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For the leaders accountable for heavy industry & construction operations, their supervisors, and the data and platform
engineers who would build and run it.

Vertical-Driven Architectures is a CodeNinja series of system designs. Every design in the series is driven by a real-
world problem and scenario in a single industry, and every one is designed on Praxis, CodeNinja's platform for
designing physical AI systems. Operations are described by class, never by name.

A B S T R A C T

The Answer Already Exists in the Systems the Operation
Runs
A self-improving AI system for kiln control at a cement company in Saudi Arabia: open weight models on
the company's own hardware in the country, reading its systems of record and getting better at advising
the kiln every shift from what operators confirm worked, on one governed ontology of the kiln line, its
equipment, tags, setpoints, recipes, raw meal lots, fuel lots, clinker samples, upsets, operator actions,
shell scans, work orders and shifts, each fact tied to its source system.

The design reads 10 source systems through 3 adapter families into one object model of 16 objects, runs
7 services over it and opens 3 surfaces to the people who decide, with 3 models placed where the data
is. A sovereign, read-only advisory system for one kiln line: a governed ontology over the plant's seven
systems of record, three named agents that draft causes, setpoints and handovers for people to confirm,
and memory that compounds confirmed outcomes without ever changing weights. Phase one runs one
line for one quarter against a measured baseline, gated on an on/off comparison in the units the national
energy efficiency program itself collects.



The paper covers the operation and the problem its systems cannot answer, the constraints, the stack,
the object model, ingestion, inference placement, the models and their licenses, the rollout and its proof,
ownership, and finally how Praxis contextualized and reasoned the design.

Figure 1. Heavy Industry & Construction Watch on one page: the sources the operation already runs, one object model,
what it computes, and the person who decides.
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A Daily Question Goes Unanswered in the Systems That
Hold the Data

The operation holds every fact the question needs and no system answers it.

The abstract promised a self-improving AI system for kiln lines, sketched in one paragraph: a sovereign,
read-only advisory system for one line, agents that draft for people to confirm, and memory that
compounds without touching weights. A self-improving AI system earns its keep only if the question it
serves is stated exactly and the ground it stands on is real, and that is this chapter's work.

1.1  The Question and the Regimes It Must Satisfy

The operation needs one question answered every shift: given the fuel lot now burning, the raw meal now
feeding and the hundreds of variables now streaming from the line, which setpoint moves hold thermal
energy per tonne of clinker low while clinker chemistry stays in specification, and when the line upsets,
which moves bring it back soonest. The question carries a second half that matters as much, the why,
with evidence a named person can check before acting. Answering it requires all seven systems of record
at once: streaming tag values and historian context from the distributed control system, raw meal and
clinker quality from the laboratory, calorific value and feed rate from the fuel records, shell temperature
profiles from the scanner, equipment state from maintenance, actions and handovers from the shift log,
and tonnes and energy from production reporting. Three regimes frame the answer. The national energy
efficiency program collects and verifies thermal energy per tonne, so the figure the system is judged on is
already measured by a third party. Operational technology cybersecurity controls set the control burden



by facility criticality level, which fixes how anything may connect to the control network. Air quality
regulation sets stationary source emission limits, so emission lineage must be traceable even though the
permit reporting duty stays with the plant.

1.2  What Unrecorded Practice Costs

Heavy industry and construction pays for unrecorded practice in two currencies. The first is human: more
than 1,000 construction workers have died on the job annually since 2016 (CPWR n.d.), a toll that
disciplines every change made near operating equipment and every claim of automation. The second is
energy and clinker. Fuel is the main cost at a plant of this class, thermal energy per tonne is the figure the
company is measured on, and every shift runs the kiln differently: one operator holds the burning zone hot
and burns fuel, another runs it cool and makes poor clinker, and when a quality excursion or a shell hot
spot is found, the cause is rebuilt by hand across the historian, the lab and the fuel log. Regulators have
begun to expect a change of this kind to be treated as a process change, with revised guidelines relating
AI reliability assessment in plant safety to traditional methods such as HAZOP and FMEA (GO n.d.), and
this design adopts that standard for its approvals path. The ask for a self-improving system is timely
rather than fashionable, since recursive self-improvement has moved from frontier laboratories into the
broader corporate ecosystem (Stanford 2026), and the design must deliver it in a form a plant can audit.

1.3  The Operation as a Scenario

The operator is a cement company in Saudi Arabia running several integrated plants. Each plant runs a
preheater, a kiln line of several thousand tonnes of clinker a day and a cooler, watched from a control
room where an operator tracks hundreds of variables shift by shift; a model predictive controller runs on
some lines, and operators switch it off when a ring forms or the fuel changes. Three roles sit in the loop
by name: the control room operator who moves setpoints, the shift supervisor who confirms drafts, and
the production manager who owns the line's energy and quality figures. The plant's most experienced
operator retires this year, and the knowledge of how he brought the kiln back from an upset is in nobody's
notes. The physical environment is desert heat, with a record ambient of 52 C and dust that argues for
sealed, fanless compute. The regulatory ground is the energy efficiency program's collected figure, the
operational technology controls by facility criticality level, and the air quality limits with the industry's
annex override. The counts behind the scenario: seven named systems of record, three named roles,
several plants, and one line in phase one.
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Every System Sees One Slice of the Operation

Each system of record sees its own part of the answer and none sees the whole.



Chapter 1 stated the question and the scenario that holds it. This chapter shows why no existing system
can answer that question: each system of record sees one slice of the kiln, and the slices never meet in
one place.

2.1  One Slice at a Time

The distributed control system and its historian see every tag value, the recipe and the controller state,
but not why the tags moved, because fuel chemistry, laboratory findings and operator reasons live
elsewhere. The laboratory system sees raw meal and clinker chemistry against specification, but not the
process conditions that produced each result. The fuel and alternative fuel feed records see lot identity,
calorific value, moisture, ash and feed rate, but not what each fuel change did downstream in the kiln. The
shell scanner sees the shell temperature profile and the position of a hot spot, the earliest physical sign of
burning zone trouble, but not the cause or the moves that cleared it. The maintenance management
system sees equipment state, work orders and refractory history, but not the process upsets that
preceded each failure. The shift log sees operator actions, reason codes and handovers, the human half
of every upset story, but not the hundreds of tag values behind each action. The production reporting
system sees clinker tonnes and energy against plan, but not the decisions and conditions behind each
figure. Figure 2 sets these seven slices side by side, and the pattern is the same in each row: the slice is
faithful, complete in its own terms, and silent about everything the question joins it to.

Figure 2. Seven systems, each seeing one part of the answer. The question needs all of them in one place at once.

2.2  What No System Sees Together



What none of them see together is an upset and its cure as one story: the trigger tags, the fuel lot burning
at the time, the raw meal feeding, the operator's moves in order, the lab findings that followed, the shell
scan that confirmed recovery, and the time and fuel it cost. That join failure is paid every time a quality
excursion or hot spot is found and the cause is rebuilt by hand across three systems, and it is paid once
more when the retiring operator leaves, because the recovery moves that worked live in his judgment and
in no record any successor can read. The model predictive controller compounds the loss rather than
repairing it, since operators switch it off precisely when the kiln misbehaves, so the hardest episodes, the
ones worth learning from, are the ones no system captures. The data for the daily question is all present;
the argument that joins it is not.
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Four Constraints Shape Everything Downstream

The goals, the scoping decisions and the exclusions were fixed before any component was
chosen.

Chapter 2 showed that the failure is a join failure, not a data failure, so the fix is an argument built across
systems rather than another copy of them. Before any component was chosen, four goals were fixed, and
every choice downstream had to satisfy all four at once; this chapter states them and the scoping they
forced.

3.1  Sovereignty Is a Sizing Problem

The first goal is ownership: open weight models on the company's own hardware, in the country, with
nothing about the plants leaving it. In this industry that is hard because the frontier model in the design
needs a node of eight accelerators of the 141 GB class, and the export license position for that class into
the country is not yet confirmed, with two nodes of the 80 GB class as the fallback shape. Sovereignty
also collides with the operational technology controls, which set the connection burden by facility criticality
level, so the boundary design has to be settled with the security function before design freeze rather than
after.

3.2  The Human Loop Is the Control Design

The second goal is that people decide: the system reads the systems of record and never writes to the
control system, and operators and supervisors make every setpoint change. This is hard because the
plant's own history shows what happens to advisory layers operators do not trust, as the model predictive
controller is switched off whenever the kiln misbehaves. The design answers with draft quality gates,
explicit operator authority recorded against each draft, and a one-way boundary between the analytics
zone and the control network. Guidance on safety management for autonomous equipment on industrial



sites points the same way (ISSA 2026), and the approvals path treats the advisory system as a process
change under hazard-study methods (GO n.d.).

3.3  Improvement Without Touching the Weights

The third goal is a self-improving AI system in a form a plant can audit. Frontier laboratories delegate a
growing share of AI development to AI systems themselves (Anthropic n.d.), but a kiln cannot risk weights
that drift shift by shift, and the requirement forbids training on the fly. The design therefore improves
through memory alone: every confirmed outcome, the upset, the moves and the measured recovery, is
kept and read before the next draft, while the model weights never change. What compounds is the
record, not the parameters.

3.4  Proof Before Trust

The fourth goal is measured improvement, gated. The precedent that sets the honesty bar is the kiln
control build whose continuous-month saving of 4.1 percent became 2.2 percent under a controlled on/off
comparison, so phase one runs one line for one quarter against a measured baseline and gates on the
on/off comparison alone, in the units the national energy efficiency program itself collects.

3.5  Scoping Decisions

Three scoping decisions follow from the four goals, and Table 1 records what each buys and what it costs.

Table 1 · Scoping Decisions

DECISION WHAT IT  BUYS WHAT IT  COSTS

Run one kiln line for one
quarter first

A clean baseline and an honest
on/off gate in collected units

Findings from one line reach the other
plants slowly

Bind the seven systems read-
only

Safety sign-off and no risk to the
control path

No closed-loop savings; every benefit
must pass through a person

Improve through confirmed
memory, not weights

An auditable record of what worked
and who confirmed it

Improvement is bounded by what
operators actually confirm

3.6  What the Design Chose Against

Table 2 records the alternatives the design rejected and why, and it closes with the scope boundary. The
ontology decision deserves a word, because the projection discipline is what separates this design from
the document stores that pass for industrial ontology examples in most plants: the ontology is a governed
projection over the seven systems of record, never a shadow copy, so a query can walk from an upset to
the fuel lot, the operator actions and the lab findings without any of them being duplicated.

https://codeatoms.ai/self-improving-ai-system/


Table 2 · What the Design Chose Against

WHERE WHAT WAS PICKED INSTEAD OF,  AND WHY

Control
architecture

Advisory agents riding above the
incumbent model predictive
controller

Replacing or re-tuning it; the precedent rode above
the incumbent optimizer so one control path survived
and operators kept authority

Data foundation A governed ontology projected
over the seven systems of record

A shadow data lake; copies drift, and no document
store joins an upset to the moves that cured it

Improvement
mechanism

Memory of confirmed outcomes,
read before each draft

Fine tuning on the fly; the requirement forbids it and a
plant cannot audit drifting weights

Compute One node of eight 141 GB class
accelerators on the company's
own hardware

A third party model service; nothing about the plants
may leave the country

Scope boundary Closed-loop writes excluded Autonomy inside the control system; operators and
supervisors make every change, and the permit
reporting duty stays with the plant

PA R T  I I  ·  C H A P T E R  4

One Stack Runs From the Systems of Record to the
Surfaces

Systems of record below, one object model in the middle, services and surfaces above.

A self-improving AI system for kiln lines usually fails at the join between the control system and everything
else the plant knows, not at the model, and Chapter 3 fixed the four constraints any answer must survive:
read-only systems of record, weights that never change, named people who decide, and nothing leaving
the country. This chapter lays out the stack that satisfies all four at once, running from the sources to the
surfaces the control room actually sees.

4.1  The Pattern and Why It Fits

The architecture is three layers in a fixed order: the systems of record below, never replaced, never
modified, never bulk loaded; one object model in the middle, owned by the company and held as a
projection over those systems rather than a copy of them; and the applications and agents above, which
draft causes, setpoints and handovers for people to confirm. The order matters because the distributed
control system stays authoritative for control and its historian stays authoritative for history, so the object
model only has to join what each already holds, and every capability traces to a clause the company



asked for. Because the advisory layer changes how the control room works, the stack is treated as a
process change and assessed with the plant's own hazard-study methods, the way revised plant-safety
guidance expects AI reliability to be weighed against methods such as HAZOP (GO n.d.). Figure 3 shows
the layers with their counts: seven systems of record feeding three adapter families, one object model of
sixteen objects, seven services and three surfaces, with three models doing the inference.

Figure 3. The layered stack: 10 sources, 3 adapter families, 16 objects, 7 services and 3 surfaces.

4.2  The Stack Stage by Stage

Table 3 walks the stack from the sources to the surfaces, naming the component responsible at each
stage and what it does with the data.

Table 3 · The Stack, Stage by Stage

STAGE WHAT IT  IS  RESPONSIBLE FOR HOW

Sources Hold the plant's truth: the distributed control system and
historian, the laboratory system, the fuel and alternative fuel
feed records, the shell scanner, the maintenance
management system, the shift log, the production reporting
system

Read only; nothing is replaced,
modified or bulk loaded

Sensing The streams the design reads: hundreds of DCS variables,
clinker quality values, fuel feed records, shell temperature
profiles, shift log entries, production figures

Existing instrumentation only; no
new field devices are supplied



STAGE WHAT IT  IS  RESPONSIBLE FOR HOW

Adapters Three families: the integration adapter, the telemetry adapter,
the ops systems adapter

Each owns one source contract:
validate, time-stamp, buffer, stamp
provenance

Object
model

Hyper Ontology v0.9 over TimescaleDB Sixteen objects with typed links; a
projection over the sources, not a
copy of them

Inference GLM 5.3 at FP8 on one node of eight 141 GB accelerators;
Chronos-2 and BGE-M3 on the plant GPU server under
ONNX Runtime and vLLM

753 GB of weights, 904 GB with
the 1.2 planning factor, against
1,128 GB of memory; weights
never change

Services Seven: one model of the kiln line, memory that compounds,
named agents that draft, sovereign compute, measured
improvement, command center, approvals and rollout

Each reads the object model and
the decision record, and drafts for
a named person

Surfaces Three: the command center kiln state view, the setpoint draft
approval view, the shift confirmations and improvement
dashboard

Every screen names the person
who confirms

4.3  A Reusable Pattern

A team carrying a similar brief can reuse the whole shape: read-only adapters over the systems of record,
one governed object model that joins them, agents that draft and never write, and memory that
compounds confirmations without touching a single weight. They would swap the objects and the sources
for their own, the way this design anchors the kiln line in the historian and equipment in the maintenance
system, and keep three things unchanged: the one-way boundary into the control network, the named
person confirmation as the single write path, and an on/off comparison as the first gate. The self-
improvement here is deliberately narrow, memory of what operators confirmed rather than the recursive
self-improvement frontier labs now run as an active priority (Anthropic n.d.; Stanford 2026), because a kiln
cannot afford a model that changes its own behavior between shifts.

Table 7 · Architecture, Layer by Layer

LAYER COMPONENT CHOICE WHY

Event streaming and
messaging

by class, no
product named

Product Apache Kafka 4.3 (KRaft)

The ontology or graph
store

by class, no
product named

Product Hyper Ontology v0.9 (Semantics plus Kinetics)



LAYER COMPONENT CHOICE WHY

Time series and telemetry
storage

by class, no
product named

Product TimescaleDB

Video ingest, recording
and management

by class, no
product named

Not
needed

No IP video is installed; the shell scanner's thermal
line scans and any burning zone camera arrive as
existing plant records through the historian path.

Edge model serving by class, no
product named

Product ONNX Runtime

On site language model
serving

by class, no
product named

Product VLLM

Object tracking and
trajectory forecasting

by class, no
product named

Not
needed

No camera tracking exists; burning zone drift
forecasting is the timeseries register role.

Edge orchestration of
containers

by class, no
product named

Product K3s

An air gapped artifact and
model registry

by class, no
product named

Product Harbor (offline registry)

Labelling and retraining by class, no
product named

Not
needed

Weights never change: improvement comes from
the memory of confirmed outcomes, per the
requirement and the intake answer.

Time synchronisation
across sensors and
systems

by class, no
product named

Product Chrony

Observability of the
running system

by class, no
product named

Product Prometheus 3.13 LTS with Grafana and Loki
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Sixteen Objects Turn Operational Data Into One
Argument

The object model is the join the systems never made.

Chapter 4 placed the object model at the center of the stack and made it the one thing the services read;
this chapter opens that model up and shows the join it makes. The plant has never had this join: the
historian, the laboratory system and the fuel records each hold a slice of every upset, and reconstructing
one story from them is hand work.



5.1  Sixteen Objects and the Links Between Them

The model holds sixteen objects: kiln line, equipment, tag, setpoint, recipe, raw meal lot, fuel lot, clinker
sample and quality result, upset, operator action, shell scan, work order, shift, control room operator, shift
supervisor and production manager. What makes them an argument rather than a list is the typed links: a
fuel lot links to the recipe that blends it and to every upset that began during its feed, an operator action
links to the setpoints it touched and to the draft it answered, and a work order links to the equipment it
covers and the upsets it was raised from. Figure 4 shows all sixteen objects and their links, with the upset
in navy as the focal object. A query can now walk a path no single system holds: ask for every upset that
began during a fuel lot change and was followed by a clinker sample back in specification, and the model
traverses upset to fuel lot to operator action to sample in one step, where a document store would need
the question known in advance and the join written by hand. In published industrial ontology examples
this crossing of mappings is the hard part, and it is the product here; Table 8, printed by the platform, lists
every object with the system of record it is anchored in and its typed links.

Figure 4. The sixteen objects of the model and the typed links that let a query reach across them.

Table 8 · The Object Model

OBJECT ANCHORED IN TYPED LINKS

Kiln line The distributed control system and
its historian

produces: Clinker sample and quality result



OBJECT ANCHORED IN TYPED LINKS

Equipment The maintenance management
system

carries: Tag; sits on: Kiln line

Tag The distributed control system and
its historian

no typed link recorded

Setpoint The distributed control system and
its historian

no typed link recorded

Recipe The distributed control system and
its historian

specifies: Raw meal lot; blends: Fuel lot; targets:
Clinker sample and quality result

Raw meal lot The laboratory system for raw
meal and clinker quality

no typed link recorded

Fuel lot The fuel and alternative fuel feed
records

no typed link recorded

Clinker sample and
quality result

The laboratory system for raw
meal and clinker quality

no typed link recorded

Upset The object model itself no typed link recorded

Operator action The shift log no typed link recorded

Shell scan The kiln shell scanner no typed link recorded

Work order The maintenance management
system

covers: Equipment

5.2  The Human Loop and the Hosting Posture

The human loop lives in the status vocabularies. Every object that carries a decision carries a vocabulary
a person moves: an upset walks from open through cause drafted and cause confirmed to recovered and
closed, a setpoint records who approved it, and an operator action records the draft it was for or against.
Twelve of the sixteen objects are anchored in a named system of record; the upset and the three people
are anchored in the model itself, because no system of record holds an upset whole or holds a person at
all. The hosting posture closes the rest: everything runs in the country on the company's own hardware,
identity is Keycloak, there are no external links, the one crossing toward the control network is the Lidi
with Eurydice one-way transfer, and the single write path into the object model is a named person
confirming, rejecting or annotating a draft.

5.3  One Object in Its Recorded Form



The kiln line record below shows the identifier and label, the kind, the properties, the status vocabulary
and the typed links the platform prints for every object; the upset, the object the whole argument turns on,
is recorded the same way, with its trigger tags and times, the confirmed cause and recovery moves, and
the status vocabulary a person walks it through.

{ "id": "kiln-line", "label": "Kiln line", "kind": "site", "anchored_in": "The distributed 
control system and its historian", "properties": [ "Line number", "Design tonnes per day of 
clinker", "Thermal energy per tonne", "Stable band definition" ], "status_vocabulary": [], 
"links": [ { "to": "clinker-sample", "label": "produces" } ] }
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Every Source Enters Through an Adapter, Never Directly

Nothing reaches the object model except through an adapter that owns its contract.

Chapter 5 showed what the object model holds once data is inside it; this chapter shows how data gets
there, and why nothing can arrive by any route the design does not own. The rule is absolute: every
source enters through an adapter, never directly, because an unowned path into the model is a path
nobody can validate, time-stamp or replay.

6.1  Every Named Source and Its Provenance

Seven named systems feed the model, all of one provenance class: systems the company already owns
and runs, read in one direction only. The distributed control system and historian supply the streaming
triggers and the historian context; the laboratory system closes the loop between advice and clinker
quality; the fuel and alternative fuel feed records carry the calorific value behind every drift and trigger the
setpoint agent when a lot changes; the shell scanner gives the earliest physical sign of burning zone
trouble; the maintenance management system joins upsets to equipment state and refractory history; the
shift log holds the operator actions and handovers that are the human half of every upset story; and the
production reporting system holds the clinker tonnes and energy figures that form both the baseline and
the gate. Figure 5 maps each source to its adapter path and its provenance class.



Figure 5. The 10 named systems, the adapter path each one takes, and the object model they all map into.

6.2  What the Adapter Tier Guarantees

Three adapter families cover the seven sources: the integration adapter for the operational systems, the
telemetry adapter for the streaming tag flow, and the ops systems adapter for logs, work orders and
reports. The tier guarantees five things. Each adapter owns its source contract, so a schema change at
the source surfaces as a contract failure rather than silent corruption; each validates every record against
that contract before it passes; each stamps provenance and receipt time and aligns both to the plant time
source through Chrony, because a join between the historian and the laboratory system is only as good
as their shared clock; each buffers when a source is slow or briefly absent and backfills on return; and
every adapter is read only, with no path existing from the tier back into any source.

6.3  The Event Backbone

The backbone is Apache Kafka 4.3 with KRaft, the Raft-based controller that removes the older
coordination service. Ordering holds per key: tag streams are partitioned by tag name, so the sequence
of any one variable is never reordered even when the whole plant is flowing through at once. Delivery is
at least once, made effectively once by idempotent writes keyed on each source's sequence numbers, so
a replay after a fault cannot double-apply an operator action or a lab value. Buffering sits at two levels: the
adapter buffers against a slow source, and the plant side of the boundary buffers when the link into the
analytics zone fails, with the backbone resynchronizing on restore. Replication runs inside the plant
cluster, so the loss of a broker does not lose a shift. The one crossing of the control boundary is the Lidi
with Eurydice one-way transfer, which fails closed: when the link, the power or the update path fails, the
diode stops, the adapters buffer, the agents pause their drafts, and the kiln's control path is untouched.
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Inference Belongs Where the Data Is

Each tier runs what its data and its link can carry.

Chapter 6 described how the plant's systems of record enter through three adapter families, never
directly, and how the event backbone orders and buffers what they emit. This chapter fixes where each
model runs, what each tier can carry, and what happens when the connections between those places
break.

7.1  Three Tiers Hold Three Different Jobs

The frontier tier runs GLM 5.3 on one node of eight accelerators of the 141 GB class, and the memory
arithmetic is the whole argument for that shape. The model has 753 billion parameters filed, and at FP8
precision, one byte per parameter, its weights occupy 753 GB. Multiplying by the 1.2 planning factor,
which reserves room for the KV cache and activations, gives 904 GB the GPUs must hold. One node of
eight 141 GB accelerators offers 1,128 GB of usable memory, which leaves 375 GB beside the weights,
more than twice the 151 GB the planning factor reserves, so the KV cache ceiling clears with margin and
the work surface never needs a second node. This tier carries the reasoning work: drafting causes from
an upset's assembled story, drafting shift handovers, maintaining the ontology, and answering the control
room's questions with citations.

The plant tier runs on the plant GPU server, on one or two PCIe cards and no high bandwidth memory
node. Chronos-2, about 0.24 GB at 16-bit precision, forecasts the stable band on the streaming tags and
its residuals are thresholded to raise the drift trigger. BGE-M3, about 1.1 GB at FP16, embeds past
upsets, shift logs and maintenance history so the reasoning tier can retrieve them. Both models fit on a
single card with room to spare, which is why the design buys no additional frontier hardware for them.
This tier is where the stream meets a model: the telemetry adapter feeds the tag stream of hundreds of
variables into the event backbone, and the timeseries model watches it continuously.

The edge tier is the industrial octa-core SoC edge unit with a 6 TOPS NPU in a sealed fanless enclosure,
served by ONNX Runtime. It holds roughly 33 degrees C of margin at the 52 C record ambient before
solar gain, and it sits closest to the data. Figure 6 sets the three tiers side by side, with what runs on each
and what crosses between them.



Figure 6. Where each tier runs, what runs there, and the narrow set of outputs that cross the boundary.

7.2  The Latency Budget Follows the Physics

Each agent's deadline is set by the cadence of the physical process it serves, not by a service level
anyone chose. The drift anomaly must land inside the scan rate of the tag stream it watches, because a
warning that arrives after the next scan is a history entry rather than advice. The setpoint agent's drafts
after a fuel lot change must arrive while that lot is still feeding the burner, or they describe a lot that has
already been burned through. The handover draft has the end of the shift as its deadline, and the
improvement figures behind it close when the laboratory data lands.

Cause drafting is the one job with no tight deadline, because an upset's story is assembled across hours
of historian, laboratory and fuel data, and depth of reasoning matters more than speed there. That is
frontier tier work by choice rather than necessity. The design's rule is simple: anything with a physical
deadline runs on the plant tier beside the stream, and only drafts, citations and questions travel to the
frontier node.

7.3  The Boundary and What Fails Through It

Reads flow one way from the systems of record into the analytic zone, and the control network boundary
is enforced by the Lidi with Eurydice one-way transfer stack, a data diode that carries plant data out for
analysis and makes a return path physically absent rather than merely blocked. No model output crosses
into the control system in any direction, because the single write path in the whole design is a human
confirming a draft, and nothing about the plants leaves the country: every weight runs on the company's
own hardware inside it.

When the link between tiers fails, the event backbone buffers and the historian backfills on reconnect,
while the surfaces mark every standing draft as stale with the time it was computed at, so a control room



operator never mistakes a prediction frozen mid-shift for a live one. When power fails, the sealed edge
unit restarts, resynchronizes against the plant's time sources under Chrony with the offsets recorded, and
reconstructs the stream from the historian rather than from its own memory. When the update path fails,
the Harbor offline registry keeps the running versions in place: containers and models are staged, signed
and verified on site, and if a staged update cannot be verified, the previous version keeps serving while
the mismatch is surfaced to the platform engineers rather than left to diverge silently.
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The License Decides What the Operator Can Own

Every model was chosen against its license before its accuracy.

Chapter 7 placed each tier and showed the memory arithmetic that sizes it. This chapter turns to the
models themselves and to the legal instrument that decides more than any benchmark: the license under
which each weight runs.

Figure 7. The three models, their placement, and the work each one does.

8.1  Each Model Was Chosen Against Its License

Figure 7 shows the model stack as three cards: GLM 5.3 at the frontier tier, Chronos-2 and BGE-M3 at
the plant tier, with the equipment classes beneath them. GLM 5.3, named in the company's own
requirement, is a mixture of experts language model with 753 billion parameters filed and published as
open weights. At FP8 its weights occupy about 756 GB, roughly 1.5 TB at BF16, which is why it needs
eight accelerators of the 141 GB class before any KV cache is counted. It runs on the frontier node in the
country and carries two jobs: the agentic work surface, where the control room's people build and run
their agents against the ontology, and ontology maintenance, where the governed model of the kiln line
stays aligned with the systems of record beneath it.



Its license is the GLM-5.3 bespoke license, whose terms allow commercial use, fine tuning and
redistribution. Two consequences follow. The company can hold the weights on its own hardware without
a service relationship it cannot exit, and the license's model as a service trigger stays inapplicable
because every inference is internal advisory use inside the company's boundary. Recursive self-
improvement is an active priority at frontier AI companies and is beginning to diffuse into the broader
corporate ecosystem (Stanford 2026); this design declines that road in the one place its license would
permit it. The weights never change, and improvement compounds in the memory of confirmed
outcomes, which is retrieval rather than training.

Chronos-2 is the timeseries model, about 0.48 GB at 32-bit precision and about 0.24 GB at 16-bit, small
enough to sit beside the embedding model on a single PCIe card in the plant GPU server. It performs
zero-shot multivariate forecasting with covariates: it forecasts the stable band on the streaming tags, and
its residuals are thresholded to raise the drift trigger. Its Apache-2.0 terms impose nothing on the
company beyond attribution, and with no fine tuning in the plan the model can be held, moved and rerun
inside the plant for as long as the plant wants it.

BGE-M3 is the retrieval embedding model, about 2.27 GB at float32, about 1.1 GB at FP16 and about 0.6
GB at 8-bit; the design serves it at FP16. It performs multilingual dense, sparse and multi-vector retrieval
in one pass, which is what keeps Arabic and English shift logs and part numbers from the maintenance
system retrievable in the same query. Its MIT license sits at the permissive end of the register, so the
company holds it outright.

8.2  The Register Behind the Choices

Table 4 gathers what each choice rests on: the three models, the hardware classes and sizing rules that
place them, the sensing they consume, the pattern the design stands on, and the ground everything runs
on. Read down the third column and the argument of the whole paper appears, because every row
answers to a constraint the company set before any model was named: weights held, decisions human,
nothing crossing the country's boundary.

Table 4 · Model and Equipment Register

THE CHOICE WHAT WAS PICKED WHY HERE

Frontier
model

GLM 5.3, 753 billion parameters filed, FP8 Named in the requirement; the license
allows commercial use, fine tuning and
redistribution, so the company holds the
weights

Timeseries
model

Chronos-2, about 0.24 GB at 16-bit Zero-shot multivariate forecasting with
covariates on the streaming tags;
Apache-2.0 with no fine tuning in the plan



THE CHOICE WHAT WAS PICKED WHY HERE

Embedding
model

BGE-M3, about 1.1 GB at FP16 One pass retrieves dense, sparse and
multi-vector across Arabic and English
logs; MIT license

Frontier
hardware
class

141 GB HBM GPU class, eight accelerators per
node

753 GB of weights at FP8 plus the 1.2
planning factor fits one node of 1,128 GB

Sizing rule GLM 5.3 node count by GPU class Sizes the frontier node from the filed
parameter count before any hardware
order

Boundary
equipment

Lidi with Eurydice one-way transfer stack Reads leave the control zone for analysis;
no return path exists to block

Edge compute
class

Industrial octa-core SoC edge unit, 6 TOPS NPU,
sealed fanless enclosure

Holds roughly 33 C of margin at the 52 C
record ambient before solar gain

Sensing Streaming DCS tag stream of hundreds of
variables, clinker quality data, fuel and alternative
fuel feed records, the shell scan profile, shift log
and production figures

The physical AI register the tiers
consume, read as it exists

Pattern System of context, primary Systems of record below, the ontology as
a projection over them, agents that draft
and people who decide

Ground The company's own hardware, in the country Nothing about the plants leaves the
country and no third party model service
is used
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Shadow Mode Comes Before Any Flag Is Trusted

The rollout earns each phase at a gate the company can read.

Chapter 8 settled which weights the company may hold and on what terms, from the work-surface model
down to the embedding model. This chapter sets out how the system earns its way onto one kiln line and
then across the estate, and how anyone evaluating a self-improving AI system for kiln lines can check the
claim in units the national energy efficiency program already collects.

9.1  Phases, Item Counts and Gates



The rollout has two phases and eighteen requirements, and every phase carries its item count, its
workstreams and a gate the company can read before committing the next tranche of work. Phase One
runs on one kiln line and carries sixteen items across six workstreams: One model of the kiln line, Named
agents that draft, Memory that compounds, Command center, Measured improvement, and Approvals
and rollout. Its opening items build the governed kiln line ontology, bind the seven systems of record read-
only, and enforce the one-way control boundary; its gate stands the setpoint agent up, with drafts flowing
to a named approver and an on/off comparison read in the units the national energy efficiency program
itself collects. Phase Two carries a single item under the Approvals and rollout workstream, extending the
system to further kiln lines and plants, and it is entered only on the phase-one evidence, with its gate set
with the production manager before a second line is touched. Figure 8 sets the phases, their item counts,
their gates and the requirement coverage side by side. The approvals workstream treats the advisory
system as a process change and studies it the way plant risk practice studies any other change, following
plant safety guidance that now extends the reliability assessment of AI to established methods such as
HAZOP and FMEA (GO n.d.). Each of the eighteen requirements traces to a workstream item, so
coverage is read item by item at each gate rather than asserted at the end.

Figure 8. The two phases and their gates, and coverage of the 18 requirements across them.

9.2  What the Rollout Measures

One number carries the gate: thermal energy per tonne of clinker, drawn from the production reporting
system, compared between periods with the drafts on and periods with the drafts off, on the same line.
The honesty bar comes from the sector's own precedent, in which a continuous month that read 4.1
percent fell to 2.2 percent specific heat consumption once the same line ran a controlled on/off
comparison, so the headline month is never the gate. Around that number the rollout measures
acceptance from the first weeks: how many drafts each control room operator confirms, edits or rejects;
how many upsets move from open to cause confirmed; time to recover, set against comparable upsets
already held in memory; and free lime held inside its specification band while the energy number moves.
Together these show whether the memory is compounding or merely recording, and they are the figures
the improvement surface puts in front of the shift supervisor.



9.3  Failure Modes

Table 5 states what the design expects to fail and what it does about each failure.

Table 5 · Failure Modes

WHAT FAILS WHAT THE DESIGN DOES

Operators switch the advisory off as they
switch the model predictive controller off
today

Draft quality gate before anything reaches the control room,
explicit operator authority over every setpoint, and acceptance
measured from the first weeks

The retiring operator's recovery
knowledge leaves before it is captured

Elicitation sessions scheduled in the opening weeks of Phase
One, ahead of the retirement date, feeding the upset and
recovery record

Headline savings flatter the model The gate reads the controlled on/off comparison only, never a
continuous run

The facility criticality level under the
national OT cybersecurity control is
unknown

The level is confirmed with the OT security function before design
freeze, so the control burden is set early

The export license position for the 141
GB class node is unconfirmed

License determination before order, with two 80 GB class nodes
as the fallback shape

The DCS tag namespace and the
maintenance equipment hierarchy
disagree

One master asset register is picked early and the other mapped
to it

9.4  Lessons

Shadow the drafts before anyone approves them. The incumbent controller lost the control room
because it argued from a model the operators could not question, and both crews switched it off when the
kiln misbehaved. The advisory route inverts that: drafts run first in shadow, every draft names its cause
and its expected effect, and the operator's confirmation or rejection is itself the recorded outcome the
memory compounds on. Trust is measured, not assumed.

Gate on the on/off comparison, not the headline month. The sector precedent is the instruction: a
continuous month read 4.1 percent where the controlled comparison on the same line read 2.2. Any figure
quoted without the on/off discipline is a forecast wearing the clothes of a measurement, and the phase-
one gate refuses to read it.

Capture the retiring operator before the retirement date. The knowledge of how the most experienced
operator brought the kiln back from an upset lives in nobody's notes, and it leaves with him. Elicitation



sessions sit in the opening weeks of Phase One, and the elicited recoveries seed the upset objects the
agents retrieve against.

9.5  What Is Still Open

Three questions settle before design freeze, and each one moves the design. The export license position
for the 141 GB class node: settling it either confirms one node of eight accelerators or reshapes the
footprint onto two 80 GB class nodes, changing the memory arithmetic with it. The facility criticality level
under the national OT cybersecurity control: settling it sets the control burden and the boundary
engineering, and it is the OT security function's call, not the design's. The master asset register: settling
whether the DCS tag namespace or the maintenance equipment hierarchy is master decides how the
ontology joins tags to equipment, which is the join the whole argument rests on. A fourth question is the
phase-two gate itself: settling what evidence extends the system to further lines and plants decides how
the single-line proof is read.

PA R T  I I I  ·  C H A P T E R  1 0

The Intelligence Should Stay with the Operation That
Produced It

What the design builds belongs to the company.

Chapter 9 ended on the questions the gate leaves open. This chapter states who owns what the gate
protects, which is the question the requirement asked first.

10.1  What the Operator Owns

The object model is a projection over the company's seven systems of record, never a shadow copy of
them: every object, property and typed link describes this company's lines, equipment, fuel lots and
people, and the governed model stays inside the company. It is not one of the industrial ontology
examples a vendor ships ready made; it is built from the company's own records and changes only
through the governed path. The weights are held under licenses that permit the company to keep them:
the work-surface model runs under a license allowing commercial use, fine tuning and redistribution, and
because the design never fine tunes, the weights the company holds are the weights it audited, while the
forecasting and embedding models run under Apache-2.0 and MIT. The decision record, every draft,
confirmation, rejection and operator action with the person who decided, belongs to the company, and so
does the memory that compounds from it. Public discussion of self-improvement centers on AI
development delegated to AI systems (Anthropic n.d.) and on that practice diffusing into the wider
corporate ecosystem (Stanford 2026); this design compounds instead through a kept record the company
can read, audit and export. The boundary is the company's control as well: the one-way transfer, the in-



country hosting on the company's own hardware, and the OT policy decision retained by the company's
security function.

10.2  The Offer Behind the Design

CodeNinja designed this system on Praxis, its platform for designing physical AI systems, and each
element of the design maps to a named part of its offer. The sensing, detection and forecasting of
physical behavior, from the shell hot spot and ring formation detections to the drift forecasting on the
streaming tag register, is Adaptive Operations. The governed object model over the seven systems of
record is Hyper Ontology. The command center, where the company's people build their own agents on
models they can change without losing what was built, is Hyper Pragma. The kept record of decisions and
outcomes that the next decision reads, which never updates model weights, is Hyper Engram. The own
hardware, the open-weight licenses and the in-country operation are Sovereign Infrastructure.

PA R T  I V  ·  C O N C L U S I O N

The Pattern Repeats Wherever Systems of Record Do
Not Meet

Seen whole, the design is one object model over the systems a cement company in Saudi Arabia already
runs, with inference placed where the data is and every decision left to a named person.

Running the same shape elsewhere takes the same four things: the named systems, an object model
anchored in them, a first gate that can stop the work cheaply, and the license posture that lets the
company own what it learns.
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How Praxis Contextualized and Reasoned This Design

Every choice above traces back to something Praxis recorded reading.

Chapter 10 closed the ownership argument: the object model, the weights, the decision record and the
boundary all stay with the company. This chapter opens the design record itself, so the reader can audit
how each choice was made. Every design in this series is produced on Praxis, and this chapter lets a
reader trace any choice above back to the recorded reading that justified it. Figure 9 shows that path end
to end: the ask, the family and industry assigned, what it read, the eight lenses, the patterns adopted, and
the equipment classes the reasoning landed on.

11.1  Contextualizing the Ask



The ask arrived as a requirement written in the company's voice: a self-improving AI system for cement
kiln control, owned by the company, open weight models on its own hardware in the country, reading its
systems of record, improving every shift from what operators confirm, without training a model on the fly
and with nothing about the plants leaving the country. Praxis assigned the family Physical AI and the
industry Heavy Industry and Construction; the family was selected by the FDE on the project as a pin
rather than a reasoned match, and the brief was still read as reasoning input. Praxis read the case study,
tooling, hardware, regulation, approach and history shelves the lenses drew on.

Figure 9. From the ask to the design: the family and industry Praxis assigned, the eight lenses and what each cited, the
patterns adopted and set aside, and the equipment the design lands on.

11.2  The Lenses

Table 6 states what each lens could see, how many records it cited, and what it contributed to the design.

Table 6 · The Lenses and What They Contributed



LENS COULD SEE CITED WHAT IT  CONTRIBUTED

First
principles

no corpus shelf 1 The pinned brief's pattern of setpoints recommended to human
operators through notifications rather than closed loop, and its pitfall
of reading SCADA only, became the instruction gate route and the
one-way boundary.

Case studies the case study
shelf

3 A published kiln control case set the architecture (ride above the
incumbent optimiser) and the honesty bar: 4.1 percent in a
continuous month became 2.2 percent specific heat consumption
under a controlled on/off trial.

Tooling and
recency

the tooling and
recency shelf

4 GLM 5.3, named in the requirement, was verified live as 753B open
weights published August 2026; Chronos-2 and BGE-M3 were
verified live for the timeseries and embedding roles.

Hardware
and
equipment

the hardware
and equipment
shelf

3 The GLM 5.3 node count table sizes the frontier node; the on device
shelf supplies the industrial edge compute core: SoC, memory,
power and firmware storage class unit and sealed fanless enclosure
for the record ambient.

Rules and
regulations

the rules and
regulations
shelf

3 The national operational technology cybersecurity controls set the
burden by facility criticality level, with the essential controls as
prerequisite; the national energy efficiency program makes thermal
energy per tonne a collected and verified figure; air quality regulation
sets the stationary source emission limits.

Approach the approach
shelf

3 Shadow mode before control, OT and IT zones from the first sketch
signed by the control engineer, and a HAZOP style study treating the
advisory AI as a process change shape the phasing and approvals.

History the history
shelf

0 No history note read here bears on this requirement; the kiln control
and steel plant precedents came through the case studies lens.

Domain
fusion

no corpus shelf 2 System of context's three layers fuse with the sector brief's setpoint
via notifications pattern and read only historian discipline: the
ontology is a projection over the company's seven named systems of
record, agents draft and people decide.

11.3  Patterns Adopted and Set Aside

One pattern was adopted as primary: the system of context pattern, pinned by the FDE as the sole
primary because the requirement asks for exactly its shape, a governed ontology where an upset and the
actions that cured it form one story, memory that compounds without training, and a command center that
answers with citations. Its rules held throughout: systems of record below, never replaced, never
modified, never loaded; the ontology as a projection with crossing mappings rather than a shadow copy;
one small grammar in which nouns become objects, facts become properties and relationships become



typed links; and the kinetic loop closing on the model so the line it describes stays living. Nothing was set
aside, and the record shows why: no competing pattern answered the requirement's combination of read-
only sources, human confirmation and compounding memory without training.

11.4  Where the Reasoning Lands

The reasoning lands on three equipment classes: the 141 GB HBM GPU class that holds the work-
surface model's weights with room beside them for KV cache and activations; the node-count rule by
GPU class that sizes the frontier node from the model's filed parameters; and the one-way data transfer
class that enforces the boundary. Everything above those classes, the phases, the gate, the failure
modes and the open questions, traces to recorded reading through the lenses of Table 6. Everything
shown in this chapter was recorded reading, and nothing is inferred.
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