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EXECUTIVE SUMMARY

Build the factory and its evidence as
one system.
Cameroon's local-processing ambition requires factories whose daily records can support operating,

customer and sustainability decisions. GFT's programme evidence base, prepared 31 January 2024,

records about 95 percent of cotton fibre exported raw and about 5 percent processed locally, against a

50 percent by 2030 target. These entries were not refreshed in 2026 and their original source dates are

unresolved (R06, R07). This paper argues for an industrial data spine, not a large data department. The

spine is one governed chain from event capture and operational meaning to quality control, model

release, monitoring and value review. It assigns decision rights, defines identifiers and KPIs, preserves

lineage, and keeps defined data services available during network interruption without providing power

or protective safety. Drawing on 44 opened sources, the paper distinguishes raw events from curated

records, separates transport from semantics, and places quality gates before training. [R01] [S28] Light-

weight MLOps adds only controls a small team can sustain: versioned data and code, an experiment and

model register, human-set thresholds, shadow release, rollback, drift monitoring and practised incident

response. Security, privacy and Cameroonian legal screening shape the design. Value is measured

against an operating baseline and net of preparation, integration and maintenance. The closing

illustrative 18-month roadmap sets decision gates and seven capability measures. [R09] [R14] GFT's

Cameroon textile programme supplies the starting point: capture cleanly from the first shift, then earn

the right to model.

Governance begins with decision rights and a named internal champion, not with a
platform purchase. [S02] [S23] [S37]

01

A shared operational vocabulary must precede integration because transport protocols do
not supply business meaning. [S05] [S06] [S07] [S38]

02

Data quality is a lifecycle discipline, and upstream defects can compound into delayed
downstream failures. [S01] [S03] [S04] [S19]

03
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Lineage from source record to dataset, model and decision is the minimum evidence
needed for reproducibility and audit. [S09] [S15]

04

Small teams should adopt MLOps in stages, with automation earned by operational need
rather than copied from large technology firms. [S16] [S20] [S42]

05

Monitoring should open a diagnosed response, not trigger indiscriminate automatic
retraining. [S17] [S21] [S27]

06

OT safety, least privilege, tested recovery and worker-data limits belong in the initial
design. [S22] [S25] [S26] [S29] [S30]

07

Offline buffering and portable records protect continuity better than an assumption of
permanent connectivity or vendor access. [S32] [S33] [S05] [S08]

08

The business case must count data preparation, integration and maintenance, then
compare net value with a pre-model baseline. [S18] [S36] [S39] [S43]

09

GFT's manual data spine is the right starting system, but scale should follow passed
ownership, quality, recovery and value gates. [S02] [S04] [S16] [S44]

10
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PART I: GOVERN MEANING BEFORE SCALE / THE PROBLEM

A factory becomes reliably
data-driven only when its
records can be trusted
The binding constraint on industrial AI is often the broken chain between
work, record and decision, not the absence of an algorithm.
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CHAPTER 01
DECISION TEST

The binding constraint on
industrial AI is often the
broken chain between work,
record and decision, not the
absence of an algorithm.

A factory becomes reliably data-driven only when a supervisor, an engineer

and a machine-learning pipeline can read the same operational record and

know what physical event occurred, who owns its definition, whether the

value passed quality checks and how to recover the history if a system fails. [S01] [S02]

[S09] [S26] In small and mid-sized manufacturing plants, the binding constraint on

industrial analytics is rarely the absence of a statistical model. [S19] [S0101] The con-

straint is the broken chain between shop-floor work, recorded evidence and

management action. [S05] [S08] [S43] Green Future Tech Limited (GFT), Hong Kong SAR,

anchors its work in the principle of Warp and Signal: physical production is the warp,

and operational measurement is the weft. In GFT's three-part Cameroon textile pro-

gramme, prepared on 31 January 2024 with source-refresh annotations retained in

2026, the sector baseline records that about 95 percent of Cameroon's cotton fibre is

exported raw while about 5 percent is processed locally, against a national industrial-

isation target of 50 percent local processing by 2030. [R06] [R07] Those baseline and

target entries come from the inherited programme register, were not independently

refreshed in 2026 and carry unrecorded original publication dates, so they frame the

scale of the industrial ambition rather than certifying current mill output. [R06] [R07]

Moving from raw-fibre export to competitive yarn, fabric and garment production

requires factories that can defend their daily numbers on yield, quality, downtime,

order trace and resource use without hiring an enterprise data department. [R06] [S02]

[S38] This paper specifies that alternative: an industrial data spine built on named

decision rights, explicit operational meaning, enforced quality gates, reversible model

releases and measured operational value. [S01] [S04] [S15] [S36]

The urgency of governed records rises sharply when a sector seeks to rebuild

domestic processing capacity under tight capital and margin constraints. [R06] [R12]

Inherited sector evidence illustrates the cost of operating without reliable utilisation

and market alignment: CICAM's reported domestic market share fell from about 85

percent three decades ago to about 5 percent in the inherited register, while a July

2023 report recorded capacity utilisation at 33.7 percent in Garoua, 48.9 percent at

CICAM 1 and 10.83 percent at CICAM 2, with underutilisation costing about CFAF 2

billion (XAF 2 billion) in 2020. [R11] [R12] Meanwhile, announced third-party industrial

expansion, such as the Camtext SA integrated cotton-to-textile project reported on

12 November 2025 at US$300 million (180 billion XAF) with a planned processing

volume of 12,000 tonnes a year, remains an announced third-party investment target

reaching optimal capacity around 2033 rather than realised factory performance. [R09]

[R10] Whether an operating team is rehabilitating an existing mill or commissioning a

new garment line, capital equipment alone does not produce control. [S05] [S36] As 

Exhibit 1, p. 16 summarises, the gap between the inherited 5 percent local-pro-

cessing baseline and the 50 percent national target by 2030 places a high penalty on

untrusted operational evidence. [R06] [R07]

A factory becomes reliably data-driven only when its records can be trusted
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EXHIBIT 01 / PERCENT OF COTTON FIBRE

Local-processing ambition raises the cost of untrusted evidence

SOURCED [R06] [R07] Inherited GFT programme evidence base prepared 31 January 2024. R06 and R07 were not refreshed in 2026 and their original
publication dates are unrecorded. Figures describe sector-level baseline and policy ambition, not a current GFT factory measurement or causal
productivity claim.

Exhibit 1, p. 16 establishes the industrial context and its evidentiary limits. [R06] [R07] It

shows why local value retention is a strategic priority in Cameroon, but a macroeco-

nomic target cannot tell a spinning supervisor why roving breaks rose on the after-

noon shift or tell a garment director whether an automated fabric-inspection camera

is reducing customer claims. [R06] [R07] [S38] Answering those operational questions

requires a governed chain from the shop floor to the management review table. [S05]

[S38]

1.1

Data debt starts on the first shift
Data debt is the future correction, reconciliation and redesign cost that a factory

accumulates when it captures operational numbers with undefined fields, inconsistent

identifiers and no named owner. [S01] [S02] [S18] Sculley and colleagues showed that

real-world machine-learning systems incur heavy ongoing maintenance costs

because models depend on unstable upstream data feeds, undeclared consumers

and improvised correction scripts. [S18] In a factory, that obligation starts on the first

shift when an operator writes a bundle count on a clipboard, a technician logs a fault

in a chat message or a supervisor edits a spreadsheet formula to force weekly output

to match the packing list. [S01] [S18] [S38]

1 . 2  U P ST R E A M  CA P T U R E  D E F E C TS  C O M P O U N D  S I L E N T LY  AC R O S S  T H E
L I F E C YC L E

When initial capture lacks explicit rules for syntax, meaning and provenance, defects

multiply across reporting and analytical layers. [S01] [S09] [S19] Sambasivan and col-

leagues studied high-stakes artificial-intelligence deployments and defined data

cascades as compounding events caused by upstream data problems that produce

negative downstream consequences. [S19] Among the high-stakes AI practitioners

they interviewed, 92 percent reported experiencing at least one data cascade, noting

95%
Raw cotton fibre exported

Approximate inherited sector
baseline (R06; original date
unrecorded)

5%
Cotton fibre processed
locally

Approximate inherited sector
baseline (R06; original date
unrecorded)

50%
National processing target

SND30 local-processing target
by 2030 (R07; policy target,
not realised output)

A factory becomes reliably data-driven only when its records can be trusted
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that such defects were typically invisible at capture, delayed in impact and avoidable

through deliberate data practices. [S19] That 92 percent figure describes the inter-

viewed sample of high-stakes AI practitioners rather than a prevalence estimate for

manufacturing firms or small and medium-sized enterprises (SMEs), yet the

mechanism it identifies operates directly on factory floors. [S19] Treating data entry as

clerical overhead rather than engineered measurement hides upstream omissions

until a management decision or model fails in production. [S04] [S19]

Consider how an unowned capture defect propagates through a garment plant, as

traced in the illustrative sequence of Exhibit 2, p. 17. [S18] [S19] Suppose a sewing line

loses forty minutes of output because a batch of dyed fabric arrives from finishing

with uneven shade across the roll width, forcing operators to re-sort cut panels at the

line feeder (an illustrative shop-floor scenario). If the line tally sheet offers only two

downtime checkboxes, mechanical breakdown and operator absence, the clerk ticks

mechanical breakdown to avoid leaving a mandatory field blank (illustrative). That

forced misclassification corrupts every downstream stage. [S18] [S19]

EXHIBIT 02 / 

A small capture defect can compound into a wrong management action

ILLUSTRATIVE [S18] [S19] Illustrative sewing-line event traced from shop-floor capture through context, KPI calculation, training snapshot, model
output and management decision. Failure mechanics are derived from technical-debt entanglement in S18 and upstream data cascades in S19.

As Exhibit 2, p. 17 illustrates, the error does not correct itself. [S18] [S19] At the

second node, the link between the sewing stoppage and the upstream fabric lot dis-

appears because the tally sheet records only the sewing line number. [S08] [S09] At the

third node, the weekly key performance indicator (KPI) calculation charges the lost

forty minutes against equipment availability under ISO 22400-2 time elements rather

than material starvation or quality hold. [S38] At the fourth and fifth nodes, an analyst

1. Unowned
capture: wrong

tick

2. Lost context:
no lot ID

3. Distorted KPI:
false fault

4. Biased training
snapshot

5. Miscalibrated
spare-part alert

6. Misallocated
maintenance spend

1 2 3

4

5

1. No schema check

2. Unverified aggregation

3. Silent ingestion

4. Corrupted ground truth

5. Unchallenged threshold

A factory becomes reliably data-driven only when its records can be trusted
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training a predictive-maintenance classifier on twelve months of logs ingests those

mislabelled stoppages as mechanical failures. [S04] [S18] [S19] At the sixth node, man-

agement approves spare-parts expenditure for sewing heads while the dye-lot shade

problem remains untouched. [S18] [S19] What Exhibit 2, p. 17 cannot establish is the

exact frequency of such errors in a given mill before an audit; rather, it shows why

ISO/IEC 5259-3 requires data-quality management across the full analytics and

machine-learning lifecycle rather than as a late cleaning step. [S04] [S19]

1 . 3  I N F O R M A L  S P R E A D S H E E T  WO R K A R O U N D S  M AS K  ST R U C T U R A L  GA P S

In the early phases of GFT's Cameroon textile programme, manual spreadsheets and

shift logs serve as the starting system of record. Structured manual logs are an

appropriate choice when capital and connectivity are constrained, provided those

sheets enforce field definitions, identifier stability and version control. [S01] [S04] [S16]

Data debt arises when workbooks mutate privately across shifts: a morning super-

visor inserts a column, an afternoon supervisor merges cells for a split order and a

clerk pastes values over formulas. [S01] [S09] [S18] Reconciling those files at month-

end consumes engineering hours needed for process improvement, and any

dashboard built on top inherits their contradictions. [S18] [S0101]

1.4

Disconnected logs fracture one production
event
A manufacturing plant is a physical system in which material, machines, people and

orders interact simultaneously, yet most small factories record those interactions in

separate silos. [S05] [S08] When a disruption occurs on the floor, it leaves partial foot-

prints in three or four departmental logs that cannot be joined without manual invest-

igation. [S05] [S08] [S0101]

1 . 5  O N E  S E W I N G  STO P PAG E  P R O D U C E S  F O U R  I R R E C O N C I L A B L E  AC C O U N TS

Consider a single operational event reconstructed across four typical factory logs: the

sewing-line hourly board, the maintenance technician's note, the quality inspector's

defect sheet and the commercial order tracker (an illustrative reconstruction

grounded in IEC 62264-1 integration boundaries and GS1 EPCIS 2.0 visibility

events). [S05] [S08] Suppose an overlock machine on Line B begins skipping stitches at

10:12 on a Tuesday while running a cotton polo-shirt order. [S05] [S08]

The line supervisor's hourly sheet records output only on the clock hour, noting

that Line B produced 45 garments between 10:00 and 11:00 against an illustrative

target of 80 garments, with a note saying "machine trouble" and no asset identifier

or exact stop timestamp. [S05] [S38]

The maintenance technician's log records a repair on asset OVL-14 from 10:25 to

10:50 for a worn looper, without recording which line OVL-14 was mounted on or

which order was interrupted. [S05] [S08]

The quality inspector's sheet logs 18 rejected polo shirts under style text "Navy

Polo" during the morning shift for seam skip, without recording the bundle identi-

fier, machine identifier or whether the 18 pieces went to rework or scrap. [S08] [S38]

1. 

2. 

3. 
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The commercial order spreadsheet shows Customer Order ORD-2026-114 short

by 18 pieces at packing two days later, logging "sewing short-ship" with no link to

OVL-14 or the morning quality hold. [S05] [S08]

Exhibit 3, p. 19 contrasts these four departmental fragments with the unified record

structure required by enterprise-control integration and visibility-event standards.

[S05] [S08] [S38]

EXHIBIT 03 / RECORD ATTRIBUTES CAPTURED

Disconnected shop-floor logs split one stoppage into four irreconcilable records

DERIVED [S05] [S08] [S38] Derived comparison applying IEC 62264-1 enterprise-control interface domains (S05), GS1 EPCIS 2.0 visibility event
dimensions (S08) and ISO 22400-2 KPI time and quantity elements (S38) to a single shop-floor stoppage.

As Exhibit 3, p. 19 shows, none of the four logs is falsified, yet the factory cannot

reconstruct the event from them. [S05] [S08] The maintenance note shows 25 minutes

of active repair (10:25 to 10:50), whereas the line lost 38 minutes between the stop

at 10:12 and restart clearance at 10:50 (illustrative timestamps). [S38] Because the

13-minute wait from 10:12 to 10:25 is unrecorded in maintenance and merged into a

clock hour on the line sheet, management cannot separate technician response delay

from active wrench time, nor can quality prove whether the 18 defective pieces came

from OVL-14 just before 10:12. [S08] [S38] What Exhibit 3, p. 19 does not prescribe is

the transport protocol or database engine; Chapter 3 specifies the vocabulary

contract and Chapter 5 the minimum architecture. [S05] [S07] [S08]

1 . 6  I N T E R FAC E  STA N DA R D S  A N D  V I S I B I L I T Y  E V E N TS  S U P P LY  T H E  M I S S I N G
G R A M M A R

Two international standards explain how a small team can repair these broken links

without buying a monolithic software suite. [S05] [S08] First, IEC 62264-1 (the ISA-95

standard) defines models and terminology for the interfaces between enterprise

business systems and manufacturing operations and control systems. [S05] It organ-

4. 

Record source Time grain Object identifier Recorded outcome Missing link
(S05, S08, S38)

Line hourly sheet Clock hour (10:00
to 11:00)

Line B only 35-unit shortfall No asset ID, lot
ID or exact stop
duration

Maintenance note Repair window
(10:25 to 10:50)

Machine OVL-14 Looper replaced No line
assignment, wait
time or order ID

Quality tally
sheet

Morning shift
aggregate

Style description
text

18 seam-skip
defects

No bundle ID,
machine ID or
rework vs scrap
state

Order progress
tracker

Packing date (two
days later)

Order ORD-2026-114 18-unit short-ship No link to quality
hold or machine
fault event

Governed spine
event

Event + ingestion
timestamps

Line B + OVL-14 +
Lot + Order

State transitions
+ 18 rework/scrap

Reconciles time,
object, location
and business step
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ises work schedules, production performance, equipment, material lots and personnel

into explicit interface domains so that an order identifier and a machine identifier meet

at a defined boundary. [S05]

Second, the GS1 EPCIS 2.0 standard enables disparate applications to create and

share visibility event data within and across enterprises. [S08] Rather than overwriting

a status cell, an EPCIS-aligned event records what object or lot was involved, when

the event occurred and was captured, where it happened down to the line or station,

and why it occurred under a defined business step and disposition. [S08] Adopting that

four-part event grammar even in initial structured sheets links the stoppage, repair,

quality hold and order variance into one inspectable chain. [S05] [S08] [S09]

1.7

Small teams need decision rights more than
platforms
When production, quality and finance numbers conflict in a weekly meeting, manage-

ment is often tempted to buy a dashboard tool or an enterprise resource planning

(ERP) module. [S02] [S34] [S0101] Software procurement cannot fix an accountability

vacuum. [S02] [S23] If nobody holds the right to decide whether reworked garments

count inside hourly output, a new platform merely displays the dispute faster and at

higher cost. [S02] [S38]

1 . 8  R O L E  AS S I G N M E N T  P R E C E D E S  TO O L  S E L E C T I O N

ISO 8000-150:2022 specifies the key considerations for organisations establishing

roles and responsibilities for data-quality management. [S02] Its core principle is

organisational: data quality improves only when specific roles are accountable for

defining data requirements, monitoring conformance and executing corrections. [S02]

Similarly, the NIST Cybersecurity Framework 2.0 states that governance activities are

critical for incorporating risk management into broader enterprise strategy. [S23] A

factory must therefore assign who owns domain meaning, who stewards daily capture

quality and who holds technical custody before comparing software vendors. [S02]

[S23]

In a small factory, assigning decision rights does not create a separate bureaucracy.

[S02] [S0101] NIST's smart-manufacturing programme observes that a typical SME

cannot afford a dedicated data-analytics specialist on staff and that commercial tools

remain difficult to integrate with shop-floor routines. [S0101] Governance must there-

fore sit inside existing operating roles: the production manager owns output and time

definitions, the quality lead owns defect taxonomies and dispositions, the mainten-

ance lead owns asset hierarchies and fault codes, and the commercial lead owns

order and lot identifiers. [S02] [S05] [S38] Chapter 2 formalises this six-role charter with

conflict-of-interest rules where one person holds multiple roles. [S02] [S11] [S23]

1 . 9  A  N A M E D  I N T E R N A L  C H A M P I O N  D E T E R M I N E S  W H E T H E R  A D O P T I O N
S U RV I V E S

Paper role descriptions fail if daily adoption is left to external consultants. [S37] In a

May 2025 World Bank case study of SME digital technology adoption in Viet Nam,

firms that successfully adopted the platform assigned an internal point person who
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championed adoption within the firm. [S37] That champion coordinates training, fol-

lows up on late logs, escalates cross-domain definition disputes and protects line

stewards' time. [S02] [S37]

Designers must also avoid assuming that integrated enterprise software already exists

on the ground. [S34] In the OECD's June 2026 Western Balkans Enterprise Survey,

tools supporting integrated operations, such as cloud computing, ERP and customer

relationship management (CRM) systems, were used by only 10 to 20 percent of

surveyed SMEs, with supplier-customer systems even rarer. [S34] That 10 to 20 per-

cent finding describes the surveyed Western Balkans SME sample rather than a

Cameroon estimate, but it warns against assuming that an SME possesses a clean

ERP backbone ready for machine learning. [S34] [S42] As SCITEPRESS Industry 4.0

research notes, the starting technical infrastructure and target degree of automation

strongly govern MLOps complexity. [S42]

G F T  N OT E

Appoint domain owners and an internal champion before buying software. In
GFT's Cameroon textile programme, no dashboard, camera or forecasting tool should
be procured until the factory director names one internal adoption champion and
assigns explicit ownership for production, quality, maintenance, order and
sustainability records. [S02] [S37] When two managers present conflicting numbers in
a review meeting, the resolution is a versioned update to the KPI dictionary signed by
the domain owner, not a second spreadsheet. [S02] [S38]

1.10

Reuse turns preparation from a tax into
infrastructure
When a factory treats data as a by-product of isolated projects, every new question

triggers another custom extraction, cleaning script and identifier mapping. [S10] [S39]

[S0101] One effort builds a sheet for overall equipment effectiveness (OEE), a second

pulls defect tallies for a camera trial and a third extracts utility bills for carbon

reporting, each redefining shift boundaries, rework and good output. [S10] [S38] [S39]

1 . 1 1  A P P L I CAT I O N - S P E C I F I C  P I P E L I N E S  M U LT I P LY  P R E PA R AT I O N  C O STS

In a 2025 NIST workshop report on AI and scaled data sharing in semiconductor

manufacturing, manufacturers reported that data processing for a single application

can reach up to 70 percent of total cost. [S39] That 70 percent figure is a manufac-

turer-reported upper-bound warning from semiconductor fabrication rather than a

universal SME average, yet it highlights the penalty of building separate pipelines for

every application. [S39] NIST's smart-manufacturing research confirms that substan-

tial time goes into data acquisition and formatting because analytics tools use

proprietary interfaces and specialised data formats. [S0101]

The alternative is to capture each operational event once with governed identity,

timestamps, units and quality states, catalogued under a standard metadata model

such as the W3C Data Catalog Vocabulary (DCAT) Version 3, and publish controlled

A factory becomes reliably data-driven only when its records can be trusted

RESEARCH EDITION / 2026-10-30 21

G F T  /  R E S E A R C H

GREEN FUTURE TECH



views to multiple consumers. [S08] [S09] [S10] [S0102] Across the GFT white-paper lib-

rary, one governed record spine feeds four downstream uses without re-cleaning the

floor logs:

Line performance and OEE management (WP02, WP15): uses validated availab-

ility, cycle-time and good-count events under ISO 22400-2 definitions for shift

reviews and energy intensity. [S38]

Automated visual inspection (WP03): uses canonical defect codes, roll identifiers

and inspector dispositions to test computer-vision cameras against manual

inspection baselines (where inherited literature records manual accuracy of 60 to

70 percent against computer vision above 90 percent across more than 40 defect

types). [R29] [S04] [S08]

Demand and order forecasting (WP04): uses clean order, dispatch and short-

ship records once history accumulates, preventing stockouts from distorting

demand signals. [R27] [S04] [S43]

Traceability and carbon accounting (WP05, WP16): uses lot genealogy and util-

ity intervals across iterative data-quality improvement cycles. [S08] [S09] [S41]

WO R K E D  E X A M P L E :  D U P L I CAT E D  P R O J E C T  E XT R AC TS  V E R S U S  O N E  GOV E R N E D
S P I N E

Consider an illustrative arithmetic comparison over a 52-week year in a 400-worker
garment plant running four analytical workflows: weekly OEE, quality defect analysis,
buyer traceability packs and monthly energy-water intensity. All hours and wage fig-
ures below are illustrative method assumptions, not measured GFT factory results.

Assumed inputs (illustrative): 1. Fragmented pipelines (four separate extracts):
Each workflow independently cleans shift sheets, reconciles lot and asset codes, and
resolves meeting disputes. At an illustrative 6 hours per week of preparation plus 2
hours of dispute reconciliation per workflow, 4 workflows consume 4 × (6 + 2) =
32 hours per week, or 32 × 52 = 1,664 hours per year (illustrative). 2. Governed
spine (capture once, reuse four times): Defining canonical identifiers, the KPI dic-
tionary and ingestion checks takes an illustrative 160 hours upfront. Ongoing stew-
ardship takes an illustrative 8 hours per week for the shared spine plus 1 hour per
week for each of the 4 views (8 + 4 = 12 hours per week, or 624 hours per year,
illustrative). Year 1 totals 624 + 160 = 784 hours, and Year 2 onward requires 624
hours per year (illustrative).

Resulting arithmetic (illustrative): The governed spine saves 1,664 - 784 = 880
hours in Year 1 (47.1 percent reduction, illustrative) and 1,664 - 624 = 1,040 hours
per year from Year 2 onward (62.5 percent reduction, illustrative). Valued against the
inherited Cameroon cross-sector average salary benchmark of about US$359 a
month across a 173-hour standard schedule (about US$2.08 an hour, alongside the
statutory SMIG minimum wage of XAF 43,969 a month from 23 February 2024 and
reference rates near XAF 600 per US$1), 1,040 hours equals roughly US$2,160
(about XAF 1.30 million) in direct staff time each year, while freeing 20 scarce engin-
eering hours every week to fix physical bottlenecks (illustrative). [R14] [R15] [R16] [R32]
[S18]

• 

• 

• 

• 
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1.12

Trust includes safety, legality and worker
dignity
A factory record is not trustworthy simply because its schema validates. [S22] [S29]

[S30] An architecture that disrupts machine reliability, exposes control networks, col-

lects excessive personal telemetry on workers or breaches national data-protection

law creates severe operational exposure. [S22] [S29] [S31]

1 . 1 3  O P E R AT I O N A L  T E C H N O LO GY  SA F E T Y  OV E R R I D E S  DATA  C O N V E N I E N C E

Factory systems interact with rotating machinery, dyeing vessels, boilers and

switchgear. [S22] NIST Special Publication 800-82 Revision 3 guides operational

technology (OT) security around performance, reliability and safety requirements.

[S22] Data collection and model inference must remain subordinate to physical pro-

cess safety: no gateway, broker or model may write unvalidated commands into

safety-critical control loops, and any data-layer failure must leave machines

operating safely under local control. [S22] [S33] During network outages, edge devices

use local store-and-forward buffering to retain event records without disturbing

shop-floor control. [S22] [S33]

1 . 1 4  DATA  M I N I M I SAT I O N  A N D  H U M A N  R E V I E W  P R OT E C T  T H E  WO R K F O R C E

Shop-floor logs often touch operator sign-ins, bundle scans, skills matrices and

camera feeds. [S29] [S30] Two rules govern these records. [S29] [S30] First, Regulation

(EU) 2016/679 (GDPR, Recital 39) states the data-minimisation principle: personal

data should be adequate, relevant and limited to what is necessary for the stated pur-

pose. [S29] Line balance, availability, yield and energy metrics require station, line, shift

or role identifiers rather than personal identity; where personal records are required

(such as high-voltage maintenance certification), access follows least privilege under

NIST SP 800-53 Revision 5. [S25] [S29] [S38]

Second, Principle 5.5 of the International Labour Office (ILO) 1997 code of practice

states that decisions concerning a worker should not be based solely on automated

processing of that worker's personal data. [S30] While the ILO code is non-binding

guidance, GFT enforces it as an operating rule: no productivity score, defect tally or

camera output may automatically trigger discipline, pay changes or dismissal without

informed human review of material, machine and line context. [S11] [S30]

1 . 1 5  CA M E R O O N I A N  STAT U TO RY  C O M P L I A N C E  R E Q U I R E S  Q UA L I F I E D  LO CA L
C O U N S E L

Factories in Cameroon must also address Law No. 2024/017 of 23 December 2024

relating to personal data protection in Cameroon. [S31] Section 19(1) of Law No.

2024/017 provides that the processing of personal data shall be subject to prior

authorisation by the Personal Data Protection Authority. [S31]
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L E GA L  S C R E E N I N G A N D  R E GU L ATO RY  Q UA L I F I CAT I O N

This paper provides engineering governance guidance, not legal advice. While
Section 19(1) of Cameroon's Law No. 2024/017 of 23 December 2024 sets out the
statutory prior-authorisation rule, the current operational status of the Personal Data
Protection Authority, implementing decrees and filing procedures must be verified
with qualified Cameroonian legal counsel before collecting, linking or exporting
identifiable personal data. [S31] No dataset containing personal data may enter cloud
analytics or model training until its legal basis and authorisation status are recorded in
the processing register (Chapter 7). [S29] [S31]

1.16

GFT's position is to govern the record before
scaling the model
Across GFT's Cameroon textile programme, the sequencing principle is strict: capture

cleanly from the first shift, establish one governed vocabulary and admit machine

learning only after records pass explicit readiness gates. [S02] [S04] [S16]

1 . 1 7  F O U R  A D M I S S I O N  T E STS  S E PA R AT E  A  DATA  S P I N E  F R O M  A  DATA  P I L E

GFT translates international standards into four admission tests that separate a

governed data spine from an uncurated data pile: [S01] [S02] [S05] [S09] [S26]

Test 1: Named ownership and decision rights (ISO 8000-150, NIST CSF 2.0).

Every domain has one accountable business owner who approves purpose, defin-

itions, access and retention, supported by a line steward. [S02] [S23]

Test 2: Explicit operational meaning and contract (IEC 62264-1, GS1 EPCIS 2.0,

ISO 22400-2). Every record uses stable site, line, asset, lot and order identifiers,

separates event time from ingestion time, and binds KPIs to versioned formulas

and units. [S05] [S08] [S38]

Test 3: Enforced quality gates and lineage (ISO 8000-1, ISO/IEC 25012, ISO/IEC

5259-3, W3C PROV-O). Capture and ingestion check validity, completeness,

consistency, timeliness and uniqueness; quarantine failures; flag missing or estim-

ated states; and preserve provenance to raw events. [S01] [S03] [S04] [S09]

Test 4: Tested recoverability and portability (NIST SP 800-82 Rev 3, CISA

#StopRansomware, edge buffering). Raw records, schemas, master data and KPI

logic have offline encrypted backups with tested restoration and local store-and-

forward buffering during disconnection. [S22] [S26] [S33]

Exhibit 4, p. 25 maps five factory record domains across two composite axes derived

from these four tests: ownership and meaning (Tests 1 and 2) on the horizontal axis,

and quality, lineage and recovery (Tests 3 and 4) on the vertical axis. [S01] [S02] [S05]

[S09] [S26]

1. 

2. 

3. 

4. 
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EXHIBIT 04 / DERIVED GOVERNANCE READINESS SCORE (0 TO 10 SCALE)

Four admission tests separate a data spine from a data pile

DERIVED [S01] [S02] [S05] [S09] [S26] Derived readiness framework scoring five factory record domains across two composite axes: Ownership
and Meaning (Tests 1 and 2, from S02 and S05; 0 = unowned free text, 10 = contracted owner, IDs and KPI formula) and Quality, Lineage and Recovery
(Tests 3 and 4, from S01, S09 and S26; 0 = unchecked/unbacked, 10 = gated, provenance-linked and restoration-tested). Point coordinates represent
an illustrative pre-governance factory baseline versus the minimum admission threshold (score >= 7 on both axes) required to enter the governed spine.

In Exhibit 4, p. 25, a typical pre-governance baseline leaves production, quality,

maintenance and utility logs in the lower-left "Data pile" quadrant while order ledgers

sit near the middle (illustrative baseline coordinates on the derived 0 to 10 rubric).

[S01] [S02] [S05] Training models on lower-left records imports unowned definitions

and unflagged missingness directly into predictions. [S04] [S18] [S19] Reaching the

upper-right "Governed data spine" gate (8.0, 8.0) requires passing all four admission

tests during an on-site audit using the checklists in Chapters 2 through 8. [S01] [S02]

[S09] [S26]

1 . 1 8  V I S I O N  A N D  F O R E CAST I N G  R E M A I N  S U B O R D I N AT E  TO  R E C O R D
D I S C I P L I N E

These four tests also govern the sequence between bought computer vision (WP03)

and demand forecasting (WP04): [S04] [S16] [S44]

Purchased fabric and garment vision (WP03): Pre-trained optical inspection can

be trialled early because detection relies on image physics rather than years of

order history, but it still requires a canonical defect taxonomy (Test 2), local valid-

ation against human inspectors on Cameroonian weaves and shades (Test 3),

human-set thresholds (NIST AI RMF 1.0) and a manual inspection fallback (Test

4). [R29] [S04] [S11] [S22]

Demand and order forecasting (WP04): Although McKinsey's The State of Fashion
2025 reports that AI at scale can cut forecast errors by 20 to 50 percent and

inventory costs by 35 to 40 percent, those results depend on multi-year stockout-

corrected order histories. [R27] A new or restructuring mill must first accumulate

Well-kept silo (standardise meaning) Governed data spine (admit to
analytics)

Data pile (fix ownership and capture) Unverified contract (enforce quality
and backup)

Order ledger
(baseline)

Production logs
(baseline)Quality sheets

(baseline)Maintenance notes
(baseline)

Utility/carbon logs
(baseline)

Spine admission gate
(target)

Ownership and meaning (Tests 1-2)

Quality and recovery (Tests 3-4)

0 10

10

0

• 

• 
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governed order, dispatch and short-ship records and compare any forecaster

against a simple moving-average baseline before release (Chapter 9). [R12] [S04]

[S43] [S44]

1.19

The paper judges success by better decisions
An industrial data spine is judged by whether operational decisions improve, not by

gigabytes stored, MQTT message rates or dashboard counts. [S07] [S36] [S43]

1 . 2 0  C YC L E  T I M E  F R O M  A B N O R M A L  E V E N T  TO  V E R I F I E D  AC T I O N  I S  T H E
P R I M A RY  T E ST

World Bank guidance on MSME digitalisation stresses embedding monitoring and

evaluation throughout design and implementation to track impact and improve learn-

ing. [S36] On the shop floor, the primary operational measure is the cycle time from an

abnormal physical event to a verified corrective action across five steps: [S10] [S36]

[S38]

Detection latency: elapsed time from physical deviation to timestamped capture.

[S08] [S38]

Validation and contextualisation: automated checking and linking to order, lot and

asset identifiers. [S04] [S05] [S08]

Diagnostic clarity: provenance showing whether the fault lies in machine, material,

method or data feed. [S09] [S17] [S21]

Action execution: bounded response by the named owner or supervisor. [S02] [S11]

[S15]

Verified effect: confirmation in subsequent records that the KPI returned to its

baseline band. [S36] [S38]

1 . 2 1  T E C H N I CA L  AC C U R AC Y  W I T H O U T  O P E R AT I O N A L  F I T  FA I L S  T H E
L I F E C YC L E  GAT E

In manufacturing data mining, the CRISP-DM lifecycle runs through six phases: busi-

ness understanding, data understanding, data preparation, modelling, evaluation and

deployment. [S43] A model with high offline accuracy in phase four still fails in evalu-

ation or deployment if alerts arrive after fabric is cut, if operators cannot act on the

output or if data-preparation and maintenance costs exceed gross savings. [S18] [S39]

[S43] [S0101] When resources, skills, costs or expected benefits are not met, postpon-

ing or stopping an AI project is a valid governance decision. [S44]

1 . 2 2  H OW  T H E  F O U R T E E N  C H A P T E R S  O F  W P 1 4  B U I L D  T H E  S P I N E

The fourteen chapters of this paper build that governed chain across four parts:

Part I (Chapters 1 to 4) governs meaning before scale: assigning decision rights

(Chapter 2), defining the operational vocabulary and contracts (Chapter 3) and

enforcing quality gates and PROV-O lineage (Chapter 4). [S02] [S03] [S04] [S05] [S08]

[S09] [S38]

Part II (Chapters 5 to 8) builds the minimum durable spine: separating capture,

raw evidence and curated views alongside WP18 (Chapter 5), governing time,

identity, genealogy and state (Chapter 6), embedding OT safety, privacy and

1. 

2. 

3. 

4. 

5. 
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Cameroonian legal screening (Chapter 7), and proving offline continuity,

restoration and portability (Chapter 8). [S06] [S10] [S15] [S22] [S25] [S26] [S27] [S29] [S30]

[S31] [S32] [S33]

Part III (Chapters 9 to 12) controls models as production change: enforcing

model admission and baselines (Chapter 9), reproducible training and registries

(Chapter 10), human-threshold validation and shadow release with rollback

(Chapter 11), and diagnostic drift monitoring (Chapter 12). [S11] [S13] [S15] [S16]

[S17] [S21] [S43] [S44]

Part IV (Chapters 13 and 14) proves value and scales deliberately: measuring

behavioural adoption and net lifecycle benefit (Chapter 13) and sequencing an

18-month gated roadmap with seven monthly capability metrics (Chapter 14).

[S18] [S35] [S36] [S39] [S42] [S44]

A factory does not become data-driven by collecting
more numbers; it becomes data-driven when every
number it acts upon can defend its origin, its meaning
and its fitness for the decision at hand.
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CHAPTER 02
DECISION TEST

A workable governance
model fits into existing
factory roles and makes
every definition, exception
and release somebody's
explicit decision.

A small factory does not need a standalone data department to govern its

records and models; it needs named decision rights attached to existing

operational roles. [S02] When a mill or garment plant records production,

quality, maintenance and order events, ambiguity over who may define a metric, alter

a schema, grant access, quarantine a broken feed or approve a model release

corrupts the evidence base. [S01] In GFT's Cameroon textile programme, whose evid-

ence register prepared 31 January 2024 records about 95 percent of cotton fibre

exported raw and about 5 percent processed locally against a 50 percent local-pro-

cessing target by 2030 (inherited entries not refreshed in 2026 with unrecorded ori-

ginal publication dates, stating strategic ambition rather than current factory output),

digitalisation exists to make domestic processing reliable and investable. [R06] [R07]

Meeting that challenge with a lean team requires one business owner, one domain

steward and one technical custodian for every critical dataset, indicator and model,

with explicit escalation into existing factory meetings. [S02] [S23]

Without explicit decision rights, data work defaults to convenience. [S19] An engineer

modifies a spreadsheet column for a new style, an analyst excludes rework from first-

pass yield to tidy a slide, or a vendor updates an inspection threshold during

maintenance without recording the change. [S18] [S38] Such informal edits break 

provenance between physical work and management action. [S09] International data-

quality, cybersecurity and AI risk standards require organisations to establish clear

roles and responsibilities before relying on technical controls, keeping technical

choices subordinate to operational risk appetite. [S02] [S11] [S23] [S0201]

This chapter translates those standards into an operating charter for small and mid-

sized factories. [S02] [S14] It assigns one owner to each of six factory domains, separ-

ates ownership from stewardship and custody, protects line stewards with a weekly

time budget and quarantine authority, subjects definition changes and model releases

to versioned approval and independent challenge, and routes cross-domain decisions

through WP02's management cadence. [S01] [S11] [S23] [S36] [S38]

2.1

Every critical domain receives one accountable
owner
Accountability fails whenever a dataset is owned by "everyone" or left to whichever

technician administers the database. [S02] Under ISO 8000-150:2022, establishing

appropriate roles and responsibilities is foundational for data quality management.

[S02] In a small or mid-sized textile and garment plant, creating new executive posts

for data governance is neither affordable nor necessary; instead, the factory assigns

data ownership to the existing heads of six bounded operational domains: production,

quality, maintenance, orders, people and sustainability. [S02] [S05]
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2 . 2  S I X  O P E R AT I O N A L  D O M A I N S  M ATC H  T H E  P H Y S I CA L  B O U N DA R I E S  O F
FAC TO RY  WO R K

Dividing the data spine into six domains aligns governance with the interfaces

between enterprise planning and shop-floor execution in IEC 62264-1 (ISA-95).

[S05] Each domain covers a distinct family of operational events, master records and

management decisions: [S02] [S05]

Production: Assigned to the production manager, covering shift schedules,

machine states, hourly line output, work-in-progress balances, lot splits and

downtime codes. [S05] [S38]

Quality: Assigned to the quality assurance lead, covering incoming fibre and fabric

inspection, defect logs, laboratory results, rework routing, quarantine holds, cus-

tomer claims and inspection-model validation records. [S04] [S08]

Maintenance: Assigned to the chief maintenance engineer, covering the asset

register, preventive schedules, fault codes, work orders, spare-parts use and

operational-technology network boundaries. [S05] [S22]

Orders and commercial: Assigned to the planning or commercial manager, cover-

ing customer orders, style specifications, bills of materials, delivery dates, dispatch

events and sales history for forecasting. [S05] [S08]

People and attendance: Assigned to the human-resources manager, covering

shift rosters, skill matrices, training logs and attendance records, under strict

purpose limitation and legal screening. [S29] [S30] [S31]

Sustainability and utilities: Assigned to the utilities and environmental lead, cov-

ering electricity, steam, water and air sub-metering, chemical inventories, effluent

checks and fibre-waste balances. [S02] [S05]

2 . 3  D O M A I N  OW N E R S  G OV E R N  M E A N I N G  A N D  R I G H TS  W H I L E  CA P T U R E  STAY S
AT  T H E  L I N E

Assigning a domain owner does not mean a department head keys in hourly logs or

writes queries. [S02] Transaction capture belongs at the point of work, where operat-

ors, inspectors, storekeepers and technicians observe the event. [S05] [S08] The

domain owner holds decision authority over four structural questions: [S02]

Purpose and scope: Determining why a record is collected, which decision or

obligation it serves, and whether a proposed field is needed. [S02] [S29]

Definition and calculation: Approving the contractual meaning of every entity,

state and KPI in the domain, including units, time boundaries and exclusions under

ISO 22400-2. [S01] [S38]

Access and sharing: Specifying which internal roles, pipelines and external part-

ners may view, consume or export curated data products under least privilege.

[S25]

Retention and archival: Setting how long raw evidence, curated records and sum-

maries are kept for operational reuse, audit and compliance. [S09] [S29]

Separating governance decisions from routine entry prevents a recurring failure in

turnarounds. [R12] [S19] Public reporting on Cameroon's legacy textile manufacturer

CICAM in July 2023 noted capacity utilisation of 33.7 percent at Garoua, 48.9 percent

• 

• 

• 

• 

• 

• 
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at CICAM 1 and 10.83 percent at CICAM 2, with underutilisation costing about CFAF 2

billion in 2020 (an inherited grade-C report not refreshed in 2026). [R12] Under util-

isation pressure, managers need clarity on whether lost output stems from material

starvation, mechanical fault, power loss or rework; if supervisors define stoppage

categories differently on local sheets, leadership cannot direct engineering time to the

binding constraint. [R12] [S02] [S38]

2 . 4  P E R S O N A L  DATA  I N  T H E  P E O P L E  D O M A I N  R E Q U I R E  H E I G H T E N E D  L E GA L
A N D  E T H I CA L  C O N T R O L S

The people domain demands stricter boundaries than machine telemetry because its

records describe identifiable workers. [S29] [S30] Under the data-minimisation prin-

ciple in Recital 39 of Regulation (EU) 2016/679 (GDPR), personal data must be

adequate, relevant and limited to what is necessary for the stated purposes. [S29]

Tracking line-level or bundle-level completion supports scheduling and traceability,

whereas continuous individual biometric or video tracking is rarely justified for line

balancing. [S08] [S29]

Furthermore, Principle 5.5 of the International Labour Office (ILO) code of practice on

workers' personal data states that decisions concerning a worker should not be based

solely on automated processing of that worker's personal data, which GFT treats as a

mandatory engineering constraint. [S30] In Cameroon, Section 19(1) of Law No.

2024/017 of 23 December 2024 relating to personal data protection provides that

processing personal data is subject to prior authorisation by the Personal Data

Protection Authority. [S31] Because current enforcement requires local legal verifica-

tion, the people-domain owner must obtain qualified Cameroonian legal advice before

authorising collection, transfer or algorithmic analysis of worker records; this paper

provides engineering design, not legal advice. [S31]

2.5

Ownership, stewardship and custody remain
distinct
A small factory team often collapses all data work into one job description, hiring a

single "IT and data officer" expected to define metrics, clean shift sheets, maintain

servers, build dashboards and validate models. [S18] [S20] That concentration fails

because a technical administrator lacks operational authority to fix capture habits on

the floor ( [S02], [S19]), and allowing the person who administers storage or builds a

model to alter KPI formulas and approve releases removes independent quality and

risk control. [S11] [S14]
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2 . 6  A  S I X- R O L E  C H A R T E R  S E PA R AT E S  B U S I N E S S  AU T H O R I T Y  F R O M
T E C H N I CA L  E X E C U T I O N

To preserve checks and balances without inflating headcount, GFT defines six func-

tional roles across the data spine, combining role principles from ISO 8000-150 with

risk-governance structures from NIST CSF 2.0, NIST AI RMF 1.0 and ISO/IEC 23894.

[S02] [S11] [S14] [S23] These roles are bundles of decision rights, not separate full-time

salaries: [S02] [S0201]

Accountable domain owner: A department head owning the purpose, definition,

access policy and retention schedule for a domain's datasets and indicators. [S02]

[S38]

Domain data steward: A practitioner close to the work, such as an industrial

engineer, quality supervisor or maintenance planner, who monitors daily com-

pleteness and validity, manages quarantine queues, coordinates corrections and

drafts change proposals. [S02] [S04]

Technical data custodian: An IT, OT or systems engineer operating storage,

brokers, schema enforcement, access controls, encrypted backups and restora-

tion, without authority to alter business meaning. [S02] [S25]

Model builder (or technical integrator): The analyst, data scientist or vendor team

preparing training snapshots, configuring features, training candidate models and

compiling evaluation evidence. [S13] [S15]

Operating model owner: The line manager whose decision uses a model's output,

holding authority to set thresholds, accept or reject candidates, trigger rollback

and retire models. [S11] [S14]

Security and OT approver: The practitioner verifying that any new feed, edge

agent, interface or model complies with OT safety constraints, least privilege and

personal-data rules before activation. [S22] [S23] [S25]

The illustrative governance map in Exhibit 5, p. 34 positions these six functional roles

alongside three decision anchors across operational decision authority (vertical axis)

and technical pipeline execution (horizontal axis). [S02] [S11] [S14] [S23]

1. 
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3. 
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EXHIBIT 05 / ILLUSTRATIVE GOVERNANCE COORDINATES (0 TO 10 SCALE)

A six-role charter covers governance without creating a department

ILLUSTRATIVE [S02] [S11] [S14] [S23] Illustrative mapping of the six functional governance roles and three decision anchors across technical
execution closeness (x-axis) and operational decision authority (y-axis), derived from role assignment in S02, human threshold setting in S11, AI risk
integration in S14 and enterprise risk governance in S23. Coordinates are illustrative design positions for a small factory, not empirical measurements.

As Exhibit 5, p. 34 illustrates, high operational authority sits in the upper quadrants

with the domain owner, model owner and security approver, while technical execution

sits in the lower-right quadrant with the custodian and builder. [S02] [S11] [S23] The

chart clarifies which hat a person wears for each decision and which combinations

create a conflict of interest. [S02] [S14]

2 . 7  R O L E  C O M B I N AT I O N  R U L E S  P R E V E N T  S E L F -A P P R OVA L  I N  C O N ST R A I N E D
T E A M S

In a small factory with an illustrative workforce of 150 to 500 staff and two or three

technical specialists, one person will hold more than one role in the charter. [S02] [S16]

For instance, the quality assurance manager may serve as both quality domain owner

and operating model owner for an inspection system, while an industrial engineer acts

as both production and quality steward. [S02] [S14] Combining compatible roles keeps

overhead low, provided the factory enforces three separation rules from NIST AI RMF

Playbook guidance and ISO/IEC 23894: [S11] [S14] [S0201]

No silent definition changes by technical custodians: The custodian may never

alter a KPI formula, unit conversion, state mapping or allowed-value list without

recorded approval from the domain owner. [S02] [S38]

No self-approval of model releases: The model builder who trains, tunes or

integrates a model may never act as the operating model owner or security

approver who signs off its production release. [S11] [S14] [S0201]

Declared conflict and peer review when roles overlap: Whenever an analyst acts

as both steward and builder for a low-risk internal tool, the conflict is recorded in

the register and validation sign-off is elevated to the domain owner. [S02] [S04]

[S0201]

Business and operational authority Technical and risk gatekeepers

Shop-floor stewardship Custody and candidate build

Domain owner

Model owner

KPI sign-off

Security approver

Release gate

Data steward

Quarantine hold
Data custodian

Model builder

Technical pipeline execution (0 to 10)

Operational decision authority (0 to
10)

0 10

10

0

• 

• 

• 
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2 . 8  S E V E N  R E C U R R I N G  D E C I S I O N S  L I N K  AU T H O R I T Y  TO  V E R I F I A B L E
A R T E FAC TS

Decision rights remain abstract unless each right is tied to a trigger, an approver, a

required artefact and an escalation forum. [S02] [S0201] Synthesising role assignment

from ISO 8000-150 ( [S02]), provenance modelling from W3C PROV-O ( [S09]),

pipeline lineage from MLOps architecture ( [S15]) and incident-response verification

from NIST SP 800-61 ( [S27]), Exhibit 6, p. 35 specifies the seven lifecycle decisions

governing the data spine.

EXHIBIT 06 / GOVERNED LIFECYCLE DECISION CLASSES

Decision rights become testable when each has an artefact and escalation route

DERIVED [S02] [S09] [S15] [S27] Derived governance specification linking seven lifecycle decisions across the industrial data spine to their
proposing or executing role, accountable approver, mandatory evidence artefact and escalation forum, synthesised from S02, S09, S15 and S27.

Two asymmetric rules in Exhibit 6, p. 35 deserve emphasis. [S02] [S27] Opening a new

exposure, such as changing a definition, granting access or releasing a model,

requires prior approval backed by documented evidence. [S02] [S15] Conversely, con-

taining a failure, whether quarantining a corrupted feed or rolling back a misbehaving

model to manual fallback, is a pre-authorised protective action that the steward,

model owner or OT lead executes immediately on the shift, with formal review at the

next scheduled meeting. [S15] [S22] [S27]

Decision Proposer or
executor

Accountable
approver

Required evidence
artefact

Escalation forum

1. Define KPI or
schema

Domain steward Domain owner Versioned KPI or
contract entry
with impact note

Weekly operations
review

2. Grant data
access

Data custodian Domain owner and
security approver

Scoped access
ticket with
purpose and expiry

Monthly governance
review

3. Quarantine feed Domain steward or
automated gate

Domain steward
(immediate hold)

Quarantine log
with failed rule
ID and batch scope

Daily shift
tier-two meeting

4. Correct
historical record

Source role and
steward

Domain owner Appended
superseding event
linked to original
ID

Weekly operations
review

5. Release model
version

Model builder Model owner and
security approver

Candidate record,
local slice
metrics and
fallback test

Monthly risk and
S&OP gate

6. Roll back
active model

Model owner,
steward or OT lead

Model owner
(immediate revert)

Incident ticket,
alert trigger and
restored baseline
pointer

Daily shift
meeting and
post-mortem

7. Retire dataset
or model

Domain or model
owner

Domain owner and
custodian

Archival manifest,
lineage freeze and
consumer notice

Monthly governance
review
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2.9

Line stewards need time and escalation
authority
Data stewardship fails when management treats it as an unbudgeted chore added to a

full workload. [S19] [S35] Sambasivan et al. found in high-stakes AI systems that

upstream data cascades were pervasive (92 percent of studied cases), invisible and

delayed because organisations undervalued data work. [S19] Although that study

examined high-stakes AI broadly rather than Cameroonian manufacturing, the shop-

floor mechanism is identical: without protected weekly hours to inspect rejected

records, verify master-data codes and coach operators, defects accumulate until

reports and models fail. [S04] [S19]

2 . 1 0  ST E WA R D S H I P  R E Q U I R E S  A  P R OT E C T E D  W E E K LY  T I M E  B U D G E T  I N S I D E
STA N DA R D  S H I F T  H O U R S

Rather than hiring full-time data bureaucrats, a small factory protects weekly working

time for existing supervisors, planners and engineers to perform stewardship. [S02]

[S35] In Cameroon, labour reference data record a standard 40-hour week, a 48-hour

maximum and overtime at 1.2 times base pay, while the statutory minimum wage

(SMIG) rose 5 percent from XAF 41,875 in 2023 to XAF 43,969 a month from 23

February 2024 (about US$76), and multi-sector average wages sit near US$359 a

month in inherited grade-C sources. [R14] [R15] [R16] Pushing stewardship beyond the

40-hour week without workload relief adds overtime cost or leaves checks undone

when orders run late. [R16] [S35]

To make the commitment explicit before a site baselines its own defect rates, Exhibit

7, p. 37 shows an illustrative weekly allocation across the six stewards and internal

champion inside a 40-hour week. [R16] [S02] [S37]
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EXHIBIT 07 / ILLUSTRATIVE PROTECTED HOURS PER WEEK

A bounded weekly stewardship budget fits inside a standard 40-hour shift week

ILLUSTRATIVE [R16] [S02] [S37] Illustrative weekly time budget allocated to domain stewardship and adoption coordination within Cameroon's 40-
hour standard working week (R16), applying role assignment from S02 and internal champion coordination from S37. Values are illustrative planning
allowances to be resized after a 30-day factory workload baseline, not universal staffing benchmarks.

As shown in Exhibit 7, p. 37, the illustrative allowance totals 20.0 hours per week

across seven staff members, equivalent to 0.50 of a full-time equivalent (FTE) spread

across the plant rather than a new hire. [R16] [S02] Production and quality stewards

receive the largest allocations (4.5 and 4.0 illustrative hours per week) because

hourly line logs and defect sheets carry the highest transaction volume. [S04] [S38] A

plant migrating legacy spreadsheets needs more stewardship time during its first 90

days than one with stabilised barcode capture. [S35] [S41]

0 1.37 2.75 4.12 5.49

Production steward (line
logs and states)

4.5

Quality steward (defects
and quarantine)

4

Internal adoption
champion (coordination)

4

Orders steward (styles,
lots and dispatch)

2.5

Maintenance steward
(assets and fault codes)

2.5

Sustainability steward
(meters and waste)

1.5

People steward (rosters
and training logs)

1
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WO R K E D  E X A M P L E

Sizing and valuing a small factory's monthly stewardship capacity. Consider an
illustrative Cameroonian garment facility on the standard 40-hour week ( [R16]),
assigning the six steward roles and one champion role ( [S02], [S37]) to existing
supervisors and engineers with the weekly budget in Exhibit 7, p. 37.

Monthly protected hours: Summing the seven allowances gives 4.5 + 4.0 + 4.0
+ 2.5 + 2.5 + 1.5 + 1.0 = 20.0 illustrative hours per week. Across 4.33 weeks
per month, the plant budgets 20.0 * 4.333 = 86.7 illustrative hours per month, or
0.50 of one 40-hour FTE ( [R16]).

Illustrative monthly value in XAF: Rather than the statutory minimum wage of
XAF 43,969 a month ( [R14]), assume mid-level supervisors earn an illustrative
gross salary of XAF 220,000 a month (near the inherited multi-sector average of
US$359 a month in [R15] at roughly XAF 600 per US dollar). Across 173.3 stand-
ard monthly hours, the illustrative rate is 220,000 / 173.3 = XAF 1,269 per hour,
valuing 86.7 protected hours at an illustrative XAF 110,000 per month.

Avoided overtime and cascades: Paying those 86.7 hours as overtime at the
1.2x statutory rate ( [R16]) costs an illustrative XAF 132,000 per month while leav-
ing bad records live all week ( [S19]). Replacing manual slide formatting and
duplicate entry funds stewardship inside normal hours ( [S02], [S19]). All hours
and XAF figures are illustrative method calculations, not observed GFT results.

2 . 1 1  Q UA R A N T I N E  A N D  E S CA L AT I O N  R I G H TS  G I V E  ST E WA R D S  O P E R AT I O N A L
T E E T H

Protected time is wasted if a steward lacks authority to stop a broken feed from

polluting downstream reports and training sets. [S04] [S19] Under ISO/IEC

5259-3:2024, managing data quality for analytics and machine learning requires

systematic lifecycle controls. [S04] GFT grants every domain steward three operational

rights: [S02] [S04]

Right to quarantine a defective batch or feed: When a check detects impossible

units, missing asset IDs, unmapped defect codes or clock drift, the steward places

the batch into quarantine immediately, blocking it from curated KPIs and training

snapshots while preserving raw storage. [S04] [S09] [S15]

Right to issue a source-correction task: A steward never overwrites a shop-floor

entry silently, instead returning a ticket to the originating role for an appended

superseding record with actor identity and reason under W3C PROV-O. [S09]

Right to escalate recurring capture defects: If a quarantined feed remains uncor-

rected after one shift (or 24 hours for daily logs), or fails three times in a week, the

steward escalates it to the daily tier-two board or weekly operations review. [S02]

[S36]

2.12

Definition changes follow a controlled decision
Nothing erodes trust faster than two managers arriving at a meeting with different

numbers for the same indicator because a formula changed without notice. [S01] [S38]

ISO 22400-2:2014 specifies that manufacturing KPIs must be defined by formula,

1. 

2. 

3. 

1. 

2. 

3. 
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inputs, time behaviour, unit and characteristics. [S38] ISO 8000-1:2022 frames quality

around explicit requirements, while W3C's Data on the Web Best Practices requires a

version history explaining each change. [S01] [S0202]

2 . 1 3  E V E RY  S C H E M A  O R  K P I  M O D I F I CAT I O N  R E Q U I R E S  A  F I V E - PA R T  C H A N G E
P R O P O SA L

In GFT's governance model, a KPI definition, taxonomy or event schema is treated as

an engineering drawing: neither a manager nor an analyst may alter a calculation in

place, and every change follows the sequence in Exhibit 8, p. 39. [S01] [S02] [S38]

[S0202]

EXHIBIT 08 / GOVERNED CHANGE-CONTROL SEQUENCE

Controlled definition change prevents silent metric redefinition across shifts

DERIVED [S01] [S02] [S38] [S0202] Derived eight-step workflow for modifying a KPI formula, event schema or taxonomy mapping, combining
quality requirements from S01, role accountability from S02, manufacturing KPI structure from S38 and version-history documentation from S0202.

As Exhibit 8, p. 39 shows, every change proposal must record five elements before

the owner approves it: [S01] [S38] [S0202]

Operational reason: Why the current definition or schema is unfit, such as adding

a rework station or aligning with a buyer protocol. [S01] [S38]

Exact specification difference: The change in formula, numerator, denominator,

window, grain, unit or allowed values under ISO 22400-2. [S38]

Downstream impact assessment: Every report, dataset, carbon calculation or

model feature consuming the field, compiled with the custodian. [S09] [S15] [S18]

1. Steward drafts
change request

2. Assess
downstream KPI and

model impact

3. Domain owner
reviews evidence

4. Time-bounded
waiver or full

approval

5. Increment
version in KPI

dictionary

6. Parallel
recompute on

baseline window

7. Custodian
deploys contract

update

8. Close waivers
and verify lineage

1 2 3

4

567

1. Record reason, formula diff and fields

2. Check downstream reports and ML features

3. Approve change or grant 14-day waiver

4. Assign semantic version and shift date

5. Compare old and new formula on 30 days

6. Deploy schema update and notify owners

7. Verify lineage and close expired waivers

1. 
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Semantic version and effective date: A new version ID (such as 

first_pass_yield moving from v1.2 to v2.0) and effective shift timestamp. [S09]

[S0202]

Named approver and dual-run reconciliation: Owner sign-off with an illustrative

30-day parallel calculation showing how the new formula shifts the baseline. [S36]

[S38]

2 . 1 4  T E M P O R A RY  WA I V E R S  H A N D L E  S H O P- F LO O R  U R G E N C Y  W I T H O U T
C R E AT I N G  P E R M A N E N T  D E BT

Factories face urgent disruptions that cannot wait for a weekly review: an emergency

fabric lot, a failed sub-meter or an unscheduled split shift. [S05] [S18] Without a lawful

fast path, operators revert to unrecorded sheets. [S19] [S37]

Step 4 of Exhibit 8, p. 39 provides a controlled temporary waiver. [S01] [S02] A domain

owner may authorise a provisional code, estimated meter factor or temporary override

on the same day under three conditions: [S02] [S04]

Explicit quality-state tagging: Every record captured under the waiver is tagged 

provisional-waiver or estimated rather than observed. [S04] [S09]

Named owner and hard expiry: Each waiver carries one owner and an automatic

expiry set at an illustrative maximum of 14 calendar days. [S02] [S0201]

Mandatory conversion or reversion: Within 14 days, the steward and owner must

either promote a permanent versioned contract or revert the rule and reconcile

provisional records. [S01] [S0202] Overdue waivers appear at the top of the weekly

action log. [S18]

2.15

Model risk receives independent challenge
When a factory moves from descriptive reporting to predictive or vision models, the

consequences of a flawed decision right multiply. [S11] [S18] A model compresses his-

torical records into recommendations or actions. [S13] [S15] Left unchecked, the builder

who trained a model has a bias to emphasise aggregate accuracy and downplay local

failures on specific styles, night shifts or lighting conditions. [S04] [S19]

2 . 1 6  H U M A N  J U D G E M E N T  S E TS  AC C E P TA N C E  T H R E S H O L D S  A N D  H O L D S
V E TO  AU T H O R I T Y

Standards place human accountability at the centre of AI risk control. [S11] [S12] [S14]

NIST AI RMF 1.0 states that human judgement should decide specific metrics and

threshold values for AI trustworthiness. [S11] ISO/IEC 23894:2023 integrates risk

management into AI activities ( [S14]), while ISO/IEC 42001:2023 and ISO/IEC

5338:2023 govern management systems and lifecycle processes ( [S12], [S13]).

Independent challenge separates the model builder from the operating model owner

(the line manager accountable for the affected process). [S11] [S14] [S0201] The operat-

ing model owner holds four veto rights: [S11] [S44]

Setting acceptance thresholds: Specifying maximum false rejections, false-alarm

burden, review time per shift and minimum gain over a simple comparator before

training. [S11] [S43]

4. 

5. 
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Rejecting operationally unfit models: Even if a vision model exceeds 90 percent

aggregate accuracy across defect types in literature ( [R29]), the quality owner

rejects release if false alarms slow inspection or fallback fails. [S11] [S43]

Ordering suspension or rollback: Suspending a model and reverting to manual or

statistical rules immediately if drift, overrides or yield losses appear. [S15] [S27]

Stopping or postponing a project: Postponing or stopping an AI project whenever

resources, skills, costs or expected benefits are not met. [S44]

2 . 1 7  C H A L L E N G E  I N T E N S I T Y  S CA L E S  W I T H  O P E R AT I O N A L ,  WO R K E R  A N D
SA F E T Y  C O N S E Q U E N C E

Applying identical bureaucracy to a monthly yarn forecast and a real-time machine-

control loop wastes management attention. [S11] [S14] GFT scales challenge across

four consequence tiers, combining NIST AI RMF Playbook lines-of-defence concepts

( [S0201]), operational-technology safety guidance in NIST SP 800-82 Revision 3

( [S22]) and the ILO worker-protection principle ( [S30]).

M E T H O D

Method: Consequence-tiered model challenge and separation of duties. Before
development or procurement, the domain owner and champion classify the use case
into one of four tiers ( [S11], [S14], [S43]):

Tier 1: Advisory planning analytics (low consequence). Weekly or monthly
planning tools, such as demand forecasting or spare-parts suggestions ( [S43]). 

Challenge: Steward review of lineage and comparator results; domain owner
approval ( [S11], [S15]).

Tier 2: Shop-floor operator assistance (moderate consequence). Shift-level
aids, such as vision defect highlighting confirmed by an inspector ( [R29], [S16]). 

Challenge: Shadow evaluation across style and shift slices ( [S04], [S16]),
rehearsed fallback ( [S15]), and sign-off by the quality owner and custodian
( [S11]).

Tier 3: Worker-affecting analytics (high human and legal consequence). Any
metric or model evaluating operator productivity, skill, scheduling, pay or

discipline ( [S29], [S30]). Challenge: Compliance with ILO Principle 5.5 against sole
automated decisions ( [S30]), data minimisation under [S29], Cameroonian prior-
authorisation screening under Section 19(1) of Law No. 2024/017 with legal
counsel ( [S31]), and sign-off by the HR owner, plant director and worker forum
( [S11], [S30]).

Tier 4: Control-connected automation (high physical and OT consequence).
Any model writing setpoints or altering OT behaviour without human confirmation

( [S22]). Challenge: OT safety verification under NIST SP 800-82 ( [S22]), hard-
wired interlocks ( [S22]), disconnect drills ( [S27]), and sign-off by the OT engin-
eer, production owner and plant director ( [S22], [S23]).

Binding challenge rules to these four tiers concentrates scrutiny where physical safety

( [S22]), worker rights ( [S30], [S31]) or throughput ( [R29]) are at stake, while letting

low-risk advisory analytics move once baseline and quality gates pass. [S04] [S16] [S43]

2. 
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2.18

An internal champion sustains adoption
Role charters fail if nobody drives cross-functional follow-through under daily

production pressure. [S35] [S37] World Bank case-study evidence on SME digital

adoption in Viet Nam found that firms successfully taking up the platform assigned an

internal point person who championed adoption. [S37] OECD SME research similarly

notes that converting traditional processes into digital ones requires sizeable effort

and a longer learning process rather than an immediate payoff. [S35]

2 . 1 9  T H E  C H A M P I O N  C O O R D I N AT E S  F O L LOW-T H R O U G H  W I T H O U T  ST R I P P I N G
D O M A I N  OW N E R S  O F  AC C O U N TA B I L I T Y

In GFT's governance architecture, the internal adoption champion coordinates exe-

cution across the six domains, reporting to the factory director without replacing

domain owners or becoming a solitary "chief data officer". [S02] [S23] [S37] Instead, the

champion holds three cross-cutting responsibilities: [S36] [S37]

Cross-domain coordination: When an identifier or formula spans departments,

such as linking a spinning lot ID ( [S08]) to a sewing order ID ( [S05]) and a quality

claim ( [S38]), the champion convenes owners and stewards to agree on one

shared contract. [S02] [S37]

Workplace training around real tasks: Rather than classroom lectures, the cham-

pion coordinates practical training so staff practise event capture, quarantine

clearance, control-chart reading and model fallback on live work. [S27] [S35] [S0201]

Cadence hygiene and benefit tracking: The champion ensures overdue waivers,

recurring quarantine failures and monitoring alerts reach the weekly and monthly

agendas, and maintains the embedded monitoring and evaluation log

recommended by World Bank MSME guidance. [S36] [S37]

2 . 2 0  PA I R I N G  T H E  C H A M P I O N  W I T H  A  D E P U T Y  A N D  P O R TA B L E  R E G I ST E R S
P R E V E N TS  H E R O  D E P E N D E N C E

If the digitalisation programme lives inside one champion's laptop, the system

collapses when that person falls ill or leaves. [S18] [S37] NIST AI RMF Playbook guid-

ance underscores that roles, responsibilities and communication lines must be

documented across the organisation, with ownership metadata attached to work

products. [S0201]

To prevent single-person dependency, the factory enforces two safeguards from day

one: [S37] [S0201] [S0202]

Named deputy rotation: The champion is paired with a deputy (typically the qual-

ity or production steward) who chairs every fourth weekly review and co-signs

registry updates during the first six months. [S27] [S37]

Zero private governance files: Every role assignment, KPI formula, schema con-

tract, waiver, quarantine ticket and model record resides in the shared, versioned

governance register with complete change history ( [S09], [S0202]), never on a per-

sonal drive. [S15] [S0201]

• 

• 

• 
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G F T  N OT E

Practical recommendation for GFT's Cameroon textile programme. In a greenfield
or turnaround Cameroonian mill, appoint the industrial-engineering lead or quality-
systems manager as internal adoption champion at kick-off ( [S37]), paired with the
production planner as deputy ( [S02]). Do not form a separate data committee before
the first shift runs. Embed the six domain owners and stewards into the initial manual
KPI sheets so every column has one named owner, one ISO 22400-2 formula ( [S38])
and one quarantine rule ( [S04]) before any database, broker or vision camera is com-
missioned.

2.21

Data decisions use, but do not redesign, factory
meetings
Scheduling a second tier of "data committee" meetings that duplicate the daily shift

handover, weekly operations review and monthly sales and operations planning

(S&OP) cycle breeds resentment. [S18] [S35] In the GFT library, WP02 owns the oper-

ating cadence, visual boards and meeting method; WP14 refuses to redesign those

forums or invent a parallel hierarchy. [S23] [S36]

2 . 2 2  F O U R  C L AS S E S  O F  DATA  A N D  M O D E L  E S CA L AT I O N  R O U T E  I N TO
E X I ST I N G  W P 0 2  F O R U M S

WP14 injects decision-ready escalations into the WP02 cadence only when an issue

crosses domains or exceeds a steward's local authority. [S02] [S23] [S0201] Drawing on

ISO 8000-150 role escalation ( [S02]), NIST AI RMF threshold authority ( [S11]) and

NIST CSF 2.0 risk governance ( [S23]), Exhibit 9, p. 44 maps eight recurring escala-

tions across decision horizon (x-axis) and cross-domain consequence (y-axis).
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EXHIBIT 09 / HORIZON (X) AND CONSEQUENCE (Y) INDEX (0 TO 10)

Data escalation adds decisions without creating a second management cadence

DERIVED [S02] [S11] [S23] Derived routing matrix mapping eight recurring data and model escalations across decision horizon (x-axis: 0 =
immediate shift action, 10 = monthly portfolio review) and cross-domain risk consequence (y-axis: 0 = single-line capture fix, 10 = plant-wide risk or
policy gate) into WP02's existing management forums, based on S02, S11 and S23.

As Exhibit 9, p. 44 shows, each WP02 forum handles a defined subset of decisions

with a standard WP14 artefact: [S02] [S11] [S23]

Daily shift and tier-two board (5 minutes in handover): Reviews active quarant-

ine holds blocking daily KPIs, missing shift logs after 24 hours, and any model roll-

back or OT disconnect from the prior shift. [S04] [S22] [S27] Approver: Line supervisor

and steward (or model owner for rollback). [S02] [S11]

Weekly operations review (10-minute slot): Resolves capture defects breaching

the three-failure threshold, approves or rejects cross-domain KPI and schema

changes, and audits waivers nearing 14-day expiry. [S01] [S02] [S38] Approver:
Domain owners chaired by the operations manager, logged by the champion. [S02]

[S37]

Monthly S&OP and risk review (15-minute gate): Decides model admission,

shadow-to-assisted promotions, retirements, least-privilege access exceptions

( [S25]), personal-data register updates ( [S29], [S31]), and fix, scale, postpone or

stop decisions on pilots ( [S36], [S44]). Approver: Plant director, model owner,

domain owner and security/OT approver. [S11] [S14] [S23]

2 . 2 3  O N E  S H A R E D  AC T I O N  LO G  C LO S E S  T H E  LO O P  A N D  F E E D S  T H E  G F T  TO O L
S U I T E

Every decision in the daily, weekly or monthly forum is recorded in the single WP02

action log, never in a separate data-team sheet. [S36] [S37] Each entry carries four

fields: artefact or defect ID, named owner, due date and verification condition (such

as seven consecutive shifts with zero unmapped downtime codes on weaving line

two, verified by the production steward). [S02] [S36] [S38]

Emergency containment (Shift / OT) Monthly risk and S&OP gate

Daily shift tier-two board Weekly operations review

Model rollback

OT safety halt

Quarantine hold

Missing shift log

Cross-domain KPI
change

Waiver expiry audit

Model release
sign-off

Access exception
review

Decision horizon in WP02 cadence (0 to 10)

Cross-domain and risk consequence (0 to
10)

0 10

10

0
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This governance structure connects directly to three diagnostic tools in the GFT plat-

form: [S02] [S14] [S38]

kpi-cascade tool: Uses the six-domain ownership assignments and ISO 22400-2

contracts ( [S38]) to trace how capture defects or unapproved formula changes

propagate into plant OEE, first-pass yield and margin. [S02] [S38]

maturity tool: Evaluates named domain owners, protected weekly stewardship

hours, versioned change control and practised rollback authority before scoring

readiness under staged MLOps maturity ( [S16]). [S02] [S16]

risk-matrix tool: Operationalises the four-tier consequence classification and

challenge rules ( [S11], [S14], [S22], [S30]) to weigh operational, worker-privacy and

OT-safety exposure before model admission or release. [S14] [S23]

WA R N I N G

Constraint: Governance collapses if dual logs or unowned exceptions are toler-
ated. Two habits defeat this charter even when job descriptions are signed ( [S18], 
[S19]). First, if department heads bring private spreadsheets into the weekly review
alongside the governed KPI product, staff learn that the governed spine is optional
( [S19], [S37]): any figure outside a governed contract or active waiver cannot justify a
decision in the meeting ( [S02], [S38]). Second, renewing temporary waivers past their
14-day illustrative expiry without root-cause correction turns the exception log into a
shadow schema ( [S18]). Auditing overdue waivers and recurring quarantine holds in
the monthly review ( [S36]) prevents both failures.

Anchoring every dataset, formula, access grant and model release to a named role

inside the factory's management rhythm gives a small team institutional control

without bureaucracy. [S02] [S23] Once decision rights are clear, those owners need one

shared language across machines, lines and ledgers, which the next chapter estab-

lishes. [S05] [S38]

A metric without a named owner is an opinion; a
model without an independent challenger is an
unhedged bet.

C H A P T E R  S O U R C E  N OT E S

S02 International Organization for Standardization. 2022.

S01 International Organization for Standardization. 2022.

R06 Cameroon Trade Hub. Publication date unrecorded; inherited source-text check.

R07 Ecofin Agency. Publication date unrecorded; inherited source-text check.

S23 National Institute of Standards and Technology. 2024-02-26.

S19 Association for Computing Machinery, CHI 2021. 2021.

S18 Advances in Neural Information Processing Systems. 2015.

S38 International Organization for Standardization. 2014.

S09 World Wide Web Consortium. 2013-04-30.
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S11 National Institute of Standards and Technology. 2023-01-26.

S0201 National Institute of Standards and Technology. 2023-01-26.

S14 ISO/IEC. 2023.

S36 World Bank. 2023.

S05 International Electrotechnical Commission. 2013.

S04 ISO/IEC. 2024.

S08 GS1 AISBL. 2022.

S22 National Institute of Standards and Technology. 2023.

S29 European Parliament and Council of the European Union. 2016-04-27.

S30 International Labour Office. 1997.

S31 Presidency of the Republic of Cameroon. 2024-12-23.

S25 National Institute of Standards and Technology. 2020-12-10.

R12 Business in Cameroon. Publication date unrecorded; inherited source-text check.

S20 arXiv, author version of an IEEE Access article. 2022-05-14.

S13 ISO/IEC. 2023.

S15 Google Cloud. 2024-08-28.

S16 Microsoft Learn, Azure Architecture Center. 2026-06-03.

S27 National Institute of Standards and Technology. 2025.

S35 OECD. 2022-11-21.

R14 WageIndicator. Publication date unrecorded; inherited source-text check.

R15 wage.is. Publication date unrecorded; inherited source-text check.

R16 WageIndicator. Publication date unrecorded; inherited source-text check.

S37 World Bank. 2025-05-20.

S41 GHG Protocol, World Resources Institute and World Business Council for Sustainable Development. 2013.

S0202 World Wide Web Consortium. 2017-01-31.

S12 ISO/IEC. 2023.

S44 The Journal of Technology Transfer, Springer Nature. 2024-07-27.

S43 Frontiers in Artificial Intelligence. 2021-06-14.

R29 MDPI; industry inspection literature. Publication date unrecorded; inherited source-text check.
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PART I: GOVERN MEANING BEFORE SCALE / MEANING AND CONTRACTS

One operational vocabulary
joins the line to the ledger
Shared identifiers, event semantics and KPI formulas let unlike systems
describe the same work without hiding their differences.
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CHAPTER 03
DECISION TEST

Shared identifiers, event
semantics and KPI formulas
let unlike systems describe
the same work without
hiding their differences.

A factory joins the production line to the financial ledger only when every

record shares one governed operational vocabulary of immutable identifi-

ers, boundary-aware event semantics, contractual key performance

indicator (KPI) formulas and versioned data contracts. [S05] [S08] [S38] Assigning

decision rights to domain owners and stewards, as established in Chapter 02,

determines who approves a definition. [S02] Authority alone cannot stop spreadsheets,

a programmable logic controller (PLC) and an accounting ledger from using the same

word to measure different physical realities. When a supervisor logs output as gar-

ments lifted from the table, the quality lead logs garments passing first inspection, and

the accountant books packed cartons in inventory, the factory holds three

incompatible definitions behind one label. [S05] [S38]

The stakes of semantic discipline are immediate in Green Future Tech Limited (GFT)

and its Cameroon textile programme. According to the programme's inherited evid-

ence base, prepared on 31 January 2024 with entries not refreshed in 2026 and

unrecorded publication dates, roughly 95 percent of Cameroon's cotton fibre is

exported raw while about 5 percent is processed locally, against a target of 50

percent by 2030. [R06] [R07] Moving from raw-fibre export toward spinning, weaving,

dyeing and garment assembly requires daily records supporting cost control,

compliance, maintenance and machine-learning (ML) applications. [R06] [S04] In small

teams, those records start as manual shift sheets before brokers or cameras arrive. If

each workbook invents its own identifiers and rules, the plant accumulates semantic

debt: manufacturers in workshop settings have reported that data processing for one

application can consume up to 70 percent of total cost, a warning about repeated

translation rather than a universal average. [S39] Establishing one vocabulary before

scaling integration turns preparation into shared infrastructure. [S10] [S39]

3.1

Stable identifiers anchor every record
Every operational record makes a claim about physical objects interacting at a place

and time, and that claim cannot be audited unless the objects carry stable identifiers.

[S05] [S08] In an ungoverned spreadsheet, operators type free-text strings: a sewing

line appears as Line 2, L-02 or Garoua Sewing B, while a fabric batch appears as 

Indigo Lot 4 or Lot-04-Nov. [S0302] String mismatches cause silent drops or false

joins across production, quality and maintenance logs. Worse, renaming Line 2 to 

Uniform Assembly Line 1 makes historical records keyed by display label lose con-

tinuity or attribute past output to the wrong configuration. [S01] [S05]

To eliminate identity drift, the data spine separates an entity's immutable surrogate

identifier from its mutable attributes. [S05] [S09] The identifier is a permanent token

assigned once by a single authority when registered, carrying no embedded mutable

attributes. [S02] [S08] Descriptive properties such as display names, bay coordinates,

supervisor assignments or rated speeds live in versioned master-data tables linked to

the immutable identifier by effective dates, preserving history across shifts and

migrations. [S05] [S06] [S09]
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A garment or textile factory requires ten identifier classes across manual entry and

automated capture: [S05] [S08]

Site identifier (site_id): designates a facility, distinguishing a northern ginning or

spinning site from a coastal garment plant. [S05] [S08]

Area identifier (area_id): designates a zone within a site, such as opening, spin-

ning, dyeing, cutting, sewing or packing. [S05]

Line identifier (line_id): designates a production unit scheduled as a capacity

resource, such as a sewing line or finishing range. [S05]

Asset identifier (asset_id): designates a serialised machine, utility meter, edge

gateway or inspection table, remaining constant when relocated. [S05] [S06]

Production order identifier (order_id): designates an authorisation to manufac-

ture a stated quantity of a style by a scheduled date. [S05]

Material lot identifier (lot_id): designates a traceable quantity of lint, yarn, fabric

roll, dye bath or cut bundle sharing uniform history. [S08]

Product style identifier (style_id): designates the versioned specification, bill of

materials, grading and tolerance sheet for an item. [S05]

Operation identifier (operation_id): designates a transformation, inspection or

handling step within a routing sequence. [S05] [S08]

Defect code identifier (defect_id): designates a controlled entry in the canonical

taxonomy of product faults or downtime causes. [S01] [S04]

Shift instance identifier (shift_id): designates a bounded operating window on a

date and site, linking utility readings and targets. [S05] [S38]

3 . 2  WO R K E R  I D E N T I F I E R S  A R E  E XC L U D E D  B Y  D E FAU LT  TO  P R OT E C T  P R I VAC Y
A N D  L E GA L  C O M P L I A N C E

Absent from the ten default identifiers is a mandatory person or operator identifier

(person_id). Vendor templates often key every piece count, defect tally and stoppage

to an individual worker badge. GFT rejects indiscriminate worker-level keying in the

core spine for legal and analytical reasons. [S29] [S31] Under Recital 39 of Regulation

(EU) 2016/679 (GDPR), personal data must be adequate, relevant and limited to what

is necessary for the purposes for which they are processed. [S29] In Cameroon, Sec-

tion 19(1) of Law No. 2024/017 of 23 December 2024 states that processing per-

sonal data is subject to prior authorisation by the Personal Data Protection Authority.

[S31] Because implementing procedures under Law No. 2024/017 require project-

specific verification by local counsel (and this paper is not legal advice), designing

shop-floor schemas without unnecessary personal data reduces exposure from the

first shift. [S29] [S31]

Excluding person_id from standard production, quality and machine events does not

weaken engineering analysis. Line balancing, bottleneck diagnosis, maintenance,

yield reconciliation and forecasting depend on line_id, asset_id, operation_id, 

style_id and shift_id, not on the personal identity of the operator at a sewing head.

[S05] [S38] Where a documented purpose requires human attribution, such as verifying

1. 
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that a safety lock-out or quarantine release was performed by an authorised role,

recording role_id in an access-controlled audit table satisfies accountability under

ISO 8000-150 without turning the store into a surveillance log. [S02] [S29]

3.3

ISA-95 clarifies the boundary between control
and business
Once identifiers are stable, the factory must decide which system mints each identi-

fier and originates each operational fact. Without an explicit boundary, engineers stuff

commercial order metadata (customer names, currencies, shipping dates) into PLC

registers or MQTT topics, while accountants try to reconstruct stoppages from weekly

payroll and inventory journals. [S05] [S07] Both fail because control systems and busi-

ness systems run on different time scales, state models and reliability constraints.

[S05]

Part 1 of IEC 62264-1 (ANSI/ISA-95) provides standard models and terminology for

describing the interfaces between business systems and manufacturing operations

and control systems: [S05]

Level 4 (Business planning and logistics): establishes the plant schedule, cus-

tomer orders, procurement, cost accounting and inventory valuation over days to

months. [S05]

Level 3 (Manufacturing operations management, or MOM): manages work-order

dispatching, resource allocation, inline quality, maintenance execution and lot

genealogy across shifts to minutes. [S05]

Level 2 (Supervisory control) and Level 1/0 (Sensing and production): sense

variables, execute closed-loop control and count cycles over milliseconds to

seconds. [S05]

Applying IEC 62264-1 to a small factory does not require buying a monolithic enter-

prise resource planning (ERP) suite and a separate commercial manufacturing

execution system (MES). [S05] Even when Level 4 is an accounting ledger and Level 3

is a set of governed tables in GFT's manual data spine, every exchanged element has

one originating boundary: [S05] [S0302]

Capability and resources: asset hierarchies (site_id, area_id, line_id, asset_id)

and routing steps (operation_id) originate at Level 3 and publish available

capacity upward to Level 4. [S05]

Schedules and orders: order quantities, delivery windows and style allocations

(order_id, style_id) originate at Level 4 and cross downward as work requests.

[S05]

Performance and actuals: piece counts, run and stop durations, lot consumption

(lot_id), defect observations (defect_id) and dispositions originate at Level 3 and

cross upward to Level 4 as reconciled actuals. [S05] [S08]
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As shown in Exhibit 10, p. 51, the operational vocabulary acts as the translating

membrane across these levels, placing governed event contracts, entity master data

and contractual KPI formulas between physical signals and management or model

decisions. [S05] [S06] [S07] [S08] [S38]

EXHIBIT 10 / SEMANTIC ARCHITECTURE LAYERS

Identity and meaning sit between physical signals and decisions

DERIVED [S05] [S06] [S07] [S08] [S38] Derived semantic stack mapping physical signals, governed events, operational entities, contractual KPIs
and decisions to IEC 62264-1 (S05), OPC UA (S06), MQTT (S07), GS1 EPCIS 2.0 (S08) and ISO 22400-2 (S38). Depicts logical information
responsibilities, not physical network topology or an installed GFT plant.

The five layers in Exhibit 10, p. 51 enforce upward contextualisation. [S05] [S08] Layer

1 captures physical measurements or manual tallies via OPC UA, MQTT or tabular

uploads. [S06] [S07] [S0302] Layer 2 wraps them into immutable visibility events

recording what, when, where and why. [S08] Layer 3 binds those events to stable

identifiers on the IEC 62264-1 boundary. [S05] Layer 4 applies contractual ISO

22400-2 formulas over those entities and time elements, and Layer 5 delivers the

output to managers and approved ML models. [S04] [S38] Physical network topology

and edge hardware sizing belong to wp18, which must obey the semantic contracts

defined here.

5. Decisions and
models Line balancing

and dispatch

Quality
quarantine and

release

Ledger cost and
margin review

Governed ML
feature

consumption

4. Contractual KPI
layer

ISO 22400-2
formula
dictionary

Declared time
elements and

grain

Explicit rework
and stop
exclusions

Versioned
metric lineage

3. Operational
entity and boundary
model

IEC 62264-1
Level 3 to
Level 4

interfaces

Immutable site,
line, asset,
order and lot

IDs

Versioned style
and operation
master data

Canonical
defect and
downtime
taxonomies

2. Governed
visibility events

EPCIS 2.0 what,
when, where and
why context

Dual event_time
and

ingestion_time

Append-only
state

transitions

Explicit
quality_state

flags

1. Physical signals
and transport

PLC counters
and utility
meters

OPC UA
contextual

machine nodes

MQTT publish-su
bscribe
transport

Validated
manual shift
tally sheets
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3.4

A KPI dictionary makes formulas contractual
Even when two departments share the same event table, they compute conflicting

numbers if aggregation formulas exist only inside private spreadsheet macros or chart

queries. [S38] [S0302] In manufacturing, terms such as availability, efficiency, first-pass
yield and capacity utilisation are elastic. Without one governed specification, a produc-

tion supervisor and a financial controller can bring conflicting charts to the weekly

review from the same underlying table. [S02] [S38]

Consider the public evidence on industrial capacity in Cameroon's textile sector. A

July 2023 report cited in the inherited evidence register recorded capacity utilisation

at CICAM's plants at 33.7 percent for Garoua, 48.9 percent for CICAM 1 and 10.83

percent for CICAM 2, noting that underutilisation cost about CFAF 2 billion in 2020 (an

inherited source-text finding not refreshed in 2026 and representing an external

report on CICAM, not a GFT operating measurement). [R12] A bare percentage cannot

be interpreted without its denominator: is utilisation measured against 24-hour name-

plate spindle speed, scheduled shift hours, or mechanically available equipment? [R12]

[S38]

To make metrics comparable across lines and shifts, GFT registers every indicator in a

contractual KPI dictionary structured under ISO 22400-2:2014 (Key performance
indicators for manufacturing operations management, Part 2: Definitions and descriptions).
[S38] Under ISO 22400-2, a KPI is presented through its formula, base elements, time

behaviour, unit and contextual characteristics. [S38] Combining that standard with ISO

8000-150 accountability [S02] and W3C PROV-O lineage [S09], every KPI entry spe-

cifies nine attributes:

KPI identifier and name: a unique code (KPI-OEE-AVAIL-V1) and approved title.

[S38]

Decision purpose: the decision informed and the role authorised to act. [S02] [S38]

Algebraic formula: the equation in named base elements

(actual_production_time / planned_busy_time). [S38]

Input base elements: numerator and denominator definitions linked to event types

(event_type) and states. [S08] [S38]

Unit and scale: the unit (percent, pieces / hour, kWh / kg, XAF / piece) and

valid domain (0.0 to 100.0). [S01] [S38]

Time behaviour: shift close, rolling hour, or lot completion, plus rules for splitting

boundary-straddling events. [S08] [S38]

Aggregation grain: valid entity dimensions (site_id, line_id, style_id, shift_id)

and sum-before-divide rollup rules. [S38]

Explicit exclusions: rulings on reworked units, scheduled breaks and utility out-

ages. [S38]

Owner and version: the domain owner (S02), effective date and version (v1.0.0)

logged with each value. [S02] [S09]
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WO R K E D  E X A M P L E :  H OW  U N C O N T R AC T E D  D E F I N I T I O N S  C R E AT E  A  1 0 . 8
P E R C E N TAGE - P O I N T  O E E  M I R AGE  O N  O N E  S E W I N G S H I F T

Consider an illustrative 8-hour shift (480 minutes calendar duration) on a garment
line sewing woven cotton shirts. All figures are explicitly illustrative inputs constructed
to demonstrate the ISO 22400-2 method, not measurements from a GFT facility.
[S38]

Suppose the physical events on the line during this illustrative 480-minute shift are
identical for every observer:

Calendar shift length: 480 minutes, with a scheduled meal break of 30 minutes
and scheduled shift-handover maintenance of 18 minutes (illustrative).

Unplanned utility power changeover: 24 minutes, plus unplanned thread-break
and feed-dog jam stoppages: 36 minutes (illustrative).

Actual running time (actual_production_time): 480 - 30 - 18 - 24 - 36 = 372
minutes at a standard cycle time (ideal_cycle_time) of 0.75 minutes per shirt
(45 seconds, illustrative).

Total shirts reaching the end of the line (produced_quantity): 460 shirts, com-
prising 414 shirts passing first inspection (first_time_good_quantity), 36
shirts repaired in rework before shift close (reworked_in_shift_quantity), and 
10 shirts rejected as scrap (414 + 36 + 10 = 460 shirts, illustrative).

Compare how two analysts calculate Overall Equipment Effectiveness (OEE =
Availability x Performance x Quality) without a shared ISO 22400-2 dictionary:
[S38]

First, the contractual ISO 22400-2 calculation (KPI-OEE-LINE-V1, illustrative): [S38]

Availability: Excluding scheduled breaks (30 minutes) and maintenance (18
minutes) gives planned_busy_time = 480 - 48 = 432 minutes (illustrative).
Power changeover (24 minutes) and jams (36 minutes) remain unplanned losses,
so Availability = 372 / 432 = 86.11 percent (illustrative). [S38]

Performance: Performance = (460 x 0.75) / 372 = 345.0 / 372 = 92.74
percent (illustrative). [S38]

Quality (First-Pass Yield): Only first-pass units (414 shirts) enter the numerator
while reworked shirts (36 shirts) are tracked separately, giving Quality = 414 /
460 = 90.00 percent and Contractual OEE = 0.86111 x 0.92742 x 0.90000 =
71.88 percent (illustrative). [S38]

Second, the uncontracted local-workbook calculation (illustrative):

The supervisor's workbook excludes power changeover (24 minutes) from the
denominator (adjusted_busy_time = 432 - 24 = 408 minutes, giving an illus-
trative Availability = 372 / 408 = 91.18 percent).

Counting all packed shirts (414 + 36 = 450 shirts) as good output gives an
illustrative Quality = 450 / 460 = 97.83 percent and OEE = 0.91176 x 0.92742
x 0.97826 = 82.72 percent, a gap of 10.84 percentage points above the gov-
erned figure from the same shift. [S38]

Locking the formula, base elements and exclusions in the KPI dictionary keeps power
stops visible as an infrastructure loss (24 minutes illustrative) and rework visible as a
quality loss (36 shirts illustrative). [S38]
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3.5

Events carry context that sensor values lack
A contractual KPI dictionary is only as reliable as the atomic records feeding its base

elements. [S08] [S38] When factories digitise logs or connect sensors, they often model

data in one of two fragile ways: as bare time-series tuples (timestamp, tag_name, 

numeric_value), or as mutable status rows where a cell such as order_status is

overwritten whenever state changes. [S06] [S08] Both strip away shop-floor context.

A bare sensor tuple such as ("2026-10-30T09:14:22Z", "SEW_HEAD_14_SPEED_RPM",

3200) records that a shaft rotated at 3,200 revolutions per minute at an instant, an

illustrative reading. [S06] Alone, that tuple cannot tell an analyst whether the machine

was sewing a customer order (order_id), running test scrap, re-stitching a rejected

collar (defect_id), or consuming a specific cotton lot (lot_id). [S05] [S08] Conversely,

a mutable row for bundle LOT-2026-0842 whose status cell is overwritten from CUT to 

SEWN, DEFECT_HOLD, REPAIRED and DISPATCHED erases the intermediate defect and

repair, hiding first-pass failures and introducing target leakage into ML training sets.

[S04] [S08]

To preserve context without mutating history, the data spine models shop-floor

occurrences as immutable visibility events under the GS1 Electronic Product Code

Information Services (EPCIS) Release 2.0 standard across four dimensions: [S08]

What: physical or digital objects identified by immutable IDs (asset_id, lot_id, 

order_id, style_id) and quantities with units. [S08]

When: temporal coordinates separating operational event_time from system 

ingestion_time, so store-and-forward buffering never distorts hourly rates. [S08]

Where: spatial location (site_id, area_id, line_id) and destination read point.

[S05] [S08]

Why: business context, comprising process step (operation_id), disposition

(conformant, quarantined_for_rework, scrapped), governing order (order_id) and

fault code (defect_id). [S08]

Under this discipline, defect_observed, repair_completed, lot_split and 

dispatch_confirmed are distinct, append-only event records linked by shared

identifiers and provenance under W3C PROV-O. [S08] [S09] If a bundle of 50 panels is

split into 45 conformant panels and 5 stained panels, a transformation event records

the parent lot_id and two child lot IDs (45 pieces and 5 pieces, illustrative quantit-

ies). [S08] Current work-in-progress state is derived as a view over the event stream,

while the immutable log remains intact for KPIs and model training. [S08] [S09]

To make this structure concrete, Exhibit 11, p. 55 specifies the minimum ten-field

envelope required for every visibility event before it enters the curated store. [S07] [S08]

[S09]
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EXHIBIT 11 / REQUIRED EVENT SCHEMA FIELDS

A minimum production event needs more than a timestamp and value

DERIVED [S07] [S08] [S09] Derived ten-field minimum production event contract synthesising transport framing from MQTT 5.0 (S07), visibility-
event dimensions from GS1 EPCIS 2.0 (S08) and provenance attribution from W3C PROV-O (S09). Field names and constraints are GFT architectural
specifications for the industrial data spine.

EXHIBIT 12 / REQUIRED EVENT SCHEMA FIELDS

A minimum production event needs more than a timestamp and value, continued

DERIVED [S07] [S08] [S09] Derived ten-field minimum production event contract synthesising transport framing from MQTT 5.0 (S07), visibility-
event dimensions from GS1 EPCIS 2.0 (S08) and provenance attribution from W3C PROV-O (S09). Field names and constraints are GFT architectural
specifications for the industrial data spine.

Field name EPCIS / PROV role Constraint and format Operational failure
prevented

event_id Identity (PROV entity) Immutable UUID or
deterministic hash

Prevents duplicate
counting during
store-and-forward replay

event_type Why (business step) Controlled taxonomy
verb-noun code

Stops overwritten status
cells from erasing
rework history

event_time When (occurrence) ISO 8601 UTC with local
offset

Anchors KPIs to actual
shop-floor shift rather
than upload time

ingestion_time When (record time) ISO 8601 UTC assigned by
broker/store

Exposes network
buffering lag and late
manual sheet entry

asset_id Where / What (equipment) Registered
site-area-line-asset ID

Survives machine
relocation and line
display-name changes

order_or_lot_id What / Why (object) Registered order_id
and/or lot_id

Links physical cycle
counts to ledger orders
and cotton lots

unit_and_value What (quantity) Numeric value paired
with explicit UCUM/ISO
unit

Prevents mixing metres,
kilograms, pieces and
cartons

source_method Provenance (PROV agent) Enum: manual_sheet,
plc_counter,
vision_model

Separates observed facts
from model predictions
or estimates

Field name EPCIS / PROV role Constraint and format Operational failure
prevented

schema_version Contract lineage Semantic version (e.g.
v1.2.0)

Allows consumers to
parse historical
payloads under
then-active rules

quality_state Fitness gate Enum: observed,
estimated, corrected,
quarantined

Prevents missing or
imputed values from
masquerading as
measurements
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Every field in Exhibit 11, p. 55 blocks a documented integration failure. [S07] [S08] [S09]

Carrying both event_time and ingestion_time ensures that when an edge gateway

buffers counts during a two-hour network outage (illustrative duration), the delayed

upload is credited to the shift in which the garments were sewn (event_time) while

the lag remains visible (ingestion_time - event_time). [S08] Requiring 

source_method and quality_state prevents manual entries, optical counters and

imputed estimates from being silently merged. [S09] Wire serialisation and crypto-

graphic signing belong to the transport and security layers examined next and in

Chapter 07.

3.6

Transport and semantics must not be confused
A frequent procurement error in industrial digitalisation is assuming that adopting a

communication protocol automatically creates a shared vocabulary. [S06] [S07] [S10]

Vendors often claim that connecting machines to an MQTT broker or an OPC UA

server unifies the factory data model. Moving packets across a wire and agreeing on

the business meaning of the payload inside those packets are separate engineering

tasks. [S06] [S07] Confusing transport with semantics produces an automated pipeline

of incompatible numbers. [S10]

The contrast between OPC Unified Architecture (OPC UA, IEC 62541 / OPC

10000-1) and MQTT Version 5.0 defines the boundary between transport and

meaning: [S06] [S07]

OPC UA (OPC 10000-1, version 1.05.06): OPC UA provides a framework for mod-

elling information, secure communication and interoperability across devices. [S06]

Its meta-model exposes typed object nodes, variables, engineering units, valid

ranges and hierarchical references (including companion specifications for

machinery, energy metering and textiles) in an addressable graph, exposing

contextual nodes rather than raw memory addresses. [S06]

MQTT (Version 5.0, OASIS Standard): MQTT is a client-server publish-subscribe

transport protocol suited to constrained links. [S07] MQTT 5.0 is payload-agnostic:

a payload is an opaque byte array, and a topic name is a UTF-8 routing string

separated by slashes. [S07]

When an engineer publishes {"val": 42, "ts": 1793336400} to cameroon/plant1/

weaving/loom07/picks, MQTT 5.0 governs delivery according to Quality of Service

(QoS 0, 1 or 2). [S07] It does not verify whether 42 is picks per minute, hundreds of

picks since reset, or a fault code; whether ts is UTC seconds or local milliseconds; or

which lot_id and order_id are running on loom07. [S07] [S08] A topic path is a routing

address, not a governed data contract. [S05] [S07]

• 
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3 . 7  D E C O U P L I N G  PAY LOA D  S E M A N T I C S  F R O M  T H E  W I R E  P R OTO C O L
P R OT E C TS  S M A L L  T E A M S

Separating transport from payload semantics lets the same governed event contract

(Exhibit 11, p. 55) travel over three transport mechanisms as the plant matures,

without altering a downstream KPI formula or ML feature definition: [S06] [S07] [S0302]

Stage 1 (Manual tabular transport): Operators record shift events on forms

uploaded as CSV tables annotated with W3C Tabular Data Metadata (CSVW)

schemas, which provide metadata describing how tabular data should be

interpreted and bind every column to Exhibit 11, p. 55 with source_method =

"manual_sheet". [S08] [S0302]

Stage 2 (Publish-subscribe transport): Optical counters or sub-meters on an

edge gateway publish messages over MQTT 5.0 (S07) validated against a JSON 

Schema embodying the identical ten-field contract, setting source_method =

"plc_counter". [S07] [S08]

Stage 3 (Contextual machine interoperability): Machinery with native OPC UA

servers (S06) maps OPC UA nodes (asset_id, unit, status and timestamp) into the

same canonical event envelope. [S06] [S08]

Because consumers read the governed event contract rather than binding to CSV

columns, MQTT topics or PLC registers, upgrading a line from manual sheets to

sensors is a non-breaking change in source_method. [S05] [S10] [S38]

3.8

Canonical taxonomies preserve local detail
Even when events arrive in a ten-field envelope, categorical payloads (event_type, 

defect_id, downtime cause, waste category and unit) fragment unless governed by

canonical taxonomies. [S01] [S04] Different consumers need different granularity from

the same observation:

Supervisors and technicians need mechanism-specific codes: distinguishing 

skip_stitch_needle_deflection (DEF-SEW-014) from skip_stitch_looper_timing

(DEF-SEW-015) or oil_spot_presser_foot (DEF-SEW-022), and 

unplanned_stop_yarn_break_warp (DT-WEV-004) from 

unplanned_stop_rapier_gripper_wear (DT-WEV-009). [S05] [S38]

Computer-vision engineers (wp03) need morphological labels. According to the

inherited evidence register, industry literature reports manual fabric inspection at

60 to 70 percent accuracy (missing 20 to 30 percent of defects), whereas com-

puter vision reaches above 90 percent accuracy across more than 40 defect types

at speeds up to 60 metres a minute (an inherited benchmark not refreshed in 2026

and not a GFT plant result). [R29] Training or validating vision models under ISO/IEC

5259-3 requires recording specific codes (broken_pick, slub, reed_mark, 

oil_stain, shade_bar), not fabric_fault. [S04] [R29]

Buyers and quality leads require Acceptable Quality Limit (AQL) severity bands

(critical, major, minor) and order summaries (wp02, wp05). [S08] [S38]

1. 

2. 

3. 
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Sustainability analysts (wp16) require offcuts, dye discharges and utility use rolled

up into mass-balance and greenhouse-gas categories

(cotton_cutting_waste_kg, reworked_batch_steam_kwh, 

rejected_garment_scrap_kg). [S05] [S38]

Logging only coarse categories (Major Defect) at entry destroys diagnostic signal:

once 40 defect types are collapsed into Major, no query or ML pipeline can recover oil

stains versus skipped stitches. [S04] [S09] Letting each team maintain private mapping

tables is equally destructive. [S01] [S39]

GFT enforces a two-part rule: capture at the atomic leaf code, and project external

views through versioned crosswalk tables: [S08] [S09] [S0301]

Every event stores the immutable leaf code (defect_id) and active taxonomy

version (taxonomy_version) at capture time, while each workstation displays only

the 8 to 12 leaf codes relevant to its operation_id (illustrative subset size). [S05]

[S08] [S09]

Crosswalk mappings link each leaf code to each view (kpi_disposition_group, 

vision_class_id, buyer_aql_severity, carbon_waste_category), with effective

dates and provenance under W3C PROV-O and W3C DCAT-3. [S09] [S0301]

Aggregations never overwrite the leaf code, outputting both the rollup category

and lineage to the leaf records. [S09]

As shown in Exhibit 13, p. 59, one governed defect observation event feeds three

views without three collection routines. [S08] [S38]

• 
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EXHIBIT 13 / SEMANTIC ROUTING PATH

One governed event serves three views without three redefinitions

ILLUSTRATIVE [S08] [S38] Illustrative process and semantic flow showing a single inline defect observation event (GS1 EPCIS 2.0 structure, S08)
routed through a versioned taxonomy crosswalk to serve the ISO 22400-2 quality KPI (S38), the wp03 vision-model evaluation dataset and the wp05
customer lot-traceability view.

In Exhibit 13, p. 59, Node 1 records leaf code DEF-FAB-019 (such as an illustrative

weft slub above 4 millimetres). [S08] Node 2 validates the ten-field envelope (Exhibit

11, p. 55), binding asset_id, lot_id, order_id and event_time. [S08] Node 3 applies

the versioned crosswalk (tax-defect-v1.3) without altering the stored event. [S09]

[S0301] Node 4a feeds the shift's ISO 22400-2 First-Pass Yield calculation (wp02);

[S38] Node 4b supplies a morphological label with lot context for vision evaluation

(wp03); [S04] and Node 4c projects buyer AQL severity and rejected mass for

traceability and carbon accounting (wp05 and wp16). [S08] Verifying consistent human

coding across shifts requires the quality gates in Chapter 04 and wp03. [S04]

3.9

Data contracts make compatibility an explicit
promise
Identifiers, IEC 62264-1 boundaries, KPI formulas, EPCIS envelopes and taxonomies

join in one instrument: the data contract. [S04] [S10] Pipelines fail when an upstream

producer silently alters a feed that a consumer relies upon: changing a unit, reusing

order IDs, renaming reject_count to scrap_total, or adding an unmapped downtime

code. [S01] [S04] Unannounced changes make dashboards display falsehoods and feed

corrupted features into ML models. [S04] [S15]

1. Capture
defect_observed
(DEF-FAB-019)

2. EPCIS event:
asset, lot, order,

time

3. Taxonomy
crosswalk

(tax-defect-v1.3)

4a. KPI view
(wp02): First-Pass

Yield

4b. Vision view
(wp03): morphology

label

4c. Buyer and
carbon view (wp05

/ wp16)

1 2 3

45

1. validate contract

2. retain leaf code

3. disposition rule

4. visual label map

5. AQL & mass map
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NISTIR 8107 notes that standards facilitate delivering the right information at the right

time, enable actions based on that information, and reduce adoption risk. [S10] ISO/IEC

5259-3:2024 defines requirements for managing data quality in analytics and

machine learning. [S04] GFT translates these standards into a data contract: a ver-

sioned, machine-testable specification stored in version control governing a pub-

lished dataset between a named producer role and registered consumer roles. [S02]

[S04] [S0302]

Every published dataset or event feed registers a contract with seven clauses: [S01]

[S02] [S04] [S0301] [S0302]

Identity, ownership and boundary: dataset ID, IEC 62264-1 boundary (S05),

owner and steward (S02), and registered consumers (KPI IDs, views or ML

pipelines). [S02] [S05]

Structural schema: field names, types, encodings and key references (site_id, 

line_id, asset_id, order_id, lot_id) in a JSON Schema or W3C Tabular Data 

Metadata (CSVW) descriptor. [S0302]

Required fields and quality states: mandatory fields (NOT NULL), explicit 

quality_state values replacing magic numbers (-999 or 0), and active taxonomy

versions. [S01] [S04]

Physical and monetary units: mandatory units for numeric fields (mm, m/min, kg, 

kWh, pieces, XAF), barring unitless numbers or unlabelled currencies. [S01] [S38]

Temporal semantics: timezone (UTC with offset), capture cadence (such as upload

within 30 minutes of shift close, an illustrative window), and maximum lag before

an alert fires. [S08] [S38]

Quality gates and quarantine: ingestion assertions routing failures to quarantine

for steward correction rather than silent deletion. [S01] [S04]

Semantic versioning: MAJOR.MINOR.PATCH version and criteria separating

backward-compatible (MINOR) from breaking (MAJOR) changes. [S0301]

3 . 1 0  S E M A N T I C  V E R S I O N I N G  D I ST I N G U I S H E S  SA F E  E VO L U T I O N  F R O M
B R E A K I N G  C H A N G E

The W3C Data Catalog Vocabulary (DCAT Version 3) shows how a specification

evolves safely: DCAT 3 relaxes constraints and adds classes and properties while

preserving backward compatibility so changes do not break previous term definitions.

[S0301] GFT applies three version levels to factory contracts: [S09] [S15] [S0301]

Patch version (v1.0.0 to v1.0.1): clarifies documentation without altering any

field, unit, taxonomy code or KPI formula. [S0301]

Minor version (v1.0.0 to v1.1.0, backward-compatible): adds an optional field;

registers a new leaf code with complete crosswalk mappings; or adds a new asset

or style. [S08] [S0301] Existing KPI queries and ML pipelines run unchanged with

identical historical results. [S15] [S0301]

1. 
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Major version (v1.1.0 to v2.0.0, breaking change): renames or deletes a

required field; alters a unit; redefines a KPI formula or exclusion (S38); or splits a

leaf code without a deterministic crosswalk. [S38] [S0301] Major versions require

owner approval (S02), a migration transform in W3C PROV-O lineage (S09), and ML

pipeline re-validation (S15). [S02] [S09] [S15]

C O N T R AC T  V E R I F I CAT I O N  B E F O R E  R E L E AS E  A N D  AT  I N GE ST I O N

GFT enforces contracts across workbooks and automated feeds in four steps: [S04]
[S09] [S15] [S0302]

Schema binding: Every shift workbook (CSV) and edge topic pairs with contract-
domain-name-v1.0.json using W3C Tabular Data Metadata (S0302) or JSON
Schema. [S0302]

Pre-release test: Before promoting any template, tag, crosswalk or KPI change,
an automated check runs synthetic records and frozen historical shifts through
producer schemas and consumer queries, blocking unversioned MAJOR changes.
[S04] [S15] [S38]

Ingestion gate: Incoming batches or streams are validated before curated
storage; valid records receive a W3C PROV-O stamp (schema_version, 
validated_at), while failures route to quarantine for the steward (S02). [S01] [S02]
[S04] [S09]

Lineage binding: Every report (S38) and ML snapshot (S04, S15) logs the 
schema_version, taxonomy_version and kpi_dictionary_version of its inputs.
[S09] [S15] [S38]

G F T  N OT E :  T U R N  S P R E A D S H E E T  K P I  S H E E TS  I N TO  V E R S I O N E D  C O N T R AC TS  F R O M
DAY  O N E

In GFT's Cameroon textile programme, tracking starts with manual shift, quality,
maintenance and order sheets before cloud warehouses or vision lines exist. [S10]
[S0302] GFT recommends treating each workbook as a contracted producer from
shift one: lock column headers (site_id, line_id, shift_id, order_id, lot_id, 
event_time, defect_id), restrict categorical cells via drop-downs bound to a locked
taxonomy tab, ban merged cells and text in numeric columns, and keep a W3C
Tabular Data Metadata (CSVW) JSON file beside the workbook. [S38] [S0302] This lets
the team validate uploads with a 50-line script (illustrative size), feed the kpi-
cascade and oee-line tools directly, and migrate later to the edge topology in wp18
without changing an identifier or KPI formula. [S05] [S38]

To guide owners and stewards when evaluating proposed changes, Exhibit 14, p. 62

places eight modifications on migration effort (x) and downstream breakage risk (y).

[S04] [S10]

• 
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EXHIBIT 14 / ILLUSTRATIVE GOVERNANCE INDEX (0 TO 10)

Compatibility rules distinguish safe evolution from breaking change

ILLUSTRATIVE [S04] [S10] Illustrative governance assessment of eight typical schema, taxonomy and KPI modifications on implementation/migration
effort (x, 0 to 10) and silent downstream breakage risk (y, 0 to 10), derived from data-quality management principles in ISO/IEC 5259-3 (S04) and
standards-integration risk in NISTIR 8107 (S10). Coordinates are illustrative ordinal scores to show contract classification rules, not empirical frequency
measurements.

The four quadrants of Exhibit 14, p. 62 translate contract rules into shop-floor prac-

tice. [S04] [S10] In the lower-left quadrant (Safe minor evolutions), adding an optional

event field (x = 2.0, y = 1.5, illustrative), registering a line ID (x = 2.5, y = 1.2,

illustrative), or adding a leaf defect code with crosswalk mappings (x = 3.0, y =

2.0, illustrative) requires only a MINOR bump (v1.x) and automated contract validation.

[S04] [S0301] In the lower-right quadrant (Managed structural extensions), adding an 

MQTT or OPC UA adapter that maps into the canonical event envelope (x = 6.5, y =

2.5, illustrative) requires engineering effort but preserves downstream compatibility.

[S06] [S07]

By contrast, the upper-left quadrant (Dangerous shortcuts) exposes changes that cause

severe damage because they look effortless at entry: reusing an old order_id or 

asset_id (x = 1.5, y = 9.2, illustrative) or changing a unit from metres to yards

without renaming the field (x = 2.0, y = 9.5, illustrative). [S01] [S04] The contract

rejects upper-left shortcuts at ingestion. [S04] Finally, the upper-right quadrant (Major
version migrations) covers legitimate evolutions that alter meaning, such as revising

how rework enters an ISO 22400-2 OEE formula (x = 5.5, y = 8.5, illustrative) or

splitting a defect code without a one-to-one mapping (x = 6.8, y = 8.0, illustrat-

Dangerous shortcuts (ban or gate) Major version migrations (v2.0)

Safe minor evolutions (v1.x) Managed structural extensions

Add optional event
field

Add leaf defect code
+ crosswalk

Register new sewing
line ID

Add new transport
adapter

Reuse old order or
asset ID

Silent unit change (m
to yd)

Alter OEE rework
exclusion Split defect code

without crosswalk

Migration effort (0 = low, 10 = high)

Downstream breakage risk (0 = low, 10 =
high)

0 10

10

0
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ive), which require a MAJOR release (v2.0), dual-version reporting and model re-eval-

uation. [S15] [S38] Executing automated quality gates, quarantining bad records and

tracing provenance across transformations is the task of Chapter 04.

A factory does not share a fact until the line and the
ledger mean the same thing by its name.
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PART I: GOVERN MEANING BEFORE SCALE / FITNESS AND LINEAGE

Quality gates make fitness
visible before errors
compound
A small set of enforced checks, visible exceptions and complete lineage is more
useful than an unmeasured claim that the data are clean.
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CHAPTER 04
DECISION TEST

A small set of enforced
checks, visible exceptions
and complete lineage is
more useful than an
unmeasured claim that the
data are clean.

A factory record is fit for use only when its defects, omissions and transform-

ations are explicitly measured and preserved before the record enters a

management report or a training pipeline. [S01] In a small manufacturing

team, declaring a dataset clean by inspection is an operational hazard. Unchecked

capture errors do not vanish when rows are aggregated into shift summaries or fed

into machine-learning features; they compound silently into distorted key perform-

ance indicators (KPIs), misallocated maintenance hours and brittle model predictions.

[S18] The practical remedy is not an enterprise data-cleansing department. It is a

compact set of automated and steward-enforced quality gates placed at capture and

ingestion, paired with explicit quality states and end-to-end provenance links con-

necting every derived metric or prediction back to the shop-floor events that

produced it. [S04] When a record fails a rule, the industrial data spine isolates the

offending event in a visible quarantine queue and routes a repair task to the originat-

ing domain steward, keeping curated tables uncontaminated while preserving raw

evidence. [S09]

This discipline is foundational for Green Future Tech Limited (GFT), Hong Kong SAR, in

its three-part Cameroon textile programme covering feasibility, performance-man-

agement system design and digital strategy. According to the programme's inherited

evidence base, prepared on 31 January 2024 and not refreshed in 2026, with original

source publication dates unrecorded, about 95 percent of Cameroon's cotton fibre is

exported raw and about 5 percent is processed locally, against a national target of 50

percent local processing by 2030. [R06] [R07] Across existing domestic mills, a July

2023 report cited in that inherited register recorded capacity utilisation at 33.7 per-

cent in Garoua, 48.9 percent at CICAM 1 and 10.83 percent at CICAM 2, with

underutilisation costing about CFAF 2 billion in 2020. [R12] Those sector figures

describe external industrial conditions rather than GFT operating results, yet they

establish why data quality cannot wait. A factory closing such utilisation gaps on tight

margins cannot base capital allocation, shift scheduling, quality disposition or demand

forecasting on unverified spreadsheet entries or silently patched logs. [S36]

Where earlier chapters established why trusted records matter, who holds decision

rights and how operational vocabularies define shared meaning, this chapter specifies

how the data spine tests whether incoming records honour those contracts. [S02] It

translates international data-quality and provenance standards into seven shift con-

trols: turning quality dimensions into grain-specific tests, enforcing validation and 

quarantine at capture and ingestion, separating missing and estimated values from

observations, versioning rules alongside schemas, recording provenance across KPIs

and pipelines, improving capture iteratively through a quality register, and halting

upstream data cascades before they corrupt models. [S03] [S15]

4.1

Quality dimensions become operational tests
Data quality is the degree to which stated characteristics of data fulfil explicit

requirements for an intended task. [S01] Standardised frameworks such as ISO/IEC

25012 categorise data-quality requirements and measures so that data can be

evaluated independently from the applications that process them. [S03] Similarly, the

World Wide Web Consortium (W3C) Data Quality Vocabulary emphasises that pub-
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lishing consistent quality measures allows a dataset consumer to judge fitness for

purpose rather than relying on an unverified claim of completeness. [S0401] For analyt-

ics and machine learning, ISO/IEC 5259-3 extends this requirement across training,

validation and operational production feeds. [S04]

4 . 2  F I V E  P R AC T I CA L  D I M E N S I O N S  E VA L UAT E  F I T N E S S  W I T H O U T  C L A I M I N G
A N  E X H AU ST I V E  TA XO N O M Y

Standards catalogues list over a dozen quality characteristics, but a small team scor-

ing every theoretical dimension across every table will produce administrative theatre

rather than safer decisions. [S03] Within the evaluation approach of ISO/IEC 25012,

this paper selects five operational dimensions as its practical test set: validity, com-

pleteness, consistency, timeliness and uniqueness. [S03] This five-part selection is an

engineering design choice for small industrial teams, not a claim that international

standards mandate only these five categories. [S04]

Each dimension answers a distinct question between shop-floor capture and curated

storage:

Validity tests whether a value conforms to its contracted data type, physical range,

unit and allowed code list under the active schema. [S01] A sewing-line record

reporting negative 15 garments, a roll width without a unit, or an unrecognised

fault code fails validity immediately. [S04]

Completeness tests whether required fields are populated and whether all expec-

ted records for a scheduled interval have arrived. [S03] An hourly log omitting the

style code fails field completeness, whereas a shift with only 6 of 8 scheduled

hourly logs submitted fails grain completeness. [S38]

Consistency tests whether representations of the same physical reality agree

across records or systems without contradiction. [S03] If a loom state log reports

60 minutes of mechanical stoppage during an hour in which the output log reports

45 metres of woven fabric on that same asset, the records fail consistency. [S05]

Timeliness tests whether the delay between physical occurrence (event time) and

validated availability (ingestion time) falls within the decision window. [S08] A

defect log entered 36 hours after shift handover fails timeliness for morning quality

disposition. [S36]

Uniqueness tests whether each physical event or entity is represented once at the

stated grain, preventing message replay or double-entered sheets from inflating

counts. [S08]

4 . 3  E V E RY  Q UA L I T Y  T E ST  B I N D S  TO  A  S P E C I F I C  G R A I N ,  D E N O M I N ATO R  A N D
AC C O U N TA B L E  R O L E

An operational quality test is executable only when it specifies the grain of evaluation,

the pass condition, the summary denominator and the owner who acts when the test

fails. [S02] In ISO 22400-2, manufacturing KPIs require explicit formulas, time beha-

viours and boundaries; quality tests on underlying inputs need the same precision.

[S38] Specifying that every closed corrective work order (grain: work_order_id)

must contain a valid asset identifier, fault code, repair duration in minutes and restart

timestamp before closure (owner: Maintenance Steward) turns an aspiration into a

deterministic gate. [S02] [S05]

• 

• 

• 

• 

• 
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Before building dashboards or training models, a factory should map active rule

coverage across its core domains, as illustrated in Exhibit 15, p. 67. [S03] [S04]

EXHIBIT 15 / ILLUSTRATIVE COVERAGE SCORE (0 TO 4)

A rule-coverage map reveals where fitness is assumed rather than tested

ILLUSTRATIVE [S03] [S04] [S0401] Illustrative scoring model (0 = untested, 1 = manual spot check, 2 = entry syntax check, 3 = automated gate with
quarantine, 4 = versioned gate with full lineage) across four factory record sets and five quality dimensions, derived from ISO/IEC 25012 (S03), ISO/IEC
5259-3 (S04) and W3C DQV (S0401). Values are illustrative and not a measured GFT factory result.

The illustrative matrix in Exhibit 15, p. 67 scores each intersection from 0 (no test) to

4 (versioned gate with quarantine and lineage), adapting ISO/IEC 25012, ISO/IEC

5259-3 and the W3C Data Quality Vocabulary. [S03] [S04] [S0401] In this illustrative

baseline, customer orders and production logs reach scores of 3 to 4 on syntax valid-

ity and uniqueness because entry templates enforce primary keys and numeric cells.

Quality inspections and maintenance tickets score 1 on completeness and consist-

ency because operators record free-text notes on clipboards and transcribe them

after the shift without cross-checking asset states or lot identifiers. [S05] What Exhibit

15, p. 67 cannot establish is the actual defect rate of the records; a high coverage

score proves only that a test runs, not that the shop-floor process is error-free. Its

operational value is to stop a team from training a model on domains where

completeness and consistency remain at level 1. [S04]

4.4

Validation belongs at capture and ingestion
Discovering a broken identifier or impossible unit weeks later during feature engin-

eering is the costliest way to manage factory data. [S18] Upper-bound estimates from

semiconductor manufacturing workshops indicate that data processing for a single

application can reach 70 percent of total cost when teams repeatedly clean raw logs

for each downstream tool. [S39] Under ISO 8000-1 and ISO/IEC 5259-3, validation

belongs at two early boundaries: syntax enforcement at capture, followed by contract

validation at ingestion before curated storage. [S01] [S04]

Validity Completeness Consistency Timeliness Uniqueness

Production logs 3 2 2 3 3

Quality inspections 2 1 1 2 3

Maintenance tickets 2 1 1 1 2

Customer orders 3 3 2 2 4

Cell scale: 1 to 4
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4 . 5  E N T RY  C O N ST R A I N TS  B LO C K  I M P O S S I B L E  S Y N TA X  W H I L E  I N G E ST I O N
GAT E S  I S O L AT E  C O N T R AC T  FA I L U R E S

At capture, whether an operator types into a tablet at a weaving beam, scans a bar-

code on a dye lot or configures an edge gateway polling a controller, the interface

should make syntactic invalidity impossible to submit. [S06] Picklists bound to master

data prevent invented style codes, unit-locked inputs prevent kilogram weights from

entering as bale counts, and barcode scans eliminate transposition errors. [S05]

Entry constraints cannot catch every defect. An edge buffer flushing messages after a

network outage, a laboratory batch import or a cross-record check between

production and maintenance can only be evaluated at ingestion. [S08] Dropping non-

conforming records destroys physical evidence, whereas writing them directly into

curated tables with unread warnings contaminates downstream KPIs and training sets.

[S19] The solution is a formal quarantine gate between raw capture and curated

publication, shown in Exhibit 16, p. 68. [S01] [S04] [S09]

EXHIBIT 16 / 

Quarantine keeps bad records visible without contaminating curated data

DERIVED [S01] [S04] [S09] Derived operational control flow linking raw capture, entry syntax check, ingestion contract gate, quarantine isolation,
steward remediation and provenance-logged reprocessing, based on ISO 8000-1 (S01), ISO/IEC 5259-3 (S04) and W3C PROV-O (S09).

In Exhibit 16, p. 68, every incoming record first lands in an immutable raw log so

shop-floor evidence is preserved. [S09] Records passing syntax checks are tested

against the active contract at ingestion, verifying foreign keys, units, state transitions

and uniqueness. [S04] Passing records enter the curated store; failing records enter 

Capture raw event Check entry syntax Validate contract
Publish curated

record

Isolate in
quarantine

Steward correction
Log provenance and

reprocess

2 3

4

56

7

2. Valid syntax

3. Pass gate

4. Fail rule

5. Assign owner

6. Superseding event

7. Re-evaluate
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quarantine with the failed rule ID, contract version and rejection timestamp. [S01] While

Exhibit 16, p. 68 defines the control path, it cannot guarantee timely resolution

without an enforced steward workload allocation and escalation routine. [S02]

4 . 6  R O U T I N G  R E PA I R  TAS KS  TO  T H E  O R I G I N AT I N G  ST E WA R D  STO P S  S I L E N T
D OW N ST R E A M  PATC H I N G

When a record enters quarantine, a central analyst or IT administrator must never edit

the number quietly in the database to clear an error. [S02] The analyst was not on the

floor and cannot know whether an anomalous figure reflects a typo, a split lot or an

unlogged fault. [S19] Moreover, silent downstream repair shields the originating

department from its own capture defects, guaranteeing recurrence. [S18]

Under ISO 8000-150 role accountability, each quarantine rule routes a repair task to

the originating domain steward. [S02] The task cites the record ID, failed rule (for

example, illustrative check CONSISTENCY_04: output of 120 units exceeds maximum

speed of 95 units per hour for style ST-104), shift and asset. [S38] The steward

verifies the physical tally and submits a superseding correction event citing the raw

event ID, reason code and role identity, which re-enters the contract gate in Exhibit

16, p. 68 before curated release. [S09]

4.7

Missing is not zero and estimated is not
measured
In factory spreadsheets and poorly designed databases, a blank cell, a sensor drop

and a genuine zero-output hour often collapse into 0 or an untyped NULL coerced to

zero. [S04] In manufacturing, that conflation is destructive. An hour in which a ring-

spinning frame produced zero kilograms of yarn because it stopped for a scheduled

bearing replacement differs fundamentally from an hour in which the frame ran nor-

mally but the clerk forgot the tally, or an hour in which a power dip dropped the

gateway while the machine ran on backup generation. [S38]

4 . 8  F I V E  E X P L I C I T  Q UA L I T Y  STAT E S  S E PA R AT E  P H Y S I CA L  STO P PAG E  F R O M
U N R E C O R D E D  O B S E RVAT I O N

To prevent absence or approximation from masquerading as measured production,

every value-bearing record and time bucket must carry an explicit quality-state

attribute alongside its numerical value. [S0402] Following W3C Data on the Web Best

Practices on documenting quality issues and data unavailability in metadata, every

record is tagged with one of five mutually exclusive states: [S0402]

OBSERVED: Captured directly from the primary instrument, scan or verified tally

within the timeliness window and passed all validation gates. [S01]

MISSING: An expected observation for a scheduled interval or mandatory field did

not arrive by cutoff; the value field remains empty rather than defaulting to zero.

[S0402]

ESTIMATED: Imputed using a documented, approved rule when primary measure-

ment was unavailable, such as deriving fabric length from beam revolutions or

allocating daily steam across shifts by run-time hours. [S41]

1. 

2. 

3. 
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CORRECTED: Superseded by an authorised steward correction with a recorded

reason code and provenance link after failing a gate or reconciliation. [S09]

NOT_APPLICABLE: The asset or line was formally unscheduled or outside the meas-

ure boundary during the interval, so no observation was expected. [S38]

4 . 9  P R O PAGAT I N G  STAT E  M E TA DATA  I N TO  AG G R E GAT E S  P R E V E N TS  FA L S E
P R E C I S I O N  I N  M A N AG E M E N T  R E V I E WS

Storing quality states at the event level helps only if those states propagate through

KPI formulas, management tables and feature pipelines. [S04] When an hourly KPI

engine aggregates eight shift hours under ISO 22400-2, it must compute both the

metric value and the quality-state composition across contributing intervals. [S38]

M E T H O D

Quality-state propagation rule for operational aggregates and model features

System boundary: Applies to any roll-up from atomic or hourly shop-floor
records (event_id or hour_bucket) to shift, daily, weekly or lot-level KPIs and 
feature vectors. [S38]

State precedence in roll-ups:

Marked OBSERVED only when 100 percent of scheduled constituent intervals are 
OBSERVED or CORRECTED with a verified audit trail. [S04]

Marked ESTIMATED if any constituent interval is ESTIMATED and none are MISSING,
carrying the estimated input share. [S41]

Marked INCOMPLETE if any scheduled constituent interval is MISSING, excluded
from automated model ingestion, and displaying both the partial sum and
missing-interval count without substituting zero. [S0402]

Verification check: Before freezing any dataset snapshot, a gate verifies that 
OBSERVED, CORRECTED, ESTIMATED, MISSING and NOT_APPLICABLE intervals sum to
the exact calendar capacity of the window. [S03]

A numerical example shows how separating MISSING from 0 protects both manage-

ment action and model training. [S38]
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WO R K E D  E X A M P L E

Illustrative sewing-line availability and output distortion from conflating missing
logs with zero production

Consider an illustrative 8-hour shift on sewing line Line S-02 scheduled for all 8
hours (480 minutes) at a target rate of 50 shirts per hour (400 shirts per shift),
evaluated under ISO 22400-2 definitions. [S38] Assume the following illustrative
sequence across the 8 one-hour buckets:

Hours 1 to 5 (5 hours): In this illustrative normal run, the line logs 48, 52, 50, 49
and 51 shirts (status: OBSERVED), with 60 run minutes per hour (300 minutes
total; 250 shirts). [S38]

Hour 6 (1 hour): In this illustrative stoppage, a needle-bar mechanism jams for
the full hour, logging 0 run minutes and 0 shirts (status: OBSERVED, code 
MECH_JAM). [S38]

Hours 7 and 8 (2 hours): The mechanic clears the jam at the end of Hour 6, and
the line resumes at an illustrative 50 shirts per hour (100 shirts across 2 hours,
120 run minutes), but tablet Wi-Fi drops and the final 2 hourly logs are not
synced (status: MISSING). [S0402]

Case A: Naive pipeline (missing buckets coerced to zero) In this illustrative naive
calculation, a script treats the 2 missing hourly logs as 0 run time and 0 output across
8 scheduled hours, yielding 300 run minutes out of 480 (62.5% apparent availability)
and 250 shirts (31.25 shirts per scheduled hour). [S38] Management sees an illustrat-
ive availability drop to 62.5 percent and 3 hours of stoppage, triggering a false main-
tenance escalation, while a forecasting model learns a downwardly biased output
rate. [S19]

Case B: Governed quality-state spine (missing buckets isolated) Under the gov-
erned spine, the system retains MISSING on Hours 7 and 8 and refuses to coerce them
to zero: [S0402]

Observed coverage: Reports 6 of 8 scheduled hours (75.0% illustrative coverage,
with 2 hours MISSING isolated in quarantine). [S04]

Observed-window availability: Over the 6 observed hours, illustrative availability
is 300 run minutes divided by 360 observed scheduled minutes (83.3%, not 
62.5%). [S38]

Observed-window output: Records 250 shirts across 6 observed hours (41.67
shirts per observed scheduled hour, or 50.0 shirts per running hour). [S38]

Decision consequence: Instead of reprimanding maintenance for an illustrative
phantom 3-hour fault, the morning review sees a 75.0 percent completeness
alert, prompts the steward to sync Hours 7 and 8, and restores the true illustrative
8-hour record (420 run minutes out of 480, or 87.5% availability and 350 shirts)
before publication. [S04] [S38]

• 
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• 

• 
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4.10

Rules and exceptions are versioned
Factory operations change continuously. A mill introduces blended yarn counts,

recalibrates moisture sensors before the rainy season, updates defect thresholds for a

new buyer or splits a downtime code. [S38] Overwriting validation rules and code lists

in place without version control makes historical records uninterpretable, causing later

audits to reject valid historical rows or misclassify passes. [S04]

4 . 1 1  VA L I DAT I O N  T H R E S H O L D S  T R AV E L  W I T H  S C H E M A  V E R S I O N S  S O
H I STO R I CA L  AU D I TS  R E M A I N  R E P R O D U C I B L E

Under ISO/IEC 5259-3 and W3C Data on the Web Best Practices, every validation

rule set, range threshold and code list must be versioned alongside the data contract

it enforces. [S04] [S0402] Each gate evaluation stores not only pass or fail, but the tuple

(schema_version, rule_set_version, evaluated_at). [S09]

Suppose an illustrative contract fabric_roll_inspection runs under schema_v1.1 and

rules_v1.3 from Month 1 to Month 4, with valid cotton twill grammage set at 180 to

220 grams per square metre (g/m2). In Month 5, the mill runs a poplin order at an

illustrative 135 g/m2. Rather than mutating rules_v1.3 globally, the owner and

steward publish rules_v1.4, binding grammage bounds to the style master record

(style_id -> [min_gsm, max_gsm]) from an explicit timestamp. [S02] [S05] Historical

rolls from Month 2 remain valid under rules_v1.3, new poplin rolls validate under 

rules_v1.4, and training queries spanning Months 1 to 6 inspect rule-version 

metadata to verify how each slice was screened. [S15]

4 . 1 2  T I M E - B O U N D E D  WA I V E R S  P R E V E N T  T E M P O R A RY  P R O D U C T I O N
WO R K A R O U N D S  F R O M  B E C O M I N G  P E R M A N E N T  B L I N D  S P OTS

Urgent situations occasionally require relaxing a strict gate temporarily, such as when

a laboratory scale interface fails mid-week or a trial lot runs before its buyer style

code enters the order table. [S05] If the gate offers only a binary choice between halt-

ing capture and permanently disabling the check, operational pressure will disable the

check, leaving much of the suite inactive within months. [S18]

To preserve discipline during exceptions, the spine uses time-bounded waivers

governed by named decision rights. [S02] [S11] Every waiver requires four fields in the

governance log:

Scope and rule identifier: The exact rule, asset or lot boundary affected (for

example, waiving FK_BUYER_STYLE only for illustrative trial order TR-2026-09 on 

Line W-01). [S04]

Accountable approver: The domain owner authorising the exception after assess-

ing downstream risk under NIST AI RMF principles. [S11]

Compensating control and quality state: Admitted records are tagged ESTIMATED

or WAIVED_PENDING_RECONCILIATION, excluding them from automated model

training until reconciled. [S0402]

Hard expiry timestamp: An automatic expiration date (such as an illustrative 7

calendar days from approval) at which the gate reactivates unless reconciliation is

formally closed. [S02]

• 

• 

• 

• 
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4.13

Lineage connects every derived value to its
origins
Even when every event passes a versioned gate, raw and curated events are only the

start of the chain. Before a figure reaches a review or a model outputs a defect prob-

ability, data undergo filtering, unit conversion, time-bucket joins, KPI calculation,

snapshotting and feature transformation. [S15] [S38] When an unexpected number

appears or a model makes a false rejection, the team must walk backward from that

output to the source records, code versions and approvals that created it. [S09]

4 . 1 4  E N T I T Y ,  AC T I V I T Y  A N D  AG E N T  R E L AT I O N S  R E C O R D  H OW  R AW  E V E N TS
B E C O M E  C U R AT E D  FAC TS

To represent lineage without vendor lock-in, the spine adopts the core model of the

W3C PROV Ontology (PROV-O) and the W3C PROV Model Primer: [S09] [S0403]

Entities (prov:Entity): Physical or digital things with fixed aspects, such as an

illustrative raw visibility event (raw_event_88412), a curated hourly table

(curated_hourly_prod_2026W14), a frozen training snapshot

(ds_vision_train_v03), or a model binary (model_defect_cnn_v1.1). [S09] [S0403]

Activities (prov:Activity): Processes occurring over a time interval that act upon

or generate entities, such as an ingestion validation run, a steward correction, an

ISO 22400-2 KPI job, or a training pipeline run. [S09] [S38]

Agents (prov:Agent): Persons, roles or services bearing responsibility for an

activity or entity, such as Quality Steward, Production Owner, or ingestion-

worker-v2.1. [S02] [S0403]

Recording core provenance relations (wasGeneratedBy, used, wasDerivedFrom, 

wasAttributedTo and wasAssociatedWith) as relational rows alongside pipeline runs

captures complete lineage without a separate graph database, letting consumers

judge trust and context accurately. [S09] [S0402]

4 . 1 5  S H A R E D  P R OV E N A N C E  L I N KS  A L LOW  A  B OA R D R O O M  K P I  A N D  A  M O D E L
S C O R E  TO  B E  AU D I T E D  O N  T H E  SA M E  S P I N E

A unified data spine lets management reporting and machine-learning operations

(MLOps) share the same upstream provenance graph rather than maintaining

disconnected silos. [S15] Recording execution metadata for every ML pipeline run

supports data and artefact lineage, reproducibility and comparison. [S15] Linking

pipeline metadata to curated operational identifiers lets the factory reconstruct both a

management KPI and a model decision down to the same raw events, as shown in 

Exhibit 17, p. 74. [S09] [S15] [S0403]

• 

• 

• 
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EXHIBIT 17 / 

Lineage reconstructs a KPI and a model prediction on separate paths

DERIVED [S09] [S15] [S0403] Derived provenance graph linking raw visibility event, versioned quality gate, curated record, KPI formula execution,
shift review, frozen dataset snapshot, pipeline run and model decision, based on W3C PROV-O (S09), Google Cloud MLOps lineage requirements (S15)
and W3C PROV Primer (S0403).

In Exhibit 17, p. 74, a single observation enters the raw log, passes Quality gate

v1.2 and lands in the curated store with its provenance hash. [S09] Two auditable

paths branch outward: KPI calculation v2.0 produces the shift management figure

under ISO 22400-2, while a frozen Dataset snapshot feeds Pipeline and model

v1.1 under S15 to support a live Disposition decision. [S15] [S38] While Exhibit 17,

p. 74 cannot prove by itself that the KPI formula or feature code is conceptually sound,

it allows the custodian to query forward (wasDerivedFrom) whenever a sensor fault is

found, identifying every KPI report, snapshot and model candidate that absorbed the

tainted interval. [S09] [S15]

To keep capture lightweight, the spine logs provenance at four checkpoints: (1)

ingestion from raw batch to curated partition (schema_version, rule_set_version),

(2) steward correction from quarantined event to superseding event (steward_role, 

reason_code), (3) KPI calculation (kpi_formula_version), and (4) MLOps execution

(snapshot_id, pipeline_run_id, model_version_id). [S09] [S15] Standard SQL queries

across those four append-only tables satisfy ISO/IEC 5259-3 and NIST AI RMF

reproducibility obligations without enterprise catalogue costs. [S04] [S11]

Raw event log Quality gate v1.2
Curated event

store
KPI calculation

v2.0

Shift management
review

Dataset snapshot
Pipeline and model

v1.1
Disposition

decision

2

4

7

2. Validated

4. KPI path

7. Model path
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4.16

Quality improves in measured iterations
Small factories often stall digitalisation by treating data quality as a binary precondi-

tion: either waiting until every legacy sheet is flawless, or ignoring quality and rushing

into pilots. [S36] Waiting paralyses action, while ignoring quality produces outputs that

operators quickly abandon. [S19]

4 . 1 7  A N  I T E R AT I V E  Q UA L I T Y  LO O P  P R I O R I T I S E S  R E C U R R I N G  D E C I S I O N  R I S K
OV E R  C O S M E T I C  C O M P L E T E N E S S

The practical alternative follows the Greenhouse Gas (GHG) Protocol's Scope 3

guidance: collecting data, assessing data quality and improving data quality is an

iterative process. [S41] Applied to factory records, the team captures essential events,

assesses where defects threaten high-value decisions, and invests limited

stewardship hours in fixing the top recurring failure modes. [S36] [S41] A typo in an

optional comment has near-zero consequence, whereas a dye-lot mismatch between

the slasher-dryer sheet and weaving-beam ticket breaks lot genealogy (wp05 and 

wp16) and corrupts shade analysis (wp03). [S08] Each iteration follows four steps inside

existing reviews (wp02): [S36] [S41]

Measure baseline gate failures: Count weekly quarantined, MISSING, ESTIMATED

and CORRECTED records by domain and rule, plus steward repair hours. [S03] [S04]

Rank by decision consequence: Score failures by whether they distort an active

KPI, block a model gate (wp03 or wp04), or threaten compliance (wp05 or wp16). [S11]

[S38]

Execute structural capture fixes: Replace manual typing with barcode scans or

lock picklists to master data for the top issues. [S01] [S10]

Verify recurrence reduction: Confirm after two to four weeks that rule failures

dropped below target before closing the item. [S36] [S41]

4 . 1 8  A  L I V E  Q UA L I T Y  R E G I ST E R  T U R N S  R E C U R R I N G  Q UA R A N T I N E  E V E N TS
I N TO  F U N D E D  E N G I N E E R I N G  F I X E S

To make iteration visible, the steward maintains a live quality register, shown in Exhibit

18, p. 76, linking recurring quarantine patterns to affected decisions, owners and

verification windows. [S02] [S19] [S41]

• 

• 

• 

• 
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EXHIBIT 18 / ILLUSTRATIVE REGISTER ENTRIES

A quality register records the issue, consequence and next correction

ILLUSTRATIVE [S19] [S41] [S0402] Illustrative twelve-issue factory quality register showing issue ID and domain, quality state, affected decision,
illustrative weekly recurrence count, accountable owner and structural corrective action with verification window. Issue tracking and iterative
improvement structure derived from Sambasivan et al. (S19), GHG Protocol iterative quality guidance (S41) and W3C DWBP metadata disclosure
(S0402). All counts and windows are illustrative.

Issue and
domain

Quality state Affected
decision

Weekly count Owner Corrective
action and
verify window

QR-01
Production

MISSING Shift OEE
review

14 Prod Steward Enable tablet
offline queue
alert (14d)

QR-02 Quality INVALID Roll
disposition

19 Qual Steward Lock defect
picklist to
v2.1 taxonomy
(10d)

QR-03
Maintenance

INCONSISTENT Downtime Pareto 11 Maint Steward Reconcile stop
time with loom
state (21d)

QR-04
Production

LATE Morning line
balance

22 Line Lead Move tally
cutoff to shift
handover (7d)

QR-05 Orders DUPLICATE Dye-lot
scheduling

6 Order Steward Enforce unique
order-line key
(14d)

QR-06 Quality MISSING Vision training
set

17 Qual Owner Require roll
barcode scan at
camera (21d)

QR-07
Sustainability

ESTIMATED Batch energy
intensity

8 Sust Steward Install
sub-meter on
stenter frame
(45d)

QR-08
Maintenance

MISSING Spare-parts
reorder

9 Maint Steward Require part
code on ticket
close (14d)
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EXHIBIT 19 / ILLUSTRATIVE REGISTER ENTRIES

A quality register records the issue, consequence and next correction, continued

ILLUSTRATIVE [S19] [S41] [S0402] Illustrative twelve-issue factory quality register showing issue ID and domain, quality state, affected decision,
illustrative weekly recurrence count, accountable owner and structural corrective action with verification window. Issue tracking and iterative
improvement structure derived from Sambasivan et al. (S19), GHG Protocol iterative quality guidance (S41) and W3C DWBP metadata disclosure
(S0402). All counts and windows are illustrative.

The twelve illustrative rows in Exhibit 18, p. 76 turn abstract dimensions into

engineering tasks. [S41] Illustrative issue QR-02 logs 19 weekly quarantine events for

obsolete defect codes (status: INVALID), threatening roll disposition and wp03 evalu-

ation sets; the fix is a 10-day task locking the picklist to taxonomy v2.1. [S04] Illustrat-

ive issue QR-07 discloses that 8 weekly batch energy allocations use ESTIMATED steam

splits, guiding a 45-day stenter sub-meter installation. [S41] [S0402] While Exhibit 18,

p. 76 cannot resolve cross-departmental trade-offs automatically, tracking remedi-

ation hours exposes hidden preparation costs: eliminating an illustrative 4 hours a

week of manual reconciliation saves about 200 hours a year of recurring toil. [S02]

[S18] [S39]

4.19

Upstream checks limit downstream cascades
Empirical evidence on AI failures reinforces why quality gates precede modelling.

Studying high-stakes AI practitioners at ACM CHI 2021, Sambasivan et al. defined 

data cascades as compounding events causing negative downstream effects from data

issues, finding them pervasive (92 percent prevalence in their interviewed sample),

invisible, delayed, but often avoidable. [S19] Though that 92 percent figure describes

their qualitative sample rather than a statistical survey of Cameroonian manufacturers,

the mechanism is a direct warning for industrial MLOps. [S19]

4 . 2 0  D E L AY E D  G R O U N D  T R U T H  A N D  S I L E N T  F I E L D  C H A N G E S  T R I G G E R
C O M P O U N D I N G  DATA  CAS CA D E S

Data cascades arise when upstream carelessness in calibration, labelling or schema

evolution interacts with production over time. [S19] In textile inspection, literature notes

that manual visual inspection is roughly 60 to 70 percent accurate and misses 20 to

Issue and
domain

Quality state Affected
decision

Weekly count Owner Corrective
action and
verify window

QR-09
Production

INCONSISTENT Piece-weight
yield

12 Prod Owner Standardise
tare weight on
scale (10d)

QR-10 Quality LATE Lab shade
approval

7 Lab Lead Import spectrop
hotometer CSV
live (28d)

QR-11 Orders INVALID Delivery
promise date

5 Order Owner Block past-date
entry on
amendment (7d)

QR-12
Sustainability

MISSING Effluent pH
compliance

4 Sust Owner Add shift-end
check before
drain (14d)
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30 percent of defects, whereas computer vision exceeds 90 percent accuracy across

more than 40 defect types at speeds up to 60 metres a minute (inherited entry R29,

prepared 31 January 2024, not refreshed in 2026, original date unrecorded). [R29] Yet

validating a vision model against manual logs lacking a governed taxonomy or roll-

encoder consistency gate makes the validation score an illusion. [S04] [S19]

Three cascade paths are especially destructive in small factories:

Silent unit or sensor drift: A weaving-shed humidity sensor drifts out of calibra-

tion, or a firmware update alters scaling from tenths of a millimetre to whole milli-

metres. [S06] Without an ingestion range gate, feature pipelines ingest shifted

numbers as process changes, triggering false alarms until operators mute the

system. [S18]

Label contamination from unlogged workarounds: During an end-of-month

shipment push, supervisors pass minor slub defects on secondary panels without

logging a waiver or changing the grade code. [S02] Retraining on those passed rolls

as defect-free ground truth teaches the model to ignore slub defects on premium

orders later. [S19]

Delayed outcome joins across broken identifiers: In demand forecasting (wp04)

or return analysis, outcomes arrive weeks after production. [S43] If order amend-

ments or lot splits overwrote the original identifier instead of appending a proven-

ance-linked event under EPCIS and PROV-O rules, delayed outcomes join to the

wrong production record. [S08] [S09]

WA R N I N G

Unresolved upstream quality failures must halt model promotion

When a candidate model shows poor validation accuracy or shadow-mode drift,
teams are tempted to tune hyperparameters or trigger automated retraining. [S18]
Under this paper's governance rules and the stop/postpone principle in SME AI
cases, no model may be retrained or promoted to compensate for an unresolved 
quarantine backlog or unverified schema change. [S44] If lineage links a performance
drop to a surge in MISSING or ESTIMATED inputs, the model owner must freeze model
changes and escalate the capture defect to the domain owner. [S11]

4 . 2 1  R O OT- CAU S E  L I N E AG E  STO P S  T E A M S  F R O M  R E T R A I N I N G  M O D E L S  TO
M AS K  B R O K E N  CA P T U R E

When quality gates and provenance graphs work together, diagnosing an anomaly

becomes a fast lookup rather than a week-long forensic project. [S15] Following the

CRISP-DM manufacturing lifecycle, evaluation and deployment remain coupled to

data understanding and preparation. [S43] Before opening a modelling notebook to

investigate a degraded forecast or erratic KPI, the spine runs three checks along the

lineage graph:

Step 1: Inspect upstream quality-state composition: Did MISSING, ESTIMATED or

quarantined shares in feeding tables exceed the contracted threshold during the

window? [S04]

1. 

2. 

3. 

• 
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Step 2: Check contract and rule-version transitions: Did a schema version, KPI

formula version (S38), master-data mapping (S05) or threshold change along 

wasDerivedFrom? [S09] [S38]

Step 3: Audit manual correction and waiver logs: Did a temporary waiver or

post-shift CORRECTED surge alter input or label distributions? [S02]

Only when all three checks confirm stable capture, semantics and gates does the

team treat the anomaly as process or concept drift under Part III. [S15] [S43]

G F T  N OT E

Convert manual spreadsheet checks into governed gates before buying software

In GFT's Cameroon textile programme, the initial performance-management system
starts with shift sheets and spreadsheet logs before edge brokers or vision cameras
are deployed. A factory need not wait for a cloud platform to apply this chapter's
controls. [S36] On day one, the steward can add the five quality states (OBSERVED, 
MISSING, ESTIMATED, CORRECTED, NOT_APPLICABLE) as a mandatory workbook column,
lock picklists to a master tab, move failed rows to a Quarantine_Log sheet rather than
deleting them, and review the 12-row quality register weekly. [S02] [S41] When the
plant migrates to a database and MLOps pipeline (wp18), those exact rules, states and
provenance obligations transfer directly into SQL constraints and pipeline assertions.
[S04] [S15]

By making data fitness an explicit, versioned and provenance-backed property of

every record, the factory completes Part I of the industrial data spine: decision rights

are named, vocabulary is contracted, and quality gates guard curated storage. [S01]

[S02] Part II turns to the minimum durable architecture required to store, contextualise,

protect and recover those records under factory constraints.

Clean data are not found by analysts at the end of the
pipeline; they are kept clean by visible gates and
traceable lineage at the point of work.
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The smallest durable spine
separates capture, context
and consumption
A durable architecture preserves source evidence, adds governed context once
and lets each decision consume a controlled product.
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CHAPTER 05
DECISION TEST

A durable architecture
preserves source evidence,
adds governed context
once and lets each decision
consume a controlled
product.

T he smallest durable industrial data spine is a three-stage separation of

responsibilities, not a large software suite. It separates capture close to

physical work, context assembly in a canonical operational core, and con-

sumption through read-only, purpose-specific data products. [S05] [S10] In Cameroon,

where the inherited sector baseline prepared on 31 January 2024 records about 95

percent of cotton fibre exported raw and about 5 percent processed locally against a

50 percent target by 2030 (original dates unrecorded and not refreshed in 2026),

domestic mills cannot afford brittle data estates. [R06] [R07] Reported capacity utilisa-

tion at domestic textile plants in July 2023 ranged from 10.83 percent at CICAM 2 to

33.7 percent at Garoua and 48.9 percent at CICAM 1, with underutilisation costing

about CFAF 2 billion in 2020. [R12] Connecting shop-floor logs, machine counters,

quality sheets and order schedules directly to spreadsheets or dashboards without

separating raw evidence from business transformation means every formula change

alters history and every new consumer multiplies integration effort. [S18] [S39] Separ-

ating capture, context and consumption lets a lean team preserve immutable shop-

floor evidence, attach governed meaning once, and serve management reporting,

traceability and machine-learning pipelines from one auditable foundation. [S08] [S09]

[S15]

5.1

Capture remains close to the work
Capture must occur at the physical boundary where materials move, machines cycle

and operators inspect garments, and it must continue working when external

networks fail. [S22] [S33] An event loses diagnostic fidelity when an operator must

remember a stoppage until shift end or transcribe a chalkboard tally into a terminal

hours later. [S19] Keeping capture adjacent to work means placing manual entry forms

at the sewing line or inspection table, reading programmable logic controllers and util-

ity meters at the cell boundary, and running edge vision inference next to the fabric

frame rather than across an unstable wide-area link. [R29] [S05] [S22] Because opera-

tional technology environments have strict performance, reliability and safety con-

straints, capture components must observe production passively or through defined

interfaces without delaying control loops or introducing unsafe dependencies. [S05]

[S22]

5 . 2  A D JAC E N T  R E C O R D I N G  P R E V E N TS  T R A N S L AT I O N  D R I F T  AT  T H E
B O U N DA RY

Recording an event where it happens requires local resilience against network inter-

ruptions. [S33] Where telecommunications or switch faults occur intermittently, a cap-

ture node that depends on continuous cloud or central-server availability drops

production evidence when operational stress is highest. [S22] [S33] Product-specific

edge architectures illustrate the required mechanism: when upstream connectivity is

lost, a local parent device buffers device-to-cloud messages on durable storage until

the connection returns. [S33] In GFT's minimum spine, that store-and-forward prin-

ciple applies across all three capture channels: a line-side tablet caches signed shift

entries locally, an edge gateway writes polled machine registers to a local ring buffer,

and an optical inspection unit stores defect events and image hashes on local solid-

state storage before upstream synchronisation. [R29] [S08] [S33]
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5 . 3  P R OV E N A N C E  TAG S  D I ST I N G U I S H  H U M A N ,  S E N S O R  A N D  M O D E L  O R I G I N S

Adjacency alone does not make captured records trustworthy unless the spine

records how each value entered the system. [S09] [S0501] Under the W3C PROV Data

Model, provenance is information about entities, activities and agents involved in pro-

ducing a piece of data, used to assess its quality, reliability and trustworthiness.

[S0501] If a table stores a fabric defect count or stoppage duration without recording

the generating agent and activity, downstream analysts and training pipelines cannot

tell whether the figure came from a calibrated optical sensor, a manual tally sheet, a

default fallback value or a model's inference. [S04] [S09] [S19]

Every captured record therefore carries an explicit capture-method and source-

agent header alongside its payload. [S08] [S09] Manual entries record the workstation

role, entry mode and submission timestamp while respecting worker data minimisation

by avoiding unnecessary personal identifiers. [S02] [S29] Sensor and meter readings

record the device identifier, interface protocol and polling interval. [S05] [S06] Edge

model outputs, such as automated fabric defect classifications where literature

reports computer vision exceeding 90 percent accuracy across more than 40 defect

types at line-scan speeds up to 60 metres a minute compared with 60 to 70 percent

for manual inspection, must record the model identifier, version, confidence score and

threshold applied. [R29] [S15] Keeping manual, sensor and model-generated values

structurally distinct at capture prevents a later pipeline from training a new model on

the unverified predictions of an older model. [S04] [S15] [S18]

G F T  N OT E

In GFT's Cameroon textile programme, early logging begins with structured manual
sheets and line-side tablets before full machine telemetry is installed. Manual origin is
never a reason to skip provenance metadata. Every manual record should carry its
capture channel, workstation identifier, event timestamp and ingestion timestamp
from day one so that when automated meters or cameras are added later, the spine
distinguishes instrumentation changes from real shop-floor change. [S08] [S09] [S38]

5.4

Raw evidence and curated records serve
different purposes
Once an event leaves the capture boundary, the spine must separate the duty to

remember what was observed from the duty to present clean, contextualised data for

daily decisions. [S09] [S15] In many small factories, one database or shared workbook

serves both roles: scripts or operators write incoming numbers into a table, and

supervisors edit that same table in place when they spot a typo, a miscalibrated meter

or a split order. [S18] [S19] In-place mutation destroys the audit trail. When a down-

stream key performance indicator (KPI) shifts unexpectedly or a forecasting model

degrades, the team cannot reconstruct what the capture layer reported on the day of

production or test whether a cleaning rule introduced bias. [S04] [S15] [S19]
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5 . 5  I M M U TA B L E  R AW  R E T E N T I O N  P R OT E C TS  D I AG N O ST I C  R E C O N ST R U C T I O N

The minimum durable spine enforces a strict boundary between the immutable raw

evidence log and the curated contextual store, as shown in Exhibit 20, p. 84. [S05]

[S09] [S15] The raw evidence layer accepts every receivable payload from capture,

assigns an ingestion timestamp and cryptographic content hash, and writes the

record to append-only storage. [S08] [S09] [S26] No user, steward or transformation

script may update or delete rows in the raw layer during normal operations. [S25] Even

when a record fails schema validation or violates a physical range check, the raw

payload is preserved so engineers can inspect the exact malformed message, dia-

gnose whether a controller register shifted or a manual form broke, and replay the raw

stream once the parser or rule is fixed. [S01] [S04] [S15]

EXHIBIT 20 / 

Three separations keep the spine understandable

DERIVED [S05] [S09] [S10] [S15] [S0501] Derived minimum architecture separating capture, immutable raw evidence, contextual canonical
records, published data products and operational decisions, based on interface boundaries in S05, provenance modelling in S09 and S0501, smart
manufacturing standards in S10 and pipeline lineage in S15.

As Exhibit 20, p. 84 illustrates, the five functional layers embody three architectural

separations: capture is isolated from storage by local buffering and provenance head-

ers; raw evidence is isolated from curated context by append-only immutability and

quality gates; and curated context is isolated from consumption by read-only

published products. [S05] [S09] [S10] [S15] What Exhibit 20, p. 84 cannot establish on its

own is the physical deployment topology, such as whether layers two, three and four

5. Decision and
action Shift

escalation
Quality

disposition
Model admission

and release

Customer and
carbon
reporting

4. Published data
products Operational KPI views

Immutable ML
snapshots

Traceability and
audit extracts

3. Contextual
canonical core Master-data

resolution
Validated event

entities

Superseding
correction

links

Versioned KPI
calculations

2. Raw evidence
store Append-only ingestion

log
Dual timestamps and

hashes
Quarantine state

record

1.Work-adjacent
capture Line-side

manual entry
PLC and meter

polling
Edge vision
inference

Local store-and
-forward buffer
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run inside a single relational database engine with schema-level access controls or

across separate server nodes; that physical sizing belongs to the infrastructure design

in WP18 rather than the governance architecture. [S05] [S25]

5 . 6  S U P E R S E D I N G  R E C O R D S  R E P L AC E  D E ST R U C T I V E  I N - P L AC E  E D I TS

Curated records support rapid, reliable consumption without forcing every dashboard

query or feature pipeline to re-parse raw payloads and re-apply historical correction

logs from scratch. [S04] [S15] [S0502] In the contextual layer, raw events are validated

against their data contracts, linked to the master-data version active at the event time,

and tagged with an explicit quality state such as observed, estimated, missing or

manually corrected. [S03] [S04] [S08]

When a domain steward discovers that an operator entered the wrong lot code or that

a power meter reported a spike during maintenance testing, the steward never over-

writes the raw record and never silently edits the curated row in place. [S02] [S09]

Instead, the spine records a superseding correction event that references the original

event identifier, states the corrected value and reason code, identifies the approving

steward role, and links the new curated state to both the original raw entity and the

correction activity using PROV-O derivation relationships. [S02] [S09] [S0501] Curated

views expose the current effective state for routine reporting while retaining the full

derivation chain so any historical report or model training snapshot can be reproduced

as of the timestamp it was originally generated. [S09] [S15] [S0503]

5.7

A canonical core replaces repeated point
translation
Connecting each source directly to each consuming application creates an

unmanageable web of bilateral translations. [S10] [S18] When a sewing plant has line-

side logs, an order table, a quality sheet, a maintenance log and an energy meter, and

feeds an overall equipment effectiveness (OEE) tracker, a buyer portal, a carbon cal-

culator and a demand forecaster through point-to-point scripts, each script embeds

private assumptions about shift boundaries, units, scrap codes and order identifiers.

[S05] [S38] [S39] NIST's smart manufacturing analysis notes that standards are funda-

mental to delivering the right information at the right time, enabling action, and

reducing adoption risk. [S10] Manufacturers in a 2025 NIST semiconductor workshop

reported that data processing for a single application can reach 70 percent of total

application cost when representations are not shared. [S39]

5 . 8  B I L AT E R A L  A DA P T E R S  M U LT I P LY  I N T E G R AT I O N  M A I N T E N A N C E

Point-to-point translation fails small teams because maintenance effort scales with

the product of sources and consumers rather than their sum. [S10] [S18] When an

upstream machine tag or spreadsheet column changes, the custodian must update

multiple extraction scripts, each written at a different time with incompatible filter

rules. [S18] [S19] A canonical core replaces bilateral adapters with a hub-and-spoke

contract grounded in IEC 62264-1 (ISA-95) enterprise-control models and GS1 

EPCIS visibility event structures. [S05] [S08] [S10] Each capture source maps once into

the canonical model; each downstream product reads from that core. [S05] [S10]
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M E T H O D

To quantify the maintenance difference between bilateral translation and a canonical
core, define:

$S$ as the number of distinct capture sources (manual shift logs, machine
counters, quality stations, maintenance logs and utility meters). [S05]

$C$ as the number of distinct consumption views or applications (shift OEE
dashboards, quality logs, customer provenance extracts, carbon calculators and
forecasting datasets). [S08] [S38]

Under bilateral integration where each consumer maintains its own extraction and
translation from each source, the number of interface mappings $M_{\text{direct}}
$ is:

$$M_{\text{direct}} = S \times C$$

Under a canonical core where each source maps once to the governed model and
each consumer reads through one product contract, the number of interface
mappings $M_{\text{canonical}}$ is:

$$M_{\text{canonical}} = S + C$$

Check boundary: this count measures distinct schema and semantic contracts
tested when definitions change; it does not claim identical engineering hours per
mapping. [S10] [S39]

WO R K E D  E X A M P L E

Consider an illustrative progression across four stages as a small textile plant
expands from manual tracking to multi-domain analytics. [S05] [S10] In Stage 1 (an
illustrative baseline of 4 sources and 4 views), bilateral integration requires $4 \times
4 = 16$ illustrative mappings, whereas a canonical core requires $4 + 4 = 8$ illus-
trative mappings, a reduction of 8 mappings (50 percent). In Stage 2 (an illustrative 6
sources and 6 views), bilateral integration requires $6 \times 6 = 36$ illustrative
mappings against $6 + 6 = 12$ illustrative canonical mappings, saving 24 mappings
(66.7 percent). In Stage 3 (an illustrative 8 sources and 8 views), bilateral integration
reaches $8 \times 8 = 64$ illustrative mappings against $8 + 8 = 16$ illustrative
canonical mappings, saving 48 mappings (75 percent). By Stage 4 (an illustrative 10
sources and 10 views), bilateral scripts require $10 \times 10 = 100$ illustrative
mappings compared with $10 + 10 = 20$ illustrative canonical mappings, an illus-
trative reduction of 80 mappings (80 percent). If each mapping contract requires an
illustrative 4 hours of steward and custodian verification per year during schema
reviews, the Stage 3 plant spends $64 \times 4 = 256$ illustrative hours a year main-
taining point-to-point scripts versus $16 \times 4 = 64$ illustrative hours on the
canonical spine, saving 192 illustrative engineering hours a year. [S02] [S10] [S39]

The divergence between bilateral translation and a canonical core across those four

illustrative stages is shown in Exhibit 21, p. 87. [S05] [S10] [S39]

• 

• 

• 

• 

• 
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EXHIBIT 21 / NUMBER OF INTERFACE MAPPING CONTRACTS (ILLUSTRATIVE)

A canonical core cuts interface mappings as connected endpoints grow

ILLUSTRATIVE [S05] [S10] [S39] Illustrative arithmetic comparing S + C canonical mappings with S * C bilateral point-to-point mappings across
four symmetrical factory integration stages (4, 6, 8 and 10 sources and consumers). Structural rationale derived from S05, S10 and S39; counts are
mathematical identities on assumed endpoint counts, not empirical measurements from a specific plant.

As Exhibit 21, p. 87 demonstrates, the payoff of a canonical core is modest with one

source and one report, but compounds rapidly once shop-floor records serve opera-

tions, quality, maintenance, sustainability and machine learning. [S05] [S10] [S39] How-

ever, Exhibit 21, p. 87 cannot prove that an expansive enterprise model is desirable;

designing a schema for hundreds of theoretical entities before proving shop-floor

value stalls implementation. [S16] [S35] [S40]

5 . 9  S E L E C T I V E  S C O P E  G OV E R N S  H I G H - R E U S E  O P E R AT I O N A L  E N T I T I E S  F I R ST

To avoid premature complexity, a small team must restrict the canonical core to

cross-domain records carrying repeated decision value. [S05] [S08] [S38] Rather than

mapping every internal controller register into the central model, the spine standard-

ises only records crossing domain boundaries: site and line hierarchy, order and lot

identity, shift calendar, output event, state transition (downtime) event, quality

inspection and defect event, maintenance event, and utility consumption interval. [S05]

[S08] [S38] High-frequency internal diagnostic signals that matter only to one

machine's local maintenance remain at the edge or in the raw log until a validated use

case requires promotion. [S06] [S16] [S33]

5.10

Transport follows the operating requirement
Moving records from capture nodes to the raw store and canonical core requires

transport suited to factory networks, but transport selection must never be confused

with governance. [S06] [S07] Teams often equate installing a message broker with

building a data architecture, assuming that once payloads flow across a publish-

subscribe bus, the factory has a usable spine. [S07] [S10] That confusion leaves con-

sumers parsing undocumented strings, guessing units, and misinterpreting retried

messages as duplicate output. [S04] [S07] [S08]

8 34.5 60.9 87.3 114

Stage 1 (4x4 endpoints)
8 16

Stage 2 (6x6 endpoints)
12 36

Stage 3 (8x8 endpoints)
16 64

Stage 4 (10x10 endpoints)
20 100

Point-to-point (S x C) Canonical core (S + C)
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5 . 1 1  P U B L I S H - S U B S C R I B E  B R O K E R S  D E C O U P L E  P R O D U C E R S  F R O M
C O N S U M E R S

Where multiple services need timely access to shop-floor events without polling con-

trollers repeatedly, a publish-subscribe transport protocol such as MQTT Version 5.0

is an effective choice. [S07] A line-side gateway or vision unit publishes an event once

to a broker topic, and the raw writer, operational monitor and alerting service sub-

scribe without placing extra connection load on the shop-floor controller. [S07] [S22]

Where richer machine-to-machine contextual interoperability and browseable object

hierarchies are needed at the device boundary, OPC Unified Architecture (OPC UA)

provides an information-modelling and secure communication framework. [S06] For

low-frequency shift summaries or batch test results, transactional hypertext transfer

or scheduled file ingestion with checksums is often simpler for a small team to

maintain than a streaming broker. [S16] [S20]

When network links between a production hall and central storage drop, the transport

contract must coordinate with local edge buffering, as traced in Exhibit 22, p. 88.

[S07] [S08] [S09] [S33]

EXHIBIT 22 / 

Local buffering preserves capture during a disconnected interval

DERIVED [S07] [S08] [S09] [S33] Derived store-and-forward governance flow combining local edge buffering during disconnection from S33 with
transport delivery from S07, event identity and dual timestamps from S08, and provenance state tracking from S09.

As Exhibit 22, p. 88 shows, surviving a network outage requires six steps across

capture, transport and ingestion. [S07] [S08] [S09] [S33] First, the capture node assigns a

globally unique event identifier and records observation time before transmission.

[S08] Second, the event is written to a persistent local queue on the edge parent

device so a link failure does not drop the record. [S33] Third, when connectivity

1. Stamp event
time and ID at

work

2. Write to
durable local edge

queue

3. Replay ordered
batch on reconnect

4. Check
idempotency and
stamp ingestion

5. Validate
contract or
quarantine

6. Publish to
canonical core and

lineage

1 2 3

4

5

1. Link down or normal write

2. Connection restored

3. At-least-once delivery

4. Unique raw event logged

5. Contract passed
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returns, the transport client replays buffered messages in order. [S07] [S33] Fourth,

because at-least-once delivery can send a message more than once during

reconnection, the receiver checks the event identifier for idempotency and stamps an

ingestion timestamp before appending the unique payload to the raw store. [S07] [S08]

Fifth, the schema and quality gate validates the payload and routes failures to quar-

antine. [S04] Sixth, validated records advance to the canonical core with provenance

showing delayed replay rather than live streaming. [S09] Note that Exhibit 22, p. 88

covers data continuity during communication loss; it does not provide backup power

or machine safety interlocking. [S22] [S33]

5 . 1 2  D E L I V E RY  G UA R A N T E E S  D O  N OT  VA L I DAT E  PAY LOA D  S E M A N T I C S

OASIS defines MQTT Version 5.0 strictly as a client-server publish-subscribe

messaging transport protocol. [S07] The protocol transports bytes between publishers

and subscribers according to configured delivery levels, session expiry intervals and

topic filters, without knowing whether a payload labelled line1/output represents

finished first-quality garments, total pieces including rework, or cumulative counter

ticks since a controller reboot. [S07] [S38]

Treating broker throughput or topic hierarchy as proof of semantic governance is a

recurring error. [S06] [S07] [S19] Every transport topic or ingestion endpoint must be

bound to a versioned data contract specifying the schema, unit, time grain, event

semantics, quality state rules and accountable owner. [S02] [S04] [S08] If a publisher

alters its payload structure or unit without an approved contract version update, the

validator quarantines the message even though the broker delivered the packet

without error. [S04] [S07]

WA R N I N G

Unbounded edge queues and unthrottled reconnect storms can disrupt both edge
capture and central ingestion when a prolonged outage ends. [S22] [S33] Every store-
and-forward node must enforce a documented local storage ceiling, an explicit over-
flow policy (preserving summary totals and fault events before high-frequency dia-
gnostic traces), and rate-limited replay so reconnection does not saturate bandwidth
or starve live monitoring. [S22] [S33]

5.13

Consumption receives controlled products, not
raw access
The third separation stands between the canonical core and the people or systems

that consume data. [S05] [S0502] Granting analysts, dashboard authors, external audit-

ors or scripts direct credentials to query raw ingestion tables or mutate canonical

tables causes two failures: ad hoc queries diverge from the governed KPI dictionary,

resurrecting conflicting figures for output, downtime and defects; and unthrottled

queries or accidental writes contend with live ingestion and violate least privilege.

[S18] [S22] [S25] [S38]
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5 . 1 4  R O L E - S C O P E D  V I E WS  I S O L AT E  S O U R C E  E V I D E N C E  F R O M  C O N S U M E R
M U TAT I O N

In GFT's minimum spine, consumers never receive write access to raw evidence or

canonical operational tables, and ordinary consumers do not query raw payloads dir-

ectly. [S09] [S25] Instead, the spine publishes controlled, read-only data products

tailored to distinct consumption patterns, following W3C Data on the Web Best

Practices for consistent dataset publication and the Data Quality Vocabulary principle

of exposing fitness-for-purpose metadata alongside published datasets. [S0502]

[S0503] Access to each published product is governed by least privilege under NIST

SP 800-53 Revision 5, granting each human role or automated service account only

the permissions required to accomplish its assigned task. [S25]

The five core consumption product classes required by a small factory and their

governed contracts are detailed in Exhibit 23, p. 90. [S05] [S08] [S15] [S25] [S38] [S0502]

EXHIBIT 23 / 

Controlled data products isolate source evidence from consumer views

DERIVED [S05] [S08] [S15] [S25] [S38] [S0502] Derived product contract table mapping five factory consumption classes to their canonical
inputs, refresh grain, access permissions and lineage guarantees, synthesised from S05, S08, S15, S25, S38 and S0502.

As Exhibit 23, p. 90 specifies, each consumer interacts with a bounded contract

rather than an undifferentiated data store. [S15] [S25] [S0502] Line supervisors reviewing

shift performance consume pre-aggregated views that implement the exact formula,

time elements and units registered in the factory's ISO 22400-2 KPI dictionary, with

visual badges whenever an hourly bucket contains buffered, missing or estimated

Product class Primary consumer Grain and cadence Access control Lineage and state
rule

1. Shift
operational view

Line supervisors
and plant manager

Hourly and shift
aggregates

Read-only by
operational role

Uses active ISO
22400-2 KPI
version; flags
missing or
buffered intervals

2. Quality and
steward queue

Domain stewards
and quality leads

Event-level
exceptions and
quarantine

Read queue; append
correction event

Links every
superseding
correction to raw
event ID and
steward role

3. ML training
snapshot

Model builder and
validation
pipeline

Frozen
point-in-time
dataset extract

Immutable read by
pipeline identity

Records manifest
hash, schema
version, quality
states and split
window

4. Traceability
and carbon view

Sustainability and
customer
compliance

Lot, order and
resource balances

Read-only scoped
to external
reporting

Joins EPCIS lot
events with
utility intervals;
excludes worker
data

5. Raw diagnostic
archive

Data custodian and
incident responder

Unmodified
ingestion payloads

Restricted
privileged audit
access

Append-only
storage with
cryptographic
hashes and offline
backup copy
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records. [S04] [S38] [S0503] Machine-learning pipelines never train against live mutable

tables; they consume frozen, content-hashed snapshots whose manifest records the

query, canonical schema version and quality-rule version used to assemble the

extract. [S04] [S09] [S15]

5 . 1 5  S H A R E D  I D E N T I F I E R S  A L I G N  O P E R AT I O N A L ,  A N A LY T I CA L  A N D
C O M P L I A N C E  V I E WS

Publishing separate data products for operations, quality, sustainability and machine

learning does not duplicate data pipelines. [S10] [S39] Because every published

product in Exhibit 23, p. 90 is derived from the same canonical core and uses the

same governed identifiers for site, line, asset, production order, material lot and shift,

figures reconcile across departments by construction. [S05] [S08] [S38]

When the plant manager examines first-pass yield in the daily cadence (WP02), the

quality engineer evaluates an optical model's false-rejection rate (WP03), the planner

prepares an order forecast (WP04), the compliance lead traces a cotton bale to a gar-

ment lot (WP05), and the sustainability lead allocates kilowatt-hours and water per

kilogram of fabric (WP16), all five decisions reference identical lot identifiers, order

identifiers and validated output quantities. [S05] [S08] [S38] Fit-for-purpose transform-

ations happen in the published product layer, such as converting piece counts into

fabric mass for carbon accounting or lagging order histories into features for fore-

casting, while the underlying canonical facts remain single-sourced and versioned.

[S09] [S15] [S38]

5.16

WP14 governs records while WP18 designs the
topology
A disciplined library separates information governance from physical network and

hardware engineering so neither concern is diluted. Within GFT's research architec-

ture, WP14 owns the governance of the data spine: decision rights, operational

vocabulary, data contracts, quality gates, provenance lineage, capture-context-con-

sumption separation, recovery objectives and staged MLOps controls. [S01] [S02] [S09]

[S15] Companion paper WP18 owns the physical and logical reference topology: net-

work segmentation, switch and firewall placement, edge compute sizing, container

orchestration, storage engine selection and link engineering. [S06] [S22] [S28]

5 . 1 7  G OV E R N A N C E  O B L I GAT I O N S  C O N ST R A I N  P H Y S I CA L  A N D  N E T WO R K
S E L E C T I O N

Separating WP14 from WP18 does not make them independent; governance sets the

non-negotiable invariants that every topology choice in WP18 must satisfy. [S05] [S10]

[S22] In small and medium-sized manufacturers, where the 2026 OECD Western

Balkans survey illustrates that integrated tools such as enterprise resource planning

(ERP), cloud computing and customer relationship management (CRM) are used by

only 10 to 20 percent of surveyed firms (an external SME benchmark rather than a

Cameroon prevalence measure), infrastructure teams face pressure to improvise

quick hardware or cloud fixes. [S34] Without governance constraints from WP14, an

infrastructure deployment can break record integrity, for example by configuring an
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edge gateway to overwrite local ring buffers silently without logging dropped inter-

vals, or by deploying a database that lacks role-based separation between raw and

curated tables. [S09] [S25] [S33]

Every topology and component design under WP18 must therefore pass six record-

governance obligations defined here: 1. Boundary safety and non-interference:

Network taps, polling gateways and edge inference nodes must respect NIST SP

800-82 Revision 3 operational technology performance, reliability and safety con-

straints, ensuring a data-spine fault cannot stall or alter machine control. [S22] 2. Dis-

connection durability: Any physical link between a capture cell and central storage

must include durable local store-and-forward buffering sized for expected outages,

preserving event identifiers and observation timestamps across link drops. [S08] [S33]

3. Immutable raw separation: The storage engine and access-control configuration

must enforce append-only retention for raw payloads, preventing in-place updates or

unlogged deletions by normal users or transformation jobs. [S09] [S25] 4. End-to-end 

provenance capture: Pipeline runners, brokers and schemas must record source

agent, capture method, dual timestamps, schema version and transformation 

metadata from ingestion through serving. [S08] [S09] [S15] 5. Least-privilege product

isolation: Authentication and authorisation infrastructure must support separate iden-

tities for operators, stewards, custodians, analysts, ingestion services and pipelines,

restricting consumers to read-only published products. [S25] 6. Tested offline recov-

ery and portable export: Backup and storage components must maintain offline,

encrypted backup copies and support complete export of raw records, curated tables,

schemas, KPI definitions and model artefacts in open formats that can be restored and

verified independently. [S10] [S26] [S32]

5 . 1 8  I N T E R FAC E  V E R I F I CAT I O N  T E STS  TO P O LO GY  AGA I N ST  R E C O R D
I N VA R I A N TS

To keep the boundary between WP14 and WP18 operational, the custodian and

domain stewards verify infrastructure changes against record invariants before any

new network segment, broker or storage node enters production. [S02] [S27] When

WP18 upgrades an edge gateway or migrates storage from a local server to a hybrid

cloud instance, the acceptance test is not merely that packets cross the network or

that a server reports healthy processor utilisation. [S17] [S27] The acceptance test is

whether a test batch of events injected at capture arrives in the raw store with intact

hashes, passes or quarantines deterministically under the active contract, resolves

against the canonical master-data version, reproduces historical KPI values in the

operational view, and restores cleanly from an offline backup into an isolated test

environment. [S04] [S09] [S26] [S38]

5.19

Buy commodity capability but retain semantic
control
A small factory team cannot build and maintain custom database engines, message

brokers or experiment-tracking platforms, nor should it surrender the meaning of its

operations to an external vendor's black-box schema. [S16] [S18] [S32] Resolving the
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build-versus-buy decision requires disaggregating the spine by architectural layer

rather than treating build and buy as an ideological choice across the factory. [S16]

[S20]

5 . 2 0  C O M M O D I T Y  I N F R AST R U C T U R E  R E D U C E S  O P E R AT I O N A L  TO I L  F O R
S M A L L  T E A M S

Transport brokers, relational or analytical storage engines, object storage, version

control, backup encryption utilities and basic dashboard rendering are mature

commodity capabilities. [S07] [S16] [S20] Writing custom software for message queuing,

time-series compression or role-based authentication diverts scarce factory engin-

eering hours into low-differentiation maintenance, compounding the hidden technical

debt described in machine-learning systems literature. [S18] [S20] In line with the

Azure MLOps Maturity Model's guidance to develop capability gradually rather than

facing full implementation complexity up front, small teams should buy or adopt

proven, standard-compliant commodity software for transport, storage, backup and

basic registry mechanics. [S16] [S42] Equally, World Bank case study evidence on SME

digital adoption in Viet Nam underscores that successful platform uptake depends on

assigning a named internal point person who champions adoption within the firm;

buying commodity software never removes the need for internal operational leader-

ship. [S37]

Conversely, a factory must never outsource its operational semantics. [S05] [S38] The

identifier taxonomy (how sites, lines, machines, cotton lots, garment styles and shifts

are coded), canonical event schemas, ISO 22400-2 KPI formulas, quality-gate

thresholds and provenance lineage graph are the core of the factory's management

system. [S04] [S08] [S09] [S38] If a vendor's turnkey dashboard or vision appliance com-

putes OEE or defect rates using proprietary internal definitions and refuses to expose

underlying event records, the factory cannot reconcile those figures with its order

ledger, cannot audit changes after firmware updates, and loses its historical baseline

if it switches suppliers. [S10] [S32] [S38]

This layer-by-layer allocation of build, configure and buy choices is mapped in 

Exhibit 24, p. 94. [S20] [S32] [S37]
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EXHIBIT 24 / ILLUSTRATIVE SCORE (0 TO 10 SCALE)

Build-against-buy changes by layer, not by ideology

ILLUSTRATIVE [S20] [S32] [S37] Illustrative architectural positioning of seven spine capabilities across commodity availability (x-axis, 0 = factory-
specific to 10 = standardised commodity) and need for internal semantic control (y-axis, 0 = generic utility to 10 = core business meaning). Rationale
derived from MLOps architecture in S20, connected-product data access considerations in S32 and internal champion ownership in S37.

As Exhibit 24, p. 94 shows, capabilities in the lower-right quadrant (message

brokers, storage, and encrypted backup utilities) combine high commodity availability

with low need for bespoke business semantics, making them prime candidates to buy

or adopt off the shelf. [S07] [S20] [S26] Capabilities in the upper-left quadrant (identifier

schemes, canonical event contracts and KPI formulas) carry the factory's core opera-

tional meaning and must be authored and owned internally by the accountable domain

owners and stewards. [S02] [S08] [S38] Capabilities in the upper-right quadrant (quality

rule execution, lineage graphs, model registries and BI presentation) sit in the middle:

the factory should adopt lightweight tools that support open standards, then configure

them with its own governed definitions and metadata. [S09] [S15] [S20] Because Exhibit

24, p. 94 is an illustrative structural framework rather than a cost survey, each site

must evaluate vendor pricing, local support and staff skills through GFT's build-or-

buy tool before signing a contract. [S37] [S44]

5 . 2 1  C O N T R AC T UA L  DATA  R I G H TS  A N D  O P E N  S C H E M AS  P R E V E N T  S E M A N T I C
LO C K- I N

Retaining semantic control when purchasing machinery, edge sensors or software

platforms requires explicit procurement clauses before commissioning. [S10] [S32]

Where the European Union Data Act (Regulation (EU) 2023/2854) applies, for

instance when a connected product or service falls within the territorial and material

scope of Union rules, Recital 5 states that users in the Union can access, in a timely

manner, the data generated by the use of that product or service and share those data

with third parties of their choice. [S32] For a factory in Cameroon, the EU Data Act is

not domestic law and must not be cited as an automatic statutory right; instead, it

serves as a practical procurement benchmark for the access clauses the factory

should write into its commercial equipment and software contracts. [S32]

Own and author internally Configure on open standards

Defer or simplify Buy commodity utility

Identifiers and KPI
formulas Canonical event

contracts
Quality rules and
lineage graph

Model and experiment
registry

Dashboard and BI
presentation

Message broker and
transportStorage and encrypted

backup

Commodity tool availability

Need for internal semantic control

0 10

10

0
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Specifically, every procurement specification for machinery, optical inspection units,

meters or cloud analytics in the spine should require four contractual deliverables:

Unfettered, no-fee local access to raw machine and sensor events at the

documented observation grain via standard protocols such as OPC UA or MQTT,

with complete payload documentation and units. [S06] [S07] [S32]

Explicit right to ingest, store, transform and share those operational records with

any third-party maintenance provider, auditor or analytics tool chosen by the fact-

ory. [S32]

Bulk export of all historical raw events, curated tables, schemas, user logs and

model artefacts in open formats (such as documented CSV, Parquet, JSON-LD or

SQL dumps) on demand and at contract end. [S09] [S10] [S0502]

Advance notification of any firmware or software update that alters payload

schemas, units or embedded model versions, so the data steward can run contract

compatibility checks before production release. [S04] [S15]

Combining purchased commodity infrastructure with internally owned identifiers,

contracts and export rights gives a small factory team a durable data spine that fits its

staffing limits today while preserving architectural freedom as production scales. [S10]

[S16] [S37]

Preserve the raw event, govern the context once, and
let every decision read a product it cannot corrupt.
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PART II: BUILD THE MINIMUM DURABLE SPINE / INDUSTRIAL EVIDENCE

Time, identity and state turn
sensor readings into
industrial evidence
A value becomes useful evidence only when the factory can establish what it
describes, when it happened and which state or transformation it represents.
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CHAPTER 06
DECISION TEST

A value becomes useful
evidence only when the
factory can establish what it
describes, when it
happened and which state
or transformation it
represents.

A sensor reading becomes industrial evidence only when it is bound to an 

event time, a stable operational identity and an explicit state or transforma-

tion. A counter value alone cannot establish whether output occurred, which

asset or lot produced it, whether the line was running, or whether a later replay has

already counted it. The chapter's answer is therefore a governed evidence chain:

keep event time separate from ingestion time, resolve events against versioned 

master data, represent genealogy and state transitions explicitly, make replay idem-

potent, append corrections, and retain each record class for a stated purpose. [S05]

[S08] [S09] The sensor value remains an observation. Evidence is the reconstructable

account of what that observation meant when a person, KPI or model used it.

This distinction lets a factory migrate from manual hourly logs to machine ingestion

without rewriting its operating history. In Cameroon, where GFT's programme evid-

ence base prepared on 31 January 2024 records about 95 percent of cotton fibre

exported raw and about 5 percent processed locally against a 50 percent target by

2030 (with original source dates unrecorded and not refreshed in 2026), expanding

domestic processing depends on operational records that hold up across shifts,

power interruptions and buyer audits. [R06] [R07] Preserving time, identity and state

prevents a delayed connection from masquerading as a production stop, a renamed

asset from losing its past, a split lot from acquiring a fictitious single batch identity,

and a retried message from becoming additional output. [S08] [S33] [S38] It also gives

later forecasting and inspection models the same temporal and operational definitions

used on the floor, rather than allowing each training pipeline to invent them again. [S04]

[S15]

6.1

Event time and ingestion time answer different
questions
Every governed event needs two timestamps. Event time records when the represen-

ted operational occurrence happened. Ingestion time records when the receiving

system accepted its record. EPCIS makes the equivalent distinction explicit: its 

recordTime is a bookkeeping mechanism and does not describe the real-world event.

[S0601] A factory should also distinguish processing time, when a particular trans-

formation ran, from both. A stoppage that occurred during one shift but arrived during

the next belongs to the first shift's operating account and to the second shift's data-

latency account. Those are different questions, and neither timestamp can answer

both. [S08] [S33]

6 . 2  T WO  C LO C KS  P R OT E C T  T H E  P R O D U C T I O N  AC C O U N T  F R O M  T H E
N E T WO R K  AC C O U N T

The raw record should preserve the source's event timestamp, its stated time-zone

offset and the receiving system's ingestion timestamp without overwriting either. Nor-

malising an additional representation to Coordinated Universal Time makes cross-

system ordering consistent, but the original local representation remains useful

evidence about what the source asserted. [S08] Ingestion time supports freshness

monitoring, replay diagnosis and reconstruction of what a dashboard could have

known at a given moment. Event time supports output windows, state intervals, gene-

alogy and features that must not use future information. [S15] [S38]
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This separation changes operational behaviour. When a gateway reconnects, the

custodian investigates the interval between event and ingestion timestamps as a con-

tinuity issue. The production steward does not automatically treat that interval as

missing output or unplanned downtime. Conversely, a feed can arrive promptly with a

wrong event timestamp because a device clock has drifted. Low ingestion latency

therefore proves delivery speed, not temporal accuracy. [S0601] [S33]

6 . 3  C LO C K  S O U R C E  A N D  U N C E R TA I N T Y  M A K E  A  T I M E STA M P  I N S P E C TA B L E

GFT's event contract adds clock source, observed clock offset or uncertainty, and a

source sequence number where the device provides one. These fields are engineer-

ing metadata, not decorative compliance. A line-side terminal, programmable control-

ler and manual back-entry form can assert different degrees of temporal confidence

even when their displayed timestamps have the same precision. Recording the source

and an estimated uncertainty lets a steward decide whether two events can be

ordered safely or need review. [S08] [S09]

The estimate needs a method. At commissioning and after a gateway restart, the cus-

todian can compare the device with the site's chosen time reference, record the

observed offset and retain the check date. Any uncertainty attached to a record

should be labelled an estimate based on that check, not presented as a measured

guarantee for every later event. Where the uncertainty crosses an hourly or shift

boundary, the record should carry a boundary-review flag rather than a falsely pre-

cise allocation. A source sequence can help diagnose order within one device, but it

cannot establish order across independent devices and cannot replace event time.

[S05] [S0601]

Manual entries require the same honesty. If a supervisor records a stoppage after the

event, the form should ask when it happened and separately capture when the entry

was submitted. It should not silently replace the first with the second. Back-entry

status and the submitting role become provenance, while any unnecessary worker

identity remains outside the production feed. [S09] [S29]

6 . 4  AG G R E GAT I O N  W I N D OWS  N E E D  A N  E X P L I C I T  L AT E N E S S  R U L E

An hourly bucket is a governed calculation, not a natural property of incoming mes-

sages. The KPI contract must state its event-time window, inclusion rule, provisional

period, late-event treatment and formula version, consistent with ISO 22400's

emphasis on formula, elements, time behaviour and unit. [S38] A live operational view

may publish a provisional total so the shift can act, then issue a new calculation ver-

sion when an accepted late event arrives. A monthly report may use a longer closure

period. Neither waiting period is a universal constant; each is a site decision based on

decision urgency and observed delay.

The same rule must reach model datasets. If a training feature describes an hour, its

manifest should show whether late events were included up to a defined ingestion

cut-off and which recalculation version produced the value. Otherwise a model can

learn from a more complete history than will exist when it makes a live prediction. [S04]

[S15] Exhibit 25, p. 100 isolates the temporal mechanism before the worked example

adds quantities.
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EXHIBIT 25 / MINUTES AFTER 09:00 (ILLUSTRATIVE)

Late arrival changes processing order without changing event time

ILLUSTRATIVE [S08] [S33] [S0601] Six illustrative timeline entries for events A, B, C and D, one transport retry and one KPI recomputation. All times
are invented to demonstrate the method. Dual-time semantics derive from S08 and S0601, and buffering from S33. The exhibit does not set a
recommended lateness threshold.

The important result in Exhibit 25, p. 100 is not the arrival order. It is the preservation

of two valid histories: what happened in production, and what the information system

knew at each point. C does not move to D's hour merely because it arrived after

reconnection, and the retry of A does not create a new production event. The exhibit

cannot tell a factory how long to keep a bucket provisional, nor can it prove that the

source clocks were correct. Those require site rules and clock evidence. [S0601]

6.5

Master data stabilise the factory's objects
An event identifier says which record is being described. A master identifier says

which persistent object the record concerns. The second remains stable while names,

locations, assignments and other attributes change. IEC 62264 supplies role-based

equipment and physical-asset hierarchies, while OPC UA provides an information-

modelling framework for objects and their relationships; neither removes the factory's

duty to decide which record is authoritative. [S05] [S06] GFT therefore separates the

slow-changing master record from the high-frequency event stream and gives every

master class an identified origin, steward and effective history.

3

A occurs and arrives

Event minute 3; ingestion minute 3.

17

B occurs and arrives

Event minute 17; ingestion minute
17.

42

C occurs into buffer

Event minute 42; no central
ingestion yet.

60

Retry follows hour cut

Duplicate delivery of A is
detected; provisional bucket
remains provisional.

65

D occurs and arrives

D belongs to the next event-time
hour.

67

C arrives and recomputes

Event minute 42; ingestion minute
67; earlier bucket receives a new
calculation version.
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6 . 6  I D E N T I T Y  P E R S I STS  W H I L E  AT T R I B U T E S  R E C E I V E  E F F E C T I V E  DAT E S

A sewing asset can keep one immutable asset identity when its display name

changes, when it moves to another line, or when its controller is replaced. Those are

three different changes. Renaming alters an attribute. Moving alters a role-based

assignment with a start and end time. Replacing the controller may alter a technical

relationship without replacing the production asset, provided the asset owner

confirms that operational continuity remains valid. [S05] [S06] The event never carries a

mutable display name as its only link to the object.

Each derivation then resolves the master version effective at event time, not

whichever version happens to be current when a query runs. A historical output total

remains assigned to the line on which the asset operated at that time. A current capa-

city view uses the current assignment. Both views can coexist because they state

their temporal rule. The curated record should retain the master-data version or

effective-dating evidence used in the join, so a later hierarchy edit cannot silently

redistribute history. [S05] [S09]

6 . 7  R E G I ST RY  AU T H O R I T Y  P R E V E N TS  O N E  O B J E C T  B E C O M I N G  S E V E R A L
I D E N T I T I E S

Master data also need a merge and retirement rule. If two registers contain the same

physical asset, the steward does not delete one and leave dangling events. The

registry records a mapping from the superseded identifier to the surviving identifier,

the approval, the effective time and the reason. Existing raw events retain their original

identifier; curated products apply the governed mapping and preserve that

transformation in lineage. [S02] [S09] An identifier that has been retired must not be

issued to a different object, because reuse would make old events indistinguishable

from new ones.

Exhibit 26, p. 102 turns these rules into a compact registry design. Its entries are

illustrative classes and controls, not a claim that a particular factory already operates

this registry.
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EXHIBIT 26 / ILLUSTRATIVE REGISTRY DESIGN

An identity registry records origin, authority and permitted reuse

ILLUSTRATIVE [S05] [S06] [S29] Illustrative master-identity registry based on equipment and enterprise boundaries in S05, object and relationship
modelling in S06, and personal-data minimisation in S29. Rows are recommended design examples, not observed implementations or GFT operating
results.

The registry in Exhibit 26, p. 102 deliberately gives worker role a different treatment

from machine and material identities. A production event may need to show which role

was authorised to declare a transition, without attaching a persistent person identifier

to every output record. [S29] The table also shows why master data cannot be reduced

to a list of codes: each class has an origin, an effective history and a permitted use.

What it does not supply is the site-specific code format, which should follow existing

operating needs rather than an imposed naming convention.

6.8

Genealogy links inputs, transformations and
outputs
Genealogy is a chain of event relationships, not a batch field copied from one

database row to the next. EPCIS is designed to share visibility event data about

objects in a business context, while PROV-O represents entities, the activities that

transform them and the agents responsible. [S08] [S09] Together they support a prac-

tical factory model: receipt creates an identified input lot, splitting relates children to

their parent, joining records all inputs to a new output, and rework creates a traceable

transformation rather than silently changing the original lot's status.

Entity class Authoritative origin Identity and effective
history

Permitted reuse

Asset Engineering asset
register

Immutable asset ID;
dated line and
controller links

Events, maintenance and
resource allocation

Order Order-management record Order ID with versioned
style, quantity and due
attributes

Scheduling, output and
delivery reconciliation

Lot Material receipt or
transformation event

Lot ID plus parent and
child event links

Genealogy, quality and
provenance

Style Product-definition
register

Style ID with dated
operation and unit
versions

Routing, costing and
feature derivation

Operation Versioned routing
definition

Operation ID effective
within a style version

Work-centre events and
cycle-time analysis

Defect code Quality taxonomy owner Stable code with dated
label and mapping
history

Inspection, rework and
model labels

Worker role Authorised role register Role ID only; no person
ID in production events

Authority checks and
shift-level aggregation
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6 . 9  PA R E N T  A N D  C H I L D  L I N KS  S U RV I V E  S P L I T ,  J O I N  A N D  R E WO R K

A single batch_id on a garment order fails as soon as production has more than one

input or output. If a cotton lot is split, each child needs its own identity and a link to the

parent. If yarn from two lots enters one fabric batch, the output needs links to both.

The graph must be many-to-many, with the transformation event carrying the event

time, location, operation and responsible role needed to interpret the relationship. [S08]

[S09] Copying only the most recent lot identifier would discard the earlier inputs and

make provenance dependent on memory.

Rework needs equal care. The original inspection event and rejected state remain

evidence. A rework event identifies the affected object, operation and outcome; a

subsequent inspection creates a new disposition. If the physical item retains its iden-

tity, the events carry its changing state. If the process creates a new roll, lot or bundle,

the new identifier receives a derivation link. The choice follows physical practice, not

database convenience. [S08] [S09]

Exhibit 27, p. 103 shows the minimum relationship pattern. It is a derived event

design, not a mass balance and not an observed production history.

EXHIBIT 27 / EVENT AND ENTITY RELATIONSHIPS

Event genealogy preserves lot history through split and rework

DERIVED [S08] [S09] Derived genealogy pattern using visibility events from S08 and entity, activity and derivation relationships from S09. Identifiers
are illustrative and links carry no quantities. The diagram does not demonstrate material conservation, legal chain of custody or carbon allocation.

Receive cotton lot
L

Split L into A and
B

Transform A into
yarn YA

Transform B into
yarn YB

Join YA and YB
into fabric F

Inspect roll R
from F

Rework R into roll
R2

Dispatch order O
from R2

2 3

4 5

678

2. Parent to child

3. Parent to child

4. Input link

5. Input link

6. Fabric roll created

7. Rejected state retained

8. Derived output
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The flow in Exhibit 27, p. 103 preserves why illustrative order O has a more complic-

ated ancestry than one lot code can express. It also separates an inspection observa-

tion from the transformation that followed it. The links must carry quantities in the

actual event records where allocation requires them, but the diagram deliberately

makes no conservation claim. WP05 owns provenance and chain-of-custody

method; WP16 owns carbon allocation. This chapter supplies the temporal and iden-

tity evidence those methods need, not their accounting conclusions. [S08] [S09]

G F T  N OT E

GFT should migrate hourly production logs into a small event ledger before connect-
ing more sensors. For each receipt, split, join, inspection, rework and dispatch, retain
the event identifier, event type, event and ingestion times, subject identifiers, parent
or input links, operation, source and master-data version. Start with the few trans-
formations needed to explain current customer and production decisions. A complete
historical graph is less useful than a small chain whose physical meaning has been
checked with the people who perform the work. [S08] [S09]

6.10

Explicit states prevent incompatible downtime
and defect counts
A state is a governed interpretation of an entity during an interval or after an event, not

a free-text label on a dashboard. Machine-time states and unit-disposition states

answer different questions. A sewing line can be running while a garment is in rework,

and a line can be stopped while an operator inspects a unit. Treating rework as a

machine state or blocked as a defect disposition mixes those dimensions and makes

downtime and defect totals irreconcilable. [S38] GFT therefore keeps separate state

machines for asset time and material disposition, linked by events but never added

together as if they shared a denominator.

6 . 1 1  STAT E  C O N T R AC TS  D E F I N E  E N T RY ,  E X I T  A N D  T R A N S I T I O N  AU T H O R I T Y

Each state definition needs an entity class, meaning, entry condition, exit condition,

permitted reason codes, overlaps and authoritative role. The event that changes state

records the previous and next values, event time, ingestion time, source and trans-

itioning role. A supervisor may authorise a planned-stop classification, a maintenance

role may verify restart after a fault, and a quality role may authorise rework or scrap.

The small-team role assignments remain explicit rather than being buried in software

permissions. [S02] [S09]

Allowed overlaps must be equally precise. Under an exclusive asset-time model, one

asset cannot be running and in an unplanned fault during the same interval. It can,

however, be in an unplanned fault while an order is awaiting material and a unit is held

for inspection, because those states belong to different entities and dimensions.

Where management wants simultaneous technical and business states, the contract

should publish separate fields rather than force both into one status column. [S38]

Late and back-entered transitions follow the same temporal rule. If a fault began

before it was entered, its interval begins at the evidenced event time and its ingestion

record shows the delay. A missing end transition leaves an open interval flagged for
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steward action, not an automatic zero-duration stop. If a later correction changes the

start or end, the original transition remains available through the append-only

correction mechanism described below. [S0601] [S0602]

6 . 1 2  K P I  M A P P I N G S  C O N S U M E  E AC H  I N T E RVA L  A N D  U N I T  O N C E

For each asset-time model, the base states should form a complete and non-over-

lapping partition of the time being measured. Reason codes add diagnosis without

creating a second duration. A fault interval carries one fault reason; it does not also

create a generic downtime interval that is added to the fault duration. Planned stop,

blocked and starved intervals enter availability or other KPI calculations only through

the exclusions and time elements in the active KPI version. [S38] The mapping is part

of the definition, not an analyst's later preference.

Unit disposition follows a separate event path. First-pass acceptance, rework, rein-

spection and scrap describe the fate of a unit or lot. Defect counts need a stated unit

and inspection boundary, just as downtime needs a stated asset and time boundary. A

second inspection after rework must not silently become another first-pass unit.

These controls make the KPI numerator and denominator reconstructable rather than

merely reproducible as code. [S04] [S38]

Exhibit 28, p. 106 places the two state machines side by side. It illustrates transition

logic and does not prescribe one universal KPI formula.
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EXHIBIT 28 / ILLUSTRATIVE STATE TRANSITIONS

A governed state machine stops one interval becoming two losses

ILLUSTRATIVE [S38] Illustrative asset-time and unit-disposition state machines. Transition design and the requirement to state KPI time elements
derive from S38. Reason codes, transition authority and acceptance thresholds remain site decisions. The two tracks must not be added as if they had a
common denominator.

The upper logic in Exhibit 28, p. 106 allocates asset time once. The lower logic tracks

material disposition without creating another downtime category. A blocked interval

and a starved interval can carry different operational causes while receiving the same

treatment in a particular availability formula, but that formula must be cited by version.

[S38] The exhibit cannot determine whether a planned stop should be excluded at a

given factory, nor can it establish that a source system's transitions are complete.

Acceptance requires interval reconciliation against a known shift calendar and

sampled physical observations.

6.13

Replay must not create a second reality
Buffered delivery and transport retries protect availability, but they also create a gov-

ernance risk: the same application event can arrive more than once or after later

events. MQTT supplies publish-subscribe transport, not a factory-specific rule for

recognising production identity. [S07] The capture boundary must therefore issue a

stable event identifier that survives every retry and buffer cycle, such as a time-

ordered RFC 9562 UUIDv7 value generated when the occurrence is recorded. [S0603]

Time: running Time: planned stop
Time: unplanned

fault
Time: blocked

Time: starved
Unit: first

inspection
Unit: rework

Unit: accepted or
scrapped

12 4 6

8

9 1011

1. Authorised stop

2. Authorised restart

4. Repair verified

6. Downstream released

8. Input available

9. Accept or scrap directly

10. Repairable defect

11. Reinspection decides

Time, identity and state turn sensor readings into industrial evidence

RESEARCH EDITION / 2026-10-30 106

G F T  /  R E S E A R C H

GREEN FUTURE TECH



A repeated transmission keeps that identifier; a genuinely new occurrence receives a

new one even if its value, asset and timestamp happen to match another record. [S08]

[S33]

6 . 1 4  STA B L E  E V E N T  I D E N T I F I E R S  M A K E  C O N S U M E R S  I D E M P OT E N T

Idempotency means that processing the same event again produces no additional

unintended effect. The raw store accepts one identity once, and every derived con-

sumer either tracks the event identifiers already applied or recomputes from a defined

input set rather than blindly incrementing a total. A dataset manifest records the

included identifiers and rule versions so a training snapshot can be rebuilt without

double counting. [S04] [S15] Deduplication is therefore a chain-wide obligation, not

only a broker setting.

A conflict needs a different response from a duplicate. If two messages carry the

same event identifier and the same canonical payload hash, the consumer can recog-

nise a retry. If they carry the same identifier but different hashes, it must quarantine an

identity conflict and preserve both payloads for investigation. Choosing the latest

would allow a transmission fault or unauthorised change to rewrite evidence without

explanation. [S04] [S09]

6 . 1 5  D E T E R M I N I ST I C  R E P L AY  R E B U I L D S  P R O D U C TS  R AT H E R  T H A N  R E W R I T I N G
T H E M

A controlled replay reads the preserved raw set, applies a named schema, master-

data, state and KPI version, then publishes a new derived version with lineage to the

execution. It does not mutate an old product in place and pretend that consumers saw

the same result all along. [S09] [S15] Where the same inputs and rules produce a differ-

ent output, the team has found nondeterminism or an unrecorded dependency. That

defect should block acceptance until explained.

M E T H O D

Replay acceptance tests for a governed feed

Deliver the same event identifier and payload twice. The raw identity and opera-
tional effect must occur once, while the delivery log retains both attempts.

Deliver the same event identifier with a different payload hash. The feed must
create an identity-conflict exception, not select a winner silently.

Deliver an earlier event after the hourly cut. The consumer must allocate it by 
event time and issue a traceable recalculation under the active lateness rule.
[S0601]

Reverse two state-transition messages during a test. The state service must
apply its documented ordering rule or raise an exception, not manufacture a
plausible interval. [S38]

Rebuild a dataset from an unchanged raw manifest and rule set. The rebuilt con-
tent hash must match, or the pipeline must identify the changed dependency
before release. [S15]

• 

• 

• 

• 

• 
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These tests should run before a feed enters operational or training products and

whenever its contract changes. They use synthetic events with known outcomes, so

no production order or worker record is needed for the test. [S04] [S29]

WO R K E D  E X A M P L E

Consider an illustrative line with four genuine output events, A, B, C and D, each rep-
resenting 20 pieces. Their illustrative event times are 09:03, 09:17, 09:42 and 10:05.
C is buffered locally. By the illustrative 10:00 hourly cut, A and B have arrived, along
with one retried copy of A. A naive message sum gives 3 x 20 = 60 illustrative
pieces, but identifier deduplication gives the correct provisional event sum 2 x 20 =
40 illustrative pieces. [S07] [S33]

At an illustrative 10:07, C arrives after D. The completed event-time allocation is A +
B + C = 3 x 20 = 60 illustrative pieces in the 09:00 hour and D = 20 illustrative
pieces in the 10:00 hour. The provisional 09:00 total therefore moves from 40 to 60
illustrative pieces through a new calculation version, while the event itself remains at
09:42. Across both hours, the factory has 4 x 20 = 80 illustrative pieces, not the 5 x
20 = 100 obtained by counting the retry as production. [S38]

The two failure modes can now be separated. Counting duplicate A would overstate
the illustrative 09:00 hour by 20 pieces. Allocating C by ingestion time instead would
understate that hour by 20 pieces and overstate the illustrative 10:00 hour by the
same amount. These are constructed values used only to show the arithmetic; they
are not output measurements from a GFT client or a benchmark for replay delay.
[S0601]

The worked example shows why replay acceptance must reconcile identities, event-

time buckets and calculation versions together. Deduplication alone would still misal-

locate C. Event-time allocation alone would still count the retry. A versionless dash-

board could calculate the correct final total while hiding the fact that its earlier figure

had changed. Exhibit 29, p. 109 summarises that reconciliation for the 09:00 hourly

bucket across both adjustments. Operational monitoring should therefore retain provi-

sional revision history, duplicate-conflict counts and lateness distributions alongside

the published KPI. [S04] [S38]
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EXHIBIT 29 / ILLUSTRATIVE PIECES IN 09:00 BUCKET

Deduplication and event-time allocation reconcile the 09:00 bucket

ILLUSTRATIVE [S07] [S33] [S38] [S0601] [S0603] Illustrative reconciliation from the worked example: 3 arrived messages x 20 pieces = 60 naive
pieces at the 10:00 cut, less 20 pieces for the duplicate retry of A (giving 40 provisional pieces), plus 20 pieces when buffered event C arrives at 10:07
and is allocated to its 09:42 event time (giving 60 recalculated pieces). Values are invented for method demonstration, not GFT operating results.

As Exhibit 29, p. 109 makes visible, the naive message sum at 10:00 and the recal-

culated event-time bucket after 10:07 share the same illustrative value of 60 pieces,

yet the first figure is wrong twice: it includes a duplicate retry of A and omits buffered

event C. [S07] [S33] [S0601] Without identifier deduplication and dual-time accounting,

those two errors mask each other in the 09:00 bucket while inflating the two-hour

total to 100 illustrative pieces. [S38] [S0603] What Exhibit 29, p. 109 cannot establish is

the site-specific outage distribution or the cut-off window for closing provisional shift

reports, which must be set from measured plant connectivity. [S33]

6.16

Corrections append rather than erase
A correction changes the best supported account of an event; it must not destroy the

earlier assertion or the fact that people acted on it. EPCIS error declarations follow this

principle directly: the prior event is not modified, and subsequent queries return both

the prior event and the declaration. [S0602] In W3C PROV-O, a revision is modelled

explicitly as a derivation in which the resulting entity is a revised version of an original

entity. [S0604] GFT applies the same pattern across manual and machine records. A

superseding event identifies what it corrects, states the reason and changed fields,

and records the submitting and approving roles with their declaration times. The

original raw payload remains untouched. [S02] [S09]

6 . 1 7  C O R R E C T I O N  T I M E  A N D  E F F E C T I V E  T I M E  P R E S E RV E  T WO  T R U T H S

A supervisor can discover today that yesterday's lot code was wrong. The corrected

lot relationship takes effect for the current operational view, but the factory still needs

to reconstruct yesterday's view when the original code was believed correct.
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Remove duplicate
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Correction time records when the new assertion entered the system. Event time

records the production occurrence being corrected. Keeping both prevents a

present-day repair from pretending that past users possessed information they did

not have. [S0601] [S0602]

The curated model therefore supports two questions without confusing them. “What is

our best current account?” follows the supersession chain to the effective record.

“What did this report or model know at its execution?” uses the records and correction

cut-off captured in its lineage. PROV-O derivation and revision relationships provide a

standards-based way to represent those links, while the factory's own schema sup-

plies reason, authority and approval detail. [S09] [S15]

A correction can itself be wrong. The chain must allow a later superseding assertion

with the same evidence requirements rather than editing the first correction. Current-

state queries need a deterministic rule for selecting the effective tip of that chain, and

any branching corrections require steward resolution. This avoids both destructive

editing and an ambiguous collection of competing truths.

6 . 1 8  R E CA LC U L AT I O N  I S  A  N E W  D E R I V E D  V E R S I O N ,  N OT  S I L E N T  H I STO R I CA L
D R I F T

Every material correction triggers an impact assessment. The steward and custodian

identify affected state intervals, genealogy paths, KPI windows, published products

and dataset snapshots before releasing the new effective state. The pipeline then

produces new calculation versions with links to the correction event and the exact rule

versions used. A previously issued management report retains its original value and

receives an addendum where the operating owner decides that restatement is

required. [S02] [S09] [S38]

Frozen training data follow the same rule. The pipeline does not mutate an old snap-

shot and retain its identifier. It creates a new manifest that records corrected event

identifiers, supersession links and the ingestion cut-off, then evaluates whether the

change affects a candidate or deployed model. [S04] [S15] This deliberate path distin-

guishes legitimate historical revision from silent drift and makes the operational

consequence of a correction measurable.

6.19

Retention follows purpose and obligation
Retention is a decision about each record class, not a promise to keep everything

forever or delete everything on one schedule. Raw evidence may be needed to recon-

struct a customer inquiry or diagnose a recurring fault. Curated events need their

schemas and master versions. Labels, snapshots and model artefacts need the lin-

eage required to explain historical outputs. Access logs serve security investigation

and have a different exposure and purpose. [S09] [S15] [S29] Each class therefore

receives a purpose, owner, review trigger, deletion method and, where applicable,

contractual or legal basis.
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6 . 2 0  A  D I F F E R E N T I AT E D  S C H E D U L E  P R E S E RV E S  E V I D E N C E  W I T H O U T
I N D E F I N I T E  AC C U M U L AT I O N

The retention register should address the classes separately:

Raw machine and material events: retain for the period justified by operational

reconstruction, warranty, customer and applicable legal needs, with non-personal

asset and lot identifiers preferred at capture. [S29]

Curated events and KPI results: retain the effective record together with the 

schema, master-data, state and calculation versions required to interpret it, rather

than preserving a number whose definition has been lost. [S38]

Labels, dataset snapshots and model artefacts: retain for as long as historical

predictions or releases require explanation, with the retention decision linked to

consequence, contractual need and reusable validation value. [S15]

Access and correction logs: restrict them to their accountability and security pur-

poses, because administrator and approver identifiers can themselves be personal

data. [S29]

Worker-identifiable records: set the shortest justified period after the docu-

mented purpose and current Cameroonian legal review, using erasure or appropri-

ately assessed anonymisation when that period ends. [S29] [S31]

These are decision fields, not proposed retention durations. A small factory should set

actual periods only after reviewing operational reuse, customer terms, litigation or

incident holds, and applicable law. Indefinite retention is not a conservative default

when it increases privacy exposure and storage burden without a stated decision

need. [S29]

6 . 2 1  D E L E T I O N  M U ST  R E AC H  C O P I E S  W I T H O U T  FA B R I CAT I N G  A  N E W  H I STO RY

An executable retention procedure covers primary stores, replicas, local buffers, ana-

lytical exports and backup cycles. It records a minimal disposal receipt containing

record class, scope, authority, execution time and verification result, not the deleted

payload. Where immediate deletion from every backup is not feasible, the procedure

isolates expired backups from ordinary use and ensures that a restoration cannot

silently return deleted personal records to production. A legal or incident hold is

scoped, approved and reviewed rather than becoming an invisible permanent excep-

tion. [S29] [S31]

Aggregates require the same discipline. Removing direct identifiers does not automat-

ically make a small-group or event-level dataset non-personal. The owner must

obtain an appropriate assessment before treating an aggregate as exempt from the

personal-data schedule. Where retention ends for raw operational evidence, derived

records should not claim a lineage that can no longer be inspected; their metadata

should state the disposal boundary honestly. [S09] [S29]

• 

• 

• 

• 

• 
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WA R N I N G

Cameroon's Law No. 2024/017 of 23 December 2024 includes a prior-authorisation
requirement for personal-data processing, but this chapter does not determine cur-
rent implementing practice, exemptions or a statutory retention period. [S31] Qualified
Cameroonian counsel must review identifiable-worker records, cross-border copies,
holds and deletion routines before the factory fixes those controls. This is
engineering guidance, not legal advice.

Time, identity and state turn readings into evidence because they make every later

use answerable to its original context. Replay, correction and retention then preserve

that answerability as systems change. The factory can reconstruct not only a value,

but also the object, occurrence, transformation, rule and knowledge state behind it.

Keep the observation, its time and its identity together,
or the number is only an assertion.
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Security and privacy are
design constraints, not
aftercare
The data spine must protect production, people and legitimate access at the
same time, with controls proportionate to a small team.
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CHAPTER 07
DECISION TEST

The data spine must protect
production, people and
legitimate access at the
same time, with controls
proportionate to a small
team.

A factory data spine is trustworthy only when its security, privacy and data-

access controls are built into the capture boundary, identity model and

recovery routine before the first operational feed is connected to analytics.

[S22] In GFT's Cameroon textile programme, prepared in January 2024 with source-

refresh notes retained in 2026, the sector baseline records about 95 percent of

cotton fibre exported raw and about 5 percent processed locally, against a 50 percent

local-processing target by 2030 (these inherited entries were not refreshed in 2026

and their original publication dates are unrecorded). [R06] Closing that gap requires

factories that capture production, quality, maintenance and energy evidence from the

first shift without exposing machinery to unsafe interference, workers to unlawful

surveillance, or the enterprise to vendor lock-in. [R07] For a small team without a

security department, protection must operate as a compact set of engineering con-

straints enforced from edge device identity to offline backup restoration. [S24]

When digital projects treat protection as aftercare bolted on after dashboards or

machine-learning pilots succeed, three failure modes appear on the shop floor. [S22]

First, direct polling or unauthenticated brokers bridged into operational technology

(OT) networks can degrade controller scan times, interrupt human-machine inter-

faces, or expose physical equipment to unauthorised commands. [S22] Second, shared

convenience accounts across operators, contractors and ingestion scripts destroy 

provenance and let one compromised credential alter both historical evidence and live

model artefacts. [S25] Third, indiscriminate collection of worker-identifiable pro-

ductivity or camera records triggers statutory data-protection duties and erodes

workforce trust before a lawful basis or human-review safeguard exists. [S29] Treating

security, privacy and contractual data rights as primary design constraints prevents

these failures within the capacity of a small plant team. [S23]

7.1

OT consequences set the control objective
Industrial data architecture begins with the physical consequences of failure on the

factory floor, not with the convenience of cloud ingestion. [S22] Operational techno-

logy covers the programmable logic controllers, drive systems, looms, dyeing control-

lers, cutting tables and environmental monitors that move matter and energy through a

plant. [S22] As the National Institute of Standards and Technology (NIST) sets out in its

OT security guidance, control environments differ from corporate IT systems because

performance, reliability and physical safety are primary operating requirements. [S22]

A delayed packet on an office server causes minor annoyance; a delayed or mal-

formed packet on a dye-house temperature loop or spinning frame can spoil a batch,

damage actuators, or endanger operators. [S22] Every component of the data spine

touching the shop floor must therefore be evaluated first by its worst-case effect on

physical safety and production continuity. [S28]

7 . 2  T H E  I N T E R FAC E  B O U N DA RY  S E PA R AT E S  C O N T R O L  E X E C U T I O N  F R O M
DATA  C O L L E C T I O N

Standardising the boundary between control execution and enterprise data manage-

ment stops analytical workloads from destabilising equipment. [S05] Under the IEC

62264 enterprise-control model, real-time sensing, safety interlocks and closed-

loop control belong in the lower control domains, while manufacturing operations

management, event aggregation and business planning sit across defined interfaces.
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[S05] The data spine must never reach directly into safety controllers or bypass local

interlocks to extract telemetry. [S22] Instead, machine data cross an explicit collection

boundary where an edge gateway reads exposed variables at a bounded polling rate

or receives outbound publish-subscribe messages without granting external systems

write access to control logic. [S06]

Where machinery supports OPC Unified Architecture (OPC UA), the spine should use

both its information modelling and its security model to authenticate applications, sign

messages and restrict read versus write permissions at the session and node level.

[S06] The OPC UA security specification addresses threats across the physical, hard-

ware and software environments in which industrial servers run, including message

spoofing, alteration, replay and resource exhaustion from message flooding. [S0703]

Where publish-subscribe transport uses MQTT, engineers must recognise that MQTT

is a transport protocol rather than a complete security architecture. [S07] Topic

namespaces, transport encryption, client certificates and payload validation must be

configured on the broker so an analytical subscriber cannot publish commands back

to a machine topic or exhaust broker memory. [S07]
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EXHIBIT 30 / CONTROL LAYERS

Protection follows the path from edge identity to restored record

DERIVED [S22] [S24] [S25] [S26] [S0703] Derived six-layer protection stack mapping operational technology safety, zero-trust identity, transport
security, storage immutability, model governance and tested offline recovery to the industrial data spine.

As shown in Exhibit 30, p. 116, protection runs as a continuous chain from the phys-

ical machine boundary to the offline recovery vault. [S22] Each layer enforces an

engineering constraint so a failure in an upper analytical component cannot propagate

downward into production control. [S28] Across this stack, the factory documents two

mandatory rules before any data agent is commissioned: no data-collection service,

broker or model may become a single point of failure for machine safety or local

operation, and uncontrolled experimentation or active network scanning on control

networks is prohibited. [S22] What Exhibit 30, p. 116 cannot establish on its own is the

site-specific network topology or firewall rule set, which must be engineered against

each plant's physical wiring and controller inventory. [S28]
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backups
Isolated restoration

drills
Portable schema and

record export

5. Model and release
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artefacts
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Rehearsed manual

fallback
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analytical views
Worker-data
minimisation

Human review for
worker decisions

3. Curated and raw
stores Append-only raw

evidence log
Separate custodian
and steward keys

Tamper-evident
provenance links

2. Network boundary
and broker Conduit firewall

between OT and IT
Authenticated

publish-subscribe
Store-and-forward

local queue

1. OT and edge
capture Hardware safety

interlocks isolated
Device certificate

identity
Bounded read-only
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7.3

Least privilege covers people and machine
identities
In a small factory, access control often fails not because encryption is weak, but

because convenience encourages shared accounts and over-privileged service

tokens. [S25] When supervisors share a terminal password, or when an ingestion script

uses the database administrator's master credentials, the spine loses both security

and provenance. [S09] If a KPI threshold is altered or a batch record is corrected, the

audit log cannot show which person or automated job made the change. [S02] Apply-

ing least privilege under NIST security and privacy controls requires granting each

human user and automated process only the minimum authorisations needed for its

assigned task. [S25]

Modern industrial architecture reinforces least privilege with zero-trust principles: no

device, user account or service receives implicit trust merely because it sits inside the

local area network or on a company workstation. [S0701] Authentication and authorisa-

tion of both subject and device occur as discrete checks before a session is

established to any data resource. [S0701] This requires separating human identities

from machine identities across every stage of the spine. [S25]

7 . 4  H U M A N  R O L E S  A N D  AU TO M AT E D  S E RV I C E S  R E Q U I R E  D I ST I N C T
P E R M I S S I O N  B O U N DA R I E S

For human personnel, permissions follow the governance roles established in this

paper: line operators record and view shift events for their work centre; domain

stewards review quarantine queues and submit correction events; technical custodi-

ans manage storage, backups and network conduits without authority to alter

business definitions; and domain owners approve schema versions, KPI formulas and

access exceptions. [S02] External equipment vendors never receive standing adminis-

trative credentials; their access is provisioned only for approved maintenance

windows through an audited jump host and revoked immediately afterward. [S24]

For non-human processes, every edge gateway, MQTT publisher, ingestion worker,

transformation job, training pipeline and registry writer receives its own cryptographic

identity and narrowly scoped permission set. [S15] An edge collector on spinning line A

needs permission to publish signed telemetry to the raw topic for line A; it has no

reason to read order margins, query attendance records, or write to the curated KPI

store. [S25] Similarly, a training pipeline needs read-only access to frozen dataset

snapshots and write access to the candidate experiment log, never credentials that

overwrite the production model pointer or mutate raw events. [S15] Narrowly scoping

machine credentials also limits the blast radius of adversarial machine-learning

threats such as training-data poisoning or model tampering across the lifecycle

stages defined in NIST's adversarial machine-learning taxonomy. [S0702]
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EXHIBIT 31 / ILLUSTRATIVE SCORE (0 TO 10)

Access rights differ sharply by role and data product

ILLUSTRATIVE [S25] [S29] [S0701] Illustrative permission mapping across seven factory roles on two governance dimensions: x measures
operational and model write authority (0 = read/append local only, 10 = full pipeline or infrastructure write), y measures scope of sensitive and
identifiable record visibility (0 = anonymised or single-asset only, 10 = plant-wide or personal-data review). Positions are illustrative design targets
based on S25, S29 and S0701, not empirical measurements.

The permission separation in Exhibit 31, p. 118 shows why no single role should

combine broad pipeline write authority with unrestricted visibility into identifiable

worker or commercial records. [S25] In this illustrative matrix, a deployment service

holds high write authority to promote approved model containers (x = 8 on the illus-

trative zero-to-ten scale), yet its visibility into personal records stays near the floor (y

= 2) because it processes only governed operational features. [S29] Conversely, a

data analyst inspects cross-line curated views (y = 5 on the illustrative scale) while

holding minimal write authority (x = 2), preventing silent manual edits to production

tables. [S25] What Exhibit 31, p. 118 cannot replace is a concrete access-control list

in the identity provider and database engine, reviewed whenever staff change role or

leave the factory. [S25]

To handle genuine emergencies without weakening daily controls, the spine includes

a documented break-glass procedure. [S25] If an urgent night-shift fault requires

elevated access when the primary custodian is unavailable, a time-locked emergency

credential can be activated by the duty manager. [S27] Activation triggers an audit

alert, expires after an illustrative four-hour maintenance window, and requires a

formal review at the next morning meeting to verify every command executed. [S25]

Scoped oversight and audit Strict dual-control governance

Task-specific line capture Automated technical custody

Line operator

Shift supervisor

Quality steward

Maintenance engineer

Data analyst

Equipment vendor

Deployment service

Operational and pipeline write authority

Record visibility and personal-data
scope
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0
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7.5

A small-team baseline prioritises essential
cyber hygiene
Small manufacturers rarely possess a security operations centre, and copying the

control catalogue of a bank guarantees shelfware that nobody follows. [S24] The

Cybersecurity and Infrastructure Security Agency (CISA) designed its Cross-Sector

Cybersecurity Performance Goals to help small and medium organisations establish a

prioritised starting posture. [S24] Combined with the governance function in the NIST

Cybersecurity Framework 2.0, which embeds cybersecurity accountability into lead-

ership and enterprise risk management, a small plant can maintain a durable baseline

without a specialist department. [S23] Rather than treating these references as one

universal checklist, GFT adapts them into six hygiene disciplines within the ISA/IEC

62443 industrial control lifecycle. [S28]

Maintain a live hardware, software and data-link inventory. You cannot protect

or recover an edge box, PLC interface or broker that is absent from the plant

register. [S24] The custodian records each device's location, network address,

software version, connected control assets, feeds produced and owner. [S22]

Enforce multifactor authentication and eliminate default credentials. Every

remote connection, cloud console, model registry and privileged account requires

multifactor authentication, and all default passwords on gateways, cameras and

switches are replaced before commissioning. [S24]

Segment operational, corporate and guest networks. Production controllers and

edge collectors sit in segmented zones separated from office workstations, payroll

computers and visitor wireless networks by stateful firewalls or conduits. [S22] Data

cross from the OT zone to the spine through whitelisted ports using outbound-

initiated or unidirectional flows. [S28]

Coordinate patching with maintenance windows. Unpatched edge systems and

broker libraries create exposure, yet rebooting a gateway mid-shift can disrupt

batch tracking. [S22] The custodian aligns patching with scheduled mechanical

stops, testing updates in staging before plant-wide release. [S28]

Centralise tamper-evident security and access logs. Authentication failures,

privilege changes, firewall blocks, schema approvals and break-glass activations

are forwarded to an append-only log store separated from the monitored systems.

[S25]

Gate and monitor all third-party vendor access. Equipment and vision vendors

often request permanent remote access for diagnostics. [S22] The baseline prohib-

its always-on vendor tunnels (0 permanent unmonitored remote connections as an

illustrative target), using time-bounded jump-host sessions approved by the

maintenance owner and logged end to end. [S24]

1. 

2. 
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M E T H O D

System boundary and verification checks for the small-team security baseline

Boundary: Covers all edge capture nodes, local store-and-forward buffers, mes-
sage brokers, raw and curated stores, model registries and jump hosts in the data
spine. [S28]

Quarterly verification checks:

Inventory reconciliation: Sample an illustrative 10 physical ports or wireless clients
in the production zone and confirm that 100 percent match registered assets.
[S24]

Credential audit: Verify that zero default passwords remain active and 100 percent
of departed or reassigned staff have had obsolete permissions revoked. [S25]

Conduit test: Attempt an unauthorised connection from the office network to an OT
controller port during a scheduled test window and verify that the firewall blocks
and logs the packet. [S22]

Vendor session review: Reconcile every external vendor login in the jump-host log
against a signed maintenance work order. [S24]

Placing these six disciplines inside the ISA/IEC 62443 lifecycle keeps security active

across specification, commissioning, operation, modification and retirement. [S28]

7.6

Recovery evidence matters more than backup
completion
A green checkmark on a nightly backup scheduler does not prove that a factory can

recover its data spine after ransomware, hardware failure or operator error. [S26] Joint

guidance from CISA, MS-ISAC, NSA and the FBI emphasises two requirements: main-

tain offline, encrypted backups of critical data, and regularly test their availability and

integrity in a disaster-recovery scenario. [S26] Backing up only the raw sensor table is

insufficient; if schemas, master-data hierarchies, KPI dictionary versions, transforma-

tion scripts, provenance graphs and approved model artefacts are lost, the restored

numbers are uninterpretable. [S15]

The recovery scope therefore encompasses the full semantic and operational chain:

the append-only raw event store, versioned master data, the KPI dictionary and con-

tracts, PROV-O lineage records, model registry metadata and deployment configura-

tions. [S09] At least one encrypted copy is held offline or in an immutable vault whose

retention lock cannot be shortened or deleted using the credentials of the active

database administrator or pipeline service. [S26]

Proof of recoverability comes from restoration drills into an isolated environment,

never from backup logs alone. [S26] During a drill, the custodian and a domain steward

take the offline backup media, provision a clean isolated host, restore the raw records

and metadata, recompute a historical shift KPI sheet and re-run a historical model

• 

• 

• 

• 

• 

• 
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batch. [S15] The test passes only when actual recovery time meets the recovery time

objective (RTO), the missing-data interval meets the recovery point objective (RPO),

and restored KPI outputs match the signed management report. [S26]

WO R K E D  E X A M P L E

Illustrative reconciliation of backup intervals, local edge buffering and restoration
time

Consider an illustrative garment and spinning plant operating 3 shifts of 8 hours each
(24 hours a day) across 6 production lines, generating an average of 500 governed
events per line per hour (6 x 500 = 3,000 events per hour across the plant, an illus-
trative rate used solely to demonstrate the sizing method). Suppose the central plant
database takes encrypted snapshots to an offline vault every 6 hours, while each
line's edge gateway maintains a local encrypted store-and-forward disk buffer cap-
able of holding 72 hours of local events (72 x 3,000 = 216,000 events, taking
approximately 216 megabytes at an illustrative 1 kilobyte per signed JSON event).
[S33]

At 14:30 on a Tuesday (2.5 hours after the 12:00 offline snapshot), a storage-array
failure corrupts the central database. Because the edge gateways isolate cleanly and
continue buffering locally during the outage, the lines continue operating safely under
local visual controls. [S22] The custodian initiates a restoration into a replacement
server from the 12:00 offline encrypted backup:

Offline vault transfer and decryption (illustrative): 45 minutes to mount and
verify cryptographic hashes of the 12:00 snapshot. [S26]

Database, schema and KPI dictionary restoration (illustrative): 35 minutes to
restore tables, master data and lineage indices. [S09]

Edge store-and-forward replay and deduplication (illustrative): Once the cent-
ral store is online at 15:50 (80 minutes after the 14:30 fault), the 6 edge gateways
replay buffered events generated between 12:00 and 15:50 (3.83 hours x 3,000
events/hour = 11,500 buffered events). At an illustrative ingestion rate of 500
events per second with idempotent event-ID checking, replay completes in 23
seconds (11,500 / 500 = 23 seconds), rounded to 5 minutes including steward
verification. [S33]

Steward reconciliation sign-off (illustrative): 15 minutes to verify that the
recomputed morning shift KPIs match the pre-fault supervisor log. [S02]

Result: Total verified recovery time is 45 + 35 + 5 + 15 = 100 minutes (1 hour and
40 minutes), against an illustrative target RTO of 120 minutes. Without local edge
buffering, the missing-data window would have been 2.5 hours (7,500 lost events
between 12:00 and 14:30); with tested offline restoration plus idempotent edge
replay, verified data loss is reduced to 0 committed events. This calculation is illus-
trative and shows why backup frequency, edge buffer capacity and restoration
rehearsal must be engineered as a single equation. [S26]

7.7

Incident response is practised as factory work
When an anomaly strikes a connected factory, ambiguity over who has authority to

disconnect a network conduit or suspend an automated model costs more time than

the technical fault itself. [S27] If an IT administrator hesitates to isolate a compromised

1. 

2. 

3. 
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broker for fear of halting a weaving room, or if a line supervisor continues following

corrupted model recommendations because no manual fallback rule was issued, a

containable incident escalates into an operational shutdown or quality recall. [S22]

NIST's incident-response guidance aligned with the Cybersecurity Framework 2.0

stresses that response procedures must be tested and exercised periodically both to

verify their accuracy and to train personnel before a crisis occurs. [S27]

In a manufacturing environment, incident response is not an abstract tabletop discus-

sion for software engineers; it is a physical shop-floor drill comparable to a fire drill or

a lockout-tagout safety exercise. [S22] The response plan must predefine clear

decision authority across five roles: the production manager (who owns physical line

operation and manual fallback execution), the OT/maintenance lead (who owns

controller safety and physical network disconnection), the data custodian (who owns

broker isolation, evidence preservation and backup restoration), the domain steward

(who owns data quarantine and post-recovery reconciliation), and the plant director

(who owns external legal, regulatory, customer and vendor notifications). [S23]

EXHIBIT 32 / ELAPSED MINUTES FROM DETECTION (ILLUSTRATIVE)

An exercised response contains the incident and preserves safe production

ILLUSTRATIVE [S22] [S26] [S27] Illustrative seven-step incident-response and recovery sequence measured in minutes from initial anomaly
detection (minute 0 to minute 240). Timings are illustrative drill targets derived from the procedural stages in S22, S26 and S27, not empirical
benchmarks.

The sequence in Exhibit 32, p. 122 shows how containment and production

continuity run in parallel. [S22] Within an illustrative 15 minutes of confirming an unau-

thorised write or broker anomaly, the OT lead and data custodian isolate the firewall

conduit between the shop floor and the server room. [S22] Because the edge architec-

ture is engineered for disconnection, machines remain running safely under local loop

control and operators switch by minute 30 (illustrative) to rehearsed fallback sheets or

0

Detect and triage

Broker rate alert or
unauthorized write
attempt triggers steward
and custodian paging.

15

Isolate conduit

Custodian and OT lead
sever the OT-to-IT
firewall conduit while
edge buffers continue
local capture.

30

Switch to manual
fallback

Production manager
activates paper/local
terminal logging and
suspends model-assisted
recommendations.

60

Preserve forensic
evidence

Custodian snapshots
volatile memory,
authentication logs and
quarantined payloads to
read-only media.

120

Eradicate and restore

Compromised credentials
rotated; clean
environment restored from
offline encrypted backup.

180

Reconcile and reconnect

Edge queues replayed
idempotently; steward
verifies KPI parity and
releases quarantine.

240

Close and update
runbook

Cross-functional review
records root cause,
missing controls and
updated escalation
thresholds.
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local terminal logging. [S33] Forensic evidence is captured at minute 60 before any

system is wiped, clean restoration from offline backups occurs at minute 120, and

idempotent replay reconciles the buffered interval by minute 180, followed by review

at minute 240. [S26] While the minute marks in Exhibit 32, p. 122 are illustrative drill

targets, the ordering is mandatory: isolate the control boundary first, stabilise safe

manual production second, preserve evidence third, and reconnect only after clean

restoration and steward reconciliation. [S27]

Rehearsing this sequence twice a year exposes hidden dependencies that diagrams

miss, such as a fallback sheet lacking the current lot-identifier format, a backup

decryption passphrase locked in an absent manager's desk, or an inspection station

whose lighting controller depended on the office network switch. [S27] Every defect

discovered during a drill enters the governance action register with a named owner

and due date. [S02]

7.8

Worker data are limited to a stated legitimate
purpose
A factory data spine captures events generated by machines and human operators

working together, so operational telemetry can easily cross into personal-data pro-

cessing. [S29] Attendance logs, operator-tagged sewing outputs, maintenance sign-

offs, skill matrices and overhead cameras aimed at inspection tables can all identify

individual workers directly or indirectly. [S29] In Cameroon, where the inherited register

notes that informal employment accounts for about 90 percent of the labour market

alongside a standard 40-hour workweek and 48-hour maximum with overtime at 1.2

times normal pay (inherited entry not refreshed in 2026; original publication date

unrecorded), formal industrial employers carry a clear duty to show that digitalisation

respects labour standards and worker dignity. [R16]

Two principles govern worker-related information in the spine: strict data minimisation

at collection, and mandatory human authority over employment decisions. [S29] Under

Recital 39 of the European Union General Data Protection Regulation (GDPR), per-

sonal data must be adequate, relevant and limited to what is necessary for the stated

purpose. [S29] On the shop floor, minimisation means the spine defaults to asset-level,

lot-level and shift-level identifiers rather than person-level identifiers wherever the

operational decision does not require knowing the individual worker. [S29]

7 . 9  O P E R AT I O N A L  M E AS U R E M E N T  D O E S  N OT  R E Q U I R E  U B I Q U I TO U S  WO R K E R
P R O F I L I N G

To calculate line overall equipment effectiveness (OEE), track cotton-lot genealogy,

balance work-in-progress buffers, or allocate electricity and steam per kilogram of

dyed fabric, the spine needs the machine ID, line ID, style code, order number, shift

code and event timestamp. [S05] None of those calculations requires a worker ID on

every piece-count message or continuous video of operators in a central archive.

[S29] Where cameras support automated fabric-defect detection, the optical field of

view should be framed mechanically onto the moving textile web and inspection

platen, excluding workers' faces and bodies at the lens boundary rather than relying

on downstream blurring. [S29]
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Where a legitimate purpose requires identifiable worker records, such as statutory

payroll and overtime compliance, safety incident reporting, or certified operator quali-

fication for hazardous dyeing and boiler plant, those records belong in a restricted

people-domain store with separate access controls and shorter retention schedules.

[S25] Analytical views published to engineers or machine-learning pipelines strip

direct identifiers and aggregate metrics to the team, line or shift grain so operational

analytics cannot become covert surveillance. [S29]

Equally important is the boundary on automated workplace decisions. [S30] Principle

5.5 of the International Labour Office (ILO) code of practice on workers' personal data

states that decisions concerning a worker should not be based solely on automated

processing of that worker's personal data. [S30] Although the ILO code is non-binding

guidance rather than statute, GFT adopts Principle 5.5 as a hard constraint across all

factory analytics and MLOps workflows. [S30] No KPI score, vision defect attribution or

model output may automatically trigger discipline, pay deduction, bonus forfeiture,

demotion or dismissal. [S30] Any workforce-related indicator serves at most as an

inquiry prompt for a trained supervisor, who must inspect machine conditions, mater-

ial quality and tooling before reaching a judgement under the human-oversight

principles of NIST's AI Risk Management Framework and ISO/IEC 23894. [S11]

7.10

Cameroonian legal duties require current local
advice
Beyond engineering minimisation and internal rules, a factory in Cameroon must

comply with national data-protection law. [S31] On 23 December 2024, the Presid-

ency of the Republic of Cameroon enacted Law No. 2024/017 relating to personal

data protection in Cameroon. [S31] That statute regulates the collection, recording,

storage, modification, transfer and destruction of personal data within the national

territory. [S31] Crucially for industrial digitalisation, Section 19(1) of Law No.

2024/017 states verbatim: "The processing of personal data shall be subject to prior

authorization by the Personal Data Protection Authority." [S31]

Section 19(1) has immediate consequences for how the data spine is phased and

documented. [S31] An engineering team cannot switch on biometric time-clocks,

operator-linked productivity tracking, cloud human-resources analytics or cross-

border replication of identifiable employee logs and assume internal policy notes

satisfy the law. [S31] Before any identifiable personal data are collected, linked across

domains or transmitted outside Cameroon, the enterprise must obtain current local

legal advice from qualified Cameroonian counsel on prior-authorisation filings,

applicable exemptions, the operational status and procedures of the Personal Data

Protection Authority, and cross-border transfer rules. [S31] This white paper provides

engineering design guidance only; it is not legal, regulatory, investment or tax advice.

[S31]
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EXHIBIT 33 / GOVERNANCE REGISTER SCHEMA

A processing register separates operational data from personal-data obligations

DERIVED [S29] [S30] [S31] [S32] Derived processing-register structure separating non-personal machine and lot records from identifiable worker
records across purpose, identifiability, access, retention, automated-decision limits, Cameroonian legal screening and cross-border routing.

Maintaining the processing register in Exhibit 33, p. 125 gives management, legal

counsel and workforce representatives one inspectable inventory of every dataset in

the factory. [S29] Separating non-personal machine, energy, vision and lot records

from the narrow set of personal records required for payroll, safety certification and

security auditing reduces the statutory compliance surface while protecting worker

privacy by design. [S29] For every row classified as personal data, Exhibit 33, p. 125

binds the dataset to the ILO non-automation safeguard and holds collection or reuse

behind an explicit legal-review gate under Cameroon's Law No. 2024/017. [S31] What

Exhibit 33, p. 125 cannot do is replace a formal legal opinion or regulatory filing with

the Cameroonian authority, which must be executed by local counsel before deploy-

ment. [S31]

Record class Stated purpose Identifiability Automated use
rule

Legal and
transfer gate

Machine cycle and
energy logs

OEE, maintenance
and carbon
intensity

Non-personal
(asset and shift
ID only)

Permitted for
anomaly and drift
alerts

Verify vendor
contract rights
(S32 where
applicable)

Fabric roll vision
images

Automated defect
detection and
grading

Non-personal
(camera framed on
fabric web)

Operator-assisted
roll disposition

Physical lens
check; local edge
storage default

Order and lot
genealogy

Customer
traceability and
rework control

Non-personal (lot,
order and station
ID)

Rule-based hold
and quarantine
routing

Commercial
confidentiality;
export format
contract

Operator
attendance and
payroll

Statutory wage,
overtime and shift
safety

Personal data
(named worker
identity)

No automated
discipline or pay
deduction (S30)

Law No. 2024/017
Sec. 19(1) review
before processing

Safety and machine
qualification

Verify certified
operator for
hazardous plant

Personal data
(worker ID and
licence date)

Hard interlock
check only; human
sign-off

Local counsel
authorisation
review; local
hosting

Custodian and
break-glass audit
logs

Security forensics
and privilege
accountability

Personal data
(administrator
account ID)

Alert routing to
security owner
only

Defined retention
window; restricted
vault access
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WA R N I N G

Unresolved statutory implementation details require pre-collection legal verifica-
tion

While Law No. 2024/017 of 23 December 2024 establishes the prior-authorisation
requirement in Section 19(1), administrative procedures, filing schedules and cross-
border adequacy mechanisms evolve through regulatory decrees and authority prac-
tice. [S31] A factory team must never assume that anonymisation claims, standard
contract clauses or foreign cloud certifications satisfy Cameroonian law. [S31] Until
local counsel confirms authorisation status for a personal-data workflow, the spine
must operate strictly on non-personal asset, lot and shift identifiers. [S29]

7.11

Equipment contracts must preserve lawful data
access
The final protection constraint covers commercial and legal control over operational

data generated by purchased machinery and software. [S32] Emerging-market textile

plants acquire spinning frames, looms, dyeing vessels, compressors and inspection

rigs from international original equipment manufacturers (OEMs). [S06] Modern

machinery frequently ships with embedded sensors and proprietary gateways that

transmit telemetry to the vendor's cloud portal while locking the factory out of the raw

stream, charging recurring fees to export the plant's own operating history, or barring

the factory from sharing diagnostics with an independent maintenance or analytics

team. [S32]

When an OEM contract restricts access to machine telemetry, the data spine is

crippled at capture. [S05] The plant cannot join machine states to its order genealogy,

audit how the vendor's dashboard calculates availability, or migrate to a new analytics

tool without losing history. [S09] Within the European Union, Regulation (EU)

2023/2854 (the EU Data Act) addresses this directly: Recital 5 states that users of a

connected product or related service in the Union can access, in a timely manner, the

data generated by the use of that product or service and share them with third parties

of their choice. [S32]

7 . 1 2  P R O C U R E M E N T  M U ST  C O N V E R T  STAT U TO RY  C O N C E P TS  I N TO  E X P L I C I T
C O N T R AC T  C L AU S E S

For a factory in Cameroon or structured through Hong Kong SAR, the EU Data Act

does not apply automatically by territory; its obligations depend on whether the user,

product or service falls within the Regulation's territorial and material scope. [S32] An

engineering team therefore never assumes foreign statutory rights will protect a

Cameroonian mill automatically. [S32] Instead, GFT translates those access principles

and industrial interoperability standards into five procurement clauses negotiated

before any machinery or software order is signed: [S06]

Unencumbered local access to telemetry: The factory retains the irrevocable

right to read all operational, diagnostic, energy and quality data generated by the

equipment at the local network boundary, free of volume surcharges. [S32]

• 
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Documented open interface standards: Equipment must expose telemetry and

event states through documented open standards, such as OPC UA information

models or MQTT schemas with unit, timestamp and quality definitions, rather than

undocumented binary registers. [S06]

Right to share operational data with chosen third parties: The factory may share

its machine-generated operational records and fault logs with independent main-

tenance engineers, auditors or analytics advisors without vendor consent, while

respecting valid trade-secret protections for proprietary control algorithms. [S32]

Separation of warranty from read-only collection: Connecting a read-only edge

collector to the documented interface or isolating the vendor's remote modem

outside maintenance windows must not void the equipment warranty. [S22]

Complete exit and historical export obligations: Where equipment includes a

hosted portal or bought vision software, the vendor must provide a tested bulk

export of historical records, calibration parameters, defect labels and schemas in

open machine-readable formats on schedule and at contract exit. [S15]

G F T  N OT E

Practical recommendation for GFT's Cameroon textile programme

In GFT's Cameroon textile programme, the data spine starts with governed manual
and local digital logs before scaling to bought computer vision and later demand
forecasting. [R06] GFT recommends four protection gates before any network col-
lector or external tool is approved: 1. Complete an OT consequence and conduit
check under NIST SP 800-82 so no data agent can interrupt machine safety or local
production. [S22] 2. Enforce separate human and service identities with multifactor
authentication on privileged accounts and offline encrypted backups verified by a
quarterly restoration drill. [S25] 3. Strip worker-identifiable fields from production,
quality and energy feeds by default, prohibit automated employment decisions under
ILO Principle 5.5, and hold any personal-data processing behind a written legal
review under Cameroon's Law No. 2024/017. [S31] 4. Insert standard local data-
export and open-interface clauses into every request for quotation for spinning,
weaving, dyeing and vision equipment. [S32]

These controls connect to the power and utility resilience designs in wp07, labour
governance in wp09, regulatory screening in wp17, and edge topology in wp18, with site
exposure scored in GFT's risk-matrix tool. [S14]

Designing security, privacy and contractual data rights into the spine from the outset

prevents the delays caused by safety trips, ransomware lockouts, labour disputes,

regulatory stop-orders and vendor lock-in. [S23] With the protection stack, access

• 

• 

• 

• 
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matrix, incident-response drill, processing register and procurement clauses in place,

the factory can now address the next requirement of Part II: keeping the spine

continuous during network outages and portable across vendor changes. [S33]

A factory owns its evidence only when it can collect it
safely, restrict it fairly, restore it cleanly and export it
freely.
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PART II: BUILD THE MINIMUM DURABLE SPINE / CONTINUITY BY DESIGN

Continuity depends on
recovery and portability, not
perpetual connectivity
A factory proves resilience by operating through disconnection, restoring its
records and leaving a vendor without losing its history.
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CHAPTER 08
DECISION TEST

A factory proves resilience
by operating through
disconnection, restoring its
records and leaving a
vendor without losing its
history.

A factory in an emerging industrial corridor cannot design its data architecture

around uninterrupted wide-area connectivity or permanent reliance on one

vendor. [S22] [S33] In Cameroon, where the inherited programme evidence

base prepared on 31 January 2024 records about 95 percent of cotton fibre exported

raw and 5 percent processed locally against a 50 percent target by 2030 (entries not

refreshed in 2026 and with original publication dates unrecorded), new spinning,

weaving, dyeing and garment plants must maintain high utilisation to stay solvent.

[R06] [R07] Earlier programme evidence also notes that capacity underutilisation at

legacy domestic textile facilities carried heavy financial penalties in the July 2023

reporting record. [R12] While the industrial data spine neither supplies power nor

replaces physical safety interlocks on operational technology, it must guarantee that

whenever the line runs, the plant can capture work events, make local shop-floor

decisions, recover corrupted stores to a verified state, and migrate historical records

across platforms without losing operational meaning. [S05] [S22] [S26] Continuity is an

engineering property verified through store-and-forward buffering, class-specific

restoration testing, semantic portability and fault injection, rather than a cloud contract

promise. [S27] [S0801]

8.1

Store-and-forward buys time during
disconnection
Telecommunications interruptions, expired certificates and routing faults routinely

sever the link between a factory floor and remote cloud environments. [S22] [S33] Rely-

ing on synchronous remote writes to record lots, inspections or stoppages forces a

bad choice during an outage: halt capture or stall operator terminals. [S08] [S22] Store-

and-forward architecture eliminates this coupling by placing a durable local queue at

the site boundary so capture proceeds at line speed regardless of upstream link state.

[S07] [S33]

8 . 2  D U R A B L E  LO CA L  Q U E U E S  D E C O U P L E  L I N E  CA P T U R E  F R O M  U P ST R E A M
L I N KS

In a hierarchical edge topology, child sensors, terminals and controllers publish events

to a local parent gateway or broker inside the factory network rather than addressing

external endpoints directly. [S22] [S33] Commercial edge runtimes illustrate this: when

connectivity drops, the parent device stores device-to-cloud messages locally until

the connection returns while managing local module communication and child-device

authentication. [S33] The data spine specifies store-and-forward behaviour as a

vendor-neutral requirement across all brokers and ingestion nodes. [S07] [S10]

Four technical rules govern a durable local buffer. [S07] [S08] [S09] First, the broker must

persist incoming payloads to non-volatile disk upon acknowledgement rather than

holding them in volatile memory. [S07] [S33] Second, every buffered message must

carry both the capture timestamp and the gateway receipt timestamp so delayed

draining is never mistaken for late production. [S08] [S09] Third, each event must carry

a deterministic edge identifier so retries are processed idempotently without double-

counting bundles or downtime. [S07] [S08] Fourth, reconnection draining must follow a

rate-limited priority schedule that sends active alerts and lot dispositions ahead of

bulk diagnostics. [S22] [S33]
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8 . 3  B U F F E R  S I Z I N G  I S  S I T E - S P E C I F I C  A R I T H M E T I C  F R O M  M E AS U R E D  E V E N T
R AT E S

Local storage capacity cannot be copied from a vendor datasheet because event fre-

quency and payload size vary by orders of magnitude across capture methods. [S08]

[S33] A factory logging barcode scans, bundle completions and machine state

changes generates compact text records, whereas a line retaining raw camera frames

from automated fabric inspection can exhaust an undersized drive within one shift.

[R29] [S08] Buffer sizing is an explicit arithmetic exercise derived from the plant's event

rates, payload schemas, media retention policy and an assumed outage duration. [S33]

[S0801]

WO R K E D  E X A M P L E :  S I Z I N G A  7 2 - H O U R  STO R E -A N D - F O R WA R D  B U F F E R  F O R  A
GA R M E N T  A N D  I N S P E C T I O N  F LO O R

Consider an illustrative garment and fabric-inspection facility sizing local edge stor-
age for an assumed 72-hour telecommunications outage across three 8-hour shifts
per day. Inputs are illustrative engineering parameters, not measured GFT results.
[S07] [S08] [S33]

Structured production and quality visibility events: Suppose 12 sewing lines
and 4 cutting and finishing stations generate an illustrative 2,500 bundle-track-
ing, defect-coding and downtime events per hour. Each event is serialised as
JSON at an illustrative average size of 1.2 kilobytes (kB), plus a 50 percent index
and log overhead (1.8 kB effective storage per event). Over 72 hours, those
180,000 events require 324,000 kB, or 0.32 gigabytes (GB). [S08] [S09]

Machine, power and environmental telemetry: Suppose 80 shop-floor meters
and machine interfaces publish status and energy readings every 10 seconds
(28,800 messages per hour). At an illustrative footprint of 0.5 kB per reading, 1
hour requires 14.4 megabytes, and 72 hours require 1.04 GB. [S06] [S07]

Shift KPI snapshots and operator correction logs: Suppose supervisors and
stewards record 120 hourly line summaries, reconciliation notes and quarantine
decisions per shift (360 records per day) at an illustrative 8 kB per record includ-
ing provenance metadata. Over 3 days, those 1,080 records consume 8.64
megabytes, or 0.01 GB. [S09] [S38]

Computer-vision inspection artefacts: Suppose 2 fabric-inspection tables run
local optical defect detection at up to 60 metres per minute. [R29] Buffering the
structured defect event alongside a compressed 250 kB image crop for each
flagged anomaly (at an illustrative rate of 400 anomalies per hour across both
tables) requires 28,800 images over 72 hours, totalling 7.20 GB. By contrast,
buffering continuous raw video (at an illustrative 15 GB per hour per camera)
across 2 cameras would demand 2,160 GB (2.16 terabytes), overflowing a 256
GB drive inside 9 hours. [R29] [S33]

Combining structured records and selective anomaly crops yields an illustrative 72-
hour raw requirement of 8.57 GB; applying a 3.0 safety factor for system overhead
and compaction yields an illustrative 25.71 GB allocation on a 128 GB or 256 GB
industrial drive, provided raw video is excluded. [S33] [S0801]
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As shown in Exhibit 34, p. 132, separating lightweight operational evidence from

bulky diagnostic media is the decisive control in local buffer design. [S07] [S08] [S33]

Structured events and meter telemetry for a three-day disconnection occupy less

than two gigabytes under illustrative plant assumptions, whereas indiscriminate media

buffering creates an artificial storage crisis. [S08] [S33]

EXHIBIT 34 / GIGABYTES (72-HOUR BUFFER)

Structured operational evidence requires modest local buffer capacity compared
with raw media

DERIVED [S07] [S08] [S33] Derived store-and-forward sizing model using event semantics from S08, transport persistence concepts from S07, and
local parent-device buffering from S33. Event rates and payload sizes are explicitly illustrative plant engineering inputs (2,500 visibility events/h at 1.8
kB; 28,800 telemetry readings/h at 0.5 kB; 15 KPI/audit logs/h at 8 kB; 400 vision defect crops/h at 250 kB versus 30 GB/h raw video).

Exhibit 34, p. 132 cannot prove that a drive will survive ambient heat, power cycling

or write wear on the floor. [S22] [S33] The custodian must pair capacity sizing with

disk-health telemetry and eviction rules so diagnostic images are overwritten in a ring

buffer before governed production or traceability events are threatened. [S08] [S22]

[S33]

8.4

Local decisions continue when external
services stop
Supervisors, inspectors and technicians must also make informed decisions on the

floor while external connectivity is absent. [S22] [S0801] Industrial systems have strict

performance, reliability and safety requirements that cannot depend on fragile

external links. [S22] If an operator terminal requires a cloud call to validate a bundle

ticket, read a bill of materials, or quarantine a defective fabric roll, a severed internet

cable stalls production. [S05] [S22]

Record stream Illustrative
hourly volume

Unit footprint
(kB)

72-hour buffer
(GB)

Queue exhaustion
policy

Visibility and
quality events

2,500 1.8 0.32 Never drop; halt
only on hardware
fault

Machine and
utility telemetry

28,800 0.5 1.04 Downsample to 60s
averages above 85%
disk

KPI snapshots and
audit logs

15 8 0.01 Never drop; retain
in primary
transaction store

Vision anomaly
crops (selective)

400 250 7.2 Evict oldest
unlabelled crops
first above 75%
disk

Unfiltered raw
camera video

2 15m 2,160 Prohibited in
continuity queue;
local ring only
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8 . 5  E S S E N T I A L  S H O P- F LO O R  F U N C T I O N S  R E M A I N  R E S I D E N T  AT  T H E  P L A N T
B O U N DA RY

Following IEC 62264-1 (ISA-95), work schedules, active production orders, product

specifications, defect taxonomies and lot-genealogy capture belong inside the site

boundary during execution. [S05] [S08] [S0803] Four functional categories must run loc-

ally when the wide-area network is disconnected: [S05] [S22] [S38]

Order and lot execution capture: Scanning cotton or fabric roll receipts, splitting

or merging bundles, logging piece counts and recording shift handovers must

validate against a locally cached copy of active master data and write to the local

store. [S05] [S08]

Quality disposition and quarantine: Inspectors and vision stations must flag

defects, place suspect lots into quarantine, and enforce hold rules locally so

defective material does not advance to downstream stations during an outage.

[S08] [S22]

Line visual management and hourly KPIs: Shift supervisors need live calculation

of line availability, first-pass yield and hourly output against target using the local

KPI engine under ISO 22400-2, so shift reviews proceed without external servers.

[S38]

Safety-adjacent and equipment-protection alerts: Local threshold monitoring on

motor temperatures, dye-bath pressures, boiler states and electrical loads must

execute on local controllers and supervisory nodes, with protective interlocks

wired in hardware or deterministic control logic rather than routed through data-

spine software. [S22]

8 . 6  STA L E  R E M OT E  A N A LY T I C S  D E C L A R E  T H E I R  AG E  R AT H E R  T H A N
M AS Q U E R A D I N G  AS  L I V E

Functions that aggregate multi-site demand history, execute retraining runs, or query

external supplier portals may pause when wide-area connectivity fails because they

do not control minute-by-minute sewing or spinning execution. [S05] [S33] [S0803]

When external services become unreachable, the danger is that a local screen dis-

plays yesterday's cached forecast or replenishment recommendation as if it were

current. [S22] [S0802]

Every screen and operator panel must display the freshness state and watermark

timestamp of its feed. [S08] [S22] When the wide-area link drops, any view relying on

remote computation must switch to a disconnected/cached banner showing the age of

the last synchronised state, while local views update in real time. [S33] [S38]

G F T  N OT E

In GFT's Cameroon textile programme, factory sites face periodic telecommunica-
tions instability and utility fluctuations alongside constrained on-site IT staffing. [R06]
[S22] GFT's engineering rule is that no operator action on the spinning, weaving,
dyeing or garment floor may block on an external network request, and no cloud-
hosted model may sit inside a real-time control loop. [S22] [S33] When a model is
admitted for shop-floor assistance (such as optical fabric inspection), the inference
runtime and approved model artefact execute locally on the plant edge node, while
external links serve only for asynchronous telemetry export, backup replication and
controlled downloads of approved model versions. [R29] [S15] [S33]
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8.7

Recovery objectives vary by data class
Hardware failure, accidental deletion, faulty schema migrations and ransomware can

corrupt or destroy local data stores. [S26] [S0802] NIST contingency planning guidance

(SP 800-34 Rev. 1) requires evaluating systems and operations through a business-

impact assessment to set contingency priorities, recovery point objectives (RPO,

maximum tolerable data-loss interval) and recovery time objectives (RTO, maximum

tolerable restoration time). [S0801] Applying one uniform RPO and RTO to every store

either wastes budget on low-consequence archives or leaves critical production

records underprotected. [S26] [S0801]

8 . 8  B U S I N E S S  I M PAC T  S E PA R AT E S  C O N T R O L-A D JAC E N T  R E C O R D S  F R O M
A N A LY T I CA L  A R C H I V E S

A disciplined industrial data spine classifies its stores by operational consequence

and reproducibility cost rather than by storage volume. [S15] [S0801] Four record

classes require separate recovery targets: [S08] [S15] [S38] [S0801]

Control-adjacent operational events and active lot genealogy: These records

track which fabric roll entered which dyeing vat or cutting table, which quality

holds are active, and which customer order is on the line. [S05] [S08] Losing active

genealogy breaks traceability and risks shipping quarantined goods, while a

prolonged outage forces the floor onto paper tally sheets. [S08] [S0801] These

records warrant tight local replication (such as write-ahead log shipping to a

secondary on-site node) and rapid restoration. [S26] [S0801]

Daily production, maintenance and quality shift logs: Hourly piece counts,

downtime reason codes and inspection tallies feed the daily and weekly

management cadence. [S38] If an outage occurs mid-shift, operators and super-

visors can reconstruct a brief interval from machine counters and tally sheets,

provided restoration completes before the next daily review meeting. [S38] [S0801]

Curated KPI views and management reports: Because curated datasets and KPI

tables are deterministic transformations of raw events and master data, they do not

require near-zero RPO hardware replication if raw events and transformation code

are intact; they can be recomputed from the restored event store within a few

hours. [S09] [S15] [S38]

Model registries, training snapshots and historical experiment logs: Approved

model artefacts, configuration files and dataset manifests needed for rollback or

audit change only when a candidate is trained or promoted. [S15] Their RPO aligns

with release events rather than seconds of clock time, though an immutable offline

copy of the deployed model package must remain accessible so an edge node can

be re-imaged quickly after hardware failure. [S15] [S26]

The bands in Exhibit 35, p. 135 are illustrative planning ranges showing how recovery

targets scale with operational consequence, not universal benchmarks or measured

GFT outcomes; each plant must set its own targets after a business-impact

assessment and restoration tests. [S26] [S0801]
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EXHIBIT 35 / ILLUSTRATIVE TARGET HOURS

Recovery objectives should reflect consequence rather than data volume

ILLUSTRATIVE [S26] [S0801] [S0802] Illustrative planning ranges for Recovery Point Objective (RPO, maximum data-loss interval) and Recovery
Time Objective (RTO, maximum time to restore verified service) across four factory record classes. Method derived from contingency planning priorities
in S0801, offline backup testing in S26, and data-integrity recovery in S0802. Values are explicitly illustrative design ranges, not benchmarks; final site
targets must follow a factory business-impact assessment.

Exhibit 35, p. 135 shows why active lot genealogy requires tight bounds (an illustrat-

ive 0.08 to 1.0 hour RPO and 0.5 to 4.0 hour RTO) whereas historical archives tolerate

an illustrative 8.0 to 72.0 hour restoration window. [S08] [S0801] However, Exhibit 35,

p. 135 cannot prove that backups meet those targets until a technician restores an off-

line copy into an isolated sandbox and measures actual elapsed time and record com-

pleteness. [S26] [S0802]

8 . 9  R E STO R AT I O N  T E STS  V E R I F Y  AC C U R AC Y  A N D  P R E C I S I O N  R AT H E R  T H A N
B AC K U P  J O B  LO G S

Industrial teams often confuse backup completion with recovery capability. [S26] A

completed backup script does not prove that the archive is uncorrupted, that encryp-

tion keys are accessible outside the primary domain controller, or that restored tables

pass integrity checks. [S26] [S0802] Multi-agency guidance (CPG 2.R) requires offline,

encrypted backups of critical data and regular testing of their availability and integrity

in a disaster recovery scenario, while NIST SP 1800-11 stresses trusting the

accuracy and precision of recovered data. [S26] [S0802]

To satisfy both requirements, the custodian must store at least one encrypted backup

copy offline or on an immutable storage target isolated from operational credentials,

and execute a scheduled restoration drill into a sandbox environment. [S25] [S26] The

0.08 20.8 41.4 62.1 82.8

Active lot and quality
holds (RPO)

0.08 1

Active lot and quality
holds (RTO)

0.5 4

Shift production and
downtime logs (RPO)

1 8

Shift production and
downtime logs (RTO)

2 12

Model registry and
approved artefacts (RPO)

4 24

Model registry and
approved artefacts (RTO)

2 16

Historical KPI and
management archives (RPO)

12 48

Historical KPI and
management archives (RTO)

8 72
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acceptance metric is whether the restored tables contain the expected event counts

up to the snapshot boundary, preserve cryptographic hashes on model artefacts, and

reconcile against shift production totals. [S15] [S26] [S0802]

8.10

Open representations make exit practical
At the commercial layer, vendor lock-in, licence price increases, product discontinu-

ation or service withdrawal threaten continuity just as severely as hardware failure.

[S10] [S32] [S0803] NIST's cloud computing synopsis (SP 800-146) highlights data

portability and lock-in risk when adopting external services. [S0803] If historical pro-

duction records, quality labels and KPI definitions are trapped inside undocumented

vendor tables, leaving that vendor resets institutional memory to zero. [S05] [S10] [S0803]

8 . 1 1  S E M A N T I C  STA N DA R D S  P R E V E N T  P R O P R I E TA RY  LO C K- I N  D I S G U I S E D  AS
O P E N  S Y N TA X

Exporting CSV or JSON files without semantics leaves a trap of opaque column

names and undocumented status codes. [S05] [S06] [S10] True portability requires that

exported records conform to open semantic models across three layers: [S05] [S06]

[S08]

Enterprise-control boundary semantics (IEC 62264-1 / ISA-95): Production

schedules, work performance actuals, material lot definitions and equipment hier-

archies map to the standard terminology and object models of IEC 62264-1 so

moving between manufacturing execution or enterprise systems does not force a

redesign of core domain entities. [S05]

Machine and device information modelling (OPC UA): Where equipment control-

lers and gateways expose structured process variables, alarms and asset 

metadata, using OPC Unified Architecture (OPC 10000-1) information models

ensures that tag relationships, units and security contexts are self-describing

rather than buried in a vendor PLC tool. [S06]

Visibility event semantics (GS1 EPCIS 2.0): Representing lot receipts, bundle

splits, inspections and shipments through EPCIS 2.0 event dimensions (what

object, when, where, why, and under which business step and disposition) allows

any standards-compliant traceability or analytics store to ingest the historical

event stream without custom guesswork. [S08]

8 . 1 2  C O M M E R C I A L  C O N T R AC TS  M U ST  S P E C I F Y  C O M P L E T E  E X P O R T  A N D  E X I T
V E R I F I CAT I O N

Commercial terms govern whether a factory can extract its data when a contract

ends. [S32] Where the European Union Data Act (Regulation (EU) 2023/2854) applies

to connected products or related services in the Union, users can access generated

data in a timely manner and share them with chosen third parties. [S32] Because a

manufacturer in Cameroon cannot assume European statutory rights apply extrater-

ritorially to local procurement (and this paper is not legal advice), territorial scope

requires review by qualified counsel. [S32]
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GFT's procurement rule writes explicit data-access, export format, metadata and exit

clauses into every equipment and software contract before signature, requiring full

self-service export of raw records, curated products, schemas, lineage and models

during normal operation. [S09] [S10] [S15] [S32] [S0803]

Exhibit 36, p. 137 maps the eight artefact classes required for a platform exit across

two dimensions: semantic dependency risk if left in a proprietary format, and verifica-

tion rigor required to prove that an exported copy works outside the originating

vendor's environment. [S05] [S06] [S08] [S09] [S15] [S32]

EXHIBIT 36 / DERIVED INDEX (0 TO 10)

Portability requires meaning, evidence and operating instructions

DERIVED [S05] [S06] [S08] [S09] [S15] [S32] Derived portability assessment across eight required export artefact classes, combining
enterprise-control models (S05), OPC UA information models (S06), EPCIS event semantics (S08), PROV-O lineage (S09), MLOps pipeline artefacts
(S15) and connected-product data access principles (S32). X-axis scores semantic lock-in exposure if left unstandardised (0=low, 10=high); Y-axis
scores independent restoration test complexity required before accepting an export routine (0=low, 10=high).

Exhibit 36, p. 137 places raw log files in the lower-left quadrant because bulk files

are simple to copy, while master data, visibility events, KPI dictionaries, provenance

graphs and model pipelines sit in the upper-right quadrant (Standardise and

rehearse exit). [S05] [S08] [S09] [S15] Because Exhibit 36, p. 137 cannot replace a live

drill, an export routine is proven only when imported into an independent environment

to reproduce operational reports without vendor APIs. [S27] [S38] [S0803]

8.13

Recovery includes the instructions that make
data intelligible
Database recoveries often succeed technically while failing operationally because the

backup captured only transactional rows and omitted the interpretive instructions that

turn those rows into governed evidence. [S09] [S15] [S38] A raw counter reading of 480

from a sewing line means nothing unless the recovery environment also restores the

Verify syntax and hashes Standardise and rehearse exit

Routine file export Contractual schema mapping
Raw sensor & log
files

Visibility events
(EPCIS)

Schemas & data
contracts

Master data
hierarchies

Provenance & lineage
graphKPI formula

dictionary

Model weights &
pipelines

Access & retention
policy

Semantic lock-in exposure without open standards

Exit verification complexity in sandbox
test

0 10

10

0
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master-data version identifying the line and style, the schema version defining the

unit as stitched collars rather than bundles, the quality-gate rule filtering out test runs,

and the ISO 22400-2 KPI formula version specifying how rework and planned breaks

were treated on that date. [S05] [S09] [S38]

8 . 1 4  R AW  E V E N TS  W I T H O U T  S C H E M AS ,  M AST E R  DATA  A N D  K P I  F O R M U L AS
A R E  U N I N T E L L I G I B L E  B Y T E S

Provenance standards (W3C PROV-O) and MLOps pipeline-lineage guidance

emphasise that reconstructing an outcome requires recording the entities, activities,

agents, parameters and execution artefacts that produced it. [S09] [S15] Under CISA's

offline-backup principle and NIST's data-integrity framework, the custodian must

treat six instruction sets as first-class recovery payloads alongside the raw event

store: [S09] [S15] [S25] [S26] [S38] [S0802]

Schema and data-contract registry: Historical versions of JSON schemas, table

definitions, unit specifications and validation rules used to gate ingestion. [S08] [S09]

Temporal master-data snapshots: Versioned equipment trees, line configura-

tions, bills of material, shift calendars and defect-code taxonomies with effective

date intervals. [S05] [S06]

KPI dictionary and calculation code: Scripts implementing each version of the

factory's ISO 22400-2 indicators, including numerator, denominator, grain and

exclusion rules. [S15] [S38]

Provenance and lineage logs: Execution manifests linking raw event batches to

cleaned tables, feature snapshots, model runs and published management views.

[S09] [S15]

Model registry and serving packages: Immutable container images or model

weights, feature-transformation code, human-set decision thresholds, and roll-

back pointers for deployed and suspended models. [S15]

Role-based access and retention policies: Least-privilege permission matrices

and processing-register constraints under NIST SP 800-53 so a restored envir-

onment does not expose restricted records during an emergency rebuild. [S25]

8 . 1 5  H I STO R I CA L  F I G U R E  R E P R O D U C T I O N  I S  T H E  AC C E P TA N C E  T E ST  F O R
C O M P L E T E  R E C OV E RY

To verify that all six instruction sets are captured and reassembled coherently, GFT

requires a deterministic historical figure reproduction test in every quarterly recovery

drill. [S15] [S26] [S38] The recovery team selects a closed historical reporting period and

instructs the restored sandbox environment to recompute the shift's Overall Equip-

ment Effectiveness (OEE), first-pass quality yield and active model predictions from

the restored raw events and historical instruction versions. [S09] [S15] [S38]
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H I STO R I CA L  K P I  A N D  M O D E L- STAT E  R E C O N ST R U C T I O N  C H E C K

System boundary: Isolated recovery sandbox with zero network links to live pro-
duction databases or vendor APIs, populated solely from offline encrypted backup
archives and immutable repositories. [S15] [S26]

Required inputs: (1) Offline backup of raw visibility and telemetry events for
period $T$; (2) archived master-data snapshot effective at $T$; (3) archived 
schema and quality-rule version effective at $T$; (4) archived KPI formula ver-
sion $v_k$ effective at $T$; (5) archived model package and threshold configura-
tion $m_j$ active at $T$; (6) signed-off management report and model audit log
from period $T$. [S05] [S09] [S15] [S38]

Execution steps: Mount the restored raw event store; apply schema validation
and quarantine filters using version $T$ rules; join with master-data snapshot
$T$; execute KPI transformation $v_k$ and model inference batch $m_j$; com-
pare regenerated outputs cell-by-cell against the historical signed-off report.
[S09] [S15] [S38]

Verification gate: Recomputed KPI figures must match historical reported values
within rounding tolerance (0.01 percent), quarantine counts must match, and
restored model outputs on the test slice must match logged production predic-
tions. Any discrepancy reveals an unbacked-up manual override, an unversioned
master-data mutation, or a missing configuration dependency that must be fixed
before certification. [S15] [S38] [S0802]

8.16

Migration preserves history from the manual
system
Continuity across technology generations starts when the plant migrates from its

manual spreadsheet logs to a structured database. [S05] [S09] In GFT's Cameroon tex-

tile programme, operations begin with a manual data spine of shift logs, defect tally

sheets, lot cards and a governed KPI workbook. [R06] [S38] When transaction volume

justifies a database or operations platform, treating migration as a clean-slate

replacement destroys the baseline history needed to evaluate process improvements

and seasonal demand. [S09] [S15] [S38]

8 . 1 7  T H E  I N I T I A L  S P R E A D S H E E T  R E G I ST E R  S E RV E S  AS  A  F O R M A L  M I G R AT I O N
S P E C I F I CAT I O N

A governed spreadsheet system of record is the living specification of the factory's

domain identifiers, state definitions and calculation logic. [S05] [S38] If the manual

system enforces stable identifiers for lines, assets, styles, lots and defect codes,

migrating to a database is a change of storage engine rather than business meaning.

[S05] [S08] If an integrator introduces a new platform with incompatible asset codes,

renumbered defect categories and altered downtime buckets without a mapping table,

historical records collected prior to cutover become unusable for trend analysis or 

feature engineering. [S08] [S09] [S18]
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To preserve continuity during migration, the data owner and steward require four

artefacts before cutover approval: [S05] [S08] [S09] [S38]

Bijective identifier crosswalk: A versioned mapping table linking every legacy

spreadsheet identifier (line, machine, style, supplier lot, defect code) to its new

system identifier, retaining the legacy code as an immutable attribute. [S05] [S08]

Historical event backfill with provenance: An ingestion script converting histor-

ical spreadsheet rows into immutable records in the new store, tagged with a

provenance activity (migrated_from_manual_spine_v1), original capture date,

migration date and responsible steward under PROV-O semantics. [S09]

Explicit quality-state preservation: Carrying missing-shift, estimated or correc-

ted quality states into the new database rather than imputing them as clean sensor

observations or replacing them with zeros. [S08] [S09]

Read-only archival of the source workbooks: Cryptographically hashed, read-

only copies of the cutover spreadsheets stored in the offline backup vault so an

auditor or engineer can verify the pre-migration source text. [S26] [S0802]

8 . 1 8  PA R A L L E L  R E C O N C I L I AT I O N  P R OV E S  S E M A N T I C  E Q U I VA L E N C E  B E F O R E
C U TOV E R

Subtle differences in how new software handles time-zone boundaries, shift

changeovers, partial bundles or planned breaks can shift calculated KPIs. [S38] If line

availability jumps from an illustrative 72 percent to 79 percent on cutover morning

solely because the new software excludes meal breaks from scheduled time while the

spreadsheet included them, management cannot tell whether performance improved

or the ruler changed. [S38]

Migration cutover therefore requires a mandatory parallel run across an agreed oper-

ational window (for example, an illustrative two to four weeks of shifts) during which

both the legacy workbook and the new platform compute the factory's ISO 22400-2

indicators from the same shop-floor events. [S38] Any divergence must be diagnosed

as either an implementation bug in the new software (fixed before cutover) or an

approved upgrade to the KPI definition (requiring a new KPI version number and

backward recalculation of the historical series). [S09] [S38] Only when parallel recon-

ciliation closes within tolerance does the new platform become the system of record.

[S38] [S0802]

8.19

Deliberate failure tests expose hidden
dependence
Architectural diagrams and written contingency plans assume fallback paths work as

drawn. [S27] [S0801] Hidden dependencies surface when a component fails: an edge

gateway configured for offline operation relies on an external Domain Name System

(DNS) server to resolve local hostnames; a local MQTT broker rejects messages

because a TLS client certificate expired during an outage; or a fallback spreadsheet

sits on a shared network drive unreachable when the main switch loses power. [S07]

[S22] [S33] NIST's incident response guidance (SP 800-61 Rev. 3) emphasises testing

and exercising procedures periodically to verify accuracy and train personnel. [S27]

• 

• 

• 

• 
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8 . 2 0  S I X  FAU LT- I N J E C T I O N  S C E N A R I O S  T E ST  T H E  S P I N E  B E F O R E  A  R E A L
O U TAG E  O C C U R S

Rather than waiting for an unplanned blackout, fibre cut or vendor dispute, the cus-

todian and stewards should run scheduled failure exercises during maintenance

windows or controlled shifts. [S22] [S27] [S0801] Six fault scenarios test the continuity

and portability boundary of a small factory's data spine: [S07] [S26] [S27] [S32] [S33]

Wide-area network severance: Disconnect the external internet router for an

illustrative 4-hour shift window. Verify that local capture, visual management

boards, quality holds and edge model inference continue without latency spikes,

remote-dependent screens display stale-data watermarks, and reconnection

drains the buffer in priority order without duplicates. [S07] [S08] [S33]

Unplanned edge-node power cycle: Force an abrupt restart on the local ingestion

gateway mid-stream. Verify that the write-ahead log and persistent message

store recover cleanly on boot, committed events are preserved, and child devices

reconnect automatically. [S07] [S22] [S33]

Buffer saturation and high-water eviction: Restrict the buffer partition or inject

synthetic diagnostic payloads until disk usage crosses the illustrative 75 percent

and 85 percent thresholds. Confirm that the ring-buffer policy evicts old unla-

belled image crops or downsamples high-frequency telemetry while preserving

100 percent of governed production, quality and traceability events. [S08] [S33]

Expired credential or certificate fault: Deploy a short-lived test certificate expir-

ing during an active capture session. Confirm that expiry raises a pre-expiry alert,

fails safely without crashing control-adjacent software, and has a documented

local rotation runbook independent of cloud authentication. [S22] [S25] [S27]

Poison-pill corrupted message injection: Publish a malformed JSON payload or

invalid schema version into the ingestion queue. Verify that the ingestion gate

quarantines the bad record into the dead-letter store with provenance metadata

rather than stalling the queue. [S07] [S08] [S09]

Clean-room backup restoration and vendor export import: Take the latest offline

encrypted backup and vendor self-service export archive into an isolated sandbox

container. Execute the historical figure reproduction method to confirm that a

technician following the runbook can restore the data, schemas, master data, KPI

dictionary and model artefacts within the target RTO and reproduce shift figures

accurately. [S15] [S26] [S32] [S38] [S0802]

Exhibit 37, p. 142 lays out an illustrative 4-hour (240-minute) integrated continuity

and restoration exercise that a small factory team can run within a single half-day

maintenance and operational window, combining live disconnection testing on the

floor with parallel clean-room backup restoration. [S26] [S27] [S0801]

1. 

2. 

3. 

4. 

5. 

6. 
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EXHIBIT 37 / ELAPSED EXERCISE MINUTES

A recovery exercise proves the whole chain, not only the backup

ILLUSTRATIVE [S26] [S27] [S0801] Illustrative 240-minute factory continuity and recovery drill sequence derived from contingency testing
guidance in S0801, periodic incident-response exercises in S27, and offline backup restoration testing in S26. Timings are explicitly illustrative planning
durations for a half-day drill, not measured GFT operational benchmarks.

8 . 2 1  M E AS U R E D  R E C OV E RY  GA P S  D R I V E  E N G I N E E R I N G  R E M E D I AT I O N  B E F O R E
M O D E L  A D M I S S I O N

As Exhibit 37, p. 142 shows, a half-day exercise tests both tracks simultaneously:

while the shop-floor steward verifies that disconnection, poison-message quarantine,

edge restart and reconnection draining work cleanly on the live buffer (Tasks 2, 3 and

5), the technical custodian restores the offline encrypted backup into an isolated

sandbox (Task 4), and both roles converge to reconcile historical and live KPIs before

signing off corrective actions (Tasks 6 and 7). [S26] [S27] [S38] What Exhibit 37, p. 142

cannot guarantee is that the first drill will pass without friction; the value of a sched-

uled exercise is to surface missing passwords, undocumented scripts, slow restora-

tion steps and silent duplicate events under calm daytime conditions rather than

during a real emergency. [S27] [S0801]

0 40 80 120 160 200 240

1. Safety check & baseline
freeze

2. Sever WAN & verify local
capture

3. Inject poison message &
reboot edge

4. Restore offline backup to
sandbox

5. Reconnect WAN & drain
local queue

6. Reconcile restored & live
KPIs

7. Log defects, owners &
sign-off
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U N E X E R C I S E D  E X I T  A N D  R E C OV E RY  PAT H S  A R E  L AT E N T  S I N GL E  P O I N TS  O F
FA I L U R E

A factory that records backups without testing sandbox restoration, or that signs
data-export clauses without importing a test archive into an independent
environment, carries an unmeasured continuity risk. [S26] [S32] [S0802] Common fail-
ure modes discovered only during live crises include backup encryption keys stored
exclusively inside the primary server being recovered, cloud export APIs that throttle
bulk historical downloads, edge brokers whose offline queues overwrite the oldest
production events when diagnostic logs fill the disk, and restored datasets that fail to
reproduce historical OEE because master-data changes were overwritten in place
rather than versioned. [S05] [S15] [S33] [S38] This constraint is resolved only by
making a passed restoration and export drill a mandatory gate before any production
system is declared operational or any machine-learning use case is admitted to the
floor. [S15] [S26] [S27]

Every continuity exercise concludes with a governance record logging the scenario

tested, measured RPO and RTO, duplicate or quarantined counts during reconnection,

historical KPI reproduction accuracy, and defect owners and due dates. [S26] [S27] [S38]

[S0801] When a factory can disconnect its router for a shift without losing a scan,

restore its store and KPI dictionary from an offline vault in an afternoon, and import its

history into an open schema without vendor help, its spine is ready to support

production modelling. [S15] [S22] [S26] [S33]

Continuity is proven not while the network is up, but
when the link fails, the backup restores and the history
survives a change of vendor.
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PART III: CONTROL MODELS AS PRODUCTION CHANGE / MODEL ADMISSION

A use case earns admission
only when a decision and
baseline exist
The first model gate is operational and economic: nobody should train before
the action, baseline, data rights and stop conditions are explicit.
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CHAPTER 09
DECISION TEST

The first model gate is
operational and economic:
nobody should train before
the action, baseline, data
rights and stop conditions
are explicit.

A machine-learning candidate earns admission to development only when the

factory can name the operational decision it will change, the role authorised

to act on its output, the frozen baseline it must beat, the lawful and gov-

erned records it will consume, and the condition under which the work will stop. [S43]

[S44] In a small or mid-sized manufacturer, the scarcest resource is not algorithmic

variety; it is the engineering, stewardship and supervisory attention required to turn

raw production events into dependable routines. [S02] [S18] Under Green Future Tech

Limited's (GFT's) Cameroon textile programme, prepared on 31 January 2024 with

source-refresh notes retained in 2026, inherited sector evidence records roughly 95

percent of cotton fibre exported raw and about 5 percent processed locally, against a

national target of 50 percent local processing by 2030 (these inherited entries were

not refreshed in 2026 and their original publication dates are unrecorded). [R06] [R07]

Moving a spinning, weaving, dyeing or garment plant along that path demands strict

capital discipline. Admitting an ungrounded model diverts stewards from capture

quality, creates maintenance debt, and risks automating an unverified assumption.

[S18] [S19]

Part I established how a factory governs operational meaning, decision rights and

quality gates. Part II defined the minimum durable data spine that preserves time,

identity, state, security and offline continuity. Part III treats machine learning as a

controlled production change. Before reproducible training (wp14 Chapter 10), staged

release (wp14 Chapter 11) or drift monitoring (wp14 Chapter 12) apply, a candidate

must pass an operational and economic admission gate. [S13] [S43] This chapter spe-

cifies that gate, shows how lifecycle cost and simple comparators filter out speculat-

ive proposals, legitimises stopping or postponing candidates whose prerequisites fail,

and explains why GFT admits bought fabric-inspection vision (wp03) ahead of his-

tory-dependent demand forecasting (wp04). [S43] [S44]

9.1

Start with the decision and the person who acts
Model admission begins with the physical or commercial decision that the factory

intends to improve, never with an available dataset or a vendor demonstration. [S43] In

the Cross-Industry Standard Process for Data Mining (CRISP-DM) lifecycle applied to

manufacturing, business understanding is the opening phase and deployment is the

closing phase that makes analytical work operationally real. [S43] ISO/IEC 5338 simil-

arly frames artificial-intelligence lifecycle processes around defined system purpose,

stakeholder requirements and operating context before technical build begins. [S13]

Reversing that order creates an orphan model with no governed place in daily or

weekly factory management. [S18] [S43]

9 . 2  A N  O U T P U T  W I T H O U T  A N  AG R E E D  AC T I O N  I S  A  VA N I T Y  S C O R E

Every candidate proposal must state five operational facts before any training extract

is approved: the specific decision to be taken, the named role accountable for taking

it, the physical or commercial action that follows, the decision horizon, and the

escalation route when the signal is contested. [S02] [S43] Consider a model that pre-

dicts a sewing-line bottleneck four hours ahead. If the line supervisor has neither the

authority to rebalance operators across styles nor a buffer of pre-cut bundles for an

alternative operation, the score cannot alter production. [S43] Under GFT's admission
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rule, a candidate whose sole output is an interesting risk score, heat map or anomaly

index with no pre-agreed operational response fails the first gate immediately. [S43]

[S44]

9 . 3  D E C I S I O N  T I M I N G  B O U N D S  T H E  T E C H N I CA L  S P E C I F I CAT I O N

Defining the action and actor first fixes the technical constraints that the data spine

must satisfy. [S08] [S43] A cloth-inspection alert on a rolling frame requires a decision

within seconds so the operator can mark the fault, log the defect code and cut or

downgrade the roll before dyeing (wp03). [R29] [S08] By contrast, a yarn-purchasing or

style-allocation forecast operates on a weekly or monthly planning cycle aligned with

sales orders and ginning deliveries (wp04). [S43] The first decision requires low-

latency edge inference that survives a wide-area network outage; the second toler-

ates batch execution but demands reconciled order, inventory and lead-time history

across enterprise and operations boundaries. [S08] [S22] Naming the decision owner

and horizon at admission prevents building streaming pipelines for a monthly planning

meeting, or overnight batch reports for a line fault already sewn into three hundred

garments by morning, an illustrative timing mismatch. [S02] [S43]

9.4

A baseline makes improvement falsifiable
No model can prove its worth unless the factory first records how the decision

performs without it. [S36] [S0902] Practical machine-learning engineering guidance

states the rule directly: before formalising what a machine-learning system will do,

track as much as possible in the current system. [S0902] World Bank evidence on

micro, small and medium enterprise digitalisation reinforces the same requirement,

showing that embedding monitoring and evaluation throughout design and imple-

mentation is essential for tracking impact and learning what works. [S36] Collecting

defect rates, downtime minutes or forecast errors only from the day a model launches

blends measurement visibility, supervisory attention and the model itself. [S36] [S38]

9 . 5  F R E E Z E  T H E  K P I  C O N T R AC T  B E F O R E  D E V E LO P M E N T  STA R TS

To make claimed improvement falsifiable, the domain owner and data steward must

freeze the governing key performance indicator (KPI) definition in the KPI dictionary

before candidate development begins. [S02] [S38] Following ISO 22400-2, that frozen

record specifies the indicator's exact formula, input elements, unit, time behaviour,

grain and exclusions. [S38] For a fabric-inspection candidate, the baseline states

whether defect catch accuracy is measured per hundred linear metres or per roll,

whether minor slubs within buyer tolerances are excluded, and how manual re-

inspection confirms missed faults. [R29] [S38] For a demand-forecasting candidate, the

baseline locks the forecast horizon, the style-colour grain, and whether cancelled

orders or stockouts are adjusted when computing actual demand. [S38] [S0901] Chan-

ging the KPI formula mid-pilot invalidates the comparison and forces the candidate

back to baseline collection. [S36] [S38]

9 . 6  I S O L AT E  O P E R AT I O N A L  C O N F O U N D E R S  I N  T H E  B AS E L I N E  W I N D OW

A factory baseline is a time-stamped operating record that captures the conditions

under which the pre-model process ran. [S08] [S38] In a Cameroonian cotton-to-gar-

ment operation, fibre characteristics shift across ginning lots, ambient humidity
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changes between seasons, grid power fluctuates, and operator proficiency varies

across shifts. [R03] [S38] Evaluating a candidate during a four-week run of plain-weave

sheeting against a baseline window dominated by dyed twills confuses product mix

with model skill, an illustrative confounding case. [S36] [S38] The admission dossier

must specify the baseline window, the stratification variables (shift, line, fabric con-

struction, cotton lot and order class) from the operational vocabulary (wp14 Chapter

03), and the counterfactual check separating model contribution from external shifts.

[S08] [S36] [S38]

9.7

Readiness tests data, rights and operating
capacity
Once a candidate has a named decision owner and a frozen baseline, the admission

review tests whether the factory possesses the data quality, legal rights and human

capacity required to build and sustain it. [S04] [S29] [S44] Practitioners in high-stakes

artificial intelligence report that upstream data cascades, triggered by neglected cap-

ture quality and improvised labelling, are pervasive (92 percent prevalence in the

cited study), invisible at first, and costly downstream. [S19] Admitting a model onto

unvalidated records accelerates the propagation of capture errors into operational

decisions. [S04] [S19]

9 . 8  D I ST I N G U I S H  P O O R  H I STO RY  F R O M  I N S U F F I C I E N T  H I STO RY

ISO/IEC 5259-3 defines requirements and guidance for managing the quality of data

used in analytics and machine learning. [S04] At the admission gate, the data steward

and model builder apply those requirements to separate corrupted history from insuffi-
cient history. [S04] [S09] Corrupted history occurs when events were logged for months,

but identifiers were reused without versioning, missing meter readings were stored as

zero output, or defect labels lacked a shared taxonomy (wp14 Chapters 03 and 04).

[S04] [S08] Corrupted history requires upstream capture remediation before records

enter a training snapshot. [S04] [S19]

Insufficient history occurs when the capture spine is clean, but the factory has not yet

operated through enough order cycles, seasonal transitions or machine faults to

populate a representative training distribution. [S04] [S43] A pre-trained computer-

vision model for weave defects (wp03) does not require three years of local sales

tables; it requires a curated, well-lit local validation set of fabric rolls with verified

defect coordinates to test transfer fitness and calibrate thresholds. [R29] [S04] Con-

versely, a demand forecaster (wp04) cannot substitute vendor pre-training for missing

local order, lead-time and stockout history. [S04] [S0901]
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9 . 9  V E R I F Y  L AW F U L  AC C E S S ,  WO R K E R - DATA  L I M I TS  A N D  E Q U I P M E N T  R I G H TS

Technical data availability does not equal lawful permission to model. [S29] [S31] Every

admission review checks the processing register (wp14 Chapter 07) against three

boundaries:

Personal-data minimisation: Under Recital 39 of the European Union General

Data Protection Regulation (GDPR), personal data must be adequate, relevant and

limited to what is necessary for the stated purpose. [S29] Ingesting operator badge

scans or workstation video when line or bundle aggregates suffice is rejected. [S29]

[S30]

Cameroonian statutory authorisation: Under Section 19(1) of Law No. 2024/017

of 23 December 2024 in Cameroon, processing personal data is subject to prior

authorisation by the Personal Data Protection Authority. [S31] Because implement-

ing practice requires current local legal verification (this paper is not legal advice),

no candidate touching personal data passes admission until local counsel confirms

authorisation status. [S31]

Connected-equipment data rights: When a candidate relies on sensor streams

from spinning frames, looms or stenters, the custodian must confirm contractual

rights to extract and reuse those records, applying conditional access principles

where the European Union Data Act applies and explicit contract clauses else-

where. [S32]

9 . 1 0  C O N F I R M  ST E WA R D S H I P  A N D  C U STO DY  CA PAC I T Y

A model is an ongoing operating commitment, not a one-off script. [S16] [S18] Industry

4.0 MLOps research shows that starting technical infrastructure and target automation

levels strongly influence complexity. [S42] Before admitting a candidate, the internal

champion and domain owner must confirm who will maintain features, review quar-

antined inputs each shift, and hold custody of the registry and rollback routine. [S02]

[S37] [S42] Admitting a second model when the sole analyst is fully committed to core

production and energy logs guarantees decay. [S02] [S18] [S44]

Exhibit 38, p. 150 places six illustrative candidates on a two-dimensional admission

matrix comparing data, baseline and rights readiness against net operational decision

value.

• 

• 

• 
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EXHIBIT 38 / ILLUSTRATIVE SCORE (0 TO 10)

An admission scorecard can reject a technically attractive use case

ILLUSTRATIVE [S04] [S11] [S14] [S36] [S44] Illustrative admission scoring of six candidate factory use cases across data, baseline and rights
readiness (x-axis, 0 to 10) and net operational decision value after lifecycle cost (y-axis, 0 to 10). Evaluation dimensions derive from S04, S11, S14, S36
and S44; coordinates are illustrative method examples, not measured factory results.

As Exhibit 38, p. 150 illustrates, cold-start stock-keeping-unit (SKU) demand

forecasting falls into the upper-left Postpone quadrant when order history and stockout

records are immature (x = 2.8, y = 7.4 illustrative). [S04] [S44] Shift bundle balancing

has clean data (x = 7.6 illustrative) but low incremental model value (y = 3.2 illus-

trative) because a work-in-progress rule already solves the supervisor's problem,

placing it in Keep simple rule comparator. [S43] [S0902] Individual operator speed ranking

scores poorly on both axes (x = 2.1, y = 1.8 illustrative) and fails legal and worker-

dignity screening. [S29] [S30] Only upper-right candidates clear the human-set

thresholds to advance, and a visual score never replaces a signed KPI baseline and

legal check. [S11] [S31] [S38]

9.11

The simplest useful comparator sets the bar
A recurring mistake in industrial analytics is comparing a complex model against

nothing, or against a weak straw man. [S43] [S0901] Complexity is an operating liability

that must earn its keep. [S16] [S18] Every admitted candidate must be tested against

two mandatory baselines during evaluation: current operating practice in the frozen

baseline window, and the simplest useful rule or statistical comparator built on the same

governed dataset. [S43] [S0901] [S0902]

9 . 1 2  S I M P L E  H E U R I ST I C S  A N D  B E N C H M A R K  M E T H O D S  S O LV E  A  L A R G E  S H A R E
O F  T H E  P R O B L E M

Engineering guidance for machine-learning systems notes that basic heuristics

should launch first when data are scarce; a simple heuristic captures a large fraction

of the attainable benefit while establishing the measurement pipeline, whereas a

Postpone: fix data or baseline Admit to shadow candidate

Stop: low value and unready Keep simple rule comparator

Bought roll-vision
check

Dyebath shade alert
Cold-start SKU
forecast

Loom bearing
acoustics

Shift bundle
balancing

Operator speed
ranking

Data, baseline and rights readiness

Net operational decision value

0 10

10

0
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premature complex model is difficult to maintain. [S0902] Forecasting theory enforces

the same rule through four standard benchmarks: the historical mean, the naive

method (setting future forecasts to the last observation), the seasonal naive method

(setting each forecast to the last observation from the same season of the prior

cycle), and the drift method. [S0901] As Hyndman and Athanasopoulos state, any new

forecasting method must be compared against these simple benchmarks to ensure

that it beats them; if not, the new method is not worth considering. [S0901]

In a factory context, simple comparators are transparent and low-cost: a seasonal

naive or moving-average model with confirmed contract backlog for demand

planning (wp04); fixed run-hour or metre-count preventive intervals from manuals and

stoppage logs for maintenance (wp02 and wp15); and statistical process control (SPC)

limits or four-point manual perch sampling for quality control (wp03 and wp06). [R29]

[S05] [S38] [S43] [S0901]

9 . 1 3  C O M P L E X I T Y  M U ST  C L E A R  A  N E T-VA L U E  H U R D L E ,  N OT  A  D E C I M A L-
P O I N T  M E T R I C  GA I N

Suppose a gradient-boosted tree improves mean absolute scaled error by 2 percent

over a seasonal naive comparator in an offline holdout test, an illustrative result. [S0901]

In a small factory, that 2 percent statistical gain may produce zero change in yarn

purchase orders because supplier minimum order quantities and container increments

are coarse. [S43] Meanwhile, the complex model introduces feature-pipeline fragility

and maintenance costs that the seasonal naive formula avoids. [S18] [S42] Under GFT's

admission standard, the domain owner and model owner set a minimum operational

superiority margin before training begins. [S11] If the candidate cannot beat the simple

comparator by enough to change physical decisions and recover its extra lifecycle

cost, the factory deploys the simple comparator and closes the model candidate. [S44]

[S0901]

9.14

Risk tier determines scrutiny and authority
Not every factory model carries the same consequence when wrong. [S11] [S14] NIST's

Artificial Intelligence Risk Management Framework (AI RMF 1.0) stresses that human

judgement must be employed when choosing trustworthiness metrics and setting

their precise threshold values in light of consequence. [S11] ISO/IEC 23894 similarly

guides organisations to integrate AI risk management into ordinary operating and risk

functions. [S14] At admission, GFT classifies every candidate into one of four

consequence tiers (wp14 Chapters 02 and 11). [S11] [S14]

9 . 1 5  T I E R  1  A N D  T I E R  2  C OV E R  P L A N N I N G  A N D  Q UA L I T Y  D I S P O S I T I O N

Tier 1 (Advisory planning): Models generating batch demand projections or main-

tenance lists that a planner reviews during normal hours with full access to source

records. [S11] [S14] If a Tier 1 model stalls, the planner reverts to the spreadsheet or

seasonal naive comparator with no threat to safety, product integrity or worker status.

[S16] [S0901] Admission requires domain-owner and steward sign-off, a frozen KPI

baseline, and a documented manual fallback. [S02] [S38]
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Tier 2 (Quality and customer-affecting disposition): Models influencing roll grading,

cutting, shade-lot grouping, or buyer carbon and compliance disclosures (wp03, wp05

and wp16). [S04] [S14] A false negative allows defective cloth into dyeing or cutting,

multiplying scrap cost; excessive false positives halt inspection frames and breed

alert fatigue. [R29] [S19] Admission requires independent challenge by the quality lead

and model owner (wp14 Chapter 02), explicit error-cost weights, a stratified validation

plan across styles and lighting, and a mandatory shadow-mode trial. [S04] [S11] [S16]

9 . 1 6  T I E R  3  A N D  T I E R  4  G OV E R N  WO R K E R -A F F E C T I N G  A N D  C O N T R O L-
C O N N E C T E D  U S E S

Tier 3 (Worker-affecting analytics): Any model touching identifiable workers, skill

assessments, ergonomics, shift allocation, pay incentives or discipline. [S29] [S30] Prin-

ciple 5.5 of the International Labour Office (ILO) code of practice on workers' per-

sonal data states that decisions concerning a worker should not be based solely on

automated processing of that worker's personal data. [S30] While the ILO code is non-

binding guidance, GFT adopts Principle 5.5 as a binding internal rule alongside GDPR 

data minimisation and Cameroon's statutory prior-authorisation requirement in Law

No. 2024/017. [S29] [S30] [S31] Ranking individual workers automatically for pay penal-

ties or termination is prohibited at admission. [S30] Legitimate ergonomic or training

analytics require role-aggregated inputs where feasible, documented legal review,

and substantive human review where a supervisor has time, context and authority to

reject any output. [S29] [S30] [S31]

Tier 4 (Control-connected OT automation): Any candidate proposed to write set-

points, adjust line speeds, or interface directly with programmable logic controllers

(PLCs), drives, boilers or dyehouse valves. [S22] NIST Special Publication 800-82

Revision 3 underscores that operational technology (OT) systems have strict per-

formance, reliability and safety requirements where latency or unintended state

changes can damage equipment or injure staff. [S22] In a small factory building its ini-

tial data spine, GFT rejects closed-loop Tier 4 model actuation at admission and

redesigns the candidate as an open-loop Tier 2 advisory display decoupled from the

control network. [S16] [S22] Any future control-connected candidate requires a formal

process-hazard and OT safety review, independent hardwired interlocks, and joint

sign-off by the factory director, OT custodian and safety officer. [S22] [S23]

9.17

Cost includes the whole operating lifecycle
Vendor brochures and macro-studies routinely present artificial intelligence through

headline benefit percentages while omitting the local engineering effort required to

prepare data and keep models alive. [S18] [S39] In the inherited evidence register,

McKinsey's The State of Fashion 2025 reports sector-level estimates where AI at scale

cuts inventory cost by 35 to 40 percent, lifts forecast accuracy by 20 to 30 percent,

and reduces forecast errors by 20 to 50 percent. [R27] Those figures describe poten-

tial outcomes in digitally mature fashion enterprises with established enterprise

resource planning (ERP) pipelines; they are not a baseline return that an industrialising

Cameroonian mill can copy into an investment case. [R27] [S42]
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9 . 1 8  C O U N T  P R E PA R AT I O N ,  I N T E G R AT I O N  A N D  H I D D E N  M A I N T E N A N C E  D E BT

Research on machine-learning systems warns that model code is a tiny fraction of a

production system, surrounded by data collection, feature extraction, verification and

monitoring infrastructure that accumulate heavy ongoing maintenance costs. [S18] In

manufacturing specifically, a 2025 NIST workshop report on semiconductor artificial

intelligence notes that manufacturers have reported data-processing costs for a

single application as high as 70 percent of total cost. [S39] That upper-bound warning

highlights the trap small factories must avoid: building bespoke data-cleaning

pipelines for each model instead of reusing a governed data spine (wp14 Chapters 01

and 05). [S18] [S39] Empirical OECD case evidence from small and medium enterprise

digitalisation likewise shows that converting traditional processes into digital routines

demands sizeable effort and a learning curve that does not pay off immediately. [S35]

To prevent hidden deficits, GFT's admission gate requires a whole-lifecycle cost

sheet covering seven explicit buckets: capture and preparation increments beyond the

baseline spine; ground-truth labelling by inspectors or engineers; integration and

manual-fallback engineering; shadow-mode validation (wp14 Chapter 11); operator

and supervisor floor training; ongoing drift diagnosis and retraining (wp14 Chapter 12);

and contractual exit archival (wp14 Chapter 08). [R29] [S04] [S08] [S09] [S16] [S18] [S22]

[S32] [S35] [S39] [S40] [S43]

Exhibit 39, p. 153 shows how counting these recurring lifecycle obligations can turn a

positive gross pilot saving into a net negative return when a model requires heavy

bespoke preparation and maintenance.

EXHIBIT 39 / ILLUSTRATIVE INDEX (GROSS BENEFIT = 100)

Lifecycle cost can reverse an apparent pilot return

ILLUSTRATIVE [S18] [S39] Illustrative reconciliation from gross annual operational benefit (100 index units) to net lifecycle contribution (-12 index
units) for a custom history-dependent model with bespoke pipeline preparation. Cost categories derive from S18 and the upper-bound data-processing
warning in S39; values are illustrative arithmetic, not a universal factory ratio.

-23.2

10.4

44

77.6

111
100

Gross
benefit

-42

Data prep

-20

Integration

-16

Labelling

-12

Validation

-14

Monitoring

-8

Retraining

-12

Net
lifecycle

A use case earns admission only when a decision and baseline exist

RESEARCH EDITION / 2026-10-30 153

G F T  /  R E S E A R C H

GREEN FUTURE TECH



In Exhibit 39, p. 153, a proposed pilot promises an illustrative gross operational

benefit indexed at 100 units. Deducting application-specific data preparation (-42

units), shop-floor integration (-20 units), domain labelling (-16 units), shadow valid-

ation (-12 units), drift monitoring (-14 units) and periodic retraining (-8 units) brings

total lifecycle costs to 112 units, leaving a net loss of -12 units (100 - 42 - 20 - 16

- 12 - 14 - 8 = -12). [S18] [S39] This waterfall shows why admission must evaluate 

net value after lifecycle effort, and why reusing a governed data spine across

decisions (wp14 Chapter 01) is essential to shrink preparation and integration costs.

[S18] [S39]

WO R K E D  E X A M P L E :  A D M I S S I O N  A R I T H M E T I C  F O R  A  FA B R I C - I N S P E C T I O N
CA N D I DAT E  AGA I N ST  A  C O L D - STA R T  D E M A N D  F O R E CAST E R

Consider an illustrative Cameroonian weaving and garment mill evaluating two can-
didates in Month 6 of its data-spine rollout. Operational volumes and defect rates are
illustrative assumptions; wage and exchange-rate anchors come from the inherited
register. [R14] [R15] [R29] [R32] Cameroon statutory minimum wage (SMIG) rose to XAF
43,969 a month from 23 February 2024 (about US$76), while the cross-sector
average salary is about US$359 a month (roughly XAF 215,400 at an illustrative XAF
600 per US dollar conversion, alongside the euro peg of XAF 655.957). [R14] [R15]
[R32] Literature reports manual defect inspection at 60 to 70 percent accuracy
(missing 20 to 30 percent of defects), versus computer vision above 90 percent
accuracy across more than 40 defect types at up to 60 metres a minute. [R29]

Candidate A (Illustrative bought edge vision on two frames, wp03 link): Inspecting
120,000 linear metres of greige cloth a month at a 65 percent manual catch midpoint
leaves missed weave defects that cause 1,800 metres a month of downgraded dyed
cloth, costing XAF 1,200 a metre (XAF 25,920,000 a year). [R29] Upgrading frame
lighting and tally sheets recovers an estimated 25 percent of missed defects without
software, saving XAF 6,480,000 a year less XAF 1,080,000 in lighting and supervi-
sion (net comparator benefit: XAF 5,400,000 a year). Bought camera assistance (Tier
2) lifts detection to an estimated 88 percent, catching 750 additional metres a month
worth 750 * 12 * XAF 1,200 = XAF 10,800,000 a year gross. [R29] Setup and local
labelling require 160 skilled hours at XAF 2,500 an hour (XAF 400,000 upfront),
annualised hardware and licence costs of XAF 4,800,000, and 6 hours a week of
steward checks (312 * XAF 2,500 = XAF 780,000 a year), totalling XAF 5,980,000 in
Year 1. [R15] Incremental illustrative net benefit over the comparator is XAF
10,800,000 - XAF 5,980,000 = XAF 4,820,000 in Year 1. Verdict: Admit to shadow
candidate.

Candidate B (Illustrative custom SKU demand forecaster, wp04 link): The mill holds
5 months of order history across 40 styles, dominated by 3 uniform contracts, with
stockouts separated only in Month 4. A seasonal naive and backlog sheet costs zero
new software outlay. [S0901] Reconstructing short history and maintaining bespoke
pipelines costs an estimated XAF 9,600,000 in Year 1, while incremental inventory
savings over the backlog comparator are near zero (illustrative range: XAF 0 to XAF
1,500,000). [S18] [S39] [S0901] Net value is negative (-XAF 8,100,000 optimistic
bound) and coverage fails ISO/IEC 5259-3. [S04] [S44] Verdict: Postpone for 12 to
18 months of clean history.
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9.19

Stop and postpone are successful governance
outcomes
In many digital programmes, admitting that a use case lacks clean data or positive

economics is treated as a failure by the project team. [S19] [S44] That culture breeds

zombie pilots: models that never reach production reliability but consume months of

analyst effort. [S18] Empirical research on supporting small and medium enterprises in

mapping artificial-intelligence potential states the corrective principle clearly: in

information-technology investments, the decision to postpone an AI project is valid

when resources, skills, costs or expected benefits are not met. [S44]

9 . 2 0  F O U R  E X P L I C I T  E X I T  R O U T E S  G OV E R N  E V E RY  A D M I S S I O N  R E V I E W

GFT designs the admission gate so that every candidate concludes with one of four

documented dispositions under the AI management system (wp14 Chapter 02): [S12]

[S43] [S44]

Admit to shadow candidate: All prerequisites pass (named decision and actor,

frozen KPI baseline, verified data fitness and rights, defined comparator, assigned

risk tier, and positive net value). The candidate receives a registry ID (wp14 Chapter

10) and enters shadow evaluation. [S13] [S43]

Redesign scope or boundary: The operational problem is valuable, but the pro-

posed form is unsafe, unlawful or over-engineered. [S22] [S29] [S42] Closed-loop

loom control becomes an open-loop supervisor alert (Tier 4 to Tier 2), or indi-

vidual worker tracking becomes an anonymised line-balance report (Tier 3 to 

Tier 1). [S22] [S29] [S30]

Postpone with a prerequisite trigger: The decision has strong potential, such as

multi-season demand forecasting (wp04), but lacks clean history or steward

capacity today. [S04] [S44] The register records the exact data trigger that re-opens

review, such as fifty-two weeks of validated EPCIS order events (wp14 Chapter

06). [S08] [S44]

Stop permanently (and deploy the simple comparator): Either no action follows

the prediction, harm cannot be mitigated, or a simple rule captures the benefit at

lower cost. [S30] [S44] [S0901] The model closes, and any useful rule or KPI

clarification goes to operations. [S38] [S43]

Exhibit 40, p. 156 traces the derived decision path from problem statement to one of

these four dispositions.

• 

• 

• 

• 
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EXHIBIT 40 / 

Every candidate exits through deploy, redesign, postpone or stop

DERIVED [S43] [S44] Derived stage-gate path from operational decision and frozen baseline through data and rights readiness, simple comparator
test and risk-adjusted lifecycle value check to four explicit exit outcomes, based on the lifecycle phases in S43 and the SME postponement and stop
criteria in S44.

As Exhibit 40, p. 156 shows, a candidate must pass all sequential checks to reach 

Exit A, whereas failing any single check routes the proposal immediately to Redesign, 

Postpone or Stop before training compute or vendor fees are spent. [S43] [S44] What 

Exhibit 40, p. 156 cannot enforce by itself is governance discipline; if a sponsor

bypasses the gate without a recorded risk exception (wp14 Chapter 02), the chart

becomes decorative. [S02] [S14]

9 . 2 1  P R E S E RV E  R E U SA B L E  L E A R N I N G  W H E N  A  CA N D I DAT E  STO P S  O R  WA I TS

When a candidate exits through Postpone or Stop, the admission review remains useful

if recorded in the governance register. [S12] [S13] The dossier archives the frozen KPI

definition (wp14 Chapter 03), the data defects uncovered during screening (wp14

Chapter 04), the simple comparator formula, and the failed assumption. [S04] [S38] [S44]

Preparing a candidate for admission often exposes a broken identifier or ambiguous

downtime state that the steward can fix in the core spine, improving daily

management reporting (wp02) even when no model is built. [S19] [S36]

1. Decision and
frozen baseline

2. Data, rights
and capacity check

3. Simple rule
comparator test

4. Risk tier and
lifecycle cost

Exit A: Admit to
shadow candidate

Exit B: Redesign
boundary or tier

Exit C: Postpone
for spine history

Exit D: Stop and
use simple rule

1

2 3

4

5 6

7

8 91011

1. Action and KPI frozen

2. No action

3. Baseline missing

4. Fit and lawful

5. History short

6. Rights or OT issue

7. Model needed

8. Rule suffices

9. Net value positive

10. Reduce risk tier

11. Cost exceeds value
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A D M I S S I O N  D O S S I E R  V E R I F I CAT I O N  C H E C K L I ST

Before the domain owner and model owner sign an admission certificate, the dossier
must record six inspectable artefacts in version control (wp14 Chapter 10): (1) named
operational decision, acting role, action, latency bound and escalation forum; (2)
frozen KPI dictionary ID, version, ISO 22400-2 formula, baseline window and strati-
fication slices; (3) dataset contract IDs, ISO/IEC 5259-3 quality pass rates, proven-
ance link, GDPR data-minimisation check and Cameroon Law No. 2024/017 legal
review status where personal data apply; (4) formula or rule for current practice and
the simplest useful benchmark, plus required superiority margin; (5) risk classifica-
tion into Tier 1 to Tier 4, human thresholds under NIST AI RMF 1.0, ILO Principle 5.5
compliance and NIST SP 800-82 safety isolation; and (6) itemised lifecycle cost
ranges and explicit stop triggers. [S02] [S04] [S09] [S11] [S13] [S18] [S22] [S29] [S30]
[S31] [S38] [S39] [S43] [S44] [S0901] [S0902]

9.22

GFT's sequence favours vision before history-
hungry forecasting
GFT's Cameroon textile programme pairs an early governed data spine with a staged

model sequence: admit bought computer-vision fabric inspection early where local

validation and economics pass (wp03), and defer history-dependent machine-

learning demand forecasting (wp04) until clean transactional history has been cap-

tured. [R28] [R29] [S16] [S44] The admission gate explains the engineering reason behind

that sequence without repeating the optical design of wp03 or the forecasting equa-

tions of wp04. [S04] [S43]

9 . 2 3  W H Y  B O U G H T  V I S I O N  C L E A R S  A D M I S S I O N  E A R L I E R  T H A N  C U STO M
F O R E CAST I N G

Executives often assume that tabular demand forecasting is simpler than computer

vision and should launch first. Applying the admission gates shows why the opposite

holds in a newly modernising textile plant: [S04] [S43]

Data dependency and cold-start horizon: A pre-trained fabric-inspection vision

model (wp03) arrives with feature extractors trained on generic weave textures.

[R28] [R29] Its local admission requirement is a stratified validation and threshold-

tuning set of several hundred local fabric frames under mill lighting, paired with a

governed defect taxonomy (wp14 Chapter 03). [R29] [S04] By contrast, a demand

forecaster (wp04) cannot borrow another firm's seasonal cycle, Cameroonian

school-uniform calendar, or export lead times. [R26] [S04] [S0901] Until the order,

shipment and stockout spine records one to two seasonal cycles cleanly, complex

forecasters overfit noise and lose to a backlog-plus-seasonal-naive comparator.

[S04] [S0901]

Observability and label delay: In fabric inspection, ground truth is immediate:

when the camera flags a warp break or stain on Roll 1042, the perch operator

inspects the cloth within seconds and confirms or overrides the mark, making

shadow evaluation (wp14 Chapter 11) fast. [R29] [S08] In demand forecasting, a

twelve-week ahead prediction waits twelve weeks for ground truth, and stockouts

or promotions confound the label (wp14 Chapter 12). [S19] [S0901]

• 

• 
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Actionability and containment: A vision alert triggers a bounded, reversible action

on one roll before dyeing adds chemical and energy cost. [R29] An erroneous

demand forecast that triggers an oversized yarn purchase locks up working capital

for a quarter. [S14] [S43]

Exhibit 41, p. 158 contrasts the admission evidence required for bought fabric-

inspection vision (wp03) and demand forecasting (wp04). [S04] [S43]

EXHIBIT 41 / 

Vision and forecasting need different evidence before admission

DERIVED [S04] [S43] [S44] [R29] [S0901] Derived admission comparison between early bought computer-vision fabric inspection (wp03) and
later demand forecasting (wp04) under GFT's Cameroon textile programme, derived from S04, S43, S44, R29 and S0901.

As Exhibit 41, p. 158 summarises, neither use case receives an unconditional pass.

Bought vision avoids the multi-season time-series cold start, but cannot bypass

admission: if the mill has not stabilised roll identifiers, lighting and defect codes on the

data spine, admitting a camera system produces unlinked image alerts that cannot be

reconciled to looms or dye lots. [R29] [S04] [S08] Conversely, postponing machine-

learning demand forecasting does not leave commercial planning unmeasured; it

deploys the governed order-backlog and seasonal-naive comparator immediately

while accumulating the clean event history needed for a statistical or machine-

learning forecaster to earn admission later. [S44] [S0901]

• 

Admission dimension Bought fabric-inspection
vision (wp03)

History-dependent demand
forecasting (wp04)

Operational decision and actor Perch or frame operator marks
fault, grades roll or cuts before
dyeing

Commercial planner sets yarn
purchase lots and line capacity
allocation

Frozen baseline KPI (ISO 22400-2) Confirmed defect catch rate and
second-quality dyed metres per
1,000 m

Scaled forecast error (MASE) and
stockout or excess-inventory days
by style

Minimum data readiness (ISO/IEC
5259-3)

Controlled lighting, governed
defect codes, stratified local
roll validation set

12 to 24 months of clean order,
shipment, cancellation and
stockout events

Mandatory simple comparator Standardised manual 4-point
inspection with upgraded frame
lighting

Confirmed contract backlog plus
seasonal naive and moving-average
rules

Risk tier and primary hazard Tier 2 (quality disposition):
false negatives enter dyeing;
false alarms slow line

Tier 1 or 2 (planning):
working-capital lockup in wrong
yarn count or shade

Typical initial gate disposition Admit to shadow candidate once
spine defect codes and roll IDs
pass quality gates

Postpone during cold start; use
simple comparator until order
spine matures
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G F T  N OT E :  E L A P S E D  CA L E N DA R  T I M E  N E V E R  S U B ST I T U T E S  F O R  PAS S E D
A D M I S S I O N  GAT E S

In GFT's 18-month implementation roadmap (wp14 Chapter 14), bought vision is
scheduled for shadow evaluation earlier than history-dependent forecasting. Spon-
sors must treat those roadmap months as conditional planning windows, never as
automatic permission to deploy. [S16] [S44] If a factory reaches Month 13 on the cal-
endar but its order records still fail completeness checks or merge unfulfilled demand

with shipped invoices, the forecasting candidate remains in Postpone status until the
spine defect is fixed. [S04] [S44] Conversely, if an existing mill already holds three
years of audited, item-level order and stockout records passing ISO/IEC 5259-3
quality gates, it can test a forecasting comparator without waiting for an artificial
milestone. [S04] [S43] Evidence, not the clock, opens the gate.

G UA R D  AGA I N ST  V E N D O R  P I LOT  T R A P S  D U R I N G A D M I S S I O N

Technology vendors frequently offer "free" 30-day proof-of-concept pilots that
bypass the factory's data spine, ingesting ad-hoc CSV extracts into a proprietary
notebook and reporting accuracy on a vendor-selected slice. [S18] [S32] Accepting
such an offer violates three admission rules: it leaves the factory without a frozen
internal baseline, obscures true preparation and integration cost (wp14 Chapter 05),
and creates lock-in where the factory cannot reproduce the evaluation. [S18] [S32]
[S39] Every vendor pilot must consume governed products from the factory's spine,
evaluate against the frozen KPI and simple comparator, and disclose full multi-year
licence, hardware and exit terms before admission. [S32] [S38] [S43]

9 . 2 4  C O N N E C T  T H E  A D M I S S I O N  GAT E  TO  T H E  FAC TO RY ' S  A N A LY T I CA L
TO O L S

To make this admission discipline repeatable without bureaucracy, the rules in this

chapter map directly to three operational tools in the GFT suite: the use-case-

portfolio tool implements the admission scorecard (Exhibit 38, p. 150) and stage-

gate routing (Exhibit 40, p. 156); the inspection-economics tool operationalises the

Tier 2 fabric-vision admission calculation (wp03) using local roll throughput and
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manual catch rates; and the cold-start-forecast tool operationalises the comparator

gate for wp04, benchmarking candidate algorithms against mean, naive, seasonal

naive and drift baselines while penalising short history. [R29] [S0901]

When a candidate clears all six checks in the admission dossier, it becomes an

authorised engineering work item. The next chapter (wp14 Chapter 10) specifies how

that admitted candidate is trained, versioned and recorded so that another competent

practitioner can reconstruct every dataset snapshot, feature transformation, para-

meter and evaluation result that produced it. [S09] [S13]

A factory earns the right to train a model only after it
has named the decision, frozen the baseline, tested a
simple rule and priced the full cost of keeping the
model alive.

C H A P T E R  S O U R C E  N OT E S
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PART III: CONTROL MODELS AS PRODUCTION CHANGE / REPRODUCIBILITY

Reproducible training turns
experiments into auditable
candidates
A model becomes a release candidate only when another competent person
can reconstruct what data, code, configuration and evaluation produced it.

CHAPTER 10 / 14 WARP AND SIGNAL



CHAPTER 10
DECISION TEST

A model becomes a release
candidate only when
another competent person
can reconstruct what data,
code, configuration and
evaluation produced it.

R eproducible training means preserving an inspectable chain from the factory

record to the candidate artefact and its evaluation. GFT proposes that a

candidate cannot enter release review until a competent colleague can

retrieve that chain, rerun the agreed checks and explain any unresolved difference. A

successful training job is evidence of execution. It does not establish operational

fitness or permission to deploy. The preceding chapter determines whether modelling

should begin; the following chapter determines whether a candidate may affect oper-

ations. This chapter defines the evidence package between those decisions.

10.1

Version the complete experiment, not only the
model file
Google's MLOps architecture connects pipeline execution metadata with lineage,

reproducibility and comparison. The research overview by Kreuzberger and col-

leagues treats MLOps as practices, concepts and development culture as well as

architecture. Together they support preserving the experiment as a connected record

rather than handing over an unexplained model file. [S15] [S20]

GFT's proposed experiment record starts with the admitted purpose and intended

output. It identifies the code revision, configuration file, dependency lock, data mani-

fest, feature definitions and evaluation procedure. The execution environment records

the operating system, runtime, relevant numerical libraries, processing device and

driver where material. Parameters include stopping rules and initialisation settings,

including random seeds where used. References point to retrievable artefacts, rather

than to somebody's recollection of what was on a laptop. Credentials remain outside

this record.

Separate an experiment plan from a run and from a candidate. The plan describes the

comparison being attempted. A run records an actual execution, including interruption

or failure. A candidate is the immutable artefact bundle selected for review. A rerun

receives its own run identifier even if every declared input matches. An exported,

quantised or otherwise transformed model receives a linked candidate identity

because its actual operating artefact has changed. Retaining the parent prevents a

conversion step from disappearing between training and evaluation.

Allocate the candidate identifier before results are reviewed, then bind it to a manifest

of content digests. The manifest should cover weights, preprocessing, label mapping,

configuration and scoring wrapper. GFT recommends keeping both a readable identi-

fier and digests: the identifier supports conversation, while the digests make later

integrity checks explicit. A digest is an integrity comparison, not proof that the training

data were correct or that the person claiming approval had authority. Permissions and

approval records remain separate controls.

Define what a reconstruction must match. GFT recommends exact agreement for

inputs, partition membership, parameter files and stored artefact digests. For newly

executed numerical outputs, the experiment plan should specify whether exact

agreement is required or a declared tolerance is acceptable. Record the reason for

any tolerance and compare the operating decision as well as the summary metric.
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Never introduce a wider tolerance after an inconvenient rerun. An unresolved dis-

crepancy leaves the package incomplete even when the original score remains

attractive.

The minimum stack in Exhibit 42, p. 164 is an illustrative design, informed by the

sources, rather than a claim that GFT operates a deployed training platform. It

separates durable records from the authority to change their status. [S15] [S16]

EXHIBIT 42 / PROPOSED CAPABILITY LAYERS

Small capabilities keep the experiment reconstructable

ILLUSTRATIVE [S15] [S16] [S20] Illustrative GFT design informed by execution lineage and incremental MLOps. Layers describe responsibilities, not
an implemented system or mandatory software products.

The layers may share a modest storage service. Their separation is logical: editing a

descriptive note must not replace a model, and completing a run must not grant

release authority. This distinction gives the factory a practical way to review work

without purchasing a separate product for every function.

10.2

Dataset snapshots prevent silent training-set
change
The public description of the data-quality management standard covers managing

data used in analytics and machine learning. The provenance ontology provides a

vocabulary for tracing entities, activities and responsibility. GFT applies these ideas to

snapshots: the extract, its creation activity and the accountable roles should remain

identifiable together. [S04] [S09]

Authority

Registry state Decision evidence

Execution

Run log Artefact manifest

Data

Frozen partitions Quality record

Definition

Version control Environment lock
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A snapshot should preserve the actual records used, subject to approved retention

and access rules. A saved query alone is insufficient for the proposed control because

its underlying tables may subsequently change. Retain the query, extraction time,

source versions, schema, row identifiers, exclusions and quality-rule version along-

side the immutable extract or an equivalent reconstructable historical source. Record

reconciliation totals at the same grain as the extract. If later correction changes a

label, create a successor snapshot and explain its relationship to the earlier version.

Define prediction time before defining partitions. For an order-planning model, spe-

cify what the planner could have known when issuing the forecast. GFT recommends

recording both the event time and the time a record became available to the decision

process. An event that occurred earlier but arrived after the forecast cannot silently

enter the historical input. This rule applies equally to corrections, final quality disposi-

tion and later cancellations. Keep the target's eventual outcome separate from the

inputs available when the decision was made.

Leakage is a documented reproducibility concern in machine-learning research.

Kapoor and Narayanan examine methodological failures and propose reporting that

exposes how information enters model development. Their research is a warning

about evaluation design, not a measured failure rate for textile factories in Cameroon.

[S1001]

For the factory protocol proposed here, use chronological partitions for forecasting

and define any gap around the prediction horizon. Keep overlapping target windows

from transferring future outcomes into earlier training examples. For visual inspection,

allocate related images at the physical entity boundary, such as a roll or production

lot, before generating crops or augmentations. Record the grouping key and check its

intersections across partitions. If the intended claim concerns a new style or machine,

reserve that entity accordingly; otherwise describe the narrower scope actually

tested.

Fit imputers, scalers, feature selection and other learned preparation only on the

training partition. Apply their frozen outputs to validation and test records. Tune using

validation evidence and keep the final test sealed until the selection procedure is

complete. GFT recommends logging each opening of the test set. If its results lead to

another tuning decision, retain those results but withdraw the claim that the set

remains untouched. Obtain a new independent evaluation boundary before making

that stronger claim again.

The lineage in Exhibit 43, p. 166 is a derived mapping of provenance and

pipeline-metadata concepts into proposed factory records. Its inputs are identifiable

source entities, recorded transformation activities and execution artefacts. It is a

traceability checklist, not evidence that a particular dataset has passed it. [S09] [S15]
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EXHIBIT 43 / EVIDENCE DEPENDENCIES

Candidate identity connects the record to review

DERIVED [S09] [S15] Derived mapping: provenance entities and activities from S09 plus pipeline execution records from S15 map to source,
snapshot, run, evaluation and candidate records. Arrows show dependencies, not approval or elapsed time.

Reconstruction should stop at a broken dependency. A missing snapshot cannot be

cured by a screenshot of its row count, and a reproducible training script cannot

establish which labels were supplied. Preserve uncertainty in the candidate record

and repair the missing link before describing the package as complete.

Label history deserves its own boundary in this proposed design. Keep the annotation

instructions, vocabulary version, adjudication process and correction history with the

snapshot. Record whether a label represents an initial operator judgement, a later

laboratory result or a final customer disposition. Those outcomes answer different

questions. If disputed examples are excluded, preserve their identifiers and reasons

so a reviewer can assess the resulting scope. A tidy extract should not conceal an

unresolved disagreement about what the target means.

For a supplier-generated dataset, GFT recommends obtaining a manifest that makes

permitted use and provenance inspectable without demanding unnecessary personal

information. Establish whether duplicate material can appear across deliveries and

whether the evaluation records were previously available to the supplier for tuning.

Where that cannot be established, qualify the independence claim. Preserve the

restriction in the candidate record rather than relegating it to a procurement

conversation that the eventual release reviewer may never see.

Source and quality
Snapshot and

splits
Code, features,

run
Fixed evaluation

Candidate record
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10.3

Features inherit governed operational
definitions
The manufacturing KPI standard describes indicators through their formula, elements,

time behaviour and units. GFT extends that definition discipline to model features,

while distinguishing a model input from a management indicator. A feature may be

useful without being a KPI, but it still needs a stable operational meaning. [S38]

Define each feature's source event, entity key, unit, aggregation window, time basis

and missing-value treatment. Include its admissible range, correction policy and

owner. A feature called recent downtime should state whether it measures stopped

minutes, stop counts or lost scheduled time. It should also state whether changeover

and planned maintenance are included. Avoid allowing a model notebook to create an

alternative meaning for a term that production managers already use. A changed

definition becomes a new feature version with an impact review.

GFT recommends distinguishing an observed zero from an unavailable value. A

machine that reported no stoppage and a machine that sent no report provide differ-

ent evidence. Preserve a missingness indicator where appropriate and define what

the scorer does when information is late or absent. If the operating procedure requires

the model to abstain, training and evaluation should retain that path. Do not fill every

blank merely to make the input matrix acceptable to an algorithm. The reason for

absence may matter more than the imputed value.

Retain the preparation artefacts that convert governed fields into numerical inputs.

These include category dictionaries, normalisation parameters, vocabulary, image

transformations and the order of output classes. GFT's proposed rule is that inference

consumes the same versioned transformation as evaluation. A separate implementa-

tion requires an equivalence check on agreed fixtures before it can replace the ori-

ginal. Otherwise the candidate record would identify the weights precisely while leav-

ing their input interpretation uncertain. The wrapper belongs in the artefact bundle for

this reason.

For example, an illustrative feature calculates unplanned-stop share from an assumed

24 stopped minutes and 480 scheduled minutes: 24 divided by 480 equals 0.05, or 5

percent. Its unit is a fraction of scheduled time, its grain is the completed shift, and its

assumed denominator excludes planned shutdown. This is a constructed definition

example, not a GFT factory observation. If the decision occurs midway through the

shift, its final totals are unavailable and this completed-shift feature is ineligible for

that decision.

Use that example to challenge timing as well as arithmetic. A feature with the right

formula can still have the wrong availability boundary. GFT recommends storing an

availability rule alongside every lookback window: the newest record must be usable

by the scoring cut-off, rather than merely carry an earlier event date. Where historical

availability cannot be reconstructed, flag the evaluation limitation explicitly and collect

prospective evidence. Do not substitute a convenient finalised history and call it an

exact replay of a past decision.
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M E T H O D

For each feature fixture, preserve the source rows, prediction cut-off, expected unit,
missing-data state and expected transformed value. Run the fixture through the
training preparation path and the scoring path, then compare the outputs under the
declared tolerance. Include an unseen category, a late correction and an absent
observation when those conditions belong to the intended use. Record the outcome
against the feature and wrapper versions. This is GFT's proposed equivalence
method, not a certification test or a substitute for local model validation.

Feature ownership should remain with the operational definition owner, supported by

the model builder. The builder may propose a different window or encoding, but

should not silently change what a stoppage or accepted unit means. This keeps the

data spine connected to factory work when a later experiment replaces the algorithm.

10.4

Execution metadata make comparison possible
Execution records provide the link between an intended pipeline and what actually

ran. Google's architecture explicitly uses pipeline metadata for comparison and dia-

gnosis as well as lineage. GFT adopts that principle and requires a run to record its

start, completion state, inputs, outputs and diagnostic references, including

unsuccessful executions. [S15]

In the proposed log, distinguish completed, failed, cancelled and invalid executions. A

completed job may still be invalid for comparison if it used the wrong snapshot or an

undeclared feature. Retain the reason and superseding run rather than deleting the

inconvenient entry. Record material manual intervention, including a resumed check-

point, changed resource allocation or a corrected configuration. Never overwrite an

earlier run's metrics after repairing a bug. The repair creates new evidence and

should preserve the link to the defect it resolves.

Lock the comparison protocol before selecting the winner. Candidate, simple com-

parator and existing planning rule should face identical evaluation records, target

definitions, horizons and weighting. Record the metric implementation as code,

including exclusions and handling of missing predictions. GFT recommends a predic-

tion ledger containing the evaluation key, actual outcome, prediction, abstention state

and candidate identifier. This lets a reviewer recompute a summary and investigate a

local failure without trusting a chart exported by the builder.
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WO R K E D  E X A M P L E :  A  LOW E R  M E A N  CA N  C O N C E A L  A  WO R S E  P E A K

This illustrative planning comparison assumes actual order quantities of 100, 120, 80
and 140 units over equally spaced planning periods. A simple comparator predicts
110, 100, 90 and 120 units, giving absolute errors of 10, 20, 10 and 20. Its mean
absolute error is (10 + 20 + 10 + 20) divided by 4, or 15 units. Candidate A predicts
105, 110, 85 and 130 units, giving (5 + 10 + 5 + 10) divided by 4, or 7.5 units. Every
value is an assumption for demonstrating an auditable calculation.

Candidate B in the same illustrative example predicts 100, 120, 80 and 112 units. Its
absolute errors are 0, 0, 0 and 28, so its mean absolute error is 28 divided by 4, or 7
units. Relative to the comparator, A reduces mean error by (15 minus 7.5) divided by
15, or 50 percent. B reduces it by (15 minus 7) divided by 15, or approximately 53.3
percent. B has the better mean but the larger peak-period shortfall.

The illustrative sample supports arithmetic, not a reliability or business-value claim. If
a peak-period shortfall were an agreed acceptance constraint, it would need to be
reviewed alongside the mean. A reviewer needs the predictions and period labels to
see the trade-off. The owner sets that constraint before candidate selection; it cannot
be inferred from the average after the results arrive. NIST assigns judgement over
metrics and threshold values to people. [S11]

The illustrative mean errors in Exhibit 44, p. 169 use only the assumptions and calcu-

lations above. Lower bars show smaller mean error; they do not show the distribution,

uncertainty or permission to act.

EXHIBIT 44 / ILLUSTRATIVE MEAN ABSOLUTE ERROR, UNITS

Mean error alone favours the peak-period failure

ILLUSTRATIVE  Illustrative assumed actuals [100,120,80,140]. Comparator predictions [110,100,90,120]; A [105,110,85,130]; B [100,120,80,112].
Mean absolute errors are 60/4=15, 30/4=7.5 and 28/4=7. B's final-period shortfall is 28 units. No observed factory result or forecast benefit is claimed.

GFT recommends keeping computational cost and elapsed duration in the same run

record, with units and measurement boundaries. Treat estimated costs as estimates

and distinguish active processing from queueing or human preparation. These records
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support later lifecycle costing without turning this chapter into a business-case

approval. A cheaper run is not necessarily a cheaper operating system, and a faster

experiment does not justify weaker evidence retention.

Preserve the selection history as well as the selected run. GFT proposes an experi-

ment summary that lists the candidate families explored, the tuning boundary and the

rule used to choose the submitted artefact. If several random initialisations are evalu-

ated, retain their results and explain how the reported candidate was chosen. Do not

present the most favourable observed run as though it were the predetermined pro-

cedure. The summary need not reproduce every diagnostic message, but it should

make discretionary choices visible enough to challenge.

A reconstruction discrepancy should open a bounded investigation. First compare the

declared inputs and artefact digests, then compare feature outputs and record-level

predictions before interpreting the summary metric. Identify the earliest point of dis-

agreement and retain the original package. GFT recommends distinguishing a docu-

mentation defect, an environment dependency and a genuine difference in the

model's decisions. Each needs a different repair. A new successful execution resolves

the issue only when the reason for the earlier disagreement is recorded or its

remaining uncertainty is explicitly accepted for the stated scope.

10.5

A registry records status and authority
The AI lifecycle standard describes processes for managing AI systems and explicitly

covers acquisition as well as development. GFT's proposed registry translates life-

cycle control into named candidate states. The state names below are a factory

design choice; they are not a certification claim or a prescribed state machine taken

from the standard. [S13]

Candidate means the bundle has been registered, including known gaps. Validated

means the agreed checks passed for a stated scope, with the evidence linked.

Approved means the authorised owner accepted a particular scope and set of condi-

tions. Deployed means that an identified operating endpoint has confirmed that ver-

sion is active. Suspended means use is halted while the record is retained. Retired

means the candidate is withdrawn from further authorised use, subject to the reten-

tion policy. GFT recommends recording rejection as a decision outcome against a

candidate, rather than erasing the candidate itself.

Keep release readiness distinct from active use. An approval record should specify

the candidate digest, permitted line or planning process, conditions, approver and

effective window. A deployment record should identify the actual service, device or

batch job and confirm its loaded wrapper and configuration. An approved model can

have no deployment, and a deployment may fail to activate the approved bundle. Until

endpoint confirmation exists, report the state that is evidenced. Do not infer

production status from a registry label alone.

For a small factory, GFT proposes a current-state table backed by an append-only

transition history. Every transition records the prior state, new state, reason, actor,

time and supporting evidence. Corrections append a resolving entry instead of rewrit-
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ing the original decision. The technical custodian protects storage and access; the

operating owner controls scope and acceptance. Where a person holds overlapping

roles, record the arrangement and obtain the review required by the consequence of

the intended use. The next chapter defines release scrutiny in detail.

The model-record fields in Exhibit 45, p. 171 are a derived design checklist. Their

inputs are lifecycle control, provenance, data-quality management, indicator definition

and human judgement over thresholds. Mapping each principle to an inspectable

record does not establish that a candidate already satisfies it. [S04] [S09] [S11] [S13] [S38]

EXHIBIT 45 / REQUIRED RECORD GROUPS IN A PROPOSED DESIGN

The candidate record separates knowledge from authority

DERIVED [S04] [S09] [S11] [S13] [S38] Derived mapping of source principles to GFT record groups: data quality to scope and snapshots;
provenance to lineage; human judgement to approval; lifecycle control to status and exit; KPI definitions to feature meaning. This is a proposed template,
not an implemented registry or standard-conformity claim.

Retention is part of the model record. GFT recommends recording whether worker-

level information is present, where restricted evidence is held and who may access it.

Do not copy personal records into an unrestricted registry to make lineage convenient.

Preserve the minimum permitted evidence needed to explain decisions, and link to

controlled material where appropriate. If deletion or contractual limits prevent later

reconstruction, record what can no longer be reproduced and reassess continued

use. Legal applicability and retention periods require qualified advice; this chapter

supplies an engineering record design, not legal advice.

10.6

A lightweight stack avoids platform sprawl
Microsoft's maturity model recommends gradual capability development and

describes both organisational and technical dimensions. GFT uses that advice to sep-

arate necessary evidence from optional automation. A factory should choose software

only after defining which recurring record or decision it must sustain. [S16]

The proposed starting stack comprises version control for code and definitions, con-

trolled storage for snapshots and artefacts, a structured run log and a registry with

transition history. These are capabilities, not a mandatory procurement list. A discip-

lined directory structure and validated structured files may initially provide several

Record group Inspectable evidence

Purpose and scope Decision, owner, exclusions

Data and rights Snapshot, quality, access basis

Feature meaning Definition, window, unit

Run and artefact Code, environment, digests

Evaluation Protocol, predictions, limitations

Authority and exit State history, approval, fallback
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capabilities together. Give the custodian a documented export and restoration pro-

cedure. If a platform is adopted later, preserve the identifiers and relationships so

historical candidates remain intelligible outside its interface.

Plain portable records need an explicit schema. GFT recommends mandatory fields

for identity, parent identity, record type, creation time, responsible role, content

location, digest and access classification. Domain-specific records then add parti-

tions, metrics or approval conditions. State the schema version in every export. Valid-

ate references before accepting an import and flag a missing dependency rather than

dropping it silently. A portable model file without its label mapping, feature contract or

evaluation keys is an incomplete transfer under this proposed protocol.

Make recovery part of the reconstruction exercise. Ask a colleague to start from an

approved identifier on a clean permitted environment, retrieve the package, verify

integrity and rerun its evaluation. Record missing instructions, inaccessible files and

unexpected manual choices. The colleague need not repeat a costly full training job

every time to reveal a broken evidence chain. Define when training reruns are warran-

ted, such as an unexplained result difference or material environment change, and

distinguish that exercise from rescoring the stored artefact.

G F T  N OT E

Start with the smallest record system that a colleague can actually reconstruct.
Require an identified candidate, frozen data boundary, governed feature definitions,
retrievable execution evidence and a separate authority record. Automate the most
frequent evidenced failure in that chain first. Keep a named custodian and a portable
export even when a supplier operates the tooling. This is GFT's practical recom-
mendation, not a claim that any particular software tier guarantees reproducibility.

Automation should remove repeated transcription and enforce declared rules. GFT

recommends beginning with manifest generation, reference validation and automatic

capture of actual run inputs. Leave disputed operational meaning and acceptance

with the responsible people. A scheduler can repeat a mistaken query more effi-

ciently; it cannot resolve who owns the definition. Similarly, an automatic registry

update should not transform completion of training into approval. Record the automa-

tion's own version because it participates in the evidence chain it creates.

The factory should also define an exception route. If an urgent investigation uses an

incomplete experimental package, label it exploratory and prohibit it from acquiring

release status through convenience. Assign an owner and a clear condition for com-

pleting or abandoning the record. Preserve whatever learning is reusable without

presenting the investigation as an accepted candidate. This keeps the system work-

able during operational pressure while retaining a meaningful distinction between

exploratory work and evidence suitable for a release decision.

Close the reconstruction exercise with an evidence receipt. GFT proposes a short

record stating who attempted it, which package and environment they used, what they

could retrieve, which checks they executed and what remains unresolved. Record

whether they rescored a stored artefact, rebuilt the wrapper or repeated training,

because those exercises support different claims. The receipt gives the release
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reviewer a bounded statement of work actually performed. It should never be titled

independent validation unless the assigned reviewer also performed the separate

validation work.

10.7

Bought models face the same evidence
discipline
Acquiring a model changes which evidence the factory can obtain, but does not

remove lifecycle responsibility. The AI lifecycle standard's public abstract explicitly

includes acquired systems. GFT therefore recommends applying the same candidate

identity and local evaluation discipline to a bought model while recording the limits of

access to its internal development process. [S13]

For a bought inspection system, record supplier, product, model identifier, wrapper

version, input requirements, class mapping, licence terms and update channel. Pre-

serve the documentation version supplied with the product and distinguish supplier

claims from locally observed results. Record whether training data, training code and

weights are accessible. Unknown should remain unknown. Do not infer local reprodu-

cibility from a vendor's training claim or describe a local test as independent

reconstruction of an inaccessible training pipeline.

The procurement requirement should specify notification of material changes and the

evidence needed for revalidation. GFT recommends defining materiality to include

preprocessing, defect taxonomy, thresholds, model weights and the service contract

that determines outputs. Where an update cannot be pinned, log the provider's avail-

able version markers and dates, then describe the remaining uncertainty. An endpoint

name that stays constant while behaviour changes is not sufficient candidate identity

for the proposed protocol. The owner must decide whether that uncertainty is

tolerable for the intended decision.

Keep the locally used configuration inside the package. A purchased model may still

be tuned through thresholds, calibration, prompts or operating recipes. Preserve those

inputs and any local adaptation data with their rights and lineage. A tuned derivative

gets a new identity linked to its supplier base. GFT recommends running the same

fixed local evaluation on the actual delivered interface, including its preprocessing and

abstention behaviour. This tests the system the factory will receive rather than a

selectively exported component.

Agree an exit route before dependency becomes difficult to reverse. Where rights

permit, retain the last approved local artefact and the environment required to read it.

Where a remote licence or service prevents that, document the feasible fallback,

including a return to the approved manual procedure. Do not promise recovery of a

supplier service the factory cannot restore. Link the fallback evidence to the candid-

ate record; the following chapter addresses the operational rehearsal and authority

needed before release.

The handover should expose contractual dependencies alongside technical ones.

GFT recommends recording whether access to historical predictions, model versions

or evaluation exports ends when a subscription lapses. Obtain an export before that
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boundary and verify that its identifiers still resolve to the retained local evidence. If a

service cannot provide the evidence required for the intended use, the owner can

narrow the scope, negotiate a different arrangement or decline the candidate.

Recording that constraint early protects the factory from mistaking a convenient

interface for a controllable operating asset.

GFT's programme sequence connects early bought vision and later history-depend-

ent forecasting through the same record discipline. This chapter proposes that

common discipline; it does not claim either system has been trained, validated or

deployed by GFT. The practical distinction is evidence availability. A bought system

may offer limited training visibility but still needs a traceable local test. A locally

trained forecaster must preserve its historical information boundary as well as its

code. Both hand the release reviewer an identifiable artefact, an explicit scope and an

honest account of what remains unknown.

A candidate earns trust when its evidence can travel
without its author.
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CHAPTER 11
DECISION TEST

Release authority follows
demonstrated local fitness,
safe fallback and
accountable acceptance,
not a strong aggregate
validation score.

A machine-learning candidate that scores well on an offline test partition has

not yet earned the right to alter factory work. Release is an operational

change decision, not the automatic final step of a training script. [S11] [S15]

Promoting a model into production changes how inspectors examine cloth, how plan-

ners size buffers, or how supervisors allocate maintenance across shifts. [S43] Gov-

erning that change by a single aggregate accuracy figure exposes daily execution to

unmeasured subgroup failures, false-alarm fatigue, silent pipeline defects and

workflow dependency. [S19] [S1101] Green Future Tech Limited (GFT), Hong Kong SAR,

designed its three-part Cameroon textile programme (prepared 31 January 2024,

with source-refresh notes retained in 2026) around the sector baseline in which

about 95 percent of Cameroonian cotton fibre is exported raw and about 5 percent is

processed locally, against a 50 percent local-processing target by 2030 (these

inherited baseline entries were not refreshed in 2026 and their original publication

dates are unrecorded). [R06] [R07] Moving from raw-fibre export to competitive local

spinning, weaving, dyeing and garment assembly requires decision tools that line

managers trust under shop-floor constraints. [R06] [S04] Validation and staged release

keep every bought or locally trained model subordinate to operations through four

controls: human-set thresholds tied to floor consequences, disaggregated validation

across local slices, staged authority expansion from shadow mode to assisted

operation, and rehearsed rollback to a known baseline. [S11] [S16] [S22]

Earlier chapters in this part established that a candidate enters development only after

an operational decision, baseline and comparator are frozen, and that training

becomes auditable only when code, dataset snapshots, feature definitions and exe-

cution lineage are recorded in a versioned registry. [S09] [S15] [S38] Those controls

prove how a candidate was built, not that it is safe or useful on the floor. [S13] [S1102]

This chapter specifies the validation and release discipline that separates technical

calculation from operational acceptance, prices the cost of wrong interventions,

sequences deployment through conditional stages, and treats rollback and manual

fallback as tested release artefacts. [S14] [S15] [S43]

11.1

People set the acceptance metrics and
thresholds
An automated pipeline can compute precision, recall, mean absolute error or calibra-

tion curves, but it cannot decide what an error costs on a weaving shed floor or in a

cutting room. [S11] [S38] The National Institute of Standards and Technology (NIST)

Artificial Intelligence Risk Management Framework (AI RMF 1.0) states the rule dir-

ectly: human judgement must be employed when choosing the specific metrics

related to AI trustworthiness characteristics and the precise threshold values for those

metrics. [S11] Delegating threshold selection to software defaults or to the developer

who trained the model confuses mathematical convenience with operational risk

appetite. [S11] [S14] In a factory spine, the domain operating owner and designated risk

owner set acceptance metrics and cut-off values jointly before validation begins,

locking those thresholds into the evaluation protocol so they cannot be adjusted ret-

roactively. [S02] [S11] [S15]
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1 1 . 2  C O N S E Q U E N C E -W E I G H T E D  T H R E S H O L D S  S E PA R AT E  T E C H N I CA L
M E T R I C S  F R O M  O P E R AT I O N A L  AC C E P TA N C E

Every industrial prediction error carries an asymmetric physical or commercial cost.

[S11] [S43] In fabric-defect detection, a false negative lets a stained or broken-pick

roll pass into dyeing or cutting, multiplying wasted labour, dye liquor and cloth. [R29]

[S43] A false positive stops the frame or flags a clean roll for manual re-inspection,

consuming operator minutes without destroying material. [R29] [S38] In short-horizon

demand forecasting, over-prediction ties up working capital in slow-moving greige

cloth, whereas under-prediction triggers short shipments or overtime changeovers.

[S38] [S43] Because these consequences hit production, quality and commercial

budgets, the accountable line manager defines the trade-off between missed events

and false alarms. [S02] [S11]

Setting human thresholds translates statistical scores into unit quantities managed

under ISO 22400-2 indicator definitions. [S11] [S38] An Area Under the Receiver Oper-

ating Characteristic curve (AUC) of 0.94 is not an operational threshold because a

supervisor cannot staff around an abstract area score. [S38] [S1102] An actionable

threshold states required recall at a maximum false-alarm rate per thousand linear

metres of cloth, or maximum mean absolute percentage error alongside a cap on

single-order under-predictions during peak shipping weeks, recorded in the model

registry with its operating assumptions. [R29] [S11] [S15] [S38]

1 1 . 3  F O U R  T H R E S H O L D  FA M I L I E S  P R OT E C T  T H E  L I N E  F R O M  O N E -
D I M E N S I O N A L  O P T I M I SAT I O N

A model that clears a single accuracy hurdle can still degrade operations if its input

feed is incomplete, its latency stalls a work cell, or its gains on high-volume styles are

paid for by severe errors on specialty lots. [S04] [S19] [S1101] GFT structures pre-

release acceptance around four mandatory threshold families: technical discrimination

and calibration, operational net benefit, serving data fitness, and bounded subgroup

behaviour. [S04] [S11] [S1101] Each candidate must pass all four families simultaneously.

[S11] [S14]

Exhibit 46, p. 178 sets out the derived structure of these four threshold families,

mapping each family to its primary metric class, required disaggregation dimensions,

mandatory failure action and accountable owner. [S04] [S11] [S19] [S1101]
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EXHIBIT 46 / GOVERNANCE SPECIFICATION

Four threshold families and slice rules prevent aggregate masking

DERIVED [S04] [S11] [S19] [S1101] Derived threshold framework combining human metric and threshold authority from S11, ML data-quality
management from S04, upstream cascade awareness from S19, and disaggregated condition reporting from S1101.

As Exhibit 46, p. 178 illustrates, each threshold family triggers a specific remedy

when a candidate falls short. [S04] [S11] A failure on serving data fitness sends the

team back to capture hardware, lighting calibration or schema enforcement rather

than hyperparameter tuning, preventing upstream data cascades. [S04] [S19] However, 

Exhibit 46, p. 178 is a governance contract rather than a universal numeric table: it

cannot establish the exact numerical cut-offs for a specific loom or inspection table,

which must come from local baseline records. [S11] [S38]

11.4

Local slices reveal aggregate success that
hides failure
Aggregate evaluation scores weight every test record equally, so they are dominated

by the factory's most frequent styles, best-lit day shifts and cleanest sensor feeds.

[S04] [S1101] Mitchell and colleagues show through their model-card framework that

benchmarked evaluation must be disaggregated across conditions, groups and inter-

sectional combinations relevant to the application domain so unsuitable contexts are

exposed before release. [S1101] On a production line, disaggregation prevents releas-

ing a model that performs well on standard plain-weave greige cotton but fails on

dyed twill, heavy canvas, humid afternoon shifts or frames running after a yarn-lot

changeover. [S04] [S19] [S1101]

Threshold family Primary metric
class

Required slice
dimensions

Mandatory failure
action

Accountable role

Technical
performance

Recall, precision,
calibration error

Defect class,
fabric weight,
weave structure

Block export;
refine features or
threshold

Model builder and
model owner

Operational
benefit

Net review
minutes,
first-pass yield,
scrap delta

Line, shift,
operator
experience tier

Hold in shadow or
reject candidate

Domain operating
owner

Serving data
fitness

Completeness,
timeliness, valid
range share

Capture device,
lighting state,
offline buffer

Quarantine feed;
repair capture
before re-test

Data steward and
data custodian

Subgroup floor Worst-slice error
cap, minimum
sample support

Low-volume style,
night shift,
degraded mode

Restrict
operational scope
or stop release

Risk owner and
domain owner
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1 1 . 5  D I SAG G R E GAT E D  E VA L UAT I O N  T E STS  T H E  O P E R AT I N G  FAC TO R S  T H AT
S H I F T  O N  T H E  F LO O R

Under ISO/IEC 5259-3, managing data quality for analytics and machine learning

requires verifying that validation datasets represent actual operating conditions. [S04]

When evaluating a candidate, a factory team partitions held-out validation and

shadow datasets along six operational axes wherever applicable: [S04] [S38] [S1101]

Production line and machine unit, accounting for camera mounting angles, vibra-

tion profiles and mechanical wear across individual looms or sewing lines. [S04]

[S1101]

Product style, construction and colourway, capturing how yarn count, weave

density and dye shade alter visual contrast and lead-time elasticity. [R29] [S1101]

Shift and ambient environment, reflecting daylight leakage, voltage swings, dust

and crew rotation between day and night shifts. [S04] [S19]

Defect or event category, separating rare high-cost failures (oil stains, warp floats,

safety trips) from minor blemishes so accuracy on common classes cannot mask

blindness to severe defects. [R29] [S11] [S1101]

Operating mode, distinguishing steady-state runs from start-up after changeover,

rework and post-maintenance restarts. [S38] [S43]

Missing-data and degraded-feed states, testing behaviour when context fields

arrive late from an offline buffer or carry estimated or missing quality markers. [S04]

[S19]

Intersectional slices are equally important. [S1101] A vision candidate may pass recall

thresholds across all shifts combined and across dark-dyed fabrics combined, yet fail

when a dark-dyed style runs on Line B during the night shift under artificial lighting.

[R29] [S1101] Pre-release slice tables that cross-tabulate style family by line and shift

catch that failure before a customer rejects a lot. [S19] [S1101]

1 1 . 6  SA M P L E  S U P P O R T  A N D  U N C E R TA I N T Y  B O U N D S  P R E V E N T  OV E R -
I N T E R P R E T I N G  S M A L L  S L I C E S

Disaggregating a validation set reduces the sample size in each cell. [S04] [S1101] If a

specialty style appears only eight times in a snapshot, a single misclassified roll shifts

the apparent error rate by 12.5 percentage points (an illustrative ratio of 1 divided by

8), risking either false confidence or premature rejection. [S04] [S11]

1. 

2. 

3. 

4. 

5. 

6. 
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M E T H O D

Disaggregated slice validation and minimum support check

To evaluate local operating slices without mistaking sampling noise for proven fitness,
the validation protocol executes four sequential checks on the frozen held-out
snapshot and shadow log: [S04] [S11] [S15] [S1101]

Define the mandatory slice grid. Before scoring, the domain owner, data steward
and builder list required unitary and two-way intersectional slices (such as 
style_group x line_id and defect_severity x shift_code), linked to governed
identifiers in the KPI dictionary. [S02] [S38] [S1101]

Enforce a minimum sample-support floor. Record the exact denominator
$n_{\text{slice}}$ in each cell and apply an explicit support floor (such as an illus-
trative floor of $n_{\text{slice}} \ge 30$ independent events) below which a point

score is marked insufficient support for autonomous release. [S04] [S11]

Report uncertainty intervals alongside point scores. Display a two-sided con-
fidence or credible interval around each slice metric so the operating owner
evaluates the worst-case plausible error bound. [S11] [S1101]

Apply scoped release or targeted collection when support is low. When a slice
breaches its threshold at the conservative bound or lacks sample support, either
extend shadow collection or issue a scoped release that excludes the under-
supported slice and routes those cases to manual baseline handling. [S04] [S11]
[S1102]

Checking sample support also exposes upstream data cascades: when a shift slice

shows near-zero logged defects, the steward verifies whether cloth quality improved

or operators stopped recording tags during busy changeovers. [S02] [S19]

11.7

Operational comparison includes the cost of
being wrong
A candidate model is never evaluated against an implicit alternative of zero capability.

[S43] [S1102] Even a manual factory has a working decision process with an observable

yield, speed and error cost. [S36] [S38] Google's machine-learning engineering rules

advise keeping the first model simple to establish baseline metrics and behaviour, and

running sanity checks on held-out data right before exporting any model to serving.

[S1102] In the CRISP-DM manufacturing lifecycle, the evaluation phase verifies that the

model meets business objectives before deployment. [S43]

1 1 . 8  T H E  CA N D I DAT E  M U ST  B E AT  B OT H  C U R R E N T  P R AC T I C E  A N D  A
T R A N S PA R E N T  C O M PA R ATO R

Every validation report places three options side by side on the same historical and

shadow windows: [S38] [S43] [S1102]

Current operating practice (the baseline): Actual human decisions, inspection

catches or planning allocations recorded during the frozen window, scored under

the governed ISO 22400-2 KPI formula. [S38]

1. 

2. 

3. 

4. 

• 
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A simple, transparent comparator: A deterministic rule, moving average, seasonal

naive forecast or single-threshold optical filter maintainable in a worksheet or

programmable logic controller (PLC) block. [S43] [S1102]

The candidate model: The versioned artefact registered under Chapter 10 repro-

ducibility controls, evaluated with its proposed threshold and serving pipeline. [S15]

[S16]

Industry literature in GFT's register notes that manual fabric defect inspection is 60 to

70 percent accurate and misses 20 to 30 percent of defects, whereas computer-

vision benchmarks exceed 90 percent accuracy across more than 40 defect types at

speeds up to 60 metres a minute (inherited Grade-C entry, not refreshed in 2026 and

original dates unrecorded). [R29] Those figures justify a pilot, but local lint, cotton-

seed trash, vibration and weave variations can push a vendor model's precision below

a trained two-person inspection perch. [R29] [S04] [S19] Only local comparison settles

the question. [S43] [S1102]

1 1 . 9  R E V I E W  B U R D E N ,  FA L S E  I N T E RV E N T I O N S  A N D  L AT E N C Y  E N T E R  T H E  N E T
AC C E P TA N C E  B A L A N C E

A statistical gain that slows the line or exhausts operators is an operational regression.

[S22] [S38] [S43] If a vision system catches four additional true defects per shift but

triggers forty false stops requiring three minutes each, it consumes 120 minutes of

inspection capacity per shift (an illustrative product of 40 stops and 3 minutes) and

drives operators to ignore alerts. [S18] [S19] [S38]

Operational validation therefore measures five quantities alongside statistical error:

[S22] [S38] [S43]

Inference and alert latency (mean and 95th percentile) within physical equip-

ment cycle times and operational technology (OT) reliability limits. [S22] [S38]

False-intervention rate and review minutes per shift consumed when human

verification overturns an alert. [S38] [S43]

Missed-event downstream cost in rework, scrap or stockout penalties compared

with baseline practice. [S38] [S43]

Exception-triage delay, testing whether bounding boxes or attributions speed up

operator verification. [S11] [S38]

Infrastructure and maintenance overhead required from a small team to sustain

calibration and pipelines. [S18] [S42]

Exhibit 47, p. 182 illustrates how a candidate model is compared against current

baseline practice across five normalised operational burden and error indicators

during shadow validation. [S38] [S43] [S1102]

• 

• 

1. 

2. 

3. 

4. 
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EXHIBIT 47 / ILLUSTRATIVE INDEX (0 TO 100, LOWER IS BETTER)

Candidate improvement must survive comparison with current practice

ILLUSTRATIVE [S38] [S43] [S1102] Illustrative shadow-validation comparison across five operational indicators. Values are constructed to
demonstrate paired pre-release evaluation under S38 KPI definitions, S43 lifecycle evaluation and S1102 baseline sanity checks, not measured results
from a GFT facility.

In Exhibit 47, p. 182, lower index values represent less wasted time, fewer false stops

or lower error over the same shift population. [S38] [S43] If a candidate cut missed

defect share from 26 to 11 on the illustrative index while raising false intervention rate

from 42 to 75, the chart would expose an unacceptable trade-off hidden by a

composite F1-score. [S11] [S43] Because Exhibit 47, p. 182 is an illustrative demon-

stration, it cannot establish actual factory gains; live decisions require measured units

from a frozen shadow run. [S38] [S43]

11 27.4 43.8 60.2 76.5

Defect review time
34 68

False intervention rate
18 42

Missed defect share
11 26

Order forecast error
29 38

Exception triage delay
24 55

Current baseline Candidate in shadow
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WO R K E D  E X A M P L E

Illustrative net-benefit validation of a greige-fabric inspection candidate

Consider an illustrative validation test at a woven-cotton inspection table in
Cameroon (all figures are illustrative assumptions to demonstrate the calculation
method, not observed GFT results; wage and currency context references the inher-
ited register where Cameroon's statutory minimum wage rose to XAF 43,969 a month
from 23 February 2024 and the CFA franc is pegged to the euro at 655.957). [R14]
[R32]

Assumed shift boundary and inputs (illustrative): One perch inspects 100
greige rolls of 100 metres each (10,000 linear metres) per 480-minute shift con-
taining 50 true major defects. Each undetected defect reaching dyeing and cut-
ting causes an illustrative rework and downgrade loss of XAF 18,000. Each
flagged stop requires an illustrative 2.5 minutes of perch time, valued at XAF 400
per minute (XAF 1,000 per stop). [S38]

Option 1: Current manual baseline (illustrative, informed by the 60 to 70
percent accuracy range in R29): Catches 64 percent of the 50 defects (32
caught, 18 missed) with 6 false stops (38 total stops). Stop time is $38 \times 2.5
= 95.0\text{ minutes}$ ($\text{XAF } 38,000$), and missed-defect loss is $18
\times \text{XAF } 18,000 = \text{XAF } 324,000$, giving an illustrative baseline
cost of $\text{XAF } 362,000$ per shift. [R29] [S38]

Option 2: Candidate Model A with uncalibrated threshold (illustrative): Catches
92 percent of defects (46 caught, 4 missed), but lint triggers 140 false stops
(186 total stops). Stop time reaches $186 \times 2.5 = 465.0\text{ minutes}$ out
of 480 minutes ($\text{XAF } 186,000$) plus $\text{XAF } 72,000$ in missed-
defect loss (illustrative total $\text{XAF } 258,000$). Because 465 stop minutes
breach the 120-minute review ceiling and collapse throughput, Candidate A is 
rejected. [S11] [S38]

Option 3: Candidate Model B after calibration and lint filtering (illustrative):
Catches 88 percent of defects (44 caught, 6 missed) with 14 false stops (58 total
stops). Bounding-box coordinates cut stop duration from 2.5 to an illustrative 1.8
minutes ($58 \times 1.8 = 104.4\text{ minutes}$, costing $\text{XAF } 41,760$),
plus $6 \times \text{XAF } 18,000 = \text{XAF } 108,000$ in missed-defect loss.
Total illustrative cost is $\text{XAF } 149,760$ per shift, saving $\text{XAF }
212,240$ per shift against baseline while keeping stop time below 120 minutes.
Candidate B passes comparison. [S11] [S38] [S43]

11.10

Shadow and assisted modes earn autonomy
gradually
Switching a live process directly from manual execution to closed-loop model control

introduces unnecessary operational and safety risk. [S16] [S22] Offline snapshots

cannot replicate live camera fouling, network micro-outages, clock drift or end-of-

month dispatch pressure. [S19] [S22] [S42] Microsoft's MLOps maturity model advises

building capability gradually rather than attempting full automation upfront, while NIST

SP 800-82 Revision 3 prioritises OT performance, reliability and safety. [S16] [S22]

Combining these rules creates a staged release ladder. [S16] [S22]

• 

• 

• 

• 
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1 1 . 1 1  S I L E N T  S H A D OW  O P E R AT I O N  P R OV E S  P I P E L I N E  I N T E G R I T Y  A N D  L I V E
D I ST R I B U T I O N  F I T N E S S

Every new deployment or major version upgrade begins in silent shadow mode: the

model ingests live events or frames, computes features and predictions, and logs

timestamped outputs and latency, while its outputs remain hidden from operators and

cannot trigger machine or workflow actions. [S15] [S16] [S22]

Shadow operation tests four live questions: [S04] [S15] [S22] [S1102]

Training-serving parity: Verifying that live messages and edge tables compute

the exact same feature values and unit conversions as historical training extracts.

[S04] [S15] [S1102]

Runtime resource safety: Confirming that peak inference load on edge hardware

respects processor, memory and thermal margins under NIST SP 800-82

reliability rules. [S22]

Live slice accuracy against delayed ground truth: Joining shadow predictions to

completed inspection sheets or order records via shared lot identifiers across all

active slices. [S04] [S09] [S15]

Virtual alert volume: Counting hourly alerts that would have fired so the operating

owner sees true operator review burden before anyone is interrupted. [S11] [S38]

1 1 . 1 2  O P E R ATO R -AS S I ST  M O D E  T E STS  H U M A N - M AC H I N E  I N T E R AC T I O N
B E F O R E  A N Y  B O U N D E D  AU TO M AT I O N

Once the shadow log passes all four threshold families over a predefined window

(such as an illustrative window of two to four weekly cycles across all shifts and main

style families), the operating owner may promote the candidate to operator-assist

mode, where the model displays recommendations or bounding boxes while the

operator retains authority to confirm, modify or reject each action. [S11] [S16] [S30]

Advancing from shadow to operator-assist mode is an explicit gate decision, and

advancing further to bounded automation (acting automatically only within narrow

pre-approved limits) is optional. [S16] [S22] [S42] Decisions involving complex rework

trade-offs, customer concessions or safety-adjacent settings remain permanently in

operator-assist mode. [S11] [S22] [S30]

Exhibit 48, p. 185 shows an illustrative 16-week staged release sequence from

candidate freeze through shadow validation, rollback rehearsal, operator-assist oper-

ation and conditional bounded automation. [S15] [S16] [S22]

1. 

2. 

3. 

4. 
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EXHIBIT 48 / ILLUSTRATIVE WEEKS FROM CANDIDATE FREEZE

Staged release makes each expansion of authority conditional

ILLUSTRATIVE [S15] [S16] [S22] Illustrative 16-week staged release schedule derived from S15 pipeline lineage and rollback controls, S16
incremental MLOps maturity, and S22 OT reliability constraints. Durations are planning illustrations, not fixed commitments.

As Exhibit 48, p. 185 shows, the rollback rehearsal occurs in Week 5 to Week 6

before Gate 1 approves operator-assist activation in Week 7, and Gate 2 in Week 11

to Week 13 audits human overrides and KPI movement before any expansion. [S11]

[S15] [S27] [S38] Because Exhibit 48, p. 185 is an illustrative schedule, it cannot fix

calendar durations across use cases; monthly planning models require longer shadow

windows than high-speed inspection cameras. [S16] [S38] [S43]

11.13

Rollback and manual fallback are release
artefacts
A model release is safe only if the factory can undo it faster than a bad prediction

series can damage production. [S15] [S22] When deployment overwrites scripts in

place and removes paper check-sheets, a bumped camera lens or corrupted feature

leaves the floor unable to restore operations without hours of downtime. [S18] [S19]

[S22] GFT treats technical rollback (reverting to prior approved version $v_{k-1}$)

and operational manual fallback (reverting to the non-model baseline workflow) as

mandatory release artefacts built and exercised before approval. [S15] [S22] [S27]

0 2.67 5.33 8 10.7 13.3 16

Offline slice and comparator
audit

Silent shadow deployment on
live feed

Rollback and manual fallback
rehearsal

Gate 1 review and user
release briefing

Operator-assist mode on pilot
line

Override, burden and KPI
audit (Gate 2)

Conditional bounded mode or
assist lock
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1 1 . 1 4  I M M U TA B L E  L I N E AG E  P O I N T E R S  A L LOW  I M M E D I AT E  R E V E R S I O N  TO  A
K N OW N  STAT E

Under Google Cloud's MLOps pipeline architecture, recording execution metadata and

artefacts enables lineage, reproducibility and rollback. [S15] Rather than loading an

unversioned file path, the serving layer resolves a registry pointer binding four

immutable artefacts: [S09] [S15]

The model artefact digest and version identifier, keeping prior approved version

$v_{k-1}$ staged locally. [S15]

The feature-transformation code version, reverting normalisation constants

alongside the model. [S15]

The input data contract and schema version, matching the structure and units

validated for $v_{k-1}$. [S04] [S15]

The threshold configuration, restoring the human-approved cut-offs of version

$v_{k-1}$. [S11] [S15]

The previous approved bundle remains staged on the local node and in offline

encrypted backup under CISA recovery guidance for at least one review cycle,

making rollback a rapid pointer switch. [S15] [S26]

1 1 . 1 5  R E H E A R S E D  FA L L B AC K  D R I L L S  P R OV E  T H AT  O P E R ATO R S  CA N  R E S U M E
B AS E L I N E  WO R K  O N  C O M M A N D

When an upstream sensor fails or a first-time model is suspended, the line must drop

back cleanly to manual or deterministic baseline operation. [S22] [S27] Following NIST

SP 800-61 Revision 3 guidance on periodic incident exercises, a pre-release fallback

drill verifies that workflows survive suspension without lost records. [S22] [S27]

Exhibit 49, p. 187 traces the derived six-stage control path from anomaly detection

through suspension, reversion, floor communication, lot reconciliation and investiga-

tion. [S15] [S22] [S27]

• 

• 

• 

• 
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EXHIBIT 49 / OPERATIONAL CONTROL SEQUENCE

Rollback restores a known operating state and preserves evidence

DERIVED [S15] [S22] [S27] Derived rollback and fallback sequence combining S15 artefact and pipeline lineage, S22 OT safety and reliability
preservation, and S27 practised incident-response procedures.

In Exhibit 49, p. 187, suspending the model (Steps 2 and 3) must never leave an OT

controller or terminal in an undefined state, and Step 4 logs the exact timestamp and

lot boundary so KPI calculations separate model-assisted intervals from fallback

intervals. [S09] [S22] [S38] Step 5 reconciles lots processed just before suspension. [S04]

[S27] Because Exhibit 49, p. 187 is a process specification, it cannot guarantee

recovery times unless timed physically on the line before approval. [S22] [S27]

WA R N I N G

Untested fallback paths fail when the baseline workflow has been dismantled

If a model runs for several months and the factory stops maintaining manual inspec-
tion sheets or training new hires on baseline rules, a later hardware fault or drift
suspension leaves operators unable to keep the line moving. [S18] [S27] [S35] Every
release package must name the baseline Standard Operating Procedure (SOP), keep
copies at the workstation, and include manual fallback in periodic shift drills. [S27]
[S35]

1. Detect breach
or fault

2. Suspend active
model output

3. Revert to
v(k-1) or manual

baseline

4. Notify floor
and log shift

boundary

5. Quarantine and
reconcile affected

lots

6. Diagnose cause
and revalidate

1 2 3

4

5

1. Threshold or steward trigger

2. Registry pointer or SOP switch

3. Confirm stable line state

4. Tag interval in event log

5. Preserve failed snapshot
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11.16

Approval separates building from acceptance
When the analyst or vendor who trained a model also decides whether it is ready for

production, optimism bias enters the gate. [S11] [S14] Both ISO/IEC 23894 and the NIST

Cybersecurity Framework 2.0 place risk acceptance with accountable operational

leadership rather than technical builders alone. [S14] [S23]

1 1 . 1 7  T H R E E  D I ST I N C T  S I G N - O F F S  A L I G N  T E C H N I CA L  E V I D E N C E ,  L I N E
AC C O U N TA B I L I T Y  A N D  OT  SA F E T Y

The GFT data spine divides release authority into three functional sign-offs: [S02] [S14]

[S22] [S23]

Builder and data-steward verification: Certifies reproducible artefacts, complete

registry lineage, passed shadow skew checks, and unmanipulated slice and

uncertainty tables. [S02] [S04] [S15]

Operating-owner acceptance: The domain owner accountable for affected KPIs

reviews slice results, comparator charts and shift review burden, certifying

operational fitness. [S02] [S11] [S38]

Risk, OT and security approval: Verifies least-privilege identities, NIST SP

800-82 OT safety boundaries, worker-data protections, and timed fallback drill

completion. [S22] [S25] [S27] [S30]

1 1 . 1 8  S M A L L  T E A M S  P R E V E N T  S E L F -A P P R OVA L  T H R O U G H  R O L E  S E PA R AT I O N
A N D  P R O P O R T I O N AT E  E S CA L AT I O N

A small Cameroonian spinning, weaving or garment plant needs no separate model-

risk department to prevent self-approval: the analyst or vendor prepares the evidence

package, while the quality or production manager (operating owner) and plant or

maintenance manager (OT and risk approver) hold veto and sign-off rights. [S02] [S11]

[S14] [S16] [S42]

Exhibit 50, p. 189 maps four factory use-case classes across operational con-

sequence and required approval independence. [S11] [S14] [S22] [S23] [S30]

1. 

2. 

3. 
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EXHIBIT 50 / DERIVED GOVERNANCE SCORE (0 TO 10 SCALE)

Higher consequence demands more independent release authority

DERIVED [S11] [S14] [S22] [S23] [S30] Derived consequence-to-authority matrix based on S11 human threshold authority, S14 integrated AI risk
management, S22 OT safety constraints, S23 ERM governance, and S30 worker-data protection. Coordinates represent ordinal governance tiers rather
than empirical probabilities.

As Exhibit 50, p. 189 shows, no deployment is permitted in the lower-right quadrant

(Uncontrolled release risk). [S11] [S14] Advisory planning (x = 2.8, y = 3.5) requires

steward verification and operating-owner sign-off, whereas worker-affecting

analytics (x = 7.8, y = 8.6) and control-connected OT (x = 9.2, y = 9.5) sit in

the upper-right quadrant (Mandatory multi-role gate) with strict builder-approver sep-

aration and safety interlocks. [S11] [S22] [S30] These ordinal coordinates illustrate gov-

ernance tiers and cannot replace a machine-specific hazard assessment. [S14] [S22]

11.19

Worker-affecting outputs retain meaningful
human review
Factory data spines touch human work whenever logs describe identifiable operators.

[S29] [S30] Alongside GDPR Recital 39 data minimisation and the statutory prior-

authorisation requirement in Section 19(1) of Cameroon's Law No. 2024/017 of 23

December 2024 (requiring local legal counsel for interpretation), Principle 5.5 of the

International Labour Office (ILO) code of practice states that decisions concerning a

worker should not be based solely on automated processing of that worker's personal

data. [S29] [S30] [S31] GFT enforces this non-binding ILO principle as a mandatory

release gate. [S11] [S30]

Over-governed low risk Mandatory multi-role gate

Proportionate steward check Uncontrolled release risk
Advisory order
planning

Quality vision assist

Worker-affecting
analytics

Control-connected OT

Operational consequence (0 to 10)

Approval independence (0 to 10)

0 10

10

0
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1 1 . 2 0  N O M I N A L  OV E R R I D E  B U T TO N S  FA I L  W I T H O U T  T I M E ,  C O N T E XT  A N D
AU T H O R I T Y  TO  D I SAG R E E

An "Approve / Override" button is not meaningful review if a supervisor must clear

fifty scores in three minutes without seeing machine-fault context or faces pressure

not to override. [S11] [S19] [S30] Validation of any worker-affecting candidate must

verify four conditions before release: [S11] [S29] [S30]

Aggregation by default: Model at machine, line, style or shift grain rather than

individual worker grain wherever possible. [S29]

Visible context and uncertainty: Show measured inputs, missing-data states and

confounders such as yarn-lot breaks or machine faults. [S04] [S11] [S38]

Time and authority to reject: Allocate shift review time and authorise supervisors

to reject recommendations without penalty. [S02] [S11] [S30]

Right of contestation and correction: Provide a clear route through the steward or

human-resources lead to correct erroneous logs via superseding provenance

events. [S09] [S30]

1 1 . 2 1  D E C I S I O N  LO G S  AU D I T  W H E T H E R  AU TO M AT E D  R E C O M M E N DAT I O N S
B E C O M E  D E  FAC TO  C O M M A N D S

The operator-assist interface logs each recommendation, reviewer action, reason

code and review duration under least-privilege access controls. [S15] [S25] [S29] Gate 2

and monthly reviews audit overrides: near-100 percent overrides signal poor utility,

while 0 percent overrides with two-second review times warn of mechanical rubber-

stamping. [S11] [S30] [S36]

11.22

The release package tells the floor what
changed
A model release recorded only in a code repository leaves operators uninformed. [S12]

[S13] Translating ISO/IEC 42001:2023 management-system requirements and ISO/

IEC 5338:2023 lifecycle processes into shop-floor practice requires publishing a

concise release package alongside every promoted version. [S12] [S13] [S1101]

1 1 . 2 3  A  C O M PAC T  R E L E AS E  M A N I F E ST  D O C U M E N TS  S C O P E ,  L I M I TS ,  A L E R TS
A N D  FA L L B AC K  R O U T E S

Combining ISO/IEC 42001, ISO/IEC 5338 and Mitchell and colleagues' model cards,

the release package pairs a registry manifest with a one-page workstation sheet

containing eight elements: [S11] [S12] [S13] [S15] [S1101]

Release identity and lineage links: Model version ID, dataset snapshot IDs, fea-

ture-pipeline version, KPI dictionary version and activation timestamp. [S15] [S38]

Intended operational decision and scope: Decision supported, approved lines

and styles, and authority mode (shadow, operator-assist or bounded automation).

[S12] [S16] [S1101]

Out-of-scope conditions and limitations: Styles, fabric weights, lighting states or

modes that failed slice support or threshold gates. [S04] [S11] [S1101]

1. 

2. 

3. 

4. 

• 

• 

• 
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Validated performance summary: Baseline, comparator and candidate results

across the four threshold families and local slices, with sample support and

uncertainty bounds. [S11] [S38] [S1101]

User instructions and review expectations: How operators inspect context, con-

firm actions and log overrides. [S12] [S30] [S35]

Alert route and escalation owner: Recipients of automated quality or drift alerts

and the steward contact for abnormal behaviour. [S02] [S17] [S27]

Rollback and manual fallback instruction: Switch to suspend the model, pointer to

prior version $v_{k-1}$, and workstation manual SOP reference. [S15] [S22] [S27]

Named approvers and review date: Signatures of the builder/steward, operating

owner and risk/OT approver, plus the scheduled review date. [S12] [S13] [S14]

1 1 . 2 4  S H I F T-A L I G N E D  AC T I VAT I O N  A N D  U S E R  B R I E F I N G  P R E S E RV E  K P I
I N T E R P R E TA B I L I T Y

In OECD case-study evidence on SME digitalisation, converting traditional processes

into digital routines requires structured learning rather than yielding an instant payoff,

and ILO-UNESCO guidance emphasises tangible pilots with built-in feedback and

user preparation. [S35] [S40] Model activation is aligned to a clean shift, batch or

planning boundary and recorded as a provenance event, preceded by a workstation

briefing from the steward and adoption champion covering shadow examples,

override logging and the manual fallback sheet. [S09] [S27] [S35] [S37] [S38]

G F T  N OT E

Applying staged release to GFT's Cameroon textile programme sequence

In GFT's Cameroon textile programme (prepared 31 January 2024, sources
refreshed 2026), shop-floor capture and KPI governance come first, purchased
vision inspection is evaluated early where lighting and image capture are controlled,
and demand forecasting waits until the spine accumulates clean order and sales his-
tory. [R06] [R29] [S16] [S44]

Two practical rules govern release across that sequence: [S04] [S11] [S16]

Bought computer-vision inspection (wp03 link): Never treat a vendor's laborat-
ory benchmark (>90 percent accuracy in industry literature) as local release
approval. [R29] Run the camera in silent shadow mode above the inspection perch
across greige, dyed and printed cotton lots, disaggregate by weave, dye shade
and lighting, price false-stop minutes against downstream scrap in XAF, rehearse
reverting to the manual SOP, and release in operator-assist mode where the
inspector confirms every cut or tag. [R29] [S04] [S11] [S16]

Order and demand forecasting (wp04 link): Never promote a forecaster until it
beats both the planner's worksheet and a seasonal or moving-average compar-
ator on held-out local cycles under frozen ISO 22400-2 definitions. [S38] [S43]
[S1102] Where order records lack sample support across styles or omit cancelled
orders, postpone release and fix capture first. [S19] [S44]

• 

• 

• 

• 

• 

1. 

2. 
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With the release package active, the candidate operates under controlled authority on

the floor. Yet validation at release is only a snapshot: cotton fibre properties vary

across harvests, dye lots shift, cameras accumulate lint, and ordering patterns

change. [R01] [S18] [S21] Keeping the deployed model subordinate to operations over

time requires continuous production monitoring, drift diagnosis and rehearsed

incident response, examined next. [S17] [S21] [S27]

A model earns its place on the line not when it predicts
well in the lab, but when operators can verify its gains,
bound its errors and switch it off without losing a shift.
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PART III: CONTROL MODELS AS PRODUCTION CHANGE / PRODUCTION MONITORING

Monitoring must trigger
diagnosis, not automatic
retraining
A useful monitor detects change, establishes whether it matters and routes a
named person through a rehearsed response.
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CHAPTER 12
DECISION TEST

A useful monitor detects
change, establishes
whether it matters and
routes a named person
through a rehearsed
response.

P roduction monitoring exists to protect factory decisions after a model leaves

validation, not to keep an automated retraining loop busy. [S17] In a small or

mid-sized manufacturer, the most common causes of an apparent model

anomaly are broken data feeds, unannounced schema or unit mutations, delayed out-

come labels, and planned shifts in product mix or raw material lots. [S19] When a team

wires drift alerts directly into an unattended retraining scheduler, it risks fitting a new

model to corrupted inputs, masking repairable capture faults, and promoting an

unverified artefact without human challenge. [S13] Green Future Tech Limited (GFT),

Hong Kong SAR, designs its Cameroon textile programme (prepared 31 January

2024, with source-refresh notes retained in 2026) around the opposite rule: a pro-

duction monitor is a diagnostic instrument that opens an owned investigation, pre-

serves safe fallback, and requires fresh lifecycle approval before any replacement

model reaches the shop floor. [S21]

That discipline matters because Cameroon's industrialisation ambition leaves little

margin for opaque automation failures. In the inherited programme register, about 95

percent of Cameroon's cotton fibre is exported raw and about 5 percent is processed

locally, against a national target of 50 percent local processing by 2030 (sector

observations whose original publication dates were not recorded in the inherited

annex and were not refreshed in 2026, rather than GFT operating results). [R06] [R07]

Moving a mill from raw-fibre export to competitive yarn, fabric and garment produc-

tion requires stable daily control over yield, quality and order fulfilment. [S38] Whether

a factory deploys an early bought computer-vision inspector covered in companion

paper wp03 or a later demand-forecasting model covered in companion paper wp04,

post-release monitoring must separate transport and data-quality failures from

genuine changes in the production process. [S04]

12.1

Service health and data quality come before
accuracy
A model cannot be judged for predictive accuracy until the factory confirms that the

serving pipeline is alive and the incoming records obey their governed contracts. [S04]

Machine-learning systems fail silently when input pipelines degrade: instead of

throwing a visible runtime exception, a model presented with stale, zero-filled, or

unit-shifted features continues to emit plausible numeric scores. [S1201] If the monit-

oring layer watches only aggregate prediction drift or waits weeks for confirmed

accuracy metrics, operators act on bad advice while the underlying ingestion fault

goes unnoticed. [S17] Production monitoring therefore begins at the bottom of the 

industrial data spine, checking service health and input fitness before evaluating

statistical model behaviour. [S15]
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1 2 . 2  F I V E  M O N I TO R I N G  L AY E R S  S E PA R AT E  P I P E L I N E  FA I L U R E  F R O M  M O D E L
D E CAY

To prevent engineers from debugging model weights when a sensor cable or mes-

sage broker has failed, a small factory team should organise production checks in an

explicit diagnostic hierarchy. [S17] Each layer tests a specific boundary of the spine

and halts downstream interpretation when its precondition fails: [S04]

Transport and serving availability: Verify that edge devices, message brokers, 

feature jobs, and model endpoints are reachable, completing executions within

their scheduled windows, and returning responses within the latency ceiling

required by the work cell. [S15] During a network interruption, confirm that local 

store-and-forward buffers are accumulating events rather than dropping

messages silently. [S33]

Capture completeness and timeliness: Measure record arrival rates by line, shift,

and asset against expected production schedules, separating event time from 

ingestion time so a delayed batch upload is not misread as an idle machine or a

sudden drop in defect frequency. [S08]

Contract and schema validity: Enforce the governed data contract at ingestion,

checking field presence, data types, allowed taxonomy codes, identifier integrity,

and engineering units before features are computed. [S04]

Feature range and distribution sanity: Track null shares, constant-value streaks,

out-of-range physical readings, and sudden shifts in individual model inputs using

threshold rules defined in the monitoring configuration. [S17]

Prediction behaviour and outcome alignment: Inspect the distribution of model

scores, operator override rates, interim proxy indicators, and, once ground truth

matures, realised technical and operational performance against the frozen

baseline. [S1202]

1 2 . 3  B R O K E N  F E E D S  M U ST  N E V E R  B E  C O N C E A L E D  B Y  R E T R A I N I N G

Distinguishing the first three layers from the fifth is an essential operational safeguard.

[S04] Suppose a humidity transmitter in a spinning or weaving shed loses calibration,

or an enterprise software update alters a unit of measure from kilograms to tonnes

without updating the downstream feature view. [S19] A drift detector watching feature

distributions will rightly flag a sharp statistical departure from the training reference.

[S17] If the factory's response is to trigger an automated retraining script over the

recent window, the new candidate model will adjust its internal parameters to accom-

modate the broken sensor or rescaled unit, hiding the capture defect inside a newly

fitted set of weights. [S18] When a maintenance technician later repairs the transmitter

or a data custodian restores the unit mapping, the retrained model will immediately fail

again. [S19] By placing service health and data-quality gates ahead of drift interpreta-

tion, the factory routes ingestion faults to the data steward and custodian for repair

while holding the model constant or reverting to manual baseline rules. [S02]

1. 

2. 

3. 

4. 

5. 
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12.4

Input drift and concept drift require different
interpretation
Once the factory verifies that incoming records are complete, timely, and contract-

compliant, the monitoring system must help the team interpret changes in the

statistical behaviour of inputs and outputs. [S17] In streaming and operational settings, 

concept drift describes unforeseeable changes in the underlying distribution of data

over time. [S21] In manufacturing practice, however, not every distribution change

breaks a model, and not every model failure is accompanied by a dramatic shift in

marginal input distributions. [S1201] Treating all statistical distance metrics as equival-

ent retraining triggers wastes engineering capacity and destabilises production con-

trol. [S1202]

1 2 . 5  C OVA R I AT E  S H I F T ,  P R I O R  S H I F T  A N D  C O N C E P T  D R I F T  H AV E  D I ST I N C T
S H O P- F LO O R  CAU S E S

A diagnostic monitor separates three statistical phenomena because each points to a

different physical or commercial event in the mill: [S21]

Input or covariate shift: The distribution of input features changes, while the true

physical relationship between those inputs and the target outcome remains stable.

[S21] In a garment plant, switching a cutting line from lightweight woven shirting to

heavy cotton twill changes fabric-weight and cutter-load features immediately,

yet a well-specified model whose training scope covered both fabric classes may

remain accurate. [S1203] Conversely, if the new style falls outside the model's val-

idated domain, predictions become unreliable even though no sensor is broken.

[S04]

Prior or label-distribution shift: The base rate of the outcome changes across

shifts, seasons, or suppliers, even when the appearance of a given defect or

demand signal stays the same. [S1201] For example, processing a lower-grade

seed-cotton lot during a wet harvest month may raise the true incidence of yarn

slubs or fabric nep defects without changing what a slub looks like under a line-

scan camera. [R29]

True concept drift: The conditional relationship between inputs and the target

outcome changes over time. [S21] If a dye house introduces a new reactive dye

chemistry, or if customer purchasing behaviour changes after a wholesale pricing

revision, the same input features now map to different physical or commercial

outcomes, invalidating the model's learned function. [S21]

As shown in Exhibit 51, p. 198, tracking a feature drift index alongside a prediction

drift index over an illustrative 24-week operating window reveals why statistical

movement requires contextual diagnosis rather than a reflex model update. [S17] [S21]

• 

• 

• 
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EXHIBIT 51 / ILLUSTRATIVE DRIFT INDEX (ALERT THRESHOLD = 100)

Drift is a diagnostic signal, not a retraining instruction

ILLUSTRATIVE [S17] [S21] Illustrative 24-week bi-weekly monitoring trace for a factory model. Week 6 shows a schema unit error repaired at the
source; Week 12 shows a planned product-mix change requiring slice validation rather than retraining; Week 20 shows sustained concept drift after a
process change that justifies a governed candidate update. Values are invented to demonstrate the diagnostic method, not measured factory
performance.

In Exhibit 51, p. 198, the illustrative monitoring trace crosses the alert threshold of

100 three times across 24 weeks, yet only the third excursion warrants retraining.

[S17] At Week 6, both feature drift and prediction drift spike to illustrative indices of

145 and 138 because an upstream PLC tag scaling change corrupts a feed; repairing

the ingestion mapping restores normal operation by Week 8 without touching the

model. [S04] At Week 12, a scheduled changeover to a heavier fabric style pushes the

illustrative feature drift index to 118, while prediction drift remains bounded at 44 and

slice validation confirms that error rates on the heavier style stay within acceptance

limits. [S1203] Only at Week 20, when a finishing-process modification alters both fea-

ture and prediction distributions and degrades verified inspection accuracy through

Week 22, does the team authorise a governed retraining cycle that returns the indices

to baseline by Week 24. [S13] This illustrative sequence demonstrates the diagnostic

method; it cannot establish universal drift thresholds, which must be calibrated by

human judgement on each site's historical variance. [S11]

1 2 . 6  O P E R AT I O N A L  M I X  M U ST  B E  LO G G E D  A LO N G S I D E  STAT I ST I CA L
D I STA N C E

A statistical distance metric cannot tell the model owner whether a shift is benign or

malignant unless the spine links each prediction back to its operational context. [S1201]

Because every prediction event in the governed spine carries site, line, asset, style,

lot, and shift identifiers under the visibility-event contract established earlier in the

paper, the monitoring job can decompose aggregate drift by operational slice. [S08]

Before concluding that a model has decayed, the analyst checks whether the mix of

styles, yarn counts, or machine states changed during the scoring window. [S38] As

0
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summarised in Exhibit 52, p. 199, six common factory anomalies all produce visible

movement in monitoring charts, but five of them are harmed or left unresolved by

automatic retraining. [S21]

EXHIBIT 52 / DERIVED DIAGNOSTIC CLASSIFICATION

Six production anomalies produce statistical shift but require opposite remedies

DERIVED [S04] [S13] [S17] [S19] [S21] [S1201] Derived diagnostic reference matching production monitoring signatures to first verification
checks, containment actions, and retraining rules.

The comparison in Exhibit 52, p. 199 shows why diagnosis must precede adaptation.

[S21] Only the sixth row, where inputs pass all contract checks and matured ground

truth confirms a persistent breakdown in the input-to-output mapping, justifies

training a new candidate model. [S13] Even then, the table cannot tell a factory

whether the newly trained candidate will outperform a simple rule comparator; that

proof requires the full evaluation and staged-release discipline defined in the

preceding chapters. [S43]

12.7

Delayed labels demand honest interim evidence
Textbook monitoring tutorials often assume that ground-truth labels arrive moments

after a model makes a prediction, allowing the system to plot a live accuracy or error

curve. [S21] In industrial operations, confirmed outcomes almost always lag behind the

prediction event, sometimes by hours, days, or months. [S1202] When a small team

ignores label delay and computes performance metrics over whatever partial out-

comes happen to have arrived in the current week, it introduces severe survivorship

and selection bias into its monitoring reports. [S19]

Observed anomaly Primary signature First diagnostic check Correct remedy

Broken sensor or stale
feed

Null spike, constant
values, or sudden
single-feature jump

Check transport logs,
broker queues, and
sensor calibration

Quarantine feed, use
fallback, repair
hardware; do not retrain

Schema or unit mutation Step change in feature
mean or scale at release
boundary

Compare ingestion
payload against data
contract version

Roll back producer
change or update
contract; do not retrain

Planned style or lot mix
shift

Multivariate feature
shift aligned with order
schedule

Stratify error and
predictions by style,
yarn count, and lot ID

Keep model if slice
metrics pass; suspend if
out of scope

Seasonal ambient swing Gradual cyclical drift
in temperature or
moisture features

Compare against
historical seasonal
slice and physical
limits

Adjust operating
settings or validate
seasonal slice coverage

Delayed or censored
labels

Apparent accuracy change
on partial recent ground
truth

Inspect label maturity
cohort and operator
override sampling

Wait for matured cohort
or audit unlabelled
slice; do not retrain

True process or concept
drift

Sustained error rise on
validated inputs after
process change

Confirm clean feed and
verify persistent error
on matured labels

Open governed retraining
candidate under full
lifecycle control
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1 2 . 8  L A B E L  L AT E N C Y  VA R I E S  AC R O S S  Q UA L I T Y ,  M A I N T E N A N C E  A N D
P L A N N I N G  H O R I ZO N S

Every factory model faces a physical or commercial clock that governs when its

predictions can be verified against reality: [S38]

In-line fabric and garment vision inspection: Literature benchmarks report that

automated computer vision can exceed 90 percent accuracy across more than 40

defect types at line-scan speeds up to 60 metres a minute, whereas manual

inspection is 60 to 70 percent accurate and misses 20 to 30 percent of defects

(inherited sector literature in R29, not a GFT operating result). [R29] On a live

inspection frame, however, the camera scores every metre immediately, while

human verification occurs only on flagged rolls, end-of-shift quality-assurance

pulls, or downstream cutting-table rejections that may be recorded hours or days

later. [S08]

Equipment-health and maintenance advisory models: A model that warns of

bearing wear or loom stoppage risk is tested only when a technician inspects the

assembly during a scheduled maintenance window, or when an unplanned failure

occurs days later. [S05]

Order, inventory and demand forecasting: In apparel supply chains, McKinsey's

sector study reports that AI at scale has been associated with forecast errors cut

by 20 to 50 percent and inventory costs reduced by 35 to 40 percent (sector-

wide executive and case benchmarks in R27, not SME or Cameroon plant guaran-

tees). [R27] Yet a four-week or twelve-week demand forecast cannot be scored

against realised orders until the entire forecast horizon has elapsed and customer

cancellations or returns have settled. [S43]

1 2 . 9  P R OX Y  I N D I CATO R S  B R I D G E  T H E  GA P  O N LY  W H E N  T H E I R  L I M I TS  A R E
D E C L A R E D

Because operations managers cannot wait three months to discover that a model

failed on day one, the monitoring design must pair delayed ground truth with

immediate proxy indicators. [S17] Useful proxies include the distribution of predicted

probabilities or quantities, the share of inputs falling in low-confidence regions near

the decision boundary, the rate at which line operators or planners override the

model's recommendation, and short-horizon physical checks such as immediate

rework counts at the adjacent workstation. [S1202]

Each proxy carries a structural limitation that must be stated in the monitoring spe-

cification. [S11] A stable prediction distribution proves only that the model is emitting

similar numbers, not that those numbers remain right when the process has shifted.

[S1201] Conversely, a low operator override rate may reflect genuine agreement, or it

may reflect automation complacency on a busy shift where workers click through

recommendations without independent inspection. [S30] Proxies can therefore trigger

an early diagnostic review or a protective fallback, but they must never be treated as

confirmed ground-truth labels for automated retraining. [S19]

• 

• 

• 
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M E T H O D

Dual-window reconciliation for delayed factory labels

To prevent partial or unverified outcomes from corrupting performance tracking,
GFT's monitoring method separates live operational health from lagged accuracy
accounting across two explicit time windows: [S17] [S21]

Declare the label maturity horizon (L): For each model in the registry, record the

maximum elapsed time L (in hours, shifts, or weeks) required for at least a stated
threshold share (for example, an illustrative 95 percent completeness gate) of
ground-truth outcomes to be recorded and validated under the quality rules of
ISO/IEC 5259-3. [S04]

Operate the interim proxy window (t - L to t): For predictions generated during
the most recent interval where ground truth is still incomplete, publish only
service health, contract validity, feature drift, prediction distribution, and override

metrics. [S17] Mark accuracy cells for this window as pending label maturity rather
than plotting partial error rates that over-represent fast-arriving failures or
returns. [S19]

Score the matured cohort window (t - L - W to t - L): Evaluate realised technical

accuracy and operational KPI impact over a scoring window of length W only after

the maturity horizon L has passed, joining each historical prediction to its con-
firmed outcome via its immutable event and candidate identifiers. [S09] [S15]

Reconcile proxies against matured truth: Each month, compare the proxy alerts

raised during window (t - L - W to t - L) against the matured error rates now
observed for that same cohort. [S36] If a proxy fired repeatedly without sub-
sequent error degradation, widen or retire the proxy threshold; if accuracy
degraded without a proxy warning, add a slice check or tighten input validation.
[S11]

12.10

Alerts need thresholds, owners and runbooks
A monitoring dashboard that nobody reads until a quarterly review is theatre, while an

alerting engine that floods supervisors with dozens of unprioritised statistical

warnings every shift breeds alert fatigue and eventual muting. [S1202] Production mon-

itoring controls risk only when human judgement sets the thresholds, each alert maps

to a single accountable role, and that person follows a documented, periodically

exercised runbook. [S11] [S27]

1 2 . 1 1  H U M A N - S E T  T H R E S H O L D S  T I E  STAT I ST I CA L  A L A R M S  TO  O P E R AT I O N A L
C O N S E Q U E N C E

Under the NIST AI Risk Management Framework, human judgement should be

employed when deciding on specific trustworthiness metrics and the precise

threshold values for those metrics. [S11] Production monitoring platforms allow teams

to configure thresholds on data and model metrics that fire automated notifications

1. 

2. 

3. 

4. 
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through event buses or operational queues. [S17] In a small factory, those thresholds

should be tiered into two actionable severities rather than a vague spectrum of col-

ours: [S14]

Warning threshold (investigate within the management cadence): A metric has

departed from its validation reference band (for example, a moderate shift in a

secondary feature, a rising share of low-confidence predictions on one style, or a

temporary buffer delay that recovered within its recovery-point objective), but

contract rules hold and operational KPIs remain within control limits. [S17] The alert

opens an assigned diagnostic ticket for the data steward or model builder to

inspect before the next daily or weekly operations review. [S02]

Critical threshold (contain immediately on the current shift): A precondition for

safe or reliable model operation has failed, such as a broken schema contract, a

null spike in a primary feature, an edge inference latency breach that stalls a line,

or a verified jump in false rejections on a quality audit sample. [S22] The alert

requires immediate acknowledgement and containment by the on-shift owner,

including the authority to suspend the model and revert to the manual or statistical

baseline. [S15]

1 2 . 1 2  E V E RY  A L E R T  E X E C U T E S  A  S I X- STAG E  D I AG N O S E D  R U N B O O K

In cybersecurity and operational risk management, NIST SP 800-61 Revision 3

emphasises that response procedures can be tested or exercised periodically to verify

their accuracy and train personnel. [S27] GFT applies the exact same discipline to data

and model anomalies: an alert is not closed when someone clicks an acknowledge-

ment button, but only when the runbook reaches verified operational closure. [S12] As

depicted in Exhibit 53, p. 203, the response path forces feed validation and impact

containment ahead of any modelling work. [S17] [S21]

• 

• 
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EXHIBIT 53 / DERIVED OPERATIONAL SEQUENCE

An alert becomes controlled action through a diagnosed runbook

DERIVED [S15] [S17] [S21] [S27] Derived eight-node incident and drift response workflow. Containment and feed verification precede root-cause
diagnosis and any candidate retraining decision.

Walking through Exhibit 53, p. 203 clarifies why a small team can run this control

without a twenty-person operations centre. [S16] Step 1 routes the threshold breach

to a single named role with an explicit acknowledgement window. [S17] Step 2 checks

whether the ingestion feed, clock synchronisation, and schema contract are intact; if a

feed has failed, Step 3 and Step 4 immediately quarantine the faulty records and

switch the work cell to its rehearsed fallback procedure so production is protected

while the custodian repairs the pipeline. [S15] Only in Step 5 does the team diagnose

whether the anomaly stems from hardware, data contracts, product mix, or true 

concept drift. [S21] Step 6 executes the targeted remedy, Step 7 verifies that either the

repaired feed or the newly trained candidate passes acceptance gates, and Step 8

records the root cause and verification date in the incident log. [S27] A flow diagram

cannot guarantee that staff will follow the sequence under shift pressure; only

periodic fault-injection drills make the fallback path habitual. [S27]

1. Alert and
acknowledge

2. Validate feed
and schema

3. Assess
operational impact

4. Contain and
activate fallback

5. Diagnose root
cause

6. Repair feed or
train candidate

7. Revalidate and
approve release

8. Close and log
lesson

1 2 3

4 5

678

1. Named owner logs ticket

2. Check contract and nulls

3. Critical risk or bad feed

4. Bounded warning only

5. Baseline fallback active

6. Classify failure layer

7. Test fix on local slice

8. Owner signs off recovery
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12.13

Retraining follows a diagnosed need and a new
approval
In large consumer-internet firms, continuous retraining pipelines sometimes refit

recommendation models every night on billions of clicks. [S18] Copying that pattern

into a small factory is an engineering mistake. [S16] Manufacturing datasets are smal-

ler, physical regimes are structured by equipment physics and batch schedules, and

an unannounced change in model behaviour confuses operators who rely on

consistent advisory thresholds across shifts. [S42] Under GFT's lightweight MLOps

architecture, model retraining is a deliberate production change triggered by

diagnosis, not by a calendar cron job or an raw drift score. [S13]

1 2 . 1 4  F O U R  P R E C O N D I T I O N S  G OV E R N  T H E  D E C I S I O N  TO  R E T R A I N

Before a model builder spends compute and engineering hours fitting a new model

version, the diagnostic record from Step 5 of the runbook must confirm four precon-

ditions: [S21]

Upstream data integrity is verified: The data steward and custodian confirm that

sensors, manual entry forms, unit conversions, and feature transformations obey

their current contracts under ISO/IEC 5259-3, and that the observed degradation

is not an artefact of missing or corrupted records. [S04]

Matured ground truth confirms operational decay: On a representative sample of

verified outcomes (or an emergency physical audit pulled to bypass normal label

latency), the active model's performance or operational benefit has fallen below

the human-set acceptance threshold defined at release, or falls behind the simple

comparator. [S11] [S43]

Training coverage for the new regime exists: The factory has accumulated

enough clean, accurately labelled records from the new process condition, fabric

style, or market regime to form a valid training snapshot and a separate holdout

evaluation slice without data leakage. [S15] If a new style was introduced yester-

day, there is not yet enough local history to retrain a history-hungry model; the

right action is temporary fallback or bounded human rule adjustment until an

adequate sample is collected. [S44]

The new candidate passes full lifecycle validation: Once trained, the replace-

ment model receives a fresh candidate identifier in the registry, records its dataset

snapshot and pipeline execution lineage, passes slice-level comparisons against

both the previous model and the baseline comparator, and obtains sign-off from

the operating owner before staged release. [S13] [S15]
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WO R K E D  E X A M P L E :  D I AGN O S E D  S E N S O R  R E PA I R  V E R S U S  B L I N D  R E T R A I N I N G O N
A  T E XT I L E  I N S P E C T I O N  L I N E

Consider an illustrative weaving and inspection unit running 20,000 metres of cotton
fabric a week across 50 rolls of 400 metres each, supported by an operator-assisted
computer-vision model that flags defect locations alongside a moisture and tension 
feature feed. All figures in this case are illustrative assumptions constructed to
demonstrate the arithmetic of monitoring choices, not observations from a GFT facil-
ity. [S17] [S38]

Assumed baseline operating parameters:

True defect rate in the woven fabric: an illustrative 5.0 defects per 100 metres, or
1,000 true defects a week across 20,000 metres.

Validated model performance under clean inputs: an illustrative 90 percent true-
positive detection rate (catching 900 defects a week, consistent with the upper
range in inherited literature R29) and an illustrative 2.0 false alarms per 100
metres (400 false alarms a week). [R29]

Operator verification time: an illustrative 1.5 minutes to inspect and disposition
each flagged alarm, and an illustrative penalty cost of 4,500 XAF in downstream
cutting rework for each missed defect that escapes to the garment floor.

Normal weekly verification labour: (900 + 400) * 1.5 = 1,950 minutes (32.5
illustrative operator hours a week), with 100 * 4,500 = 450,000 XAF a week in
illustrative escaped-defect rework.

The production anomaly (Week 1 of illustrative fault): A condensation fault causes
the inline moisture sensor to drift upward by an illustrative 18 percentage points.
Because the model uses moisture to adjust optical contrast thresholds for wet versus
dry sizing, its prediction distribution shifts sharply. True-positive detection drops
from 90 percent to an illustrative 70 percent (catching 700 defects and letting 300
escape), while false alarms jump from 2.0 to an illustrative 6.0 per 100 metres (1,200
false alarms a week).

Path A: Blind automatic retraining (undisciplined response):

At the end of Week 1, an automated script detects feature drift and retrains the
model on Week 1's corrupted moisture readings paired with incomplete operator
overrides (where fatigued operators began ignoring alarms during the spike).
[S19]

During Week 1 and Week 2, before a technician notices the physical condensation
fault during routine maintenance at the end of Week 2, the line absorbs two weeks
of degraded performance: 300 - 100 = 200 extra escaped defects a week,
costing an illustrative 200 * 4,500 = 900,000 XAF a week in extra rework, plus 
(1,900 - 1,300) * 1.5 = 900 minutes (15 illustrative hours) a week of wasted
verification time.

Worse, when the technician cleans and recalibrates the moisture sensor at the
start of Week 3, the automatically retrained model is now calibrated to the corrup-
ted +18-point offset. It misfires again in Week 3 (causing another illustrative
900,000 XAF in extra rework) until engineers manually roll back the registry and
rebuild the pipeline, incurring an illustrative 250,000 XAF in engineering
remediation cost. [S18]

Total three-week illustrative excess loss under Path A: (3 weeks * 900,000
XAF) + 250,000 XAF = 2,950,000 XAF, plus 45 illustrative hours of wasted floor
inspection time.

• 

• 

• 

• 
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Path B: Diagnosed runbook response (GFT method):

Within 2 hours of the moisture-feature range breach on Day 1 of Week 1, the
Layer 3 and Layer 4 monitor fires a critical alert to the data custodian and quality
steward. [S17]

Following Exhibit 53, p. 203, the steward quarantines the moisture feed and
switches the vision unit to its pre-validated optical-only fallback profile (which
achieves an illustrative 85 percent detection rate, or 850 caught and 150 escaped
defects a week, with 500 false alarms). [S15]

The maintenance technician replaces the moisture sensor desiccant on Day 2 (40
percent through the five-day week). The line runs on the fallback profile for 2
days (0.4 of a week), incurring only 0.4 * (150 - 100) = 20 extra escaped
defects (20 * 4,500 = 90,000 XAF) and an illustrative 35,000 XAF sensor-ser-
vice cost, then resumes normal validated operation for the remaining 2.6 weeks
with zero model retraining required.

Total three-week illustrative excess loss under Path B: 90,000 XAF + 35,000
XAF = 125,000 XAF.

Net illustrative saving from diagnosis over blind retraining: 2,950,000 -
125,000 = 2,825,000 XAF across a single three-week incident.

12.15

Feedback loops belong in the monitoring design
A model deployed into production does not merely observe the factory; by guiding

human decisions or machine settings, it changes the future data the factory records.

[S18] Sculley et al. identify hidden feedback loops as one of the most expensive

sources of ongoing maintenance debt in real-world machine-learning systems,

because a system that shapes its own training data can gradually blind itself to the

regions it stops exploring. [S18]

1 2 . 1 6  S E L E C T I V E  L A B E L L I N G  A N D  C E N S O R I N G  D I STO R T  F U T U R E  T R A I N I N G
S E TS

Consider what happens when an operator-assisted quality or scheduling model runs

for six months. [S1202] If quality inspectors examine only the fabric rolls or garment

bundles that the model flags as high risk, while passing unflagged bundles directly to

packing, the factory's database records confirmed ground-truth labels only for the

subset of production where the model already suspected a problem. [S19] Any false

negatives that slip past the model and do not trigger an immediate customer return

are silently recorded as defect-free or remain unlabelled. [S04] If a data analyst later

pulls those six months of operational logs to retrain the model, the training set is

censored by the previous model's own threshold: the new candidate learns that

unflagged regions have zero defects, reinforcing the blind spot of its predecessor.

[S18]

The same distortion appears in demand and inventory planning. [S43] When a planner

follows a forecast to restrict raw-material allocation or finished-goods stock for a

garment style, sales of that style cannot exceed the stocked quantity. [S38] Unless the

spine records stockout events and unfulfilled order enquiries as distinct visibility

• 
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• 

• 

• 

Monitoring must trigger diagnosis, not automatic retraining

RESEARCH EDITION / 2026-10-30 206

G F T  /  R E S E A R C H

GREEN FUTURE TECH



events under the EPCIS contract rather than recording only invoiced dispatches, a

subsequent forecasting model mistakes supply-constrained shipments for true

customer demand. [S08]

1 2 . 1 7  D OW N ST R E A M  K P I S  A N D  WO R K E R  SA F E G UA R D S  CATC H  P E RV E R S E
LO CA L  O P T I M I SAT I O N

A model can also satisfy its narrow technical metric while damaging an adjacent stage

of production or placing unfair pressure on staff. [S14] If a cutting-room or sewing-line

advisory tool is tuned to minimise material offcuts or maximise hourly bundle output

without monitoring downstream rework, sewing machine stoppages, and operator

fatigue, line supervisors may push through marginal work that inflates rework hours in

the finishing department. [S38] Moreover, where any monitoring metric or model

output touches individual or small-team performance, the International Labour Office

code of practice states that decisions concerning a worker should not be based solely

on the automated processing of that worker's personal data (non-binding interna-

tional guidance adopted by GFT as an operating design rule). [S30] Monitoring must

therefore watch both cross-stage production KPIs and human-factors indicators such

as override reasons, dispute logs, and operator workload. [S11]

G F T  N OT E

Keep a small unblinded audit sample and a cross-stage guard-rail KPI on every
active model. To break self-reinforcing feedback loops without building a complex
experimental platform, GFT recommends two practical shop-floor rules for its
Cameroon textile programme: [S04] [S38] 1. Reserve an illustrative 2 to 5 percent
stratified random audit slice: On any inspection, sorting, or triage process where a
model filters what humans review, route a small, randomly selected share of
unflagged items through full manual verification each week. [S04] Tag these records
in the lineage store as audit_sample=true so false negatives remain measurable and
future retraining snapshots have an unbiased reference slice. [S09] 2. Pair every
primary model metric with one downstream guard-rail KPI: In the model registry,
link each model not only to its target indicator (for example, cutting yield or inspection
throughput) but also to one governed ISO 22400-2 indicator in the next downstream
process (such as sewing first-pass yield or customer claim rate), so local
optimisation cannot hide a transferred defect. [S38]

12.18

One incident taxonomy joins data, model,
security and OT response
When an anomaly appears on a factory screen at 06:30 on a Monday shift, the line

supervisor does not know in advance whether the root cause is a loose Ethernet plug,

an expired broker certificate, a corrupted vendor update, a ransomware infection, or a

drifted statistical model. [S27] Maintaining separate incident procedures for IT security,

OT engineering, data stewardship, and machine learning guarantees confusion during

the first hour of a disruption. [S23] A small factory needs one shared incident taxonomy

that classifies the failing layer, protects physical safety first, and allows each layer to

be contained independently. [S22]
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1 2 . 1 9  C O N TA I N M E N T  AC T I O N S  D E C O U P L E  T H E  F E E D ,  T H E  M O D E L  A N D  T H E
M AC H I N E

Under NIST SP 800-82 Revision 3, operational technology security and resilience

must address the unique performance, reliability, and safety requirements of physical

equipment. [S22] Because GFT's data spine separates capture, contextual storage, and

model consumption, the incident runbook can isolate a fault at the exact boundary

where it occurs without shutting down healthy production systems: [S15]

Layer A: Quarantine the data feed (Steward / Custodian action): When a single

sensor, manual entry terminal, or external API sends malformed, delayed, or suspi-

ciously altered payloads, the ingestion gate routes that source to quarantine while

allowing unaffected lines and local operator screens to continue operating. [S04]

Layer B: Suspend the model to baseline fallback (Model Owner / Operations

action): When a model's predictions become erratic, uncalibrated, or out of scope,

the registry pointer is switched to suspended or rolled back to the prior approved

version, and the work cell reverts to its documented manual SOP or statistical rule

comparator without interrupting data capture. [S13] [S15]

Layer C: Isolate the OT or network boundary (OT / Security action): If an alert

indicates unauthorised network traffic, credential compromise, or an edge process

consuming excessive CPU or memory on a control-adjacent gateway, the OT and

security leads sever the external or analytical connection under the practised

incident procedures of NIST SP 800-61 Revision 3, leaving machines under

deterministic local control and verified offline backups intact. [S26] [S27]

As mapped in Exhibit 54, p. 209, assigning each monitoring signal to its primary

owning layer and escalation authority prevents either technical paralysis or

unauthorised shop-floor improvisation. [S02] [S23]
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EXHIBIT 54 / DERIVED GOVERNANCE POSITIONING (0 TO 10 SCALE)

Monitoring ownership follows the failing layer

DERIVED [S02] [S17] [S22] [S27] Derived responsibility map placing eight recurring monitoring signals across technical-to-operational ownership
(x-axis) and urgency of containment (y-axis), based on role principles in S02, monitoring alerts in S17, OT safety in S22, and incident response in S27.
Coordinates are analytical placements to clarify escalation routing, not empirical measurements.

In Exhibit 54, p. 209, the upper-left quadrant groups signals where the OT lead,

security approver, or data custodian must act immediately to protect equipment avail-

ability, network integrity, or message buffering. [S22] [S27] The upper-right quadrant

covers acute operational failures, such as a critical spike in false quality rejections or

an out-of-bounds scheduling recommendation, where the model owner or shift

supervisor immediately triggers fallback to baseline practice. [S11] The lower quad-

rants hold slower-moving diagnostic signals, including moderate feature drift,

delayed-label reconciliation, and monthly KPI value erosion, which are investigated

during the normal weekly and monthly management cadence rather than interrupting

a running shift. [S36] Because this matrix is an analytical governance map, each fact-

ory must bind the role labels to specific named individuals and deputies in its local

charter before deployment. [S02]

WA R N I N G

Never allow a monitoring agent or drift response to write directly to safety-critical
PLCs or override physical interlocks. Under NIST SP 800-82 Revision 3, operational
technology environments require deterministic performance and physical safety
guarantees that statistical models cannot provide. [S22] A monitoring pipeline or
automated fallback script must never alter machine safety interlocks, emergency
stops, motor protection limits, or chemical dosing valves directly. Even in bounded
automation modes, fallback means reverting to a deterministic, engineer-approved
PLC setpoint or human standard operating procedure, verified during periodic
incident exercises under NIST SP 800-61 Revision 3. [S27]

Immediate technical/OT containment Immediate operational fallback

Scheduled custodian/builder review Scheduled steward/owner review

OT latency or safety
breach (OT Lead)Access or integrity

alert (Security)

Ingestion or broker
halt (Custodian)

Critical false-reject
spike (Model Owner)

Schema or unit
failure (Steward)

Feature or score
drift warning
(Builder) Delayed-label cohort

gap (Steward)

Net KPI value erosion
(Operations Owner)

Owner (0 = Technical/OT, 10 = Operations)

Urgency (0 = Scheduled, 10 = Immediate
shift)

0 10

10

0
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12.20

Review and retirement prevent model
accumulation
The final failure mode of production machine learning in resource-constrained organ-

isations is zombie model accumulation: models launched during an initial pilot remain

running on servers years later after the product line has changed, the original analyst

has left, and operators have quietly stopped looking at the output. [S18] Every unre-

tired model continues to consume ingestion pipelines, storage, security patching, and

cognitive attention, multiplying technical debt across the spine. [S16]

1 2 . 2 1  S C H E D U L E D  A N D  E V E N T- D R I V E N  R E V I E WS  T E ST  C O N T I N U E D  F I T N E S S

An enduring AI management system under ISO/IEC 42001:2023 and lifecycle process

control under ISO/IEC 5338:2023 require continual evaluation and explicit retirement

processes alongside development and operation. [S12] [S13] To keep the model portfo-

lio clean, each deployed artefact in the factory registry must carry two review triggers:

[S1203]

A mandatory calendar review date (expiry lease): At release approval, every

model is granted a fixed operating lease (for example, an illustrative 90-day or

180-day review period depending on risk tier). [S14] If the model owner and

domain steward do not review its monitoring record, delayed-label accuracy,

operator override logs, and net KPI value before the lease expires, the model is

scheduled for suspension or formal renewal at the monthly operations review. [S36]

An event-driven review trigger: Regardless of the calendar, a mandatory review

opens whenever the factory executes a material upstream change, including a new

equipment installation, a revision to a governed KPI formula under ISO 22400-2, a 

schema or taxonomy breaking change, a vendor software upgrade on a bought

model, or a regulatory update affecting worker or personal data. [S38] [S30]

As illustrated in Exhibit 55, p. 211, tracking explicit registry states from initial

candidate admission through suspension, rollback, revalidation, and formal retirement

makes a model's authority transparent at every point in its service life. [S13] [S16]
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EXHIBIT 55 / ILLUSTRATIVE OPERATING MONTH FROM REGISTRATION

Model status remains visible from candidate to retirement

ILLUSTRATIVE [S12] [S13] [S15] [S16] Illustrative 18-month registry history for a single factory model, showing staged release, an incident-
triggered suspension and rollback at Month 6, a diagnosed retraining release at Month 9, and formal retirement at Month 18 when a process redesign
removes the use case.

The sequence in Exhibit 55, p. 211 shows that neither suspension at Month 6 nor

retirement at Month 18 is a governance failure. [S44] On the contrary, suspending v1.0

when a physical process change invalidates its training distribution protects the shop

floor from acting on uncalibrated scores, while retiring v1.1 at Month 18 when a direct

physical meter eliminates the need for statistical estimation frees the team from

maintaining an obsolete pipeline. [S18] Because this timeline is an illustrative lifecycle

trace, actual review intervals must be set by each site's operating cadence and risk

classification. [S11]

1 2 . 2 2  C O N T R O L L E D  R E T I R E M E N T  R E M OV E S  R U N T I M E  D E BT  W H I L E  K E E P I N G
AU D I T  L I N E AG E

Retiring a model is an engineering procedure, not an informal decision to stop

checking a screen. [S13] When the operations owner decides to retire a model,

whether because a simpler rule works as well, a hardware upgrade solves the prob-

lem directly, or expected benefits were not met under the stop criteria of S44, the

custodian and builder execute a four-step decommissioning checklist: [S15] [S44]

Deactivate serving endpoints and scheduled jobs: Shut down the model con-

tainer, batch scoring cron, and feature-extraction queries that existed solely for

that model so they stop consuming compute, network bandwidth, and broker

topics. [S18]

0

Candidate v1.0
registered

Snapshot, code hash, and
baseline comparator
frozen in registry.

1

Validated in shadow
mode

Local slice metrics and
fallback drill passed on
live shift inputs.

2

Approved v1.0 deployed

Operating owner signs off
operator-assist release
with 90-day lease.

6

Suspended and rolled
back

Alert runbook detects
dye-process change;
baseline fallback
restored.

9

Retrained v1.1 approved

New candidate trained on
matured post-change
cohort passes gates.

14

Lease renewed after
audit

Unblinded audit slice and
net KPI benefit verified
at review.

18

Model v1.1 formally
retired

In-line hardware sensor
replaces estimation;
dependencies removed.

• 
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Remove user-interface indicators and alert routes: Update operator screens,

planning spreadsheets, and alert queues so staff cannot mistake a frozen historical

score for an active recommendation, and notify affected shifts of the return to the

standard operating procedure. [S12]

Revoke service credentials under least privilege: Disable the machine identities,

API tokens, and database permissions assigned to the retired deployment pipeline.

[S23]

Preserve the immutable registry and lineage record: Set the registry state to 

retired with the effective timestamp, approver, and reason, while retaining the

model card (S1203), training dataset manifest, pipeline execution logs (S15), and 

provenance graph (S09) for the applicable retention period so any past production

lot, customer quality claim, or sustainability report influenced by the model remains

fully reconstructable. [S09] [S1203]

By binding threshold-based monitoring to diagnosed runbooks, human release

authority, and clean retirement, a small factory team keeps every model subordinate

to physical operations. That discipline sets up Part IV of this paper, where Chapter 13

examines how adoption and net operational value are measured against the baseline,

and Chapter 14 sequences the entire industrial data spine into a gated 18-month

roadmap. [S36]

An alert is a question put to an engineer, never a blank
cheque for a pipeline to rewrite itself.
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Adoption and value are
operating metrics, not launch
claims
The spine earns further investment when people use it, decisions improve
and net operational benefit survives a comparison with the baseline.
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CHAPTER 13
DECISION TEST

The spine earns further
investment when people
use it, decisions improve
and net operational benefit
survives a comparison with
the baseline.

A data spine creates no operating value merely by going live. Value begins

when a supervisor uses a trusted record to change a decision, when the

resulting improvement survives comparison with the pre-intervention

baseline, and when that benefit exceeds the recurring work required to keep the

record or model useful. The launch is therefore the start of measurement, not its con-

clusion. GFT's recommendation is a recurring value routine with four linked tests:

people perform the governed work, operational indicators improve under like-for-like

conditions, net benefit remains after lifecycle effort, and trust or safety does not

deteriorate. [S11] [S18] [S36] [S38]

Sustained use cannot be inferred from initial enthusiasm. In a World Bank study of an

enterprise platform offered to SMEs in Viet Nam, close to 80 percent of supported

firms used it after initial training, about 40 percent used it thereafter, and 35 percent

were still using it about 18 months later. Firms that sustained adoption commonly

assigned an internal point person to champion it. [S37] The study concerned business

software in a different country and context. It is not a Cameroon factory forecast. It

does show why activation and training completion are weak evidence of durable

adoption.

This chapter turns that lesson into factory practice. It defines adoption as observable

behaviour, measures outcomes through existing manufacturing indicators, separates

cash effects from capacity and risk effects, and gives every deployment a fix, scale,

maintain, postpone or stop decision. The method is an engineering governance

framework. It is not investment, legal or tax advice. Site values, accounting treatment

and worker-data obligations require the responsible factory functions and, where

necessary, qualified local advisers.

13.1

A champion and local stewards sustain use
Adoption needs an operating owner because friction crosses functional boundaries. A

capture form may belong technically to IT, its defect codes to quality, its completion

time to production and its use in a shift meeting to operations. Without one person

accountable for follow-through, each function can defend its own part while the

complete routine fails. The World Bank's SME finding supports a named internal

champion, but it does not justify dependence on a heroic individual. The champion

needs management backing, a deputy, allocated time and a route into existing

production decisions. [S37]

GFT would assign the champion three duties. First, make the governed workflow

usable during ordinary shifts, including handover, interruption and exception handling.

Second, coordinate role-based practice and confirm that users can perform their

tasks without assistance. Third, bring behavioural evidence and unresolved friction to

the factory's existing management cadence. Domain stewards remain close to the

work. They diagnose capture defects, help operators correct records and explain why

a definition or interface must change. Technical custodians keep the service available,

but they do not own adoption.
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1 3 . 2  WO R K A R O U N D S  R E V E A L  U N M E T  O P E R AT I N G  N E E D S

A private spreadsheet or paper tally after launch is evidence before it is a compliance

issue. It may preserve a field missing from the governed record, provide a faster view

at the line, allow work during disconnection or protect a local calculation that man-

agement still uses. Removing the sheet by instruction can hide the record without

removing the need. The steward should ask which decision the workaround supports,

what the official workflow cannot represent and which change would make the

governed route more useful.

The review should also distinguish necessary local work from harmful duplication. A

temporary offline contingency may be legitimate if it has an owner, a synchronisation

rule and a reconciliation check. An unowned monthly extract that changes the KPI

denominator is different. The former is a controlled operating mode. The latter frac-

tures the baseline and prevents comparison. The champion records the cause, cor-

rective action and verification result rather than reporting only the number of

workarounds found.

G F T  N OT E

Treat each workaround as a usability finding with an owner and a test. GFT's practical
recommendation is to observe the task with the user, preserve any operational con-
text the private record contains, then change the governed contract, interface or off-
line procedure. Retire the parallel record only after the user completes the same
decision in the spine and reconciliation passes. A reduction achieved by prohibition is
not evidence of adoption.

13.3

Training happens around tangible work
Training should reproduce the decisions a role will face, not tour software menus.

OECD case evidence from a German bakery SME says that converting traditional pro-

cesses into digital ones requires sizeable effort, does not directly pay off and involves

a longer learning process. [S35] ILO and UNESCO guidance separately favours tangible

pilots with practical use and built-in evidence about what works. Its two-to-three-

year horizon concerns digital transformation of technical and vocational skills

systems, not a universal factory payback period. [S40] Together, the sources support

practice around real work and patience with learning, not a generic promise of rapid

return.

A line steward should practise timely capture, an unknown defect code, a missing lot

reference and correction after quarantine. A quality supervisor should practise

reviewing a model flag, recording a reasoned override and checking the later physical

outcome. A planner should practise comparing a forecast with the current statistical

rule and documenting why a schedule changed. A custodian should practise restoring

the records and instructions needed to reproduce a reported figure. Each exercise

uses realistic records with personal data removed or protected according to purpose.
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1 3 . 4  C O M P E T E N C Y  M E A N S  U N A I D E D  TAS K  C O M P L E T I O N

Attendance does not demonstrate readiness. The practical test is whether the user

can complete the governed task, recognise an exception and select the correct escal-

ation route without prompting. A suitable assessment records the task, conditions,

errors, assistance required and reassessment result. Failure leads first to inspection of

the work instruction and interface. A confusing taxonomy or slow screen is a design

defect, not a training deficiency to be repeated unchanged.

The champion should test competence again after a material process, schema or

model change. This prevents an initial training certificate from becoming permanent

evidence of capability. It also connects training to release control: a role that cannot

execute fallback safely keeps the deployment in its current limited mode. NIST's risk

framework places human judgement around metrics and thresholds, so users must

also understand what a score means, when it is uncertain and when they are expected

to challenge it. [S11]

1 3 . 5  E V I D E N C E  AC C U M U L AT I O N  B E LO N G S  I N  T H E  P L A N

Time is required for habits to stabilise and for a fair comparison to accumulate. The

ranges in Exhibit 56, p. 217 are illustrative planning assumptions for three different

evidence problems. They are not benchmarks or commitments. A manual spine needs

stable capture and repeated management use. A bought vision system needs local

validation and override evidence even if no local training is planned. A history-

dependent forecaster needs sufficient relevant order history and a comparator before

its value can be judged. [S35] [S36] [S40] [S43]

EXHIBIT 56 / ILLUSTRATIVE MONTHS FROM APPROVAL

Time to value includes learning and evidence accumulation

ILLUSTRATIVE [S35] [S36] [S40] [S43] Illustrative planning assumptions, not observed durations or benchmarks. Low is initial routine or shadow
use, mid is stable task competence with a usable comparison, and high is a net-value review with adequate evidence. S40's two-to-three-year
statement concerns TVET strategy and does not set these ranges.

2 8.32 14.7 21 27.3

Manual spine
2 6

Bought vision validation
4 12

History-dependent
forecast

12 24
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The ranges prevent two opposite mistakes. The first is declaring value before users

and baselines have stabilised. The second is continuing a weak deployment indefin-

itely because learning is still supposedly under way. Each review should state which

evidence is missing, when it should become available and what decision follows if it

does not. Calendar time never substitutes for an evidence gate. [S36] [S44]

13.6

Adoption measures record behaviour, not
screen activity
Licences issued, dashboard views and stored rows describe system activity. They do

not establish that a record arrived in time for a decision, passed its quality checks or

changed an operating action. The World Bank recommends embedding monitoring

and evaluation throughout digitalisation programme design and implementation, which

requires measures attached to the intervention's mechanism rather than a launch

inventory. [S36] For the industrial data spine, GFT's proposed adoption set therefore

uses five behavioural measures: timely capture, validated completeness, correction

recurrence, active routine integration and documented override reasons.

Timely capture compares event time with the contract deadline for the decision. A shift

total entered before handover may be useful even if a machine event arrived later

through a verified offline queue. The measure must preserve that distinction rather

than treating every replay as late work. Validated completeness counts required records

that pass the applicable rules at first submission, with missing and estimated values

disclosed rather than silently converted to zero. Data quality remains purpose-spe-

cific and managed across the lifecycle, consistent with ISO/IEC 5259-3. [S04]

Correction recurrence tests whether the same capture cause returns after correction. A

falling number of corrected rows can signal improvement, but it can also result from a

disabled rule or unreported workaround. Active routine integration checks whether shift,

production and quality reviews cite governed records and close actions against them. 

Documented override reasons show whether a person recorded why a recommendation

was rejected and whether the later outcome was reviewed. These are proposed fact-

ory measures, not universal thresholds. Each site sets its target after establishing a

baseline. [S36]

M E T H O D

Write every adoption measure with a numerator, denominator, observation window,
exclusions and owner. For timely capture, the denominator is the set of records
required by the active production schedule, not the records that happened to arrive.
For routine integration, sample the underlying action and evidence rather than
accepting a meeting checklist. For correction recurrence, retain the rule version so a
definition change cannot create artificial improvement. Reconcile each result with a
small physical sample on the line.

Adoption and value are operating metrics, not launch claims

RESEARCH EDITION / 2026-10-30 218

G F T  /  R E S E A R C H

GREEN FUTURE TECH



1 3 . 7  A D O P T I O N  M E T R I C S  N E E D  D E N O M I N ATO R S  T H AT  R E S I ST  GA M I N G

Every behavioural measure can be distorted if its denominator is convenient. Timely

capture improves artificially when expected records are removed from the schedule. 

Completeness improves when difficult fields become optional. Routine integration

improves when actions are closed without verification. The data owner should

therefore approve the denominator and its exceptions before the result is used in a

review. Changes remain visible through the contract version and effective date.

The review should pair each adoption indicator with a counter-check. Timely capture

is read beside late corrections and physical sampling. Validated completeness is read

beside quarantine volume and disabled rules. Override documentation is read beside

the quality of the eventual decision. A high score that fails its counter-check opens an

investigation rather than earning praise. This keeps the measure attached to factory

work and discourages teams from optimising the report instead of the routine.

Adoption should also be compared across roles and shifts. An aggregate result can

conceal a team that carries the capture burden for everyone else or a night shift that

receives no steward support. Where the sample is too small for a conclusion, the

register should say so and collect more evidence. The purpose is not to rank workers.

It is to find where the operating design needs correction.

1 3 . 8  OV E R R I D E  F R E Q U E N C Y  N E E D S  A  Q UA L I T Y  C H E C K

A low override rate can mean that a model is useful, but it can also mean that users

accept its output without examining it. A high rate can mean poor model fitness, a

confusing interface or a legitimate response to conditions absent from training. NIST

warns that people may assume AI systems work well in every setting and calls for

measurement to reflect real operational context. [S11] The adoption review should

therefore sample agreements as well as overrides and compare both with delayed

ground truth where available.

Three outcomes matter: a justified override catches a model error, an unjustified

override rejects a sound recommendation, and an unchallenged model error passes

without human intervention. The third is especially important because a simple over-

ride rate hides it. Sampling should include different lines, product families, shifts and

data-quality conditions. Results lead to interface correction, threshold review, further

training or suspension, not an instruction to agree with the model more often. [S11]

13.9

Operational outcomes use the factory's existing
measures
A validation score answers whether a candidate meets a technical test. It does not

answer whether the factory produces better work. Operational evaluation should

reuse the KPI dictionary and its frozen formulas so that the baseline, intervention

period and subsequent review retain the same meaning. ISO 22400-2 presents man-

ufacturing KPIs through formulas, corresponding elements, time behaviour, units and

other characteristics, making those definitions the appropriate reference point for

comparison. [S38]
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The selected indicators should follow the deployment's mechanism. Quality assist-

ance may affect first-pass yield, rework and scrap. Shared stoppage evidence may

affect availability and changeover duration. Maintenance advice may affect unplanned

stops and repair time. Order and forecasting tools may affect schedule adherence and

work in progress. Metering and allocation may affect energy, water or material intens-

ity. A benefit claim should name the physical pathway from record to action to result;

an improvement without that pathway is a hypothesis to investigate, not a validated

effect. [S36] [S38]

1 3 . 1 0  T H E  C O U N T E R FAC T UA L  M U ST  S U RV I V E  C H A N G E S  I N  O P E R AT I N G
C O N D I T I O N S

The central question is what would have happened without the intervention under

comparable conditions. Product mix, material grade, order urgency, equipment state

and staffing can change at the same time as a release. A before-and-after average

that ignores those changes can credit the tool for an easier mix or blame it for a harder

one. The evaluation should hold the baseline formula constant and compare matched

lines, shifts, styles or operating strata where the available evidence permits. [S36] [S43]

A simple rule helps: report the total observed change separately from the portion

attributed to the intervention. The first is an operational observation. The second

requires a comparison method and confidence statement. If a like-for-like compar-

ison is impossible, the register should retain the result as unverified contribution

rather than forcing a causal claim. This is particularly important when several changes

share one period, such as a new maintenance routine and a model release.

1 3 . 1 1  A  B AS E L I N E  I S  A  V E R S I O N E D  O P E R AT I N G  A R T E FAC T

A usable baseline contains more than a historical average. It records the KPI version,

source records, quality state, observation window, operating conditions and current

comparator. It also records known weaknesses, such as incomplete stoppage capture

or an inconsistent product boundary. If those weaknesses would change the value

decision, they become corrective work before a strong benefit claim is allowed. [S04]

[S36] [S38]

The baseline owner should be independent enough from the deployment team to

challenge a favourable reconstruction. Where new information improves an old

record, the team should preserve both the original reported baseline and the correc-

ted version, with lineage explaining the difference. This allows reviewers to distinguish

a genuine operating change from an accounting repair. It also prevents a weak start-

ing point from being selectively adjusted until the intervention appears valuable.

Uncertainty belongs in the outcome as well as the baseline. A narrow difference

between two highly variable periods may not support a scale decision even when its

arithmetic is correct. The register should state the sample support, important uncon-

trolled conditions and the additional observation needed. This is a decision-quality

requirement, not a demand for statistical complexity that a small team cannot main-

tain.
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1 3 . 1 2  A D O P T I O N ,  O P E R AT I O N S  A N D  T R U ST  B E LO N G  O N  O N E  R E V I E W  PAG E

The illustrative panels in Exhibit 57, p. 221 show why these measures should not be

read alone. Capture and yield can improve while override quality deteriorates. A pro-

gramme that reports only the first two panels would miss the emerging oversight

problem. The values are invented to demonstrate the review method and are not GFT

results or factory benchmarks. [S11] [S30] [S36] [S38]

EXHIBIT 57 / ILLUSTRATIVE PERCENT ON A SHARED ZERO TO 100 SCALE

Adoption, operations and trust can move in different directions

ILLUSTRATIVE [S11] [S30] [S36] [S38] Illustrative six-month sequence. Values are invented to show diagnostic divergence. Timely capture and
first-pass yield improve while audited override quality falls in M4 and M5, then recovers after intervention. These are not measured GFT or client
outcomes.

In this illustrative sequence, timely capture rises from 62 to 91 percent and first-pass

yield ends at 90 percent, while override quality falls from 86 to 64 percent before

recovering. The correct response is not to celebrate the average direction. It is to

inspect the model, alert burden and user decisions during the weaker months, then

verify whether the corrective action restored informed review. The exhibit cannot

establish why the measures moved; it tells the team where to look.

13.13

Financial value is net of lifecycle effort
A real operational improvement can still produce a weak investment once the work

around the model is counted. Research on machine-learning systems identifies

ongoing maintenance costs arising from dependencies, configuration, hidden

feedback and changes in the external world. [S18] A 2025 NIST semiconductor work-

shop report adds a sharply bounded warning: manufacturers reported that data pro-

cessing for a single application can cost as much as 70 percent of total application

cost. That is a reported upper bound in a particular manufacturing context, not an

average for SMEs or a prediction for a textile factory. [S39]

The value review should therefore begin with validated gross operating benefit and

deduct the recurring effort needed to sustain it. Preparation includes entry, cleaning,

labelling and reconciliation. Integration includes schema, master-data and interface

Timely capture

0

50

100

M1 M6

First-pass yield

0

50

100

M1 M6

Override quality

0

50

100

M1 M6
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maintenance. Human review includes alert handling, false interventions and override

documentation. Model operation includes monitoring, delayed-label review and reval-

idation. Continuity and support include recovery tests, access review, incremental

infrastructure and licences. Initial implementation cost should also remain visible, but

it must not be used to hide the recurring run cost. [S18] [S36] [S39]

Exhibit 58, p. 222 expresses the reconciliation as an illustrative index. It is deliberately

not a return ratio. The purpose is to make every deduction visible before the remaining

value is discussed. [S18] [S36] [S39]

EXHIBIT 58 / ILLUSTRATIVE ANNUAL VALUE INDEX, GROSS BENEFIT EQUALS 100

Net value remains after recurring lifecycle work is counted

ILLUSTRATIVE [S18] [S36] [S39] Illustrative reconciliation: 100 - 28 - 12 - 14 - 11 - 9 = 26. Cost categories reflect lifecycle maintenance in S18
and the application-specific processing warning in S39. Proportions are invented for method demonstration, not benchmarks or GFT results.

In the illustration, recurring lifecycle work consumes 74 of the 100 gross-benefit

units and leaves 26. The appropriate management question is not whether the gross

case sounded attractive. It is which deductions can be reduced through reuse and

better capture without weakening control, and whether the remaining net value justi-

fies the deployment's risk and scope. A negative result should trigger redesign, post-

ponement or retirement rather than a search for additional unverified benefits. [S44]

1 3 . 1 4  CAS H ,  CA PAC I T Y  A N D  AVO I D E D  R I S K  R E M A I N  S E PA R AT E

Direct cash effects include measured reductions in material waste, external rework,

energy purchases or paid overtime, supported by quantities and prices for the stated

period. Freed capacity includes machine or labour hours released by the change. It

becomes additional revenue only when saleable demand and the remaining produc-

tion constraints allow those hours to be used. Until then, it should be reported in hours

or physical units, not converted into speculative cash.

Avoided risk is different again. A lower probability of a customer claim, safety event or

equipment failure may matter greatly, but its monetary estimate depends on likelihood,

consequence and assumptions. Keep that estimate separate from ledger savings and

0

27.5

55

82.5

110
100

Gross benefit

-28

Preparation

-12

Integration

-14

User review

-11

Monitoring

-9

Infrastructur
e

26

Net value
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disclose its basis. Do not add cash, unused capacity and avoided risk into one

unqualified total. The register should let management see each category and decide

which is relevant to the resource decision. [S11] [S36]

WO R K E D  E X A M P L E

An illustrative weaving mill evaluates an advisory inspection system after a matched-
style review. All quantities, prices and hours below are illustrative assumptions
chosen to demonstrate the arithmetic, not observations from GFT or a client. The mill
processes an illustrative 1,200,000 metres a year. Downgraded fabric falls from an
illustrative 1.8 percent to 1.1 percent on comparable styles, giving an attributed
improvement of 0.7 percentage points. At an illustrative XAF 1,500 a metre, validated
gross annual benefit is 1,200,000 × 0.007 × XAF 1,500 = XAF 12,600,000. [S36]
[S38]

Illustrative recurring costs are XAF 1,050,000 for preparation and stewardship, XAF
480,000 for operator review, XAF 864,000 for integration and revalidation, and XAF
4,200,000 for annualised hardware and support. Their total is XAF 1,050,000 +
480,000 + 864,000 + 4,200,000 = XAF 6,594,000. Net annual cash value is there-
fore XAF 12,600,000 - 6,594,000 = XAF 6,006,000. Lifecycle cost equals about
52.3 percent of gross benefit by GFT's arithmetic from the illustrative inputs. [S18]
[S39]

If preparation and integration require an additional illustrative XAF 7,000,000, net
value becomes XAF 6,006,000 - 7,000,000 = -XAF 994,000. That sensitivity
changes the decision from maintain to redesign or stop. Any freed finishing capacity
is recorded separately in hours until confirmed demand can use it. The example
excludes tax, financing and accounting treatment, which require the factory's
responsible advisers. [S36] [S44]

13.15

Trust and harm sit beside benefit
A deployment can improve an operating indicator and still be unacceptable. False

alerts can create unnecessary stops or inspections. A capture routine can distract an

operator or encourage an unsafe shortcut. Worker-level records can become a dis-

ciplinary instrument even when their original purpose was process diagnosis. NIST

treats positive and negative impacts as part of AI risk management, so harm and trust

evidence belongs in the same review as benefit rather than in a separate annual exer-

cise. [S11]

The trust review should cover false-intervention burden, safety near misses, unre-

solved override friction, worker concerns and contestation outcomes. Each measure

needs a defined event and investigation route. A concern count alone is ambiguous:

fewer complaints can mean fewer problems or less confidence that reporting will help.

The more useful evidence is whether concerns were understood, whether the

response changed the system and whether the same cause returned. [S11] [S30]

The ILO code of practice states that decisions concerning a worker should not be

based solely on automated processing of that worker's personal data. It also says that

personal data collected by electronic monitoring should not be the only factors in

evaluating performance. The code is non-binding guidance, not a statement of
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Cameroonian law. [S30] GFT's operating recommendation is to keep worker-affecting

decisions under informed human review, provide an accessible challenge route and

correct disputed records without retaliation.

Meaningful review requires time, authority and context. If a station record shows low

output, the reviewer should be able to inspect material, machine, style and measure-

ment conditions before attributing fault. If a worker challenges the record, the steward

should preserve the original evidence and append the resolution. A system that

cannot explain or correct its worker-affecting use has not passed the value gate,

regardless of its apparent financial return. [S11] [S30]

13.16

A benefit register drives fix, scale or stop
decisions
Value evidence becomes useful only when it changes a resource decision. GFT's pro-

posed benefit register gives every active deployment one row and every review one

explicit outcome. The adoption champion maintains it with the operating owner, using

the factory's existing management forum rather than creating a parallel programme

office. Each row links back to the admission case, the frozen baseline and the

released artefact so the team evaluates the same mechanism and scope that was

approved. [S36] [S43]

The register records the accountable owner, baseline definition and period, expected

mechanism, behavioural adoption, observed operating effect, comparison method,

gross benefit, recurring lifecycle cost, evidence confidence, adverse effects and next

decision. It also records missing evidence. This prevents an uncertain estimate from

being silently promoted to a measured saving between reviews. Where the KPI defini-

tion or production boundary changes, the old and new results remain distinguishable.

[S36] [S38] [S41]

Four actions are available. Scale expands scope only after adoption, net value,

recovery and trust checks pass. Maintain keeps a beneficial deployment within its

current scope where expansion adds no proven value. Fix contains the deployment

and assigns dated corrective work when friction, cost or override quality threatens the

case. Postpone or stop returns to the verified manual or simpler comparator when the

necessary resources, skills, costs or expected benefits do not support continuation.

Research with SMEs explicitly recognises postponement as a valid investment

decision under those conditions. [S44]

Exhibit 59, p. 225 shows the structure with illustrative textile deployments. The 

schema is derived from the cited evaluation, KPI and lifecycle sources. The row values

are illustrative and are included only to show how different evidence leads to different

actions. [S18] [S30] [S36] [S38] [S44]
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EXHIBIT 59 / DERIVED REGISTER WITH ILLUSTRATIVE ROW ENTRIES

A benefit register turns observed evidence into a portfolio decision

DERIVED [S18] [S30] [S36] [S38] [S44] Derived register structure from embedded evaluation, governed KPI definitions, lifecycle cost and stop
decisions. All deployment values are illustrative, not observed GFT results. Net value means validated operating benefit less recurring lifecycle effort.
Confidence reflects comparison and input quality, not model accuracy alone.

Stopping does not erase the learning. The registry should retain why the deployment

failed, which records remain reusable and which assumption would need to change

before reconsideration. A stopped model may leave a valuable governed dataset and

a clearer baseline. Continuing to pay for an unsupported model, by contrast, con-

sumes the same small team's capacity for capture, maintenance and process

improvement. [S18] [S44]

13.17

Quality disclosure improves with the evidence
Value measurement should start before every input is perfect, but it should show

where the evidence is weak. GHG Protocol guidance describes collecting data,

assessing quality and improving quality as an iterative process, with lower-quality

inputs replaced over time. Although that guidance addresses Scope 3 emissions, the

iterative principle is useful for factory value records when its original context remains

explicit. [S41]

GFT's register should distinguish four evidence states. Measured contributions come

from direct observations under the relevant KPI definition and comparison. Partially
measured or allocated contributions combine observations with documented allocation

rules. Estimated or proxy contributions depend on defaults, samples or assumptions. 

Model-derived contributions carry their validation limits and uncertainty. These labels

describe the evidence behind a value claim, not a general score for the deployment.

[S04] [S36] [S41]

The improvement decision follows consequence. A low-confidence input that has

little influence on a decision may be adequate for the next review. A proxy that

determines whether a deployment scales deserves priority for a better meter, sample

Deployment and
baseline

Adoption and harm Value and
confidence

Decision Next evidence

Line log: stops
14.2% of shift

92% timely; no
open concern

Stops down 2.4
pts; high

Scale Reconcile on next
line

Vision: downgrade
1.8% of metres

88% override
quality

Net XAF 6.0M/yr;
medium

Maintain Repeat
matched-style
audit

Energy log: steam
9.4 kg/kg

71% complete;
manual meters

Break-even; low Fix Test meter and
recost

Bearing alert: 6
stops/quarter

48% override
quality

Negative; medium Stop Compare fixed
maintenance

Forecast: MAPE 28%
at 8 weeks

Shadow use; 7
months history

Unproven; low Postpone Review after more
history
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or reconciliation routine. This focuses spending on the evidence gap that can change

a decision rather than on indiscriminate data collection. Each iteration should record

what changed and whether earlier results need recalculation. [S36] [S41]

The same discipline can connect the paper's companion tools without pretending they

share one denominator. The kpi-cascade and oee-line reviews can preserve opera-

tional definitions. The inspection-economics and cold-start-forecast reviews can

expose preparation, review and comparator costs. The footprint review can carry

measured, allocated and estimated states into resource intensity. The benefit register

is the common decision layer, while each specialised method remains distinct. [S36]

[S38] [S39] [S41]

The chapter's test is therefore cumulative. Launch proves availability. Adoption proves

governed behaviour. Operational comparison tests the claimed mechanism. Lifecycle

accounting tests net value. Trust review tests acceptability. The benefit register turns

those findings into a decision, and quality disclosure makes the strength of that

decision visible. Expansion is justified only when the complete chain holds.

Value is not what launch reports; it is what ordinary
work can verify.
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CHAPTER 14
DECISION TEST

GFT should scale the spine
only as ownership,
meaning, recovery,
reproducibility and net value
are demonstrated in
production.

A small or mid-sized factory does not need a standalone data department to

govern its operational records or run machine-learning models safely in

production. Instead, it needs a staged, evidence-gated sequence that

embeds data ownership, explicit event semantics, quality quarantine, tested offline

recovery, reproducible model release and net value measurement directly into existing

factory roles and management routines. [S02] [S16] [S36] In GFT's Cameroon textile

programme, prepared on 31 January 2024 with source-refresh annotations retained

in 2026, the sector context is defined by an acute local-processing gap: the inherited

evidence register records that about 95 percent of Cameroon's cotton fibre is expor-

ted raw while about 5 percent is processed locally, against a national industrialisation

target of 50 percent local processing by 2030 under the National Development

Strategy. [R06] [R07] Those two inherited entries were not refreshed in 2026 and their

original publication dates were not recorded in the register, so they frame the strategic

imperative rather than certifying a current factory baseline. [R06] [R07] Closing that

industrial gap requires factories whose daily production, quality, maintenance, order

and resource records can be trusted from the first shift.

This closing chapter translates the preceding governance, architecture and MLOps

controls into an illustrative 18-month implementation roadmap structured around six

sequential stages and nine hard decision gates. Every duration in this chapter is an

illustrative planning assumption designed to show sequencing and dependency, not

an observed benchmark or fixed calendar promise. [S16] [S36] Advancement from one

stage to the next is governed by inspectable operational evidence rather than elapsed

calendar time. When a gate fails because capture effort is excessive, quality rules are

bypassed, backups cannot be restored, or a model candidate fails to beat a simple

comparator net of lifecycle cost, the required governance action is to hold, redesign,

postpone or stop the expansion. [S26] [S44]

14.1

The first 30 days establish authority and scope
The opening illustrative window from day 1 to day 30 establishes human accountabil-

ity, bounds the initial scope to a handful of decision-critical records, registers lawful

processing purposes and freezes the baseline definitions against which every

subsequent improvement claim will be judged. [S02] [S36] [S38] Small industrial teams

frequently stall when they begin digitalisation by evaluating software platforms before

deciding who owns a definition and which operational decision the record serves.

[S02] [S37] Survey evidence from the Organisation for Economic Co-operation and

Development in the Western Balkans indicates that integrated operational tools such

as enterprise resource planning and cloud systems are used by only 10 to 20 percent

of surveyed small and medium enterprises, showing why a roadmap cannot assume

integrated systems already exist (while noting that this survey covers the Western

Balkans rather than Cameroon). [S34] Under ISO 8000-150, establishing appropriate

roles and responsibilities is a foundational requirement for data quality management,

and World Bank case evidence from small-firm adoption confirms that firms suc-

cessfully adopting digital platforms assign an internal point person who champions

adoption across functions. [S02] [S37] During this illustrative first month, the factory
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director appoints one internal adoption champion with a named deputy and assigns

one accountable domain owner for each of six core domains: production, quality,

maintenance, orders, people and sustainability. [S02] [S37]

1 4 . 2  AU T H O R I T Y  P R E C E D E S  S O F T WA R E  S E L E C T I O N

Each domain owner signs a compact role charter that separates three distinct

responsibilities: business accountability for meaning and access (the data owner),

recurring shop-floor verification and exception handling (the data steward), and

technical administration of spreadsheets, databases, brokers or backups (the data

custodian). [S02] [S23] In a constrained team, one person may hold more than one role

across domains, provided conflicts of interest are declared and no technical custodian

can silently alter a business formula or approve a high-consequence model release

alone. [S02] [S11] [S14] Line stewards receive an explicit, illustrative weekly time allow-

ance within their normal shift duties so that reviewing missing logs or quarantining

malformed entries is scheduled operational work rather than unpaid overtime. [S02]

[S35]

Rather than cataloguing every machine tag or administrative spreadsheet in the

enterprise, the champion and domain owners select an illustrative initial scope of five

critical operational records governing daily shift performance: hourly line output,

defect inspection events, unplanned machine stoppages, order and lot dispatch

records, and shift attendance aggregates. [S05] [S08] [S38] For each selected record,

the domain owner freezes a versioned entry in the KPI dictionary specifying purpose,

formula, input elements, unit, time behaviour, grain and exclusions under ISO

22400-2. [S01] [S38] Freezing these definitions before pipeline or model work begins

prevents later disputes over whether rework counts as good output or whether

planned breaks reduce availability. [S38]

1 4 . 3  L E GA L  S C R E E N I N G  A N D  B AS E L I N E  M E AS U R E M E N T  STA R T  O N  DAY  O N E

Because operational records touch workers and external partners, the first 30 days

also establish the privacy and access boundary. [S29] [S31] [S1401] Under Regulation

(EU) 2016/679, personal data must be adequate, relevant and limited to what is

necessary for the stated purpose, while World Wide Web Consortium best practices

emphasise that security, commercial sensitivity and privacy govern what data and 

metadata may be shared. [S29] [S1401] In Cameroon, Law No. 2024/017 of 23 Decem-

ber 2024 states in Section 19(1) that the processing of personal data shall be subject

to prior authorisation by the Personal Data Protection Authority. [S31] Before collecting

or repurposing any worker-linked telemetry, attendance record or video feed in this

illustrative 30-day window, the factory records each processing purpose in a local

register, strips unnecessary personal identifiers from operational aggregates, and

obtains current local legal advice on statutory authorisation duties. [S29] [S30] [S31]

Finally, the team records a pre-intervention operating baseline across process per-

formance and data handling, applying the World Bank principle that embedding mon-

itoring and evaluation from the outset is essential for tracking impact and learning.

[S36] Over an illustrative two-week to four-week observation window, stewards

measure shift minutes spent entering and reconciling logs, capture-defect recur-

rence, correction turnaround time, backup restoration capability, and baseline levels
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for first-pass yield, line availability and order fulfilment. [S26] [S36] [S38] Without this

frozen baseline, neither the manual data spine nor any subsequent model can prove

falsifiable operational value. [S36] [S43]

EXHIBIT 60 / MONTHS FROM APPROVAL (ILLUSTRATIVE PLANNING WINDOW)

Eighteen months of capability building remain conditional on evidence

ILLUSTRATIVE [S02] [S04] [S15] [S16] [S26] [S36] [S44] Illustrative 0 to 18 month roadmap aligned with GFT's Cameroon textile programme
phases. Entry and exit gates derive from S02, S04, S15, S16, S26, S36 and S44; task durations are planning assumptions, not measured factory
benchmarks.

As shown in Exhibit 60, p. 230, the six illustrative stages run across an 18-month

planning window from month 0 to month 18, with each stage bounded by explicit

entry and exit conditions. [S16] [S36] The chart is not an automatic calendar escalator: if

Stage 2 fails to prove offline buffering and backup restoration at month 3, Stage 3 and

Stage 4 remain locked until the recovery defect is fixed and re-verified. [S26] [S44]

What Exhibit 60, p. 230 cannot establish is the exact pace of a specific site, because

actual durations depend on shift complexity, staffing stability, power reliability and

legal review timelines. [S35] [S42]

14.4

Days 31 to 90 make the manual spine
trustworthy
Once authority, scope and baseline definitions pass Gate 1 at day 30, the illustrative

second stage from day 31 to day 90 turns the factory's manual and semi-automated

logs into a governed system of record. [S04] [S08] [S09] GFT's Cameroon textile pro-

gramme starts with structured manual and spreadsheet-backed capture on the shop

floor rather than waiting for full machine instrumentation. That approach succeeds

only when manual capture enforces the same identifier discipline, event semantics,

quality checks and continuity rehearsals that later automated feeds will inherit. [S04]

[S08]

0 3 6 9 12 15 18

Stage 1: Authority, scope and
baseline

Stage 2: Manual spine and
quality gates

Stage 3: Curated products and
portability

Stage 4: Single model in
shadow mode

Stage 5: Controlled release
and net value

Stage 6: Spine reuse and
conditional scale
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1 4 . 5  I D E N T I F I E R  A N D  E V E N T  C O N T R AC TS  STA B I L I S E  S H O P- F LO O R  CA P T U R E

Between illustrative days 31 and 60, the domain owners and custodian issue ver-

sioned data contracts for the critical records selected in Stage 1. [S04] [S10] Every

record is anchored to immutable canonical identifiers for site, area, line, asset, order,

lot, style, operation, defect code and shift, excluding personal worker identifiers

unless a documented, legally reviewed purpose requires them. [S05] [S08] [S29] Follow-

ing GS1 EPCIS Release 2.0, operational occurrences such as defect observations,

machine faults, lot splits or carton dispatches are recorded as discrete events carrying

event time, ingestion time, object identity, location and business step rather than

overwriting mutable status cells. [S08] Provenance links follow the World Wide Web

Consortium PROV-O and PROV-DM specifications so every record retains the entity,

activity and agent involved in producing or modifying it. [S09] [S1403]

In the same illustrative window, the factory activates capture and ingestion quality

gates under ISO/IEC 5259-3 and ISO/IEC 25012 across five dimensions: validity, 

completeness, consistency, timeliness and uniqueness. [S03] [S04] Missing readings

are tagged explicitly as missing, engineering approximations as estimated, and

supervisor amendments as manually_corrected with a superseding provenance link,

never silently replaced with a numeric zero. [S04] [S09] Failed records are routed into a 

quarantine table and assigned to the originating line steward for correction, preventing

upstream data cascades from contaminating curated summaries. [S04] [S19] Each

recurring defect, its decision impact, its root cause and its verification date are

tracked in a published quality register informed by the W3C Data Quality Vocabulary

and iterative quality guidance. [S41] [S1402]

1 4 . 6  C O N T I N U I T Y  R E H E A R SA L S  P R E C E D E  A N Y  M O D E L L I N G  WO R K

Between illustrative days 61 and 90, before any machine-learning model is admitted,

the team proves that the manual spine survives infrastructure disruption. [S26] [S27]

[S33] Drawing on store-and-forward buffering patterns documented for offline edge

devices, local capture sheets and edge queues buffer timestamped records durably

during network outages and replay them idempotently without duplication when

connectivity returns. [S07] [S08] [S33] Simultaneously, the custodian maintains offline

encrypted backups of raw logs, master tables, KPI definitions and validation rules, and

executes a live restoration drill into an isolated environment alongside an incident-

response exercise as recommended by CISA and NIST SP 800-61 Revision 3. [S26]

[S27]

A gated 18-month roadmap builds capability without a data department

RESEARCH EDITION / 2026-10-30 231

G F T  /  R E S E A R C H

GREEN FUTURE TECH



EXHIBIT 61 / ILLUSTRATIVE 90-DAY ACTION REGISTER

The first 90 days produce decisions and evidence, not a transformation slogan

ILLUSTRATIVE [S02] [S04] [S26] [S36] [S38] Illustrative owner-level action list for days 0 to 30 and days 31 to 90, with deliverable, verification
evidence and escalation route derived from S02, S04, S26, S36 and S38. Day windows are illustrative planning ranges.

The sequence in Exhibit 61, p. 232 makes every deliverable in the first 90 days

inspectable by naming the owner, artefact, verification proof and escalation forum.

[S02] [S36] [S38] Rather than creating a second governance committee, each action

routes exceptions into the factory's daily shift handover and weekly operations review

(wp02). [S02] [S23] Because Exhibit 61, p. 232 is an illustrative template, a single-line

plant can compress administrative steps, whereas a multi-site spinning, weaving and

garment operation must validate identifiers across site boundaries before closing Gate

2. [S05] [S08]

14.7

Months 4 to 6 create reusable data products
Passing Gate 2 at day 90 proves that critical shop-floor events are captured under

stable identifiers, checked by active quarantine rules and recoverable from offline

backups. [S04] [S26] The illustrative third stage from month 4 to month 6 converts

those raw logs into reusable, governed data products so downstream consumers rely

on one canonical core instead of fragile, application-specific extraction scripts. [S09]

[S10] [S39] Workshop evidence from the National Institute of Standards and Techno-

logy notes that manufacturers have reported data-processing costs for a single

application reaching as high as 70 percent of total cost. [S39] Treated carefully as an

Window and owner Governed deliverable Verification evidence Escalation forum

Days 1 to 10: Factory
director

Six-role governance
charter and champion
mandate

Signed charter with
deputy and steward time
allowance

Weekly operations review

Days 11 to 20: Domain
owners

Version 1.0 KPI
dictionary for priority
records

Frozen formulas, units,
grains and exclusions

Weekly operations review

Days 15 to 25: Champion
and counsel

Local personal-data
processing register

Minimised fields and
Cameroon Law 2024/017
screening

Executive risk sign-off

Days 20 to 30: Line
stewards

Four-week operating and
data-effort baseline

Logged capture minutes,
error rates and baseline
KPIs

Gate 1 review at day 30

Days 31 to 50: Custodian
and owners

Canonical ID registry
and event data contracts

Schema check on
production, defect and
stop logs

Daily shift handover

Days 51 to 75: Line
stewards

Active ingestion
quarantine and quality
register

Quarantined records
resolved with PROV-O
lineage

Weekly quality cadence

Days 76 to 90: Custodian
and OT lead

Disconnection buffer
test and backup
restoration drill

Zero duplicate replay
and verified isolated
restore

Gate 2 review at day 90
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upper-bound warning from semiconductor manufacturing rather than a universal SME

average, that 70 percent figure underscores the cost penalty of building separate

pipelines for every report or model. [S18] [S39]

1 4 . 8  S E PA R AT I N G  R AW  E V I D E N C E  F R O M  C U R AT E D  P R O D U C TS

During illustrative months 4 and 5, the custodian and domain owners separate three

storage layers: immutable raw evidence, contextualised canonical records and

published consumption products. [S05] [S09] [S15] Raw shift logs, inspection sheets and

machine messages are stored append-only with ingestion timestamps and digests so

original evidence is never overwritten. [S09] [S1403] Above the raw layer, deterministic

transformations join events to versioned master data (assets, styles, calendars and

defect taxonomies) and apply quality rules to publish curated operational tables. [S04]

[S06] [S08] When a steward corrects a quarantined entry, the correction appends a

superseding event linked via prov:wasRevisionOf and recomputes the curated

product with full lineage. [S09] [S15]

From these curated tables, the spine publishes controlled consumption views without

duplicating business formulas: production and downtime views for OEE and line

balancing (wp02, wp15), defect and genealogy views for quality and traceability (wp03, 

wp05), and utility and material views for resource and carbon accounting (wp06, wp16).

[S05] [S08] [S38] [S41] Each published view carries Data Quality Vocabulary metadata

disclosing completeness, freshness and estimation share so consumers never

mistake an estimate for a metered reading. [S41] [S1402]

1 4 . 9  R E C O N C I L I AT I O N ,  L E AST- P R I V I L E G E  AC C E S S  A N D  V E N D O R  E X I T
R E A D I N E S S

Before Stage 3 closes at month 6, the factory completes three verification checks.

[S25] [S32] [S38] First, over an illustrative four-week parallel run, the team reconciles

KPI figures from the curated products against legacy spreadsheet calculations under

the frozen ISO 22400-2 definitions. [S09] [S38] Second, the security approver and

custodian review access under NIST SP 800-53 Revision 5 least-privilege controls

and CISA cybersecurity goals, confirming that operators, supervisors, analysts,

vendors and automated services use separate, narrowly scoped credentials. [S24] [S25]

[S1401] Third, the team executes a portability export test: applying EU Data Act prin-

ciples where applicable and explicit contract clauses elsewhere, the custodian

exports six months of raw events, curated tables, schemas, KPI definitions and PROV-

O lineage into open formats and verifies that an independent script reproduces the

monthly management report without vendor software. [S06] [S08] [S09] [S32]
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M E T H O D

Stage-gate verification protocol for the industrial data spine. Every stage bound-
ary in this illustrative 18-month roadmap operates as a binary gate with four
mandatory checks: 1. System boundary and artefact: The domain owner and cus-
todian present the live production artefact (quarantine log, isolated restore proof or
shadow evaluation ledger) across the defined lines and shifts. [S02] [S15] [S26] 2. 
Independent verification check: A role that did not build the technical artefact veri-
fies the evidence against human-set acceptance thresholds. [S11] [S14] [S23] 3. Fail-
ure action: If any check fails, the gate remains closed, promotion is blocked, and a
remediation task is logged in the weekly operations review. [S27] [S44] 4. Preserved
audit trail: Gate evidence, schema versions and signed approvals are archived in the
governance register with provenance links. [S09] [S12] [S1403]

14.10

Months 7 to 9 prove one model in shadow mode
Only after Gate 3 confirms trusted, portable data products at month 6 does the

roadmap admit a first machine-learning candidate in the illustrative window from

month 7 to month 9. [S04] [S16] [S43] Industrial MLOps research shows that starting

infrastructure and target automation levels drive implementation complexity, making

gradual capability growth essential for small teams. [S16] [S42] Following GFT's

Cameroon textile programme sequence, the recommended first use case is a

bounded shop-floor problem with rapid ground-truth feedback, such as computer-

vision defect inspection (wp03), whereas history-dependent demand forecasting

(wp04) waits until clean multi-season order history accumulates. [R29] [S04] [S43]

1 4 . 1 1  U S E - CAS E  A D M I S S I O N ,  B AS E L I N E  F R E E Z E  A N D  S I M P L E  C O M PA R ATO R

Month 7 opens with the model admission screen grounded in the six-phase CRISP-

DM lifecycle and explicit SME project-postponement criteria. [S43] [S44] The operating

owner specifies the target decision, acting role, response window, operational tech-

nology safety boundary under NIST SP 800-82 Revision 3, and worker-protection

rules under the International Labour Office code of practice. [S22] [S30] [S43] The team

freezes the pre-model baseline and defines a simple, transparent comparator (such

as a statistical rule or standard inspection checklist) that the candidate must beat net

of lifecycle cost. [S36] [S38] [S43] Builder and custodian then record the candidate in a

lightweight reproducibility stack comprising version control, immutable dataset snap-

shots with ISO/IEC 5259-3 quality manifests, an experiment execution log, and a 

model registry binding data, code, vendor version and evaluation metrics to one

candidate identifier. [S04] [S13] [S15] [S20]

1 4 . 1 2  S H A D OW  E VA L UAT I O N  A N D  R O L L B AC K  R E H E A R SA L

During illustrative months 8 and 9, the candidate runs exclusively in silent shadow

mode on live inputs, logging timestamped predictions without displaying outputs to

operators or altering shop-floor actions. [S15] [S16] [S22] Each week, the builder and

steward evaluate shadow predictions against verified ground truth across local slices

(fabric shade, style, shift, lighting and missing-data state) so aggregate scores

cannot hide line-specific failures. [S04] [S11] [S19] Before Gate 7 closes at month 9, the

team executes a live rollback and manual-fallback drill, proving that model suspen-

sion and reversion to manual operation complete cleanly within the target recovery
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window. [S15] [S22] [S27] Operating and risk owners then judge shadow slice results,

comparator margin, support cost and rollback evidence against human-set

thresholds, postponing or stopping any candidate that fails. [S11] [S14] [S44]

EXHIBIT 62 / DERIVED ORDINAL SCALE FROM 1 (INITIAL) TO 10 (FACTORY-WIDE)

No stage opens until its predecessor leaves usable evidence

DERIVED [S02] [S04] [S09] [S11] [S15] [S17] [S26] [S32] [S36] [S44] Derived gate register placing nine programme gates across sequence
position (x-axis, 1 to 10) and downstream decision and safety blast radius if bypassed (y-axis, 1 to 10), synthesised from S02, S04, S09, S11, S15, S17,
S26, S32, S36 and S44.

The derived gate register in Exhibit 62, p. 235 maps the nine decision gates (G1

through G9) across sequence position (horizontal axis, 1 to 10) and downstream

operational and safety blast radius if bypassed (vertical axis, 1 to 10). [S02] [S11] [S26]

[S44] Early foundational gates (G1 to G3) score high on blast radius because unowned

definitions or unrecoverable records corrupt every subsequent report and model,

while G7 carries the highest score (9.2 on the derived 10-point scale) because it

guards the transition from silent shadow testing to live shop-floor interaction. [S04]

[S11] [S19] [S26] Coordinates in Exhibit 62, p. 235 are analytical ordering indices rather

than empirical measurements; any control-connected use case requires even stricter

scrutiny under ISA/IEC 62443 and NIST SP 800-82 Revision 3. [S22] [S28]

14.13

Months 10 to 12 prove controlled operation
Clearing Gate 7 at month 9 opens the illustrative fifth stage from month 10 to month

12, moving the candidate from shadow mode into controlled, operator-assisted pro-

duction. [S12] [S13] [S16] Initial release remains advisory: the model flags a potential

defect or maintenance anomaly, while a trained operator or supervisor retains explicit

authority and time to inspect, accept or override the output. [S11] [S22] [S30] Where

outputs relate to worker activity, the International Labour Office principle that employ-

ment decisions must not rest solely on automated personal-data processing is

enforced as a hard rule with logged human review. [S30]

Foundational governance gates Release and scale gates

Initial scoping gates Sustained portability gates

G1: Role charter and
KPI freeze

G2: Event contracts
and quarantine

G3: Offline buffer
and restore proof

G4: Curated products
and KPI parityG5: Access review and

export test

G6: Model admission
and snapshot

G7: Shadow slice and
rollback proofG8: Alert runbook and

net value audit
G9: Second-use reuse

and exit drill

Roadmap sequence position (1 early to 10 late)

Downstream blast radius if bypassed (1
to 10)

0 10

10

0
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1 4 . 1 4  R E L E AS E  PAC K AG E ,  T H R E S H O L D  M O N I TO R S  A N D  D I AG N O S E D
R U N B O O KS

Month 10 begins by issuing an ISO/IEC 42001 and ISO/IEC 5338 release package

documenting approved model and dataset versions, intended use, slice limits, oper-

ator instructions, fallback procedures and review dates, paired with task-based

workstation training anchored in tangible daily work. [S12] [S13] [S35] [S40] The cus-

todian activates threshold monitors across service health, feature and prediction drift,

and delayed label accuracy. [S04] [S17] [S21] Following Azure ML monitoring architec-

ture and concept-drift research, crossing a statistical threshold triggers a rehearsed

diagnostic runbook rather than automatic retraining: the assigned role verifies

whether the shift reflects an ingestion fault, a product-mix change or genuine 

concept drift, and either repairs the feed, invokes manual fallback or opens a

governed retraining candidate. [S13] [S17] [S21] [S27]

1 4 . 1 5  N E T  VA L U E  AU D I T  A N D  P O R T F O L I O  D E C I S I O N  AT  M O N T H  1 2

At month 12 (Gate 8), the champion, operating owner and controller audit three-

month production results against the Stage 1 baseline across adoption behaviour

(timely capture, completeness, correction recurrence, meeting use and override qual-

ity), operational KPIs and net financial return after subtracting ongoing preparation,

review, integration and support costs. [S18] [S36] [S38] [S39]
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WO R K E D  E X A M P L E

Illustrative net-value gate calculation for a single-line defect-inspection
assistant at month 12. Consider an illustrative garment plant evaluating an operator-
assisted vision station at Gate 8 after three months of operation (months 10 to 12).
All figures are explicitly illustrative assumptions demonstrating the accounting
method, not observed GFT factory results or forecasts.

Frozen baseline (illustrative inputs): The line produces an illustrative 50,000
garments per month. Under manual inspection alone (cited in literature at 60 to 70
percent accuracy, missing 20 to 30 percent of defects), baseline rework and
second-quality losses averaged an illustrative 4.0 percent (2,000 garments per
month) at an illustrative XAF 1,500 per garment, or XAF 3,000,000 per month.
[R29]

Observed gross benefit (illustrative inputs): With operator-assisted vision and
constant product mix, rework and second-quality losses fall from the illustrative
4.0 percent baseline to an illustrative 2.6 percent (1,300 garments per month),
avoiding 700 defective garments per month and generating an illustrative gross
saving of 700 multiplied by XAF 1,500, or XAF 1,050,000 per month. [S36] [S38]

Full lifecycle cost (illustrative inputs): Deducting monthly recurring and amort-
ised preparation costs under S18 and S39: steward labelling and quarantine
review (illustrative 18 hours at XAF 5,000 per hour = XAF 90,000), operator
false-positive review time (illustrative 25 hours at XAF 3,000 per hour = XAF
75,000), hardware, backup and licence amortisation over an illustrative 24
months (XAF 260,000 per month), and upfront contract and shadow-validation
effort amortised over 24 months (illustrative XAF 3,000,000 divided by 24 = XAF
125,000 per month) yields an illustrative total lifecycle cost of XAF 550,000 per
month. [S02] [S18] [S26] [S39]

Gate 8 decision (illustrative arithmetic): Subtracting the illustrative XAF 550,000
lifecycle cost from the illustrative XAF 1,050,000 gross benefit leaves an illustrat-
ive net benefit of XAF 500,000 per month (47.6 percent net retention), justifying
scale to a second line in Stage 6. Had lifecycle costs exceeded XAF 1,050,000
per month, Gate 8 would require suspending or redesigning the deployment. [S18]
[S36] [S44]

14.16

Months 13 to 18 reuse the spine before adding
complexity
When Gate 8 confirms positive net value at month 12, the illustrative final stage from

month 13 to month 18 proves the economic core of the spine: reusing governed

identifiers, curated events and lineage across additional decisions without rebuilding

capture pipelines. [S08] [S09] [S10] [S39] Stage 6 prevents post-pilot pipeline sprawl by

requiring canonical reuse before any new analytics tool is approved. [S18] [S19]

1 4 . 1 7  R E U S I N G  G OV E R N E D  R E C O R D S  A N D  S E L E C T I V E  AU TO M AT I O N

During illustrative months 13 to 15, the team connects a second decision to existing

curated tables without adding shop-floor forms: canonical order, cotton-lot and

energy-meter events feed product carbon footprints (wp16) and provenance certific-

ates (wp05), while governed downtime and quality-state events feed line balancing

1. 

2. 

3. 

4. 
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and maintenance (wp02, wp07, wp15). [S05] [S08] [S38] [S41] Simultaneously, MLOps auto-

mation is added selectively where Stage 4 and Stage 5 logs show recurring manual

toil, such as automating weekly slice-evaluation scripts while keeping retraining and

promotion strictly human-approved under NIST AI RMF 1.0 and ISO/IEC 23894. [S11]

[S14] [S16] [S42]

1 4 . 1 8  C O N D I T I O N A L  A D M I S S I O N  O F  F O R E CAST I N G  A N D  E X I T  R E H E A R SA L

Months 15 to 18 also test history-dependent use cases such as demand and

inventory forecasting (wp04). [S04] [S43] Although McKinsey's 2025 fashion research

cites inventory-cost reductions of 35 to 40 percent and forecast-error cuts of 20 to

50 percent from AI at scale, a Cameroon factory cannot capture those gains until it

accumulates clean multi-cycle order and stockout records. [R27] [S04] [S19] Under

GFT's roadmap, a forecaster enters Stage 6 shadow testing only if Gate 6 verifies at

least 12 to 15 months of governed order and stockout history and the candidate beats

a simple moving-average or seasonal comparator. [S04] [S38] [S43] [S44] Before Gate 9

closes at month 18, the plant completes an ISO/IEC 42001 review, retires obsolete

artefacts, and migrates one curated dataset and model candidate to an alternate

environment using only archived contracts, PROV-O lineage and open exports. [S06]

[S09] [S12] [S15] [S32]

14.19

GFT should measure seven capabilities every
month
Counting sensors or dashboards rewards volume over decision quality. [S36] [S44] GFT

recommends reviewing a derived seven-measure capability pack every month inside

the existing operations cadence (wp02): [S02] [S04] [S15] [S17] [S26] [S36] [S1402]

Ownership and stewardship closure rate: Share of active datasets and models

with a signed owner, active steward and zero overdue governance actions, derived

from ISO 8000-150 and NIST CSF 2.0. [S02] [S23]

Contract and KPI definition coverage: Share of operational metrics and model

features backed by a versioned ISO 22400-2 KPI dictionary entry and schema

contract. [S10] [S38]

Quality-gate pass and quarantine resolution rate: First-pass validity, complete-

ness, consistency, timeliness and uniqueness rate, median quarantine resolution

time, and disclosed missing or estimated share under ISO/IEC 5259-3 and the

W3C Data Quality Vocabulary. [S04] [S41] [S1402]

Tested recovery and offline continuity evidence: Pass status and measured RPO/

RTO of the latest isolated backup-restore and offline store-and-forward replay

drill. [S26] [S27] [S33]

Candidate and KPI lineage reproducibility: Share of sampled KPIs and model

candidates reconstructed end-to-end from raw events, snapshots and code

within one shift under PROV-O, PROV-DM and MLOps lineage rules. [S09] [S15]

[S1403]

1. 

2. 

3. 

4. 

5. 

A gated 18-month roadmap builds capability without a data department

RESEARCH EDITION / 2026-10-30 238

G F T  /  R E S E A R C H

GREEN FUTURE TECH



Alert diagnosis and runbook response quality: Share of production anomalies

acknowledged on time, diagnosed between feed fault and concept drift, and

closed via runbook without unscheduled automatic retraining. [S17] [S21] [S27]

Verified net decision value and trust balance: Audited operational benefit against

the frozen baseline net of full preparation and support cost, paired with zero

unresolved worker or customer harm reports. [S18] [S30] [S36] [S39]

EXHIBIT 63 / DERIVED MONTHLY GOVERNANCE AND MLOPS CAPABILITY PACK

Seven capability measures replace a vanity count of dashboards

DERIVED [S02] [S04] [S15] [S17] [S26] [S36] [S1402] Derived monthly measurement pack synthesised from S02, S04, S15, S17, S26, S36 and
S1402. Tile 2 pairs semantic contract coverage (Measure 2) and quality-gate resolution (Measure 3) so all seven capabilities are surfaced without
universal numeric targets before site baseline.

The six tiles in Exhibit 63, p. 239 surface all seven monthly capability measures

(combining Measures 2 and 3 in Tile 2 for legibility) without prescribing arbitrary

universal percentages before a site's Stage 1 baseline is recorded. [S04] [S36] [S1402]

Imposing unmeasured targets on day one incentivises fabricated entries; publishing

actual baselines, exception counts and estimation shares builds durable trust. [S19]

[S41] [S1402]

6. 

7. 

Owner +
steward
1. Ownership closure

Share of active datasets and
models with signed roles and
closed actions (S02)

Pass +
quarantine
2 & 3. Contracts and
quality gates

KPI dictionary coverage (S38)
plus first-pass validity and
quarantine resolution (S04,
S1402)

Tested RPO
/ RTO
4. Recovery proof

Measured isolated backup
restore and offline buffer
replay without duplicates
(S26, S33)

End-to-end
audit
5. Lineage reproducibility

Sampled KPIs and model
candidates rebuilt from raw
events and snapshots (S09,
S15)

Runbook
closure
6. Alert diagnosis quality

Anomalies diagnosed to feed
fault or drift before any
retraining approval (S17,
S21)

Baseline
minus cost
7. Net decision value

Verified operational gain net
of preparation and support,
with zero worker harm (S18,
S36)
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G F T  N OT E

Practical recommendation for GFT's Cameroon textile programme: Do not hire a
separate data department or buy an enterprise data lake in year one. Embed the six
governance roles (wp14) inside existing plant positions, start on day 1 with the manual
performance logs in wp02, and enforce the nine gates in Exhibit 62, p. 235. Use 
maturity and kpi-cascade to baseline capabilities 1 to 3 by day 30, edge-
architecture and risk-matrix to verify offline buffering and OT/privacy controls by
day 90, and use-case-portfolio, inspection-economics and cold-start-forecast
to screen models at month 7 and month 15. [S02] [S16] [S36] [S44]

14.20

The closing recommendation is disciplined
portability
Across all 14 chapters of wp14, one principle governs: a small factory captures dur-

able value from data and machine learning only by managing the path from physical

event to decision as one auditable production spine. [S05] [S09] [S15] [S43] That recom-

mendation distils into five rules of disciplined portability:

Own the operational meaning: Keep canonical identifiers, event schemas, state

machines and the ISO 22400-2 KPI dictionary under factory version control rather

than inside vendor code. [S05] [S06] [S08] [S38]

Buy commodity capability, not black-box authority: Favour replaceable storage,

messaging and pre-trained vision components while contracting for open-format

export rights so the plant can exit any vendor with its history intact. [S16] [S20] [S32]

[S42]

Preserve immutable raw evidence and provenance: Never overwrite shop-floor

observations; append superseding records, tag missing and estimated states

explicitly, and retain PROV-O and PROV-DM lineage from raw event to model and

KPI. [S04] [S09] [S15] [S1403]

Retain human authority over thresholds and worker impacts: Require operating

and risk owners to set thresholds, inspect local slices, approve releases and

prevent automated-only worker decisions or unsafe OT changes. [S11] [S14] [S22]

[S30]

Make every release reversible and every investment falsifiable: Rehearse offline

buffering, encrypted backup recovery and model rollback before release, and

evaluate every deployment against its frozen baseline net of full lifecycle cost. [S15]

[S18] [S26] [S36] [S39] [S44]

• 

• 

• 

• 

• 
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WA R N I N G

Unresolved external constraints requiring project-specific verification: Imple-
menting this roadmap in Cameroon requires resolving three local constraints before
capital commitment: obtaining current Cameroonian legal counsel on Personal Data
Protection Authority authorisation procedures under Law No. 2024/017 of 23
December 2024 (S31); replacing unrefreshed or undated inherited sector baselines
(R06, R07, R11, R12, R13) with audited site measurements in Stage 1; and metering
local power and telecom outage durations to size offline buffers and verify recovery
targets (S22, S26, S33). [R06] [R07] [R12] [S22] [S26] [S31] [S33]

1 4 . 2 1  H OW  T H E  I N D U ST R I A L  DATA  S P I N E  C O N N E C TS  T H E  G F T  L I B R A RY

By governing records once, wp14 supplies the evidentiary foundation across the GFT

white-paper library and tools: daily management (wp02, kpi-cascade, oee-line),

automated defect inspection (wp03, inspection-economics), cold-start demand fore-

casting (wp04, cold-start-forecast), lot traceability (wp05), utility efficiency (wp06),

Scope 1, 2 and 3 carbon accounting (wp16, footprint), maintenance reliability (wp07),

workforce capability (wp09), laboratory workflows (wp12), industrial engineering

(wp15), compliance (wp17) and the edge-to-cloud topology (wp18, edge-architecture,

build-or-buy). [S05] [S08] [S09] [S38] [S41] A small factory earns the right to scale artifi-

cial intelligence not by building a data bureaucracy, but by capturing the truth of its

work on the first shift, governing every change of meaning, proving recovery under

failure, and keeping every model accountable to the people who run the line. [S02] [S11]

[S26] [S36]

The factory that governs its records from the first shift
does not need a data department to trust its decisions.
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EVIDENCE REGISTER

Provenance travels with the claim.
Available inherited records and all chapter-local source records are graded below. Identical source identities are consolidated without
losing citation aliases. Missing annex references are excluded. Unrecorded dates are disclosed rather than invented.

R01 Inherited evidence R01 GRADE C

Business in Cameroon. Publication date unrecorded. businessincameroon.com

Cameroon seed-cotton production 2022-2024: 330,000 t (2022), 314,455 t (2023), about 340,000 t (2024).

Inherited source-text check; original source not independently re-opened for this edition.

R02 Inherited evidence R02 GRADE C

Fibre2Fashion; Business in Cameroon. Publication date unrecorded. fibre2fashion.com; businessincameroon.com

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R03 Inherited evidence R03 GRADE C

SODECOTON. Publication date unrecorded. sodecoton.cm

Company profile: more than 220,000 cotton producers supported in northern Cameroon; nine ginning plants; two oil mills.

Inherited source-text check; original source not independently re-opened for this edition.

R04 Inherited evidence R04 GRADE C

Financial Fortune Media. Publication date unrecorded. financialfortunemedia.com

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R05 Inherited evidence R05 GRADE C

Ecofin Agency. Publication date unrecorded. ecofinagency.com

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R06 Inherited evidence R06 GRADE C

Cameroon Trade Hub. Publication date unrecorded. cameroontradehub.cm

About 95 percent of cotton fibre exported raw against 5 percent processed locally; industrialisation target of 50 percent local processing.

Inherited source-text check; original source not independently re-opened for this edition.

R07 Inherited evidence R07 GRADE C

Ecofin Agency. Publication date unrecorded. ecofinagency.com

SND30 restates the 50 percent local-processing target by 2030.

Inherited source-text check; original source not independently re-opened for this edition.
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R08 Inherited evidence R08 GRADE C

Business in Cameroon. Publication date unrecorded. businessincameroon.com

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R09 Inherited evidence R09 GRADE C

Ecofin Agency. Publication date unrecorded. ecofinagency.com

Camtext SA integrated cotton-to-textile project, US$300 million (180 billion XAF); Panafritex and Arise with SODECOTON, CNPS and Marlo;
12 November 2025.

Inherited source-text check; original source not independently re-opened for this edition.

R10 Inherited evidence R10 GRADE C

Ecofin Agency. Publication date unrecorded. ecofinagency.com

Camtext SA: 12,000 t a year processed; about 12,000 jobs at the Dibamba hub and 3,000 at Garoua; return on investment near 11 years;
optimal capacity around 2033.

Inherited source-text check; original source not independently re-opened for this edition.

R11 Inherited evidence R11 GRADE C

Business in Cameroon; MMI News. Publication date unrecorded. businessincameroon.com; mimimefoinfos.com

CICAM market share from about 85 percent three decades ago to about 5 percent today.

Inherited source-text check; original source not independently re-opened for this edition.

R12 Inherited evidence R12 GRADE C

Business in Cameroon. Publication date unrecorded. businessincameroon.com

CICAM capacity utilisation, July 2023 report: Garoua 33.7 percent, CICAM 1 48.9 percent, CICAM 2 10.83 percent; underutilisation cost about
CFAF 2 billion in 2020.

Inherited source-text check; original source not independently re-opened for this edition.

R13 Inherited evidence R13 GRADE C

Business in Cameroon; MMI News. Publication date unrecorded. businessincameroon.com; mimimefoinfos.com

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R14 Inherited evidence R14 GRADE C

WageIndicator. Publication date unrecorded. wageindicator.org

Cameroon minimum wage (SMIG) XAF 41,875 a month in 2023, raised to XAF 43,969 a month from 23 February 2024, about US$76, a rise of
5 percent.

Inherited source-text check; original source not independently re-opened for this edition.

R15 Inherited evidence R15 GRADE C

wage.is. Publication date unrecorded. wage.is/cameroon

Average salary across sectors in Cameroon about US$359 a month.

Inherited source-text check; original source not independently re-opened for this edition.
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R16 Inherited evidence R16 GRADE C

WageIndicator. Publication date unrecorded. wageindicator.org

Informal share of employment about 90 percent; standard 40-hour week, 48-hour maximum, overtime at 1.2 times.

Inherited source-text check; original source not independently re-opened for this edition.

R17 Inherited evidence R17 GRADE C

just-style. Publication date unrecorded. just-style.com

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R18 Inherited evidence R18 GRADE B

Congressional Research Service IF10149; AGOA (Wikipedia). Publication date unrecorded. congress.gov; en.wikipedia.org

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R23 Inherited evidence R23 GRADE C

MacMap; AfCFTA. Publication date unrecorded. macmap.org

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R24 Inherited evidence R24 GRADE C

Mordor Intelligence. Publication date unrecorded. mordorintelligence.com

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R25 Inherited evidence R25 GRADE C

Market.us. Publication date unrecorded. market.us

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R26 Inherited evidence R26 GRADE C

Statista. Publication date unrecorded. statista.com

Cameroon clothing and footwear spend about US$94.70 a person in 2024 and about 8.0 pieces a person; apparel eCommerce revenue
US$20.32 million (2023) to US$33.61 million (2027) at 13.41 percent a year; user penetration 18.0 percent (2023) to 22.7 percent (2027).

Inherited source-text check; original source not independently re-opened for this edition.

R27 Inherited evidence R27 GRADE B

McKinsey, The State of Fashion 2025. Publication date unrecorded. mckinsey.com

AI at scale in fashion: inventory cost down 35 to 40 percent; forecast accuracy up 20 to 30 percent; revenue per customer up 15 to 25 per-
cent; forecast errors cut 20 to 50 percent; lost sales down up to 65 percent; 75 percent of executives prioritising; sector operating-profit
potential US$150 to 275 billion over three to five years.

Inherited source-text check; original source not independently re-opened for this edition.
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R28 Inherited evidence R28 GRADE C

DataIntelo. Publication date unrecorded. dataintelo.com

Fabric-defect-detection AI market US$523.4 million (2024) to US$6,522.1 million (2033) at 33.8 percent a year; Asia-Pacific about 46
percent in 2024.

Inherited source-text check; original source not independently re-opened for this edition.

R29 Inherited evidence R29 GRADE C

MDPI; industry inspection literature. Publication date unrecorded. mdpi.com

Manual defect inspection 60 to 70 percent accurate, missing 20 to 30 percent of defects; computer vision above 90 percent across more than
40 defect types; line-scan inspection up to 60 metres a minute.

Inherited source-text check; original source not independently re-opened for this edition.

R30 Inherited evidence R30 GRADE C

Design Journal (Taylor and Francis). Publication date unrecorded. tandfonline.com

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R31 Inherited evidence R31 GRADE C

arXiv 2509.04705. Publication date unrecorded. arxiv.org/abs/2509.04705

Source metadata retained for traceability. This entry is not cited in the chapter text.

Inherited source-text check; original source not independently re-opened for this edition.

R32 Inherited evidence R32 GRADE C

Wise; XE. Publication date unrecorded. wise.com; xe.com

CFA franc to US dollar reference rates; franc pegged to the euro at 655.957. The GFT study's method note places the franc near 590 to 610
per US dollar across the 2023 study window and near 563 to 577 more recently, and treats currency conversions as estimates.

Inherited source-text check; original source not independently re-opened for this edition.

c01-S01 ISO 8000-1:2022: Data quality, Part 1: Overview GRADE A

International Organization for Standardization. 2022. https://www.iso.org/obp/ui/en/#!iso:std:81745:en

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S02 ISO 8000-150:2022: Data quality, Part 150: Data quality management: Roles and responsibilities GRADE A

International Organization for Standardization. 2022. https://www.iso.org/standard/80753.html

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S03 ISO/IEC 25012:2008: Software engineering, Software product Quality Requirements and Evaluation, Data
quality model GRADE A

ISO/IEC. 2008. https://www.iso.org/obp/ui#!iso:std:iso-iec:25012:ed-1:v1:en

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.
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c01-S04 ISO/IEC 5259-3:2024: Artificial intelligence, Data quality for analytics and machine learning, Part 3: Data
quality management requirements and guidelines GRADE A

ISO/IEC. 2024. https://www.iso.org/standard/81092.html

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S05 IEC 62264-1:2013, Edition 2.0: Enterprise-control system integration, Part 1: Models and terminology
GRADE A

International Electrotechnical Commission. 2013. https://webstore.iec.ch/preview/info_iec62264-1%7Bed2.0%7Db.pdf

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S06 OPC Unified Architecture, Part 1: Overview and Concepts, OPC 10000-1, version 1.05.06 GRADE A

OPC Foundation. 2025-10-22. https://reference.opcfoundation.org/specs/OPC-10000-1/full

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S07 MQTT Version 5.0 GRADE A

OASIS Open. 2019-03-07. https://docs.oasis-open.org/mqtt/mqtt/v5.0/os/mqtt-v5.0-os.html

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S08 EPCIS Standard, Release 2.0 GRADE A

GS1 AISBL. 2022. https://ref.gs1.org/standards/epcis/2.0.0/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S09 PROV-O: The PROV Ontology GRADE A

World Wide Web Consortium. 2013-04-30. https://www.w3.org/TR/2013/REC-prov-o-20130430/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S10 Current Standards Landscape for Smart Manufacturing Systems, NISTIR 8107 GRADE A

National Institute of Standards and Technology. 2016-02-23. https://www.nist.gov/publications/current-standards-landscape-smart-
manufacturing-systems

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S11 Artificial Intelligence Risk Management Framework, AI RMF 1.0, NIST AI 100-1 GRADE A

National Institute of Standards and Technology. 2023-01-26. https://doi.org/10.6028/NIST.AI.100-1

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.
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c01-S13 ISO/IEC 5338:2023: Information technology, Artificial intelligence, AI system life cycle processes GRADE A

ISO/IEC. 2023. https://www.iso.org/standard/81118.html

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S15 MLOps: Continuous delivery and automation pipelines in machine learning GRADE B

Google Cloud. 2024-08-28. https://docs.cloud.google.com/architecture/mlops-continuous-delivery-and-automation-pipelines-in-
machine-learning

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S16 MLOps Maturity Model GRADE B

Microsoft Learn, Azure Architecture Center. 2026-06-03. https://learn.microsoft.com/en-us/azure/architecture/ai-ml/guide/mlops-maturity-
model

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S17 Model monitoring in production GRADE B

Microsoft Learn, Azure Machine Learning. 2026-01-27. https://learn.microsoft.com/en-us/azure/machine-learning/concept-model-
monitoring?view=azureml-api-2

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S18 Hidden Technical Debt in Machine Learning Systems GRADE B

Advances in Neural Information Processing Systems. 2015. https://papers.nips.cc/paper_files/paper/2015/hash/86df7dcfd896f-
caf2674f757a2463eba-Abstract.html

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S19 Everyone wants to do the model work, not the data work: Data Cascades in High-Stakes AI GRADE B

Association for Computing Machinery, CHI 2021. 2021. https://dl.acm.org/doi/10.1145/3411764.3445518

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S21 Learning under Concept Drift: A Review GRADE B

arXiv, author manuscript of an IEEE Transactions on Knowledge and Data Engineering article. 2020-04-13. https://arxiv.org/abs/2004.05785

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S22 Guide to Operational Technology Security, NIST SP 800-82 Revision 3 GRADE A

National Institute of Standards and Technology. 2023. https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.800-82r3.pdf

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.
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c01-S23 The NIST Cybersecurity Framework 2.0 GRADE A

National Institute of Standards and Technology. 2024-02-26. https://nvlpubs.nist.gov/nistpubs/CSWP/NIST.CSWP.29.pdf

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S25 Security and Privacy Controls for Information Systems and Organizations, NIST SP 800-53 Revision 5
GRADE A

National Institute of Standards and Technology. 2020-12-10. https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.800-53r5.pdf

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S26 #StopRansomware Guide GRADE A

CISA, MS-ISAC, NSA and FBI. 2023. https://www.cisa.gov/stopransomware/ransomware-guide

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S27 Incident Response Recommendations and Considerations for Cybersecurity Risk Management: A CSF 2.0
Community Profile, NIST SP 800-61 Revision 3 GRADE A

National Institute of Standards and Technology. 2025. https://nvlpubs.nist.gov/nistpubs/specialpublications/nist.sp.800-61r3.pdf

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S29 Regulation (EU) 2016/679, General Data Protection Regulation GRADE A

European Parliament and Council of the European Union. 2016-04-27. https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?
uri=CELEX:32016R0679

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S30 Protection of workers' personal data: An ILO code of practice GRADE A

International Labour Office. 1997. https://www.ilo.org/media/270771/download

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S31 Law No. 2024/017 of 23 December 2024 relating to personal data protection in Cameroon GRADE A

Presidency of the Republic of Cameroon. 2024-12-23. https://prc.cm/files/9b/df/2c/e818fedc7d5568778f884ea2886bea7d.pdf

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S32 Regulation (EU) 2023/2854 on harmonised rules on fair access to and use of data, Data Act GRADE A

European Parliament and Council of the European Union. 2023-12-13. https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?
uri=CELEX:32023R2854

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.
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c01-S33 Understand extended offline capabilities for IoT Edge devices, modules, and child devices GRADE B

Microsoft. 2024-06-10. https://learn.microsoft.com/en-us/azure/iot-edge/offline-capabilities?view=iotedge-1.5

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S34 Uptake of digital tools among SMEs: Western Balkans Enterprise Survey GRADE B

OECD. 2026-06-26. https://www.oecd.org/en/publications/western-balkans-enterprise-survey_a1b14188-en/full-report/compon-
ent-4.html

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S35 Employee empowerment through digital tools: The case of a German bakery SME GRADE B

OECD. 2022-11-21. https://www.oecd.org/en/publications/digital-for-smes-case-studies_d65e57f4-en/employee-empowerment-
through-digital-tools-the-case-of-a-german-bakery-sme_9efbd5fa-en.html

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S36 The Missing Element of Firm Digitalization: Lessons for the EU Member States: Best practices for enhancing
MSMEs Digitalization and Managerial Capacity Building GRADE B

World Bank. 2023. https://documents1.worldbank.org/curated/en/099110723083021800/pdf/
P17803602b993104209912039ee0f5a13d3.pdf

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S37 Challenges with digital technology adoption by SMEs: A case study from Viet Nam GRADE B

World Bank. 2025-05-20. https://blogs.worldbank.org/en/allaboutfinance/challenges-with-digital-technology-adoption-by-smes--a-
case-stud

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S38 ISO 22400-2:2014: Automation systems and integration, Key performance indicators for manufacturing
operations management, Part 2: Definitions and descriptions GRADE A

International Organization for Standardization. 2014. https://www.iso.org/standard/54497.html

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S39 Artificial Intelligence with Open and Scaled Data Sharing in Semiconductor Manufacturing: Workshop Report
GRADE A

National Institute of Standards and Technology. 2025. https://doi.org/10.6028/NIST.AMS.100-72

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.
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c01-S41 Technical Guidance for Calculating Scope 3 Emissions, version 1.0 GRADE B

GHG Protocol, World Resources Institute and World Business Council for Sustainable Development. 2013. https://ghgprotocol.org/sites/default/
files/ghgp/standards/Scope3_Calculation_Guidance_0.pdf

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S42 Is MLOps different in Industry 4.0? General and Specific Challenges GRADE B

SCITEPRESS, IN4PL 2022. 2022. https://doi.org/10.5220/0011589600003329

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S43 Ensuring the Robustness and Reliability of Data-Driven Knowledge Discovery Models in Production and
Manufacturing GRADE B

Frontiers in Artificial Intelligence. 2021-06-14. https://doi.org/10.3389/frai.2021.576892

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S44 Supporting SME companies in mapping out AI potential: a Finnish AI development case GRADE B

The Journal of Technology Transfer, Springer Nature. 2024-07-27. https://doi.org/10.1007/s10961-024-10122-5

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S0101 Data Analytics for Smart Manufacturing Systems GRADE A

National Institute of Standards and Technology. 2025-03-26. https://www.nist.gov/programs-projects/data-analytics-smart-manufacturing-
systems

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c01-S0102 Data Catalog Vocabulary (DCAT) - Version 3 GRADE A

World Wide Web Consortium. 2024-08-22. https://www.w3.org/TR/vocab-dcat-3/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c02-S01 Same source record as c01-S01.

c02-S02 Same source record as c01-S02.

c02-S04 Same source record as c01-S04.

c02-S05 Same source record as c01-S05.

c02-S08 Same source record as c01-S08.

c02-S09 Same source record as c01-S09.
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c02-S11 Same source record as c01-S11.

c02-S12 ISO/IEC 42001:2023: Information technology, Artificial intelligence, Management system GRADE A

ISO/IEC. 2023. https://www.iso.org/standard/81230.html

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c02-S13 Same source record as c01-S13.

c02-S14 ISO/IEC 23894:2023: Information technology, Artificial intelligence, Guidance on risk management GRADE A

ISO/IEC. 2023. https://www.iso.org/standard/77304.html

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c02-S15 Same source record as c01-S15.

c02-S16 Same source record as c01-S16.

c02-S18 Same source record as c01-S18.

c02-S19 Same source record as c01-S19.

c02-S22 Same source record as c01-S22.

c02-S23 Same source record as c01-S23.

c02-S25 Same source record as c01-S25.

c02-S27 Same source record as c01-S27.

c02-S29 Same source record as c01-S29.

c02-S30 Same source record as c01-S30.

c02-S31 Same source record as c01-S31.

c02-S36 Same source record as c01-S36.

c02-S37 Same source record as c01-S37.

c02-S38 Same source record as c01-S38.
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c02-S43 Same source record as c01-S43.

c02-S44 Same source record as c01-S44.

c02-S20 Machine Learning Operations: Overview, Definition, and Architecture GRADE B

arXiv, author version of an IEEE Access article. 2022-05-14. https://arxiv.org/abs/2205.02302

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c02-S35 Same source record as c01-S35.

c02-S41 Same source record as c01-S41.

c02-S0201 NIST AI RMF Playbook: Govern GRADE A

National Institute of Standards and Technology. 2023-01-26. https://airc.nist.gov/airmf-resources/playbook/govern/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c02-S0202 Data on the Web Best Practices GRADE A

World Wide Web Consortium. 2017-01-31. https://www.w3.org/TR/2017/REC-dwbp-20170131/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c03-S01 Same source record as c01-S01.

c03-S02 Same source record as c01-S02.

c03-S04 Same source record as c01-S04.

c03-S05 Same source record as c01-S05.

c03-S06 Same source record as c01-S06.

c03-S07 Same source record as c01-S07.

c03-S08 Same source record as c01-S08.

c03-S09 Same source record as c01-S09.

c03-S10 Same source record as c01-S10.

c03-S15 Same source record as c01-S15.
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https://arxiv.org/abs/2205.02302
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c03-S29 Same source record as c01-S29.

c03-S31 Same source record as c01-S31.

c03-S38 Same source record as c01-S38.

c03-S39 Same source record as c01-S39.

c03-S0301 Data Catalog Vocabulary (DCAT) - Version 3 GRADE A

World Wide Web Consortium. 2024-08-22. https://www.w3.org/TR/2024/REC-vocab-dcat-3-20240822/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c03-S0302 Metadata Vocabulary for Tabular Data GRADE A

World Wide Web Consortium. 2015-12-17. https://www.w3.org/TR/2015/REC-tabular-metadata-20151217/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c04-S01 Same source record as c01-S01.

c04-S02 Same source record as c01-S02.

c04-S03 Same source record as c01-S03.

c04-S04 Same source record as c01-S04.

c04-S05 Same source record as c01-S05.

c04-S06 Same source record as c01-S06.

c04-S08 Same source record as c01-S08.

c04-S09 Same source record as c01-S09.

c04-S10 Same source record as c01-S10.

c04-S11 Same source record as c01-S11.

c04-S15 Same source record as c01-S15.

c04-S18 Same source record as c01-S18.
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https://www.w3.org/TR/2024/REC-vocab-dcat-3-20240822/
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c04-S19 Same source record as c01-S19.

c04-S36 Same source record as c01-S36.

c04-S38 Same source record as c01-S38.

c04-S39 Same source record as c01-S39.

c04-S41 Same source record as c01-S41.

c04-S43 Same source record as c01-S43.

c04-S44 Same source record as c01-S44.

c04-S0401 Data on the Web Best Practices: Data Quality Vocabulary GRADE A

World Wide Web Consortium. 2016-12-15. https://www.w3.org/TR/vocab-dqv/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c04-S0402 Data on the Web Best Practices GRADE A

World Wide Web Consortium. 2017-01-31. https://www.w3.org/TR/dwbp/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c04-S0403 PROV Model Primer GRADE A

World Wide Web Consortium. 2013-04-30. https://www.w3.org/TR/prov-primer/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c05-S01 Same source record as c01-S01.

c05-S02 Same source record as c01-S02.

c05-S03 Same source record as c01-S03.

c05-S04 Same source record as c01-S04.

c05-S05 Same source record as c01-S05.

c05-S06 Same source record as c01-S06.

c05-S07 Same source record as c01-S07.
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c05-S08 Same source record as c01-S08.

c05-S09 Same source record as c01-S09.

c05-S10 Same source record as c01-S10.

c05-S15 Same source record as c01-S15.

c05-S16 Same source record as c01-S16.

c05-S17 Same source record as c01-S17.

c05-S18 Same source record as c01-S18.

c05-S19 Same source record as c01-S19.

c05-S20 Same source record as c02-S20.

c05-S22 Same source record as c01-S22.

c05-S25 Same source record as c01-S25.

c05-S26 Same source record as c01-S26.

c05-S27 Same source record as c01-S27.

c05-S28 ISA/IEC 62443 Series of Standards GRADE A

International Society of Automation. 2026. https://www.isa.org/standards-and-publications/isa-standards/isa-iec-62443-series-of-stand-
ards

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c05-S29 Same source record as c01-S29.

c05-S32 Same source record as c01-S32.

c05-S33 Same source record as c01-S33.

c05-S34 Same source record as c01-S34.

c05-S35 Same source record as c01-S35.
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c05-S37 Same source record as c01-S37.

c05-S38 Same source record as c01-S38.

c05-S39 Same source record as c01-S39.

c05-S40 The Digitization of TVET and Skills Systems GRADE B

International Labour Organization and UNESCO. 2020. https://www.ilo.org/media/396161/download

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c05-S42 Same source record as c01-S42.

c05-S44 Same source record as c01-S44.

c05-S0501 PROV-DM: The PROV Data Model GRADE A

World Wide Web Consortium. 2013-04-30. https://www.w3.org/TR/2013/REC-prov-dm-20130430/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c05-S0502 Same source record as c02-S0202.

c05-S0503 Data Quality Vocabulary (DQV) GRADE A

World Wide Web Consortium. 2016-12-15. https://www.w3.org/TR/2016/NOTE-vocab-dqv-20161215/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c06-S02 Same source record as c01-S02.

c06-S04 Same source record as c01-S04.

c06-S05 Same source record as c01-S05.

c06-S06 Same source record as c01-S06.

c06-S07 Same source record as c01-S07.

c06-S08 Same source record as c01-S08.

c06-S09 Same source record as c01-S09.

c06-S15 Same source record as c01-S15.
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c06-S29 Same source record as c01-S29.

c06-S31 Same source record as c01-S31.

c06-S33 Same source record as c01-S33.

c06-S38 Same source record as c01-S38.

c06-S0601 EPCIS Standard, Release 2.0, Section 7.4.1: EPCISEvent GRADE A

GS1 AISBL. 2022. https://ref.gs1.org/standards/epcis/2.0.0/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c06-S0602 EPCIS Standard, Release 2.0, Error declarations GRADE A

GS1 AISBL. 2022. https://ref.gs1.org/standards/epcis/2.0.0/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c06-S0603 RFC 9562: Universally Unique IDentifiers (UUIDs) GRADE A

Internet Engineering Task Force. 2024-05. https://www.rfc-editor.org/rfc/rfc9562.html

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c06-S0604 PROV-O: The PROV Ontology, Section 3.2: Expanded Terms GRADE A

World Wide Web Consortium. 2013-04-30. https://www.w3.org/TR/2013/REC-prov-o-20130430/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c07-S02 Same source record as c01-S02.

c07-S05 Same source record as c01-S05.

c07-S06 Same source record as c01-S06.

c07-S07 Same source record as c01-S07.

c07-S09 Same source record as c01-S09.

c07-S11 Same source record as c01-S11.

c07-S14 Same source record as c02-S14.
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c07-S15 Same source record as c01-S15.

c07-S22 Same source record as c01-S22.

c07-S23 Same source record as c01-S23.

c07-S24 Cross-Sector Cybersecurity Performance Goals, Version 2.0 GRADE A

Cybersecurity and Infrastructure Security Agency. 2025. https://www.cisa.gov/sites/default/files/2025-12/CPG_Report_2.0_508c.pdf

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c07-S25 Same source record as c01-S25.

c07-S26 Same source record as c01-S26.

c07-S27 Same source record as c01-S27.

c07-S28 Same source record as c05-S28.

c07-S29 Same source record as c01-S29.

c07-S30 Same source record as c01-S30.

c07-S31 Same source record as c01-S31.

c07-S32 Same source record as c01-S32.

c07-S33 Same source record as c01-S33.

c07-S0701 Zero Trust Architecture, NIST SP 800-207 GRADE A

National Institute of Standards and Technology. 2020-08. https://csrc.nist.gov/pubs/sp/800/207/final

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c07-S0702 Adversarial Machine Learning: A Taxonomy and Terminology of Attacks and Mitigations, NIST AI 100-2
E2023 GRADE A

National Institute of Standards and Technology. 2024-01. https://csrc.nist.gov/pubs/ai/100/2/e2023/final

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.
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c07-S0703 OPC Unified Architecture, Part 2: Security Model, OPC 10000-2, version 1.05.06 GRADE A

OPC Foundation. 2025-10-22. https://reference.opcfoundation.org/specs/OPC-10000-2/full

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c08-S05 Same source record as c01-S05.

c08-S06 Same source record as c01-S06.

c08-S07 Same source record as c01-S07.

c08-S08 Same source record as c01-S08.

c08-S09 Same source record as c01-S09.

c08-S10 Same source record as c01-S10.

c08-S15 Same source record as c01-S15.

c08-S18 Same source record as c01-S18.

c08-S22 Same source record as c01-S22.

c08-S25 Same source record as c01-S25.

c08-S26 Same source record as c01-S26.

c08-S27 Same source record as c01-S27.

c08-S32 Same source record as c01-S32.

c08-S33 Same source record as c01-S33.

c08-S38 Same source record as c01-S38.

c08-S0801 Contingency Planning Guide for Federal Information Systems, NIST SP 800-34 Rev. 1 GRADE A

National Institute of Standards and Technology. 2010-11-11. https://csrc.nist.gov/pubs/sp/800/34/r1/upd1/final

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.
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c08-S0802 Data Integrity: Recovering from Ransomware and Other Destructive Events, NIST SP 1800-11 GRADE A

National Institute of Standards and Technology. 2020-09. https://csrc.nist.gov/pubs/sp/1800/11/final

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c08-S0803 Cloud Computing Synopsis and Recommendations, NIST SP 800-146 GRADE A

National Institute of Standards and Technology. 2012-05-29. https://csrc.nist.gov/pubs/sp/800/146/final

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c09-S02 Same source record as c01-S02.

c09-S04 Same source record as c01-S04.

c09-S05 Same source record as c01-S05.

c09-S08 Same source record as c01-S08.

c09-S09 Same source record as c01-S09.

c09-S11 Same source record as c01-S11.

c09-S12 Same source record as c02-S12.

c09-S13 Same source record as c01-S13.

c09-S14 Same source record as c02-S14.

c09-S16 Same source record as c01-S16.

c09-S18 Same source record as c01-S18.

c09-S19 Same source record as c01-S19.

c09-S22 Same source record as c01-S22.

c09-S23 Same source record as c01-S23.

c09-S29 Same source record as c01-S29.

c09-S30 Same source record as c01-S30.
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c09-S31 Same source record as c01-S31.

c09-S32 Same source record as c01-S32.

c09-S35 Same source record as c01-S35.

c09-S36 Same source record as c01-S36.

c09-S37 Same source record as c01-S37.

c09-S38 Same source record as c01-S38.

c09-S39 Same source record as c01-S39.

c09-S40 Same source record as c05-S40.

c09-S42 Same source record as c01-S42.

c09-S43 Same source record as c01-S43.

c09-S44 Same source record as c01-S44.

c09-S0901 Forecasting: Principles and Practice, 3rd edition, Section 5.2: Some simple forecasting methods GRADE B

OTexts. 2021-05-31. https://otexts.com/fpp3/simple-methods.html

Simple benchmark forecasting methods (mean, naive, seasonal naive, drift) as mandatory comparators before adopting complex models.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c09-S0902 Rules of Machine Learning: Best Practices for ML Engineering GRADE B

Google for Developers. 2025-08-25. https://developers.google.com/machine-learning/guides/rules-of-ml

Instrumenting metrics and launching simple heuristics before introducing machine learning.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c10-S04 Same source record as c01-S04.

c10-S09 Same source record as c01-S09.

c10-S11 Same source record as c01-S11.

c10-S13 Same source record as c01-S13.

c10-S15 Same source record as c01-S15.
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c10-S16 Same source record as c01-S16.

c10-S20 Same source record as c02-S20.

c10-S38 Same source record as c01-S38.

c10-S1001 Leakage and the Reproducibility Crisis in ML-based Science GRADE B

arXiv, Sayash Kapoor and Arvind Narayanan. 2022-07-14. https://arxiv.org/abs/2207.07048

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c11-S02 Same source record as c01-S02.

c11-S04 Same source record as c01-S04.

c11-S09 Same source record as c01-S09.

c11-S11 Same source record as c01-S11.

c11-S12 Same source record as c02-S12.

c11-S13 Same source record as c01-S13.

c11-S14 Same source record as c02-S14.

c11-S15 Same source record as c01-S15.

c11-S16 Same source record as c01-S16.

c11-S17 Same source record as c01-S17.

c11-S18 Same source record as c01-S18.

c11-S19 Same source record as c01-S19.

c11-S21 Same source record as c01-S21.

c11-S22 Same source record as c01-S22.

c11-S23 Same source record as c01-S23.

c11-S25 Same source record as c01-S25.
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c11-S26 Same source record as c01-S26.

c11-S27 Same source record as c01-S27.

c11-S29 Same source record as c01-S29.

c11-S30 Same source record as c01-S30.

c11-S31 Same source record as c01-S31.

c11-S35 Same source record as c01-S35.

c11-S36 Same source record as c01-S36.

c11-S37 Same source record as c01-S37.

c11-S38 Same source record as c01-S38.

c11-S40 Same source record as c05-S40.

c11-S42 Same source record as c01-S42.

c11-S43 Same source record as c01-S43.

c11-S44 Same source record as c01-S44.

c11-S1101 Model Cards for Model Reporting GRADE B

arXiv, Conference on Fairness, Accountability, and Transparency. 2019-01-14. https://arxiv.org/abs/1810.03993

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c11-S1102 Same source record as c09-S0902.

c12-S02 Same source record as c01-S02.

c12-S04 Same source record as c01-S04.

c12-S05 Same source record as c01-S05.

c12-S08 Same source record as c01-S08.

c12-S09 Same source record as c01-S09.
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c12-S11 Same source record as c01-S11.

c12-S12 Same source record as c02-S12.

c12-S13 Same source record as c01-S13.

c12-S14 Same source record as c02-S14.

c12-S15 Same source record as c01-S15.

c12-S16 Same source record as c01-S16.

c12-S17 Same source record as c01-S17.

c12-S18 Same source record as c01-S18.

c12-S19 Same source record as c01-S19.

c12-S20 Same source record as c02-S20.

c12-S21 Same source record as c01-S21.

c12-S22 Same source record as c01-S22.

c12-S23 Same source record as c01-S23.

c12-S26 Same source record as c01-S26.

c12-S27 Same source record as c01-S27.

c12-S30 Same source record as c01-S30.

c12-S33 Same source record as c01-S33.

c12-S36 Same source record as c01-S36.

c12-S38 Same source record as c01-S38.

c12-S41 Same source record as c01-S41.

c12-S42 Same source record as c01-S42.
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c12-S43 Same source record as c01-S43.

c12-S44 Same source record as c01-S44.

c12-S1201 Failing Loudly: An Empirical Study of Methods for Detecting Dataset Shift GRADE B

arXiv, Advances in Neural Information Processing Systems (NeurIPS) 2019. 2018-10-29. https://arxiv.org/abs/1810.11953

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c12-S1202 Operationalizing Machine Learning: An Interview Study GRADE B

arXiv, Proceedings of the VLDB Endowment. 2022-09-16. https://arxiv.org/abs/2209.09125

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c12-S1203 Model Cards for Model Reporting GRADE B

arXiv, ACM Conference on Fairness, Accountability, and Transparency. 2018-10-05. https://arxiv.org/abs/1810.03993

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c13-S04 Same source record as c01-S04.

c13-S11 Same source record as c01-S11.

c13-S18 Same source record as c01-S18.

c13-S30 Same source record as c01-S30.

c13-S35 Same source record as c01-S35.

c13-S36 Same source record as c01-S36.

c13-S37 Same source record as c01-S37.

c13-S38 Same source record as c01-S38.

c13-S39 Artificial Intelligence with Open and Scaled Data Sharing in Semiconductor Manufacturing: Workshop Report
GRADE A

National Institute of Standards and Technology. 2025-11-18. https://www.nist.gov/publications/artificial-intelligence-open-and-scaled-
data-sharing-semiconductor-manufacturing

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c13-S40 Same source record as c05-S40.
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c13-S41 Same source record as c01-S41.

c13-S43 Same source record as c01-S43.

c13-S44 Same source record as c01-S44.

c14-S01 Same source record as c01-S01.

c14-S02 Same source record as c01-S02.

c14-S03 Same source record as c01-S03.

c14-S04 Same source record as c01-S04.

c14-S05 Same source record as c01-S05.

c14-S06 Same source record as c01-S06.

c14-S07 Same source record as c01-S07.

c14-S08 Same source record as c01-S08.

c14-S09 Same source record as c01-S09.

c14-S10 Same source record as c01-S10.

c14-S11 Same source record as c01-S11.

c14-S12 Same source record as c02-S12.

c14-S13 Same source record as c01-S13.

c14-S14 Same source record as c02-S14.

c14-S15 Same source record as c01-S15.

c14-S16 Same source record as c01-S16.

c14-S17 Same source record as c01-S17.

c14-S18 Same source record as c01-S18.
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c14-S19 Same source record as c01-S19.

c14-S20 Same source record as c02-S20.

c14-S21 Same source record as c01-S21.

c14-S22 Same source record as c01-S22.

c14-S23 Same source record as c01-S23.

c14-S24 Same source record as c07-S24.

c14-S25 Same source record as c01-S25.

c14-S26 Same source record as c01-S26.

c14-S27 Same source record as c01-S27.

c14-S28 Same source record as c05-S28.

c14-S29 Same source record as c01-S29.

c14-S30 Same source record as c01-S30.

c14-S31 Same source record as c01-S31.

c14-S32 Same source record as c01-S32.

c14-S33 Same source record as c01-S33.

c14-S34 Same source record as c01-S34.

c14-S35 Same source record as c01-S35.

c14-S36 Same source record as c01-S36.

c14-S37 Same source record as c01-S37.

c14-S38 Same source record as c01-S38.

c14-S39 Same source record as c01-S39.
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c14-S40 Same source record as c05-S40.

c14-S41 Same source record as c01-S41.

c14-S42 Same source record as c01-S42.

c14-S43 Same source record as c01-S43.

c14-S44 Same source record as c01-S44.

c14-S1401 Same source record as c02-S0202.

c14-S1402 Data on the Web Best Practices: Data Quality Vocabulary GRADE A

World Wide Web Consortium. 2016-12-15. https://www.w3.org/TR/2016/NOTE-vocab-dqv-20161215/

Opened source record.

Accessed 2026-10-30. Quote retained in the machine-readable source record.

c14-S1403 Same source record as c05-S0501.
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GLOSSARY

Stable definitions make
comparisons useful.

Industrial data spine

The governed chain of ownership, identifiers, events,

quality controls, storage, models and decisions that

connects factory work to reusable evidence.

Data governance

The decision rights, accountability, policies and con-

trols used to manage data throughout its lifecycle.

Data owner

The role accountable for a dataset's purpose, definition,

access, quality expectations and retention.

Data steward

The role that performs recurring definition, quality, cor-

rection and coordination work close to a business

domain.

Data custodian

The technical role responsible for operating storage,

access, backup, recovery and related controls without

owning business meaning.

Data domain

A bounded subject area such as production, quality,

maintenance, orders, people or sustainability used to

assign accountability.

Data contract

A versioned promise describing a dataset's schema,

semantics, ownership, timing, quality expectations and

compatibility rules.

Canonical model

A shared representation of important entities and

events that reduces repeated translation between

applications while preserving source detail.

Master data

Relatively stable records describing entities such as

assets, lines, styles, operations and units that give

transactional events their context.

Metadata

Structured information that describes a dataset or arte-

fact, including meaning, origin, version, quality, rights

and retention.

Data lineage

The traceable path from source records through trans-

formations to a dataset, KPI, model or decision.

Provenance

Evidence about where a record or artefact came from,

which processes changed it and which agents were

responsible.

Event time

The time at which the represented operational event

occurred, as distinct from when its record arrived or

was processed.

Ingestion time

The time at which a system received an event record,

used to diagnose delay, replay and late arrival.
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Idempotency

The property that processing the same event again

produces no additional unintended effect, enabling safe

retry and replay.

Schema

The formal structure of a record, including fields, types,

required values and constraints.

Data quality

The fitness of data for a stated purpose, assessed

through explicit characteristics and measures rather

than a general claim of cleanliness.

Validity

The degree to which a record conforms to its defined

types, domains, formats and rules.

Completeness

The degree to which required records and fields are

present at the grain needed for a decision.

Timeliness

The degree to which data arrive and become usable

within the period required by the decision.

Quarantine

A controlled state that isolates failed records from

normal consumption while preserving them for dia-

gnosis, correction and reprocessing.

System of record

The authoritative source for a defined class of informa-

tion, with other copies explicitly subordinate or derived.

Edge computing

Processing close to machines or work activities so

capture, inference or control can continue with limited

dependence on remote services.

Store-and-forward

Durable local buffering of records during disconnection,

followed by controlled synchronisation when

communication returns.

OPC UA

OPC Unified Architecture, an industrial interoperability

framework that includes information modelling and

secure communication.

MQTT

A client-server publish-subscribe messaging transport

that requires separate payload schemas and

operational semantics.

EPCIS

A GS1 standard for creating and sharing visibility event

data within and across enterprises.

ISA-95

The enterprise-control integration framework, stand-

ardised in the IEC 62264 series, used to model inter-

faces and terminology between business and

manufacturing systems.

KPI dictionary

The governed register of each indicator's purpose, for-

mula, inputs, unit, time basis, grain, exclusions, owner

and version.

MLOps

The practices and controls used to develop, validate,

release, monitor and retire machine-learning systems

reliably in their operating context.

Model registry

A controlled record of model artefacts, versions,

evidence, approval and lifecycle status.

Feature

A model input derived from source data under a docu-

mented definition, transformation, time window and

missing-value rule.
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Dataset snapshot

An immutable, identified version of a training, validation

or test dataset with its manifest, quality state and lin-

eage.

Data leakage

The use of information during training or evaluation that

would not legitimately be available for the intended

prediction, inflating apparent performance.

Concept drift

A change in the underlying data relationship or distri-

bution over time that can invalidate a model's previous

mapping.

Shadow deployment

Operating a model on live inputs without allowing its

outputs to affect decisions, used to collect release

evidence.

Rollback

A tested return to a previously approved model, config-

uration or operating procedure after a release is sus-

pended.

Human oversight

Informed human authority to set thresholds, interpret

limits, intervene, override and stop a system according

to consequence.

Recovery point objective

The maximum targeted interval of data loss after dis-

ruption, set by business consequence and verified

through recovery evidence.

Recovery time objective

The targeted time to restore a service or record set

after disruption, verified through an exercised recovery

procedure.

Least privilege

Granting a person or process only the access required

for its assigned task, for only as long as needed.

Operational technology

Hardware and software that monitor or control physical

devices and processes, where performance, reliability

and safety are primary constraints.

Data minimisation

Limiting personal data to what is adequate, relevant and

necessary for a stated processing purpose.

Counterfactual

The credible account of what would have happened

without the model or data intervention, used to assess

claimed benefit.

Model retirement

The controlled withdrawal of a model from use while

preserving the records needed to explain its historical

outputs and decisions.
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TERM INDEX

Follow the terms back to their
context.
Page references point to occurrences in chapter prose. When a term does not occur in a chapter, its glossary definition is indexed.

Canonical model 85

Completeness 24 33 66 67 71 135 159 196 201

218 219 231 233 236 238

Concept drift 79 197 203 236 239

Counterfactual 148

Data contract 56 59 60 72 89 186 196

Data custodian 33 122 196 206 209 229

Data domain 270

Data governance 30

Data leakage 204

Data lineage 270

Data minimisation 41 83 123 149 152 189

Data owner 140 219 229

Data quality 20 30 38 60 65 67 75 90 148 179

218 228 231 233 238

Data steward 33 95 147 148 180 196 202 204 229

Dataset snapshot 70 160 190 204

Edge computing 271

EPCIS 18 20 24 54 59 78 85 98 102 109 136 155

207 231

Event time 24 66 85 98 99 101 103 104 107 110

165 196 218 231

Feature 39 57 67 70 73 74 78 85 99 138 139 151

153 157 160 163 165 167 168 170 172 176 184 185

186 190 196 197 198 201 202 204 205 206 209 211

236

Human oversight 272

Idempotency 89 107

Industrial data spine 15 26 65 79 82 130 134 195

212 218 234
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Ingestion time 24 66 98 104 108 196 231

ISA-95 19 31 50 85 133 136

KPI dictionary 21 22 52 53 54 89 90 120 121 138

141 143 147 157 180 190 219 229 238 240

Least privilege 23 31 33 89 90 117 212

Master data 24 51 68 75 98 101 102 120 121 133

134 137 141 233

Metadata 21 42 50 57 60 61 69 72 73 83 90 92

94 99 111 120 131 136 137 141 163 165 168 186

229 233

MLOps 21 35 45 73 74 77 79 91 93 124 138 149

163 183 186 204 228 234 238

Model registry 119 120 138 177 207 234

Model retirement 272

MQTT 26 50 51 56 57 62 88 89 95 106 115 117

127 140

OPC UA 51 56 57 62 88 95 100 115 127 136

Operational technology 23 82 92 114 130 152 181

208 209 234

Provenance 16 24 26 30 35 54 58 63 65 70 73

74 78 79 83 84 86 89 91 92 93 99 103 104 114

117 120 131 137 138 140 141 157 164 165 166 171

190 191 212 231 234 237 240

Quarantine 24 30 31 33 38 42 43 44 45 50 60 61

65 67 68 69 71 75 77 78 89 107 117 122 131 132

133 139 142 203 208 216 219 228 231 232 234 237

238

Recovery point objective 121

Recovery time objective 121

Rollback 27 33 41 44 45 134 138 149 176 184 185

186 191 210 234 240

Schema 23 30 33 39 42 44 45 57 60 61 66 77 78

79 84 85 86 87 89 91 92 107 110 111 117 119

121 134 138 139 141 143 165 172 178 186 195 196

202 203 210 217 221 224 234 238

Shadow deployment 272

Store-and-forward 23 24 54 82 89 92 120 121

130 196 231 238

System of record 18 139 140 230

Timeliness 24 66 69 196 231 238

Validity 24 33 66 67 196 201 231 238
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METHOD AND IMPRINT

A reproducible edition keeps its
limits visible.
Production is the warp. Measurement is the weft.

Green Future Tech prepared this white paper from published sources opened during research, each recorded

with its URL, publisher, date and a quoted sentence in the evidence register, and from GFT's Cameroon textile

programme evidence register (R entries, transcribed from the programme's data annex and flagged where

refreshed in 2026). Derived figures show their inputs; illustrative models are labelled with their basis. No figure is

presented as audited, and nothing here is legal, tax or investment advice.

Source treatment preserves uncertainty.
Inherited records reproduce the supplied finding and attribution only where cited. Their source-text status is pre-

served. Original publication dates and exact source URLs are incomplete in that register. These records require

independent validation before external reliance. New chapter-local sources carry a publication date, complete

URL, publisher, exact supporting quotation and access date.

The exports share a content model.
The PDF and web edition use the same parsed chapter blocks and SVG exhibits. The build records input hashes,

artifact hashes, layout measurements and elapsed time. Cross-references, source notes and the term index are

generated from identifiers rather than manually typed page numbers.
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Issued by Green Future Tech Limited, Hong Kong SAR.
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