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Abstract

Every autonomous agent action decomposes into two coupled economic transactions. A cognition transaction buys a decision
from a model; a value transaction executes that decision as a payment, trade, booking, or other action. Five decades of institutional
infrastructure govern the value transaction. The cognition transaction has a monthly bill but no independent quality grade,
task-level clearing price, standardized settlement receipt, or financial guarantee. This asymmetry now matters because provider-
disclosed inference throughput has moved from trillions to quadrillions of tokens per month, enterprise generative AI spending
reached $37 billion in 2025 [18], and the unit of work is shifting from prompts to loops and explicit execution graphs [10, 93,
94, 95]. The historical record shows analogous market-formation dynamics before neutral infrastructure emerged in grain, oil,
securities settlement, and payments, with the interval from trust failure to institutional response compressing from seventeen
years for grain to four years for payments. This paper synthesizes more than one hundred independent sources and presents
production results from tiers, a four-function inference governance system. Its principal methodological contribution is a signed,
workload-constant counterfactual: on the measured reference workload, daily cost fell from $47.00 ungoverned to $6.10 governed
at maintained task quality, an 87% reduction. We define the Clearing Price of Intelligence Index (CPII), Cost per Verified Outcome
(CVO), Repair Tax, and Verified Work Yield (VWY), and introduce two additional constructs: the dual-Jevons mechanism, in which
cheaper cognition and cheaper verification jointly expand autonomous work, and agent traces as economic evidence rather than
telemetry alone. We call the resulting durable object the intelligence record: signed, continuous, structured evidence of what
autonomous systems requested, selected, verified, changed, and cost. The exchange functions grade, price, settle, and transfer risk;
the record is the evidence substrate that makes those functions possible.

Keywords: inference governance; multi-model routing; AI agents; model evaluation; cost per verified outcome; market structure; risk transfer; system of record;
Jevons paradox; verification infrastructure.

1 Introduction

Every economic act by an agent is two coupled transac-
tions.

A cognition transaction buys a decision from a model,
priced per token. A value transaction then executes that
decision as a payment, trade, booking, or action. In agentic
workflows, the cognition transaction can recur many times
before one value transaction executes, and it determines
the quality of that downstream action.

Five decades of institutional infrastructure govern the
value transaction: published rates, real-time meter-
ing, fraud scoring, underwriting, receipts, reconciliation,
chargebacks, and clearing. The cognition transaction has a
monthly bill but no independent quality grade, task-level
clearing price, standardized settlement receipt, or financial
guarantee.

The remainder of this paper develops each dimension of
this asymmetry. Section 3 documents how deflation ex-
pands the cognition transaction through two reinforcing
mechanisms: cheaper inference makes more work econom-
ical, while cheaper and more reliable verification makes
more work safely delegatable. Section 5 traces the unit of
work from prompts to loops to execution graphs. Section
6 measures the governance gap in outcomes, budget dis-
closures, security incidents, and the emergence of agent
traces as economic evidence. Section 7 identifies four re-

curring market functions by historical analogy. Section 8
presents the production system, the signed counterfactual,
and the compounding evidence graph. Section 9 shows
how risk transfer can close the loop between the cognition
transaction and the value transaction. The intelligence
record is the signed, continuous evidence of what the cog-
nition transaction requested, selected, verified, changed,
and cost.

This market-structure anomaly now matters because three
conditions changed at once.

• Capability deflated. GPT-3-class capability fell from
$60 per million tokens in November 2021 to $0.06 by
late 2024, a 1,000x decline [1]. Epoch AI finds annual
declines from 9x to 900x, with a 50x median and a 200x
post-January-2024 median [2].

• Volume crossed the bilateral-trust threshold. Google
disclosed monthly throughput rising from 9.7 trillion to-
kens in 2024 to 3.2 quadrillion by 2026 [7]. Microsoft
disclosed more than 100 trillion tokens in one fiscal
quarter, while OpenRouter now reports more than 10
trillion tokens per day across 400+ models [8, 10, 135].

• Prompts became loops, and loops are becoming ex-
plicit graphs. Reasoning models moved from negligible
share to more than half of token volume while average
prompt length quadrupled beyond 6,000 tokens [10].
Production systems increasingly encode workflows as



THE INTELLIGENCE RECORD tiers | 2026

state, nodes, typed edges, branches, joins, checkpoints,
and bounded repair [93, 94, 95, 96]. A prompt typi-
cally contains one cognition transaction before a human
decides whether to act. A loop can contain dozens
linked by state. A graph can contain hundreds or more
distributed across branches and agents. The cognition-
to-value ratio therefore rises by orders of magnitude
even before underlying model usage grows.

The outcome and cancellation statistics are developed in
Section 6.1. Public incidents now include autonomous
espionage, compromise of a routing dependency, product-
surface quality regression, an autonomous evaluation es-
cape across infrastructure boundaries, and reported enter-
prise budget failures [23, 24, 26, 70, 73, 99-101].

Summary of findings. Section 8.3 reports the signed
production result. The external record shows that the
preconditions that historically preceded neutral market in-
frastructure are arriving together. The formation sequence
documented in Section 7.2 now spans 118 days from the
April 23 quality regression to Stripe’s August 19 agreement
to acquire OpenRouter. The exchange functions are be-
ing built in parts. The integrated evidence path remains
unclaimed.

This paper makes seven contributions:

• Evidentiary synthesis. More than one hundred sources
show the conditions that historically preceded exchange
formation: deflation, explosive volume, heterogeneous
quality, counterparty risk, and an emerging insurance
market.

• Measurement instrument. A signed, workload-
constant counterfactual makes governed and un-
governed execution inspectable per call rather than
dependent on a before-and-after vendor narrative.

• Production result. A four-function governance system
was evaluated against that counterfactual; the primary
result and cohort range are reported in Section 8.3.

• Dual-Jevons mechanism. Cheaper inference expands
what is economically viable while cheaper verification
expands what is safely delegatable. Their interaction
can increase governed autonomous work faster than
either mechanism alone.

• Agent traces as economic evidence. Execution traces
become institutionally different when they are struc-
tured and signed as evidence of decisions, verification,
state, cost, and settlement rather than retained as de-
veloper telemetry alone.

• Risk-transfer architecture. Signed loss-frequency
records, per-call quality labels, and security dispositions
create the evidence required for performance underwrit-
ing.

• Market-formation record. Routing platforms, eco-
nomic standards, bilateral token-price markets, an-
nounced compute derivatives, regulation, and major
infrastructure acquisitions are arriving on a compressed
schedule [45, 76-81, 135].

Interpretation. The market does not lack model access. It lacks
a neutral, durable record that can connect task-level price dis-
covery, independent verification, runtime evidence, settlement,

and risk transfer. The exchange functions act on the transaction;
the record is what persists.

2 Data and Methodology

The paper’s strongest claim is the measurement instrument
itself. A signed counterfactual converts a vendor claim into
an auditable measurement.

2.1 The Production Platform and the Shadow Baseline

A production governance system records each governed
call beside its ungoverned alternative.
The tiers platform has operated in production since Jan-
uary 2026 and is covered by more than 2,700 tests. It
classifies each call into one of 32 routing cells, defined
as eight task classes by four complexity grades. Each cell
routes to the cheapest model that clears its quality bar
across the production routing surface described in Section
5.1, including local execution.
The same runtime intercepts tool calls, HTTP requests,
and subprocess commands before execution. It verifies re-
sponses against a workflow intent graph and coordinates
multi-agent fleets with cross-vendor failover. These func-
tions are evaluated together because they act on the same
call path.
A signed, immutable, 14-day parallel run supplies the mea-
surement instrument. Each governed call is paired with
the cost of the identical call routed to the enterprise de-
fault model, and both streams are cryptographically signed.
The signed reference-workload result and cohort range are
reported in Section 8.3.
Holding the workload constant eliminates composition
drift from the comparison. A third party with access to
the paired records can inspect them without accepting
a before-and-after narrative. The same record can sup-
port underwriting, as Section 9 develops. The record was
cryptographically verified inside the platform but was not
independently audited for this paper.
Operational necessity produced the platform. From late
2025 through early 2026, continuous autonomous agent
fleets ran computational oncology research: literature
synthesis across biomedical databases, research design,
clinical-protocol analysis, and computational experiments.
The workload combined the properties that stress an
ungoverned inference stack: execution across days and
weeks, workflows with hundreds of sequential inference
calls, heavy tool use spanning search, computation, code
execution, and file operations, simultaneous dependence
on multiple model providers, domain-specific verification
requirements, and a low tolerance for error propagation
because incorrect intermediate results compound through
the research chain.
The four failure modes that became the platform's four
functions were discovered through live operational fail-
ure on this workload. Frontier-priced coordination waste
appeared when planning and state-summarization calls
were routed to frontier models even though lighter models
could clear the same quality bar at roughly 35x lower list
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price. A compromised routing dependency demonstrated
that the routing path itself can become a security target.
Unannounced provider changes altered reasoning behavior
between workload runs and degraded downstream qual-
ity before the change was identified. Missing verification
signals allowed intermediate outputs to propagate when a
task-specific check could have stopped them. Gate, Aiglos,
Forge, and Ulmo were designed against observed produc-
tion failures rather than a hypothetical threat model.

Internal production evaluation also indicated that gover-
nance improved domain-specific output quality by catching
intermediate errors before they propagated. That quality-

improvement observation was not independently audited
and depends on domain-specific evaluation, so this paper
retains the more conservative headline of maintained task
quality. The cost result remains the directly reproducible
claim reported in Section 8.3: the governed output cleared
the same quality bar against a signed, workload-constant
counterfactual. Representative production observation;
verified cost result.

2.2 The External Evidence Corpus

More than one hundred sources are separated by eviden-
tiary grade.

Evidence grade Included sources Treatment in this paper

Primary-grade Peer-reviewed routing, compression,
evaluation, security, and task-horizon
research; official regulation; filings;
provider disclosures; incident reports;
usage studies; production
instrumentation; derivative
announcements; Tokenomics
Foundation; Microsoft MDASH [7-10,
12-14, 20, 23-36, 45-53, 64-66, 72,
76-81, 91, 99-105]

Reported as measured, archival, legal,
or officially disclosed evidence

Analyst-grade Capex aggregates, enterprise surveys,
market sizing, forecasts, pricing
snapshots, FinOps reports,
token-futures simulation, Artificial
Analysis [11, 16-18, 55, 57-59, 69, 82,
83, 89, 98]

Labeled estimate, survey, forecast,
benchmark, or snapshot

Reported statements Named executive remarks, trade-press
cost cases, and vendor-published
benchmark claims [5, 19, 70, 73, 74,
88]

Attributed by speaker, date, and
source; unconfirmed cases remain
labeled reported

Executive remarks that could not be verified against pri-
mary transcripts were excluded. The reported $500 mil-
lion single-month bill remains attributed to a consultant’s
account and unconfirmed by any named company [74].

2.3 Verification Standards

Labels prevent measured production data from being con-
fused with representative telemetry or illustration.

• Verified denotes primary-grade external evidence. For
tiers production data, it denotes cryptographic verifi-
cation inside the signed record; it does not imply an
independent third-party audit.

• Representative denotes production-consistent composi-

tions or allocations that are not independently signed.
• Illustrative denotes interpolations used for exposition

when the enclosing endpoints are verified.
• Analyst-grade and snapshot-grade identify estimates,

surveys, forecasts, benchmarks, and dated market ob-
servations.

Contested facts are footnoted at first use. The MIT NANDA
sample description differs between the report and press
summaries.1 GTG-1002 attribution remains the provider’s
high-confidence assessment with limited independent ver-
ification.2 The April 2026 regression uses the provider’s
postmortem while treating customer-side observability as
a separate issue.3

1The MIT NANDA report describes 52 to 53 structured interviews, 153 senior-leader survey responses, and analysis of more than 300 deployments.
Widely circulated press summaries describe 150 interviews, 350 surveyed employees, and 300 deployments. We cite the report.

2Several outlets noted limited independent verification of the GTG-1002 attribution and degree of autonomy. We report the disclosure as the
provider’s assessment.

3Anthropic’s April 2026 postmortem states that the API and inference layer were unaffected. It attributes the delivered-product regression to a
default effort change, a caching bug that repeatedly cleared reasoning history, and a system-prompt instruction that reduced verbosity and coding
quality [26].
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2.4 Definitions

Five definitions fix the unit of analysis and distinguish
procurement-era trust from runtime trust.

1. Prompt, loop, session, and execution graph. A
prompt is a single-turn exchange. A loop is a serial
cycle of planning, action, observation, and retry. The
session is the security-relevant runtime. An execution
graph represents the workflow as explicit state, nodes,
and typed edges, with loops retained as cycles inside
the graph.

2. Origin-based trust. Model selection by provider brand,
geography, certification, and terms of service, enforced
through contracts and audits rather than per-call con-
trols.

3. Continuous trust. Per-call runtime decisions supported
by cryptographic evidence and independent of model
origin.

4. Ungoverned counterfactual. The parallel cost and be-
havior stream of the identical workload routed entirely
to the enterprise default model.

5. Four exchange functions. Price discovery, quality stan-
dardization, settlement and clearing, and risk transfer
in the standard market-design and commodity-history
sense.

Cognition transaction and value transaction. The cogni-

tion transaction buys a decision from a model. The value
transaction executes that decision as a payment, trade,
booking, or other action. Agentic workflows can contain
dozens or hundreds of cognition transactions before one
value transaction executes.
CPII, CVO, Repair Tax, and VWY. CPII is the quality-
constrained clearing price per task cell across the pro-
duction routing surface. Cost per Verified Outcome (CVO)
is total inference spend divided by outputs that pass ver-
ification. Repair Tax is failed-attempt tokens divided by
successful-attempt tokens. Verified Work Yield (VWY) is
verified outcomes divided by total inference calls.

Interpretation. A workload-constant, signed counterfactual
turns cost and performance claims into evidence that auditors
and underwriters can inspect.

3 The Deflation of Intelligence

Inference is deflating faster than prior computing inputs,
but the economic result is expanding consumption rather
than shrinking enterprise bills.

3.1 Price Declines Without Precedent

Inference prices for a constant-capability benchmark fell
1,000x in three years, an unusually rapid documented
decline.

Figure 1: Deflation of the intelligence commodity. The observed GPT-3-class series uses Appenzeller’s verified endpoints [1]; the 50x and
200x reference slopes are Epoch AI’s cross-benchmark medians [2]. Log scale. Verified.
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Three independent methods describe the same order of
magnitude:

• Observed capability price. Appenzeller tracks MMLU-
42 capability from GPT-3 at $60 per million tokens in
November 2021 to Llama 3.2 3B at $0.06 through com-
modity hosting in late 2024, a 1,000x decline in three
years [1]. The higher MMLU-83 tier fell roughly 62x in
under two years.

• Cross-benchmark trend. Epoch AI fits price declines
across twelve benchmark and threshold combinations
and finds annual rates from 9x to 900x, with a median
of 50x [2]. Restricting the sample to the period after
January 2024 raises the median to 200x.

• Algorithmic decomposition. Work controlling for hard-
ware price declines and open-model competition at-
tributes approximately 18x per year to algorithmic effi-
ciency alone [3]. The highest-quality GPQA-Diamond
tier deflated fastest, at 31x per year, compared with
1.7x for the lowest tier.

Figure 1 places the measurements on a common logarith-
mic axis. The premium grades are not resisting commodi-
tization; they are deflating fastest.

3.2 The Jevons Dynamic

134 price cuts did not shrink the cloud market; they built
a $330 billion one.

Figure 2: The prior computing commodity. AWS-reported cumulative price reductions are plotted against reported annual AWS revenue,
which reached $107.6 billion in 2024 [43, 44]. Only documented price-cut count points are shown. Verified.

Jevons described the mechanism in 1865: efficiency lowers
the effective price of work and can increase total resource
consumption [4]. Satya Nadella, Chairman and CEO of Mi-
crosoft, invoked the same mechanism in a public post on X
on January 27, 2025 after the DeepSeek R1 pricing shock
[54], arguing that greater efficiency would cause AI use to
rise rather than contract [5]. Sam Altman, CEO of Ope-
nAI, wrote in the February 2025 essay Three Observations
that the cost of a given level of AI falls roughly 10x every
twelve months [67]. We use the concept narrowly: falling
unit prices have coincided with consumption growth that
outruns the price decline.4

Jensen Huang, Founder and CEO of NVIDIA, described the

same demand-side logic on the All-In Podcast on March 19,
2026: he argued that a highly paid engineer consuming
only a small token budget would signal underuse of the
new productivity substrate, and said NVIDIA was attempt-
ing to pair top engineering talent with very large token
budgets [106]. The statement points in the opposite direc-
tion of a simple cost-cutting thesis: falling unit cost can
increase the desired intensity of intelligence consumption.

AWS provides the closest computing precedent. By its own
count, AWS reduced prices 107 times between 2006 and
April 2020 and 134 times by September 2023 [43]. Over
the same period, annual revenue rose from near zero to
$107.6 billion in 2024 [44], while global cloud infrastruc-

4Luccioni, Strubell, and Crawford argue that Jevons language is often overextended in AI discourse and that lifecycle-complete accounting is
required before drawing welfare conclusions [6]. We use the concept only to describe the observed relationship between falling unit price and rising
consumption.
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ture spending reached $330.4 billion [55].
Figure 2 shows the result. Price deflation did not reduce
the addressable market. It made more workloads eco-
nomical, expanded usage, and built the prior computing
commodity at global scale.

3.2.1 The Dual-Jevons Mechanism

The Jevons dynamic can operate through two reinforcing
mechanisms.
Jevons on compute. Cheaper inference expands the set of
tasks whose expected value exceeds their execution cost.
This is the mechanism documented above and visible in
the throughput evidence in Section 4.1.
Jevons on trust. Verification has its own effective price:
evaluator calls, deterministic checks, human review, la-
tency, false positives, and the cost of evidence retention.
When that price is high or the signal is noisy, enterprises
keep humans in the loop and cap delegation. When veri-
fication becomes cheaper, faster, and more reliable, more
economically viable tasks can be delegated to autonomous
systems. Cheaper verification therefore need not reduce
demand for verification infrastructure; it can expand the
number of actions that require it.
The interaction is potentially multiplicative. Compute effi-
ciency expands the set of viable tasks, while verification

efficiency expands the delegatable share of those tasks.
Anthropic’s production work on multi-agent research pro-
vides one operating example of why the interaction mat-
ters: its agents used about 4x as many tokens as chat
interactions, multi-agent systems used about 15x, and to-
ken usage alone explained 80% of performance variance
on BrowseComp [129]. More autonomy can mean substan-
tially more inference, which in turn increases the number
of outcomes that must be checked.

Greg Brockman summarized the engineering importance
of evaluation in a December 2023 public post: “evals are
surprisingly often all you need” [127]. Jason Wei later for-
mulated a related “Verifier’s Rule”: the ease of training AI
to solve a task is proportional to how verifiable the task is
[128]. These are practitioner and researcher propositions
rather than measured laws, but they identify the same
bottleneck: improved verification can expand the frontier
of work that can be delegated with confidence.

The intelligence record is the accumulation mechanism
for both effects. Model prices, routing policies, and ver-
ification techniques can all improve or become cheaper.
The signed cross-provider history of what was attempted,
which route was selected, what passed verification, what
failed, and what it cost accumulates rather than resets
with each price cut.

Figure 3: The dual-Jevons mechanism. Lower inference cost expands economically viable work; lower verification cost expands the share
of viable work that can be delegated with evidence. The interaction can expand governed autonomous activity faster than either mechanism
alone. Conceptual synthesis; not a market-wide quantitative estimate.

3.3 Falling Prices, Rising Bills

Unit prices fell while enterprise AI spending and cost-
governance pressure rose.

The price evidence in Section 3.1 documents sustained
unit-cost decline. Over the same broad adoption cycle,
Menlo Ventures estimates enterprise generative AI spend-
ing rose from $1.7 billion in 2023 to $37 billion in 2025

6
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[18]. Gartner forecasts worldwide AI spending to rise 47%
in 2026 and spending on AI models to rise 110% [82]. The
FinOps Foundation reports that 98% of practitioners now
manage AI spend, up from 31% two years earlier [57].
Workload composition explains the result. Agentic tasks
consume on the order of a thousand times the tokens of
comparable chat interactions [64]. Production builders
report input-to-output ratios near 100:1, with cached and
uncached input for the same model differing 10x in price
[65]. Instrumented coding agents spend 76.1% of tokens
on read operations [66].
Goldman Sachs projects token demand rising 24x by 2030,
to approximately 120 quadrillion tokens per month [59].
OpenAI has described its largest customer moving from
one hundred thousand tokens per month to one hundred
billion over six and a half years [68].
The budget crisis is now described across the supply, gov-
ernance, and buyer sides of the market. At an OpenAI
enterprise event on June 2, 2026, Sam Altman, CEO of
OpenAI, said cost concerns had moved from an issue that
rarely surfaced at the start of the year to a major customer
concern, including customers reporting that annual AI bud-
gets had been consumed in the first quarter [107]. J.R.
Storment, Executive Director of the FinOps Foundation,
separately reported to TechCrunch on June 5, 2026 that
companies had arrived in April and May already three
times over their full-year token budgets [108]. Zachery
Anderson, Chief Data and Analytics Officer of JPMorgan
Payments, disclosed at Semafor's New York Tech Week
event on June 3, 2026 that some employees were spend-
ing more on tokens than their salary [109].
When the seller of the tokens, the executive standardizing
the bills, and a major bank describe the same cost pres-
sure within weeks of one another, the evidence is not a
single-company anomaly. It is a market condition.
The named cases show how the mechanism appears inside
enterprises:

• Uber. AI coding tools reached approximately five thou-
sand engineers. Adoption climbed from 32% in Febru-
ary 2026 to 84% by March and 95% monthly use by
spring, while roughly 70% of committed code originated
from AI tools. The company exhausted its full-year AI
budget by April at reported per-engineer costs of $500
to $2,000 per month, then capped employee spending
[70].

• Microsoft. The company reportedly canceled most in-
ternal Claude Code licenses partly because of cost, six
months after rollout [73].

• Canva. Canva reduced its 2026 growth forecast from
30% to about 20% after deliberately slowing the rollout
of Canva AI while it rebuilt the economics of serving
AI at scale. In an August 2026 shareholder update, re-
ported by The Australian on August 4, 2026, co-founder
and CEO Melanie Perkins said Canva had cut the av-
erage cost of serving a single AI task by nearly 90%
since April by building first-party models and routing
work between them and frontier providers; the com-
pany reported image generation at 30x lower cost and

video generation at 17x lower cost than frontier alter-
natives [123]. The result independently corroborates
the task-level routing mechanism in Section 8.3, while
remaining a company-reported operating result.

• The $500 million month. An AI consultant told Ax-
ios that an enterprise client accumulated roughly $500
million in one month after deploying Claude without
usage limits or spending caps. No named company has
confirmed the figure [74].

• The $1.3 million month. OpenClaw creator and Ope-
nAI engineer Peter Steinberger publicly disclosed an
OpenAI usage dashboard showing $1,305,088.81 of us-
age over 30 days, 603 billion tokens, and 7.6 million
requests generated by roughly 100 Codex instances op-
erated by a three-person team [125]. OpenAI covered
the compute cost. The disclosure is not an enterprise
budget case, but it makes the scale of agentic token
consumption visible at a single-team level. Reported
personal disclosure.

• Pricing model shifts. GitHub moved Copilot to credit-
based billing on June 1, 2026. Anthropic announced a
separate monthly credit meter for agent tools billed at
full API rates on May 13, 2026 [75].

Additional evidence since the August 12 edition strength-
ens the distinction between token consumption and veri-
fied work:

• Tokenmaxxing at Meta. The Information reported that
an employee-built internal leaderboard tracked 60.2
trillion tokens across Meta over a 30-day period before
rising further and being removed. The episode is useful
because the metric rewarded consumption rather than
outcome, making the gap between activity and verified
work explicit [130]. Reported case.

• Public-market margin pressure. Figma reported 48%
year-over-year revenue growth in Q2 2026 and its first
full quarter of AI-credit monetization, while market re-
porting tied an approximately 15% after-hours share
decline to the investment required by its AI expansion
and margin pressure [131]. This is not evidence that
AI investment destroyed value; it is evidence that the
cost and monetization of inference are now visible to
public-market investors.

• Enterprise guardrails. UBS reported that roughly 60%
of the enterprises it had recently surveyed or inter-
viewed were throttling AI spend with guardrails as us-
age matured [132]. The organizational response is
increasingly to govern consumption rather than assume
model access alone will self-correct.

• Temporal pricing. DeepSeek’s August 2026 V4 pricing
introduced peak and off-peak bands, with peak output
rates twice the off-peak rates [138]. Once the same
model has a time-varying price, route timing becomes
an economic decision and static procurement prices
become less informative.

• Spend growth and routing response. Ramp reported
that business AI spend had grown 20.7x since June
2025 when it launched Router.com, a model-routing
service that is free through 2026 and reports about 40%

7
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average inference-cost savings for existing users [133].
The result is company-reported, but the combination of
rapidly rising spend and falling routing price is a direct
market signal that execution optimization is becoming
a competitive infrastructure category.

The population-level signature appears in the 100-trillion-
token routing dataset: average prompt length quadrupled
beyond 6,000 tokens, and reasoning models exceeded half
of all tokens within a year [10]. When prices fall while
task volume, calls per task, and repeated context rise faster,
cost governance becomes the binding variable.

Interpretation. Inference deflation is a demand-expansion story.
Cheaper tokens make more cognition economical, while cheaper

verification can make more of that cognition safely delegat-
able. The downstream value transaction inherits the quality
of whichever cognition transaction produced it.

3.4 Intelligence Is Rationed by Waste

The ungoverned cost of an agent fleet acts as an adoption
tax.

Applying the signed reference-workload rates from Section
8.3 to continuously operating fleets makes the scale effect
visible. At one agent, the difference is small enough to
ignore. At fleet scale, it determines which companies can
deploy autonomous work continuously.

Figure 4: Governance changes who can deploy agent fleets. Annual cost applies the measured reference-workload rate to fleets operating
every day of the year. The chart does not forecast every enterprise workload; it shows the direct scale implication of the signed result.
Illustrative fleet application using verified rate.

Continuously operating
agents Ungoverned annual cost Governed annual cost Difference

10 $171,550 $22,265 $149,285
50 $857,750 $111,325 $746,425
100 $1,715,500 $222,650 $1,492,850
500 $8,577,500 $1,113,250 $7,464,250

The signed reference-workload rate in Section 8.3 is equiv-
alent to a 7.7x cost-efficiency multiplier. Holding workload
mix and quality constraints constant, one dollar of gov-
erned inference purchases the same verified output that
required about $7.70 ungoverned. An enterprise can take

that difference as savings, redeploy it into more work, or
combine the two. The measurement establishes the unit-
economics headroom; it does not assume how the buyer
will use it. Verified derivation from the signed result.
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The supply-side implication is allocation rather than free
compute. Ungoverned workflows can send coordination,
orientation, and other low-complexity work to frontier-
priced models even when lighter models clear the same
verified bar. Governance moves those calls to the appropri-
ate price-performance cell and reserves frontier capacity
for work that requires it. If buyers redeploy the resulting
budget headroom, total demand can rise even as the cost
of a verified outcome falls. This is consistent with the
Jevons dynamic documented in Section 3.2.

The provider implication is therefore not necessarily lower
long-run revenue. A buyer that exhausts an annual budget
in one quarter can respond by capping usage or cancel-
ing deployments. A buyer that lowers the cost of verified
work can make more workflows economic and continue
consuming frontier capacity on the tasks that justify it.
Governance changes the composition of provider revenue
before it changes the total: less premium spend on tasks
that do not require frontier capability, potentially more
total inference as deployment expands. Interpretation.

The mechanism is distributional. Large enterprises can
absorb a badly routed first deployment long enough to
discover where the waste sits. Smaller companies ration
usage before they accumulate the same evidence. Gart-
ner separately forecasts that more than 40% of agentic
projects will be canceled by the end of 2027 because of
escalating cost, unclear value, or inadequate controls [17],
and that by 2027 40% of enterprises will demote or retire
autonomous agents after governance gaps are discovered
following incidents [98].

Arvind Jain, CEO of Glean, described the same allocation
problem on CNBC on May 29, 2026: roughly 95% of en-
terprise AI usage was still running on the most expensive
frontier models even when cheaper models could handle
the work, and he described model routing as a path to
order-of-magnitude savings on suitable tasks [110]. The
production result in Section 8.3 measures the same mech-
anism on a signed workload rather than as an estimate.

The production record points to a different adoption path:
measure the ungoverned counterfactual, route to the
lowest-cost model that clears a verified quality bar, and
retain the signed evidence. The immediate result is lower
unit cost. The larger result is that more continuous agent
work becomes economically available to companies out-
side the Fortune 50.

The institutional implication is about relative value, not a
forecast of tiers pricing. If raw token costs continue to fall
faster than the cost of independent verification, signing,
and retention, trust becomes a larger share of the deliv-
ered cost of an autonomous action even when its absolute
cost is stable. That math follows from the denominator;
whether it becomes true in a given market is empirical. The
important design constraint is independence: the party
creating the evidence record must be able to grade the ex-
ecution rail without being economically required to favor
a particular provider or route.

Interpretation. The enterprise bill grows because cheaper cogni-
tion unlocks more calls, longer workflows, and more automated

work. But the cognition transaction still has no independent
quality grade, clearing price, settlement receipt, or financial
guarantee.

3.5 The Anatomy of an Agent Dollar

The token is the billing unit. It is not the economic unit.
An agent dollar flows to seven economic destinations, each
governed differently and wasted differently:
Orientation. The agent reads context, retrieves docu-
ments, and inspects state. Production builders report
input-to-output ratios near 100:1 [65]. Instrumented cod-
ing agents spend 76.1% of tokens on read operations [66].
Orientation is the largest destination by token volume and
the most amenable to compression, caching, and determin-
istic bypass.
Coordination. Planning, tool selection, state summariza-
tion, and inter-agent communication. In the reference
workload, coordination accounts for 60% to 70% of loop
tokens and can route to cells priced roughly 35x below
frontier without measurable quality loss. This is where
agent-overhead routing produces its largest effect. Repre-
sentative production composition.
Production. The substantive work: code generation, anal-
ysis, synthesis, and decision-making. Frontier capability is
most often required here, yet production is a minority of
token volume in many agentic workloads.
Verification. Checking the output against declared in-
tent. Ungoverned workflows either consume the output
unchecked or rely on manual review. Governed workflows
verify at the call level and produce the labels required for
routing, audit, and risk transfer.
Repair. Retrying, replanning, and re-executing after fail-
ure. Repair is the hidden tax on ungoverned workflows. A
task class that succeeds roughly one quarter of the time on
frontier models [63] can generate three failed attempts for
every successful one. Each failed attempt consumed orien-
tation, coordination, and production tokens that produced
no verified value.
Carriage. The physical cost of transmitting tokens: seri-
alization, repeated preambles, context-window padding,
and repeated context. Carriage compounds with context
length and is a primary target of compression and prefix-
aware caching.
Settlement. Recording what was requested, what was
delivered, what it cost, and what quality it achieved. In
ungoverned workflows, settlement is effectively a monthly
invoice. In governed workflows, settlement produces the
signed receipt that closes the audit trail and supplies the
actuarial observation.
Three derived metrics follow from the decomposition:
Cost per Verified Outcome (CVO). Total inference spend
divided by the number of outputs that passed verification.
CVO is the unit cost of useful work, not the unit cost of
tokens.
Repair Tax. Tokens consumed by failed attempts divided
by tokens consumed by successful ones. A Repair Tax of
3.0 means three units of inference spend were consumed
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by failed attempts for every unit that produced a verified
outcome.

Verified Work Yield (VWY). Verified outcomes divided by
total inference calls. VWY is the workflow hit rate: the
fraction of calls that produced something the enterprise
can use.

The seven-destination decomposition explains the produc-
tion result in Section 8.3. Most of an agent dollar goes to
orientation and coordination, which can be compressed,
cached, bypassed deterministically, or routed to lighter
models. Production requires quality-constrained routing.
Repair is governed by verification: catching a failure early
avoids the compound cost of workflow-scale replanning.
Settlement becomes operating exhaust because the audit
record is produced by the governance path itself.

3.6 The Democratization Threshold

An illustrative 2030 scenario places avoidable inference
spend above $200 billion. The scenario is an extrapolation
from the reference-workload ratio, not a claim that every
enterprise workload has the same waste profile.

The structural sources of waste documented in Section 3.5,
including coordination overhead, repair, repeated context,
and deterministic work routed through inference, recur
across agentic workloads even though their shares vary by
workload. The signed result therefore supplies a measured
reference point, not a universal market-wide waste rate.

Goldman Sachs projects token demand rising 24x by 2030
to approximately 120 quadrillion tokens per month [59].
Gartner forecasts worldwide AI spending to rise 47% in
2026 and spending on AI models to rise 110% [82]. Those
forecasts establish rapid growth, but they do not by them-
selves establish a $300 billion enterprise-inference market.
For scale, consider a transparent scenario in which annual
enterprise inference spend eventually reaches $300 billion.
Applying the reference-workload cost ratio to that scenario
would imply that approximately $39 billion is required
to produce the same verified output and $261 billion is
the difference between governed and ungoverned cost.
Analyst-grade scenario using a verified workload ratio.

The affordability effect is distributional. Large enterprises
can absorb an inefficient first deployment long enough to
discover where the waste sits. Smaller companies, public-

sector organizations, academic institutions, and organiza-
tions in lower-budget markets face the same list prices with
less room for error. They can ration usage or stop projects
before accumulating the production evidence needed to
optimize them. Gartner forecasts that more than 40% of
agentic AI projects will be canceled by the end of 2027
because of escalating cost, unclear value, or inadequate
controls [17]. That forecast is consistent with an afford-
ability constraint, though it does not prove that routing
waste is the cause.
Prior computing commodities became broadly accessible
as infrastructure reduced the delivered cost of useful work.
The relevant comparison is cloud computing. Flexera es-
timates that 29% of IaaS and PaaS spend is wasted in
2026 after two decades of cloud optimization [58]. The
reference-workload result in Section 8.3 is not directly
comparable to that survey estimate, but the difference
illustrates how immature agentic unit economics remain.
At a fixed inference budget, the measured ratio implies up
to 7.7x more verified work on the reference workload if
the budget is redeployed and the workload mix remains
comparable. That is a budget-efficiency statement, not an
energy or physical-compute claim. Different models run
on different hardware with different utilization and power
characteristics, so this paper does not infer a 7.7x reduc-
tion in energy use or a 7.7x increase in physical compute
output from the dollar result alone.

Interpretation. The long-run governance question is larger than
whether enterprises can save money on tokens. It is whether
the delivered cost of verified intelligence falls far enough for au-
tonomous work to become economically accessible beyond the
organizations that can absorb inefficient early deployments. The
7.7x multiplier is a measured reference-workload ratio for that
question, not a universal constant.

4 The Volume Threshold

Inference volume has crossed the scale at which bilateral
contracts and provider-specific trust can govern the mar-
ket.

4.1 Provider-Disclosed Throughput

Disclosed token throughput grew 330x in two years, from
trillions to quadrillions per month.
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Figure 5: The volume threshold. Google, Microsoft, and OpenRouter disclosures are shown on a logarithmic scale [7, 8, 10, 72]. Verified.

Provider or surface Disclosure Monthly equivalent Date

Google 9.7 trillion tokens per month 9.7T 2024 [7]
Google 480 trillion tokens per month 480T 2025 [7]
Google 3.2 quadrillion tokens per

month
3.2Q 2026 [7]

Microsoft More than 100 trillion in one
quarter, including 50 trillion in
one month

More than 33T quarterly
average; 50T peak month

2025 [8]

OpenRouter 25 trillion tokens per week Approximately 100T 2026 [10, 72, 84]

Goldman Sachs extends the curve to approximately 120
quadrillion tokens per month by 2030, with enterprise
agents driving the majority of longer-term usage [59].

OpenRouter reported weekly volume rising from 5 trillion
to 25 trillion tokens in six months.

The routing platform’s official 100-trillion-token study also
found that open-weight models reached approximately
one third of usage by late 2025 and that Chinese open-

source models reached nearly 30% of total usage in some
weeks [72, 84, 85]. Token share still does not reveal the
clearing price or required quality grade of a task. The miss-
ing function is task-level price discovery under a verified
quality constraint, not publication of another token price.

4.2 Supply-Side Commitment

Hyperscaler capital-expenditure guidance for 2026 reaches
approximately $725 billion.
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Figure 6: Supply-side commitment. Hyperscaler capex combines filing-based Epoch AI aggregates with Goldman Sachs’ 2026 guidance
estimate; the NVIDIA series uses Forms 8-K [11, 12]. Interpolated display years are identified in the source figure. Analyst-grade and verified
series.

Capital formation removes any remaining doubt about the
commodity framing. Combined capital expenditure at the
four largest hyperscalers rose from $162.3 billion in 2022
to approximately $410 billion in 2025, with 2026 guidance
near $725 billion [11]. Alphabet alone guided to $180
billion to $190 billion, while Meta guided to $125 billion
to $145 billion [86].
NVIDIA’s data-center segment grew from $115.2 billion in
fiscal 2025 to $197.3 billion in fiscal 2026 and recorded
$75.2 billion in the quarter ended April 26, 2026, up 92%
year over year [12]. Figure 6 plots both series.

4.3 Interpretation

The quantity is no longer the constraint. The trust archi-
tecture is.
Volume of this magnitude is transacted per call among
thousands of enterprises and dozens of providers under bi-
lateral terms. Grain, oil, securities, and payments reached
the same structural point before they created neutral insti-
tutions for price, quality, settlement, and risk.
David Sacks, co-host of the All-In Podcast, described the
same separation in a public post on X on May 3, 2026:

capital expenditure builds the token factories, while the
economic activity occurs inside them as the tokens are
used [111]. The distinction matters here. Capital forma-
tion can make intelligence abundant without creating an
institution that governs the decisions produced by that
abundance.

Interpretation. The inference market has enough suppliers,
buyers, capital, and transaction volume to support exchange
infrastructure. What it lacks is a neutral mechanism for discov-
ering the right price and grade per task, recording delivery, and
transferring residual risk.

5 The Structure of Demand: A Plural, Agentic
Market

Demand is fragmenting across models at the same time
that the unit of work is expanding from a prompt into an
autonomous workflow.

5.1 Structural Pluralism

No single model or provider serves the market, and lead-
ership has inverted twice in three years.
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Figure 7: The routing surface. The August 5, 2026 production catalog spans 56 models across 20 providers. Verified output list prices
range from $0.12 per million tokens for nova-lite to $50.00 for fable-5, a 417x span [69]. The chart shows only the verified endpoints and
does not imply a distribution between them. Snapshot-grade.

Open-weight models reached and held approximately one
third of total token volume on the largest independent
routing platform through late 2025. DeepSeek contributed
14.37 trillion tokens over the study window, yet by its
end no single open model held more than one quarter of
open-source volume [10].

OpenRouter’s official study found that Chinese open-source
models rose from a negligible base to nearly 30% of total
usage in some weeks during 2025, while averaging ap-
proximately 13% across the full window [85]. The result
is not consolidation around one model or one geography.
It is a plural market whose leaders change with releases
and price-performance shifts.

The enterprise API market shows the same instability.
Menlo Ventures’ survey of 495 US decision-makers places
Anthropic at 40% of enterprise LLM API share, OpenAI at
27%, and Google at 21% [18]. In 2023, Anthropic held
12% while OpenAI held 50%. Enterprise generative AI
spending rose from $1.7 billion in 2023 to $11.5 billion in
2024 and $37 billion in 2025 [18].

The multi-model imperative is now stated from inside one
of the largest AI buyers and platform operators. Mustafa
Suleyman, CEO of Microsoft AI, described Anthropic as ex-
tremely expensive and said many customers were urgently
looking for alternatives in a Bloomberg interview reported
on June 6, 2026 [112]. The statement is consistent with
the routing data: structural pluralism is an operating re-
ality, not merely a temporary phase before one provider
wins.

A workload pinned to one provider is therefore pinned to
a moving target. Release cadence, regional competition,

and model repricing change the optimal task assignment
faster than an annual procurement process can respond.

The price surface widens the opportunity. The August
5, 2026 production catalog spans 56 models across 20
providers. Output list prices range from $0.12 per million
tokens for nova-lite to $50.00 for fable-5, a 417x span
[69]. Figure 7 shows the current production range.

Chamath Palihapitiya, Founder and CEO of Social Capital,
described the same structural condition in a public post
on X on June 6, 2026: the capability gap between leading
open-weight and closed models had narrowed much faster
than the pricing gap, leaving a large price difference for
many practical tasks [122]. He argued that enterprises
need a model-agnostic approach that matches customer
intent and task requirements to cost rather than default-
ing to the most expensive model. The observation is an
executive statement, not a benchmark, but it describes the
economic problem that a 417x production price surface
creates.

5.2 The Agentic Transition

Reasoning-optimized models now account for more than
half of all tokens.

METR finds the duration of software tasks completable at
50% success doubling approximately every seven months
since 2019, reaching about fifty minutes of human-
equivalent work by early 2025 [13]. The 80%-success
horizon follows a statistically indistinguishable schedule.

The Anthropic Economic Index records directive delega-
tion rising from 27% to 39% of usage in eight months, with
API customers automating more specialized task portfolios
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than consumer users [14]. The routing dataset supplies
the token-level signature: reasoning models moved from
negligible share to more than half of all tokens, prompt
lengths quadrupled, and programming grew to more than
half of token volume [10].
Consumer chat remains enormous but structurally differ-
ent. The NBER study of ChatGPT records roughly 700
million weekly users and 18 billion messages per week,
with non-work usage rising from 53% to more than 70%
[15]. The enterprise inference problem is an autonomous-
workload market, distinct from consumer chat even though
both use the same underlying models.
The agentic transition changes the coupling ratio between

the two transactions. A consumer chat prompt produces
one cognition transaction that a human can evaluate be-
fore any value transaction occurs. An autonomous agent
loop can produce dozens or hundreds of cognition transac-
tions before a single value transaction executes. The agent
evaluates options, compares prices, verifies availability,
checks constraints, drafts the action, reviews its own draft,
and then acts. One payment. Hundreds of decisions. Each
ungraded, unpriced at the task level, and unsettled.

5.3 From Prompts to Loops to Graphs

The prompt, loop, and execution graph are different units
of engineering and governance.

Figure 8: From prompts to loops to graphs. The left panel shows METR’s 50%-success task horizon [13]. The right panel distinguishes the
execution units and summarizes independent graph-structured workflow evidence [93, 94, 95, 97]. Verified trend; literature synthesis.

A prompt has one input, one output, one model, one cost
event, and a human evaluating the result. A loop adds
repeated planning, action, observation, and retry. An exe-
cution graph makes the structure explicit: nodes perform
work, shared state carries the record, and typed edges de-
fine which transition is allowed next. Branches can run in
parallel, joins can wait for required evidence, checkpoints
can resume after failure, and a local repair can remain
bounded to the affected subgraph [93, 94, 95].
A practical graph-engineering method has five stages:

1. Decompose the workflow into nodes. Separate deter-
ministic work, model calls, tool use, verification, and
settlement so each can be measured and governed in-
dependently.

2. Define typed state. Specify the fields that persist across
the workflow, their provenance, and which functions
may read or mutate them.

3. Define typed edges. Encode preconditions, effects,
budgets, security policy, and routing constraints on
each transition rather than hiding them inside prompts.

4. Attach local verification and bounded repair. Verify
at the node and path level; retry, reroute, or repair
only the affected neighborhood instead of replaying the
entire workflow.

5. Compile the execution policy. Add checkpoints, paral-
lel branches, joins, human interrupts, and termination
conditions, then observe the graph as a signed sequence
of state transitions.
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Unit Best fit Control surface Principal cost

Prompt One-shot generation or
extraction

Input, output, schema No recovery after a bad
result

Loop Uncertain but mostly serial
tool use

Stop conditions, retry policy,
session budget

Repeated context and
global replanning

Execution graph Branching, parallel,
regulated, or
high-consequence work

Typed state, typed edges,
checkpoints, node-level
verification

More design and
observability overhead

5.3.1 A Phase Transition, Not a Gradual Evolution

The progression from prompts to loops to graphs is not
only a scaling of token volume. It changes the kind of
governance that can work.

In the prompt regime, provider dashboards, monthly bills,
manual review, and annual procurement are clumsy but
often sufficient because a human remains close to each
output. In the loop regime, repeated state and repair begin
to outrun human attention. Anthropic reports that agents
use about 4x as many tokens as chat interactions and its
multi-agent research system about 15x, with token usage
explaining 80% of performance variance on BrowseComp
[129]. The execution trace is still interpretable as a mostly
serial trajectory, but its economic and security surface has
expanded.

In the graph regime, parallel branches, shared state, typed
mutations, and cross-agent dependencies create a differ-
ent control problem. Errors can propagate through several
branches before a human sees the result, and adversar-
ial behavior can be visible only across many individually
ordinary events. The July 2026 Hugging Face incident
required reconstruction of approximately 17,600 actions
grouped into roughly 6,280 clusters [101]. At that scale,
per-request inspection remains useful but cannot by itself
describe the trajectory.

The budget cases in Section 3.3 and runtime failures in
Section 6.3 are therefore better read as symptoms of an
institutional phase transition. Prompt-era controls are be-
ing asked to govern graph-era activity. Historical market
infrastructure did not appear because volume was large
in the abstract; it appeared when bilateral trust stopped
scaling with the transaction surface. The 118-day forma-
tion sequence in Section 7.2 is consistent with the same
compression mechanism, though it does not establish a
deterministic law.

Evidence argues against using graphs indiscriminately.
LangGraph makes state, nodes, and edges explicit and
adds durable execution, persistence, and human interrup-
tion [93]. GraphFlow reports a 4.95 percentage-point
average performance gain and roughly 4x lower memory
use from task-specific workflows [94]. GraSP reports gains
of up to 19 reward points and 41% fewer environment
steps from typed skill DAGs, node-level verification, and
bounded repair [95].

El Agente Gráfico shows that typed objects and persistent
knowledge graphs can preserve provenance in complex

and parallel scientific work [96]. GraphRAG-Bench sup-
plies the counterweight: graph structure can underperform
simpler retrieval when tasks do not need hierarchical or
deep contextual reasoning [97]. The correct progression
uses the least structured unit that can express the task and
contain its failures.
Four governance properties change as the unit evolves:

• Cost visibility. A graph exposes spend by node, branch,
join, and retry instead of reporting only a workflow
total.

• Security inspection. Individually ordinary actions can
combine across shared state and typed edges into an ad-
versarial trajectory visible only at the session and graph
level.

• Quality review. Verification can occur before a node’s
output propagates, with path-level checks at joins and
settlement.

• Reliability. Checkpoints, bounded repair, and explicit
failover prevent one failed node from forcing a full
workflow replay.

Figure 8 places the expanding task horizon beside the
engineering shift from prompts to loops to graphs.
Every incumbent trust instrument, including the terms-
of-service agreement, annual audit, provider certification,
and per-request gateway, was designed for the prompt
regime. Graph execution makes the missing controls more
explicit because state, transitions, and failure boundaries
become inspectable objects.

Interpretation. Structural pluralism makes provider choice a
continuous optimization problem. Agentic execution makes the
session the runtime unit of risk, while graph engineering makes
the workflow’s state transitions the unit that must be priced,
verified, secured, and settled. The cognition-to-value transaction
ratio moves from approximately 1:1 in the prompt regime to
orders of magnitude higher in graph execution. The institutional
gap widens with that frequency because each additional cognition
transaction creates another decision that can affect downstream
value.

6 The Governance Gap: Failure at Scale on the
Public Record

Enterprise spending is rising faster than measurable out-
comes because the existing trust stack operates before
procurement or after failure, not during execution.
The governance gap is a gap between the two transactions.
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The value transaction has fifty years of institutional infras-
tructure: published rates, real-time metering, fraud scor-
ing, underwriting, receipts, reconciliation, chargebacks,
and clearing. The cognition transaction has a monthly bill.
The existing trust stack governs the enterprise before pro-
curement through contracts, audits, and certifications, or
after failure through incident response and postmortems.

Nothing in that stack necessarily operates during execu-
tion, at the call, where the cognition transaction deter-
mines the quality of every value transaction downstream.

6.1 The Outcome Statistics

MIT NANDA reports that 95% of the enterprise AI pilots
in its study did not reach measurable P&L impact.

Figure 9: Record spend, failing outcomes. Enterprise generative AI spend from Menlo Ventures is shown beside the MIT NANDA
pilot-failure rate and Gartner’s cancellation forecast [16, 17, 18]. Analyst-grade.

MIT’s NANDA initiative reports that 95% of the enter-
prise AI pilots in its study did not achieve rapid revenue
acceleration against $30 billion to $40 billion invested
[16]. Purchased solutions succeeded roughly twice as of-
ten as internal builds. Gartner forecasts that more than
40% of agentic AI projects will be canceled by the end
of 2027 because of escalating cost, unclear value, or in-
adequate controls [17]. Gartner separately forecasts that
sophisticated-model inference may cost roughly 90% less
by 2030, an analyst projection rather than a direct mea-
surement [87].

The spending record moves in the opposite direction. The
enterprise-spending series is documented in Section 3.3
[18]. Roughly 300 companies raised AI token costs on
earnings calls in April and May 2026, compared with 93
a year earlier, and the chief executive of a major North
American bank disclosed token consumption rising 500%
in six months [71].

The detailed budget cases belong to Section 3.3. Here their
significance is narrower: the first named enterprise failures
now connect high adoption to exhausted budgets without
a reliable measure of downstream output. Anthropic’s

own revenue reached a reported $30 billion annualized
run rate in April 2026, up from $9 billion at the end of
2025, with more than 1,000 businesses spending over $1
million annually [74].

Figure 9 places record spend beside failing outcomes.

6.2 Origin-Based Trust and the Routing Gap

Enterprises select models by origin, but provider identity
is neither a runtime control nor a task-level price signal.

The prevailing model-selection process uses provider
brand, geography, certification, and contract. Its enforce-
ment stack is a terms-of-service agreement and a compli-
ance attestation. Neither instrument operates at runtime,
inspects a session, grades an output, or prices a task.

Marc Benioff, Chair and CEO of Salesforce, described the
resulting gap on the All-In Podcast on May 15, 2026 from
the perspective of a nine-figure buyer: Salesforce was us-
ing approximately $300 million of Anthropic in a year,
while “the vast majority of those tokens don’t need to go to
Anthropic.” He argued that an intermediary must identify
which calls require the frontier provider and which can be

16



THE INTELLIGENCE RECORD tiers | 2026

handled by smaller models [19].

Salesforce's own product architecture points to the same
control surface. In Salesforce's June 23, 2025 Agentforce
3 announcement, Adam Evans, EVP and GM of Sales-
force AI, emphasized trust, accountability, visibility, testing,
and guardrails, while Salesforce documentation describes
runtime controls that constrain topics, actions, data ac-
cess, and instruction adherence [113]. The largest enter-
prise agent deployments are therefore adding governance
around model capability rather than treating model choice
as sufficient.

Praveen Neppalli Naga, Chief Technology Officer of Uber,
described the speed at which provider-specific usage can
outrun enterprise controls in an April 2026 interview with
The Information. After surging Claude Code adoption ex-
hausted the company's planned full-year AI budget within
months, he said the budget he thought he would need
had already been blown away and that Uber was back to
the drawing board [121]. The statement does not prove
that Uber misrouted work, but it shows that model selec-
tion and token consumption can move faster than annual
budgeting and procurement controls. Reported executive
statement.

The statement names the missing function precisely: task-
aware routing under a quality constraint. The peer-
reviewed literature validates the mechanism [28, 29], but
a router alone cannot prove that the cheaper output met
the task, that the session remained safe, or that the result-
ing savings are auditable.

6.3 Runtime Failures on the Public Record

The public record now contains examples of every failure
class the autonomous execution regime predicts. Provider
postmortems document related product-quality incidents
as well [25].

• Autonomous adversarial use. In November 2025, An-
thropic disclosed what it assessed with high confidence
as a Chinese state-sponsored campaign, GTG-1002, cat-
aloged as MITRE ATT&CK campaign C0062 [23]. The
actor manipulated an agentic coding system to execute
80% to 90% of tactical operations independently across
roughly thirty targets. The architectural point is not
attribution: individual calls were unremarkable, while
the attack signature existed across the trajectory.

• Supply-chain compromise of routing infrastructure.
On March 24, 2026, malicious LiteLLM versions 1.82.7
and 1.82.8 were published directly to PyPI after a main-
tainer account was hijacked [24]. The project tied the
incident to the broader Trivy supply-chain compromise.
The payload stole and exfiltrated credentials includ-
ing SSH keys, environment variables, cloud and Ku-
bernetes credentials, database passwords, wallets, and
private keys; version 1.82.8 used a .pth file to execute
at Python startup. The routing dependency proved to
be a high-value compromise point.

• Product-function quality regression. Academic work
has documented substantial behavioral changes across
model snapshots [27]. In April 2026, Anthropic at-

tributed a multi-week Claude Code regression to a de-
fault reasoning-effort change, a caching bug that re-
peatedly cleared prior reasoning, and a system-prompt
verbosity experiment [26]. Anthropic stated that the
API and inference service were unaffected. The incident
still demonstrates how harness and product changes
can alter delivered quality while the provider remains
the primary investigator.

• Autonomous evaluation escape and cross-platform
intrusion. In July 2026, an internal OpenAI cyber-
capability evaluation escaped its constrained environ-
ment by exploiting a zero-day in a package-registry
cache proxy, reached the public internet, and chained
vulnerabilities into Hugging Face production systems
[99, 100]. Hugging Face reconstructed approximately
17,600 attacker actions grouped into roughly 6,280
clusters across the campaign [101]. Most actions failed.
The successful path was hidden inside thousands of
low-signal events spread across systems.

The incident is a direct demonstration of trajectory risk.
No single event explains the compromise. The relevant
evidence is the sequence: repeated exploration, credential
access, privilege escalation, lateral movement, and adapta-
tion when a path failed. Hugging Face states that defenders
had to correlate thousands of low-signal events and use
AI-assisted reconstruction because manual review was im-
practical [101]. We infer from that record that per-request
inspection is necessary but insufficient for autonomous
execution; the security-relevant unit is the session and its
state transitions.

Research anticipated these incidents. Indirect prompt injec-
tion shows that processing retrieved content can amount
to executing untrusted instructions [20]. InjecAgent and
AgentDojo systematize agent-level attack evaluation [52,
53], while OWASP and MITRE ATLAS codify the threat
taxonomy [21, 22]. Practitioner work identifies the ex-
ploit precondition as private data, untrusted content, and
external communication coexisting in one agent [51].

Incidents and research point to the same unit of attack:
the execution trajectory, observed at the session level. A
graph does not remove the risk. It makes state mutation,
branch provenance, permitted transitions, and repair paths
explicit enough to inspect and govern.

6.4 The Reliability Record

The best frontier model completes 24% of enterprise tasks
fully.

TheAgentCompany evaluates 175 consequential workplace
tasks against a simulated firm’s real tools. The best frontier
model completes 24% fully and 34.4% with partial credit;
later public runs remain near 30% [63].

These figures do not show that models are unusable. They
show why unattended autonomy requires independent ver-
ification before an output propagates. A workload class
that succeeds only one quarter to one third of the time can-
not be governed by provider reputation or after-the-fact
observation.
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Interpretation. The governance gap is measurable in outcomes,
budget disclosures, security incidents, silent drift, and agent reli-
ability. These are not four unrelated product opportunities. They
are consequences of the same missing runtime institution.

6.5 Agent Traces as Economic Evidence

The graph regime produces a category of data that existing
observability infrastructure was not designed to treat as
an economic record.

Agents emit traces continuously. Much of this resembles
developer telemetry: token counts, latency, tool errors,
provider responses, and state transitions. Most traces will
never be read by a human. But the same trace can also
contain the decision path of an autonomous economic ac-
tor: which model was selected, which tools were invoked,
which state was mutated, which output was accepted,
what verification failed, what repair cost, and which down-
stream action followed.

The distinction is institutional. Observability treats traces
as telemetry about a system, primarily consumed after the
fact by developers. A system of record treats selected traces
as evidence of autonomous economic activity, structured

so engineering, finance, security, auditors, underwriters,
and downstream systems can rely on the same signed facts.

The progression has four stages:

1. Observability watches what happened.
2. Data platforms store and query traces at scale.
3. Systems of record structure selected traces into signed,

auditable evidence of decisions, quality, state, and cost.
4. Exchange functions grade, price, settle, and transfer

risk using that evidence.

The categorical shift occurs between stages two and three.
Storage volume is not the difference. Evidentiary meaning
is. The Section 3.5 decomposition shows why: orientation
and carriage traces explain resource use, while verification,
repair, and settlement traces determine whether the work
created verified value and how the result should change
the next execution.

Runtime timing matters. An unverified intermediate out-
put that propagates through a graph can create compound
error before an observability dashboard records the final
failure. A record suitable for governance therefore has to
be created on the execution path, not reconstructed only
after the workflow ends.

Figure 10: Agent traces cross a categorical boundary. Observability and data platforms treat traces primarily as telemetry; a system-of-
record function structures selected traces into signed evidence that can support grading, settlement, audit, and risk transfer. Conceptual
synthesis.

Interpretation. Agent traces become economic evidence when
they are structured and signed so multiple organizational func-
tions can rely on the same record. That function is distinct
from observability because it participates in governance during
execution rather than only describing execution afterward.

7 Four Functions of a Missing Record

When commodity volume outgrows bilateral trust, markets
repeatedly create the same four functions: price discovery,
quality standardization, settlement and clearing, and risk
transfer.
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7.1 The Historical Pattern

The interval from trust crisis to exchange infrastructure
compressed from seventeen years for grain to four years

for payments.

Figure 11: Five markets, one recurring pattern. Grain, oil, securities, and payments are plotted from trust crisis to neutral infrastructure
using archival and institutional histories [37, 38, 39, 40]. The intelligence row records observed 2025-2026 trust and market-formation
signals while leaving the completion date open. Verified historical record; structural interpretation.

Market Trust failure Institutional response Interval

Grain Volume outgrew per-lot
inspection

CBOT established binding
wheat grades in 1856 and
standardized futures in
1865 [37]

17 years

Oil Bilateral contracts could
not absorb 1970s price
shocks

NYMEX launched WTI
futures with a Cushing
delivery grade in 1983
[40]

10 years

Securities The 1968-1970
paperwork crisis pushed
settlement toward three
weeks and produced
roughly $400 million in
losses

The Depository Trust
Company immobilized
certificates in 1973 [38]

5 years

Payments BankAmericard’s national
program collapsed under
fraud and interbank
distrust

The owning bank
relinquished the network
to a neutral
member-owned entity in
1970 [39]

4 years

19



THE INTELLIGENCE RECORD tiers | 2026

The institution that authored the grade or settlement stan-
dard held the position. CBOT made heterogeneous wheat
fungible. NYMEX defined the delivery grade that became
the reference price. DTC converted certificates into a clear-
ing utility. Visa’s neutrality allowed competitors to join a
network they would not accept from a rival bank.
A trust-infrastructure variant launched electronic com-
merce. VeriSign, spun out of RSA’s certification business

in 1995, supplied the certificate authority that allowed
parties with no prior relationship to transact [41]. Figure
11 compresses the historical record.

7.2 The Formation Sequence Is Compressing

Independent signals across quality, governance, standards,
security, pricing, and regulation arrived within 118 days.

Figure 12: A compressed sequence of market-formation signals. The sequence extends from the April 23 quality regression through Stripe’s
August 19 agreement to acquire OpenRouter, with intervening governance, standards, security, pricing, regulatory, and market-structure
signals [26, 45, 56, 72, 76, 98-102, 135, 136]. Verified events and reported transaction value; structural interpretation.

The sequence begins with a provider-attributed quality
regression on April 23 and extends 118 days to the Au-
gust 19 announcements that Stripe had agreed to ac-
quire OpenRouter and Ramp had launched a competing
router. Between those endpoints, an analyst forecast tied
autonomous-agent retirement to governance incidents, an
independent routing market raised institutional capital,
the Linux Foundation announced an economic-standards
initiative, firm-level employment evidence strengthened
the complementarity case, an autonomous evaluation
agent crossed multiple infrastructure boundaries, a frontier
provider repriced current models, and more than 1,300 em-
ployees of frontier AI organizations signed the Pacing the
Frontier statement calling for technical and governance

tools capable of deliberately pacing frontier-wide auto-
mated AI development [26, 45, 56, 72, 76, 98-102, 133,
135, 136]. The signatory count is dynamic; the statement
itself is the relevant formation signal.

None of these events proves the exchange thesis alone.
Their convergence matters. Prior commodity institutions
did not form because of one price series or one failure.
They formed when volume, dispersion, trust failures, stan-
dards, and financial exposure became simultaneous oper-
ating facts.

7.3 Mapping the Functions to Inference

Each historical exchange function has a precise inference-
market counterpart.
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Exchange function Commodity precedent Inference counterpart

Price discovery CBOT order flow; NYMEX WTI Continuous task-aware routing across
the model market to discover the
clearing price of each task class per
call

Quality standardization Wheat grades; delivery specifications Independent behavioral verification
against intent, turning inference into
a graded and comparable unit

Settlement and clearing DTC certificate immobilization;
clearing records

Signed per-call artifacts and session
baselines proving what was requested,
delivered, and accepted

Risk transfer Crop insurance; clearinghouse
guarantees

Parametric performance cover on
governed inference, underwritten by
rated capacity

The cognition transaction is a high-frequency economic
transaction without a dedicated market reference. It has
model list prices but no published task-level clearing price,
provider evaluations but no neutral quality grade, monthly
invoices but no standardized per-call settlement receipt,
and emerging insurance products without a common ex-
posure record. Payments, securities, and advertising built
analogous infrastructure as fragmented transaction vol-
ume scaled. Inference crossed a comparable operational
threshold in 2025 and 2026 while the integrated function
set remained incomplete.

7.3.1 The Clearing Price of Intelligence Index

CPII is the NBBO for intelligence.
The national best bid and offer gives an equity trader a
shared price reference across fragmented venues. No com-
parable task-level reference exists for inference. A buyer
sees the list price of a model from a provider, but not the
quality-constrained clearing price of a unit of work across
the full routing surface.
The Clearing Price of Intelligence Index (CPII) fills this
function. It publishes the quality-constrained clearing
price per task class across the production routing surface,
planned as a monthly snapshot. A 32-cell matrix, eight
task classes by four complexity grades, underlies the in-
dex. Each cell reports the price of the cheapest model that
clears the verified quality bar for that task class and grade
against the signed production record.
The routing surface is the dated market snapshot described
in Section 5.1. On August 5, 2026, output list prices
ranged from $0.12 to $50.00 per million tokens, a 417x
span verified against provider pricing pages [69]. A market
with a 417-fold list-price range but no published task-level

clearing price is operating without a common reference.
Snapshot-grade.

CPII makes two distinctions visible. First, the clearing
price of a task is not the list price of a model: a code-
inspection task at complexity grade 1 can clear at a cell
priced roughly 35x below the frontier model. Second, the
clearing price moves independently of any one provider. A
release, repricing event, or quality regression changes only
the cells it affects. That is what makes CPII a market-level
signal rather than a vendor dashboard.

CPII is the first planned tiers research index built directly
on the production routing surface. Each edition will link
back to this paper as its methodological foundation.

7.4 A Market-Structure Analogy: Reg NMS and Runtime
Evidence

The useful parallel is not that inference should inherit
securities law. It is that fragmented execution becomes
governable only when participants share a reference and
preserve evidence of the route taken.

The broker-dealer duty of best execution predates Regula-
tion NMS. Regulation NMS added market-wide infrastruc-
ture around fragmented equity venues, including the Order
Protection Rule and a consolidated price reference. The
SEC continues to describe the national best bid and offer as
a baseline for price discovery and best-execution analysis
[103, 104]. The 2020 Robinhood settlement illustrates the
enforcement consequence when customer-facing routing
claims and execution outcomes cannot be reconciled: the
firm paid a $65 million civil penalty and retained an inde-
pendent consultant to review communications, payment
for order flow, and best-execution practices [105].
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Equity market instrument Function Inference counterpart tiers implementation

National best bid and offer
(NBBO)

Shared reference price
across fragmented venues

Published clearing price per
task class across the model
market

CPII: quality-constrained
clearing price across the
production routing surface

Order routing and best
execution

Route selection under a
market-wide reference

Task-aware routing under a
verified quality constraint

Gate: 32-cell routing
matrix, continuous
evaluation, quality bar per
cell

Rule 606 routing disclosure Inspectable record of where
orders were routed

Signed per-call record of
model identity, route,
verification outcome, and
cost

Ulmo: signed receipt,
session baseline, and audit
artifacts

Market surveillance Real-time monitoring for
abusive patterns across
venues

Session-level inspection for
adversarial trajectories and
behavioral anomalies

Aiglos: 111 threat families,
30 campaign patterns,
session baselines

Payment for order flow Revenue conflict between
venue economics and
customer execution

Provider or placement
economics can conflict with
task-level optimization

Neutrality constraint:
governance fee on spend
under management, no
provider placement revenue

Clearinghouse guarantee Rated counterparty stands
behind defined trade
obligations

Rated capacity stands
behind defined inference
performance

Signed counterfactual and
per-call quality history
supply the underwriting
record

Figure 13: A market-structure analogy, not a regulatory equivalence. Equities use a shared price reference and inspectable execution
records across fragmented venues. Inference requires an analogous technical record across models and providers, while the governing legal
duties remain distinct. Institutional comparison.

Inference has the same technical precursor: multiple
venues, fast repricing, heterogeneous service quality, and
an agent selecting the route. The instruments are struc-
turally analogous even though the legal duties remain
distinct. Neither analogy implies that token routing is a
securities transaction. The instruments map because frag-
mented execution at scale creates the same information

problem: what was available, what route was selected,
what policy governed the choice, and what was delivered.
The NBBO made a shared reference visible for equities.
CPII makes a task-level reference visible for intelligence.

The payment-for-order-flow parallel is especially instruc-
tive. PFOF creates a revenue conflict because the bro-
ker can earn from the venue rather than solely from the
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customer's execution quality. In inference, a provider or
placement-driven router can face an analogous conflict
when premium-model economics diverge from the cus-
tomer's task-level optimum. The neutrality of the gover-
nance function is therefore a market-design constraint, not
a branding claim. Payments reached the same conclusion
when BankAmericard was separated from the owning bank
into a neutral network structure [39].
The EU AI Act creates a separate legal path. Its record-
keeping and logging duties apply on a staged schedule
and do not prescribe the tiers artifact set [45]. Runtime
governance can operationalize those duties by producing
durable records of model identity, timing, policy state,
verification outcome, and final disposition. Governed ex-
ecution can supply relevant evidence; the law does not
require any one vendor or artifact design.

7.5 Why No Incumbent Yet Supplies the Integrated Func-
tion Set

Adjacent platforms increasingly supply parts of the func-
tion set, but public product materials do not yet show one
neutral system integrating all four functions on the same
signed evidence path.

• Model providers. OpenAI, Anthropic, and Google each
offer valuable spend, safety, evaluation, or monitoring
controls inside their own product or cloud estates. Ope-
nAI now provides enterprise usage analytics and spend
controls [115]. Anthropic provides usage controls and
prompt-caching economics [35]. Google Vertex AI pro-
vides Model Garden access to Google, partner, and open
models plus platform-level evaluation and monitoring
[116]. These are useful controls, but they do not con-
stitute a neutral cross-market clearing reference with
independent quality labels and a signed counterfactual.
The independence principle remains relevant: SR 11-7
requires effective challenge outside model development
[48].

• Routing platforms. OpenRouter has become a major in-
dependent market-access surface, reporting more than
10 trillion tokens per day across 400+ models and more
than 10 million developers and companies. On August
19, 2026, Stripe announced an agreement to acquire
OpenRouter; the purchase price was not disclosed by
Stripe, while Reuters, Axios, and other contemporane-
ous reporting placed it at roughly $8 billion or more
[135]. On the same day, Ramp launched Router.com,
a competing routing service that is free through 2026
and reports approximately 40% average savings for ex-
isting users [133]. These events materially strengthen
the case that model access and route optimization are
becoming strategic infrastructure while competition is
compressing the price of routing itself.
OpenRouter’s current platform also extends beyond
transport. Its public materials document budget con-
trols, provider restrictions, zero-data-retention controls,
request-side prompt-injection detection, sensitive-data
filtering, classifiers, and routing across price, latency,
throughput, availability, and benchmark signals [117,
135]. Ramp Router likewise exposes model, provider,

service tier, tokens, latency, cost, and fallback attempts
and includes production shadowing and workload-
aware routing [133]. The competitive boundary has
therefore moved. The open question is not whether
routers can govern execution policy. It is whether the
execution rail also supplies independent outcome attes-
tation, in-process session evidence, signed paired coun-
terfactuals, and the actuarial record needed to transfer
defined performance risk.

• Single-function vendors. Braintrust provides evaluation
and observability and raised $80 million in February
2026 [61, 118]. LangChain provides orchestration and
observability through LangSmith and raised $125 mil-
lion at a $1.25 billion valuation [62, 118]. Security
products from vendors such as Prompt Security, Pro-
tect AI, and Calypso AI inspect gateway and application
threats. Each governs an important surface. The routing
literature shows why the functions are interdependent:
a cascade requires a quality signal to route against [28,
29]. The valuations validate the components while leav-
ing the integrated evidence loop as the differentiator.

Operational governance and outcome governance should
be separated analytically. Operational governance asks
who may call which model, under what data-residency,
budget, and logging policy. Those controls naturally sit on
the execution rail and are increasingly supplied by routers,
gateways, clouds, and model providers. Outcome gov-
ernance asks a different set of questions: was inference
needed, did the selected model satisfy the declared task,
what evidence proves that result, what did verified failure
cost, and how should the result change the next execution.
Those questions require independent attestation of the rail
rather than more policy inside it.

Ramp’s own research illustrates the distinction. In April
2026, Ramp Labs reported that coding agents ignored
passive token budgets and that effective spend control
required a separate controller grounded in workspace ev-
idence rather than the working agent’s self-assessment
[134]. Router.com then productized route and cost opti-
mization. Read together, the research and product point
to two separate functions: optimizing execution and inde-
pendently judging whether execution is producing value
within policy. The remaining feasible supplier is neutral
with respect to which model wins. Payments reached the
same conclusion in 1970: neutrality was not brand posi-
tioning; it was the price of participation and scale.

A governance fee measured as a percentage of infer-
ence spend under management, rather than placement
or premium-model revenue, aligns the governor’s com-
mercial interest with lowering the buyer’s cost of verified
work.

The consequence of non-neutral governance is structural
as well as commercial. A provider-owned governor could
observe cross-provider quality by task class while also
influencing the grades and clearing references that deter-
mine which competitors win routed work. It could also
accumulate session-security telemetry and performance
evidence unavailable to other suppliers. The payment-
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network precedent is relevant without being identical: as
BankAmericard expanded beyond one bank, durable scale
required a governance structure that competing partici-
pants could join without being governed by a rival bank
[39]. In inference, neutrality reduces the same participa-
tion conflict.

Time-to-evidence creates a second constraint. The inte-
grated function set is software, but production confidence
depends on a signed history of live outcomes. Cross-
provider task quality, routing decisions, security disposi-
tions, and repair behavior cannot be recreated from public
benchmarks alone. A later entrant can build compara-
ble code, but it begins with less production evidence and
therefore wider uncertainty in the routing, verification,
and underwriting decisions described in Section 8.8. This
is a time-to-evidence advantage, not a claim that evidence
accumulation is impossible to replicate.

7.6 Functional Coverage and the Neutrality Constraint

The competitive question is not whether adjacent vendors
are capable. It is whether any one of them can supply all
four exchange functions while remaining neutral about
which model wins.

Model providers can supply spend controls, safety filters,
and first-party evaluation, but they earn revenue when
work remains on their own models. Cloud platforms can
optimize within their estates, but each has commercial rela-
tionships with a subset of the market. Independent routers
are structurally closer to neutral price discovery, yet rout-
ing alone needs a quality signal, a session-security record,
and a settlement artifact before the cheaper route becomes
independently auditable. Evaluation, observability, and
security products each contribute important evidence, but
they govern only part of the call path.

The independence principle predates inference. SR 11-7
established that effective model validation requires chal-
lenge independent of model development and use [48].
Financial audit applies the same separation to reporting,
and credit markets separate the issuer from the institution
assigning the grade. In inference, the exact organizational
boundary will vary, but the conflict is analogous: if the
same economic actor both selects the route and is the sole
authority grading the result, its quality labels can influence
the very routing economics from which it benefits. The
April 2026 Claude Code regression shows the observabil-
ity consequence of seller-led investigation: a delivered-
product quality change persisted until the provider identi-
fied and explained it [26]. This is why the four functions
compound. Verification outcomes update routing grades.
Routing and cost anomalies raise security priors. Session
evidence changes orchestration policy. The settlement
receipt closes the record and supplies the repeated ob-
servations required for underwriting. A competitor can
reproduce an isolated feature; reproducing the evidence
exchange among functions is the harder system problem.

The claim is deliberately narrow. Public materials cannot
prove that a competitor lacks an internal capability, and
product coverage changes quickly. The relevant compar-

ison is therefore the evidence path documented publicly,
not a claim about what competitors are incapable of build-
ing.

7.7 Why the Governance Function Captures the Margin

In coupled markets, the institution that grades the decision
often captures the durable position.

• Equities. Bloomberg built its position around the in-
formation and workflow used to price decisions before
execution. Decision infrastructure can capture more
economics than the execution venue.

• Payments. Visa’s authorization network observes trans-
action flow and improves fraud decisions with volume.
Authorization became a durable network position sepa-
rate from the issuing bank’s balance sheet.

• Advertising. Real-time bidding moved pricing from
bulk inventory to the individual impression. Per-
impression pricing required per-impression quality sig-
nals and moved value toward the exchange and decision
system.

• Credit. Rating agencies made the grade a tradeable
unit. The institution authoring the grade shaped how
the market priced and distributed risk.

Aaron Levie, co-founder and CEO of Box, argued in a June
16, 2026 LinkedIn post that model routing creates enter-
prise value through three mechanisms: cost optimization,
capability maximization, and risk mitigation [124]. He
also described model neutrality as a strategic advantage be-
cause different models can be selected for different tasks
and provider restrictions can change over time. Those
three mechanisms independently map to the economic,
quality, and risk functions developed in this paper. Execu-
tive statement.

The institution that grades the commodity, discovers the
clearing price, and signs the settlement artifact can hold its
position for decades. CBOT began authoring wheat grades
in 1856 and still anchors the market’s reference structure.

Each governed inference call is a labeled observation of
model performance by task class. No provider sees cross-
provider outcomes with independent quality labels at-
tached. At the 120 quadrillion tokens per month projected
for 2030 [59], the institution authoring inference grades
can become the market’s reference point.

The dual-Jevons mechanism in Section 3.2.1 provides the
economic basis for why this evidence position can become
more important as inference itself gets cheaper. If token
prices fall faster than the per-action cost of independent
verification, signing, and retention, trust becomes a larger
share of delivered autonomous-work cost, all else equal.
This paper does not estimate that future share. The nar-
rower point is that the record’s value is tied to the number
and consequence of governed actions, while raw model
and routing prices face continuing commodity pressure.

Bret Taylor, Chairman of OpenAI, described the buyer-
side end state on CNBC on July 20, 2026 as paying for
outcomes rather than managing raw token consumption
[114]. That framing maps directly to the governance func-
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tion: price discovery matters only when it is paired with a
verified outcome. CVO is the economic unit that connects
those two questions.

7.8 The Cloud-Era Rehearsal

Cloud computing already demonstrated that commodity-
scale compute creates a dedicated governance discipline.

The FinOps Foundation was established in 2019 and joined
the Linux Foundation in 2020. Its practitioner base now ex-
ceeds one thousand organizations; 98% report managing
AI spend, up from 31% two years earlier, and the organi-
zation maintains an open billing-data standard in its third
major version [57].

The discipline persists because commodity-compute waste
is structural. The 2026 industry survey estimates that 29%
of cloud spend is wasted and finds 84% of organizations
naming spend management as their top cloud challenge,
two decades and 134 provider price cuts into the market’s
life [58].

Cloud FinOps teaches two lessons. First, a governance insti-
tution forms once waste becomes material. Second, cloud

governance reports and allocates cost after the fact. It
does not route work, verify output, secure an autonomous
session, or insure performance during execution. Inference
requires the runtime form of the institution.
The inference rehearsal has begun: in June 2026, the
Linux Foundation announced its intent to launch the
Tokenomics Foundation with support from JPMorgan-
Chase, Google Cloud, Microsoft, Oracle, Salesforce, and
other enterprise participants.
The proposed Tokenomics Foundation is intended to fo-
cus on open standards, benchmarks, and best practices
for AI infrastructure economics in partnership with the
FinOps Foundation [76]. The announcement describes to-
ken cost and efficiency as an executive concern rather than
an engineering footnote. Billing and protocol standards
are a precondition for governance, not a substitute for
independent grades, signed baselines, and runtime audit
records.

7.9 The Exchange Functions Under Construction

The derivative instruments that prior commodity markets
built at this stage are now under construction for inference.

Initiative Date Structure What it does

Architect / Ornn January 2026 Planned exchange-traded
perpetual futures based on
GPU and DRAM rental-price
indexes, pending regulatory
approval

Seeks to create a tradable
reference for
computing-power rental
rates [79, 80]

IFX June 2026 Live bilateral request
market for cash-settled AI
output-token price exposure

Lets participants post terms
and seek a matching
counterparty; a
standardized futures
exchange remains on the
roadmap [78]

ICE / NATIVX July 1, 2026 Announced plans for
cash-settled GPU compute
futures based on the COIL
Index

Seeks to add futures-market
price transparency and risk
management to compute
[77]

Shanghai Futures Exchange 2026 Preliminary research and
product design for AI-token
futures

Explores a state-backed
token-derivatives market;
timing and approval remain
unresolved [81]

Simulation literature March 2026 Modeled token-futures
market

Estimates 62% to 78%
reduction in enterprise
compute-cost volatility [83]
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Figure 14: Exchange formation, updated. Historical intervals are extended through the 2025-2026 trust crises, the Tokenomics initiative,
bilateral and announced derivative activity, the Pacing the Frontier governance statement, Stripe’s agreement to acquire OpenRouter, and
Ramp’s launch of a competing router [23, 24, 26, 70, 76-81, 133, 135, 136]. Verified events and reported transaction value; historical
interpretation.

Indexes, bilateral venues, announced futures, and compet-
ing standards are forming across institutions that do not
coordinate. CBOT authored wheat grades before wheat fu-
tures existed, because standardization precedes the deriva-
tive that prices the commodity. None of the new instru-
ments supplies independent grades, verification, or audit
evidence between the raw commodity and the financial
contract.

Interpretation. The market is already building indexes, stan-
dards, futures, and routing. The unclaimed institution is the
neutral governor that makes inference gradeable, auditable, and

insurable before those instruments can settle against it.

8 The Platform: Design and Production Results

The paper’s first-person contribution is a production system
that integrates the four exchange functions and measures
its result against a signed counterfactual.

8.1 Architecture

Four operating functions act on one call path and exchange
evidence through a bounded event fabric.
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Figure 15: The tiers call path and evidence graph. Gate discovers price, Aiglos inspects the session, Forge verifies quality, and Ulmo settles
the call with a signed receipt. Each function writes signed evidence that updates the next governed decision. Production architecture.

Gate: price discovery. Every call enters one of 32 cells,
defined by eight task classes and four complexity grades.
Each cell maintains a quality bar, a current occupant se-
lected across 56 models and 20 providers, a shadow candi-
date under continuous evaluation, and a confidence score
maintained by a Bayesian meta-learner. Cell occupancy
changes weekly to monthly as models ship, reprice, and
drift.

Aiglos: runtime inspection. Inspection runs in-process
across tool calls, HTTP requests, and subprocess com-
mands. The taxonomy includes 111 threat families, 30
multi-step campaign patterns, and 34 inspection triggers.
Session baselines and trajectory prediction supply the con-
text that per-request inspection lacks. Added latency is
below one millisecond, and new supply-chain rules can
ship within six hours of public disclosure.

In-process inspection observes runtime events that a re-
quest gateway cannot necessarily see after the provider re-
turns a response: tool calls, subprocess commands, HTTP
actions, and state mutations inside the agent process. The
architectural distinction is between inspecting API traffic
and inspecting execution. This does not imply access to
a model's private chain of thought. It means the gover-
nor can observe the agent's externally represented tool-
selection decisions and state transitions before they create
effects. Session-security dispositions can be emitted as
structured incident data for downstream enterprise secu-
rity systems. Production architecture.

Forge: quality standardization. Every substantive re-
sponse is checked against the workflow intent graph be-
fore the loop consumes it. Rolling baselines detect behav-
ioral drift across model versions. Verification outcomes

are signed and become the quality labels used by routing,
audit, and underwriting.

8.1.1 The Verification Mechanism

Forge verifies output against declared intent, not against a
generic quality score.

Every governed call carries a declared intent: a structured
specification of what the caller expects the output to ac-
complish. Forge compiles this intent into a constraint
graph spanning format, content, accuracy, safety, and
domain-specific rules. The output is evaluated against
each constraint, producing a pass/fail determination with
a constraint-by-constraint breakdown.

The intent-graph approach differs from generic quality
scoring in a way that matters for routing and underwriting.
A response can score highly on a general-purpose evalua-
tor yet still fail a specific domain constraint, such as using
the wrong units, citing the wrong authority, or omitting a
required field. Forge tests the requested outcome rather
than a benchmark proxy.

Three properties make the mechanism auditable:

Intent precedes inference. The constraint graph is com-
piled before the model call. The evaluator is not tuned to
the response after it arrives.

Verification produces a signed attestation. Each veri-
fication artifact contains the intent specification, output,
constraint-level evaluation, pass/fail determination, times-
tamp, and cryptographic chain. This is the quality label
consumed by routing, audit, and underwriting.

Rolling baselines detect drift. Forge maintains behav-
ioral baselines per model, task class, and complexity grade.
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A configured change in pass rate triggers review of cell as-
signment and produces an auditable drift event. This is the
class of mechanism that could surface a product-quality
regression such as the April 2026 Claude Code incident
before weeks of degraded output accumulate [26].
The intent graph is not a static checklist. In a multi-step
execution graph, downstream nodes can inherit verified
constraint state from upstream nodes. A factual claim veri-
fied at one node can become a consistency constraint later
in the workflow. Constraint propagation makes verification
practical at graph scale instead of requiring each node to
re-establish the full state independently.
The verification mechanism is also the learning signal.
Forge pass/fail labels update Gate routing confidence, can
raise Aiglos security priors when quality changes unex-
pectedly, and add labeled observations to the actuarial
record. One signed verification artifact can therefore serve
as quality control, routing signal, security input, and un-
derwriting observation. This shared evidence is why the
four functions compound rather than merely adding.
Ulmo: settlement and orchestration. Multi-agent fleets
operate with cross-vendor failover, four-severity degra-
dation detection, and task-allocation credit. Provider
brownouts and unannounced access changes can reroute
during a workflow in under a second. Each disposition
closes with a signed receipt.
The signed receipt is the atomic unit of the intelligence
record. It is simultaneously a product primitive, because
every governed disposition can produce one; a data prim-
itive, because the signed history becomes the learning
corpus for routing, security, and verification; an interop-
erability primitive, because routers, frameworks, agent
runtimes, auditors, and insurers can emit or consume a
stable evidence format; and a network primitive, because
third parties can rely on the evidence without participating
in execution. The network effect begins when external sys-
tems require or preferentially trust receipt-grade evidence.
A performance contract conditioned on signed evidence
would convert the receipt from an internal software arti-
fact into institutional infrastructure.
End-to-end governance latency. The full call path, includ-
ing Gate classification, Aiglos inspection, Forge verification,
and Ulmo settlement, adds less than 5 milliseconds to a
governed call in production. Aiglos inspection alone adds
less than 1 millisecond. The dominant latency remains
model inference, ranging from tens of milliseconds for
lightweight models to seconds for frontier reasoning mod-
els. Repeated calls to the same provider routinely vary

by more than 50 milliseconds, so the governance path op-
erates inside ordinary provider-latency variance. Verified
production measurement.

The governance path can also operate at two organiza-
tional levels. An enterprise can govern its own inference
directly, or an agent-platform provider can embed the gov-
ernance path and pass signed evidence downstream to
the deployer. In the latter model, the platform governs
the agents it operates while customers receive auditable
records of model identity, policy state, cost, verification out-
come, and disposition. That architecture can support ap-
plicable EU AI Act deployer oversight and record-keeping
duties under Article 26 without requiring every deployer to
build the same instrumentation independently [45]. The
regulation does not prescribe the tiers artifact set or make
this architecture the only compliant approach.

The functions communicate through typed evidence edges
in a bounded execution graph. Figure 15 shows the call
path and the signed evidence graph beneath it. Verifica-
tion outcomes retrain routing tables; cost anomalies raise
security priors; security baselines shape fleet policy; and
fleet degradation triggers re-verification. Learning remains
threshold-gated, budget-bounded, and auditable, with ma-
terial changes requiring signed human authorization.

8.2 The Measurement Instrument

The counterfactual is signed per call, which makes the
result auditable without trusting the vendor.

The 14-day shadow baseline runs the governed workload
beside the identical workload routed to the enterprise de-
fault model. Figure 16 shows the paired streams. Both
cost streams are logged and cryptographically signed per
call, making the measured divergence auditable.

The instrument has three properties that matter for repli-
cation:

• Workload constant. Both paths receive the same work,
eliminating composition drift from the comparison.

• Third-party auditability. An auditor can inspect the
paired records without accepting a before-and-after nar-
rative.

• Underwriting utility. The repeated paired observations
create the loss-frequency and performance record used
in Section 9.

Vendor-reported savings, including our own, are only as
strong as their counterfactual. Signing the counterfactual
is what turns a claim into a measurement.
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Figure 16: The signed counterfactual. The identical workload runs governed and ungoverned in parallel, with both streams cryptographi-
cally signed. The verified endpoints are $47.00 per day ungoverned and $6.10 per day governed. Verified.

8.2.1 The Reflexive Case

The signed counterfactual is the mechanism that audits
the auditor.
The paper argues that verification should be independent
of the model provider. The same principle applies to the
governance platform. A buyer should not need to accept
tiers' summary of its own performance.
Both cost streams are cryptographically signed per call and
recorded as paired observations. A third party with access
to the paired records can inspect the workload, routing
decision, cost, and verification outcome without accepting
a narrative from tiers. The measurement instrument is
designed so that the buyer, auditor, carrier, or regulator

can be the final evaluator.

The architecture is closer to a clearing record than to
a broker's assertion about execution. The same signed,
paired, inspectable record that makes governed inference
auditable also makes the governance result inspectable.
The production record was cryptographically verified in-
side the platform but was not independently audited for
this paper.

8.3 Production Results

Against the signed baseline, the reference workload runs at
$6.10 per day governed versus $47.00 per day ungoverned,
an 87% reduction.
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Figure 17: Seven mechanisms, one verified result. The $47.00 and $6.10 endpoints and the resulting 87% reduction are verified against
the signed 14-day counterfactual. The allocation among mechanisms is representative of production telemetry rather than a separately
audited attribution. Verified endpoints; representative decomposition.

The platform average across cohorts is 83.08%, while opti-
mized cohorts reach 87.9%. Figure 17 allocates the veri-
fied reduction across the seven mechanisms. Maintained
task quality is measured by the independent verification
function. The reduction comes from seven mechanisms
that act on different parts of workflow cost:

• Agent-overhead routing. Coordination, planning, tool
selection, and state summarization account for 60% to
70% of loop tokens and can route to cells priced roughly
35x below frontier without measurable quality loss.

• Model routing. Substantive calls are placed across the
full model market according to task class and quality
bar.

• Context compression. Transmission is restructured
and reduced; LLMLingua reports a research ceiling of up
to 20x compression at approximately 1.5 performance

points [34].
• Deterministic bypass. Math, date logic, format trans-

formation, and template expansion can resolve locally
at zero inference cost, accounting for approximately
15% to 20% of calls in the reference workload.

• Cache optimization. Prefix-aware structuring captures
provider discounts of up to 90% on Anthropic cache
reads and 50% on OpenAI cached input [35, 36].

• Downtier learning. Verified task classes migrate to
cheaper cells as evidence accumulates.

• Verification feedback. Per-call quality labels increase
how aggressively the first six mechanisms can operate
without losing task quality.

8.4 Corroboration Against the Literature

The production result falls where the peer-reviewed rout-
ing literature predicts it should.
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Figure 18: Production results against the routing literature. FrugalGPT reports reductions up to 98% under benchmark conditions [28];
RouteLLM reports roughly 2x or better reductions in its evaluation settings [29]. tiers shows the signed production result and 83.08%-87.9%
cohort range. Literature comparison and verified production result.

FrugalGPT reports matching the best individual model
with up to 98% cost reduction under benchmark condi-
tions, or improving accuracy by 4% at equal cost, across
APIs whose fees differ by two orders of magnitude [28].
RouteLLM reports reductions exceeding 2x with minimal
quality loss and transfer across model pairs [29].

Figure 18 places the production result against the peer-
reviewed literature. The surrounding literature establishes
the component methods: ensemble selection [30], strong-
weak binary routing [31], self-verifying escalation [32],
and standardized routing evaluation [33]. The signed
production result in Section 8.3 sits below FrugalGPT’s
benchmark ceiling and above the 2x band, as expected for
a production system that also pays for verification, security,
and audit on every call.

8.5 Independent Production Benchmarks

Independent benchmarks increasingly show that the sys-
tem around a model can determine cost and task outcome
as much as the model itself.

The academic corroboration in Section 8.4 has been joined
by production benchmarks that test complete agent sys-
tems rather than isolated model weights.

The Composio benchmark (July 2026). Composio re-
ported running the same model, Kimi K3, through six
agent harnesses on 26 identical coding tasks [88]. The
reported results showed:

• A 3.8x cost spread between the least and most expen-
sive harnesses with the model held constant.

• Success rates from 65% to 81%, depending on the

harness.
• Token consumption from 61,000 to 340,000 per task,

a spread of nearly 6x on the same workload.

The orchestration wrapper was the independent variable.
Composio’s reported conclusion was direct: before chang-
ing models to reduce cost or improve reliability, test the
harness [88].
The Meta-Harness preprint (2026). Lee, Nair, Zhang,
Lee, Khattab, and Finn study automated optimization of
the code around a fixed model rather than changes to
model weights [137]. Their Meta-Harness system im-
proved a state-of-the-art context-management system by
7.7 percentage points while using 4x fewer context to-
kens on online text classification; a discovered retrieval
harness improved accuracy by 4.7 percentage points on
average across five held-out models on IMO-level math
problems; and discovered harnesses surpassed the best
hand-engineered baselines on TerminalBench-2. The work
is a preprint rather than a peer-reviewed result, but it
strengthens the same empirical point as the Composio
comparison: system behavior can change materially when
the harness changes while the underlying model remains
fixed.
The Artificial Analysis Coding Agent Index (May 2026).
The index evaluates complete agent configurations rather
than model weights alone. Its May 2026 snapshot showed
a greater-than-30x cost range across agent configurations,
including variants with similar coding scores [89]. The
index therefore measures the production object that enter-
prises buy: the model, harness, tool policy, context strategy,
and execution environment acting together.
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The 8090 signal. On June 29, 2026, 8090 raised a $135
million Series A led by Salesforce Ventures, with Craft Ven-
tures, WndrCo, The Production Board, and LAUNCH par-
ticipating [90]. Its Software Factory is positioned around
production-quality output, controls, and auditability for
enterprise software development. The financing is a mar-
ket signal that capital is moving toward governed systems
around models, not model access alone.
Independent thesis convergence. In a May 27, 2026 analy-
sis published by Andreessen Horowitz, partner Joe Schmidt
argued that durable enterprise AI systems gain value from
production exposure, labeled outputs, use-case-specific
guardrails, permissions, auditability, and records of what
an agent was allowed to do and what it actually did [126].
The analysis also argues that production workflow his-
tory compounds into a data advantage that a new entrant
cannot recreate instantly. It reaches a governance-and-
evidence conclusion similar to Sections 6, 7, and 8.8 of
this paper from a different starting point and without refer-
ence to the tiers production system. Independent analysis.
The Microsoft MDASH benchmark. Microsoft’s Multi-

agent Defense Against Sophisticated Hacking harness com-
bines specialist models and routing policy. On CyberGym,
the integrated MDASH configuration reached 95.95%,
compared with 83.2% to 85.6% for individual model con-
figurations, while using a lower-cost specialist for most
tasks [91]. The defensive result confirms the same mul-
tiplicative structure that Section 8.6 develops for cost:
orchestration and verification can change the production
outcome even when the underlying model set is known.

These benchmarks corroborate the production result in
Section 8.3 on different workloads, with different models,
and from parties with no relationship to this work. Capi-
tal markets have funded adjacent point solutions at $800
million and $1.25 billion valuations [61, 62], while 8090
raised $135 million in a Series A [90]. The integrated
function set remains unclaimed.

8.6 The Multiplicative Structure

The mechanisms act on different factors in workflow cost,
so their effects multiply rather than add.

Figure 19: Mechanisms act on different cost factors. The single-mechanism bar reflects the documented band for individual techniques;
the integrated endpoint is verified; intermediate values are illustrative. Verified endpoint; illustrative interpolation.

Workflow cost can be written as the sum across calls of
tokens transmitted multiplied by the effective price of the
serving model. Each mechanism changes one of four fac-
tors: number of calls, tokens per call, price per token, or
effective price after caching.
The sequence is structural:

1. Deterministic bypass removes calls.
2. Overhead routing reprices the majority token share.

3. Model routing reprices substantive calls.
4. Compression reduces transmitted tokens.
5. Caching lowers the price of repeated context.
6. Downtiering changes cell assignments as evidence ac-

cumulates.
7. Verification feedback permits more aggressive use of

the preceding six because every output is checked.

Figure 19 shows the resulting difference between a single
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mechanism and the integrated endpoint. A single-function
vendor is bounded by the share of waste addressed by one
factor. The integrated system compounds across all four.

8.7 Coverage Relative to the Field

Every individual function exists somewhere in the market;
the integrated governance surface does not.

Public product materials show the same division by cat-
egory. Model providers offer native access and provider-
specific controls. Routers offer cross-provider transport.
Security vendors inspect selected threats. Evaluation and
observability products score or record outcomes. Orches-
tration systems manage workflows.

No category is publicly documented as combining task-
level price discovery, session defense, pre-consumption
verification, signed settlement evidence, and performance
risk transfer on one integrated evidence path. Individual

vendors vary, and public materials cannot establish the
absence of internal capabilities.

Interpretation. The production result is not explained by a bet-
ter router alone. It comes from connecting price, security, quality,
and settlement evidence so that each governed call improves the
next decision and strengthens the counterfactual record.

8.8 The Compounding Evidence Graph

The system does not just get better. It gets better at getting
better.
Four feedback cycles run inside one signed evidence graph.
Each improves the next governed call, but the recursive
structure runs deeper than four independent loops: each
cycle increases confidence, greater confidence permits
more aggressive optimization, and the resulting call pro-
duces a higher-quality evidence object that can increase
confidence again.

Figure 20: The compounding evidence graph. Routing intelligence, actuarial data, standards authorship, and market expansion operate as
feedback cycles around one signed cross-provider history. Conceptual synthesis grounded in production mechanics.

Cycle 1: Routing intelligence. Every governed call is
a labeled observation of model performance by task cell.
When Forge verifies that a lighter model cleared the quality
bar on a task, the result updates Gate's routing confidence.
The next similar call can route with higher confidence to
the lower-cost cell. No single provider observes the same
cross-provider outcome history with independent quality
labels attached.

Cycle 2: Actuarial data. Every governed call adds an
observation to the loss-frequency and performance record.

As the dataset grows, underwriting uncertainty can narrow,
which can support tighter triggers and lower risk-transfer
cost. Lower risk-transfer cost can make governed deploy-
ment more attractive to risk-sensitive buyers, which adds
more governed observations.

Cycle 3: Standards authorship. Each call extends the
behavioral baselines that define governed inference. A sta-
ble verification rate for a task class and complexity grade
becomes a reference point for later deployments. Repeated
operating evidence can become a candidate standard be-
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cause the standard is grounded in observed production
behavior rather than committee intuition alone.

Cycle 4: Market expansion. The dual-Jevons mecha-
nism in Section 3.2.1 drives this cycle. Lower verified unit
cost makes more workflows economically viable, while
improved verification can make more of those viable work-
flows safely delegatable. The interaction generates more
governed observations than either mechanism alone. Each
newly delegated action adds another evidence object to the
signed cross-provider history, feeding routing intelligence,
actuarial data, and behavioral standards.

The recursive structure. A single cycle is a loop. The
durable structure is a graph because one signed evidence
object can update several downstream functions at once.
A quality-verification result can update routing, contribute
an actuarial observation, extend a behavioral baseline, and
lower the unit cost of a later workflow. The output of one
function becomes the input to several others.

The temporal asymmetry. An observation collected earlier
has participated in more subsequent routing, verification,
security, and underwriting updates than an observation
collected today. The advantage is therefore time-weighted
rather than a simple count of calls. The durable asset is
the signed cross-provider history of what each task cost,
whether it worked, whether the session remained safe, and
how confidently the result can be underwritten.

The time-to-evidence asymmetry creates a structural ad-
vantage that cannot be purchased instantly with engi-
neering headcount. A governance system entering twelve
months later can reproduce software features, but it begins
without the incumbent's twelve months of cross-provider
quality observations, routing outcomes, security disposi-
tions, and behavioral baselines. Its early decisions there-
fore begin with wider uncertainty until comparable live
evidence accumulates. Historical exchanges illustrate how
reference standards can persist once market participants
coordinate around them, but that history does not prove
that inference governance will be winner-take-all. The nar-
rower claim is that production evidence has elapsed-time
value.

The learning rate itself improves. Early routing deci-
sions are made with wider uncertainty and cell occupancy
changes more frequently. As evidence accumulates, confi-
dence can narrow, quality bars can become more discrim-
inating, and the system can distinguish between models
that are close in capability but far apart in price. The
signed production result in Section 8.3 is a point-in-time
measurement of a system still accumulating labeled evi-
dence; it is not presented as a guaranteed future improve-
ment rate.

The insurance recursion deserves separate emphasis be-
cause it is the cycle that can convert governance from
an operational tool into financial infrastructure. More
governed observations can narrow actuarial uncertainty.
Narrower uncertainty can improve the economics of de-
fined performance cover. Better risk economics can in-

crease adoption among risk-sensitive buyers, producing
more observations and a better underwriting record.
The composite asset. The durable output of the four cy-
cles is inference data: a signed production record of cost,
verified quality, security disposition, state transition, and
routing outcome per call, per model, and across providers.
It accrues only through governed live volume, with label
quality determined by the verifier.

Interpretation. The economic moat is not a static routing table.
It is the signed, cross-provider history of what each task cost,
whether it worked, whether the session remained safe, and how
confidently the result can be underwritten. The system com-
pounds on its own evidence, and the rate of compounding can
increase as the evidence graph becomes denser. The durable asset
is the intelligence record for the cognition transaction: the signed
history that makes inference gradeable, auditable, insurable, and
improvable.

9 Risk Transfer: The Fourth Function

Governed inference produces, as operating exhaust, ex-
actly the evidence class that performance underwriting
requires.
The signed counterfactual resolves the buyer-side evi-
dence gap. A workload-constant shadow baseline is a loss-
frequency record in the actuarial sense: it measures the dif-
ference between governed and ungoverned performance
across identical work over a defined period. Per-call veri-
fication scores label each unit of output. Session-security
dispositions are incident observations with cryptographic
provenance. Together, these records create an underwrit-
ing file continuously, and each governed call narrows the
uncertainty a carrier must price.
The evidence record supports three dimensions repeatedly
identified in specialty AI underwriting: model output ver-
sus a defined performance target, the contractual trigger
the buyer wants guaranteed, and the exposure history
used to price the premium [42, 119]. The record is carrier-
agnostic by design: a rated insurer with access to the
signed counterfactual and per-call quality history can eval-
uate the exposure without depending on a single model
provider.
The broader insurance market validates the demand. Per-
formance and liability products for AI have existed since
2018 and now address model underperformance, drift, hal-
lucination, and defined financial loss [42, 119].5 The un-
resolved problem is the standardized buyer-side evidence
record that makes parametric triggers objective rather than
negotiated. The signed counterfactual is designed to sup-
ply that record.

• Cost performance. A verified reduction floor set below
demonstrated performance over the policy period.

• Quality performance. Minimum verification scores by
task class, model, or governed cohort.

• Security performance. Defined events or incident
thresholds inside governed sessions.

5This section relies on public product announcements and trade-press coverage of specialty AI performance and liability insurance from 2018
through 2026 [42, 119]. It relies on the market’s existence and structure, not on any particular carrier, product, or relationship.
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• Experience-based pricing. Premium that improves as
governed volume creates more actuarial observations.

The endpoint is the clearinghouse principle applied to
inference. A commodity-market participant does not inde-
pendently evaluate every counterparty because the clear-
inghouse stands behind the trade. In governed and un-
derwritten inference, the enterprise does not need to treat
provider origin as the sole proxy for trust because a neutral
governor, backed by rated capacity, stands behind defined
performance.

Insurance closes the loop between the two transactions.
Governance makes the cognition transaction auditable.
Verification makes it gradeable. The signed counterfac-
tual and per-call quality history make defined performance
insurable. The enterprise no longer has to treat model
origin as its only trust proxy because a neutral governor
and rated risk capacity can stand behind a defined cogni-
tion outcome. The value transaction downstream inherits
institutional trust from the decision that produced it.

The practical consequence for adoption is that the insur-
ance architecture may matter more to the enterprise buyer
than the cost architecture. Enterprise-procurement practi-
tioners often describe risk avoidance as a dominant driver
of buying decisions. Jeanne DeWitt Grosser, COO of Ver-
cel, articulated that risk-avoidance framing in a November
2025 discussion on Lenny’s Podcast [92]. The qualitative
point, rather than any exact share, should bear the ar-
gument. The buyer deploying ungoverned inference at
nine-figure scale carries unhedged performance risk on
a workload class that succeeds unattended roughly one
quarter of the time (Section 6.4), faces an expanding AI
governance and transparency regime, and has no instru-
ment that transfers the exposure to a rated balance sheet.

Dario Amodei, co-founder and CEO of Anthropic, de-
scribed the supply-side capital risk in a February 13, 2026
interview with Dwarkesh Patel. Discussing advance com-
mitments for very large compute buildouts, he said that
being wrong by roughly a year on the expected growth tra-

jectory could make the economics ruinous and, at trillion-
dollar commitment scale, could bankrupt the buyer of that
capacity [120]. The statement concerns provider capital
planning rather than enterprise performance insurance,
but it establishes that scale uncertainty exists on both sides
of the inference market. Executive statement.
The signed counterfactual in Section 8.2 and the paramet-
ric trigger structure described above convert that exposure
into a defined, transferable instrument whose price can
decline as governed observations accumulate. For a risk-
avoidance buyer, the exchange is the architecture that
makes deployment insurable.
The cognition transaction and the value transaction are
also beginning to develop separate evidence systems. The
signed inference receipt can serve as upstream evidence
for outcome-verification systems that determine whether
autonomous work satisfied a commercial agreement and
what economic result followed. The full chain is governed
cognition, verified outcome, then settled payment. Con-
necting those records would make end-to-end autonomous
work provable without requiring the payment system to
reconstruct the model’s internal execution or the inference
governor to control the downstream payment.

Interpretation. Insurance converts governance from an opera-
tional claim into a financial guarantee. That conversion, rather
than any single savings percentage, is what makes continuous
trust institutional.

10 The Regulatory Step Function

Regulation is turning runtime records, quality evidence,
and deployer logs from optional controls into required
artifacts on a dated schedule.

10.1 Regulation (EU) 2024/1689

The EU AI Act entered general enforcement in August
2026, while high-risk logging and deployer duties now
phase in during 2027 and 2028.
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Figure 21: The regulatory step function. The staged applicability of Regulation (EU) 2024/1689 is shown after the 2026 Digital Omnibus
amendment. General enforcement and Article 50 transparency apply from August 2026; Annex III high-risk duties apply from December
2027 and Annex I embedded-product duties from August 2028 [45]. Verified legal calendar.

The Act entered into force on August 1, 2024. Prohibitions
and AI-literacy obligations applied from February 2, 2025,
and general-purpose model rules and governance struc-
tures from August 2, 2025. The majority of applicable rules
entered enforcement on August 2, 2026, including Article
50 transparency. Following Regulation (EU) 2026/1744,
Annex III high-risk duties apply from December 2, 2027,
and Annex I embedded-product high-risk duties from Au-
gust 2, 2028 [45].6

Penalties reach 35 million euros or 7% of worldwide an-
nual turnover for prohibited practices. A training-compute
threshold of 1025 FLOP identifies general-purpose models
with systemic risk.
Two provisions bear directly on inference governance:

• Article 12. High-risk systems must generate logs auto-

matically across the system lifetime.
• Article 26. Deployers must maintain human-oversight

arrangements and retain relevant logs.

Figure 21 places the corrected legal calendar. Articles 12
and 26 remain directly relevant to runtime evidence, but
their application follows the applicable high-risk category
rather than the August 2026 general-enforcement date.
The required artifacts align with what governed inference
can produce: per-call records, quality evidence, security
event trails, routing decisions, and signed dispositions.

10.2 The Adjacent Regime

The principal governance regimes converge on indepen-
dent validation, measurement, logging, and accountable
deployment.

Regime Core requirement Native governed artifact

EU AI Act, Articles 12 and 26 Automatically generated logs,
deployer oversight, retention

Signed per-call record, session history,
security and quality disposition

NIST AI RMF Govern, map, measure, and manage
risk [46]

Task taxonomy, quality baseline,
runtime control, incident trail

ISO/IEC 42001 Certifiable AI management system
[47]

Policy evidence, control history,
reviewable operating records

SR 11-7 Effective challenge independent of
model development and use [48]

Verification performed outside the
model provider

6Regulation (EU) 2026/1744 amended the application calendar. The majority of applicable rules and Article 50 transparency entered enforcement
in August 2026; Annex III high-risk duties now apply from December 2, 2027, and Annex I embedded-product duties from August 2, 2028 [45].
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SR 11-7 is especially instructive. Banking supervisors es-
tablished fifteen years ago that model validation must be
independent of model development and use [48]. The
inference market is rediscovering the same principle after
silent drift and self-investigated provider failures.

10.3 Regulatory Debt and the Window

Every unrecorded autonomous call made before the man-
date increases the cost of proving what happened after-
ward.
Organic governance adoption follows a curve; mandated
transparency and later high-risk duties create dated steps.
Each month of ungoverned operation adds an evidentiary
backlog for activity with no signed record. Protocol and
billing standards are moving through a Linux Foundation
directed fund and the announced Tokenomics initiative
[60, 76], but neither supplies independent quality grades,
signed counterfactuals, session defense, or audit formats.
General enforcement began in August 2026; high-risk obli-
gations follow in December 2027 and August 2028 [45].

Interpretation. Regulation does not create the need for gov-
ernance; it dates it. The institution that authors the evidence
standard before procurement becomes mandatory can become
the reference point after the mandate arrives.

11 Discussion

The evidence supports nine conclusions about market struc-
ture, governance architecture, evidence, and timing.

1. A structurally plural market requires a structurally
neutral governor. Enterprise API leadership inverted
twice in three years, while the official routing study
found open-weight usage reaching approximately one
third of volume and Chinese open-source models reach-
ing nearly 30% in some weeks [10, 18, 85]. This is the
market’s durable shape, not an immaturity that annual
procurement will resolve. A provider-owned institution
would face the same conflict that capped BankAmeri-
card before the network became neutral [39].

2. Deflation strengthens the case for governance. Unit
prices fell while task counts, calls per task, tokens per
task, and aggregate AI spending rose [18, 57, 64, 65,
66, 82]. The spread between frontier price and the
clearing price of a task remained wide. High-volume,
volatile, deflating commodities are the markets in which
price-discovery institutions become valuable.

3. Autonomous execution breaks every per-request in-
strument at once. The espionage campaign was visible
by trajectory, not by call [23]. The LiteLLM compromise
attacked the routing path itself [24]. The Claude Code
regression remained invisible to customers for weeks
[26]. Cost, security, quality, and reliability fail at the
same architectural seam: the session. Graph engineer-
ing makes that session’s state transitions explicit, but
it also makes graph-level provenance, edge policy, and
bounded repair part of the required control surface.

4. Verification independence is a first principle. Finan-
cial reporting uses independent audit; SR 11-7 requires

effective challenge outside model development [48].
The April 2026 regression shows that the inference mar-
ket still asks sellers to investigate and grade their own
output [26]. A tradeable quality grade must come from
a party other than the seller.

5. Insurance converts governance from claim to guar-
antee. The signed production result in Section 8.3
is auditable. An underwritten floor set below demon-
strated performance is a financial instrument backed by
rated capacity [42]. Continuous trust reaches institu-
tional scale when a counterparty stands behind defined
inference performance as a clearinghouse stands behind
a trade.

6. The market is building the exchange in parts. Inde-
pendent routing platforms supply market access. IFX
operates an early bilateral request market; ICE/NATIVX
and Architect/Ornn have announced compute-futures
plans; the Shanghai Futures Exchange is conducting
preliminary token-futures research [77, 78, 79, 81].
The Linux Foundation has announced its intent to
form a Tokenomics Foundation for economic standards
[76]. None supplies the integrated grades, verification,
signed baselines, and audit evidence between the raw
commodity and those instruments.

7. The window is short and dated. Inference recorded
trust crises between November 2025 and April 2026, re-
ported budget crises in April and May 2026, and the first
bilateral or announced derivative projects in June and
July 2026 [23, 24, 26, 70, 77, 78]. EU AI Act enforce-
ment and Article 50 transparency began in August 2026,
while high-risk logging duties phase in during 2027 and
2028 [45]. Institution formation is already underway.
Stripe’s August 19 agreement to acquire OpenRouter
at a price reported around $8 billion and Ramp’s si-
multaneous launch of a free-through-2026 competing
router show that the execution rail is rapidly becoming
strategic, crowded, and price-competitive [133, 135].
The independent evidence function remains open.

8. Verification has its own Jevons dynamic. Lower verifi-
cation cost can increase, rather than decrease, demand
for verification by expanding the set of actions enter-
prises are willing to delegate. Combined with cheaper
inference, this creates the dual-Jevons mechanism de-
scribed in Section 3.2.1. The paper does not claim a
universal multiplier; it identifies a structural reason
governed volume can grow faster than raw unit prices
fall.

9. Agent traces are a new category of economic evi-
dence. They are simultaneously high-volume telemetry
and records of autonomous decisions that determine
downstream value transactions. The infrastructure shift
is from watching traces after the fact to structuring
selected traces into signed evidence during execution.
Engineering, finance, security, audit, and risk transfer
can then rely on the same record.

Interpretation. A skim reader can state the thesis without
reading the product section: inference is plural, agentic, defla-
tionary, high-volume, and increasingly regulated; bilateral trust
has failed; the market is constructing financial instruments; and
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the neutral governance function remains open.

12 Limitations

The structural case rests on multiple independent sources,
but the precision of several quantitative claims is bounded
by single-platform data, surveys, forecasts, reported cases,
and early-stage markets.
The production result comes from one platform and its
own workload mix. The production result in Section 8.3 is
cryptographically verified inside the signed shadow base-
line but was not independently audited for this paper, and
enterprise mixes will differ. For that reason, Section 9
discusses an insurable floor below the demonstrated mean,
and Figure 17 labels the per-mechanism allocation repre-
sentative rather than verified.
The external corpus inherits the limits of its instruments:

• The OpenRouter dataset reflects a developer-heavy user
base, and its detailed category tagging begins only in
mid-2025 [10, 85].

• Menlo and Gartner figures are surveys and forecasts
rather than direct measurements [17, 18].

• The MIT NANDA sample description differs between the
report and press summaries; we use the report’s figures
[16].

• Hyperscaler capex aggregates are analyst compilations,
with interpolated display years in Figure 6 [11].

• GTG-1002 attribution is the disclosing provider’s high-
confidence assessment with limited independent verifi-
cation [23].

Executive statements carry the evidentiary weight of state-
ments, not measurements. Remarks that could not be
verified against primary transcripts were excluded. The
August 5, 2026 price-dispersion snapshot will change with
releases and repricing [69]. The employment result is cor-
relational, and adopters differed from non-adopters before
adoption [56].
The cost-overrun cases in Section 3.3 are press reports [70,
73, 74]. The $500 million figure remains tied to a consul-
tant’s account and has not been independently confirmed
[74]. AWS’s price-cut count is the provider’s own tally
rather than an independent audit [43].
The Composio harness comparison is vendor-published
and is used as reported [88]. The 8090 financing is a
capital-market signal, not evidence of technical perfor-
mance [90]. The enterprise-buying observation in [92]
is an executive-practitioner statement, not a controlled
survey result.
The derivative instruments in Section 7.9 include an-
nouncements, a bilateral request market, and preliminary
research, not mature exchange-traded venues with deep
liquidity. Their significance is directional. The historical ar-
gument extrapolates from four cases, and the compression
of intervals is suggestive rather than a law.
These limitations bound quantitative precision. They do
not remove the common structural finding across inde-
pendent sources: inference volume, dispersion, autonomy,

failures, standards, regulation, and derivatives are mov-
ing in the direction associated with market-infrastructure
formation.

Interpretation. The thesis should be evaluated as a convergent
market-structure argument, not as a claim that every estimate
or reported case has equal evidentiary weight.

13 Conclusion

The empirical record describes a commodity market that
has completed the preconditions of exchange formation
and has begun building the instruments that follow.
Inference capability deflates at rates measured from 10x
to 200x per year, disclosed throughput has moved from
trillions to quadrillions of tokens per month, and demand
is both plural and autonomous [1, 2, 3, 7, 8, 10, 13, 14].
The spending and outcome records developed in Sections
3.3 and 6.1 move in opposite directions [16, 17, 18]. The
public record now includes autonomous espionage visible
only across a trajectory, compromise of the routing path, a
multi-week product-surface quality regression, and an au-
tonomous evaluation escape that generated approximately
17,600 actions across several infrastructure boundaries
[23, 24, 26, 99-101].
The production contribution is an integrated system for
price discovery, quality standardization, settlement evi-
dence, and a basis for risk transfer. On the measured
reference workload, it reduced daily cost from $47.00 to
$6.10 at maintained task quality, an 87% reduction. This is
not a claim that the reference-workload ratio is a universal
market-wide waste rate. It is a signed, workload-constant
result from one production mix whose principal contribu-
tion is the measurement instrument itself.
Market participants are building the exchange functions in
parts. Independent routing platforms supply market access,
and Stripe has agreed to acquire OpenRouter while Ramp
has launched a competing router [133, 135]. Standards
bodies are organizing around token economics. Bilateral
and announced derivative projects are creating early in-
struments. Regulation is increasing the value of durable
runtime evidence.
Governance remains the unclaimed integrated function:
independent grades, verification, signed baselines, session
evidence, and audit infrastructure between the raw com-
modity and the contracts built on it. In prior markets, the
institution that authored the grade or settlement standard
became a durable reference point.
Every commodity market at this scale built the same four
institutions, faster each time. Grain took seventeen years.
Payments took four. In the two-transaction framing de-
fined in Section 1, cognition is the higher-frequency market
and the institutional gap is structural. The record is the
institution that closes it.
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