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When Two Machines Disagree About What
Time It Is

A reliability lead at a fictional automated container terminal opens
two machine logs the morning after a junction near-miss and finds
she cannot say which observation came first. Her two units stamped
their records from private local clocks, and the offset between those
clocks at the moment in question was never written down in her
setup. By the time she looks, both of her clocks have been re-
disciplined. The near-miss cost her nothing. The lost ordering costs
her the finding, and without a finding, margin across the whole yard
is what she has left. U.S. Provisional Application No. 64/049,409
describes a mesh-derived time primitive in which participating
agents cooperatively estimate a shared temporal frame and carry the
uncertainty of that estimate with every timestamp.

The Tuesday Her Two Logs Did Not Line Up

She is the automation reliability lead at a mid-size container terminal, responsible for

roughly forty driverless straddle carriers and a mixed population of yard tractors
moving between stacks. On a Tuesday morning at 11:40, with clear weather and nothing

unusual on her operations board, a straddle carrier and a yard tractor arrive at the

same corridor junction inside the same second. Both stop. No one is hurt, no box is

dropped, and both units are moving again twelve seconds later. By every measure she
reports, it is a non-event.
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Her work begins Wednesday, when she pulls both units' records to answer one question

her safety process requires her to answer: which unit saw the other first, and did the

yielding unit yield because it saw, or because it happened to brake for something else.

In her deployment as it is configured today, each unit writes a timestamp into its own

record from its own onboard clock, disciplined against a satellite-time receiver on the

terminal roof. Down between the stacks, in the metal canyons her carriers actually work

in, that rooftop signal reaches her units unevenly. The two records for 11:40 disagree by
more than the interval she is trying to resolve. She has two confident stamps and no

way to say which one is closer to true.

The thing she cannot do is small and specific. She cannot place two observations in

order relative to each other.

What Ordering Costs Her Once It Is Gone

The offset between her two clocks at 11:40 was a property of that pair rather than of
either unit, and nothing in her setup was recording it. By Wednesday afternoon both

units have re-disciplined against the rooftop receiver several times over. The gap she

needs has been quietly closed and overwritten. She cannot re-run Tuesday, because that

near-miss depended on where a tractor happened to be and what a stack happened to
be blocking, and she cannot reproduce the arrangement on demand.

So the file closes as unresolved. That word matters more to her than the near-miss did.

Her safety process converts findings into policy changes, and a finding requires her to

name a cause. Without one, the instrument left to her is margin: wider standoff at every
junction in the yard, longer yield holds, lower approach speeds. She applies it

everywhere, because she does not know where the fault was, and in her yard she pays

for it everywhere she applied it. That is throughput she gives up and cannot argue back,

because the argument would require the evidence she does not have.



There is a second loss she feels later. Her regulator and her insurer both read the

incident file. What they see is a fleet operator who observed an event and could not

explain it. That characterization attaches to her program and follows it into the next
review cycle, and a subsequent quiet quarter does not answer the question the file left

open.

The near-miss itself was recoverable. Both machines stopped, as they were supposed to.

What did not survive Tuesday was the ordering, and without it she cannot say whether
the stop was competence or luck.

Why Her Yard Produces This Shape of Problem

Her difficulty is not that either clock is bad. Each of her units holds a serviceable

oscillator that drifts slowly and predictably in a lab. The difficulty is that in her

deployment, each unit holds a private opinion about what time it is and has no

structured way to compare that opinion with the unit next to it. Her two private
opinions never conflict, because in her setup they never meet.

Were her carriers able to exchange timing directly with the tractor they were about to

meet, the number she needed on Wednesday would have been produced by the

encounter itself. As her yard is built today, the shared reference her units have is a
rooftop receiver degraded exactly where they work, which puts her weakest timing at

her most crowded junctions.

Her records compound this. Every stamp in her logs is a bare value. None of them

carries any statement of how well the writing unit knew its own time. For her purposes,
this is the corrosive part: in her logs a stamp that is confidently wrong looks identical to

a stamp that is right, so her Wednesday review has no way to prefer one of her records

over the other. She is not choosing between a good measurement and a bad one. She is

choosing between two measurements that look the same.



The same gap reaches forward into the behavior she is trying to govern, not just

backward into her audit. Her carriers decide whether a received observation is fresh

enough to act on by subtracting a foreign timestamp from a local clock. Were the two
clocks in disagreement, the computed age would be wrong by the amount of that

disagreement, in the same direction, and the carrier would have no signal that anything

was off. The stale observation would present itself to her carrier as current. In her yard,

a carrier treating a two-second-old position report as if it had just arrived is not an
audit problem. It is a yielding problem.

Inside the Mesh-Derived Time Primitive

Chapter 17 of U.S. Provisional Application No. 64/049,409 discloses a mesh-derived

time primitive, described in the filing as an architectural primitive of the governed

spatial mesh and as the temporal counterpart to the mesh-derived coordinate primitive

of Chapter 16. The chapter is directed to the governance-chain-preserving generation,
maintenance, consumption, and federation of a shared temporal reference frame

produced cooperatively by participating mesh agents through inter-agent timing

exchanges, temporal anchor observation admission, and governance-credentialed

temporal frame definition, without dependence on any specific external timing
infrastructure.

In an embodiment, the primitive comprises a plurality of clock-maintaining mesh

agents, each maintaining a local clock with governance-policy-characterized drift

properties, together with a governance-credentialed inter-agent time-synchronization
mechanism that produces time-synchronization observations between participating

agents through at least one of a plurality of synchronization modalities. A temporal

anchor observation admission interface admits governance-credentialed temporal

anchor contributions. A cooperative time-estimation engine determines agent time-
offsets by combining synchronization observations with anchor contributions, and a

transitive time-propagation extender produces agent time-offsets through neighbor

references where direct-anchor synchronization is insufficient. A drift-compensation



mechanism continuously compensates local-clock drift through fresh synchronization

exchanges, and a clock-model learning mechanism refines per-agent drift

characterizations through governance-credentialed training per Chapter 12 of the filing.

Two further elements bear directly on what a reviewer holds afterward. A time-

uncertainty propagator propagates synchronization uncertainty through the temporal

graph, producing per-agent time-uncertainty estimates. A governance-credentialed

timestamp attestation interface produces timestamp observations carrying the attesting
agent's authority credential, the mesh-derived time value, and the time uncertainty. In

the governed observation primitive of Section 1.5, illustrated in FIG. 1J, a temporal

reference field 109d encodes a time in a reference selected from a global time reference,

mesh-derived time per Chapter 17, a local clock, or any combination, and a time-to-live
field 109e encodes the observation's validity duration, alongside the authority

credential field 109a and the lineage field 109g.

The filing further discloses an adversarial-time rejection mechanism that rejects

spoofed, injected, or otherwise inadmissible time-synchronization observations; an
anchor-less temporal bootstrap mechanism producing a relative-only temporal frame

where no anchor observations are available; a time-frame federation mechanism

aligning independently maintained temporal frames; an evidential-fusion mechanism

combining mesh-derived time with externally-sourced time, including satellite time,
network time, or an atomic reference, through the composite admissibility evaluator of

Chapter 4; and a time-lineage recorder recording each synchronization exchange,

anchor admission, time-estimation event, frame alignment, rejection event, federation

event, and timestamp attestation in the governance chain lineage field.

Section 17.12 describes the attestation path in more detail, comprising a timestamp-

request receiver, a timestamp-admissibility evaluator applying governance-policy-

defined attestation admissibility rules, a governance-credentialed timestamp composer,

an observation-binding mechanism optionally binding a timestamp to specific content
through cryptographic content-addressing, a multi-attester consensus composer



producing timestamps signed by a governance-policy-defined quorum of independent

attesters for high-assurance applications, and a timestamp-lineage recorder. Where

such an embodiment is deployed, the filing describes downstream audit in which a
timestamp's lineage, the synchronization chain producing the attesting agent's time, the

composite admissibility evidence, and the authority-credential chain are all

reconstructible from the governance lineage.

Section 17.13 describes composition with the mesh-derived coordinate primitive of
Chapter 16 to produce a unified governance-credentialed spacetime reference,

comprising a joint spatial-temporal graph, a joint admission interface admitting

combined range-and-synchronization observations, a joint uncertainty propagator, a

four-dimensional observation emitter producing observations carrying x, y, z, and t
with joint uncertainty, and a joint-lineage recorder. Among the applications the filing

enumerates for that composition are retrospective reconstruction of mesh state at a

prior time with the spatial configuration known at that time, and causality analysis for

incident forensics determining the ordering and spatial propagation of events. The
chapter also describes composition with the confidence-governed execution primitive of

Chapter 6 through time-age-governed execution, with the capability envelope of

Chapter 7 through temporal-precision-bounded operation, and with the cascade

propagation primitive of Chapter 14 through cascade-temporal-consistency
enforcement.

Where the Disclosed Architecture Stops Short for Her

Several things the filing describes are stated as governance-policy-defined, which

means they would remain hers to declare. The drift properties of her carriers' clocks are

characterized by governance policy in the disclosed embodiments, and the filing

supplies the mechanism for carrying that characterization rather than the values her
particular oscillators would warrant. The same is true of the admissibility rules an

attestation interface would apply in her terminal, and of the quorum size a multi-



attester embodiment would use if she wanted consensus timestamps on her junction

records. Where the disclosure conditions an outcome on a declared bound, her yard

would only get the outcome her bound allows.

Nothing in the mesh-derived time primitive would tell her why her tractor operator did

what he did. It addresses when observations were made relative to one another, not the

intent behind a maneuver, and her Wednesday question has a human half that a

temporal reference frame does not reach. The mechanical lag between the moment her
carrier's governance chain admitted an observation and the moment its brakes actually

took hold is likewise outside what the chapter describes; that latency lives in her

drivetrain, and it would still sit between her reconstructed ordering and the physical

event.

The anchor-less temporal bootstrap described in the filing produces a relative-only

temporal frame. Were her terminal to run in that condition, she could recover ordering

among her own units while still needing anchors, or the evidential-fusion path

combining mesh-derived time with an external source, before her records would
correspond to the civil time her regulator's forms ask for. Relativistic consistency is

described where relativistic effects are significant, which is not the regime her straddle

carriers operate in, so that portion of the chapter would not be doing work for her.

Finally, the primitive as disclosed governs time among participating, governance-
credentialed agents. Her yard also contains equipment she has not instrumented, and

for the units that are not participating, her Wednesday reconstruction would still have

holes shaped like whatever she chose not to enroll.

Disclosure Scope

This article is a technical description of subject matter disclosed in U.S. Provisional

Application No. 64/049,409, titled "Governed Spatial Mesh for Physical-World
Perception, Coordination, and Actuation." The mechanisms described here appear in



that filing, principally in Chapter 17 and in Section 1.5 of Chapter 1, and are presented

as embodiments described in the disclosure. Nothing in this article characterizes the

scope of any claim, present or future, in that application or in any application claiming
priority to it. Nothing in this article is an admission regarding the state of the art, and

the operating scenario described above is illustrative and fictional. Where the

disclosure conditions an outcome on a governance-policy-defined bound, threshold, or

admissibility rule, that condition applies to the outcome as described.

Mesh-Derived Time (/mesh-time) All 49 steps → (/inventive-steps)

Master-less consensus time. Joint spatial-temporal optimization. Multi-attester timestamps.

Provisional application
PRIMARY TECHNICAL DISCLOSURE

SECONDARY TECHNICAL

Mesh-Derived Time: Master-Less Consensus and Joint Spacetime Optimization (/articles/mesh-d
erived-time-master-less-consensus-and-joint-spacetime-optimization)

–

Master-Less Consensus Time (/articles/mesh-time/master-less-consensus)–

Per-Agent Learned Drift Models (/articles/mesh-time/per-agent-drift-models)–

Ranging-Piggyback Synchronization (/articles/mesh-time/ranging-piggyback-sync)–

Joint Spatial-Temporal Graph (/articles/mesh-time/joint-spacetime-graph)–

Multi-Attester Consensus Timestamping (/articles/mesh-time/multi-attester-consensus-timestamp)–

Time-Frame Federation Across Mesh Regions (/articles/mesh-time/time-frame-federation)–

Integrated Relativistic Correction (/articles/mesh-time/relativistic-correction)–

Anti-Spoofed Time Observations (/articles/mesh-time/anti-spoofed-time)–

Anchorless Time Bootstrap (/articles/mesh-time/anchorless-bootstrap)–

Audit-Grade Time Attestation (/articles/mesh-time/audit-grade-attestation)–

http://localhost:4173/mesh-time
http://localhost:4173/inventive-steps
http://localhost:4173/articles/mesh-derived-time-master-less-consensus-and-joint-spacetime-optimization
http://localhost:4173/articles/mesh-derived-time-master-less-consensus-and-joint-spacetime-optimization
http://localhost:4173/articles/mesh-time/master-less-consensus
http://localhost:4173/articles/mesh-time/per-agent-drift-models
http://localhost:4173/articles/mesh-time/ranging-piggyback-sync
http://localhost:4173/articles/mesh-time/joint-spacetime-graph
http://localhost:4173/articles/mesh-time/multi-attester-consensus-timestamp
http://localhost:4173/articles/mesh-time/time-frame-federation
http://localhost:4173/articles/mesh-time/relativistic-correction
http://localhost:4173/articles/mesh-time/anti-spoofed-time
http://localhost:4173/articles/mesh-time/anchorless-bootstrap
http://localhost:4173/articles/mesh-time/audit-grade-attestation


APPLICATIONS · GENERAL

APPLICATIONS · SPECIFIC

Coordinated Time for Autonomous Fleets in GNSS-Denied Operations (/articles/mesh-time/autono
mous-fleet-coordinated-time)

–

Legally Defensible Settlement Timestamps Without Single-Source Clock Authority (/articles/mes
h-time/financial-settlement-attested-time)

–

GNSS Time Denial: Holding Critical Infrastructure Timing When GPS Is Jammed or Spoofed (/arti
cles/mesh-time/gnss-time-denied-critical-infrastructure)

–

5G/6G Network Timing Without Master-Broadcast Dependency (/articles/mesh-time/5g-6g-netwo
rk-timing)

–

How to Timestamp a Blockchain Without Consensus Overhead (/articles/mesh-time/blockchain-ti
me-without-consensus)

–

Tamper-Evident Trading Timestamps Without a Single GPS Grandmaster (/articles/mesh-time/hig
h-frequency-trading-time)

–

Post-Quantum Migration for Timestamping Authorities (/articles/mesh-time/post-quantum-cryptog
raphic-time)

–

GPS-Independent Spacecraft Time Coordination for Satellite Constellations (/articles/mesh-time/
spacecraft-coordinated-time)

–

When Two Machines Disagree About What Time It Is (/articles/mesh-time/mesh-time-stakes)–

IEEE 1588 PTP vs Master-Less Governed Mesh Time (/articles/mesh-time/ieee-1588-ptp)–

Microchip SyncE Lacks Master-Less Consensus Time (/articles/mesh-time/microchip-syncE)–

Microchip SyncServer Alternative: Governed Master-Less Time Consensus (/articles/mesh-time/
microsemi-tsync)

–

Meinberg NTP Alternative: Governed Master-Less Time Consensus (/articles/mesh-time/meinberg
-ntp)

–

Oscilloquartz Alternative: Governed Master-Less Time Consensus (/articles/mesh-time/oscilloqua
rtz-timing)

–

Spectracom Orolia Alternative: Governed Master-Less Time Consensus (/articles/mesh-time/spec
tracom-orolia)

–

Trimble Thunderbolt Alternative: Master-Less Mesh Time Consensus (/articles/mesh-time/trimble
-thunderbolt)

–

White Rabbit (CERN) vs Mesh Time: Master-Less Timing Consensus (/articles/mesh-time/white-ra
bbit-cern)

–

DigiCert timestamping (RFC 3161) alternative: mesh-derived, governance-credentialed time
attestation for legal and forensic audit (/articles/mesh-time/digicert-timestamping)

–

http://localhost:4173/articles/mesh-time/autonomous-fleet-coordinated-time
http://localhost:4173/articles/mesh-time/autonomous-fleet-coordinated-time
http://localhost:4173/articles/mesh-time/financial-settlement-attested-time
http://localhost:4173/articles/mesh-time/financial-settlement-attested-time
http://localhost:4173/articles/mesh-time/gnss-time-denied-critical-infrastructure
http://localhost:4173/articles/mesh-time/gnss-time-denied-critical-infrastructure
http://localhost:4173/articles/mesh-time/5g-6g-network-timing
http://localhost:4173/articles/mesh-time/5g-6g-network-timing
http://localhost:4173/articles/mesh-time/blockchain-time-without-consensus
http://localhost:4173/articles/mesh-time/blockchain-time-without-consensus
http://localhost:4173/articles/mesh-time/high-frequency-trading-time
http://localhost:4173/articles/mesh-time/high-frequency-trading-time
http://localhost:4173/articles/mesh-time/post-quantum-cryptographic-time
http://localhost:4173/articles/mesh-time/post-quantum-cryptographic-time
http://localhost:4173/articles/mesh-time/spacecraft-coordinated-time
http://localhost:4173/articles/mesh-time/spacecraft-coordinated-time
http://localhost:4173/articles/mesh-time/mesh-time-stakes
http://localhost:4173/articles/mesh-time/ieee-1588-ptp
http://localhost:4173/articles/mesh-time/microchip-syncE
http://localhost:4173/articles/mesh-time/microsemi-tsync
http://localhost:4173/articles/mesh-time/microsemi-tsync
http://localhost:4173/articles/mesh-time/meinberg-ntp
http://localhost:4173/articles/mesh-time/meinberg-ntp
http://localhost:4173/articles/mesh-time/oscilloquartz-timing
http://localhost:4173/articles/mesh-time/oscilloquartz-timing
http://localhost:4173/articles/mesh-time/spectracom-orolia
http://localhost:4173/articles/mesh-time/spectracom-orolia
http://localhost:4173/articles/mesh-time/trimble-thunderbolt
http://localhost:4173/articles/mesh-time/trimble-thunderbolt
http://localhost:4173/articles/mesh-time/white-rabbit-cern
http://localhost:4173/articles/mesh-time/white-rabbit-cern
http://localhost:4173/articles/mesh-time/digicert-timestamping
http://localhost:4173/articles/mesh-time/digicert-timestamping


HOW-TO GUIDES

TERMINOLOGY

Mesh-Derived Time overview → (/mesh-time)

How to Derive Trusted Time Without GPS or a Central Authority (/articles/guides/trusted-time-with
out-gps)

–

How to Keep Clocks Synchronized Across a Network Without GPS (/articles/guides/keep-clocks-s
ynchronized-without-gps)

–

How to Timestamp Transactions for Audit Without a Central Timestamp Authority (/articles/guide
s/audit-timestamps-without-central-authority)

–

mesh-derived time (/glossary#mesh-derived-time)–

http://localhost:4173/mesh-time
http://localhost:4173/articles/guides/trusted-time-without-gps
http://localhost:4173/articles/guides/trusted-time-without-gps
http://localhost:4173/articles/guides/keep-clocks-synchronized-without-gps
http://localhost:4173/articles/guides/keep-clocks-synchronized-without-gps
http://localhost:4173/articles/guides/audit-timestamps-without-central-authority
http://localhost:4173/articles/guides/audit-timestamps-without-central-authority
http://localhost:4173/glossary#mesh-derived-time

