Stability Engineering Institute

117-291-D Multi-Agent Workflows
and The Humble Freight Train

Coupled Collectives Require Coordinated Stabilization

This chapter was inspired by https://www.youtube.com/watch?v=3bZSbcf4Tdc&t=1438s

A heavy train and a multi-agent workflow share a consequential engineering property: their collective behavior
depends on interactions between members. Healthy components, valid connections and a common objective
do not by themselves establish that the connected system will remain stable. The couplings transmit the
consequences of local action.

The motivating observation is a heavy consist using distributed power while traversing Cajon Pass. The same
train requires different handling during ascent and descent. Its destination remains unchanged, but gravity, track
geometry and the distribution of traction and braking change the conditions for safe progress. Cajon Pass
supplies the setting for this analogy; the discussion is not an operating prescription for a particular train or route.

What passes through the couplings

In-train forces are the longitudinal pulling and pushing loads transmitted between vehicles. Draft forces place
connections in tension; buff forces place them in compression. Coupler slack allows relative movement that can
change these forces as vehicles draw apart or run together. Their magnitude and distribution depend on loading,
grade and handling. [1]

A multi-agent GUDIYA-cookie is treated here as a coordinated group of actants pursuing a persistent objective.
Its couplings transmit requests, results, obligations and effects. Those interactions can create queue pressure,
retries, conflicting commitments and delayed feedback. These are functional analogies to train dynamics, not
mechanical forces measured in newtons.

Why distributed control matters

Distributed power coordinates traction and braking at different locations along a train. [2] The corresponding
GUDIYA proposal is fast local stabilization coordinated by wider Grid observation. Local interventions must
account for how they alter the conditions encountered by other participants.

The following comparisons cover the principal forces, stresses, operating conditions and control requirements.
They separate established railroad mechanisms from proposed GUDIYA interpretations. They also show where
the analogy ends: adaptive actants can change objectives, discover pathways and create new participants during
execution.
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Composition and operating conditions
The control strategy depends on the collective’s makeup and its relationship with the environment. Rail
investigations identify loading, locomotive placement, terrain and handling as interacting factors. [3]

Factor

Load

Heterogeneity

Arrangement

Ascent

Descent

Mixed gradients

Curvature

External
conditions

Heavy consist

Tonnage and its distribution determine
handling demands.

Loaded and empty cars respond
differently.

Car order and locomotive placement
shape forces.

Gravity opposes forward motion; traction
supports progress.

Gravity contributes to acceleration;
retardation controls motion.

Different sections can occupy different
gradients at once. [4]

Track geometry changes the direction and
effect of loading.

Track condition affects available safety
margins.

Multi-agent GUDIYA-cookie

Active tasks, queued work and persistent
obligations determine burden; agent count
is insufficient.

Agents differ in capability, authority,
latency and reliability.

Workflow topology and controller
placement shape propagation and
intervention.

Resource or coordination constraints
impede progress; added capacity may
restore margin.

Positive feedback or synchronized
execution accelerates activity; pacing may
be needed.

Different neighborhoods can
simultaneously explore, compete, execute
and recover.

Branching dependencies and feedback
loops change the paths and effects of
disturbance.

Service degradation, demand shocks and
changing counterparties alter operating
margins.

Grid implication. Identify the operating regime as well as the participants. An unchanged cookie can require a

new control response when its activity or environment changes.
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Forces and stresses within the collective
Longitudinal train forces can contribute to lateral loading on curves, and train action can interact with existing
track stress. [5, 6] GUDIYA must similarly examine consequences beyond the immediate interaction.

Factor

Draft tension

Buff compression

Slack action

Uneven restraint

Lateral effects

Inertia

Stored potential

Accumulation

Shared
infrastructure

Amplification

Heavy consist

Pulling loads pass through couplers.

Following vehicles push against those
ahead.

Relative movement changes loading as
slack is taken up.

Unequal retardation changes internal
force distribution.

Coupler angles on curves convert part of
longitudinal loading into lateral forces.

A moving mass cannot change speed
instantaneously.

Elevation and motion create energy-
management obligations.

Component condition and loading history
affect mechanical margins.

Train action transmits forces into the
track.

Handling and relative movement generate
responses along the consist.

Multi-agent GUDIYA-cookie

Dependencies pull for results or
commitments; observe unmet demand and
deadline conflicts.

Producers overload slower consumers;
observe queues, backpressure and
capacity.

Buffers absorb mismatches, then release
accumulated work; observe bursts and
buffer occupancy.

Throttling one service can transfer pressure
upstream or to alternative pathways.

An intervention can spill demand or
disruption into another neighborhood or
shared service.

In-flight requests and delegated work can
continue after a stop command.

Queued actions and latent triggers can
produce later activity; no physical energy
equivalence is implied.

Unresolved failures and stale state may
erode operational margin; retain relevant
history.

Agent activity burdens shared databases,
networks and compute resources.

Retries, reciprocal escalation and recursion
can amplify an initial disturbance.
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Observation and coordinated intervention
The train analogy separates local handling from wider movement constraints. BNSF describes safety systems
that use position, speed, grade and route restrictions to calculate warning and braking distances. [7] GUDIYA
likewise needs both local response and wider context.

Factor

Distributed action

Wider
coordination

Heavy consist

Traction and braking act at multiple
locomotive locations.

Train handling operates within route and
network constraints.

Position and route data establish

Multi-agent GUDIYA-cookie

Place local pacing, admission and
interruption controls near consequential
activity.

Reconcile local objectives with shared-
resource limits and neighboring workflows.

CCS supplies a proposed common frame for

Reference . . - .
operating context. comparing relevant cognitive dynamics.
. A lead agent’s report does not reveal ever
Lead-end speed does not describe every & P y
Coverage . dependency, queue or external
internal load.
consequence.
. Observation, inference, communication
Commands and physical responses take . . .
Delay time and execution consume the intervention
' window.
. Available traction and braking bound Permissions, actuators and available
Authority . . .
achievable response. capacity bound what the Grid can enforce.
. . . Moving from planning to execution
. Changing from traction to braking changes & P g .
Transition changes consequences and may require a
force patterns.
new envelope assessment.
. . Circuit breaking or SCRAM must account for
Emergency Emergency braking produces distributed & .
. descendants and partially completed
response dynamic effects. .
operations.
. Restart requires reconciled state, repaired
Further movement depends on train and . .
Recovery dependencies and demonstrated operating

Human mandate

route condition.

Operating rules constrain authorized
movement.

margin.

Humans define policy and authority;
urgency does not authorize an actant to
rewrite them.
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Stabilization may require opposite actions

The analogy does not imply that greater restraint always produces greater stability. A constrained neighborhood
may need additional capacity while another needs admission limits. Slowing incoming settlement instructions
while supporting authorized reconciliation illustrates the distinction. Slowing everything could prolong
congestion; accelerating everything could deepen it.

Control must therefore specify where to act, in which direction, with what strength and for how long. The agentic
layer governs objectives and delegation; the digital-services layer handles requests and transactions; the
resource layer supplies finite capacity. An intervention at one layer must be assessed for its consequences at the
others.

The adaptive collective adds a harder problem

A train’s principal mechanical connections and composition are ordinarily known during a movement. A multi-
agent workflow can have implicit couplings through shared data, humans or resources. It can discover a new
service, spawn subagents, migrate or preserve unfinished work beyond a runtime shutdown. The system being
stabilized can change while control is underway.

Railroad forces have established physical meanings and units. Cognitive pressure, momentum and stress need
operational definitions before they can serve as engineering measures. Useful observables include queue
growth, delegation depth, retry rates, observation age, resource headroom and time to irreversible
commitment. Their significance depends on the workflow and its approved operating envelope.

GUDIYA consequently needs Continuous Cognitive System Identification alongside regime assessment. It must
distinguish active participants from persistent causal residues, identify consequential dependencies, and
maintain uncertainty about what it cannot observe. A static workflow diagram cannot be assumed to remain a
complete account of the current collective.

The coupling itself becomes a control concern

Rendezvous Management can assess the conditions under which participants interact: authority, timing,
information freshness, resource availability and compatibility of commitments. Local permission remains
necessary, but it does not establish that an interaction is supportable under current ecosystemic conditions.

Circuit breakers must also consider coupling geometry. Isolating one member may leave its delegated work
running, remove a recovery service or provoke retries elsewhere. A successful intervention limits the
consequential activity while preserving the functions needed to restore stability. Its effects must be verified after
the command is issued.

Canonical lesson

Coupled Collective Stabilization Principle. The stability of a multi-agent workflow depends on its participants,
the effects transmitted through their couplings, the shared environment and the distribution of control. GUDIYA
must coordinate local interventions according to the current operating regime and verify their consequences
across the affected collective.

The railroad lesson is concrete: a common destination does not eliminate internal stress, and a healthy
locomotive does not certify the behavior of the entire train. For GUDIYA, the resulting obligation is to observe
and govern the evolving relationships through which individually valid actions become collective outcomes.
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Sources and interpretation

Railroad sources support the physical mechanisms used in the analogy. The GUDIYA mappings, principles and
control responses are SEI's proposed architectural interpretation. No specific speed, grade, brake setting or train
configuration is prescribed for Cajon Pass.

[1] Transportation Safety Board of Canada. Rail transportation safety investigation report R19V0002. In-train
forces, slack and unequal braking. https://www.tsb.gc.ca/eng/rapports-
reports/rail/2019/r19v0002/r19v0002.html

[2] Wabtec Corporation. LOCOTROL Distributed Power. Coordinated traction and braking.
https://www.wabteccorp.com/digital-intelligence/remote-train-operation/locotrol-distributed-power

[3] Transportation Safety Board of Canada. Rail transportation safety investigation report R20W0102. Train
marshalling, distributed-power placement, terrain and handling.
https://www.tsb.gc.ca/sites/default/files/rapports-reports/rail/R20W0102/eng/r20w0102.pdf

[4] Transportation Safety Board of Canada. Rail transportation safety investigation report R22C0065. A consist
occupying ascending and descending grades simultaneously. https://www.tsb.gc.ca/eng/rapports-
reports/rail/2022/r22c0065/r22c0065.html

[5] Transportation Safety Board of Canada. Railway investigation report RO5V0141. Longitudinal forces and
lateral loading on curves. https://www.tsb-bst.gc.ca/eng/rapports-reports/rail/2005/r05v0141/r05v0141.html

[6] Transportation Safety Board of Canada. Rail transportation safety investigation report R21M0027. Train
action and track stress. https://www.tsb.gc.ca/eng/rapports-reports/rail/2021/r21m0027/r21m0027.html

[7] BNSF Railway. BNSF's layers of safety protect employees, communities and trains.
https://fuelfinder.bnsf.com/news-media/railtalk/safety/safety-layers.html

SEI chapter 117-115-D The Humble Freight Train https://www.manhattanproject20.com/blogs/the-humble-
freight-train
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INFLEREIVIE ISE

FREIGHT TRAIN

NOT GLAMOROUS. NOT FLASHY.
.. JUST RELENTLESSLY MOVING THE WORLD FORWARD.

GUDIYA

The Cognitome
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