time, but
explains why so many different orderings work so well—and where they finally diverge.
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