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Abstract
A successful demonstration does not establish dependable service. A failed test does not
establish a limit of physics. I examine this distinction through documented AAG
aircraft-recovery and EMALS launch-system milestones. Four worked analyses show why
operation counts alone cannot establish peak loads, reliability confidence, failure
mechanisms or performance after configuration changes. The most instructive example
concerns test design: a contrast that separates two explanations can leave others
indistinguishable when interactions are allowed. Exact calculations also show how assumed
count variability changes the repetitions needed for a specified decision. These are
case-based analytical results and synthetic computations, not carrier measurements. The
practical contribution is a traceable assessment sequence for choosing the next useful
record, measurement or test.

Keywords: aircraft recovery; reliability identifiability; experimental design; Poisson model;
overdispersion; engineering evidence

Key takeaways

• Preserve the tested subsystem, aircraft and configuration when interpreting a milestone.

• Successful energy absorption does not establish a bound on interface peak load.

• A contrast that identifies one model can remain ambiguous under a credible interaction model.

• At the synthetic means studied, overdispersion changes both classification error and replication
requirements.

• Complete code, CSV outputs and the captured execution log are embedded in this PDF; Appendices A-D
expose the calculations.
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Plain-language summary
A machine can complete many operations while important questions remain open about how
it behaves, what causes interruptions, or whether a change improved it. This paper follows
actual development milestones and shows, with explicit examples, why those questions need
different evidence. Its purpose is to help a reader choose the next observation that would
distinguish the explanations under consideration. The numerical experiments use declared
synthetic models; they do not substitute for measurements of the real equipment.

1. What has actually been established?
A machine can work before its service reliability has been demonstrated. A machine can fail
a test without exhausting the possibilities of its underlying principle. Engineering judgment
depends on holding both facts together.

The word possible needs an object. Possible to produce an effect once? Possible to remain
within an interface limit? Possible to repeat the event under the intended conditions?
Possible to recover from an interruption with the available people and equipment? Each
proposition needs evidence. None becomes true merely because another has been
established.

Aircraft recovery makes this distinction concrete. Arresting motion, controlling the load
transmitted through an interface, qualifying different aircraft and sustaining repeated
operation belong to the same system, but they are different assessment questions.
Collapsing them into a single verdict loses the relationships that explain the engineering.

My question is therefore practical: when evidence is insufficient for a claim, what exactly is
missing, and which next observation would change the conclusion? More repetitions can
reduce sampling uncertainty. They cannot reconstruct a missing event definition, measure
an unrecorded force transient, or distinguish mechanisms that predict the same
observations under every condition tested.

W1 examined how components, infrastructure and human organisation combine into
operational capability [1]. W2 follows the evidence through development: which parts of a
capability have been demonstrated, which remain conditional, and which cannot be inferred
from the chosen measurements. The analysis concerns the structure of the inference as
much as the volume of data.

2. Case selection and source-to-claim audit
AAG is the central case because released records connect component redesign to
subsequent testing. EMALS provides a comparison within the same carrier programme.
Their different energy paths prevent treating their counts as interchangeable trials.

The 2016 Inspector General investigation documents redesign of the water twister, cable
shock absorber and power conditioning equipment, alongside software and test difficulties
[2, pp. 8-10]. GAO's 2013 investigation had identified risks from production before maturity
and from overlapping integration with operational evaluation [8]. These are documented
development problems. They do not establish a limit of physics or a present readiness
ranking.
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I transcribed four milestone claims from three dated NAVAIR accounts, retaining the source
date, event date or cutoff, count qualifier and test object in case_claims.csv. The records
were selected for their distinct evidential boundaries, not sampled to estimate the
prevalence of inadequate reporting. Each row below is an empirical documentary claim; no
row is an independently observed hardware trial.

Table 1. Documentary claim records and the inference boundary used in this paper.

Record Source-reported
achievement

Direct evidential object Additional inference
examined

C1: EMALS, September
2008 [5]

10,000 simulated cycles Electrical/thermal
equipment and
energy-storage cycling

Integrated aircraft operation;
mechanism separation

C2: AAG, December
2016 cutoff [4]

More than 1,400
dead-load arrestments

Tested load arrangement Peak load and actual-aircraft
compatibility

C3: AAG, same cutoff
[4]

351 Super Hornet test
arrestments

Tested aircraft and
configuration

Air-wing qualification and
evidence transfer

C4: shipboard, 25 June
2022 [6]

10,000 launches and
recoveries reported

Extensive realised
operation

Eligible failure exposure and
confidence

The 2017 account also reports continuation of AAG after review of a Mk-7 alternative, and
further qualification work [4]. The 2008 account identifies a subsequent full-power-train
phase [5]. These source boundaries matter: the same numerical count can describe different
engineering achievements. I do not infer that the underlying test programmes lacked the
additional records merely because a public milestone account does not reproduce them.

3. Distinct achievements and measurement boundaries
NAVAIR describes AAG as an integrated arrangement of energy absorbers, power
conditioning and digital controls, succeeding Mk-7 [3]. This gives a functional architecture
for assessment without requiring inaccessible drawings or control laws.

Aircraft motion Arresting interface Shock absorption /
water twister

Power support Digital control Measurements

Operators, maintainers, configuration and observation records
Support and evidential relationships across the arrangement

Figure 1. Functional reconstruction based on public descriptions [2,3]. Arrows indicate broad transfer and
control relationships. This is an assessment diagram, not a hardware schematic or operating procedure.
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The arresting interface couples motion into an absorption arrangement. Control,
measurement and power support the intended behaviour. Operators and maintainers
preserve the conditions under which it can be repeated. Configuration and observation
records preserve what later analysis can legitimately compare.

The Inspector General identifies different roles for the fluid-based water twister, the
initial-load shock absorber and the equipment supplying and conditioning electrical power
[2, pp. 8-10]. One successful energy transfer does not independently qualify all three
functions. The physical process and its supporting dependencies must be observed at the
level relevant to the claim.

EMALS uses stored kinetic energy and solid-state electrical conversion, with computer
control and monitoring [7]. Its comparison with AAG is useful because launch and recovery
have distinct energy paths despite sharing shipboard support. It would be a mistake to
combine their operation counts as interchangeable trials of one apparatus.

Architecture therefore changes the measurement question. Energy absorption needs energy
and load observations. Repeated-use performance needs eligible exposure and events.
Maintainability needs restoration records. A single favourable metric cannot stand in for all
of them.

Table 2. Notation and abbreviations. Model values are illustrative unless identified as source-reported.

Symbol or term Meaning Units or interpretation

AAG / EMALS Advanced Arresting Gear /
Electromagnetic Aircraft Launch System

Documented engineering cases

HPP / NHPP Homogeneous / non-homogeneous
Poisson process

Constant / varying event intensity

N; θ Eligible exposure; mean interval
between counted events

Cycles in the HPP illustration

nj; tj Block cycle and elapsed exposures Cycles; hours

a; b Cycle-associated and time-associated
event coefficients

Events/cycle; events/hour

μj; I Expected block count; Fisher
information

Counts; local parameter information

δ; W; L Normalized bump width; work;
displacement

Dimensionless; joules; metres

r; κ; ν Replicate blocks; NB shape; renewal
shape

Positive counts or dimensionless parameters

x; z; α,β,γ Normalized exposures and
interaction-model coefficients

x=n/1,000; z=t/100
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4. Equal absorbed work can conceal unequal peak loads
Record C2 establishes repeated dead-load arrestments, while the released investigation
distinguishes the initial-load shock absorber from the main absorption arrangement [2,4].
Does an arrestment count establish that every relevant peak load stayed within its limit?
The following generic protective-absorber construction explains why the count alone cannot
answer that question. It is not a fitted AAG model. Let W be positive absorbed work, L a
positive displacement, u = x/L and f(u) = LF(x)/W. Then

∫0
1 f(u) du = 1; Fpeak = (W/L) max f(u). (1)

The first equality fixes the area under the force-displacement curve. It does not fix its
largest value. A constant normalized force f = 1 has peak 1. A continuous triangular bump of
unit area over width δ, added with half weight to a constant half-unit baseline, also has total
area 1. Its normalized peak is 0.5 + 1/δ.

For precision, define the bump gδ(u) = (2/δ)(1 - |2u/δ - 1|) on 0 <= u <= δ and zero
elsewhere, with 0 < δ <= 1. Set fδ = 0.5 + 0.5gδ. Direct integration gives unit area and peak
0.5 + 1/δ. The baseline keeps the force positive across the full displacement.

Table 3. Work-preserving profile sensitivity.

Normalized profile Absorbed work / W Peak force / (W/L)

Constant 1 1

Bump width δ = 1 1 1.5

Bump width δ = 0.5 1 2.5

Bump width δ = 0.25 1 4.5

Bump width δ = 0.10 1 10.5

Figure 2. Dimensionless analytical counterexample. All curves absorb the same normalized work. Their peak
forces differ. These are constructed profiles, not measured equipment traces or proposed control settings.
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As δ approaches zero, the peak is unbounded within this mathematical family. Real
hardware restricts bandwidth, compliance, force and rate of change; those restrictions
would narrow the admissible family. The result is that absorbed work alone supplies no
finite upper bound on peak force without such additional constraints. It does supply a lower
bound: the peak cannot be smaller than the average W/L.

This is elementary mechanics used as a counterexample, not a new absorption principle. Its
engineering relevance is specific: a successful stop and a correct total energy balance
cannot independently establish that an interface load limit was respected. The decisive
observation is a sufficiently resolved load record or a justified bound from other
measurements. Another uninstrumented success cannot retrospectively supply it.

A load trace also needs a measurement argument. Sampling rate alone does not establish
usable bandwidth. The assembled sensor, mounting, conditioning, filtering and acquisition
chain can attenuate or distort a transient. Dynamic-force research treats the system
response and dynamic sensitivity explicitly [13]. For a peak-load claim, retain calibration,
transfer response, anti-alias filtering, saturation checks, timing and a declared uncertainty
budget. If the retained signal lacks the required bandwidth, post-processing cannot recover
an arbitrary unmeasured peak without additional assumptions. No bandwidth or sensor
specification for AAG is inferred here.

5. Operation count and reliability confidence
Record C4 is the concrete trigger for this calculation. Its milestone account reports
extensive operation, rather than the event log needed to fit a reliability process [6]. A count
of completed operations is important evidence. To become a reliability estimate, it also
needs a countable event, eligible exposure, configuration and statistical model.

For an illustrative fixed-configuration model, let events follow a homogeneous Poisson
process in eligible cycle exposure N, with mean cycles between events θ. Then the expected
event count is N/θ. With zero events, the probability of that observation is exp(-N/θ). Solving
for a one-sided 95 percent lower confidence bound gives [10]

θL,0.95 = N / [-ln(0.05)]. (2)

For a hypothetical 10,000 eligible event-free cycles, the bound is approximately 3,338 cycles
per event. A hypothetical target of 5,000 would require at least 14,979 event-free cycles
under the same assumptions. These numbers are illustrative. The NAVAIR milestone is not
represented as an event-free trial, and 5,000 is not asserted to be an actual programme
requirement.

The qualification is substantive. Changes in configuration, incomplete event detection,
dependence between events or outcome-dependent stopping can alter the inference. A
precise calculation cannot compensate for the wrong exposure definition. Nor does a mean
interval between operational interruptions establish an accident probability. These are
different outcomes.

The statistical lesson is constructive: when the model and records are sound, additional
eligible exposure can strengthen a bound. When the observation definition is missing, the
first useful intervention is to recover the record. Increasing the number printed beside an
undefined denominator does not resolve its meaning.
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The model choice matters even with zero recorded events. For an ordinary renewal process
beginning with a newly restored unit, let independent intervals have a gamma distribution
with known shape ν and mean θ. The first-interval survival probability is Q(ν, ν N/θ). Solving
that probability equal to 0.05 gives the following bound, where G_nu is the unit-scale
gamma CDF.

θL = νN / Gν
-1(0.95).

At N=10,000, the lower bounds are 2,603, 3,338, 4,216 and 5,462 for ν=0.5, 1, 2 and 5.
Shape one recovers the HPP. These conditional bounds are not interchangeable; unknown
shape or a non-fresh observation origin requires another analysis.

For an NHPP, zero events constrain cumulative intensity Lambda(N), because their
probability is exp[-Lambda(N)]. They do not identify a constant mean interval unless a
stationary interpretation is separately justified. In the HPP example, hypothetical target
intervals 1,000, 5,000 and 10,000 require 2,996, 14,979 and 29,958 event-free cycles
respectively at the stated confidence. The complete sensitivity outputs are attached. None is
a programme requirement or proposed operating schedule.

6. Why more tests can leave the explanation unresolved
Record C1 explicitly concerns repeated cycling and an energy-storage cycling rate [5].
Without block-level cycle and elapsed-time exposures, the headline does not reveal which
mechanism contrasts were present. I do not assume that the real trials used a proportional
design. The following example identifies the records needed to decide. Even complete
records can fail to distinguish mechanisms. I use a synthetic example to establish this
exactly, without attributing either mechanism to the aircraft systems.

Let independent event counts in block j obey

Yj ~ Poisson(μj), μj = a nj + b tj, a,b ≥ 0. (3)

Here nj is cycles, tj is hours, a is events per cycle and b is events per hour. The additive
model excludes interactions, thresholds, loading changes and repair-history effects. It is
deliberately simple enough to make the inference transparent.

If every block has nj = c tj, then μj = (ca+b)tj. Only ca+b is identified. Every nonnegative
parameter pair with the same value of that combination gives the same full count
distributions. Repetition can estimate the combination more precisely; it cannot identify its
two components separately.

Take Model A with a = 0.001 and b = 0.01, and Model B with a = 0.002 and b = 0. At ten
cycles per hour, both predict identical distributions.
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Table 4. Additive-model alternatives; expected counts are synthetic.

Synthetic block Cycles Hours Expected
events: A

Expected
events: B

Baseline 1,000 100 2 2

More exposure, same ratio 2,000 200 4 4

Contrasting elapsed
exposure

1,000 300 4 2

The first two rows produce a rank-one exposure matrix. Pairing the baseline with the
contrast produces rank two. This makes the full two-parameter family structurally
identifiable. It does not guarantee that a small observed sample will distinguish it reliably.

The smallest useful change depends on the uncertainty. For this model, a contrast that
changes the exposure ratio creates information that identical repetitions cannot supply. In a
physical study, the proposed mechanisms must first be credible and the contrast must be
safe. A change in elapsed time that also changes temperature or maintenance cannot
automatically be interpreted as a pure time effect.

6.1. A contrast can fail when the mechanism model changes
A more demanding test allows an interaction. Normalize x=n/1,000 and z=t/100 and write μ
= α x + β z + γ xz, with nonnegative coefficients. The product is a local phenomenological
term: cycle-associated damage may depend on accumulated exposure or thermal state. It is
not a claim that calendar time itself causes the actual faults, nor a validated damage law.

The additive model is the γ=0 subfamily. Now compare C=(1,1,0) with D=(1,0,1). Whenever
x=1, both give μ=1+z. Consequently, the baseline and dwell contrast that separate A from B
still give identical full Poisson distributions under C and D. No number of additional
dwell-only repetitions at that fixed cycle exposure can separate the time term from the
interaction.

Table 5. An interaction alternative survives the dwell contrast. Both models are synthetic.

x z Expected count under C Expected count under D

1 1 2 2

1 3 4 4

2 1 3 4

2 3 5 8

The predictor matrix has columns x, z and xz. Along a fixed ratio z=x, its rank is two for
distinct positive exposures: the interaction can vary, but the two main effects remain
confounded. At fixed x=1, the z and xz columns coincide, again giving rank two. The
two-by-two exposure combination in Table 5 has rank three. It removes this specific
structural ambiguity, while still requiring replication for useful precision.



ZAWWAR SAMI / W2 DEVELOPMENT EVIDENCE AND ENGINEERING TESTS

17 OCTOBER 2026  /  W2  /  VERSION 1.2 9

This is the main refinement to the additive result: a successful contrast is relative to a
declared model family. Interactions and factorial design are established
experimental-design topics [14]. The present counterexample makes the consequence
explicit for interpreting cycle/time evidence. It does not establish that a two-by-two design
identifies every credible mechanism or is feasible on the aircraft systems.

7. Structural information and finite observations
The separation condition has an explicit information expression. For independent Poisson
counts with positive means, the expected Fisher information for (a,b) is the sum of the outer
products of the exposure vectors, weighted by 1/μj. Its diagonal entries sum the squared
cycle and time exposures divided by their corresponding means. Its off-diagonal entry sums
cycle-time products with the same weights. When the determinant is expanded, equal-index
terms cancel. Grouping the remaining terms by unordered pairs gives

Each term is nonnegative. The determinant is positive exactly when at least one pair of
exposure vectors is nonproportional, assuming finite positive means. This is a standard
weighted-Gram identity applied to Eq. (3). It shows why repeating a proportional design
increases some information without recovering the missing parameter direction. Nearly
proportional exposures can also be poorly conditioned even when the determinant is
positive.

With event counts treated as dimensionless, the determinant has units of cycle-squared
hour-squared; its magnitude depends on parameter units and is not a universal cross-system
score. The zero-versus-positive distinction is the relevant structural statement here.
Boundary cases with zero means require separate treatment and are outside this
regular-information calculation.

For the two specified alternatives, finite-sample performance can be calculated exactly.
Across r independent contrasting blocks, the total S has Poisson mean 4r under A and 2r
under B. With equal prior probabilities and equal error costs, the likelihood ratio is exp(-2r)
multiplied by 2S. Choose A when S ln(2) > 2r.

Table 6. Exact Poisson classification errors under two specified alternatives and equal error costs.

Contrasting blocks Choose A when total S
is at least

P(choose A under B) P(choose B under A)

1 3 32.33% 23.81%

5 15 8.35% 10.49%

10 29 3.43% 2.94%

20 58 0.44% 0.43%

These are exact probabilities under synthetic fixed alternatives. They are not measured trial
results or a proposed carrier test schedule. One contrasting block separates the expected
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values but still permits substantial classification error. Replication becomes useful after the
contrast has removed structural ambiguity.

At the unchanged ratio the distributions are identical, so the minimum average
classification error with equal priors remains 50 percent regardless of repetitions. Under
the contrast it falls as the independent observations accumulate. Structural separation and
statistical confidence therefore require different arguments. Unknown parameters,
nuisance effects, unequal costs or non-Poisson events would require a different analysis.

Burclova and Pazman study identifiability and stable estimation through information
divergence and experimental design in generalized regression, including Poisson models
[12]. The present calculation applies established ideas; it does not claim to originate
experimental identifiability or optimal design.

7.1. Executed robustness checks: overdispersion and replication
A Poisson count has variance equal to its mean. To challenge that assumption, I used
independent negative-binomial blocks with mean μ and variance μ + μ2/κ. This is a
gamma-Poisson mixture with an independent gamma multiplier for each block. It represents
one form of heterogeneity, not a fit to carrier data. A common random multiplier across
multiple blocks would introduce dependence and invalidate the sum calculation used here
[15,16].

For r independent blocks with common κ and mean μ, their total is negative binomial with
shape r*κ and success parameter κ/(κ+μ). I derived the equal-prior likelihood-ratio
threshold for the two means 4 and 2, calculated exact tails, and searched integer r from 1 to
500 for the first block count with both classification errors at most 5 percent. The search is
a fixed-alternative planning calculation, not general power for an unknown composite
model.

Table 7. Error-model sensitivity. At r=10 the model-matched integer cutoff happens to be S>=29 in all four
rows.

Block-count model Exact P(choose A under
B), r=10

Exact P(choose B under
A), r=10

First r with both errors
<=5%

Poisson 3.43% 2.94% 9

NB, κ=5 6.22% 7.91% 13

NB, κ=2 9.67% 14.23% 22

NB, κ=1 13.69% 21.55% 34

A plan adequate under the Poisson assumptions can therefore be inadequate under a
specified overdispersed alternative. For κ=2, the larger error at ten blocks rises from 3.43
to 14.23 percent. A model-matched rule first brings both errors below 5 percent at 22
blocks; retaining the Poisson threshold sequence instead requires 24. This difference is
about assumed observation variability and decision rules, not a change in the equipment.
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Figure 3. Left: exact model-matched error curves, using the larger of the two errors. Right: C and D remain
identical at the dwell-only settings but diverge at changed cycle exposure. These are synthetic calculations.

A seeded simulation and probability-mass recurrences check the implementation; Appendix
D reports the execution details. These checks do not validate the count models for AAG or
EMALS. The prior literature already covers identifiability and gamma-Poisson design
[12,16]. The contribution is the connected case application and reproducible sensitivity
study.

8. A pooled history can hide change in either direction
The final construction concerns configuration. Suppose a record contains 10,000 eligible
cycles and ten events, with 1,000 cycles on the final configuration. The pooled ratio is 1,000
cycles per event.

Now allocate all ten events before the configuration change. Alternatively, allocate all ten
afterwards. Both records have the same pooled summary. On the final configuration,
however, the first has zero events and the second has ten. Its estimate in the second record
is 100 cycles per event. Under Eq. (2), the first record's one-sided lower bound is only
approximately 334, despite its zero observed events.

The pooled summary does not determine the final-configuration result. Earlier failures can
conceal improvement; earlier successful exposure can conceal deterioration. This symmetry
matters. An assessment that interprets every missing detail pessimistically is no more
justified than one that interprets it optimistically.

No claim is made that the real programme combined its records this way. The construction
identifies what a pooled number cannot establish without a transfer argument. National
Research Council guidance already addresses the importance of configuration, environment
and appropriate use of developmental reliability evidence [11]. The exact example makes
that issue inspectable.

Separating every minor revision also has a cost: the resulting strata may be too small to
support useful inference. An evaluator should preserve the configuration record and then
justify which evidence can be combined. The answer is not automatic pooling or automatic
rejection of earlier work.
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The documentary link is C3: hardware changes and software revision make transfer
between test configurations a real assessment question [2,4]. The pooling construction
shows why an undifferentiated history cannot answer it; it does not assert that the
programme actually pooled data incorrectly.

For a transfer argument, specify the target configuration and event outcome, identify
modified hardware and software functions, compare load/environment and observation
rules, and justify which failure mechanisms remain exchangeable. Preserve a sensitivity
analysis with and without transferred exposure. If event detection changes, apparent
reliability growth may be an observation change. These are proposed review criteria, rather
than a statistical certificate of equivalence.

Record an interruption, a counted failure, repair, abort and no-fault-found outcome
separately, then declare which enter the estimator. Administrative end-of-test censoring
differs from removal triggered by an emerging fault. Preserve at-risk exposure, interruption
reason and event ascertainment; do not silently count missing records as successes.
Informative censoring or missingness needs an explicit sensitivity model.

Repairable equipment permits recurrent events and restoration. First-failure lifetime data
for non-repairable units require a different observation structure. A software version is also
a configuration: fixes can change the event process, and repeated execution of similar states
does not cover unvisited conditions. Human maintenance, spares and diagnosis affect
restoration time and observation completeness. NASA's availability definitions are useful
here [9], but a time-availability claim still cannot replace a cycle-event record.

9. Choose the observation that addresses the uncertainty
The four constructions lead to different next actions. Their value lies in keeping those
actions aligned with the claim.

Table 8. Assessment actions aligned with the obstacle to inference.

Obstacle to the claim What repeated operation alone
cannot recover

Decisive next evidence

Aggregate physical
measurement

Unobserved transient extremes Resolved load record or justified physical
bound

Undefined or unmatched
record

Eligible denominator, event and
configuration

Matched definitions and traceable
observation record

Sampling uncertainty
under a sound model

A tighter confidence bound without
more eligible data

Additional observations under the justified
plan

Proportional exposure
design

Separate cycle and time contributions Controlled contrast with distinct predictions

Pooled configurations Final-configuration behaviour Configuration-linked events and exposure;
transfer argument

This is an assessment sequence, not a substitute for reliability engineering or a new
certification standard. First state the claim and the tested system boundary. Then identify
whether the obstacle is measurement, record interpretation, sampling, mechanism
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separation or transfer between configurations. Select the observation that changes the
disputed inference. Finally check whether its result survives the alternative explanation it
was intended to distinguish.

Applied to the cases, a subsystem endurance milestone should retain its subsystem
meaning. Aircraft compatibility evidence should retain its aircraft and configuration scope.
A cumulative shipboard milestone should remain evidence of extensive operation unless the
corresponding event records support a stronger statistical statement. This reading
preserves the achievements while preventing unsupported transfer between them.

10. First feasible experiment and practical evaluation
The first feasible physical step is a low-energy, instrumented benchtop measurement check,
before any reliability-growth trial. Use a commercially rated force sensor and a compliant
protective test piece within their rated range. Apply repeatable low-energy loading, retain
the highest usable calibrated trace, and compare peak estimates obtained through declared
filtering and downsampling. Record mounting, calibration, acquisition settings and
uncertainty. This tests how retained measurement bandwidth changes the inferred peak; it
does not reproduce aircraft arrestment.

For the mechanism example, first run a two-by-two set of cycle and elapsed-exposure blocks
on non-weapon laboratory equipment with existing safe operating limits. Randomize block
order, measure temperature and actual exposure, and preserve configuration and
aborted-block records. Use initial blocks to assess whether countable events occur often
enough to fit any event model. A short pilot with no informative events supports a
measurement-feasibility finding, not a reliability improvement claim.

A subsequent study should compare cycle-only, additive and interaction models on held-out
settings. Replicate using dispersion estimated from pilot data, then recalculate the error
criterion; Table 7 is not a universal sample-size prescription. If changing elapsed time
changes thermal state, record both and test the competing explanation. If the interaction
improves neither prediction nor calibration, reject it for that apparatus.

The assessment sequence itself could be evaluated by blinded reviewers using the same
historical claims. Outcomes would include correct boundary identification, false
failure-count reconstruction, causal overclaiming, agreement and review time. No such
reviewer study or institutional saving is claimed here. Appendix E provides an immediately
usable one-page assessment sheet.

11. Contribution and strongest counterarguments
The contribution has three inspectable parts: a source-to-claim record that keeps the real
milestones tied to their test objects; a worked interaction example showing why a dwell
contrast must be assessed against the declared model family; and exact calculations
showing how dispersion changes the replication needed for specified decisions. The
simulation is an implementation check, not additional empirical support.

None of the component mathematics is claimed as new theory. Rank deficiency, interaction
aliasing, Poisson bounds, negative-binomial tails and configuration-aware inference are
established. The literature already studies design under these models [10-16]. I have not
established worldwide priority for this particular combination, nor shown superiority to a
competent existing test-review process.
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A strong objection is that the public announcements were never intended as complete
qualification datasets. That is correct. The analysis constrains a reader's inference from
those announcements; it does not accuse their authors of making an unsupported reliability
claim. Another objection is that the synthetic models are deliberately simple. They are
constructed to prove specific inference limits and then challenged by an interaction
extension and overdispersion. They remain examples, not recovered carrier mechanisms.

A third objection is that demanding every observation could make evaluation impractical.
The purpose is the opposite: identify which missing record or contrast is decisive for the
claim at hand. A peak-load claim does not require inventing a cycle-aging model, and a
configuration-transfer claim cannot be settled by measuring an unrelated transient more
precisely.

Table 9. Scope and evidence status of the conclusions.

Claim Evidence type Status

Milestones C1-C4
occurred as reported

Dated official public accounts Source-reported documentary evidence

Work alone does not
bound peak force in the
constructed family

Algebra and numerical quadrature Demonstrated within stated assumptions

Dwell-only contrast
leaves C/D
indistinguishable

Equal means and rank calculation Exact synthetic counterexample

Dispersion changes the
stated replication
criterion

Exact tails and seeded Monte Carlo Model-conditional computational result

Better carrier reliability
or institutional savings

No corresponding measurements Not demonstrated

12. Limitations
The empirical material consists of selected public documentary records, not independently
collected carrier measurements. The mathematical and Monte Carlo results are conditional
on specified synthetic models. Hardware failure logs, load histories, actual dispersion,
exposure interactions and configuration-specific field performance are unavailable to this
study. A source summary's omissions are not evidence that the programme failed to collect
the corresponding data.

Independent negative-binomial blocks do not cover common-cause dependence across
blocks. The gamma-renewal sensitivity assumes known shape and a fresh observation
origin. The interaction model excludes further state variables and thresholds; a factorial
rank check does not establish their absence. The peak construction establishes a
measurement limit without predicting a physically achievable load profile for either system.
No accident probability, safety certification, field reliability improvement or financial saving
is estimated.
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13. Conclusion
Successful operation, dependable repeated service and an explanation of failure are
different achievements. AAG and EMALS development records make those boundaries
visible. The analytical results explain why the next useful observation depends on the
unresolved claim.

The most instructive result is model dependence: a contrast that is sufficient for one
mechanism family can preserve exact ambiguity in another. Sampling uncertainty adds a
separate requirement; in the synthetic example, allowing block heterogeneity changes nine
qualifying replications to 22. Neither problem is solved by an impressive cumulative count
without its observation model.

An evaluator can act on this now: retain the tested boundary, state the alternatives, check
which remain observationally equivalent, and select the smallest safe measurement or
contrast that separates them. Start the physical follow-up with a calibrated benchtop trace
and a randomized exposure pilot. Let the result determine whether a larger experiment is
justified.
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Appendix A. Fisher-information identity
For independent Poisson counts with positive means μj=a nj+b tj, differentiating the log
likelihood and taking expectations gives

Iaa = Σj nj
2/μj; Ibb = Σj tj

2/μj; Iab = Σj njtj/μj.

In the determinant, the product of the diagonal entries is reduced by the square of the
off-diagonal entry. Equal-index terms cancel. Pairing each remaining term with its
reversed-index counterpart gives the squared cross-product term in Eq. (4). Each term is
nonnegative. The determinant is positive exactly when at least one pair of exposure vectors
is nonproportional. Nearly proportional designs may remain poorly conditioned. Counts are
dimensionless; the determinant's magnitude depends on parameter units and is not a
universal ranking score. Zero-mean boundary cases need separate treatment.

https://doi.org/10.5281/zenodo.23435836
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Appendix B. Classification errors and dispersion
For Poisson totals with means 4r and 2r, the likelihood ratio is exp(-2r) multiplied by 2S.
With equal priors and error costs, choose A if S ln(2)>2r. The integer threshold is
h=floor[2r/ln(2)]+1. The error probabilities are PB(S>=h) and PA(S<h), evaluated by exact
distribution tails. The same-ratio design gives identical distributions for A and B, hence
minimum equal-prior average error one half for every r.

For independent negative-binomial blocks sharing known κ, the total shapes are both r κ.
Put pA=κ/(κ+4) and pB=κ/(κ+2). The combinatorial factors cancel, giving

log LR = rκ ln(pA/pB) + S ln[(1-pA)/(1-pB)].

The integer threshold is one plus the floor of minus the constant term divided by the positive
coefficient of S. Exact tails and the integer replication search produce Table 7. Priors,
losses, nuisance parameters and shared block effects change this calculation.

Appendix C. Zero-event confidence calculation
Under fixed eligible exposure N and an HPP with rate 1/θ, P(K=0)=exp(-N/θ). Inverting at
alpha yields the one-sided lower confidence bound θL=N/[-ln(alpha)]. A zero-event design
for target θ0 therefore needs N>=-θ0 ln(alpha), rounded upward. It is a confidence
procedure under the declared model, not a posterior probability that θ exceeds the bound.
The gamma-renewal calculation in Section 5 instead inverts the known-shape first-interval
survival probability. Censoring, observation origin and model choice are part of both
statements.

Appendix D. Implementation checks and reproducibility
The compact script below checks the principal ranks, exact errors, block-count search,
renewal sensitivity and normalized-work integrals. The full script and unabridged execution
log accompany the paper. Requires Python, NumPy and SciPy.

To check implementation, I executed eight seeded batches of 200,000 independent
total-count draws, one for each truth/model combination in Table 7. The 1.6 million draws
sample the analytically derived totals directly; they are not 1.6 million physical test blocks.
Seed 20261016, NumPy 2.3.5 and SciPy 1.17.0, observed frequencies, Wilson intervals and
full count histograms are retained. All eight estimates were within 1.51 binomial standard
errors of the exact probabilities. Probability-mass recurrences supplied a separate
arithmetic check of the tail calculations.
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Table D1. Executed Monte Carlo counts for the Poisson and κ=2 rows. Each error count has denominator
200,000.

Truth and model Observed classification
errors

Estimated error 95% Wilson interval

B, Poisson 6,810 3.405% 3.326%-3.485%

A, Poisson 5,868 2.934% 2.861%-3.009%

B, NB κ=2 19,540 9.770% 9.641%-9.901%

A, NB κ=2 28,521 14.261% 14.108%-14.414%

The simulation checks implementation against declared distributions. It adds no
observations of actual carrier performance.

D.1. Executable verification
# W2 v1.2: synthetic numerical verification. Python, NumPy, SciPy.
import math
import numpy as np
from scipy.stats import poisson, nbinom, gamma
from scipy.integrate import quad

def errors(r, k=None):
    if k is None:
        h = math.floor(2*r/math.log(2)) + 1
        A, B = poisson(4*r), poisson(2*r)
    else:
        pA, pB = k/(k+4), k/(k+2)
        h = math.floor(-r*k*math.log(pA/pB) /
                       math.log((1-pA)/(1-pB))) + 1
        A, B = nbinom(r*k, pA), nbinom(r*k, pB)
    return float(B.sf(h-1)), float(A.cdf(h-1))

first = []
for k in [None, 5, 2, 1]:
    r0 = next(r for r in range(1,501) if max(errors(r,k)) <= .05)
    first.append(r0)
    print(k, errors(10,k), r0)
assert first == [9, 13, 22, 34]

def features(X):
    return np.column_stack((X, X[:,0]*X[:,1]))
fixed = np.array([[1,1],[1,3],[1,5]], float)
factor = np.array([[1,1],[1,3],[2,1],[2,3]], float)
C, D = np.array([1,1,0]), np.array([1,0,1])
assert np.allclose(features(fixed)@C, features(fixed)@D)
assert np.linalg.matrix_rank(features(fixed)) == 2
assert np.linalg.matrix_rank(features(factor)) == 3
for v in [0.5, 1, 2, 5]:
    lo = 10000*v/gamma.ppf(.95,v)
    assert abs(gamma.sf(10000,v,scale=lo/v)-.05) < 1e-12
assert math.ceil(-5000*math.log(.05)) == 14979
for d in [1, 0.5, 0.25, 0.1]:
    def f(u):
        return .5+(1/d)*(1-abs(2*u/d-1)) if 0<=u<=d else .5
    assert abs(quad(f,0,1,points=[d/2,d])[0]-1) < 1e-12
    assert abs(f(d/2)-(.5+1/d)) < 1e-12
print('All compact checks passed.')
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Appendix E. One-page evaluator sheet
State the claim, system boundary, tested configuration and event definition before
interpreting a milestone.

Claim and tested boundary

Records and definitions match? Recover matched recordsNo

Yes

Alternatives structurally separate? Add a discriminating contrastNo

Yes

Sampling precision adequate? Replicate under justified modelNo

Yes

Configuration transfer justified? Stratify and test transferNo

Yes: retain the bounded conclusion

Figure 4. Choose the next evidence by the obstacle to inference. Model adequacy and measurement validity
remain necessary throughout; this sheet is a review aid, not a certification procedure.

□ Claim and boundary: identify the exact subsystem, aircraft or service proposition.

□ Observation: retain attempts, completions, interruptions, failures, repairs, aborts and no-fault-found
records separately.

□ Metrology: verify calibration, usable bandwidth, filtering, saturation, timestamps and uncertainty for the
claimed quantity.

□ Models: name credible alternatives, including interactions or state dependence; check structural separation
before calculating power.

□ Sampling: justify count variability, independence, censoring and missing-data handling; recalculate
replication under plausible dispersion.

□ Transfer: preserve hardware/software versions, environment and observation changes; justify pooled
exposure and test sensitivity without it.

□ Decision: record what result would change the conclusion, and which stronger claims still remain outside
the evidence.
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### Abstract
A successful demonstration does not establish dependable service. A failed test does not establish a limit of physics. I examine this distinction through documented AAG aircraft-recovery and EMALS launch-system milestones. Four worked analyses show why operation counts alone cannot establish peak loads, reliability confidence, failure mechanisms or performance after configuration changes. The most instructive example concerns test design: a contrast that separates two explanations can leave others indistinguishable when interactions are allowed. Exact calculations also show how assumed count variability changes the repetitions needed for a specified decision. These are case-based analytical results and synthetic computations, not carrier measurements. The practical contribution is a traceable assessment sequence for choosing the next useful record, measurement or test.

Keywords: aircraft recovery; reliability identifiability; experimental design; Poisson model; overdispersion; engineering evidence

BOX: Key takeaways
- Preserve the tested subsystem, aircraft and configuration when interpreting a milestone.
- Successful energy absorption does not establish a bound on interface peak load.
- A contrast that identifies one model can remain ambiguous under a credible interaction model.
- At the synthetic means studied, overdispersion changes both classification error and replication requirements.
- Complete code, CSV outputs and the captured execution log are embedded in this PDF; Appendices A-D expose the calculations.
ENDBOX

### Plain-language summary
A machine can complete many operations while important questions remain open about how it behaves, what causes interruptions, or whether a change improved it. This paper follows actual development milestones and shows, with explicit examples, why those questions need different evidence. Its purpose is to help a reader choose the next observation that would distinguish the explanations under consideration. The numerical experiments use declared synthetic models; they do not substitute for measurements of the real equipment.

### 1. What has actually been established?
A machine can work before its service reliability has been demonstrated. A machine can fail a test without exhausting the possibilities of its underlying principle. Engineering judgment depends on holding both facts together.

The word possible needs an object. Possible to produce an effect once? Possible to remain within an interface limit? Possible to repeat the event under the intended conditions? Possible to recover from an interruption with the available people and equipment? Each proposition needs evidence. None becomes true merely because another has been established.

Aircraft recovery makes this distinction concrete. Arresting motion, controlling the load transmitted through an interface, qualifying different aircraft and sustaining repeated operation belong to the same system, but they are different assessment questions. Collapsing them into a single verdict loses the relationships that explain the engineering.

My question is therefore practical: when evidence is insufficient for a claim, what exactly is missing, and which next observation would change the conclusion? More repetitions can reduce sampling uncertainty. They cannot reconstruct a missing event definition, measure an unrecorded force transient, or distinguish mechanisms that predict the same observations under every condition tested.

W1 examined how components, infrastructure and human organisation combine into operational capability [1]. W2 follows the evidence through development: which parts of a capability have been demonstrated, which remain conditional, and which cannot be inferred from the chosen measurements. The analysis concerns the structure of the inference as much as the volume of data.

### 2. Case selection and source-to-claim audit
AAG is the central case because released records connect component redesign to subsequent testing. EMALS provides a comparison within the same carrier programme. Their different energy paths prevent treating their counts as interchangeable trials.

The 2016 Inspector General investigation documents redesign of the water twister, cable shock absorber and power conditioning equipment, alongside software and test difficulties [2, pp. 8-10]. GAO's 2013 investigation had identified risks from production before maturity and from overlapping integration with operational evaluation [8]. These are documented development problems. They do not establish a limit of physics or a present readiness ranking.

I transcribed four milestone claims from three dated NAVAIR accounts, retaining the source date, event date or cutoff, count qualifier and test object in case_claims.csv. The records were selected for their distinct evidential boundaries, not sampled to estimate the prevalence of inadequate reporting. Each row below is an empirical documentary claim; no row is an independently observed hardware trial.

TABLECAP: Table 1. Documentary claim records and the inference boundary used in this paper.
| Record | Source-reported achievement | Direct evidential object | Additional inference examined |
|---|---|---|---|
| C1: EMALS, September 2008 [5] | 10,000 simulated cycles | Electrical/thermal equipment and energy-storage cycling | Integrated aircraft operation; mechanism separation |
| C2: AAG, December 2016 cutoff [4] | More than 1,400 dead-load arrestments | Tested load arrangement | Peak load and actual-aircraft compatibility |
| C3: AAG, same cutoff [4] | 351 Super Hornet test arrestments | Tested aircraft and configuration | Air-wing qualification and evidence transfer |
| C4: shipboard, 25 June 2022 [6] | 10,000 launches and recoveries reported | Extensive realised operation | Eligible failure exposure and confidence |

The 2017 account also reports continuation of AAG after review of a Mk-7 alternative, and further qualification work [4]. The 2008 account identifies a subsequent full-power-train phase [5]. These source boundaries matter: the same numerical count can describe different engineering achievements. I do not infer that the underlying test programmes lacked the additional records merely because a public milestone account does not reproduce them.

### 3. Distinct achievements and measurement boundaries
NAVAIR describes AAG as an integrated arrangement of energy absorbers, power conditioning and digital controls, succeeding Mk-7 [3]. This gives a functional architecture for assessment without requiring inaccessible drawings or control laws.

FIGURE: architecture

CAPTION: Figure 1. Functional reconstruction based on public descriptions [2,3]. Arrows indicate broad transfer and control relationships. This is an assessment diagram, not a hardware schematic or operating procedure.

The arresting interface couples motion into an absorption arrangement. Control, measurement and power support the intended behaviour. Operators and maintainers preserve the conditions under which it can be repeated. Configuration and observation records preserve what later analysis can legitimately compare.

The Inspector General identifies different roles for the fluid-based water twister, the initial-load shock absorber and the equipment supplying and conditioning electrical power [2, pp. 8-10]. One successful energy transfer does not independently qualify all three functions. The physical process and its supporting dependencies must be observed at the level relevant to the claim.

EMALS uses stored kinetic energy and solid-state electrical conversion, with computer control and monitoring [7]. Its comparison with AAG is useful because launch and recovery have distinct energy paths despite sharing shipboard support. It would be a mistake to combine their operation counts as interchangeable trials of one apparatus.

Architecture therefore changes the measurement question. Energy absorption needs energy and load observations. Repeated-use performance needs eligible exposure and events. Maintainability needs restoration records. A single favourable metric cannot stand in for all of them.

TABLECAP: Table 2. Notation and abbreviations. Model values are illustrative unless identified as source-reported.
| Symbol or term | Meaning | Units or interpretation |
|---|---|---|
| AAG / EMALS | Advanced Arresting Gear / Electromagnetic Aircraft Launch System | Documented engineering cases |
| HPP / NHPP | Homogeneous / non-homogeneous Poisson process | Constant / varying event intensity |
| N; theta | Eligible exposure; mean interval between counted events | Cycles in the HPP illustration |
| n_j; t_j | Block cycle and elapsed exposures | Cycles; hours |
| a; b | Cycle-associated and time-associated event coefficients | Events/cycle; events/hour |
| mu_j; I | Expected block count; Fisher information | Counts; local parameter information |
| delta; W; L | Normalized bump width; work; displacement | Dimensionless; joules; metres |
| r; kappa; nu | Replicate blocks; NB shape; renewal shape | Positive counts or dimensionless parameters |
| x; z; alpha,beta,gamma | Normalized exposures and interaction-model coefficients | x=n/1,000; z=t/100 |

### 4. Equal absorbed work can conceal unequal peak loads
Record C2 establishes repeated dead-load arrestments, while the released investigation distinguishes the initial-load shock absorber from the main absorption arrangement [2,4]. Does an arrestment count establish that every relevant peak load stayed within its limit? The following generic protective-absorber construction explains why the count alone cannot answer that question. It is not a fitted AAG model. Let W be positive absorbed work, L a positive displacement, u = x/L and f(u) = LF(x)/W. Then

EQUATION: integral_0^1 f(u) du = 1; F_peak = (W/L) max f(u).     (1)

The first equality fixes the area under the force-displacement curve. It does not fix its largest value. A constant normalized force f = 1 has peak 1. A continuous triangular bump of unit area over width delta, added with half weight to a constant half-unit baseline, also has total area 1. Its normalized peak is 0.5 + 1/delta.

For precision, define the bump g_delta(u) = (2/delta)(1 - |2u/delta - 1|) on 0 <= u <= delta and zero elsewhere, with 0 < delta <= 1. Set f_delta = 0.5 + 0.5g_delta. Direct integration gives unit area and peak 0.5 + 1/delta. The baseline keeps the force positive across the full displacement.

TABLECAP: Table 3. Work-preserving profile sensitivity.
| Normalized profile | Absorbed work / W | Peak force / (W/L) |
|---|---|---|
| Constant | 1 | 1 |
| Bump width delta = 1 | 1 | 1.5 |
| Bump width delta = 0.5 | 1 | 2.5 |
| Bump width delta = 0.25 | 1 | 4.5 |
| Bump width delta = 0.10 | 1 | 10.5 |

FIGURE: work_peak.png

CAPTION: Figure 2. Dimensionless analytical counterexample. All curves absorb the same normalized work. Their peak forces differ. These are constructed profiles, not measured equipment traces or proposed control settings.

As delta approaches zero, the peak is unbounded within this mathematical family. Real hardware restricts bandwidth, compliance, force and rate of change; those restrictions would narrow the admissible family. The result is that absorbed work alone supplies no finite upper bound on peak force without such additional constraints. It does supply a lower bound: the peak cannot be smaller than the average W/L.

This is elementary mechanics used as a counterexample, not a new absorption principle. Its engineering relevance is specific: a successful stop and a correct total energy balance cannot independently establish that an interface load limit was respected. The decisive observation is a sufficiently resolved load record or a justified bound from other measurements. Another uninstrumented success cannot retrospectively supply it.

A load trace also needs a measurement argument. Sampling rate alone does not establish usable bandwidth. The assembled sensor, mounting, conditioning, filtering and acquisition chain can attenuate or distort a transient. Dynamic-force research treats the system response and dynamic sensitivity explicitly [13]. For a peak-load claim, retain calibration, transfer response, anti-alias filtering, saturation checks, timing and a declared uncertainty budget. If the retained signal lacks the required bandwidth, post-processing cannot recover an arbitrary unmeasured peak without additional assumptions. No bandwidth or sensor specification for AAG is inferred here.

### 5. Operation count and reliability confidence
Record C4 is the concrete trigger for this calculation. Its milestone account reports extensive operation, rather than the event log needed to fit a reliability process [6]. A count of completed operations is important evidence. To become a reliability estimate, it also needs a countable event, eligible exposure, configuration and statistical model.

For an illustrative fixed-configuration model, let events follow a homogeneous Poisson process in eligible cycle exposure N, with mean cycles between events theta. Then the expected event count is N/theta. With zero events, the probability of that observation is exp(-N/theta). Solving for a one-sided 95 percent lower confidence bound gives [10]

EQUATION: theta_lower,95 = N / [-ln(0.05)].     (2)

For a hypothetical 10,000 eligible event-free cycles, the bound is approximately 3,338 cycles per event. A hypothetical target of 5,000 would require at least 14,979 event-free cycles under the same assumptions. These numbers are illustrative. The NAVAIR milestone is not represented as an event-free trial, and 5,000 is not asserted to be an actual programme requirement.

The qualification is substantive. Changes in configuration, incomplete event detection, dependence between events or outcome-dependent stopping can alter the inference. A precise calculation cannot compensate for the wrong exposure definition. Nor does a mean interval between operational interruptions establish an accident probability. These are different outcomes.

The statistical lesson is constructive: when the model and records are sound, additional eligible exposure can strengthen a bound. When the observation definition is missing, the first useful intervention is to recover the record. Increasing the number printed beside an undefined denominator does not resolve its meaning.

The model choice matters even with zero recorded events. For an ordinary renewal process beginning with a newly restored unit, let independent intervals have a gamma distribution with known shape nu and mean theta. The first-interval survival probability is Q(nu, nu N/theta). Solving that probability equal to 0.05 gives the following bound, where G_nu is the unit-scale gamma CDF.

EQUATION: renewal_bound

 At N=10,000, the lower bounds are 2,603, 3,338, 4,216 and 5,462 for nu=0.5, 1, 2 and 5. Shape one recovers the HPP. These conditional bounds are not interchangeable; unknown shape or a non-fresh observation origin requires another analysis.

For an NHPP, zero events constrain cumulative intensity Lambda(N), because their probability is exp[-Lambda(N)]. They do not identify a constant mean interval unless a stationary interpretation is separately justified. In the HPP example, hypothetical target intervals 1,000, 5,000 and 10,000 require 2,996, 14,979 and 29,958 event-free cycles respectively at the stated confidence. The complete sensitivity outputs are attached. None is a programme requirement or proposed operating schedule.

### 6. Why more tests can leave the explanation unresolved
Record C1 explicitly concerns repeated cycling and an energy-storage cycling rate [5]. Without block-level cycle and elapsed-time exposures, the headline does not reveal which mechanism contrasts were present. I do not assume that the real trials used a proportional design. The following example identifies the records needed to decide. Even complete records can fail to distinguish mechanisms. I use a synthetic example to establish this exactly, without attributing either mechanism to the aircraft systems.

Let independent event counts in block j obey

EQUATION: Y_j ~ Poisson(mu_j), mu_j = a n_j + b t_j, a,b >= 0.     (3)

Here n_j is cycles, t_j is hours, a is events per cycle and b is events per hour. The additive model excludes interactions, thresholds, loading changes and repair-history effects. It is deliberately simple enough to make the inference transparent.

If every block has n_j = c t_j, then mu_j = (ca+b)t_j. Only ca+b is identified. Every nonnegative parameter pair with the same value of that combination gives the same full count distributions. Repetition can estimate the combination more precisely; it cannot identify its two components separately.

Take Model A with a = 0.001 and b = 0.01, and Model B with a = 0.002 and b = 0. At ten cycles per hour, both predict identical distributions.

TABLECAP: Table 4. Additive-model alternatives; expected counts are synthetic.
| Synthetic block | Cycles | Hours | Expected events: A | Expected events: B |
|---|---|---|---|---|
| Baseline | 1,000 | 100 | 2 | 2 |
| More exposure, same ratio | 2,000 | 200 | 4 | 4 |
| Contrasting elapsed exposure | 1,000 | 300 | 4 | 2 |

The first two rows produce a rank-one exposure matrix. Pairing the baseline with the contrast produces rank two. This makes the full two-parameter family structurally identifiable. It does not guarantee that a small observed sample will distinguish it reliably.

The smallest useful change depends on the uncertainty. For this model, a contrast that changes the exposure ratio creates information that identical repetitions cannot supply. In a physical study, the proposed mechanisms must first be credible and the contrast must be safe. A change in elapsed time that also changes temperature or maintenance cannot automatically be interpreted as a pure time effect.

### 6.1. A contrast can fail when the mechanism model changes
A more demanding test allows an interaction. Normalize x=n/1,000 and z=t/100 and write mu = alpha x + beta z + gamma xz, with nonnegative coefficients. The product is a local phenomenological term: cycle-associated damage may depend on accumulated exposure or thermal state. It is not a claim that calendar time itself causes the actual faults, nor a validated damage law.

The additive model is the gamma=0 subfamily. Now compare C=(1,1,0) with D=(1,0,1). Whenever x=1, both give mu=1+z. Consequently, the baseline and dwell contrast that separate A from B still give identical full Poisson distributions under C and D. No number of additional dwell-only repetitions at that fixed cycle exposure can separate the time term from the interaction.

TABLECAP: Table 5. An interaction alternative survives the dwell contrast. Both models are synthetic.
| x | z | Expected count under C | Expected count under D |
|---|---|---|---|
| 1 | 1 | 2 | 2 |
| 1 | 3 | 4 | 4 |
| 2 | 1 | 3 | 4 |
| 2 | 3 | 5 | 8 |

The predictor matrix has columns x, z and xz. Along a fixed ratio z=x, its rank is two for distinct positive exposures: the interaction can vary, but the two main effects remain confounded. At fixed x=1, the z and xz columns coincide, again giving rank two. The two-by-two exposure combination in Table 5 has rank three. It removes this specific structural ambiguity, while still requiring replication for useful precision.

This is the main refinement to the additive result: a successful contrast is relative to a declared model family. Interactions and factorial design are established experimental-design topics [14]. The present counterexample makes the consequence explicit for interpreting cycle/time evidence. It does not establish that a two-by-two design identifies every credible mechanism or is feasible on the aircraft systems.

### 7. Structural information and finite observations
The separation condition has an explicit information expression. For independent Poisson counts with positive means, the expected Fisher information for (a,b) is the sum of the outer products of the exposure vectors, weighted by 1/mu_j. Its diagonal entries sum the squared cycle and time exposures divided by their corresponding means. Its off-diagonal entry sums cycle-time products with the same weights. When the determinant is expanded, equal-index terms cancel. Grouping the remaining terms by unordered pairs gives

EQUATION: det I = sum_(i<j) [(n_i t_j - n_j t_i)^2 / (mu_i mu_j)].     (4)

Each term is nonnegative. The determinant is positive exactly when at least one pair of exposure vectors is nonproportional, assuming finite positive means. This is a standard weighted-Gram identity applied to Eq. (3). It shows why repeating a proportional design increases some information without recovering the missing parameter direction. Nearly proportional exposures can also be poorly conditioned even when the determinant is positive.

With event counts treated as dimensionless, the determinant has units of cycle-squared hour-squared; its magnitude depends on parameter units and is not a universal cross-system score. The zero-versus-positive distinction is the relevant structural statement here. Boundary cases with zero means require separate treatment and are outside this regular-information calculation.

For the two specified alternatives, finite-sample performance can be calculated exactly. Across r independent contrasting blocks, the total S has Poisson mean 4r under A and 2r under B. With equal prior probabilities and equal error costs, the likelihood ratio is exp(-2r) multiplied by 2^S. Choose A when S ln(2) > 2r.

TABLECAP: Table 6. Exact Poisson classification errors under two specified alternatives and equal error costs.
| Contrasting blocks | Choose A when total S is at least | P(choose A under B) | P(choose B under A) |
|---|---|---|---|
| 1 | 3 | 32.33% | 23.81% |
| 5 | 15 | 8.35% | 10.49% |
| 10 | 29 | 3.43% | 2.94% |
| 20 | 58 | 0.44% | 0.43% |

These are exact probabilities under synthetic fixed alternatives. They are not measured trial results or a proposed carrier test schedule. One contrasting block separates the expected values but still permits substantial classification error. Replication becomes useful after the contrast has removed structural ambiguity.

At the unchanged ratio the distributions are identical, so the minimum average classification error with equal priors remains 50 percent regardless of repetitions. Under the contrast it falls as the independent observations accumulate. Structural separation and statistical confidence therefore require different arguments. Unknown parameters, nuisance effects, unequal costs or non-Poisson events would require a different analysis.

Burclova and Pazman study identifiability and stable estimation through information divergence and experimental design in generalized regression, including Poisson models [12]. The present calculation applies established ideas; it does not claim to originate experimental identifiability or optimal design.

### 7.1. Executed robustness checks: overdispersion and replication
A Poisson count has variance equal to its mean. To challenge that assumption, I used independent negative-binomial blocks with mean mu and variance mu + mu^2/kappa. This is a gamma-Poisson mixture with an independent gamma multiplier for each block. It represents one form of heterogeneity, not a fit to carrier data. A common random multiplier across multiple blocks would introduce dependence and invalidate the sum calculation used here [15,16].

For r independent blocks with common kappa and mean mu, their total is negative binomial with shape r*kappa and success parameter kappa/(kappa+mu). I derived the equal-prior likelihood-ratio threshold for the two means 4 and 2, calculated exact tails, and searched integer r from 1 to 500 for the first block count with both classification errors at most 5 percent. The search is a fixed-alternative planning calculation, not general power for an unknown composite model.

TABLECAP: Table 7. Error-model sensitivity. At r=10 the model-matched integer cutoff happens to be S>=29 in all four rows.
| Block-count model | Exact P(choose A under B), r=10 | Exact P(choose B under A), r=10 | First r with both errors <=5% |
|---|---|---|---|
| Poisson | 3.43% | 2.94% | 9 |
| NB, kappa=5 | 6.22% | 7.91% | 13 |
| NB, kappa=2 | 9.67% | 14.23% | 22 |
| NB, kappa=1 | 13.69% | 21.55% | 34 |

A plan adequate under the Poisson assumptions can therefore be inadequate under a specified overdispersed alternative. For kappa=2, the larger error at ten blocks rises from 3.43 to 14.23 percent. A model-matched rule first brings both errors below 5 percent at 22 blocks; retaining the Poisson threshold sequence instead requires 24. This difference is about assumed observation variability and decision rules, not a change in the equipment.

FIGURE: robustness_interaction.png

CAPTION: Figure 3. Left: exact model-matched error curves, using the larger of the two errors. Right: C and D remain identical at the dwell-only settings but diverge at changed cycle exposure. These are synthetic calculations.


A seeded simulation and probability-mass recurrences check the implementation; Appendix D reports the execution details. These checks do not validate the count models for AAG or EMALS. The prior literature already covers identifiability and gamma-Poisson design [12,16]. The contribution is the connected case application and reproducible sensitivity study.

### 8. A pooled history can hide change in either direction
The final construction concerns configuration. Suppose a record contains 10,000 eligible cycles and ten events, with 1,000 cycles on the final configuration. The pooled ratio is 1,000 cycles per event.

Now allocate all ten events before the configuration change. Alternatively, allocate all ten afterwards. Both records have the same pooled summary. On the final configuration, however, the first has zero events and the second has ten. Its estimate in the second record is 100 cycles per event. Under Eq. (2), the first record's one-sided lower bound is only approximately 334, despite its zero observed events.

The pooled summary does not determine the final-configuration result. Earlier failures can conceal improvement; earlier successful exposure can conceal deterioration. This symmetry matters. An assessment that interprets every missing detail pessimistically is no more justified than one that interprets it optimistically.

No claim is made that the real programme combined its records this way. The construction identifies what a pooled number cannot establish without a transfer argument. National Research Council guidance already addresses the importance of configuration, environment and appropriate use of developmental reliability evidence [11]. The exact example makes that issue inspectable.

Separating every minor revision also has a cost: the resulting strata may be too small to support useful inference. An evaluator should preserve the configuration record and then justify which evidence can be combined. The answer is not automatic pooling or automatic rejection of earlier work.

The documentary link is C3: hardware changes and software revision make transfer between test configurations a real assessment question [2,4]. The pooling construction shows why an undifferentiated history cannot answer it; it does not assert that the programme actually pooled data incorrectly.

For a transfer argument, specify the target configuration and event outcome, identify modified hardware and software functions, compare load/environment and observation rules, and justify which failure mechanisms remain exchangeable. Preserve a sensitivity analysis with and without transferred exposure. If event detection changes, apparent reliability growth may be an observation change. These are proposed review criteria, rather than a statistical certificate of equivalence.

Record an interruption, a counted failure, repair, abort and no-fault-found outcome separately, then declare which enter the estimator. Administrative end-of-test censoring differs from removal triggered by an emerging fault. Preserve at-risk exposure, interruption reason and event ascertainment; do not silently count missing records as successes. Informative censoring or missingness needs an explicit sensitivity model.

Repairable equipment permits recurrent events and restoration. First-failure lifetime data for non-repairable units require a different observation structure. A software version is also a configuration: fixes can change the event process, and repeated execution of similar states does not cover unvisited conditions. Human maintenance, spares and diagnosis affect restoration time and observation completeness. NASA's availability definitions are useful here [9], but a time-availability claim still cannot replace a cycle-event record.

### 9. Choose the observation that addresses the uncertainty
The four constructions lead to different next actions. Their value lies in keeping those actions aligned with the claim.

TABLECAP: Table 8. Assessment actions aligned with the obstacle to inference.
| Obstacle to the claim | What repeated operation alone cannot recover | Decisive next evidence |
|---|---|---|
| Aggregate physical measurement | Unobserved transient extremes | Resolved load record or justified physical bound |
| Undefined or unmatched record | Eligible denominator, event and configuration | Matched definitions and traceable observation record |
| Sampling uncertainty under a sound model | A tighter confidence bound without more eligible data | Additional observations under the justified plan |
| Proportional exposure design | Separate cycle and time contributions | Controlled contrast with distinct predictions |
| Pooled configurations | Final-configuration behaviour | Configuration-linked events and exposure; transfer argument |

This is an assessment sequence, not a substitute for reliability engineering or a new certification standard. First state the claim and the tested system boundary. Then identify whether the obstacle is measurement, record interpretation, sampling, mechanism separation or transfer between configurations. Select the observation that changes the disputed inference. Finally check whether its result survives the alternative explanation it was intended to distinguish.

Applied to the cases, a subsystem endurance milestone should retain its subsystem meaning. Aircraft compatibility evidence should retain its aircraft and configuration scope. A cumulative shipboard milestone should remain evidence of extensive operation unless the corresponding event records support a stronger statistical statement. This reading preserves the achievements while preventing unsupported transfer between them.

### 10. First feasible experiment and practical evaluation
The first feasible physical step is a low-energy, instrumented benchtop measurement check, before any reliability-growth trial. Use a commercially rated force sensor and a compliant protective test piece within their rated range. Apply repeatable low-energy loading, retain the highest usable calibrated trace, and compare peak estimates obtained through declared filtering and downsampling. Record mounting, calibration, acquisition settings and uncertainty. This tests how retained measurement bandwidth changes the inferred peak; it does not reproduce aircraft arrestment.

For the mechanism example, first run a two-by-two set of cycle and elapsed-exposure blocks on non-weapon laboratory equipment with existing safe operating limits. Randomize block order, measure temperature and actual exposure, and preserve configuration and aborted-block records. Use initial blocks to assess whether countable events occur often enough to fit any event model. A short pilot with no informative events supports a measurement-feasibility finding, not a reliability improvement claim.

A subsequent study should compare cycle-only, additive and interaction models on held-out settings. Replicate using dispersion estimated from pilot data, then recalculate the error criterion; Table 7 is not a universal sample-size prescription. If changing elapsed time changes thermal state, record both and test the competing explanation. If the interaction improves neither prediction nor calibration, reject it for that apparatus.

The assessment sequence itself could be evaluated by blinded reviewers using the same historical claims. Outcomes would include correct boundary identification, false failure-count reconstruction, causal overclaiming, agreement and review time. No such reviewer study or institutional saving is claimed here. Appendix E provides an immediately usable one-page assessment sheet.

### 11. Contribution and strongest counterarguments
The contribution has three inspectable parts: a source-to-claim record that keeps the real milestones tied to their test objects; a worked interaction example showing why a dwell contrast must be assessed against the declared model family; and exact calculations showing how dispersion changes the replication needed for specified decisions. The simulation is an implementation check, not additional empirical support.

None of the component mathematics is claimed as new theory. Rank deficiency, interaction aliasing, Poisson bounds, negative-binomial tails and configuration-aware inference are established. The literature already studies design under these models [10-16]. I have not established worldwide priority for this particular combination, nor shown superiority to a competent existing test-review process.

A strong objection is that the public announcements were never intended as complete qualification datasets. That is correct. The analysis constrains a reader's inference from those announcements; it does not accuse their authors of making an unsupported reliability claim. Another objection is that the synthetic models are deliberately simple. They are constructed to prove specific inference limits and then challenged by an interaction extension and overdispersion. They remain examples, not recovered carrier mechanisms.

A third objection is that demanding every observation could make evaluation impractical. The purpose is the opposite: identify which missing record or contrast is decisive for the claim at hand. A peak-load claim does not require inventing a cycle-aging model, and a configuration-transfer claim cannot be settled by measuring an unrelated transient more precisely.

TABLECAP: Table 9. Scope and evidence status of the conclusions.
| Claim | Evidence type | Status |
|---|---|---|
| Milestones C1-C4 occurred as reported | Dated official public accounts | Source-reported documentary evidence |
| Work alone does not bound peak force in the constructed family | Algebra and numerical quadrature | Demonstrated within stated assumptions |
| Dwell-only contrast leaves C/D indistinguishable | Equal means and rank calculation | Exact synthetic counterexample |
| Dispersion changes the stated replication criterion | Exact tails and seeded Monte Carlo | Model-conditional computational result |
| Better carrier reliability or institutional savings | No corresponding measurements | Not demonstrated |

### 12. Limitations
The empirical material consists of selected public documentary records, not independently collected carrier measurements. The mathematical and Monte Carlo results are conditional on specified synthetic models. Hardware failure logs, load histories, actual dispersion, exposure interactions and configuration-specific field performance are unavailable to this study. A source summary's omissions are not evidence that the programme failed to collect the corresponding data.

Independent negative-binomial blocks do not cover common-cause dependence across blocks. The gamma-renewal sensitivity assumes known shape and a fresh observation origin. The interaction model excludes further state variables and thresholds; a factorial rank check does not establish their absence. The peak construction establishes a measurement limit without predicting a physically achievable load profile for either system. No accident probability, safety certification, field reliability improvement or financial saving is estimated.

### 13. Conclusion
Successful operation, dependable repeated service and an explanation of failure are different achievements. AAG and EMALS development records make those boundaries visible. The analytical results explain why the next useful observation depends on the unresolved claim.

The most instructive result is model dependence: a contrast that is sufficient for one mechanism family can preserve exact ambiguity in another. Sampling uncertainty adds a separate requirement; in the synthetic example, allowing block heterogeneity changes nine qualifying replications to 22. Neither problem is solved by an impressive cumulative count without its observation model.

An evaluator can act on this now: retain the tested boundary, state the alternatives, check which remain observationally equivalent, and select the smallest safe measurement or contrast that separates them. Start the physical follow-up with a calibrated benchtop trace and a randomized exposure pilot. Let the result determine whether a larger experiment is justified.
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### Appendix A. Fisher-information identity
For independent Poisson counts with positive means mu_j=a n_j+b t_j, differentiating the log likelihood and taking expectations gives

EQUATION: information_entries

In the determinant, the product of the diagonal entries is reduced by the square of the off-diagonal entry. Equal-index terms cancel. Pairing each remaining term with its reversed-index counterpart gives the squared cross-product term in Eq. (4). Each term is nonnegative. The determinant is positive exactly when at least one pair of exposure vectors is nonproportional. Nearly proportional designs may remain poorly conditioned. Counts are dimensionless; the determinant's magnitude depends on parameter units and is not a universal ranking score. Zero-mean boundary cases need separate treatment.

### Appendix B. Classification errors and dispersion
For Poisson totals with means 4r and 2r, the likelihood ratio is exp(-2r) multiplied by 2^S. With equal priors and error costs, choose A if S ln(2)>2r. The integer threshold is h=floor[2r/ln(2)]+1. The error probabilities are P_B(S>=h) and P_A(S<h), evaluated by exact distribution tails. The same-ratio design gives identical distributions for A and B, hence minimum equal-prior average error one half for every r.

For independent negative-binomial blocks sharing known kappa, the total shapes are both r kappa. Put p_A=kappa/(kappa+4) and p_B=kappa/(kappa+2). The combinatorial factors cancel, giving

EQUATION: nb_log_ratio

The integer threshold is one plus the floor of minus the constant term divided by the positive coefficient of S. Exact tails and the integer replication search produce Table 7. Priors, losses, nuisance parameters and shared block effects change this calculation.

### Appendix C. Zero-event confidence calculation
Under fixed eligible exposure N and an HPP with rate 1/theta, P(K=0)=exp(-N/theta). Inverting at alpha yields the one-sided lower confidence bound theta_L=N/[-ln(alpha)]. A zero-event design for target theta_0 therefore needs N>=-theta_0 ln(alpha), rounded upward. It is a confidence procedure under the declared model, not a posterior probability that theta exceeds the bound. The gamma-renewal calculation in Section 5 instead inverts the known-shape first-interval survival probability. Censoring, observation origin and model choice are part of both statements.

### Appendix D. Implementation checks and reproducibility
The compact script below checks the principal ranks, exact errors, block-count search, renewal sensitivity and normalized-work integrals. The full script and unabridged execution log accompany the paper. Requires Python, NumPy and SciPy.

To check implementation, I executed eight seeded batches of 200,000 independent total-count draws, one for each truth/model combination in Table 7. The 1.6 million draws sample the analytically derived totals directly; they are not 1.6 million physical test blocks. Seed 20261016, NumPy 2.3.5 and SciPy 1.17.0, observed frequencies, Wilson intervals and full count histograms are retained. All eight estimates were within 1.51 binomial standard errors of the exact probabilities. Probability-mass recurrences supplied a separate arithmetic check of the tail calculations.

TABLECAP: Table D1. Executed Monte Carlo counts for the Poisson and kappa=2 rows. Each error count has denominator 200,000.
| Truth and model | Observed classification errors | Estimated error | 95% Wilson interval |
|---|---|---|---|
| B, Poisson | 6,810 | 3.405% | 3.326%-3.485% |
| A, Poisson | 5,868 | 2.934% | 2.861%-3.009% |
| B, NB kappa=2 | 19,540 | 9.770% | 9.641%-9.901% |
| A, NB kappa=2 | 28,521 | 14.261% | 14.108%-14.414% |


The simulation checks implementation against declared distributions. It adds no observations of actual carrier performance.


### D.1. Executable verification
CODEFILE: verify_core.py

PAGEBREAK
### Appendix E. One-page evaluator sheet
State the claim, system boundary, tested configuration and event definition before interpreting a milestone.

FIGURE: decision_tree

CAPTION: Figure 4. Choose the next evidence by the obstacle to inference. Model adequacy and measurement validity remain necessary throughout; this sheet is a review aid, not a certification procedure.

CHECK: Claim and boundary: identify the exact subsystem, aircraft or service proposition.
CHECK: Observation: retain attempts, completions, interruptions, failures, repairs, aborts and no-fault-found records separately.
CHECK: Metrology: verify calibration, usable bandwidth, filtering, saturation, timestamps and uncertainty for the claimed quantity.
CHECK: Models: name credible alternatives, including interactions or state dependence; check structural separation before calculating power.
CHECK: Sampling: justify count variability, independence, censoring and missing-data handling; recalculate replication under plausible dispersion.
CHECK: Transfer: preserve hardware/software versions, environment and observation changes; justify pooled exposure and test sensitivity without it.
CHECK: Decision: record what result would change the conclusion, and which stronger claims still remain outside the evidence.
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output/w2_v1_2/case_claims.csv

id,system,source_date,event_date_or_cutoff,reported_count,qualifier,unit,tested_object,source_ref,source_url

C1,EMALS,2008-09-23,2008-09-03,10000,exact reported milestone,simulated HCT-1 cycles,electrical/thermal power equipment and energy-storage cycling,5,https://www.navair.navy.mil/node/10976

C2,AAG,2017-01-23,2016-12,1400,more than,dead-load arrestments,land-based load test arrangement,4,https://www.navair.navy.mil/node/24591

C3,AAG,2017-01-23,2016-12,351,exact reported count,Super Hornet test arrestments,first aircraft type/model/series under test,4,https://www.navair.navy.mil/node/24591

C4,EMALS and AAG,2022-07-05,2022-06-25,10000,milestone wording retained; not summed as 20000 interchangeable trials,launches and recoveries,shipboard operation,6,https://www.navair.navy.mil/news/EMALS-and-AAG-reach-10000-aircraft-launches-and-recoveries/Tue-07052022-1019








output/w2_v1_2/embed_bundle.py

"""Attach a reproducibility ZIP to an already rendered PDF. Requires PyMuPDF.
Usage: python embed_bundle.py path/to/paper.pdf path/to/bundle.zip
"""
from pathlib import Path
import sys,hashlib
import fitz
pdf,bundle=map(Path,sys.argv[1:3]);raw=bundle.read_bytes();name=bundle.name
with fitz.open(pdf) as d:
    if name in d.embfile_names():d.embfile_del(name)
    d.embfile_add(name,raw,filename=name,ufilename=name,
                  desc='W2 v1.2 executable research materials and source ledger')
    d.saveIncr()
with fitz.open(pdf) as d:
    assert d.embfile_get(name)==raw
print('Embedded attachment verified:',name,hashlib.sha256(raw).hexdigest())
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output/w2_v1_2/execution_log.txt

W2 v1.2 | synthetic computation, not equipment data
UTC execution: 2026-10-17T05:08:06.831894+00:00
Python 3.12.14 | NumPy 2.3.5 | SciPy 1.17.0
Root seed 20261016; 8 independent batches x 200,000 total-count draws = 1,600,000
Poisson     r=10 h=29: exact errors 0.034334/0.029380; MC 0.034050/0.029340; min r=9
NB kappa=5  r=10 h=29: exact errors 0.062229/0.079137; MC 0.062795/0.079100; min r=13
NB kappa=2  r=10 h=29: exact errors 0.096706/0.142324; MC 0.097700/0.142605; min r=22
NB kappa=1  r=10 h=29: exact errors 0.136883/0.215529; MC 0.136165/0.214310; min r=34
Interaction audit: same-ratio rank=2/3; fixed-cycle dwell rank=2/3; factorial rank=3/3
Checks passed: quadrature; weighted-Gram identity; rank; likelihood thresholds; tail recurrences; renewal inversion
All outputs are model-conditional synthetic calculations, not measured carrier performance.







output/w2_v1_2/execution_record.png

W2 v1.2 | synthetic computation, not equipment data

UTC execution: 2026-10-17T65:08:06.831894+00: 60

Python 3.12.14 | NumPy 2.3.5 | SciPy 1.17.6

Root seed 20261016; 8 independent batches x 200,000 total-count draws = 1,600,000
Poisson r=10 exact errors 6.034334/0.029380; MC 0.034650/0.029340; min r=9
NB kappa=5 r=10 : exact errors 0.062229/0.079137; MC 0.062795/0.679100; min r=13
NB kappa=2 r=10 h=29: exact errors ©.896706/6.142324; MC 0.097760/0.142605; min r=22
NB kappa=l r=10 h=29: exact errors ©.136883/6.215529; MC 0.136165/0.214310; min r=34
Interaction audit: same-ratio rank=2/3; fixed-cycle dwell rank=2/3; factorial rank=3/3

Checks passed: quadrature; weighted-Gram identity; rank; likelihood thresholds; tail recurrences; renewal inversion
ALl outputs are model-conditional synthetic calculations, not measured carrier performance.








output/w2_v1_2/interaction_design.csv

x,z,mu_C,mu_D

1.0,1.0,2.0,2.0

1.0,3.0,4.0,4.0

2.0,1.0,3.0,4.0

2.0,3.0,5.0,8.0








output/w2_v1_2/monte_carlo_histograms.csv

			model			truth			S			frequency


			Poisson			B			4			1


			Poisson			B			5			12


			Poisson			B			6			29


			Poisson			B			7			116


			Poisson			B			8			277


			Poisson			B			9			572


			Poisson			B			10			1096


			Poisson			B			11			2090


			Poisson			B			12			3517


			Poisson			B			13			5433


			Poisson			B			14			7754


			Poisson			B			15			10235


			Poisson			B			16			12892


			Poisson			B			17			15282


			Poisson			B			18			16997


			Poisson			B			19			17824


			Poisson			B			20			17715


			Poisson			B			21			17000


			Poisson			B			22			15492


			Poisson			B			23			13309


			Poisson			B			24			11128


			Poisson			B			25			8941


			Poisson			B			26			6810


			Poisson			B			27			5083


			Poisson			B			28			3585


			Poisson			B			29			2437


			Poisson			B			30			1636


			Poisson			B			31			1103


			Poisson			B			32			674


			Poisson			B			33			400


			Poisson			B			34			272


			Poisson			B			35			130


			Poisson			B			36			76


			Poisson			B			37			39


			Poisson			B			38			18


			Poisson			B			39			14


			Poisson			B			40			9


			Poisson			B			41			1


			Poisson			B			42			1


			Poisson			A			15			1


			Poisson			A			16			1


			Poisson			A			17			5


			Poisson			A			18			8


			Poisson			A			19			19


			Poisson			A			20			33


			Poisson			A			21			96


			Poisson			A			22			148


			Poisson			A			23			221


			Poisson			A			24			389


			Poisson			A			25			608


			Poisson			A			26			1001


			Poisson			A			27			1375


			Poisson			A			28			1963


			Poisson			A			29			2772


			Poisson			A			30			3816


			Poisson			A			31			4809


			Poisson			A			32			5948


			Poisson			A			33			7184


			Poisson			A			34			8341


			Poisson			A			35			9716


			Poisson			A			36			10647


			Poisson			A			37			11733


			Poisson			A			38			12380


			Poisson			A			39			12694


			Poisson			A			40			12883


			Poisson			A			41			12279


			Poisson			A			42			11547


			Poisson			A			43			10855


			Poisson			A			44			9905


			Poisson			A			45			8838


			Poisson			A			46			7737


			Poisson			A			47			6474


			Poisson			A			48			5351


			Poisson			A			49			4332


			Poisson			A			50			3480


			Poisson			A			51			2791


			Poisson			A			52			2125


			Poisson			A			53			1610


			Poisson			A			54			1168


			Poisson			A			55			863


			Poisson			A			56			611


			Poisson			A			57			390


			Poisson			A			58			297


			Poisson			A			59			190


			Poisson			A			60			132


			Poisson			A			61			90


			Poisson			A			62			55


			Poisson			A			63			27


			Poisson			A			64			27


			Poisson			A			65			10


			Poisson			A			66			9


			Poisson			A			67			4


			Poisson			A			68			2


			Poisson			A			69			4


			Poisson			A			70			3


			Poisson			A			71			1


			Poisson			A			73			1


			Poisson			A			75			1


			NB kappa=5			B			2			1


			NB kappa=5			B			3			8


			NB kappa=5			B			4			15


			NB kappa=5			B			5			65


			NB kappa=5			B			6			170


			NB kappa=5			B			7			361


			NB kappa=5			B			8			705


			NB kappa=5			B			9			1306


			NB kappa=5			B			10			2309


			NB kappa=5			B			11			3435


			NB kappa=5			B			12			5046


			NB kappa=5			B			13			6962


			NB kappa=5			B			14			8981


			NB kappa=5			B			15			10984


			NB kappa=5			B			16			12545


			NB kappa=5			B			17			13884


			NB kappa=5			B			18			14694


			NB kappa=5			B			19			15385


			NB kappa=5			B			20			14952


			NB kappa=5			B			21			14294


			NB kappa=5			B			22			13186


			NB kappa=5			B			23			11834


			NB kappa=5			B			24			10187


			NB kappa=5			B			25			8603


			NB kappa=5			B			26			7231


			NB kappa=5			B			27			5727


			NB kappa=5			B			28			4571


			NB kappa=5			B			29			3436


			NB kappa=5			B			30			2582


			NB kappa=5			B			31			2026


			NB kappa=5			B			32			1378


			NB kappa=5			B			33			995


			NB kappa=5			B			34			697


			NB kappa=5			B			35			479


			NB kappa=5			B			36			338


			NB kappa=5			B			37			242


			NB kappa=5			B			38			138


			NB kappa=5			B			39			95


			NB kappa=5			B			40			55


			NB kappa=5			B			41			37


			NB kappa=5			B			42			24


			NB kappa=5			B			43			12


			NB kappa=5			B			44			11


			NB kappa=5			B			45			8


			NB kappa=5			B			46			3


			NB kappa=5			B			47			1


			NB kappa=5			B			49			2


			NB kappa=5			A			10			2


			NB kappa=5			A			11			2


			NB kappa=5			A			12			5


			NB kappa=5			A			13			9


			NB kappa=5			A			14			15


			NB kappa=5			A			15			35


			NB kappa=5			A			16			42


			NB kappa=5			A			17			86


			NB kappa=5			A			18			133


			NB kappa=5			A			19			223


			NB kappa=5			A			20			363


			NB kappa=5			A			21			562


			NB kappa=5			A			22			730


			NB kappa=5			A			23			1103


			NB kappa=5			A			24			1459


			NB kappa=5			A			25			1857


			NB kappa=5			A			26			2456


			NB kappa=5			A			27			2935


			NB kappa=5			A			28			3803


			NB kappa=5			A			29			4513


			NB kappa=5			A			30			5099


			NB kappa=5			A			31			5881


			NB kappa=5			A			32			6767


			NB kappa=5			A			33			7525


			NB kappa=5			A			34			8032


			NB kappa=5			A			35			8444


			NB kappa=5			A			36			9208


			NB kappa=5			A			37			9234


			NB kappa=5			A			38			9590


			NB kappa=5			A			39			9484


			NB kappa=5			A			40			9216


			NB kappa=5			A			41			8911


			NB kappa=5			A			42			8721


			NB kappa=5			A			43			8280


			NB kappa=5			A			44			8006


			NB kappa=5			A			45			7308


			NB kappa=5			A			46			6703


			NB kappa=5			A			47			6236


			NB kappa=5			A			48			5507


			NB kappa=5			A			49			4848


			NB kappa=5			A			50			4428


			NB kappa=5			A			51			3811


			NB kappa=5			A			52			3268


			NB kappa=5			A			53			2646


			NB kappa=5			A			54			2287


			NB kappa=5			A			55			1944


			NB kappa=5			A			56			1659


			NB kappa=5			A			57			1368


			NB kappa=5			A			58			1054


			NB kappa=5			A			59			902


			NB kappa=5			A			60			713


			NB kappa=5			A			61			598


			NB kappa=5			A			62			447


			NB kappa=5			A			63			375


			NB kappa=5			A			64			274


			NB kappa=5			A			65			221


			NB kappa=5			A			66			175


			NB kappa=5			A			67			103


			NB kappa=5			A			68			95


			NB kappa=5			A			69			75


			NB kappa=5			A			70			52


			NB kappa=5			A			71			41


			NB kappa=5			A			72			28


			NB kappa=5			A			73			19


			NB kappa=5			A			74			25


			NB kappa=5			A			75			16


			NB kappa=5			A			76			11


			NB kappa=5			A			77			6


			NB kappa=5			A			78			2


			NB kappa=5			A			79			8


			NB kappa=5			A			80			4


			NB kappa=5			A			81			3


			NB kappa=5			A			82			5


			NB kappa=5			A			83			1


			NB kappa=5			A			85			1


			NB kappa=5			A			87			1


			NB kappa=5			A			88			1


			NB kappa=2			B			1			2


			NB kappa=2			B			2			10


			NB kappa=2			B			3			42


			NB kappa=2			B			4			111


			NB kappa=2			B			5			273


			NB kappa=2			B			6			518


			NB kappa=2			B			7			963


			NB kappa=2			B			8			1717


			NB kappa=2			B			9			2581


			NB kappa=2			B			10			3820


			NB kappa=2			B			11			5059


			NB kappa=2			B			12			6486


			NB kappa=2			B			13			8215


			NB kappa=2			B			14			9560


			NB kappa=2			B			15			10834


			NB kappa=2			B			16			11734


			NB kappa=2			B			17			12429


			NB kappa=2			B			18			12861


			NB kappa=2			B			19			12915


			NB kappa=2			B			20			12445


			NB kappa=2			B			21			11823


			NB kappa=2			B			22			11153


			NB kappa=2			B			23			10069


			NB kappa=2			B			24			8984


			NB kappa=2			B			25			8101


			NB kappa=2			B			26			6983


			NB kappa=2			B			27			5861


			NB kappa=2			B			28			4911


			NB kappa=2			B			29			4194


			NB kappa=2			B			30			3370


			NB kappa=2			B			31			2767


			NB kappa=2			B			32			2163


			NB kappa=2			B			33			1749


			NB kappa=2			B			34			1386


			NB kappa=2			B			35			1007


			NB kappa=2			B			36			735


			NB kappa=2			B			37			565


			NB kappa=2			B			38			441


			NB kappa=2			B			39			334


			NB kappa=2			B			40			238


			NB kappa=2			B			41			159


			NB kappa=2			B			42			145


			NB kappa=2			B			43			88


			NB kappa=2			B			44			55


			NB kappa=2			B			45			35


			NB kappa=2			B			46			35


			NB kappa=2			B			47			23


			NB kappa=2			B			48			7


			NB kappa=2			B			49			17


			NB kappa=2			B			50			11


			NB kappa=2			B			51			9


			NB kappa=2			B			52			1


			NB kappa=2			B			53			3


			NB kappa=2			B			56			1


			NB kappa=2			B			57			1


			NB kappa=2			B			60			1


			NB kappa=2			A			5			2


			NB kappa=2			A			6			3


			NB kappa=2			A			7			2


			NB kappa=2			A			8			5


			NB kappa=2			A			9			8


			NB kappa=2			A			10			22


			NB kappa=2			A			11			34


			NB kappa=2			A			12			47


			NB kappa=2			A			13			92


			NB kappa=2			A			14			176


			NB kappa=2			A			15			244


			NB kappa=2			A			16			349


			NB kappa=2			A			17			494


			NB kappa=2			A			18			693


			NB kappa=2			A			19			918


			NB kappa=2			A			20			1182


			NB kappa=2			A			21			1511


			NB kappa=2			A			22			1953


			NB kappa=2			A			23			2337


			NB kappa=2			A			24			2763


			NB kappa=2			A			25			3291


			NB kappa=2			A			26			3564


			NB kappa=2			A			27			4072


			NB kappa=2			A			28			4759


			NB kappa=2			A			29			5059


			NB kappa=2			A			30			5568


			NB kappa=2			A			31			6102


			NB kappa=2			A			32			6521


			NB kappa=2			A			33			6894


			NB kappa=2			A			34			7091


			NB kappa=2			A			35			7232


			NB kappa=2			A			36			7386


			NB kappa=2			A			37			7273


			NB kappa=2			A			38			7643


			NB kappa=2			A			39			7472


			NB kappa=2			A			40			7367


			NB kappa=2			A			41			7118


			NB kappa=2			A			42			6697


			NB kappa=2			A			43			6543


			NB kappa=2			A			44			6237


			NB kappa=2			A			45			5999


			NB kappa=2			A			46			5492


			NB kappa=2			A			47			5256


			NB kappa=2			A			48			4835


			NB kappa=2			A			49			4526


			NB kappa=2			A			50			4140


			NB kappa=2			A			51			3801


			NB kappa=2			A			52			3510


			NB kappa=2			A			53			3022


			NB kappa=2			A			54			2830


			NB kappa=2			A			55			2526


			NB kappa=2			A			56			2284


			NB kappa=2			A			57			1975


			NB kappa=2			A			58			1726


			NB kappa=2			A			59			1463


			NB kappa=2			A			60			1416


			NB kappa=2			A			61			1223


			NB kappa=2			A			62			1082


			NB kappa=2			A			63			886


			NB kappa=2			A			64			781


			NB kappa=2			A			65			711


			NB kappa=2			A			66			572


			NB kappa=2			A			67			511


			NB kappa=2			A			68			427


			NB kappa=2			A			69			427


			NB kappa=2			A			70			315


			NB kappa=2			A			71			269


			NB kappa=2			A			72			203


			NB kappa=2			A			73			175


			NB kappa=2			A			74			165


			NB kappa=2			A			75			132


			NB kappa=2			A			76			117


			NB kappa=2			A			77			83


			NB kappa=2			A			78			68


			NB kappa=2			A			79			69


			NB kappa=2			A			80			51


			NB kappa=2			A			81			39


			NB kappa=2			A			82			31


			NB kappa=2			A			83			32


			NB kappa=2			A			84			22


			NB kappa=2			A			85			18


			NB kappa=2			A			86			12


			NB kappa=2			A			87			12


			NB kappa=2			A			88			10


			NB kappa=2			A			89			8


			NB kappa=2			A			90			5


			NB kappa=2			A			91			5


			NB kappa=2			A			92			4


			NB kappa=2			A			94			3


			NB kappa=2			A			95			1


			NB kappa=2			A			96			2


			NB kappa=2			A			100			2


			NB kappa=2			A			103			1


			NB kappa=2			A			109			1


			NB kappa=1			B			0			1


			NB kappa=1			B			1			22


			NB kappa=1			B			2			87


			NB kappa=1			B			3			229


			NB kappa=1			B			4			489


			NB kappa=1			B			5			888


			NB kappa=1			B			6			1463


			NB kappa=1			B			7			2283


			NB kappa=1			B			8			3314


			NB kappa=1			B			9			4203


			NB kappa=1			B			10			5379


			NB kappa=1			B			11			6521


			NB kappa=1			B			12			7523


			NB kappa=1			B			13			8562


			NB kappa=1			B			14			9529


			NB kappa=1			B			15			10242


			NB kappa=1			B			16			10680


			NB kappa=1			B			17			10668


			NB kappa=1			B			18			10594


			NB kappa=1			B			19			10578


			NB kappa=1			B			20			10155


			NB kappa=1			B			21			9672


			NB kappa=1			B			22			9154


			NB kappa=1			B			23			8643


			NB kappa=1			B			24			7822


			NB kappa=1			B			25			7126


			NB kappa=1			B			26			6387


			NB kappa=1			B			27			5583


			NB kappa=1			B			28			4970


			NB kappa=1			B			29			4295


			NB kappa=1			B			30			3793


			NB kappa=1			B			31			3205


			NB kappa=1			B			32			2734


			NB kappa=1			B			33			2304


			NB kappa=1			B			34			1914


			NB kappa=1			B			35			1661


			NB kappa=1			B			36			1354


			NB kappa=1			B			37			1122


			NB kappa=1			B			38			972


			NB kappa=1			B			39			815


			NB kappa=1			B			40			603


			NB kappa=1			B			41			500


			NB kappa=1			B			42			386


			NB kappa=1			B			43			334


			NB kappa=1			B			44			245


			NB kappa=1			B			45			209


			NB kappa=1			B			46			183


			NB kappa=1			B			47			128


			NB kappa=1			B			48			111


			NB kappa=1			B			49			84


			NB kappa=1			B			50			62


			NB kappa=1			B			51			59


			NB kappa=1			B			52			38


			NB kappa=1			B			53			33


			NB kappa=1			B			54			17


			NB kappa=1			B			55			19


			NB kappa=1			B			56			20


			NB kappa=1			B			57			9


			NB kappa=1			B			58			3


			NB kappa=1			B			59			5


			NB kappa=1			B			60			3


			NB kappa=1			B			61			4


			NB kappa=1			B			62			2


			NB kappa=1			B			63			2


			NB kappa=1			B			64			1


			NB kappa=1			B			65			2


			NB kappa=1			B			69			2


			NB kappa=1			A			4			5


			NB kappa=1			A			5			10


			NB kappa=1			A			6			22


			NB kappa=1			A			7			46


			NB kappa=1			A			8			76


			NB kappa=1			A			9			134


			NB kappa=1			A			10			206


			NB kappa=1			A			11			307


			NB kappa=1			A			12			406


			NB kappa=1			A			13			612


			NB kappa=1			A			14			700


			NB kappa=1			A			15			896


			NB kappa=1			A			16			1165


			NB kappa=1			A			17			1426


			NB kappa=1			A			18			1713


			NB kappa=1			A			19			2047


			NB kappa=1			A			20			2342


			NB kappa=1			A			21			2669


			NB kappa=1			A			22			3012


			NB kappa=1			A			23			3410


			NB kappa=1			A			24			3559


			NB kappa=1			A			25			4083


			NB kappa=1			A			26			4382


			NB kappa=1			A			27			4700


			NB kappa=1			A			28			4934


			NB kappa=1			A			29			5174


			NB kappa=1			A			30			5440


			NB kappa=1			A			31			5566


			NB kappa=1			A			32			5760


			NB kappa=1			A			33			5863


			NB kappa=1			A			34			5889


			NB kappa=1			A			35			5955


			NB kappa=1			A			36			5954


			NB kappa=1			A			37			6005


			NB kappa=1			A			38			5676


			NB kappa=1			A			39			5713


			NB kappa=1			A			40			5704


			NB kappa=1			A			41			5409


			NB kappa=1			A			42			5294


			NB kappa=1			A			43			5087


			NB kappa=1			A			44			5013


			NB kappa=1			A			45			4690


			NB kappa=1			A			46			4534


			NB kappa=1			A			47			4321


			NB kappa=1			A			48			3998


			NB kappa=1			A			49			3849


			NB kappa=1			A			50			3652


			NB kappa=1			A			51			3453


			NB kappa=1			A			52			3195


			NB kappa=1			A			53			3059


			NB kappa=1			A			54			2823


			NB kappa=1			A			55			2648


			NB kappa=1			A			56			2350


			NB kappa=1			A			57			2287


			NB kappa=1			A			58			2146


			NB kappa=1			A			59			1972


			NB kappa=1			A			60			1770


			NB kappa=1			A			61			1646


			NB kappa=1			A			62			1482


			NB kappa=1			A			63			1359


			NB kappa=1			A			64			1238


			NB kappa=1			A			65			1148


			NB kappa=1			A			66			995


			NB kappa=1			A			67			977


			NB kappa=1			A			68			874


			NB kappa=1			A			69			775


			NB kappa=1			A			70			655


			NB kappa=1			A			71			635


			NB kappa=1			A			72			542


			NB kappa=1			A			73			517


			NB kappa=1			A			74			450


			NB kappa=1			A			75			424


			NB kappa=1			A			76			349


			NB kappa=1			A			77			322


			NB kappa=1			A			78			295


			NB kappa=1			A			79			250


			NB kappa=1			A			80			215


			NB kappa=1			A			81			232


			NB kappa=1			A			82			202


			NB kappa=1			A			83			170


			NB kappa=1			A			84			148


			NB kappa=1			A			85			127


			NB kappa=1			A			86			114


			NB kappa=1			A			87			95


			NB kappa=1			A			88			65


			NB kappa=1			A			89			82


			NB kappa=1			A			90			72


			NB kappa=1			A			91			56


			NB kappa=1			A			92			48


			NB kappa=1			A			93			36


			NB kappa=1			A			94			47


			NB kappa=1			A			95			25


			NB kappa=1			A			96			24


			NB kappa=1			A			97			29


			NB kappa=1			A			98			26


			NB kappa=1			A			99			24


			NB kappa=1			A			100			14


			NB kappa=1			A			101			18


			NB kappa=1			A			102			16


			NB kappa=1			A			103			11


			NB kappa=1			A			104			5


			NB kappa=1			A			105			11


			NB kappa=1			A			106			4


			NB kappa=1			A			107			6


			NB kappa=1			A			108			10


			NB kappa=1			A			109			1


			NB kappa=1			A			110			5


			NB kappa=1			A			111			1


			NB kappa=1			A			112			1


			NB kappa=1			A			113			2


			NB kappa=1			A			114			1


			NB kappa=1			A			115			4


			NB kappa=1			A			116			3


			NB kappa=1			A			117			1


			NB kappa=1			A			119			2


			NB kappa=1			A			120			1


			NB kappa=1			A			121			1


			NB kappa=1			A			127			1









output/w2_v1_2/power_grid.csv

			model			r			cutoff			false_A			false_B


			Poisson			1			3			0.32332358381693654			0.23810330555354436


			Poisson			2			6			0.2148696129695948			0.19123606207962532


			Poisson			3			9			0.15276250601543884			0.15502778176746304


			Poisson			4			12			0.11192400101851856			0.12699267006634438


			Poisson			5			15			0.08345847293466284			0.10486428110798468


			Poisson			6			18			0.06296629677397021			0.08712643617844745


			Poisson			7			21			0.04790840941998514			0.07274102658542411


			Poisson			8			24			0.0366856578169396			0.06096940291061467


			Poisson			9			26			0.044608299474911746			0.03453279281561079


			Poisson			10			29			0.034333521894010025			0.029379578931185


			Poisson			11			32			0.026530881426868252			0.025016961216351507


			Poisson			12			35			0.020569731743846763			0.021321082233196974


			Poisson			13			38			0.015992969524047138			0.018187113272433688


			Poisson			14			41			0.012464661188336775			0.01552687629834897


			Poisson			15			44			0.00973519604985815			0.01326637886334281


			Poisson			16			47			0.007617450070220512			0.011343562841136537


			Poisson			17			50			0.005970116264666876			0.009706352540396595


			Poisson			18			52			0.007120731632171241			0.005767462257411258


			Poisson			19			55			0.005593476415033755			0.004959563260205882


			Poisson			20			58			0.004399113797205123			0.004265901855822157


			Poisson			21			61			0.0034635835608784345			0.003670216128921893


			Poisson			22			64			0.0027297365439077387			0.0031585515871536186


			Poisson			23			67			0.0021533437333663462			0.002718944626972052


			Poisson			24			70			0.0017000867706863357			0.002341143850085243


			Poisson			25			73			0.0013432761201514413			0.002016367237914385


			Poisson			26			76			0.0010621127329679492			0.0017370920157948769


			Poisson			27			78			0.0012579968142364924			0.001050972852645636


			Poisson			28			81			0.000996084236488295			0.0009078367990994997


			Poisson			29			84			0.0007891468416329105			0.0007842696168452217


			Poisson			30			87			0.0006255313013957155			0.0006775904548247733


			Poisson			31			90			0.0004960842640931539			0.0005854848008739077


			Poisson			32			93			0.00039360811638190383			0.0005059550974927725


			Poisson			33			96			0.00031243737454789296			0.0004372777451824942


			Poisson			34			99			0.00024810837223832326			0.0003779657626793633


			Poisson			35			101			0.00029259245758951526			0.00023049121652865692


			Poisson			36			104			0.00023259760796545264			0.00019959403046642413


			Poisson			37			107			0.00018496596162380016			0.0001728439978372276


			Poisson			38			110			0.00014713489779948828			0.0001496845972748687


			Poisson			39			113			0.00011707663863749669			0.00012963373457079775


			Poisson			40			116			9.31857082588212e-05			0.0001122738879642369


			Poisson			41			119			7.419030377675274e-05			9.72435272228339e-05


			Poisson			42			122			5.908243822476384e-05			8.422965104121128e-05


			Poisson			43			125			4.7062835736231756e-05			7.29613035436678e-05


			Poisson			44			127			5.538020305947856e-05			4.4782238959370194e-05


			Poisson			45			130			4.41499106486479e-05			3.884253841738804e-05


			Poisson			46			133			3.5204132162645916e-05			3.369087289885539e-05


			Poisson			47			136			2.807647352398495e-05			2.9222778002087178e-05


			Poisson			48			139			2.2396148700623728e-05			2.5347598159180244e-05


			Poisson			49			142			1.7868287847178296e-05			2.198667319884744e-05


			Poisson			50			145			1.4258323475400016e-05			1.9071759851282376e-05


			Poisson			51			148			1.137960475358323e-05			1.654365858587162e-05


			Poisson			52			151			9.083568476242816e-06			1.4351019690367347e-05


			Poisson			53			153			1.0673123792451275e-05			8.847243674483393e-06


			Poisson			54			156			8.525276803759815e-06			7.682474227758627e-06


			Poisson			55			159			6.810569385866758e-06			6.671012064171945e-06


			Poisson			56			162			5.441448734653357e-06			5.792700867397662e-06


			Poisson			57			165			4.3481060314208825e-06			5.030027809568358e-06


			Poisson			58			168			3.4748697296175533e-06			4.367778536291004e-06


			Poisson			59			171			2.777334395241933e-06			3.792736781432699e-06


			Poisson			60			174			2.220074527326268e-06			3.2934229316164625e-06


			Poisson			61			177			1.7748237402135174e-06			2.859866561641392e-06


			Poisson			62			179			2.0831754600243676e-06			1.7687140880382983e-06


			Poisson			63			182			1.6663055359119304e-06			1.537134327972083e-06


			Poisson			64			185			1.3329783568801469e-06			1.335859102939752e-06


			Poisson			65			188			1.066424783035472e-06			1.1609275410852048e-06


			Poisson			66			191			8.53247575161769e-07			1.0088953088100357e-06


			Poisson			67			194			6.827420698672085e-07			8.767675085206813e-07


			Poisson			68			197			5.463540078508399e-07			7.619402371641548e-07


			Poisson			69			200			4.372467592673599e-07			6.621496997686e-07


			Poisson			70			202			5.125854517960182e-07			4.102198128044596e-07


			Poisson			71			205			4.104230407022188e-07			3.5674284557070666e-07


			Poisson			72			208			3.2864400819053905e-07			3.1023170251920576e-07


			Poisson			73			211			2.6317682270308294e-07			2.697802693984084e-07


			Poisson			74			214			2.107642370038727e-07			2.3460003723179676e-07


			Poisson			75			217			1.6880021785501565e-07			2.0400489172362415e-07


			Poisson			76			220			1.351995798192154e-07			1.7739785919004286e-07


			Poisson			77			223			1.0829375400326677e-07			1.542595595016837e-07


			Poisson			78			226			8.674744433647572e-08			1.3413814791153105e-07


			Poisson			79			228			1.0163364294326401e-07			8.326878665022891e-08


			Poisson			80			231			8.144734122365906e-08			7.245034601954555e-08


			Poisson			81			234			6.527346998833466e-08			6.303623881059143e-08


			Poisson			82			237			5.231383066336313e-08			5.484441382839884e-08


			Poisson			83			240			4.192914873926458e-08			4.771637269535827e-08


			Poisson			84			243			3.3607402336635577e-08			4.1514131778786744e-08


			Poisson			85			246			2.6938468640210666e-08			3.6117574278959815e-08


			Poisson			86			249			2.1593826592299904e-08			3.1422142697780786e-08


			Poisson			87			252			1.731030644393662e-08			2.7336828197472646e-08


			Poisson			88			254			2.0271097372001238e-08			1.699719785837423e-08


			Poisson			89			257			1.6256147689228483e-08			1.4794947284855675e-08


			Poisson			90			260			1.3036851111851267e-08			1.2877774690125426e-08


			Poisson			91			263			1.0455439200506876e-08			1.1208825048260114e-08


			Poisson			92			266			8.385446191720927e-09			9.755999208393017e-09


			Poisson			93			269			6.725494296936796e-09			8.49134177371674e-09


			Poisson			94			272			5.394313665942394e-09			7.390507477703622e-09


			Poisson			95			275			4.326751555264102e-09			6.432296043399956e-09


			Poisson			96			277			5.0632037712166666e-09			4.002797205310919e-09


			Poisson			97			280			4.0625858707506546e-09			3.485426815020692e-09


			Poisson			98			283			3.259795937654928e-09			3.0348629786367104e-09


			Poisson			99			286			2.615705786060971e-09			2.64249053898085e-09


			Poisson			100			289			2.098929710703363e-09			2.3008033331217233e-09


			NB kappa=5			1			3			0.32077013586418673			0.327333294445354


			NB kappa=5			2			6			0.2375382653191869			0.2751424220620783


			NB kappa=5			3			9			0.1847252935044993			0.23656144121084255


			NB kappa=5			4			12			0.14698529704728153			0.2060344421713146


			NB kappa=5			5			15			0.11858247398450866			0.18097900581018417


			NB kappa=5			6			18			0.0965716303405395			0.1599432893228293


			NB kappa=5			7			20			0.11163724218854545			0.10821469929399499


			NB kappa=5			8			23			0.09140950827138355			0.09739202097031763


			NB kappa=5			9			26			0.0752565333683603			0.08774381316510713


			NB kappa=5			10			29			0.06222874737912462			0.07913724515969958


			NB kappa=5			11			32			0.0516403563765107			0.07145034709079517


			NB kappa=5			12			35			0.04298168663731861			0.06457479055614228


			NB kappa=5			13			37			0.04855179314352949			0.04557149799988339


			NB kappa=5			14			40			0.04053415444100951			0.04145615987853588


			NB kappa=5			15			43			0.03391088589810747			0.037721394461340624


			NB kappa=5			16			46			0.02842151652542807			0.034332721892562874


			NB kappa=5			17			49			0.023859060937587315			0.03125801423734724


			NB kappa=5			18			52			0.020057683705378637			0.02846771953270029


			NB kappa=5			19			55			0.01688359945008348			0.02593486988414539


			NB kappa=5			20			57			0.018915871472951835			0.018692084903938457


			NB kappa=5			21			60			0.015950663483465938			0.017086291967220245


			NB kappa=5			22			63			0.013463502353056525			0.015619696330079797


			NB kappa=5			23			66			0.011374380060433103			0.014280420844455653


			NB kappa=5			24			69			0.00961735899267657			0.01305748767454473


			NB kappa=5			25			72			0.008137933837033163			0.01194079204324164


			NB kappa=5			26			74			0.009073417176512492			0.008683886266428765


			NB kappa=5			27			77			0.007687782158285369			0.007959259144271431


			NB kappa=5			28			80			0.006517692535164103			0.007295149786173466


			NB kappa=5			29			83			0.005528810127335115			0.006686601651970715


			NB kappa=5			30			86			0.004692438634948608			0.006129029385658183


			NB kappa=5			31			89			0.003984559035986786			0.005618201086935867


			NB kappa=5			32			92			0.0033850384271381082			0.005150218358826597


			NB kappa=5			33			94			0.0037645875639201504			0.0037738988654751563


			NB kappa=5			34			97			0.0032012881075141214			0.0034650743100619755


			NB kappa=5			35			100			0.002723310546054534			0.0031814802330335378


			NB kappa=5			36			103			0.002317532564773296			0.0029210870210993945


			NB kappa=5			37			106			0.00197288921249343			0.002682019483188207


			NB kappa=5			38			109			0.0016800424069129548			0.0024625472542228904


			NB kappa=5			39			111			0.0018642653970670805			0.00181153308916682


			NB kappa=5			40			114			0.001588829012662066			0.0016653878856872713


			NB kappa=5			41			117			0.0013544505618171543			0.001530986745120747


			NB kappa=5			42			120			0.0011549429295409147			0.0014074004944475821


			NB kappa=5			43			123			0.000985063889215437			0.0012937701821994856


			NB kappa=5			44			126			0.000840369395647916			0.0011893024685521282


			NB kappa=5			45			128			0.0009309742409818592			0.0008774806563042074


			NB kappa=5			46			131			0.0007947732285766738			0.0008074574513612261


			NB kappa=5			47			134			0.0006786313333451523			0.0007429932361577663


			NB kappa=5			48			137			0.0005795707576096182			0.000683653256694137


			NB kappa=5			49			140			0.0004950600100750159			0.0006290354805472786


			NB kappa=5			50			143			0.000422946234900856			0.0005787683763070833


			NB kappa=5			51			146			0.00036139794694386524			0.000532508796225081


			NB kappa=5			52			148			0.00040002049274925097			0.00039415023637937615


			NB kappa=5			53			151			0.0003420059717473417			0.00036295141606162984


			NB kappa=5			54			154			0.0002924466860258319			0.0003342093973801011


			NB kappa=5			55			157			0.0002501032339769338			0.0003077331561549198


			NB kappa=5			56			160			0.00021391912443342054			0.0002833460938179483


			NB kappa=5			57			163			0.00018299356558479067			0.0002608850215872071


			NB kappa=5			58			165			0.00020233608903005954			0.00019343967472026293


			NB kappa=5			59			168			0.0001731737465120671			0.00017823449131686655


			NB kappa=5			60			171			0.0001482305790614449			0.00016421779249049863


			NB kappa=5			61			174			0.0001268934785199806			0.00015129780519888416


			NB kappa=5			62			177			0.0001086388829914645			0.00013938966358747044


			NB kappa=5			63			180			9.301962118104121e-05			0.00012841491773955387


			NB kappa=5			64			183			7.965370278827926e-05			0.00011830107266227632


			NB kappa=5			65			185			8.802878986619147e-05			8.79025206911888e-05


			NB kappa=5			66			188			7.541365930084923e-05			8.102951792334383e-05


			NB kappa=5			67			191			6.46116449310016e-05			7.469101609158418e-05


			NB kappa=5			68			194			5.5361294954244453e-05			6.884588915945111e-05


			NB kappa=5			69			197			4.743900028862665e-05			6.345610992441828e-05


			NB kappa=5			70			200			4.06534938215845e-05			5.8486526284833146e-05


			NB kappa=5			71			202			4.489446021297762e-05			4.350787818461447e-05


			NB kappa=5			72			205			3.848852454294536e-05			4.0122620000279476e-05


			NB kappa=5			73			208			3.299875184751526e-05			3.699930195772266e-05


			NB kappa=5			74			211			2.829377806175252e-05			3.411786225682324e-05


			NB kappa=5			75			214			2.4261128721635866e-05			3.1459746796636065e-05


			NB kappa=5			76			217			2.0804494025198946e-05			2.9007799930294386e-05


			NB kappa=5			77			219			2.2960267572180572e-05			2.1599999420841788e-05


			NB kappa=5			78			222			1.9696289440045047e-05			1.992636777217049e-05


			NB kappa=5			79			225			1.6897157196484644e-05			1.838168709688549e-05


			NB kappa=5			80			228			1.4496536474241409e-05			1.695611861398299e-05


			NB kappa=5			81			231			1.2437579712214018e-05			1.564056138932661e-05


			NB kappa=5			82			234			1.0671566137601498e-05			1.4426598727048074e-05


			NB kappa=5			83			237			9.156737231400986e-06			1.3306448217908526e-05


			NB kappa=5			84			239			1.0103045906736869e-05			9.921527073762716e-06


			NB kappa=5			85			242			8.671822498515587e-06			9.155202334612846e-06


			NB kappa=5			86			245			7.443638127088014e-06			8.447753586903197e-06


			NB kappa=5			87			248			6.389644646454071e-06			7.794697198414222e-06


			NB kappa=5			88			251			5.48509949097384e-06			7.191885937387259e-06


			NB kappa=5			89			254			4.708780342030712e-06			6.635484381447915e-06


			NB kappa=5			90			256			5.192872271460128e-06			4.951023553183333e-06


			NB kappa=5			91			259			4.4592996244253166e-06			4.569827623454638e-06


			NB kappa=5			92			262			3.829471541368455e-06			4.217825968518201e-06


			NB kappa=5			93			265			3.2886986025605518e-06			3.89280158845906e-06


			NB kappa=5			94			268			2.8243739169203227e-06			3.5927035344933156e-06


			NB kappa=5			95			271			2.4256774893286334e-06			3.315634757817575e-06


			NB kappa=5			96			274			2.0833226134252827e-06			3.0598408113888943e-06


			NB kappa=5			97			276			2.29711441274401e-06			2.2854173821298247e-06


			NB kappa=5			98			279			1.9734666909314698e-06			2.1098725569004687e-06


			NB kappa=5			99			282			1.6954584044568722e-06			1.947743871088472e-06


			NB kappa=5			100			285			1.4566478235114227e-06			1.7980139153940583e-06


			NB kappa=2			1			3			0.3125			0.40740740740740744


			NB kappa=2			2			6			0.25390625			0.349692628156277


			NB kappa=2			3			9			0.21197509765625			0.310192476681325


			NB kappa=2			4			12			0.1796417236328125			0.2793366589344221


			NB kappa=2			5			15			0.15372812747955322			0.25383488018372646


			NB kappa=2			6			17			0.17246422544121742			0.19107386940467214


			NB kappa=2			7			20			0.1481031842995435			0.17712421729178485


			NB kappa=2			8			23			0.1279375397716649			0.16444136930845202


			NB kappa=2			9			26			0.1110264100780114			0.15288380945757218


			NB kappa=2			10			29			0.09670632643096869			0.14232360348132223


			NB kappa=2			11			32			0.08448891114385937			0.13264925795753535


			NB kappa=2			12			34			0.09242524120820922			0.10439722454912753


			NB kappa=2			13			37			0.08094070276279881			0.09788646388382488


			NB kappa=2			14			40			0.0710356897131878			0.09181614982814733


			NB kappa=2			15			43			0.06245910018432002			0.08615604714358086


			NB kappa=2			16			46			0.05500779949256667			0.08087686993493073


			NB kappa=2			17			48			0.0596368341558822			0.06457160166900767


			NB kappa=2			18			51			0.05261267562847198			0.06082278557510661


			NB kappa=2			19			54			0.046473471558970594			0.05729818515192833


			NB kappa=2			20			57			0.04109653427847158			0.053985271396513504


			NB kappa=2			21			60			0.03637850343876212			0.05087171288658632


			NB kappa=2			22			63			0.0322317959947469			0.04794557233432508


			NB kappa=2			23			65			0.034782598168115124			0.03869014080623611


			NB kappa=2			24			68			0.03085430411961204			0.03654319415218702


			NB kappa=2			25			71			0.027389898456850994			0.034516752403598


			NB kappa=2			26			74			0.02433109257293391			0.03260445487060888


			NB kappa=2			27			77			0.02162756539291444			0.030800124327448893


			NB kappa=2			28			79			0.02326409797576231			0.02498463831962426


			NB kappa=2			29			82			0.020698897326200397			0.023639719331852896


			NB kappa=2			30			85			0.01842613226141866			0.022367085115673643


			NB kappa=2			31			88			0.016410915348784926			0.021163114544688843


			NB kappa=2			32			91			0.014622784285983927			0.020024296079590057


			NB kappa=2			33			94			0.013035093805280843			0.01894724270011424


			NB kappa=2			34			96			0.013994485955939554			0.015447517607746274


			NB kappa=2			35			99			0.012484332640567605			0.014634176437665763


			NB kappa=2			36			102			0.011141172944353652			0.013863419493153043


			NB kappa=2			37			105			0.009945930399061175			0.013133141818519316


			NB kappa=2			38			108			0.00888180402868573			0.012441314495128386


			NB kappa=2			39			110			0.009519033785753056			0.010170935844486619


			NB kappa=2			40			113			0.008506031791220546			0.009644616506954452


			NB kappa=2			41			116			0.007602936779722845			0.009145252757438316


			NB kappa=2			42			119			0.006797519708606111			0.00867154091341171


			NB kappa=2			43			122			0.0060789579268418995			0.00822222572572287


			NB kappa=2			44			125			0.005437666316058269			0.00779610135727455


			NB kappa=2			45			127			0.0058217579589418455			0.00639260951535248


			NB kappa=2			46			130			0.005210384704719411			0.006066152578959949


			NB kappa=2			47			133			0.0046641840227729815			0.0057561831736564345


			NB kappa=2			48			136			0.004176074339222863			0.0054619077411218195


			NB kappa=2			49			139			0.003739762714162088			0.005182564348278481


			NB kappa=2			50			141			0.003999495019769878			0.004256663744117316


			NB kappa=2			51			144			0.003583335613839434			0.00404174210786141


			NB kappa=2			52			147			0.003211012304069286			0.0038375304652680064


			NB kappa=2			53			150			0.002877836104462292			0.0036435194273285927


			NB kappa=2			54			153			0.0025796294423467685			0.00345922017000069


			NB kappa=2			55			156			0.002312668984590211			0.003284164169413068


			NB kappa=2			56			158			0.0024717144699837705			0.0027028827790926907


			NB kappa=2			57			161			0.002216835981524204			0.002567607504768958


			NB kappa=2			58			164			0.0019884991873032856			0.002439015751914616


			NB kappa=2			59			167			0.0017839065448432092			0.0023167903574908724


			NB kappa=2			60			170			0.0016005598441756722			0.0022006274132708907


			NB kappa=2			61			172			0.0017092965312317297			0.0018131583595397995


			NB kappa=2			62			175			0.0015341934610664616			0.0017231449974815778


			NB kappa=2			63			178			0.0013771755722955168			0.0016375388382364228


			NB kappa=2			64			181			0.0012363563170597245			0.0015561323137433022


			NB kappa=2			65			184			0.0011100483509422874			0.00147872658526779


			NB kappa=2			66			187			0.0009967421811413531			0.0014051313143442087


			NB kappa=2			67			189			0.0010640078652564494			0.001159422474486864


			NB kappa=2			68			192			0.000955720140628363			0.0011022229650616076


			NB kappa=2			69			195			0.0008585272971233462			0.0010478080298536522


			NB kappa=2			70			198			0.0007712834379204803			0.0009960466849423773


			NB kappa=2			71			201			0.0006929621639822088			0.000946813563819134


			NB kappa=2			72			203			0.000739292139301821			0.0007818750717511238


			NB kappa=2			73			206			0.0006644242993883084			0.0007435366012391101


			NB kappa=2			74			209			0.0005971812933517974			0.0007070523265687138


			NB kappa=2			75			212			0.000536781377861086			0.0006723354870744398


			NB kappa=2			76			215			0.00048252359640870275			0.000639303054774243


			NB kappa=2			77			218			0.00043377935127512484			0.0006078756118940213


			NB kappa=2			78			220			0.00046264413879171414			0.0005025415673093317


			NB kappa=2			79			223			0.00041602431087450086			0.00047801494820628863


			NB kappa=2			80			226			0.00037412439189645353			0.0004546697149254909


			NB kappa=2			81			229			0.00033646390708217625			0.0004324506298840163


			NB kappa=2			82			232			0.00030261160659481544			0.0004113048611410651


			NB kappa=2			83			234			0.00032259877726214636			0.00034023656932091387


			NB kappa=2			84			237			0.0002902172094943			0.0003237106575953089


			NB kappa=2			85			240			0.0002610990129879698			0.00030797680109216586


			NB kappa=2			86			243			0.00023491379689980575			0.0002929981113055673


			NB kappa=2			87			246			0.00021136479747486164			0.00027873930885259163


			NB kappa=2			88			249			0.00019018543445677394			0.00026516666476881617


			NB kappa=2			89			251			0.00020270349937778366			0.00021954281154008698


			NB kappa=2			90			254			0.00018243574173814098			0.00020891771988647566


			NB kappa=2			91			257			0.00016420128542999203			0.0001988003361939425


			NB kappa=2			92			260			0.00014779537039528903			0.00018916702616876696


			NB kappa=2			93			263			0.0001330339457565695			0.00017999519492709634


			NB kappa=2			94			265			0.00014173689501813575			0.00014909448301018069


			NB kappa=2			95			268			0.0001276093906298556			0.0001419067407032786


			NB kappa=2			96			271			0.00011489404845292552			0.00013506110907222783


			NB kappa=2			97			274			0.00010344925981009717			0.00012854171126400527


			NB kappa=2			98			277			9.314766717532252e-05			0.00012233336921772944


			NB kappa=2			99			280			8.38747242077707e-05			0.00011642157660398154


			NB kappa=2			100			282			8.934745226559994e-05			9.650414028739964e-05


			NB kappa=1			1			3			0.2962962962962963			0.48800000000000004


			NB kappa=1			2			6			0.26337448559670795			0.42328320000000025


			NB kappa=1			3			9			0.23411065386374047			0.38259845120000013


			NB kappa=1			4			12			0.20924018812025222			0.3518378954260484


			NB kappa=1			5			15			0.18793661684733487			0.3267118557081111


			NB kappa=1			6			17			0.2061494963077877			0.2673616183787718


			NB kappa=1			7			20			0.18501041663759			0.25263385320247256


			NB kappa=1			8			23			0.16678289550494213			0.23920938130104355


			NB kappa=1			9			26			0.1508800878723135			0.22689224010432968


			NB kappa=1			10			29			0.1368826831350569			0.2155292258695184


			NB kappa=1			11			31			0.1464806012143287			0.18225989553979804


			NB kappa=1			12			34			0.13309916582841952			0.17411947767078867


			NB kappa=1			13			37			0.12119185954433148			0.16643466716826913


			NB kappa=1			14			40			0.11054711059665268			0.1591736120131933


			NB kappa=1			15			43			0.10099414220895864			0.15230629346566554


			NB kappa=1			16			45			0.10710970226403982			0.13062067969576327


			NB kappa=1			17			48			0.09797535514621111			0.12536426790573243


			NB kappa=1			18			51			0.08972810745347834			0.12034531598089941


			NB kappa=1			19			54			0.08226388414693692			0.11555292180028402


			NB kappa=1			20			57			0.07549405347223791			0.1109761797339419


			NB kappa=1			21			59			0.07968343157788275			0.09595247493593219


			NB kappa=1			22			62			0.07319580697444406			0.09233237903840465


			NB kappa=1			23			65			0.06728942871266429			0.08885727436697571


			NB kappa=1			24			68			0.061904416149205214			0.085521827685636


			NB kappa=1			25			71			0.056988302704826556			0.08232062988009337


			NB kappa=1			26			73			0.059969533494096394			0.07156136009807476


			NB kappa=1			27			76			0.05524889839690851			0.06897919055603487


			NB kappa=1			28			79			0.05092814185392229			0.06649288915542723


			NB kappa=1			29			82			0.04696959230026334			0.06409931989538732


			NB kappa=1			30			85			0.04333967691013334			0.06179530745371068


			NB kappa=1			31			87			0.045511454465901255			0.05392750555228031


			NB kappa=1			32			90			0.042020253590219284			0.052044698137271625


			NB kappa=1			33			93			0.038812833655467005			0.050228275067473065


			NB kappa=1			34			96			0.035864133947251735			0.04847619986866822


			NB kappa=1			35			99			0.03315157344676864			0.04678642211689333


			NB kappa=1			36			101			0.034758957891142014			0.04094983949228954


			NB kappa=1			37			104			0.0321467014909607			0.0395561283311099


			NB kappa=1			38			107			0.0297401657703079			0.03820976150870852


			NB kappa=1			39			110			0.02752204462305142			0.03690933906850261


			NB kappa=1			40			113			0.02547662612499229			0.035653459635427535


			NB kappa=1			41			115			0.02667997053297639			0.03127807846074624


			NB kappa=1			42			118			0.02470814360801834			0.030235040233095558


			NB kappa=1			43			121			0.022887759592575146			0.029226455982784418


			NB kappa=1			44			124			0.021206548760722043			0.028251329119950895


			NB kappa=1			45			127			0.019653310997069733			0.027308667002528726


			NB kappa=1			46			129			0.020561988513646			0.02400235957851271


			NB kappa=1			47			132			0.01906336167378983			0.023215233947920015


			NB kappa=1			48			135			0.017677517786775534			0.022453549262609635


			NB kappa=1			49			138			0.01639558827417664			0.021716579710772878


			NB kappa=1			50			141			0.015209444851215694			0.021003605263723475


			NB kappa=1			51			143			0.015900257851548083			0.01848938288149692


			NB kappa=1			52			146			0.014755009337042956			0.017891484366867404


			NB kappa=1			53			149			0.013694510883524141			0.017312577965048554
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             'Y_j': 'Y<sub>j</sub> ~ Poisson(μ<sub>j</sub>), μ<sub>j</sub> = a n<sub>j</sub> + b t<sub>j</sub>, a,b ≥ 0.  (3)',
             'det I': 'det I = Σ<sub>i&lt;j</sub> (n<sub>i</sub>t<sub>j</sub> - n<sub>j</sub>t<sub>i</sub>)<super>2</super> / (μ<sub>i</sub>μ<sub>j</sub>).  (4)'
            }
            eq=next((v for k,v in eqs.items() if eq.startswith(k)),esc(eq))
            story.append(Paragraph(eq,styles['eq']));i+=1;continue
        para=[l];i+=1
        while i<len(lines) and lines[i].strip() and not lines[i].startswith(('#','|','FIGURE:','CAPTION:','EQUATION:','TABLECAP:','BOX:','ENDBOX','PAGEBREAK','CODEFILE:','CHECK:')):
            para.append(lines[i].strip());i+=1
        story.append(Paragraph(esc(' '.join(para)),styles['body']))
    doc=SimpleDocTemplate(str(dest),pagesize=A4,leftMargin=54,rightMargin=54,topMargin=51,bottomMargin=53,title='W2 - '+label,author='Zawwar Sami')
    doc.packet_label=label.upper();doc.build(story,onFirstPage=header,onLaterPages=header)

if __name__=='__main__':
    render(SUP/'W2_Manuscript_v1.2.md',OUT/'Zawwar-Sami-W2-What-Development-Evidence-Can-and-Cannot-Show-v1.2.pdf','Development evidence and engineering tests')







output/w2_v1_2/renewal_sensitivity.csv

known_shape_nu,exposure_N,lower95_mean_interval

0.5,10000,2603.1777162700578

1,10000,3338.082006953342

2,10000,4215.972003935998

5,10000,5462.38008076407








output/w2_v1_2/requirements.txt

numpy==2.3.5
scipy==1.17.0
matplotlib==3.10.8
reportlab==4.4.9
PyMuPDF==1.26.6







output/w2_v1_2/results.json

{
  "version": "1.2",
  "seed": 20261016,
  "draws_per_batch": 200000,
  "total_synthetic_total_count_draws": 1600000,
  "robustness": [
    {
      "model": "Poisson",
      "kappa": "infinity",
      "r": 10,
      "matched_cutoff": 29,
      "exact_false_A": 0.034333521894010025,
      "exact_false_B": 0.029379578931185,
      "poisson_rule_false_A": 0.034333521894010025,
      "poisson_rule_false_B": 0.029379578931185,
      "min_r_both_errors_le_05_matched": 9,
      "min_r_both_errors_le_05_poisson_rule": 9,
      "mc_false_A_count": 6810,
      "mc_false_A": 0.03405,
      "mc_false_A_wilson_lo": 0.03326408637253897,
      "mc_false_A_wilson_hi": 0.03485381256104597,
      "mc_false_A_standardized_deviation": -0.6963520265762705,
      "mc_false_B_count": 5868,
      "mc_false_B": 0.02934,
      "mc_false_B_wilson_lo": 0.028609392109486688,
      "mc_false_B_wilson_hi": 0.03008868775333355,
      "mc_false_B_standardized_deviation": -0.10481696106910549
    },
    {
      "model": "NB kappa=5",
      "kappa": 5,
      "r": 10,
      "matched_cutoff": 29,
      "exact_false_A": 0.06222874737912462,
      "exact_false_B": 0.07913724515969958,
      "poisson_rule_false_A": 0.06222874737912462,
      "poisson_rule_false_B": 0.07913724515969958,
      "min_r_both_errors_le_05_matched": 13,
      "min_r_both_errors_le_05_poisson_rule": 15,
      "mc_false_A_count": 12559,
      "mc_false_A": 0.062795,
      "mc_false_A_wilson_lo": 0.061740179415856765,
      "mc_false_A_wilson_hi": 0.06386661531159898,
      "mc_false_A_standardized_deviation": 1.0482895000332142,
      "mc_false_B_count": 15820,
      "mc_false_B": 0.0791,
      "mc_false_B_wilson_lo": 0.0779252236556253,
      "mc_false_B_wilson_hi": 0.08029094473399999,
      "mc_false_B_standardized_deviation": -0.0617016702823949
    },
    {
      "model": "NB kappa=2",
      "kappa": 2,
      "r": 10,
      "matched_cutoff": 29,
      "exact_false_A": 0.09670632643096869,
      "exact_false_B": 0.14232360348132223,
      "poisson_rule_false_A": 0.09670632643096869,
      "poisson_rule_false_B": 0.14232360348132223,
      "min_r_both_errors_le_05_matched": 22,
      "min_r_both_errors_le_05_poisson_rule": 24,
      "mc_false_A_count": 19540,
      "mc_false_A": 0.0977,
      "mc_false_A_wilson_lo": 0.09640648114837522,
      "mc_false_A_wilson_hi": 0.09900897274363296,
      "mc_false_A_standardized_deviation": 1.503546308002208,
      "mc_false_B_count": 28521,
      "mc_false_B": 0.142605,
      "mc_false_B_wilson_lo": 0.14107939746625645,
      "mc_false_B_wilson_hi": 0.14414433145180047,
      "mc_false_B_standardized_deviation": 0.3601915526279071
    },
    {
      "model": "NB kappa=1",
      "kappa": 1,
      "r": 10,
      "matched_cutoff": 29,
      "exact_false_A": 0.1368826831350569,
      "exact_false_B": 0.2155292258695184,
      "poisson_rule_false_A": 0.1368826831350569,
      "poisson_rule_false_B": 0.2155292258695184,
      "min_r_both_errors_le_05_matched": 34,
      "min_r_both_errors_le_05_poisson_rule": 39,
      "mc_false_A_count": 27233,
      "mc_false_A": 0.136165,
      "mc_false_A_wilson_lo": 0.13466890931644124,
      "mc_false_A_wilson_hi": 0.13767506698681212,
      "mc_false_A_standardized_deviation": -0.933767101639025,
      "mc_false_B_count": 42862,
      "mc_false_B": 0.21431,
      "mc_false_B_wilson_lo": 0.21251712250244556,
      "mc_false_B_wilson_hi": 0.21611385195046975,
      "mc_false_B_standardized_deviation": -1.3260432772033137
    }
  ],
  "interaction_fixed_cycle_means_C": [
    2.0,
    4.0,
    6.0
  ],
  "interaction_fixed_cycle_means_D": [
    2.0,
    4.0,
    6.0
  ],
  "interaction_factorial_rank": 3,
  "renewal": [
    {
      "known_shape_nu": 0.5,
      "exposure_N": 10000,
      "lower95_mean_interval": 2603.1777162700578
    },
    {
      "known_shape_nu": 1,
      "exposure_N": 10000,
      "lower95_mean_interval": 3338.082006953342
    },
    {
      "known_shape_nu": 2,
      "exposure_N": 10000,
      "lower95_mean_interval": 4215.972003935998
    },
    {
      "known_shape_nu": 5,
      "exposure_N": 10000,
      "lower95_mean_interval": 5462.38008076407
    }
  ],
  "work": [
    {
      "delta": 1,
      "normalized_work": 1.0,
      "normalized_peak": 1.5
    },
    {
      "delta": 0.5,
      "normalized_work": 1.0,
      "normalized_peak": 2.5
    },
    {
      "delta": 0.25,
      "normalized_work": 1.0,
      "normalized_peak": 4.5
    },
    {
      "delta": 0.1,
      "normalized_work": 1.0,
      "normalized_peak": 10.5
    }
  ],
  "max_mc_standardized_deviation": 1.503546308002208,
  "hardware_data": false,
  "field_validation": false
}







output/w2_v1_2/robustness.csv

model,kappa,r,matched_cutoff,exact_false_A,exact_false_B,poisson_rule_false_A,poisson_rule_false_B,min_r_both_errors_le_05_matched,min_r_both_errors_le_05_poisson_rule,mc_false_A_count,mc_false_A,mc_false_A_wilson_lo,mc_false_A_wilson_hi,mc_false_A_standardized_deviation,mc_false_B_count,mc_false_B,mc_false_B_wilson_lo,mc_false_B_wilson_hi,mc_false_B_standardized_deviation

Poisson,infinity,10,29,0.034333521894010025,0.029379578931185,0.034333521894010025,0.029379578931185,9,9,6810,0.03405,0.03326408637253897,0.03485381256104597,-0.6963520265762705,5868,0.02934,0.028609392109486688,0.03008868775333355,-0.10481696106910549

NB kappa=5,5,10,29,0.06222874737912462,0.07913724515969958,0.06222874737912462,0.07913724515969958,13,15,12559,0.062795,0.061740179415856765,0.06386661531159898,1.0482895000332142,15820,0.0791,0.0779252236556253,0.08029094473399999,-0.0617016702823949

NB kappa=2,2,10,29,0.09670632643096869,0.14232360348132223,0.09670632643096869,0.14232360348132223,22,24,19540,0.0977,0.09640648114837522,0.09900897274363296,1.503546308002208,28521,0.142605,0.14107939746625645,0.14414433145180047,0.3601915526279071

NB kappa=1,1,10,29,0.1368826831350569,0.2155292258695184,0.1368826831350569,0.2155292258695184,34,39,27233,0.136165,0.13466890931644124,0.13767506698681212,-0.933767101639025,42862,0.21431,0.21251712250244556,0.21611385195046975,-1.3260432772033137
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output/w2_v1_2/source_ledger.json

[
  {
    "ref": 1,
    "title": "Sami, Z. (2026). Weapons as Systems: Components, Infrastructure and Human Organisation. W1, v1.0, 14 October. Independent preprint.",
    "url": "https://zenodo.org/records/23359788",
    "read_status": "Author PDF and repository read",
    "access_date": "2026-10-16",
    "actual_read_url": "https://zenodo.org/records/23359788"
  },
  {
    "ref": 2,
    "title": "U.S. Department of Defense Inspector General. (2016, July 5). Advanced Arresting Gear Program Exceeded Cost and Schedule Baselines (Redacted). DODIG-2016-107. Printed pp. 4-5, 8-10.",
    "url": "https://www.dodig.mil/Reports/Audits-and-Evaluations/Article/1119295/advanced-arresting-gear-program-exceeded-cost-and-schedule-baselines-redacted/",
    "read_status": "Released original report read on mirror; original listing checked",
    "access_date": "2026-10-16",
    "actual_read_url": "https://www.defensedaily.com/wp-content/uploads/post_attachment/136651.pdf"
  },
  {
    "ref": 3,
    "title": "NAVAIR. (n.d.). Advanced Arresting Gear (AAG). Product description. Accessed 16 October 2026.",
    "url": "https://www.navair.navy.mil/product/advanced-arresting-gear-aag",
    "read_status": "Original page",
    "access_date": "2026-10-16",
    "actual_read_url": "https://www.navair.navy.mil/product/advanced-arresting-gear-aag"
  },
  {
    "ref": 4,
    "title": "NAVAIR. (2017, January 23). AAG remains Navy\u2019s choice for next-gen recovery system.",
    "url": "https://www.navair.navy.mil/node/24591",
    "read_status": "Original dated account",
    "access_date": "2026-10-16",
    "actual_read_url": "https://www.navair.navy.mil/node/24591"
  },
  {
    "ref": 5,
    "title": "NAVAIR. (2008, September 23). Carrier-based launch system reaches milestone.",
    "url": "https://www.navair.navy.mil/node/10976",
    "read_status": "Original dated account",
    "access_date": "2026-10-16",
    "actual_read_url": "https://www.navair.navy.mil/node/10976"
  },
  {
    "ref": 6,
    "title": "NAVAIR. (2022, July 5). EMALS and AAG reach 10,000 aircraft launches and recoveries.",
    "url": "https://www.navair.navy.mil/news/EMALS-and-AAG-reach-10000-aircraft-launches-and-recoveries/Tue-07052022-1019",
    "read_status": "Original dated account",
    "access_date": "2026-10-16",
    "actual_read_url": "https://www.navair.navy.mil/news/EMALS-and-AAG-reach-10000-aircraft-launches-and-recoveries/Tue-07052022-1019"
  },
  {
    "ref": 7,
    "title": "NAVAIR. (n.d.). Electromagnetic Aircraft Launch System (EMALS). Product description. Accessed 16 October 2026.",
    "url": "https://www.navair.navy.mil/product/Electromagnetic-Aircraft-Launch-System-EMALS",
    "read_status": "Original page",
    "access_date": "2026-10-16",
    "actual_read_url": "https://www.navair.navy.mil/product/Electromagnetic-Aircraft-Launch-System-EMALS"
  },
  {
    "ref": 8,
    "title": "U.S. Government Accountability Office. (2013, September 5). Ford-Class Carriers: Lead Ship Testing and Reliability Shortfalls Will Limit Initial Fleet Capabilities. GAO-13-396.",
    "url": "https://www.gao.gov/products/gao-13-396",
    "read_status": "Original findings and recommendations page",
    "access_date": "2026-10-16",
    "actual_read_url": "https://www.gao.gov/products/gao-13-396"
  },
  {
    "ref": 9,
    "title": "NASA Kennedy Space Center. (n.d.). Availability. Three-page technical note, revision identifier 240607. Accessed 16 October 2026.",
    "url": "https://extapps.ksc.nasa.gov/Reliability/Documents/Availability_What_is_it.pdf",
    "read_status": "Original PDF, all three pages",
    "access_date": "2026-10-16",
    "actual_read_url": "https://extapps.ksc.nasa.gov/Reliability/Documents/Availability_What_is_it.pdf"
  },
  {
    "ref": 10,
    "title": "NIST/SEMATECH. (n.d.). e-Handbook of Statistical Methods, 8.4.5.1: Constant repair rate (HPP/exponential) model. Accessed 16 October 2026.",
    "url": "https://itl.nist.gov/div898/handbook/apr/section4/apr451.htm",
    "read_status": "Original section",
    "access_date": "2026-10-16",
    "actual_read_url": "https://itl.nist.gov/div898/handbook/apr/section4/apr451.htm"
  },
  {
    "ref": 11,
    "title": "National Research Council. (2015). Reliability Growth: Enhancing Defense System Reliability. Chapter 7, Developmental Test and Evaluation. National Academies Press. doi:10.17226/18987.",
    "url": "https://www.nationalacademies.org/read/18987/chapter/9",
    "read_status": "Original chapter; selected technical sections",
    "access_date": "2026-10-16",
    "actual_read_url": "https://www.nationalacademies.org/read/18987/chapter/9"
  },
  {
    "ref": 12,
    "title": "Burclov\u00e1, K., and P\u00e1zman, A. (2015). Optimum design via I-divergence for stable estimation in generalized regression models. arXiv:1507.07443v1. doi:10.48550/arXiv.1507.07443.",
    "url": "https://arxiv.org/abs/1507.07443",
    "read_status": "Original author manuscript, HTML: introduction and sections 2-4",
    "access_date": "2026-10-16",
    "actual_read_url": "https://arxiv.org/html/1507.07443v1"
  },
  {
    "ref": 13,
    "title": "Burns, D. E., Vlajic, N., Chijioke, A., and Parker, P. A. (2022). Aerodynamic Metrologists Guide to Dynamic Force Measurement. Journal of Aircraft. doi:10.2514/1.C036676.",
    "url": "https://doi.org/10.2514/1.C036676",
    "read_status": "Original author PDF, abstract and selected dynamic-response/metrology sections; NIST listing checked",
    "access_date": "2026-10-16",
    "actual_read_url": "https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=931966"
  },
  {
    "ref": 14,
    "title": "NIST/SEMATECH. (n.d.). e-Handbook of Statistical Methods, 5.3.3.3.1: Two-level full factorial designs. Accessed 16 October 2026.",
    "url": "https://www.itl.nist.gov/div898/handbook/pri/section3/pri3331.htm",
    "read_status": "Original section",
    "access_date": "2026-10-16",
    "actual_read_url": "https://www.itl.nist.gov/div898/handbook/pri/section3/pri3331.htm"
  },
  {
    "ref": 15,
    "title": "SciPy community. (2026). scipy.stats.nbinom. SciPy v1.17.0 reference manual.",
    "url": "https://docs.scipy.org/doc/scipy-1.17.0/reference/generated/scipy.stats.nbinom.html",
    "read_status": "Version-matched original documentation",
    "access_date": "2026-10-16",
    "actual_read_url": "https://docs.scipy.org/doc/scipy-1.17.0/reference/generated/scipy.stats.nbinom.html"
  },
  {
    "ref": 16,
    "title": "Schmidt, M., and Schwabe, R. (2018). Optimal Designs for Poisson Count Data with Gamma Block Effects. arXiv:1808.05412v1.",
    "url": "https://arxiv.org/abs/1808.05412",
    "read_status": "Original author manuscript HTML; sections 1-3",
    "access_date": "2026-10-16",
    "actual_read_url": "https://arxiv.org/html/1808.05412v1"
  }
]
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hypothetical_theta_target,alpha,minimum_zero_event_exposure_hpp

1000,0.05,2996

5000,0.05,14979

10000,0.05,29958








output/w2_v1_2/verify_core.py

# W2 v1.2: synthetic numerical verification. Python, NumPy, SciPy.
import math
import numpy as np
from scipy.stats import poisson, nbinom, gamma
from scipy.integrate import quad

def errors(r, k=None):
    if k is None:
        h = math.floor(2*r/math.log(2)) + 1
        A, B = poisson(4*r), poisson(2*r)
    else:
        pA, pB = k/(k+4), k/(k+2)
        h = math.floor(-r*k*math.log(pA/pB) /
                       math.log((1-pA)/(1-pB))) + 1
        A, B = nbinom(r*k, pA), nbinom(r*k, pB)
    return float(B.sf(h-1)), float(A.cdf(h-1))

first = []
for k in [None, 5, 2, 1]:
    r0 = next(r for r in range(1,501) if max(errors(r,k)) <= .05)
    first.append(r0)
    print(k, errors(10,k), r0)
assert first == [9, 13, 22, 34]

def features(X):
    return np.column_stack((X, X[:,0]*X[:,1]))
fixed = np.array([[1,1],[1,3],[1,5]], float)
factor = np.array([[1,1],[1,3],[2,1],[2,3]], float)
C, D = np.array([1,1,0]), np.array([1,0,1])
assert np.allclose(features(fixed)@C, features(fixed)@D)
assert np.linalg.matrix_rank(features(fixed)) == 2
assert np.linalg.matrix_rank(features(factor)) == 3
for v in [0.5, 1, 2, 5]:
    lo = 10000*v/gamma.ppf(.95,v)
    assert abs(gamma.sf(10000,v,scale=lo/v)-.05) < 1e-12
assert math.ceil(-5000*math.log(.05)) == 14979
for d in [1, 0.5, 0.25, 0.1]:
    def f(u):
        return .5+(1/d)*(1-abs(2*u/d-1)) if 0<=u<=d else .5
    assert abs(quad(f,0,1,points=[d/2,d])[0]-1) < 1e-12
    assert abs(f(d/2)-(.5+1/d)) < 1e-12
print('All compact checks passed.')







output/w2_v1_2/w2_experiments.py

"""W2 v1.2: executed synthetic robustness experiments; no field observations.
Run: python w2_experiments.py
Outputs deterministic exact calculations, seeded Monte Carlo counts/histograms,
interaction-design checks, sensitivity CSVs, plots and an execution log.
"""
from pathlib import Path
import csv,json,math,platform,hashlib,sys
from datetime import datetime,timezone
import numpy as np
import scipy
from scipy.stats import poisson,nbinom,gamma,norm
from scipy.integrate import quad
import matplotlib
matplotlib.use('Agg')
import matplotlib.pyplot as plt
R=Path(__file__).resolve().parent
log=[]
def emit(s):log.append(s);print(s)
def csvsave(name,rows):
 with (R/name).open('w',newline='') as f:
  w=csv.DictWriter(f,fieldnames=list(rows[0]));w.writeheader();w.writerows(rows)
def rule(r,k):
 if k is None:return math.floor(2*r/math.log(2))+1
 return math.floor(-r*k*math.log((k+2)/(k+4))/math.log(2*(k+2)/(k+4)))+1
def dist(r,mu,k):return poisson(r*mu) if k is None else nbinom(r*k,k/(k+mu))
def errors(r,k,cutoff=None):
 h=rule(r,k) if cutoff is None else cutoff
 return h,float(dist(r,2,k).sf(h-1)),float(dist(r,4,k).cdf(h-1))
def directcdf(h,r,mu,k):
 if k is None:
  p=math.exp(-r*mu);s=p
  for j in range(1,h):p*=r*mu/j;s+=p
 else:
  shape=r*k;prob=k/(k+mu);p=prob**shape;s=p
  for j in range(1,h):p*=((j-1+shape)/j)*(1-prob);s+=p
 return s
def wilson(count,n,z=1.959963984540054):
 p=count/n;den=1+z*z/n;mid=(p+z*z/(2*n))/den
 half=z*math.sqrt(p*(1-p)/n+z*z/(4*n*n))/den
 return mid-half,mid+half
emit('W2 v1.2 | synthetic computation, not equipment data')
emit('UTC execution: '+datetime.now(timezone.utc).isoformat())
emit(f'Python {platform.python_version()} | NumPy {np.__version__} | SciPy {scipy.__version__}')
SEED=20261016;M=200000;seedseq=np.random.SeedSequence(SEED).spawn(8)
emit(f'Root seed {SEED}; 8 independent batches x {M:,} total-count draws = {8*M:,}')
robust=[];hist=[];idx=0;grids=[]
for k,label in [(None,'Poisson'),(5,'NB kappa=5'),(2,'NB kappa=2'),(1,'NB kappa=1')]:
 h,eB,eA=errors(10,k);hp=rule(10,None)
 # Independent probability recurrence validates exact CDF/SF calculations.
 assert abs(eB-(1-directcdf(h,10,2,k)))<1e-12
 assert abs(eA-directcdf(h,10,4,k))<1e-12
 minr=next(r for r in range(1,501) if max(errors(r,k)[1:])<=.05)
 min_fixed=next(r for r in range(1,501) if max(errors(r,k,rule(r,None))[1:])<=.05)
 row={'model':label,'kappa':'infinity' if k is None else k,'r':10,'matched_cutoff':h,'exact_false_A':eB,'exact_false_B':eA,'poisson_rule_false_A':errors(10,k,hp)[1],'poisson_rule_false_B':errors(10,k,hp)[2],'min_r_both_errors_le_05_matched':minr,'min_r_both_errors_le_05_poisson_rule':min_fixed}
 for mu,truth,errkey in [(2,'B','false_A'),(4,'A','false_B')]:
  rng=np.random.default_rng(seedseq[idx]);idx+=1
  s=rng.poisson(10*mu,size=M) if k is None else rng.negative_binomial(10*k,k/(k+mu),size=M)
  errs=int(np.sum(s>=h) if truth=='B' else np.sum(s<h));lo,hi=wilson(errs,M)
  row['mc_'+errkey+'_count']=errs;row['mc_'+errkey]=errs/M;row['mc_'+errkey+'_wilson_lo']=lo;row['mc_'+errkey+'_wilson_hi']=hi
  counts=np.bincount(s)
  hist.extend({'model':label,'truth':truth,'S':j,'frequency':int(c)} for j,c in enumerate(counts) if c)
  exact=eB if truth=='B' else eA
  row['mc_'+errkey+'_standardized_deviation']=(errs/M-exact)/math.sqrt(exact*(1-exact)/M)
 for r in range(1,101):
  hr,eb,ea=errors(r,k);grids.append({'model':label,'r':r,'cutoff':hr,'false_A':eb,'false_B':ea})
 robust.append(row)
 emit(f'{label:11s} r=10 h={h}: exact errors {eB:.6f}/{eA:.6f}; MC {row["mc_false_A"]:.6f}/{row["mc_false_B"]:.6f}; min r={minr}')
csvsave('robustness.csv',robust);csvsave('monte_carlo_histograms.csv',hist);csvsave('power_grid.csv',grids)
# Linear predictor families in normalized exposures x=n/1000,z=t/100.
same=np.array([[1,1],[2,2],[3,3]],float)
fixed=np.array([[1,1],[1,3],[1,5]],float)
factor=np.array([[1,1],[1,3],[2,1],[2,3]],float)
feat=lambda x:np.column_stack((x,x[:,0]*x[:,1]))
C=np.array([1,1,0.]);D=np.array([1,0,1.])
assert np.linalg.matrix_rank(feat(same))==2
assert np.linalg.matrix_rank(fixed)==2 and np.linalg.matrix_rank(feat(fixed))==2
assert np.linalg.matrix_rank(feat(factor))==3
assert np.allclose(feat(fixed)@C,feat(fixed)@D)
assert np.allclose(feat(factor)@C,[2,4,3,5]) and np.allclose(feat(factor)@D,[2,4,4,8])
interactions=[{'x':float(x),'z':float(z),'mu_C':float(c),'mu_D':float(d)} for (x,z),c,d in zip(factor,feat(factor)@C,feat(factor)@D)]
csvsave('interaction_design.csv',interactions)
emit('Interaction audit: same-ratio rank=2/3; fixed-cycle dwell rank=2/3; factorial rank=3/3')
# Fisher determinant identity in original cycle/hour units.
X=np.array([[1000.,100.],[1000.,300.],[2000.,100.]])
mu=X@np.array([.001,.01]);I=X.T@np.diag(1/mu)@X
rhs=sum((X[i,0]*X[j,1]-X[j,0]*X[i,1])**2/(mu[i]*mu[j]) for i in range(len(X)) for j in range(i+1,len(X)))
assert np.isclose(np.linalg.det(I),rhs,rtol=1e-12)
# Zero-event sensitivity: ordinary gamma renewal, known shape, fresh start.
renew=[]
for nu in [.5,1,2,5]:
 thetaL=10000*nu/gamma.ppf(.95,nu)
 assert abs(gamma.sf(10000,nu,scale=thetaL/nu)-.05)<1e-12
 renew.append({'known_shape_nu':nu,'exposure_N':10000,'lower95_mean_interval':float(thetaL)})
csvsave('renewal_sensitivity.csv',renew)
thresholds=[]
for th in [1000,5000,10000]:thresholds.append({'hypothetical_theta_target':th,'alpha':.05,'minimum_zero_event_exposure_hpp':math.ceil(-th*math.log(.05))})
csvsave('theta_sensitivity.csv',thresholds)
# Force-profile sensitivity; dimensionless area=1, peak=.5+1/delta.
def profile(u,d):return .5+(1/d)*(1-abs(2*u/d-1)) if 0<=u<=d else .5
work=[]
for d in [1,.5,.25,.1]:
 area=quad(lambda u:profile(u,d),0,1,points=[d/2,d])[0];peak=profile(d/2,d)
 assert abs(area-1)<1e-12 and abs(peak-(.5+1/d))<1e-12
 work.append({'delta':d,'normalized_work':area,'normalized_peak':peak})
csvsave('work_peak.csv',work)
plt.rcParams.update({'font.family':'DejaVu Sans','font.size':10,'axes.spines.top':False,'axes.spines.right':False})
f,ax=plt.subplots(figsize=(7,3))
u=np.linspace(0,1,2001);ax.plot(u,np.ones_like(u),'--',color='#89929e',label='Constant')
for d,c in [(1,'#c896a3'),(.5,'#a34a60'),(.25,'#75182e')]:ax.plot(u,[profile(v,d) for v in u],color=c,label=f'delta={d:g}')
ax.set(xlabel='Normalized displacement x/L',ylabel='Normalized force LF/W',ylim=(0,5));ax.legend(frameon=False,ncol=2,fontsize=8)
f.tight_layout();f.savefig(R/'work_peak.png',dpi=220);plt.close(f)
f,axs=plt.subplots(1,2,figsize=(7,3))
for label,c in zip([v['model'] for v in robust],['#222a36','#c896a3','#a34a60','#75182e']):
 rows=[v for v in grids if v['model']==label]
 axs[0].plot([v['r'] for v in rows],[max(v['false_A'],v['false_B']) for v in rows],label=label,color=c)
axs[0].axhline(.05,color='#777777',ls='--',lw=.8);axs[0].set(xlabel='Independent contrasting blocks r',ylabel='Larger of two error probabilities',ylim=(0,.4),xlim=(1,60));axs[0].legend(frameon=False,fontsize=7)
xx=np.arange(4);axs[1].bar(xx-.17,[v['mu_C'] for v in interactions],.34,color='#831b32',label='C: cycle + time');axs[1].bar(xx+.17,[v['mu_D'] for v in interactions],.34,color='#a2a8b3',label='D: cycle + interaction')
axs[1].set(xticks=xx,xticklabels=['1,1','1,3','2,1','2,3'],xlabel='Normalized exposures x,z',ylabel='Expected events');axs[1].legend(frameon=False,fontsize=7)
f.tight_layout();f.savefig(R/'robustness_interaction.png',dpi=220);plt.close(f)
# Independent exact minimum-exposure and likelihood sanity checks.
assert math.ceil(-5000*math.log(.05))==14979
assert abs(math.exp(-10000/(10000/-math.log(.05)))-.05)<1e-12
for r in [1,5,10,20]:
 h=rule(r,None)
 assert poisson.logpmf(h,4*r)-poisson.logpmf(h,2*r)>0
 assert poisson.logpmf(h-1,4*r)-poisson.logpmf(h-1,2*r)<0
emit('Checks passed: quadrature; weighted-Gram identity; rank; likelihood thresholds; tail recurrences; renewal inversion')
emit('All outputs are model-conditional synthetic calculations, not measured carrier performance.')
(R/'execution_log.txt').write_text('\n'.join(log)+'\n')
summary={'version':'1.2','seed':SEED,'draws_per_batch':M,'total_synthetic_total_count_draws':8*M,'robustness':robust,'interaction_fixed_cycle_means_C':(feat(fixed)@C).tolist(),'interaction_fixed_cycle_means_D':(feat(fixed)@D).tolist(),'interaction_factorial_rank':3,'renewal':renew,'work':work,'max_mc_standardized_deviation':max(abs(v[k]) for v in robust for k in ['mc_false_A_standardized_deviation','mc_false_B_standardized_deviation']),'hardware_data':False,'field_validation':False}
(R/'results.json').write_text(json.dumps(summary,indent=2)+'\n')
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