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Experience Compounds

Why infrastructure that learns outperforms infrastructure that does not.

ABSTRACT

An Al factory that operates without operational memory starts from scratch with every incident, every engineer
transition, and every campus build. An Al factory that learns accumulates a structural advantage that compounds
over time. This paper documents four learning vectors through which operational memory creates measurable
Economic Availability improvement: thermal pattern recognition, workload consequence mapping, physical fabric
early warning, and cross-campus design inheritance. For each vector, the paper identifies the peer reviewed
research that establishes the underlying mechanism, the production evidence that demonstrates scale, and the
compounding rate at which the advantage grows. Infrastructure that learns does not just perform better. It
becomes progressively harder to displace.
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Two facilities. Same hardware. Different trajectories.

Imagine two Al factories commissioned in the same year. Both have the same power capacity, the same
GPU density, the same tier certification, and the same availability SLAs. In year one they perform identically.
By year five, one has extended its lead into a structural advantage that the other cannot close by adding
hardware.

The difference is operational memory. The facility that captures what it learns from every intervention, every thermal
sequence, every physical fabric event, and every workload consequence does not just perform better. It improves
continuously. The facility that does not capture those events must relearn them. Every time.

This is not a theoretical argument. The four learning vectors documented in this paper are each backed by production
evidence from facilities operating at hyperscale today.

Infrastructure that learns does not just perform better today. It becomes progressively harder to displace tomorrow.
The advantage is not in the hardware. It is in the history.

What compounding means in this context.

Compounding in operational memory works the same way it works in finance. The return in year two is calculated on a
base that includes the return from year one. The improvement in year two is larger than the improvement in year one
because the facility enters year two with more operational knowledge than it had at the start of year one.

3-5pts 6-9pts 10-14pts

YEAR 1 EAIMPROVEMENT — DIRECT YEAR 3 CUMULATIVE EA YEAR 5 CUMULATIVE EA

INTERVENTION FROM FIVE LOSS IMPROVEMENT — COMPOUNDING IMPROVEMENT — 12+ MONTH

CATEGORIES LEARNING ACROSS ALL FOUR OPERATIONAL MEMORY MOAT
VECTORS ESTABLISHED

These estimates are derived from applying the documented improvement rates of each individual learning vector across
a 5-year deployment. They represent a conservative model. The actual compounding rate depends on campus
complexity, workload density, and the depth of operational history captured. At $200 to $380 million per EA point at 1GW
scale — the conservative to base range in the Synestria commercial model, derived from 10 recovered MW per point at
$20M to $38M per recovered MW-year — year 5 represents $2 to $5 billion in annual recoverable economic output that
a facility without operational memory cannot access.
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Four mechanisms. Four compounding advantages.

Operational memory improves Economic Availability through four distinct learning vectors. Each vector
creates an independent compounding advantage. Together they produce a structural moat that cannot be
replicated without the underlying operational history.

VECTOR 1 — THERMAL PATTERN RECOGNITION

Google DeepMind documented a 40% reduction in cooling
energy at Google hyperscale facilities using historical
operational data. The system was not deployed with a
model. It built one from 12 months of operational history,
then improved it continuously as new data arrived. The
same mechanism applies at every Al factory. Year 1 data
produces a workable thermal model. Year 3 data produces a
highly accurate one. Year 5 data produces a model tuned to
the specific thermal signature of each zone in the specific
facility.

VECTOR 2 — WORKLOAD CONSEQUENCE MAPPING

Brookhaven National Laboratory and Lawrence Berkeley
National Laboratory (2025) documented a 4x swing in
facility power draw from a single parameter change on one
H100 node. Google's ASPLOS 2020 publication showed
software coordination can sustain 25% power
oversubscription across tens of megawatts. Neither of these
results is achievable without operational memory. You
cannot act on a workload consequence you cannot see. And
you cannot see it without a system designed to trace it from
the scheduler to the physical plant.

VECTOR 3 — PHYSICAL FABRIC EARLY WARNING

At 2025 cluster scale, a fiber link ghost event occurs
somewhere in the fabric every 48 seconds. Current network
monitoring tools see link state. Synestria sees consequence:
the correlation between a degraded NVLink segment and
the reduction in training throughput it causes. That
correlation becomes visible only after enough operational
history has been captured to distinguish a ghost from

normal performance variation. The first observation is
valuable. The hundredth is predictive.
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VECTOR 4 — CROSS-CAMPUS DESIGN INHERITANCE

McKinsey (2025) estimates $250 billion in design cost
recovery from applying accumulated operational data to
future facility planning. This vector is unique because its
value is realized at the next campus, not the current one. An
operator that deploys Synestria at their first campus enters
their second campus with documented thermal signatures,
stranded capacity patterns, and physical fabric failure
modes from real production experience. The second
campus does not inherit the first campus's problems. It
inherits its solutions.
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The moat builds in the first 12 months. It becomes durable by month 24.

The advantage created by operational memory is not immediate. It compounds from a base that requires
time to establish. The first 90 days produce an EA baseline. The first 12 months produce a facility-specific
operational model. By month 24, the advantage is large enough that a competitor entering with better
hardware cannot close the gap through capital alone.

Days 1 to 30 EA baseline established - Five loss categories quantified
Days 30 to 90 First interventions validated - Early thermal patterns emerging
Month 6 Seasonal thermal model complete - Physical fabric watch list active
Month 12 12-month history moat established - Predictive interventions begin
Month 24 Vector 4 activates for campus 2 - Competitor gap is structural
Year 5 10 to 14 points cumulative EA improvement - Asset is the history

Why the advantage is non-transferable.

A competitor can buy the same hardware. They can hire the same engineers. They can build the same campus
architecture. What they cannot purchase is five years of operational history built on your specific infrastructure, your
specific workloads, and your specific failure sequences. That history is the asset. It lives in the Synestria operational
memory layer. It cannot be exported to a competitor. It cannot be rebuilt from scratch. The only way to acquire it is to
build it, event by event, over years of real production operation.

The 12-month operational history moat is not marketing language. It is the documented minimum threshold at
which a trained thermal model begins to deliver predictive value that exceeds reactive intervention. Below that
threshold, you are reacting. Above it, you are acting on what the facility has already learned.
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