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1. Motivation

Equipment-makers train the workforce of potential customers.

Cloud and chip providers (AWS, Google Cloud, NVIDIA) sell platform-
specific services and offer training and certifications to all developers.

Industrial equipment manufacturers (General Motors, John Deere) sell
brand-specific diagnostic tools and train independent technicians at
repair shops.
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AWS Training & Certification: cloud
customers train developers across firms.

John Deere University certifies
independent technicians on
brand-specific diagnostics.

Research question: How does market power in technology-
specific input markets shape the technological
specialization of firms and workers?

2. This paper

5. Empirical setting

Cloud computing in the U.S. is concentrated: Amazon (AWS),
Microsoft (Azure), Google (Google Cloud Platform, GCP).

On 9 November 2015, Google released TensorFlow (an ML framework
optimized for GCP) under an open-source license — a sharp, exogenous
drop in the cost of acquiring GCP-linked skills.

Two complementary U.S. data sources:

* Lightcast job postings (2012-2019, ~7M vacancies; ~366K with
posted salaries).

* StackOverflow developer survey (2017-2024, ~1M responses).

6. Findings: the TensorFlow event

Main insight: training is a lever of market power. Some
dominant input providers use it strategically to increase
adoption of their products.

Theory. GE model where firms and workers specialize across
technologies; capital providers can subsidize the skills tied to their inputs.

Empirics. US digital infrastructure industry; text analysis of job postings
to study firms’ cloud adoption and specialized software skills. Quasi-
experimental evidence from open-sourcing strategies.

Policy. Quantify GE effects of pro-competitive reforms in cloud
infrastructure (EU Data Act, 2024).

3. The model

Three agents in GE. Workers choose a skill j; producers pick the
technology that minimizes unit cost; capital providers are monopolists for
their technology and invest in supply of specific labor.
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Flow of skills, labor, capital, and training investment across the three sides of the
market.

4. Mechanism & theoretical results

Fact 1. Skill specificity. Developers trained in platform-specific tools

overwhelmingly specialize on that platform.

Fact 2. Supply-driven hiring. Lower training frictions quickly raise

employer demand across sectors — not only at Google, not only in IT.

Fact 3. Technology adoption response. Easier training shifts adoption
toward the sponsored technology: +51% in employer adoption of GCP-
linked technologies.

Fact 4. Wage-premium compression. Skill supply expands and the GCP
wage premium falls: —84% reduction in the technology-specific

premium.
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Fact 2— U.S. TensorFlow job postings 2015-2022 (all firms / excluding Google /
excluding IT). Source: Lightcast.
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Fact 3 — Detrended GCP / AWS / Azure shares around Nov 2015. Source: Lightcast.

7. Policy counterfactual

Lemma 1 — workers' skill choice Lower training costs or higher wages
attract a larger labor supply (in efficiency units)
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Lemma 2 — firms’ tech adoption Lower training costs induce adoption
of the related technology only through equilibrium wages
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Proposition 1 — optimal markup. Internalizing the wage of specific
labor adds a specific-labor margin on top of Dixit—Stiglitz: a higher
capital price raises adopting firms' surplus, which the provider extracts
via higher markups.

Proposition 2 — who sponsors training. Sponsorship benefits scale
with provider productivity; with a fixed cost, only sufficiently
productive providers subsidize training.

Lemma 7 — Welfare trade-off. Markups distort consumption (| C) but
finance training that lowers labor disutility (| N).

Policy-relevant trade-off: markup distortions vs.
specialization gains
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Per-capita social welfare (Lemma 7)

EU Data Act (2024) — interoperability 7. Technologies
become more substitutable in production (a positive shock to 6,
the shape of the productivity draw distribution)

Price—cost margins on tech-specific capital fall by 65% (31% — 11%),
but providers also cut training subsidies. With low skill substitutability (n
small): social welfare falls by 11%.

Takeaway. Market power in technology-specific input markets
shapes both skill formation and technology adoption. Strategic
training creates a novel trade-off for competition policy: pro-
competitive reforms can lower welfare by disincentivizing firms to
invest in training. This force dominates when workers care strongly
about which skills they acquire.
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