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/ E X E C U T I V E  S U M M A R Y

T H E  P R O B L E M

Defense MRO rarely underperforms

because of skill or budget. It

underperforms because the

operating picture is fragmented

across systems that were never

designed to work together.

Maintenance execution runs in the

CMMS (computerized maintenance

management system), supply runs in

the ERP (enterprise resource

planning system), the flying program

runs in operations software, and

technical records sit in a fourth

system. Availability decisions are

made on data that is hours or days

old, then corrected by hand in a

morning meeting.

W H A T  W E  F O U N D

Across platforms and air forces, the

same five failures appear. The fleet

picture is stale by the time leadership

sees it. Planning follows the calendar

and reacts to breakdowns, with no

forecast of each tail's needs. Supply

and maintenance each hold their

own version of what is in stock.

Reliability data is filed and rarely

analyzed. And where a contractor

does the maintenance, that same

contractor also grades its own

performance. Twenty years of

predictive-maintenance policy have

not closed these gaps.1 The reason,

this paper argues, is that the data

already exists and the systems of

record already work. What is missing

is the layer where the four pictures

meet and the daily decisions about

tails, parts, and bays are made.

W H A T  W E  P R O P O S E

The proposal starts with what we call

the Agent Twin, a live model of the

operation that is built by observing

the existing systems in shadow

mode. Task agents then work on the

twin and route every output to a

human through Command Center, so

that together they form an agentic

decision layer while every system of

record stays in place. The entire

stack, including the AI models, runs

inside the operator's perimeter with

no data leaving it, and an air-gapped

option is available where required.

The engagement begins read-only,

and the decision to deploy is made

on the operator's own verified

numbers.

K E Y  F A C T S

In fiscal year 2024 the US Department of Defense missed its mission capable rate goals for 42 of 45 aircraft types; 27

were more than ten points below goal.2

The US F-35 fleet's mission capable rate fell from 67 percent to 44 percent between fiscal years 2021 and 2025; the UK

fleet's rate in 2024 was roughly half of the Ministry of Defence's target.3, 4

Cannibalizations consume at least twice the labor of a normal repair. The last fleet-wide count, for fiscal years 1996 to

2000, recorded about 850,000 of them and 5.3 million additional maintenance hours across the US Air Force and Navy.5

No service has published a comparable count since.

In 2018, F-35 squadrons cannibalized at more than six times the services' objective,14 and a 2025 audit found Navy

maintainers still stripping grounded aircraft for parts the supply system could not deliver.27

Avionics no-fault-found (NFF) rates have been placed between 20 and 50 percent for decades, and avionics account

for roughly three quarters of NFF occurrences.6, 7

The share of US Air Force depot aircraft delivered late against original targets rose from 31 percent in fiscal year 2019 to

73 percent in fiscal year 2024, with targets often revised after the fact.8

Operating and support costs are about 70 percent of a weapon system's total life-cycle cost; the US alone spends

nearly $90 billion a year on weapon system maintenance.9, 1

Saudi Arabia budgets SAR 240 billion for the military sector in 2026. Since 2019 the United States has notified Congress

of at least $6.6 billion in spares, repair-and-return, and contractor logistics support for Royal Saudi Air Force aircraft

alone.28, 29, 30, 31

/ 1 T H E  S T R U C T U R E  O F  T R A D I T I O N A L  M R O

The starting point is the daily reality of a maintenance operation, which will be familiar to anyone who has run one.

Every morning, the fleet status brief is assembled from CMMS extracts, supply system queries, and phone calls to

the flight line, and in most operations it begins to age the moment it is printed.
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CMMS
work orders, MC / NMC status

ERP / SUPPLY
stock, demands, repair pipeline

FLIGHT OPS
flying program, utilization

TECH RECORDS
forms, AD / SB status

↓ ↓ ↓ ↓

M A N U A L  R E C O N C I L I A T I O N ,  B Y  P E O P L E ,  D A I L Y

↓

FLEET STATUS BRIEF
accurate for about one hour

↓

availability decisions made on stale data

F I G .  1     I N F O R M A T I O N  F L O W  I N  T R A D I T I O N A L  M R O

Figure 1 shows why this happens. The only thing joining the four source systems is people, and the brief they produce is correct for

roughly an hour, while every availability decision downstream is made against it.

The same structure appears at fleet scale in the public audit record. Audits of the largest logistics systems in

defense aviation describe the same pattern. One is a central F-35 logistics system whose inaccurate or missing

data has at times grounded flight-ready aircraft.10 Another is a US Army enterprise system that does not function

where network connectivity is poor.11 A third is a program office that reconciles availability data from three separate

databases with three versions of the same spreadsheet.3

An aircraft is reported not mission capable, supply (NMCS), while the required part sits serviceable in a warehouse

forty kilometers away, invisible because two inventory systems carry different stock records. A phase inspection is

inducted before the parts kit is confirmed complete, which means the bay is occupied and the turnaround clock is

running while the aircraft waits on supply. Cannibalization (CANN) keeps priority tails flying at the cost of a doubled

maintenance burden, because every CANN action generates one removal and one installation, and it pushes the

donor aircraft progressively deeper into the hangar.

Part demand unfilled
NMCS risk on a priority tail

↓

C A N N  F R O M  D O N O R  A I R C R A F T

↓

1 removal
man-hours spent

1 installation
man-hours spent

donor degrades further
and needs more parts

↓

LOOP REPEATS

F I G .  2     T H E  C A N N I B A L I Z A T I O N  L O O P

Figure 2 traces the mechanism. A normal repair is one removal and one installation, whereas a cannibalization is two of each, so it

consumes at least twice the labor,5 and it replaces a broken part with a used one while adding a hole to the donor. The loop persists

because it is a rational response to stock that nobody can see, and it tends to stop once that stock becomes visible across the

systems involved.

The practice has not gone away. In fiscal years 1996 to 2000, the US Air Force and Navy reported about 850,000

cannibalizations and 5.3 million additional maintenance hours, the equivalent of more than 500 people working full

time for five years,5 and no service has published a comparable count since. In 2018, F-35 squadrons cannibalized

at more than six times the services' objective,14 and a 2025 audit found Navy maintainers stripping grounded

aircraft for parts the supply system could not deliver.27

At depot level the same structural problem appears at larger scale. Turnaround times are quoted at induction and

confirmed only at delivery, because work scope grows after teardown and the operator learns about the growth

when the schedule slips. In a 2026 review, the US Air Force's own auditors found that the additional time to

complete unplanned work is not reflected in depot targets.8 They also found that targets for roughly half of delayed

aircraft were revised after the maintenance was complete, to match the actual result.8 Over the five years to fiscal

year 2024, the share of aircraft delivered late against original targets rose from 31 percent to 73 percent.8 The US

SPREADSHEETS · PHONE CALLS · MORNING MEETING
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Navy's aviation depots, for their part, completed between 45 and 63 percent of aircraft on time over a six-year

period.12

None of this is a competence problem. Organizational (O-level), intermediate (I-level), and depot (D-level)

organizations are staffed with people who understand their aircraft in depth. The problem is rather that the

maintenance enterprise generates large volumes of data across these systems and very little of it returns to the

operation as timely decisions. The money involved is large. Operating and support costs run to about 70 percent of

a weapon system's total life-cycle cost, and the US alone spends nearly $90 billion a year sustaining them.9, 1

/ 2 F I V E  R E C U R R I N G  F A I L U R E  M O D E S

The structure described in Section 1 fails in the same five places, regardless of platform or air force. This section

takes each of the five in turn, with the public evidence for it. The pressures are the same where sustainment is

being localized. Saudi Arabia, the largest military spender in the Middle East and the eighth largest in the world in

2025,24 has set a target of localizing more than half of its military spending by 2030 and reached 24.89 percent by

the end of 2024,25 with maintenance, repair and overhaul capabilities among the priorities for that localization.26

2.1 The operating picture is stale. Fleet status, work in progress, and parts posture live in separate systems that

reconcile through people. Leadership therefore sees numbers that describe yesterday, and where the reporting is

manual it is also unreliable. An inspection of one air arm's readiness reporting found that nine of ten sampled

squadron commanders had reported inaccurately.13 The result shows up in the readiness numbers themselves. In

fiscal year 2024 the United States missed its mission capable rate goals for 42 of 45 aircraft types.2 The F-35

fleet's mission capable rate fell from 67 percent to 44 percent between fiscal years 2021 and 2025.3 In the United

Kingdom, the F-35 fleet stood at roughly half of the Ministry of Defence's target in 2024.4

2.2 Planning is reactive. Scheduled maintenance follows the calendar and the flying program, and unscheduled

maintenance follows failure. The utilization and removal history needed to forecast demand per tail number exists in

the records, and in most operations it is never worked into the plan. Condition-based maintenance policy has

required this forecasting since 2002, and yet the services still generally lack metrics to show whether it is

happening.1

2.3 Supply and maintenance hold different truths. NMCS hours accumulate because demand signals, stock

records, and the repair pipeline are never resolved in one place. Rotable pools are sized on fleet averages while

actual consumption varies sharply by tail, by season, and by mission profile. The cost is visible at fleet scale. In one

seven-month period, for example, the F-35 fleet was unable to fly nearly 30 percent of the time because of spare

parts shortages, with some 4,300 parts awaiting repair.14

2.4 Reliability data is collected and then archived. Removal histories contain the rogue units and the repeat

offenders. Industry studies have placed avionics no-fault-found rates between twenty and fifty percent for

decades,6 and each NFF event carries the full cost of a removal, a shipment, and a repair-shop induction that ends

with a bench check serviceable finding.15 Avionics account for roughly three quarters of all NFF occurrences.7 The

engineering signal exists in the data, but in most operations it is rarely extracted.

2.5 The vendor grades its own performance. Where the MRO provider also produces the availability reporting, the

baseline belongs to the provider. Contract reviews become disagreements about whose numbers are correct, and

the operator negotiates without an independent measurement of the service it is buying. Auditors have

recommended verifying contractor performance data on performance-based logistics contracts for two decades.16

On the F-35, more than $114 million of $269 million in available incentive fees was paid over a period in which full

mission capable and supply rates stagnated or worsened.3 Nearly half of the reconciled rates moved the contractor

into a higher fee threshold.3

/ 3 W H Y  P R E V I O U S  F I X E S  H A V E  N O T  H E L D

Three kinds of remedy have been applied to these failure modes, and each has a structural limit.

Policy without instrumentation. Condition-based maintenance directives date to 2002 and 2007. Twenty years on,

the US Government Accountability Office found the services generally lacked metrics, goals, and a single owner for

predictive maintenance, and made sixteen recommendations to establish them.1 The policy, in other words, told the

enterprise what to do but gave it no way to see whether it was being done.
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Replacement systems. The most expensive failures in defense logistics IT have been attempts to replace the

systems of record. The F-35's central logistics system, for example, accumulated years of audit findings on data

accuracy and connectivity before it was redesigned,10 and the replacement inherited the same underlying data.

Replacing a system does not reconcile the four pictures, since the new system simply becomes a fifth picture that

still has to be reconciled with the others.

Point-in-time studies. Consulting reviews produce a baseline, a set of recommendations, and a report. The baseline

is correct on the day it is delivered and ages at the same rate as the morning brief, so the improvement cycle

restarts with the next study.

Each of these remedies addressed a system or a document. The decision layer, where the four pictures meet and

where the daily choices about tails, parts, and bays are actually made, stayed as it was. The rest of this paper is

concerned with that layer.

/ 4 W H A T  T O  L O O K  F O R  I N  A N  A G E N T I C  D E C I S I O N  L A Y E R

Before describing a particular approach, it is worth stating what any agentic decision layer for defense MRO must

satisfy. These are the conditions under which a security directorate, a maintenance commander, and an engineering

authority can each say yes. They are written so that they can be used as requirements, for example in a tender or a

statement of work.

T A B L E  1     R E Q U I R E M E N T S  F O R  A N  A G E N T I C  D E C I S I O N  L A Y E R

# R E Q U I R E M E N T W H Y  I T  M A T T E R S W H A T  T O  A S K

1 Read-only first The first phase must observe every system and write to none,

so the operator can evaluate the layer with no risk to systems of

record.

Can you deliver a verified

baseline before we grant any

write access?

2 Systems of record

unchanged

The CMMS, ERP, flight ops, and records systems stay

authoritative. The layer reconciles; it does not replace.

What do you write to, and when?

3 Sovereign by

construction

Models, data, and compute inside the operator's perimeter: on-

prem, in-country cloud, or air-gapped. Zero egress verifiable at

the firewall.

Where does inference run, and

what leaves the network?

4 A human boundary that

is explicit

No agent signs off airworthiness, releases an aircraft, or

overrides an engineering decision. Sensitive steps wait for a

named person.

Show us the list of actions an

agent can never take.

5 Full audit trail Every agent action logged and attributable, so the security

directorate can authorize and the operator can reconstruct.

Can we replay any decision from

the log?

6 Stop and reverse Rollback for any change; a kill switch for any agent or all of

them.

How long does a full stop take,

and who can trigger it?

7 Inventory of agents A registry of what exists, what each agent touches, and what it

may do.

Give us the registry export.

8 Evaluated on our

history before go-live

Agents scored against the operator's own past cases, with a

threshold agreed in advance.

What was the score, on what

cases, and who set the

threshold?

9 Independent baseline Availability, NMCS, CANN, and turnaround measured

independently from the operator's own data.

Whose numbers are we

measured against?

10 Exit by design The model of the operation, the datalake, and the evaluation

sets remain the operator's property when the engagement

ends.

What do we keep if we stop?

5  /  15



/ 5 T H E  A G E N T I C  M R O  A R C H I T E C T U R E

Agentic MRO leaves the CMMS, the ERP, and the engineering organization in place and adds a layer that observes

them continuously. The architecture has four levels, shown in Figure 3.

O P E R A T O R  P E R I M E T E R
on-prem or in-country cloud · zero data egress

L E V E L  1  ·  S O U R C E  S Y S T E M S  ( U N C H A N G E D )

CMMS ERP / SUPPLY FLIGHT OPS TECH RECORDS

↓ ↓ ↓ ↓

L E V E L  2  ·  A G E N T  T W I N

shadow-mode connectors: observe every system, write to none
a live formal model of the maintenance enterprise: every process, queue, handoff, delay, error rate, and cost driver, kept current from the source
systems

↓

L E V E L  3  ·  T A S K  A G E N T S

FLEET STATUS INDUCTION
READINESS

SUPPLY POSTURE RELIABILITY RECORDS &
COMPLIANCE

↓

L E V E L  4  ·  C O M M A N D  C E N T E R

E V E R Y  A G E N T  O U T P U T  P A S S E S  T H R O U G H  H E R E

↓

OPERATOR'S DECISION-MAKERS
MCC · wing maintenance leadership · depot planning · engineering

F I G .  3     A G E N T  T W I N  A R C H I T E C T U R E  F O R  M R O

Compared with Figure 1, the band of manual reconciliation has been replaced by the twin, and the people have moved from doing the

reconciling to making the decisions.

Level 1 is the operator's existing systems, which continue to operate exactly as they do today.

Level 2 is the Agent Twin. The name borrows from engineering, where a digital twin is a virtual replica of a physical

asset that is kept in step with it by a stream of data.17 An Agent Twin applies the same idea to the whole

maintenance organization. It is a live, machine-readable model of how the maintenance enterprise actually runs,

covering every process, queue, handoff, delay, error rate, and cost driver, and it is kept current from the source

systems. It is built in shadow mode, meaning the connectors read from every system and write to none. The twin is

where agents are designed, tested against the operator's own history, and measured, before any of them act on a

live case.

Level 3 is the task agents that work on top of the twin. Level 4 is Command Center, through which every agent

output reaches a human decision-maker.

W H A T  T H E  A G E N T S  D O  N O T  D O

No agent signs off airworthiness, releases an aircraft, or overrides an engineering decision. No agent writes to

the CMMS, the ERP, or the technical records. No agent executes a step classified as sensitive without a named

person clearing it at an approval gate. A qualified individual signs for every release today, and that does not

change. The agents prepare the analysis and route it to the person who holds the authority.

AUDIT TRAIL · APPROVAL GATES · ROLLBACK · KILL SWITCH · AGENT REGISTRY
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Table 2 lists the task agents in an MRO deployment, each with an example of what the responsible person receives.

T A B L E  2     T H E  F I V E  T A S K  A G E N T S

A G E N T W H A T  I T  D O E S E X A M P L E  O U T P U T  ( N O T I O N A L )

Fleet status Reconciles CMMS status codes, supply records, and the

flying program into a single live operating picture, and

replaces the manually assembled morning brief with a

continuously current one.

"Tail 207 is coded NMCS in the CMMS, but

the demanded part was receipted at 04:10.

Status can be updated; estimated return to

MC 11:00."

Induction readiness Before an aircraft or component is inducted into a bay,

verifies that the parts kit, tooling, technical data, and

qualified manpower are available, and flags any

induction that would begin in a wait state.

"Phase inspection for tail 214 is scheduled

Monday. The kit is three items short with

earliest arrival Wednesday. Recommend

inducting tail 219 first."

Supply posture Forecasts parts demand per tail number from actual

utilization and removal history, identifies NMCS risk

before it grounds an aircraft, and records every CANN

action with its man-hour cost and its effect on the

donor.

"Four tails will exceed the hydraulic pump

removal interval within 30 days; stock

covers two. Order now to avoid NMCS."

Reliability Mines removal and repair history for rogue units, repeat

failures by ATA chapter, and NFF patterns, and converts

them into specific engineering investigation requests.

"Serial 8842 has been removed five times

in nine months and bench-checked

serviceable each time. Recommend wiring

inspection on the tails it was fitted to."

Records and compliance Audits technical records for completeness and tracks

airworthiness directive (AD) and service bulletin (SB)

incorporation status across the fleet on a continuous

basis.

"AD 2026-04 is incorporated on 31 of 34

tails. The three outstanding are due within

40 flight hours."

/ 6 A  W O R K E D  E X A M P L E :  O N E  T A I L ,  O N E  P A R T ,  7 2  H O U R S

Table 3 below traces a single NMCS event through a traditional operation and through the agentic layer. The base,

tail numbers, part, and times are notional, while the sequence of events on the traditional side is the one described

in Section 1.

T A B L E  3     N O T I O N A L  7 2 - H O U R  T R A C E  O F  A  S I N G L E  N M C S  E V E N T

Data are notional. The traditional-path labor figure assumes 2.5 hours per pump removal or installation.

T I M E T R A D I T I O N A L  P A T H A G E N T I C  P A T H

Mon 02:40 Tail 207 lands with a hydraulic pump write-up. Line

technician confirms failure, opens a work order,

raises a demand. Base stock: zero.

Same. The twin registers the work order and the demand within

minutes of entry.

Mon 04:10 Nothing. The demand sits in the supply system

awaiting the next replenishment cycle.

Supply posture agent matches the demand against every stock

record it can see, including the regional depot store on a second

inventory system, and finds a serviceable pump 40 km away. It drafts

a lateral transfer request and routes it to the MCC (maintenance

control center) via Command Center. The step is logged.

Mon 06:30 Morning brief reports 207 NMCS, estimated four

days. Tail 207 is a priority tail for Thursday's

tasking.

Fleet status agent's brief shows 207 NMCS with a transfer request

pending approval and an estimated return to MC of 14:00 if approved.

The MCC officer approves at the gate at 06:15.

Tue 08:00 With Thursday approaching and no pump, the MCC

authorizes a CANN from tail 231, which is already

down for an unrelated avionics fault. Two

technicians remove the pump from 231 (2.5 hours)

and install it on 207 (2.5 hours).

Pump arrived Monday 10:30. Installed by 13:20. Tail 207 returned to

MC at 14:00 Monday. No cannibalization. Tail 231's status is

unchanged.

Wed 11:00 The original demand is filled from the regional

depot store, where the pump had been serviceable

since Sunday. It is now installed on 231 (2.5 hours),

which still has its avionics fault.

Reliability agent notes that the pump removed from 207 is its third

removal in eleven months, twice bench-checked serviceable, and

drafts an engineering investigation request for the pump's electrical

interconnect. Routed to engineering. Logged.
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Thu 06:00 Tail 207 available. Tail 231 still NMC, now with a 48-

hour gap in its records for the pump swap. Total

labor spent on the pump: 7.5 hours across three

installations and one removal. CANN recorded, or

not.

Tail 207 available since Monday. Tail 231 untouched. Total labor: 2.5

hours. One investigation request open on a suspected rogue unit.

Every step attributable in the audit trail.

Nothing in the agentic path required a new system, a sensor, or an agent taking an action. The difference was that

the second inventory system was visible, the transfer was proposed before the morning brief, and a person

approved it at the gate. The reliability finding came from data that already existed in the removal history.

/ 7 C O M M A N D  C E N T E R

Every agent operates under Command Center, which is where the operator's team watches agent activity, approves

sensitive actions, and stops anything that needs stopping, as traced in Figure 4.

agent produces an output or proposed action

↓

AGENT REGISTRY CHECK
what this agent is, what it may touch

↓

AUDIT TRAIL ENTRY
action logged, attributable

↓

S E N S I T I V E  S T E P ?

N O  ↓ Y E S  ↓

executes, fully logged APPROVAL GATE
waits for a human decision

↓

F I G .  4     C O M M A N D  C E N T E R  G O V E R N A N C E  P A T H

Every output is checked against the registry and written to the audit trail before anything happens. Routine steps then execute, fully

logged, while sensitive steps stop at the approval gate for a named person, and rollback and the kill switch sit underneath the whole

path.

Command Center rests on five controls. An audit trail logs every agent action and makes it attributable. Approval

gates hold sensitive steps until a human decides. Rollback reverses any change an agent makes. A kill switch stops

any agent, or all of them, instantly. An agent registry records what exists, what each agent touches, and what it is

permitted to do. In a defense environment these controls are what allow the security directorate to authorize the

system in the first place.

ROLLBACK ON ANY CHANGE  ·  KILL SWITCH STOPS ANY AGENT, OR ALL OF THEM, INSTANTLY

8  /  15



They are also, in practice, what the public governance frameworks a defense operator is measured against ask for.

Table 4 maps each control to the framework language a reviewer will look for.

T A B L E  4     C O M M A N D  C E N T E R  C O N T R O L S  M A P P E D  T O  G O V E R N A N C E  F R A M E W O R K S

C O N T R O L N I S T  A I  R M F  1 . 018
N A T O  P R I N C I P L E S  O F
R E S P O N S I B L E  U S E19 U K  M O D  J S P  9 3 620 I S O / I E C  4 2 0 0 121

Audit trail Govern; Measure

(traceability of decisions)

Explainability and

traceability

Understanding;

Responsibility

Event logging and AI

system documentation

Approval gates Manage (human oversight of

consequential outputs)

Responsibility and

accountability;

Governability

Human-centricity;

Responsibility

Human oversight in

operation of AI systems

Rollback Manage (response and

recovery)

Governability; Reliability Reliability Incident response and

change control

Kill switch Manage (ability to

disengage)

Governability (ability to

disengage or deactivate)

Reliability; Human-

centricity

Operational controls for AI

system use

Agent registry Map (inventory of AI systems

and contexts)

Responsibility and

accountability

Responsibility AI system inventory, roles,

and resources

/ 8 T R A D I T I O N A L  A N D  A G E N T I C  M R O  C O M P A R E D

T A B L E  5     T R A D I T I O N A L  A N D  A G E N T I C  M R O  C O M P A R E D

D I M E N S I O N T R A D I T I O N A L  M R O A G E N T I C  M R O

Operating picture Assembled manually each morning, ages

immediately

Reconciled continuously across all source systems

Maintenance planning Driven by calendar and failure events Forecast per tail from utilization and removal history

Supply posture Rotable pools sized on fleet averages Demand signals tied to the maintenance forecast

Reliability engineering Data archived, reviewed episodically Removal and NFF patterns worked continuously

Depot turnaround Quoted at induction, confirmed at delivery,

targets revised after the fact

Induction readiness verified before the bay is occupied;

scope growth visible as it happens

Performance baseline Produced by the MRO vendor Measured independently from the operator's own data

Improvement cycle Periodic consulting studies Continuous measurement against a verified baseline

Validation Pilot on live cases Evaluated on the operator's historical cases before go-

live

Governance Distributed across contractors and systems Command Center, inside the operator's perimeter

Exit Custom build stops working when the vendor

leaves

Model, datalake, and evaluation sets remain the

operator's property

/ 9 L I M I T A T I O N S :  W H E R E  T H I S  D O E S  N O T  H E L P

An agentic decision layer is not a remedy for every sustainment problem, and a reader should know its edges before

its benefits.

It needs a digital trail. The twin is built from records. Where work is done and not recorded, or recorded on paper

that is never transcribed, the twin cannot see it. The Recon phase, the read-only mapping phase described in

Section 11, measures the size of this gap, but it cannot close it.

Source data is rarely clean, and the twin treats that as a finding. Status codes are entered late, removal reasons

are free text, and inventory records disagree with the shelf. Recon measures where the records are wrong and by

how much, and that measurement becomes part of the baseline the operator receives. Agents are therefore

designed for the data as it actually is.

It does not predict rare events. Analysis of AI for predictive maintenance in defense finds that it improves failure

analysis case by case but cannot forecast events with little history behind them.22 The supply posture agent
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forecasts recurring demand, and it does not foresee the first failure of a new mode.

It is not sensor-based prognostics. The agents work on maintenance records and do not use health-monitoring

data from the aircraft. Records are the right starting point for fleets where onboard health data is sparse or

proprietary, and the approach complements condition-based maintenance programs that use such data.

Integration takes the time the operator's security process takes. Even read-only access to a CMMS on an

accredited network requires approvals. Recon starts that clock on its first day, but no vendor can shorten it

unilaterally.

The operation changes, and the twin must follow it. A new supply process, a new variant, or a reorganized depot

changes the model. Telemetry from production flows back into the twin so that it is re-fitted continuously, and

when the engagement ends, the model, the datalake, and the evaluation sets stay with the operator.

Adoption is a leadership decision, not a technical one. The morning brief is also where a wing aligns. Replacing

the reconciling with a live picture changes how the meeting works, and the people who assembled the old brief

need to own the new one.

/ 1 0 T H E  A G E N T  T W I N

The Agent Twin is built for a type of institution, one whose systems of record must run for decades, whose

workflows are its own, and where a wrong decision has real consequences. Plug-and-play software has

consistently failed in such places. Governments and heavy-operations industries are where these institutions are

found, and defense MRO is one instance among several. The twin is what lets one method serve all of them. Every

deployment starts by mapping the institution's own processes, rules, and systems, so the agents that follow apply

that institution's policy and nothing else.

Underneath the twin, Agentic MRO is a hybrid architecture developed across successive sovereign deployments,

and each method in it does the work it is suited to. Language-model agents do the coordinating and the reading of

unstructured records, which is what they are good at.23 Where a decision can be computed exactly, such as a

schedule, a stock level, or the simulated effect of a change, classical optimization, scheduling, and simulation

methods compute it, because those methods give guarantees a language model cannot. A deterministic policy

layer, which returns the same verdict for the same input every time, governs what each agent may observe,

propose, and execute. The language model proposes, and the policy layer decides what it may do.

Every deployment carries a formal model of the institution it serves, and every agent is validated against the

operator's historical case archive before go-live, using an evaluation methodology built for environments where an

incorrect output has operational consequences. Each agent is scored on the decisions it would have made against

the operator's own past cases. An agent that does not clear the threshold agreed with the operator for its task does

not deploy. Sustaining this stack requires engineering depth across model serving inside air-gapped networks,

integration with systems that have been in service for decades, formal process modelling, and evaluation science,

which is why the capability has not emerged from commercial plug-and-play products.

The approach is in production today at a state-owned national registry, where it processes four thousand cases per

day on an architecture built for forty thousand. The discipline there is the one proposed here: map the operation,

verify the baseline, deploy under Command Center, and measure results against the operator's own data.

/ 1 1 H O W  A N  E N G A G E M E N T  S T A R T S

The engagement runs in three phases: Recon, Deploy, and Expand. It begins with a shadow-mode mapping phase

that gives a maintenance leadership team its own verified numbers before any deployment decision is required, and

the deployment decision is then made on those numbers.
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T A B L E  6     T H E  T H R E E  E N G A G E M E N T  P H A S E S

P H A S E W H A T  H A P P E N S W H A T  T H E  O P E R A T O R  R E C E I V E S

1  Recon Shadow-mode connection. The twin is built and the operation

mapped: flows, queues, delays, error rates, cost drivers. Agents

are designed, built, and evaluated inside the twin against

historical cases. Read-only throughout.

An independent baseline (availability, NMCS,

CANN, turnaround, NFF) from its own data; a

map of where to deploy, how, and what it returns,

in plain numbers.

2  Deploy The same agents move from the twin into production under

Command Center. Telemetry measures every action against the

Recon baseline.

Agents in production; results measured against

the baseline it already verified.

3  Expand Additional agents and sites on a datalake the operator owns. A twin it owns, with exit by design.

/ 1 2 C O N C L U S I O N

Defense MRO underperforms at the decision layer, where four accurate but separate pictures are reconciled by

people, once a day, into a brief that is stale within the hour. The remedies tried so far have replaced systems, issued

policy, or produced reports, and none has touched that layer. An agentic decision layer observes the existing

systems, holds a live model of the operation, and routes every output to a named person under audit and approval.

It runs inside the operator's perimeter, and no agent ever holds authority over an aircraft. The place to begin, this

paper has argued, is with the operator's own numbers.
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/ A C R O N Y M S

AD Airworthiness directive MC / FMC Mission capable / fully mission capable

ATA Air Transport Association (chapter numbering) MCC Maintenance control center

CANN Cannibalization MRO Maintenance, repair, and overhaul

CMMS Computerized maintenance management system NFF No fault found

ERP Enterprise resource planning NMC / NMCS Not mission capable / not mission capable,

supply

O / I / D-level Organizational / intermediate / depot level

maintenance

SB Service bulletin
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/ A B O U T  0 0 9  L A B S  A N D  T H E  A G E N T S

009 Labs builds sovereign AI agents deployed in the institutions that run nations: governments, ministries, state

institutions, and heavy-operations industries across defense, energy, utilities, ports, rail, registries, and customs.

The company's method is the Agent Twin, a working model of an institution built by reading its systems from the

inside, and Command Center, which keeps the institution's own team in control of every agent. Everything runs on-

premises or in the client's in-country cloud, with no data leaving the perimeter and exit by design.
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Start with your own numbers.
To see your fleet's availability, NMCS, cannibalization, and turnaround numbers

measured independently from your existing systems, request a Recon briefing.

Recon is read-only, fixed fee, and the numbers are yours whether or not you

proceed.

REQUEST A RECON BRIEFING →

009labs.ai  ·  009labs.ai/contact  ·  © 2026 009 Labs
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