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Federated Single Source of
Truth: The Data-Architecture
Gap That Limits Every
Operator Al Program

Most write-ups of an applied-Al engagement report the model. This one
reports the floor under the model, and it does one thing our two prior data-
strategy papers on the same Oman engagement did not: it prices that floor.
Those papers established the diagnosis. Access, Trust, Time-to-Data read
the eight-dimension maturity gap and the fizzle-loop; The Roadmap Behind
the Models read the eleven-domain capability roadmap. Rather than re-
derive either, this paper carries forward one shared fact, that the operator's
engineers worked in scattered local tools with no federated single source
of truth, and formalises what that fact costs. We define a data-integration
tax: in a fragmented estate of n stores, each new Al initiative re-pays an
order-n-squared cost of crossing the silos before it can touch a model, so
cumulative pre-model integration cost grows as k times n(n-1)/2 across k
initiatives. A federated access layer, wired once, collapses that to a fixed
cost of n, which is the entire economic case for doing the unglamorous
data-architecture work first and the reason the roadmap's foundation-first
ordering is a consequence rather than a preference. We also name the
human half of the gap: the executives who fund Al often cannot yet read
what a federated data foundation buys, which is why the engagement
proposed a one-day executive workshop before any platform decision. The
argument is not that data work is important, which everyone concedes; it is
that data architecture is a precondition whose deferral is quantifiable, and
treating it as a downstream cleanup is what limits an operator Al program

before it starts.
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The most expensive line item in an operator's first Al program is usually invisible on the
invoice. It is not the GPUs, the licences, or the data scientists. It is the tax every initiative
pays, quietly and repeatedly, to assemble a usable dataset out of an estate that was never
wired to be read as a whole. We watched this happen in slow motion across an engagement
with a major operator in Oman, where we were hired to build subsurface computer vision on
carbonate image logs. The model work is documented elsewhere, and so is the data-
strategy diagnosis around it: Access, Trust, Time-to-Data reads the maturity gap and the
fizzle-loop, and The Roadmap Behind the Models reads the eleven-domain capability
roadmap that came out of it. This paper does not re-argue either. It isolates the one claim
those papers circle but never price: the operator's data lived in fragmented silos with no
federated single source of truth, and that one structural fact levies a data-integration tax
that scales with every Al initiative, which is the ceiling on everything the program could

become.

We want to state the claim plainly at the top, because it runs against a common instinct.
The instinct is that Al capability comes first and good data plumbing follows as a matter of
hygiene, something the platform team tidies up once the models prove their worth. Our
experience was the reverse. Data architecture is not the cleanup after Al capability; it is the
precondition for it. An operator that has not solved federated access to its own data is not
an operator with a slower Al program. It is an operator whose Al program pays a fresh
integration tax on every initiative, so the second project is nearly as expensive as the first,
the fifth is not much cheaper than the second, and the compounding benefit that justifies

an Al investment never arrives.

The estate we found, not the estate on the org chart

When an Al team is brought in to build models, it inherits an assumption: that the data
exists, sits somewhere findable, and can be handed over. On a working field that
assumption breaks in the first month. What we actually found was closer to a set of
disconnected stores that had grown up around the tools that produced them. Raster image
logs arrived as binary well-log files. Interpretation picks arrived as separate spreadsheets
of dip and azimuth. Reports arrived as per-well PDFs. And the engineers who reasoned
over all of it worked in scattered, local tools, each person's own arrangement, with no
shared dashboard and no agreed source of truth that a colleague, let alone a model, could

point to and trust.
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The meeting notes from a 24 May 2022 discussion at the operator's offices captured the
observation almost as an aside, outside the formal project scope: the operator's engineers
used scattered tools with no federated dashboard and no single source of truth. It reads like
a small note. It was the largest fact in the engagement. Every downstream difficulty we hit
traced back to it. When a per-well delivery is a triplet of a binary log, a pick sheet, and a
PDF, and there is no layer that binds the triplet into one addressable record, then
assembling a training set is not a query. It is a scavenger hunt, repeated per well, per
initiative, with a human in the loop reconciling depth ranges that do not line up and picks
that jump without explanation.

The fragmentation had a sound on the floor, and the workshop deck we later ran captured it
as three recurring complaints that we have heard, almost verbatim, at every data-immature
organisation since: | cannot access the data; | do not trust the data in the report; it takes too
long to get to the data. Those three sentences are a complete diagnosis. They are access,
trust, and latency, the three properties a single source of truth exists to provide, stated as

their absence.
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DATA-ARCHITECTURE GAP - SILOS VS A FEDERATED ACCESS LAYER 40

seam-crossings paid before any model runs

Current: fragmented silos Target: federated access

DISCONNECTED STORES, WIRED POINT-TO-POINT INTEGRATION TAX PAID BEFORE ANY MODEL, VS INITIATIVES

Every Al initiative pays a data tax first
fragmented @ 4
Raster image logs
Interpretation picks
Report PDFs
Engineer tools

Well tops & meta
10 point-to-point seams, per initiative

Al initiatives the operator wants to run

INITIATIVE LEVER

L —C

WHAT THE GAP SOUNDS LIKE ON THE FLOOR

The estate as two states, and the cost of leaving it in the first one. On the left, the operator's data as it was
found: raster image logs, interpretation picks, report PDFs, scattered engineer tools, and well metadata
sitting as disconnected stores with no shared seam, wired point-to-point. Flip to the target and the same
stores sit behind one federated access layer with a single source of truth. On the right, the argument the
paper turns on: drag the number of Al initiatives the operator wants to run. In the fragmented state every
initiative re-pays the whole point-to-point thicket before any model runs, so the integration tax scales with
initiatives; once federated, the estate is wired once and every later initiative reads the shared seam for a
fixed cost. The orange bar is the only element that argues: the cumulative pre-model integration tax.
Sourced from the engagement archive are the fragmentation itself (scattered tools, no federated
dashboard, no single source of truth), the per-well dlis plus raw-pick plus PDF delivery shape, and the three
recurring floor-level complaints. The silo count drawn and the initiative-sweep range are illustrative
structure for the argument, and the seam-crossing figure is a relative integration-effort proxy, not a
currency.

The instrument above is the argument in one interaction. Flip the estate between the state
we found and the federated target, and drag the number of Al initiatives the operator wants
to run. In the fragmented state, each initiative re-pays the full cost of crossing the silos
before any model runs, so the integration effort scales with the number of initiatives. In the
federated state, the estate is wired once behind a single access layer, and every later
initiative reads the shared seam at a fixed cost. We render the cost as a count of seam-
crossings rather than a currency on purpose, because the point is the shape of the curve,
not a price. The shape is the whole case: a line that climbs with every initiative versus a line

that goes flat after the first.
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The data-integration tax, defined

Let us make the tax precise, because "data work is hard" is a truism and truisms do not
change budgets. The tax is the integration cost an initiative must pay to turn the estate into
a dataset before it can train or serve a single model. In a fragmented estate, that cost is a
function of how many stores must be crossed and reconciled. Cross five disconnected
stores point to point and you have on the order of ten pairwise seams to build and maintain,
each one a place where a depth range can mismatch or a schema can drift. Every new
initiative that wants a slightly different slice of the estate rebuilds much of that plumbing for
itself, because there is no shared layer to inherit.

We can write the two regimes compactly. Let the number of stores be the fixed structural
constant of the estate, and let the number of initiatives be the thing the operator wants to
grow. In the fragmented regime the cumulative pre-model integration cost is the per-
initiative thicket multiplied by the initiatives:

CUMULATIVE PRE-MODEL INTEGRATION COST, FRAGMENTED ESTATE Latex

Copy LaTeX
(1)

n
Cfrag(k) =k- 5

where the number of stores is the count of disconnected sources and the number of
initiatives is how many Al programs draw on them. The federated regime pays the wiring
once, as a set of hub connections laid a single time, after which each initiative reads the
shared layer:

CUMULATIVE PRE-MODEL INTEGRATION COST, FEDERATED ESTATE Latex

Cfed(k) =N

The gap between the two lines, swept across the initiatives, is the entire economic
argument for federating first. It is not a marginal efficiency. It is the difference between a

cost that compounds with ambition and a cost that is paid once and forgotten. An operator
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that wants to run one Al project can, in principle, brute-force the fragmented estate and
never notice the tax. An operator that wants an Al program, a portfolio of initiatives that
build on each other, cannot, because the tax is levied against exactly the thing the program

is trying to do, which is to reuse the data foundation across projects.

This is why the sequencing matters more than the sincerity. Nobody in the engagement
disputed that data quality was important. The dispute, when there was one, was always
about order: whether the federated foundation was something to build first or something to
grow into once the models had earned their keep. Our position, argued from the tax, was
that growing into it is the expensive path, because every initiative run before the foundation
exists pays the fragmented rate, and those payments are not recoverable.

It is worth grounding the "l do not trust the data" complaint in something concrete, because
trust in a report is not a mood; it is a property that a governed data layer produces and an
ungoverned one cannot. In the course of assembling training data we repeatedly found the
estate contradicting itself. Interpretation picks jumped across large depth intervals with no
accompanying features, which forced the honest question back to the operator's own team
of whether a given stretch was random picking or genuinely featureless rock. Depth ranges
in the binary logs disagreed with the ranges in the pick spreadsheets for the same well.
Static and dynamic versions of the same image differed by metres of depth coverage. Value
ranges on one imaging tool fell so far outside the normal band that two wells in a ten-well
intake had to be set aside before training, because normalisation could not rescue them.
None of these are exotic data-science problems. They are the ordinary symptoms of an
estate with no single reference a number can be checked against, and every one of them
was a place where a person had to stop and reconcile by hand. A federated layer does not
make the underlying acquisitions perfect. It makes the contradictions visible and resolvable
in one place, once, instead of rediscovered by every initiative that touches the well.

Why the maturity read put data at the bottom, in one paragraph

The same engagement's midpoint workshop produced a maturity read of the Al operation
across eight dimensions from McKinsey's tech-native model, with data management sitting
at the bottom and capping every dimension stacked on it, and it named the fizzle-loop that
follows when an organisation treats the data floor as a series of point fixes instead of an
architecture. We do not re-derive either here, because we already have: Access, Trust,

Time-to-Data: Why Enterprise Al Initiatives Fizzle works the eight-dimension read and the
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tactical-fix-to-collapse loop in full, and a reader who wants the diagnosis should start there.
What that prior paper establishes, and what we carry forward without repeating, is one fact:
data management is not one dimension among eight, it is the slab the other seven sit on.
The instrument below plots that stack only to hand off to this paper's actual claim, which
the maturity read gestures at but does not price. If the data floor caps everything above it,
the interesting question is not that the floor matters, which the maturity read settles, but
what the floor costs an operator that defers it, initiative by initiative. That price is the

integration tax, and it is where this paper departs from the prior one.

Al MATURITY - EIGHT DIMENSIONS, ONE LOAD-BEARING FLOOR 1/5

data-management maturity (the floor)

Solving data architecture is prerequisite to Al capability, not a byproduct of it

before @ after (target) Lift the program to target

Data Management (:) 1/5

Al Development : 2/5

Al Deployment g 1/5

Live Model Operations : 1/5
Technology Stack E 2/5

GRC & Security ; 2/5

ML Assets Management ; 1/5

People & Skills : o) 2/5

maturity level (illustrative 0-5 reading of the before / after contrasts)

The eight-dimension Al-maturity frame the engagement ran, sourced from McKinsey's tech-native maturity
model, plotted as before-and-after levels. Data Management is drawn in orange because it is the load-
bearing floor: it starts lowest, and until it is lifted it caps every dimension stacked on it, from Al development
and deployment through live model operations and the technology stack. Use the toggle to lift the whole
program to its target; the vertical orange guide marks where the data-management floor sits, the level the
rest of the program cannot durably clear until the access layer is solved. The eight dimension names and
their before-and-after contrasts are sourced from the engagement archive. The 0-to-5 levels are an
illustrative ordinal reading of those qualitative contrasts, not scored figures.

The instrument above is the prior paper's argument in a single frame, kept here only as the
on-ramp to ours. The eight dimension hames and their qualitative before-and-after

contrasts come from the engagement; the zero-to-five levels are our ordinal reading of
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those contrasts, a legibility device, not scores anyone measured. Data management is
drawn in orange because it is the floor, and the vertical guide marks the honest reading that
the other dimensions cannot durably clear it until the floor rises. Read the maturity stack as
the observation and the integration tax as its consequence: the floor is load-bearing, and
the cost of leaving it low compounds with every initiative run against it. That consequence,

not the stack, is what this paper is for.

The roadmap put the foundation in the near horizon, in one
paragraph

The planning side of the same engagement scoped a data-capability roadmap that The
Roadmap Behind the Models enumerates in full: the eleven DAMA domains, the three
planning horizons of roughly six months, six to twelve, and beyond twelve, the in-house
data-science academy, the joint-venture construct, and the Omanisation commitment that
ties the whole capability to local ownership. We do not re-list any of it here, because that
paper already reads the roadmap as capability transfer and holds the domain-by-domain
detail. We carry forward only the one line the tax needs: the access-layer domains,
architecture, integration, governance, and platform selection, sit in the near horizon
because every higher-value item downstream leans on them. That sequencing is not this
paper's discovery; the roadmap paper argues it. What this paper adds is why the near-
horizon placement is not a preference but a consequence of the tax. Federating first is the
only move that turns the cost curve flat, so the roadmap's foundation-first ordering is what
the integration-tax formalisation predicts, arrived at independently from the planning side.
The roadmap is the schedule; the tax is the reason the schedule has to read the way it
does.
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DATA-CAPABILITY ROADMAP - FY2022-23 to FY2026-27 4

access-layer domains gate the rest

The access layer is front-loaded: architecture, integration and governance land first

Near 6 months Medium 6-12 months Long 12+ months

AR - o} MEDIUM - 6-12 months LONG - 12+ months
Data Architecture Management

Data Integration Management

Data Governance Management

Data Platform Selection & Implementation

domains due by near horizon 4/13 of which access-layer (the gate)

(O access-layer domain (gates later items) (O capability domain O strategic item (academy, JV)

The data-capability roadmap the engagement scoped, arranged across the tool's three planning horizons
of six months, six-to-twelve months, and twelve-plus months, on a five-fiscal-year plan. Step the horizon
forward and the domains that have come due light up. The four access-layer domains, drawn in orange, sit
in the near horizon on purpose: data architecture, integration, governance and platform selection are the
foundation every later, higher-value item leans on, from the capability domains through the in-house data-
science academy and the joint-venture construct. The eleven domain names, the three horizon constants,
and the five-year span are sourced from the engagement archive. The horizon each domain is placed in is
an illustrative sequencing that respects the access-layer-first dependency, not a dated schedule.

The instrument above steps through the horizons, kept here to show where the foundational
work lands rather than to re-argue the roadmap. The eleven domain names, the three
horizon constants, and the five-year span are from the engagement's roadmap tool; the
specific horizon each domain is placed in is our sequencing, chosen to respect the access-
layer-first dependency, not a dated schedule the operator committed to. The four access-
layer domains at the near end are drawn in orange because they gate everything after
them, and the dependency arrows make the point visual. Where the prior paper reads that
ordering as good planning, this one reads it as the tax made concrete: the near-horizon
foundation is the wiring paid once, and everything in the medium and long horizons is what
reads the shared layer at the fixed rate afterward.
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The half of the gap that is not technical

It would be convenient if the data-architecture gap were purely an engineering problem,
because engineering problems yield to engineering. This one does not, and pretending
otherwise is how good data strategies die in committee. The other half of the gap is literacy.
The executives who fund an Al program frequently cannot yet read what a federated data
foundation buys them, which means the foundation, being invisible and unglamorous, loses
every budget fight to a visible model demo. A leader who has seen a model classify
fractures on a screen has an intuition for what the model does. A leader who has never had
to assemble a dataset out of a triplet of mismatched files has no intuition for the tax, and

you cannot ask someone to prioritise a cost they cannot feel.

This is why the engagement's proposal for the operator did not start with a platform. It
started with a one-day executive workshop, framed as "becoming an Al organisation," a
hands-on session for all executives, paired with an Al-driven asset-identification exercise
that mapped where in the portfolio Al could create value, including joint-venture and spin-
off opportunity scans. The order was deliberate. Before you ask a board to fund a data
platform, you give the board the literacy to understand why the platform, not the next
model, is the constraint. The workshop was the on-ramp to the roadmap, not a nice-to-
have beside it.

We saw the literacy gap show up structurally, too, in how the engagement had to report.
The board deck was split into three audiences by design: domain experts who wanted the
geoscience, the technology leadership who wanted the architecture and the risk posture,
and the executive and board layer who wanted the growth story and the option value. That
three-audience split is a tell. It is what you build when a single narrative cannot carry the
room, because the room does not yet share a common frame for what the data foundation
is worth. Closing the literacy gap is what eventually lets one narrative carry the room, and it
is cheaper than the alternative, which is running an Al program whose most important
decision, to federate first, the decision-makers are not equipped to make.

The literacy proposal was not a soft add-on to the technical work; it was structured as a
tiered technology-transfer track paired with an Omanisation commitment, both of which
The Roadmap Behind the Models lays out in full alongside the academy and joint-venture
constructs. We do not repeat that structure here. The narrower point this paper needs is
that the literacy half of the gap has the same shape as the integration tax: it is foundational,

it is front-loaded, and it determines whether the federated foundation, once built, is
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governed by people who understand it or handed to a vendor who does not have to live
with the consequences. A federated single source of truth wired once still decays into a
fragmented estate if the people who inherit it cannot read what it buys, so literacy is not a
parallel workstream to the architecture; it is the condition under which the tax stays
collapsed rather than creeping back.

One more framing from the engagement's own contracts is worth carrying into the
boardroom, because it disciplines expectations. The work was scoped as an effort
obligation, not a result obligation: a research and engineering program is responsible for
doing the work competently, not for guaranteeing a specific model accuracy on a specific
date. That is the correct frame for Al capability in general, and it is doubly correct for the
data foundation under it, where the honest promise is that federating the estate removes a
recurring tax and makes every later result cheaper and more trustworthy, not that it
conjures a number. An operator that funds the foundation expecting it to behave like a
deterministic purchase will be disappointed for the wrong reasons; an operator that funds it

as the precondition that lets everything after it compound will be right for the right ones.

There is a related trap the workshop deck named directly, and it is worth surfacing because
operators fall into it precisely when they are trying to do the right thing. The trap is being
held captive by expensive consultants and software vendors, buying a platform as an
object rather than building a capability as a practice. A federated single source of truth is
not a product you procure; it is an architecture you own, with governance, quality, and
integration disciplines that live with your own people. This is exactly why the roadmap put
"develop staff skills" and an in-house academy on it, and why the literacy work is not
separable from the platform work. An operator that federates its data by writing a large
cheque to a vendor, without building the internal literacy to govern the result, has bought a
more expensive silo.

What "federated" has to mean to be worth the name

Because "single source of truth" is a phrase that gets stapled onto every data-platform
pitch, it is worth being concrete about what would have to be true for the operator's estate
to earn it. Federated does not mean centralised. It does not require physically relocating
every binary log and pick sheet into one warehouse, which on a working field with active
operational systems is neither feasible nor wise. It means an access layer over the existing

stores that resolves the three complaints: a way to find the data, a basis to trust it, and a
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path to reach it without a week of reconciliation. The stores can stay where they are. What
changes is that there is one addressable seam through which an initiative, or a model, reads
the estate as though it were whole.

Concretely, that means the per-well triplet stops being three unlinked artefacts and
becomes one governed record: the image log, its interpretation picks, and its report bound
by a shared key and a shared depth reference, with the depth mismatches reconciled once,
in the layer, rather than repeatedly, in every project. It means governance that records
provenance, so a humber in a report can be traced to the pick and the log it came from,
which is what "trust the data in the report" actually requires. And it means integration that
an initiative inherits rather than rebuilds, which is the mechanism by which the tax collapses
from the fragmented rate to the federated one. None of this is exotic. It is the DAMA
domains, applied in the order the roadmap put them, for the reason the tax makes plain.

The mistake we are arguing against is not skipping this work. Almost nobody skips it
entirely. The mistake is deferring it, running initiatives against the fragmented estate on the
theory that the foundation can be retrofitted later, and discovering that "later" means paying
the fragmented tax on every initiative in the meantime and then paying again to migrate
them onto the foundation once it exists. Deferral is not cheaper than doing it first. It is more
expensive, and the extra cost is spread across enough budget cycles that it never appears
as a single decision anyone regrets.

What we would tell an operator's board

If we were to compress the engagement's data-architecture experience into advice for the
board of an operator standing at the start of its own Al program, it would be a short list, and
none of it is about models.

m Treat the federated single source of truth as the first initiative, not the reward for the others.
The tax analysis says every project you run before it pays the fragmented rate, and those
payments do not come back.

m Read your Al maturity as a stack, not a scorecard. The data-management dimension is the
floor; the other dimensions cannot durably clear it, so investment that raises deployment or
operations above the floor is investment that will slide back down.

m Sequence the DAMA-style domains foundation-first. Architecture, integration, governance,
and platform selection belong in the near horizon because the academy, the joint venture,
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and every high-value item depend on them.

m Fund the literacy before the platform. A one-day executive session that lets the board feel the
tax is the cheapest way to make the federate-first decision fundable, and without it the
decision loses to the next model demo.

m Federate, do not centralise, and own the result. An access layer over the existing stores that
delivers find, trust, and reach is the target; buying a vendor's warehouse without the internal
discipline to govern it is a more expensive silo.

The through-line is a single inversion of the usual order. The usual order treats data
architecture as the plumbing you fix once the Al is proving its value. The order the
engagement kept arriving at, from the tax, from the maturity read, and from the roadmap, is
that the plumbing is the value, or at least its precondition, and that an operator Al program
is limited not by its models but by the data foundation its models are asked to stand on.
Build the foundation first and the program compounds. Defer it and the program pays, on
every initiative, for the ceiling it never lifted.

Limitations

This paper generalises from a single engagement, and single-engagement patterns should
be held loosely. The operator we worked with was a carbonate producer in Oman with a
specific estate shape, a per-well triplet of binary logs, pick sheets, and reports, and other
operators will have different fragmentations that change the details of the tax without
changing its shape. The integration-tax model is deliberately schematic: we count seam-
crossings, not currency, because the point is the compounding structure, and a real
estate's integration cost is not a clean quadratic in the number of stores. Treat the tax as an

argument about direction, not a costing method.

The maturity levels in the second instrument are our ordinal reading of qualitative before-
and-after contrasts, not measured scores; the eight dimension names and the contrasts are
sourced, the numbers on the axis are a legibility device. Likewise, the horizon placement of
the eleven roadmap domains in the third instrument is our sequencing, chosen to respect
the access-layer-first dependency, not a dated commitment the operator made; the domain
names, the horizon constants, and the five-year span are sourced. Finally, this is a data-

architecture argument, not an endorsement of any particular platform, vendor, or reference
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architecture. The claim is about order and precondition. Which specific federation
technology an operator chooses is downstream of the decision this paper argues for, and
outside its scope.
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