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Executive Thesis

Dr. Muller-Stuler identifies architecture as the determining factor in whether
multiple software agents can communicate, delegate, share state, recover from
errors, and operate reliably in production. TLTE proposes to extend that same
systems question into the physical world. Software intelligence needs observations
it can trust, a common sense of time, known relationships among moving objects,
traceable data provenance, and communications that survive loss of an individual
path.

Her article describes sequential, hierarchical, collaborative, competitive, and blackboard
architectures, then emphasizes external state, semantic routing, prompt caching, observability,
bounded execution, and concurrency. [1] The article is about software engineering. It does not
mention TLTE or quantum technology.

Terry Tedford's May 8 public comment on that article advances a separate TLTE thesis: a distributed
ground and platform mesh could supply a persistent physical reference layer beneath Al coordination.
[2] The most defensible version of that thesis is not that TLTE 'solves quantum physics.' It is that a
validated Agent mesh could reduce uncertainty at the boundary between software decisions and the
physical environment, and could provide classical timing, control, and data services to some
quantum-enabled systems.

Priority findings
1. The strongest near-term fit is cyber-physical Al. TLTE Agents can be designed to sense,

time-stamp, address, relay, and locally process observations for autonomous platforms,
anti-collision functions, distributed sensing, and shared situational awareness.

2. The strongest quantum fit is support infrastructure. Distributed quantum networks require
classical control and precise synchronization. Quantum sensors and atomic clocks also need
channels that distribute their outputs and integrity status. A TLTE mesh could be evaluated for
those roles.

3. Quantum computing and Al already interact without TLTE. Hybrid quantum-classical machine
learning has been demonstrated. TLTE's opportunity is to connect resulting intelligence to
trusted physical state, not to claim ownership of the quantum-Al interface itself.

4. Centimeter accuracy is a test target, not an architectural fact. Accuracy depends on signal
bandwidth, clock quality, geometry, calibration, multipath, non-line-of-sight conditions, and
sensor fusion. Each must be measured.

5. The next credible step is a witnessed evidence program. A 10 to 20 Agent demonstration should
test path loss, GNSS degradation, timing holdover, sensor disagreement, cyber compromise,
latency, route recovery, and state continuity.

Decision requested

TLTE seeks a research, government, laboratory, or prime-contractor partner to define thresholds,
observe testing, provide independent instrumentation, and determine whether the architecture
merits progression into a domain-specific prototype.

Technology in service of resilience, safety and humanity. 4
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Dr. Muller-Stuler Source Image and Attribution

The supplied image is reproduced at substantial size so readers can see the original title, author,
publication date, and architecture graphic. The authorship credit is carried directly beneath the image
and repeated in the references.
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5 Multi-Agent Architectures
Explained: How to Choose
the Right One? (With
Production Optimizations)

The era of relying on a single, monolithic Large
Language Model (LLM) to handle complex.
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Figure 1 Full image credit to Dr. Eva-Marie Muller-Stuler. Screenshot of "5 Multi-Agent Architectures Explained: How to Choose
the Right One? (With Production Optimizations)," published on Substack, March 17, 2026. Screenshot supplied by TLTE and
reproduced for commentary and analysis. QOriginal article.
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What the Published Article Establishes

Dr. Muller-Stuler's article argues that complex enterprise workflows are moving from one monolithic
large language model toward multiple specialized software agents. She treats architecture as the
mechanism that governs handoffs, delegation, memory, review, parallelism, and recovery. [1] This is
the paper's independent conceptual foundation.

Software i e Strength identified in the Primary risk identified in the
. Core organization . -
architecture article article

Sequential A fixed pipeline passes one Predictable execution simple state Early errors propagate and original
a agent's output to the next. and efficient context use. context can decay across handoffs.
. . A supervisor routes tasks to Dynamic delegation specialization The supervisor can become a latency
Hierarchical - oo . . .
specialist workers. and extensibility. source and single point of failure.
Collaborative Peers communicate and hand Autonomy and flexible problem Unbounded conversations loops and
work directly to one another. solving. resource consumption.
" A generator and critic challenge Independent review and Higher inference cost and possible
Competitive ) .
and refine results. self-correction. stalemate.
Independent specialists read and Loose coupling and asynchronous Race conditions synchronization
Blackboard ) ) ;
write shared state. sensor or data fusion. overhead and control complexity.

Production lessons with direct relevance to TLTE

- Externalized state. Mission history should not live only inside an Al model's context window. A
persistent event store should record observation time, source, integrity, and decision history.

- Semantic routing. Routine messages should be routed by deterministic or lightweight classifiers
when possible, reserving large models for ambiguous decisions.

- Observability. Every sensor observation, Agent handoff, model call, route change, and safety
action should carry a traceable identifier.

- Bounded autonomy. Timeouts, retry limits, fallback paths, and human escalation prevent runaway
loops and unreviewed action.

- Concurrency. Independent sensing, validation, and communication tasks should run in parallel
when dependencies allow.

These practices support TLTE's proposal, but they are software and systems-engineering
requirements. They do not prove the RF, timing, ranging, PNT, or quantum performance of a physical
Agent network.

Technology in service of resilience, safety and humanity. 6
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Where the TLTE Thesis Begins

The TLTE-specific argument appears in Terry Tedford's May 8, 2026 public comment beneath Dr.
Muller-Stuler's article. [2] The comment proposes that Al, advanced GPS, distributed ground devices,
edge processing, and future quantum timing could be joined through a persistent physical reference
network. That statement is a TLTE-authored extension, not a finding in the article.

The phrase missing link is useful only when it identifies a precise engineering gap.
In this paper, the gap is defined as the absence of a single, resilient service that can
continuously bind a machine-readable observation to five properties: source
identity, time, position or relative geometry, uncertainty, and communications-path
status.

m Independent article TLTE proposed extension

A capitalized physical Agent containing communications

A software role that reasons uses tools or ; ; s . ’
routing sensing timing identity and optional edge

What is an agent exchanges work.

compute.
What is shared Messages task state context and memory. Tlme-§tamped PEiE] QYRS Irelatlvle.geometry
integrity data and route status in addition to messages.
. Prompts models tools memory routing logic or Radios clocks power links sensors positioning sources
What fails . L
software supervisors. platforms and physical infrastructure.
- Architecture limits fallbacks tracing Path diversity local autonomy holdover authenticated
What creates resilience : ) o .
concurrency and human oversight. data cross-checking and graceful partition behavior.
What must be proven Software reliability cost latency and task RF Ip.erformance timing ranging PNT !ntegrlty cyber
performance. resilience route recovery and operational safety.

Patent informed foundation

U.S. Patent 12,142,143 B1, issued November 12, 2024 to inventor Terry Tedford, discloses a vehicle
alert system with a control module, digital addressing, GPS, multiple sensors, device-to-device data
sharing, alerts, voice and text functions, and a wearable sensor pathway. [3] It supports the disclosed
device and group-awareness foundation. The broader global mesh, self-healing routing, Al
orchestration, precision timing, and quantum-enabled interfaces in this paper are proposed
engineering extensions that require design evidence and may involve additional intellectual property.

Technology in service of resilience, safety and humanity. 7
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The Third Layer Architecture

The proposed architecture has three functional layers. Al supplies inference,
planning, task allocation, and review. Quantum-enabled systems may supply
specialized computation, sensing, clocks, or secure links. The TLTE physical Agent
mesh sits between software intent and physical reality, carrying authenticated
observations and returning commands through resilient routes.

Al COORDINATION AND DECISION LAYER

software agents | shared state | prediction | planning | human authority

!

TLTE TRUSTED PHYSICAL AGENT MESH

identity | trusted time | relative position | event state | resilient routes

!

PHYSICAL AND QUANTUM ENABLED SOURCES

vehicles | infrastructure | sensors | atomic clocks | quantum sensors | gateways

Figure 2 Proposed functional layering. The middle layer is classical infrastructure. It does not carry a quantum state unless
purpose-built quantum hardware and protocols are separately integrated.

Five services supplied by the proposed middie layer

1. Identity. Each Agent, sensor, platform, and message has an authenticated address and mission
role.

2. Time. Observations and actions use a traceable time reference with measured error, holdover
behavior, and source status.

3. Position and geometry. The system maintains absolute position when available and relative
relationships when GNSS is unavailable or untrusted.

4. Physical state. Sensor observations become bounded records containing provenance, uncertainty,
sequence, and freshness.

5. Path resilience. The network selects alternate routes and preserves essential local functions
during link, platform, or upstream-service loss.

Technology in service of resilience, safety and humanity. 8
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Trusted Physical Event Record

The third layer becomes operationally useful when every observation is carried as
an evidence-bearing record rather than an unqualified data value. The record must
preserve what was observed, who or what produced it, when and where it applied,
how uncertain it was, and how it reached the consumer.

Field group Representative fields Operational purpose

. Agent identity source identity mission role and Ties an observation to an authenticated origin
Identity . ) )
credential state. and authorized function.
. Sequence observation time time uncertainty freshness Supports ordering replay detection latency
Sequence and time ) ) ) f o
clock source and holdover age. analysis and time-integrity decisions.

. . Prevents coordinates or ranges from being
Reference frame absolute position or relative geometry

Geometry uncertainty and method. treated as exact or globally comparable without
context.
Pavioad Sensor value units calibration state sensor health and Keeps the measurement interpretable and
y processing version. exposes transformations applied at the edge.

Trust and transport Integrity state cryptographic signature route history and Lets consumers evaluate authenticity path

receipt status. exposure and conflicting evidence.

Access label retention rule mission identifier and Controls disclosure lifecycle review and
Governance o . ; . )

decision-trace link. connection to authorized action.

Minimum record

A useful minimum event record is: Agent identity | source identity | sequence | observation time |
time uncertainty | position or relative geometry | position uncertainty | sensor data | integrity state |
route history | cryptographic signature | retention rule. This record gives Al systems evidence they
can compare and gives investigators a replayable chain of custody.

Value to connected systems

- For multi-agent Al: models and deterministic services can compare freshness, provenance,
confidence, and disagreement before recommending action.

- For quantum-adjacent infrastructure: classical clock, sensor, control, and health outputs can be
distributed with traceable timing and integrity metadata.

- For operators and evaluators: raw events, transformations, route changes, model outputs, and
authority decisions can be reconstructed after a test or incident.

Consistency rule

The mesh should not pretend that every partition holds one perfectly synchronized global truth.
Agents should exchange versioned events, preserve conflicting observations, expose staleness, and
reconcile after reconnection according to mission policy. Safety decisions use the best authorized
local state available within declared uncertainty and age limits.

Technology in service of resilience, safety and humanity. 9
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Terminology That Prevents Category Errors

The word agent is used differently across Al, networking, robotics, and quantum information. The
architecture remains credible only if those meanings stay separate.

software agent

TLTE Agent

network node

quantum node

quantum repeater

shared state

global mesh

A software process or model role that receives context
chooses or performs actions and exchanges results.

A proposed physical transceiver repeater and edge
device with identity routing time sensing and optional
compute functions.

A generic endpoint relay router or service point in a
communications topology.

Hardware that creates stores processes measures or
exchanges quantum states using quantum protocols.

A specialized quantum-network device using
entanglement distribution swapping memories and
associated control.

A controlled representation of mission facts
observations confidence status and history.

TLTE's long-range vision for interoperable local and
regional meshes joined through gateways.

Recommended naming rule

It is not a radio device merely because diagrams
portray it as a node.

It is not automatically an LLM autonomous decision
maker or a quantum device.

It does not imply the TLTE feature set or patent
scope.

It is not equivalent to a classical RF transceiver
repeater.

It cannot be replaced by ordinary packet repetition
because unknown quantum states cannot simply be
copied.

It is not a claim that every Agent holds a perfectly
identical global database at every moment.

It is not evidence that planetary coverage or
universal centimeter accuracy exists today.

Use software agent for Al roles, TLTE Agent for the proposed physical device, and quantum node or
quantum repeater only for hardware that actually performs quantum-network functions. This simple
discipline prevents reviewers from mistaking analogy for implementation.

Technology in service of resilience, safety and humanity. 10
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Physical Agent Functional Architecture

A TLTE Agent should be specified as a modular platform rather than one fixed radio. The baseline
device combines the patent-informed communications and sensing concept with proposed timing,
routing, security, and compute modules. Different missions can populate only the modules they need.

Communications

Relay and routing

Time

Position and ranging

Sensors

Identity and security

Edge compute

Local state

Power and hardening

One or more radios or wired interfaces transport
authenticated messages and support bearer diversity.

Forward traffic choose viable next hops prioritize safety
messages and avoid loops.

Ingest GNSS network or local clock sources estimate
offset and uncertainty and support holdover.

Ingest absolute PNT and generate relative range bearing
or cooperative-location observations where equipped.

Connect mission sensors and convert observations into
time-stamped records with provenance.

Authenticate device firmware operator role messages
and keys.

Perform deterministic safety checks filtering compression
anomaly detection and approved Al inference.

Retain essential recent events policies maps and route
information during disconnection.

Continue essential operation within the mission's
environmental and power envelope.

Deterministic safety lane

Range throughput latency interference tolerance
coexistence spectrum compliance and power
draw.

Convergence time under link loss packet delivery
route stability and partition behavior.

Offset jitter drift time-transfer error
source-switch transients and spoof detection.

Accuracy integrity availability geometry
sensitivity calibration and multipath
performance.

Calibration false alarm missed detection
environmental limits and sensor health reporting.

Hardware-root behavior secure boot update
rollback anti-replay revocation and compromise
containment.

Compute latency thermal limits model versioning
bounded failure modes and explainable outputs.

Capacity consistency recovery reconciliation
retention and data-loss behavior.

Battery endurance surge vibration temperature
water dust and any claimed electromagnetic
hardening tests.

Collision alerts, command authorization, emergency stop, and time-integrity alarms should not
depend solely on generative Al. The Agent should preserve a deterministic lane with explicit
thresholds, bounded execution time, authenticated inputs, and a safe degraded mode. Al may
prioritize, predict, explain, and recommend; certified safety logic should retain final authority where
regulations or hazard analysis require it.

Technology in service of resilience, safety and humanity. 11
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Network Behavior and Self Healing

Self-healing must be defined as observable network behavior. It means that the
system detects a degraded link or Agent, recomputes a permitted route, moves
eligible traffic, and reports the resulting service level within measured bounds. It
does not mean that every partition can be overcome or that lost bandwidth is
recreated.

Physical event Agent record Mesh delivery Shared state Decision
2 2 2

sensing time and provenance alternate routes fusion and integrity Al plus safety rules

observed outcome and continuous correction

Figure 3 Proposed observe distribute decide act and verify loop.

Operational rules

- Local first. Safety-relevant observations are processed locally when upstream services are
unavailable or too slow.

- Priority classes. Emergency alerts, timing, command, track state, bulk sensor data, and
administrative traffic receive distinct queues and policies.

- Route diversity. The routing layer evaluates link quality, trust state, delay, capacity, energy, and
mission policy rather than shortest path alone.

- Partition discipline. Each partition knows which functions may continue, which require human
approval, and which must stop.

- Reconciliation. When links return, Agents reconcile event histories without silently overwriting
conflicting records.

- Graceful degradation. The system exposes reduced confidence and reduced service instead of
presenting stale or uncertain state as current fact.

Architecture choice

A fully centralized network would contradict the resilience objective, while a fully ungoverned swarm
could create loops and inconsistent command. The recommended design is hybrid: collaborative peer
routing for transport, hierarchical authority for mission command, replicated blackboard state for
fusion, competitive cross-checks for integrity, and sequential pipelines for bounded safety workflows.

Technology in service of resilience, safety and humanity. 12
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Position Timing and Physical State Services

NIST defines PNT services broadly enough to include systems that calculate or augment position and
transmit time or frequency data, and it emphasizes identification of sources, disruption detection, risk
management, response, and recovery. [4] The TLTE mesh should be designed as a PNT user and
augmenting distribution system with explicit source integrity, not as an unexplained substitute for
every GNSS function.

Position and geometry

The network may combine GNSS, inertial sensors, surveyed anchors, radio ranging, vision, radar,
lidar, wheel odometry, terrain references, and peer observations. When absolute position degrades,
the network can still maintain relative geometry for a local mission if observability and accumulated
error remain acceptable. Every estimate should include covariance or another uncertainty bound and
an integrity state.

Timing

Timing is both a measurement and an input to every other measurement. Each Agent should track
source, offset, jitter, drift, holdover age, leap-second handling, and authentication status. The
network should compare independent time sources and isolate a source that disagrees beyond policy

thresholds. Atomic clocks can improve holdover, but their size, weight, power, cost, warm-up, and
calibration must be matched to the deployment.

Centimeter level positioning

Centimeter-level accuracy is feasible in some engineered environments using technologies such as
carrier-phase GNSS corrections, ultra-wideband ranging, surveyed infrastructure, or high-quality
sensor fusion. A global guarantee does not follow from mesh connectivity. Accuracy varies with
geometry, radio bandwidth, clock error, synchronization, antenna placement, -calibration,
non-line-of-sight propagation, multipath, atmosphere, platform dynamics, and adversarial
interference.

Service output Required metadata Unsafe shortcut to avoid

Position Reference frame time uncertainty integrity source set and Publishing coordinates without error bounds or

age. reference frame.

. Peer identities range or bearing method geometry quality Treating a locally consistent formation as

Relative geometry . .
and consistency residuals. globally surveyed truth.

Timescale source offset uncertainty drift holdover age and Forwarding a timestamp without stating clock

Time alarm state. quality or source transition.

Identity position velocity acceleration covariance last Allowing Al to merge tracks without preserving
Track state L .

update and provenance. conflicting evidence.

Technology in service of resilience, safety and humanity. 13
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Multi Agent Al Integration

The physical mesh does not need to reproduce one software architecture everywhere. It should
expose reliable services that allow different software-agent patterns to operate without confusing
model state with physical truth.

Pa"ttern fr:pm 2l Recommended TLTE implementation Reason
Miiller-Stuler

Use for bounded ingest validate fuse decide notify Preserves auditability while

Sequential pipelines with alternate transport routes. preven'tmg one phy5|clal Il.nk from
becoming the whole pipeline.
) ) Use signed command authority and local supervisors with CIalr|f|e.s \.N.ho can a55|g.n mls.5|ons )
Hierarchical while limiting a supervisor single point

predeclared failover. e —

Supports local adaptation but
constrains chatter loops and
unauthorized task creation.

Use peer discovery cooperative sensing and route

Collaborative exchange within policy limits.

Compare independent sensors models clocks or routes and  Creates an integrity check instead of

CRIIEEREE escalate disagreement. trusting the first plausible result.

Best fit for asynchronous sensor

Use replicated mission-state services with provenance fusion but avoids one central
Blackboard L ! ;
versioning and bounded consistency. database becoming the only source of
continuity.

Al responsibilities

- Predict future motion and collision risk from time-aligned tracks.

- Allocate sensing communications and compute resources under changing conditions.

- Detect inconsistencies among PNT sources sensors clocks and network behavior.

- Compress summarize and prioritize information for operators without discarding provenance.

- Recommend alternate routes or mission actions within explicit authority boundaries.

Governance and observability

NIST's Al Risk Management Framework identifies valid and reliable, safe, secure and resilient,
accountable and transparent, explainable and interpretable, privacy-enhanced, and fair systems as
characteristics of trustworthy Al. [5] TLTE should map each deployed model to a mission owner,
approved data sources, version, training basis, test results, authority limit, fallback, monitoring plan,
and retirement path.

Technology in service of resilience, safety and humanity. 14
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Quantum Integration and Its Limits

Quantum computing, quantum networking, and quantum sensing are different
technical domains. The TLTE opportunity is strongest where these systems meet
classical infrastructure and the physical environment.

A What already exists Potential TLTE role Boundary
interface

Classical software can call quantum
circuits and combine their outputs with
machine learning. A connected-vehicle
incident-detection study demonstrated
a small hybrid quantum-classical
model. [9]

Hybrid quantum
classical
computation

Quantum
networking

Quantum timing and
synchronization

Quantum sensing

Quantum nodes exchange or distribute
quantum states while classical
channels coordinate setup
measurement basis control telemetry
and recovery. DOE's blueprint treats
networking as a staged systems
challenge. [6]

A three-node experiment
demonstrated picosecond-scale
synchronization for a fiber quantum
network. [7] A 2026 preprint
demonstrated atomic-clock-based
synchronization across three deployed
metropolitan nodes without dedicated
timing links. [8]

Atomic inertial magnetic gravitational
and timing sensors can produce
specialized measurements for classical
systems.

Deliver authenticated field data and
distribute resulting decisions to
physical platforms.

Provide a resilient classical control
and management path and possibly
distribute supporting time and site
state.

Carry clock estimates health integrity
and fallback timing or host an
approved clock module if measured
performance fits the quantum use
case.

Host interfaces fuse outputs
distribute uncertainty and support Al
interpretation at the edge.

TLTE is not required for
quantum algorithms and
should not claim to make
Al and quantum
computation possible.

A classical Agent is not a
quantum repeater and
cannot copy or regenerate
an unknown quantum
state.

Quantum-network timing
requirements can be far
tighter than ordinary mesh
timing. Suitability must be
measured end to end.

The mesh distributes
classical measurement
results unless quantum
transduction and
networking hardware are
separately integrated.

The precise missing element claim

The defensible claim is: Al and quantum-enabled devices may benefit from a persistent,
authenticated, time-aware physical-state service that continues operating across disrupted
communications and PNT conditions. TLTE proposes to test whether a distributed Agent mesh can
supply that service. This is an infrastructure hypothesis, not a new law of physics and not proof of
quantum advantage.

Research question

Can a classical TLTE Agent mesh deliver timing, position, state, integrity, and control-plane continuity
at performance levels that improve a defined Al or quantum-enabled mission compared with current
baselines? Every proposed experiment in this paper is designed to answer that question with data.

Technology in service of resilience, safety and humanity. 15
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Mission and Civil Applications

The same middle-layer services can support multiple missions, but each use case needs its own
certification, spectrum, safety, security, and performance thresholds.

m Near-term application Agent contribution Required proof

Ground autonomy

Air and counter
UAS

Maritime

Space and high
altitude

Critical
infrastructure

Emergency and
medical

Quantum enabled
field systems

Vehicle to vehicle awareness convoy
operations intersection risk and
cooperative navigation.

Distributed sensor cueing track
continuity and C2 information
transport.

Surface gateway networks
autonomous vessel awareness
harbor safety and support to subsea
platforms.

Gateway support timing distribution
and cross-domain state exchange.

Resilient timing event correlation
inspection and emergency
communications.

Responder location distress alerts
wearable vitals routing and facility
preparation consistent with the
patent's wearable pathway.

Classical management of distributed
clocks sensors or future
quantum-network sites.

Program alignment

Local sensing relative geometry alerts
and communication continuity.

Time-aligned observations multi-path
relay and local track-state continuity.

Surface PNT and communications
gateway plus relay of acoustic optical or
inertial system outputs.

Classical control telemetry and
terrestrial mesh connection.

Independent local time state and path
diversity.

Authenticated emergency records
priority transport and local continuity.

Timing health environment security and
alternate control path.

Closed-track safety latency
false alarms missed alerts
and behavior under GNSS
and link loss.

Airworthiness spectrum
track accuracy identification
latency cyber and
rules-of-engagement
integration.

Over-water propagation
weather corrosion platform
motion and underwater
interface performance.

Link budgets Doppler delay
radiation interfaces
licensing and
space-qualified hardware.

Sector requirements
cybersecurity recovery
timing class and operational
ownership.

Privacy consent clinical
device regulation alarm
performance and data
minimization.

Partner-defined timing
stability interfaces and
proof that the mesh
improves mission outcome.

Within TLTE's program language, the Tedford Global Mesh or RGMN supplies the infrastructure vision;
TMOA and TVA can consume the infrastructure for defense and civilian safety applications. Those
application labels should remain downstream of measured Agent services. The company should lead
with the proven service and test result rather than with a universal claim.

Technology in service of resilience, safety and humanity.
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Security Trust and Responsible Al

A mesh that distributes position, time, and safety information becomes a high-value target. Trust
must be engineered into device identity, message provenance, software updates, operator authority,
data handling, and recovery.

Minimum trust architecture

- Hardware-rooted identity where feasible. Bind each Agent to provisioned keys, measured boot
state, and an auditable ownership record.

- Mutual authentication and authorization. A valid device identity does not grant every mission role;
policy controls who may publish tracks, commands, time, or updates.

- Signed and freshness-protected messages. Sequence numbers, timestamps, expiration, and
anti-replay checks prevent old or copied messages from appearing current.

- Provenance preserved through fusion. A fused track retains the identity, time, uncertainty, and
disposition of contributing observations.

- Compromise containment. Operators can quarantine an Agent, revoke credentials, reject its time
or PNT data, and maintain service through alternate peers.

- Secure updates with rollback controls. Firmware, models, policies, and keys use approved signing,
staged deployment, rollback protection, and recovery procedures.

- Data minimization. Wearable, medical, location, and identity data are collected and shared only
for authorized purposes and retained for defined periods.

Al authority model

m Permitted Al role Required control

. . . Provenance display confidence label operator review
Informational Summarize explain rank and recommend.

and logging.
. Allocate sensing routes or compute within an Bounded policy simulation rollback health monitoring
Operational support .
approved envelope. and human override.

Independent deterministic checks strict latency limits

fety rel nt Predict h r nd pr lerts or man rs. . .
Safety releva edict hazards and propose alerts or maneuvers validated data and safe degraded behavior.
Lethal or legally No autonomous authority is assumed by this Government policy legal review command authority
consequential paper. verification and program-specific test and certification.

Dr. Mlller-Stuler's broader professional work emphasizes accountable and responsible Al, and her
official site describes governance and executive oversight as central themes. [11] The architecture
proposed here makes that principle operational by attaching identity, traceability, uncertainty, and
authority to every consequential action.
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Failure Modes and Engineering Controls

A high-level architecture becomes credible when it names how it can fail and how the test program
will detect the failure.

Agent loss

Network partition

GNSS jamming or
spoofing

Clock failure

Multipath or NLOS

Compromised
Agent

Al hallucination or
bad routing
decision

Message storm or
loop

Model or firmware
mismatch

Environmental or
electromagnetic
stress

Route disappears and local
coverage changes.

Groups retain different or
stale state.

Position or time sources
become absent inconsistent
or deceptive.

Events appear out of order
and ranging or fusion
degrades.

Ranges are biased and
geometry becomes
inconsistent.

Valid-looking false state or
route advertisements enter
the network.

Plausible but unsupported
action or task assignment.

Congestion energy drain and
delayed critical traffic.

Agents interpret data or
policy differently.

Hardware resets damaged
links or sensor drift.

No silent failure rule

Fast neighbor detection alternate routes
priority preservation and explicit
reduced-service report.

Partition authority rules local operation limits
versioned event logs and reconciliation.

Independent sources inertial or relative modes
consistency checks isolation and integrity
alarms.

Clock ensemble checks holdover uncertainty
growth and source quarantine.

Channel diagnostics map context robust
estimation outlier rejection and uncertainty
inflation.

Least privilege cross-checks behavioral
monitoring revocation and quarantine.

Tool and authority constraints competitive
review deterministic safety lane and HITL
escalation.

TTL rate limits duplicate suppression bounded
retries priorities and circuit breakers.

Signed versions compatibility gates staged
rollout and rollback.

Mission-specific hardening shielding
redundancy and verified recovery.

Detection time
convergence time packet
delivery and affected area.

Divergence duration unsafe
actions conflicts and
recovery completeness.

Time to alarm position
error continuity and false
isolation rate.

Offset jitter drift order error
and holdover limit.

Error distribution integrity
bound and environment
classification.

Detection delay blast
radius false positives and
continuity after isolation.

Unsupported-output rate
intervention time and
outcome against baseline.

Queue delay drop rate
energy impact and
recovery time.

Version inventory rejected
messages rollback success
and service continuity.

Standardized
environmental test results
fault rate and recovery.

The system should never convert uncertainty into apparent certainty. When time, position, identity,
or route trust falls below a threshold, every downstream consumer receives an explicit integrity state
and age. A reduced but honest service is safer than a complete-looking false picture.

Technology in service of resilience, safety and humanity.
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Government Observed Demonstration

The recommended first evidence event uses 10 to 20 Agents in a bounded range or
infrastructure corridor. Independent observers define the baseline, instrument the
network, retain raw logs, and witness both successful and failed runs. The

demonstration should compare the proposed mesh with a conventional single-path
or centrally dependent baseline.

m Configuration and event What the observer should learn

Baseline

Single Agent loss

Multiple losses

GNSS
degradation

False data

Congestion

Al workflow

Quantum
adjacent timing

Recovery

All Agents healthy with GNSS and primary communications
available.

Remove a relay or power down a critical intermediate Agent
without advance notice to the network.

Remove a planned percentage of Agents and create topology
holes.

Jam deny simulate or otherwise remove approved GNSS inputs
under controlled authorization.

Inject a conflicting sensor time or position source through a
controlled test interface.

Increase track density sensor rate and competing network
traffic.

Run a hierarchical mission supervisor with collaborative peers
competitive validation and replicated state.

Connect a rubidium or partner-provided high-stability clock or
sensor output at selected Agents.

Restore links sources and Agents in an order unknown to the
system.

Evidence package

Normal latency delivery timing position track
and compute performance.

Whether loss is detected routes converge
safety traffic survives and service reduction is
reported.

Where redundancy stops compensating and
how the network behaves before and after
partition.

Relative-state continuity time holdover
integrity alarms and accumulated error.

Cross-check behavior quarantine decision
false-positive rate and operator visibility.

Priority enforcement queue stability packet loss
and decision latency at scale.

Task completion traceability bounded loops
human escalation and comparison with
deterministic baseline.

Measured timing transfer and whether the
mesh preserves the partner's required stability
and availability.

State reconciliation return-to-service criteria
rollback and absence of stale commands.

- Network topology, RF configuration, firmware, model, policy, and clock versions.

- Time-synchronized raw logs, packet captures, route changes, sensor records, and operator

actions.

- Independent reference instruments and calibration certificates where applicable.

- Predeclared thresholds, deviations, failed tests, reruns, and root-cause findings.

- Areproducible data dictionary and analysis method that a government laboratory or third party

can repeat.
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Measurements and Evidence Gates

Metrics should be reported as distributions and confidence intervals, not only best-case numbers.
Median, 95th percentile, 99th percentile, worst observed case, environment, topology, and message
class should accompany each result.

Latency

Delivery

Route recovery

PNT

Timing

Al

Security

Resilience

Scale

Sensor to Agent Agent to Agent end to end alert
and decision delay by percentile.

Packet delivery duplication ordering jitter age of
information and loss by priority.

Failure detection reconvergence oscillation and
path quality after Agent or link loss.

Horizontal vertical and along-track error
availability continuity integrity and time to alarm.

Offset jitter wander drift source-switch transient
and holdover error over time.

Task success unsupported output false alarm
missed event calibration human intervention and
compute cost.

Authentication failure replay resistance revocation
quarantine update and recovery.

Service retained under failures congestion
interference source loss and environmental
stress.

Control overhead state growth bandwidth energy
compute and convergence versus Agent count.

TRL discipline

This paper does not assign one Technology Readiness Level to the entire integrated architecture. The
patented alert-system elements, prior TLTE-reported prototype work, proposed self-healing mesh
functions, Al orchestration, precision PNT, and quantum-adjacent interfaces may sit at different
maturity levels. A formal TRL assessment should identify the specific configuration, environment,
evidence, and responsible assessor.

Any sub-20 millisecond TLTE beacon objective is
demonstrated under declared range load topology and
radio conditions rather than stated as universal.

Safety traffic maintains the user-defined threshold during
declared single failures and reports degradation during
partitions.

Recovery is bounded repeatable and does not create
unsafe loops or stale commands.

Measured error stays inside declared protection levels for
each mode and environment.

Performance is sufficient for the named consumer
including any quantum partner interface.

Al improves the predeclared mission metric without
violating authority safety or latency limits.

A compromised or revoked Agent cannot silently retain
trusted publishing or command authority.

The mesh beats the selected baseline on a defined
mission outcome and exposes residual uncertainty.

Performance curves support the next deployment size
without assuming linear behavior.
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Development Roadmap and Partnership Model

The program should mature by closing the highest-risk interfaces first. It should not begin with a
claim of planetary coverage. It should begin with a bounded mission and prove that physical state
remains useful when one or more supporting services fail.

e e e

Architecture and
requirements

10 to 20 Agent
laboratory range

Contested field
prototype

Quantum adjacent
partner integration

Domain transition

Federation and scale

Partner roles

Define mission thread interfaces terminology authority timing
PNT security spectrum hazards and baseline.

Integrate radios routing identity time local state sensors and
deterministic safety lane.

Test motion clutter interference GNSS degradation terrain
density environmental stress and operator workflows.

Connect a high-stability clock quantum sensor output or
quantum-network classical control interface.

Complete safety cybersecurity spectrum manufacturing support
training and acquisition artifacts.

Join local meshes through governed gateways and test
multi-domain policy state and trust boundaries.

Approved system requirements
interface control document test plan
threat model and measurement plan.

Repeatable baseline and
fault-injection results with raw logs
and independent references.

Mission-level comparison with
baseline failure envelope and
corrective-action record.

Partner-accepted timing data
interface and mission improvement or
a documented negative result.

Configuration-controlled prototype
and evidence suitable for the target
program's test authority.

Measured scale curves gateway
failure behavior interoperability and
operational ownership.

- TLTE. System concept Agent architecture patent-informed functions integration leadership and

test hypotheses.

- Al research partner. Software-agent orchestration model evaluation observability and
responsible-Al controls.

- Quantum or timing laboratory. Clock sensor or quantum-network interface requirements
independent timing instrumentation and interpretation.

- Radio and hardware partner. Bearers antennas processors security hardware packaging spectrum
and manufacturing.

- Government test authority or operational user. Mission thresholds threat conditions safety
authority baselines observation and transition decision.

Intellectual property

Background IP should be listed before joint work begins. Agreements should distinguish the issued
patent, TLTE confidential know-how, partner background technology, project-generated interface
specifications, test data, model artifacts, and inventions. Publication and export-control review should
be defined without transferring background ownership by implication.

Technology in service of resilience, safety and humanity.
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Conclusions and Evaluation Request

Dr. Eva-Marie Muller-Stuler's multi-agent architecture article provides a useful
independent framework for thinking about delegation, shared state, competition,
collaboration, and production reliability. It does not make a TLTE or quantum claim.
Terry Tedford's public comment supplies the separate TLTE insight: distributed
intelligence becomes more operationally useful when it can reference trusted time,
position, identity, physical state, and resilient communications.

The resulting third-layer thesis is technically meaningful when stated with discipline. A TLTE physical
Agent mesh could serve as classical cyber-physical infrastructure beneath software-agent systems
and alongside quantum-enabled clocks, sensors, networks, or computing services. It could help Al
coordinate real platforms and help quantum-enabled systems distribute control and measurement
results. It cannot replace a quantum computer, quantum channel, quantum memory, or quantum
repeater. It cannot guarantee precision or resilience before testing.

The five conclusions
1. Multi-agent Al increases the need for reliable message exchange external state tracing timeouts

and recovery.

2. Physical autonomy adds a second requirement: observations must carry trusted identity time
geometry uncertainty and freshness.

3. A modular transceiver repeater Agent mesh is a plausible candidate to distribute those services
and preserve local operations through some failures.

4. Quantum networking and sensing create real timing and classical-control opportunities, but
quantum terminology and performance requirements must remain precise.

5. The architecture earns credibility through independent measurement under failure, not through
scale of vision alone.

Requested engagement

TLTE requests a focused technical review followed by a jointly instrumented 10 to 20 Agent
demonstration. The review should select one mission thread, one baseline architecture, measurable
success and stop criteria, the responsible test authority, and the evidence needed for a transition
decision. A separate quantum or high-stability-timing workstream should proceed only with a
qualified partner and a defined interface.

The immediate goal is not to declare the missing element proven. It is to determine, with transparent
evidence, whether the TLTE Agent mesh can become that element for a specific mission.
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