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1. Motivation and Research Question
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Why Al Accelerator Governance Matters

Al accelerators are specialized hardware used for the
training and inference of Al models.

e GPUs, NPUs, and TPUs.

e Governance of Al accelerator innovation is critical for
economic competitiveness and national security.

* Growing appetite in the U.S. and Europe to intervene
not only in chip supply, but in the structure of Al
accelerator ecosystems.

— Chips Act 2.0; NVIDIA H20 export controls.

Zuniga et al. (2024); European Commission (2026); NVIDIA (2025).
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Current Standards and Platform Literature

Stable standards allow independent
development. | Software ecosystem |

e Software can evolve above a stable standard | Stable standard |
while hardware improves below it. .

Hardware implementation |

® This is the modularity logic behind platform
theory.

Canonical Wintel logic: Windows software and Intel hardware
e Standards function as technical infrastructure, develop independently around a stable standard

shaping innovation incentives and search.

Blind (2004); Gawer & Cusumano (2002); Bresnahan & Greenstein (1999); Tassey (2000).
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Al Accelerator Innovation Happens Across the Stack

® Frameworks expose new workloads and
execution patterns.

Framework (TensorFlow)

e Runtimes translate software abstractions
into hardware demands.

® Microarchitectures adapt around Runtime (CUDA, ROCm, XLA)
scheduling, memory, and execution -
primitives. -

* Runtime ecosystems remain horizontally Microarchitecture
incompatible, limiting portability across
platforms.

Simcoe & Watson (2019).
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Research Questions

To better understand the nature of innovation in Al accelerators, we ask the
following:

1. Are platform-specific runtime changes associated with directional changes in hardware
innovation within the same platform?

2. Are higher-level software and workload developments associated with systematic changes in
hardware innovation across accelerator platforms?
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2. Methods
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Method 1: Building the Patent—Hardware Family Matrix

® Patent claims corpus: U.S. patent Candidate corpus
documents, 2006—2026; CPC codes and 26,303 patents
keyword search (OECD, 2025). A

Filtered corpus

* Relevance filter: retain accelerator 4,862 accelerator hardware patents
hardware design patents. : ¥

Replicated LDA

* Preprocessing.
10 runs; k = 30 topics per run
A

® Replicated LDA runs: repeated

estimation to address model stochasticity. Hardware families
* Topic aggregation: group recurring topics 18 final families
into stable hardware families (Hoyle et al., -

Patent—-hardware family matrix
4,862 x 18: patent d by hardware family f

2022).
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Method 2: Software Changes and Hardware Alignment

e Software change events: framework,
runtime, and workload changes that alter
what hardware must efficiently support.

e QObservational: directional alignment, not
causal identification.

— Software may embody new
hardware capabilities, or hardware
may respond to new software
demands.
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3. Results
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RQ1: CUDA Unified Memory

Mechanism. CUDA Unified Memory exposed a

shared address space across CPU and GPU
memory. 2013 release
® A shared address space creates *
addrgss—translation and page-fault handling Shared address space
questions.
® CPU-GPU access raises cache-coherence, *
placement, and migration problems. Memorv manaaement
e Specific to the CUDA runtime and NVIDIA y 9

platform.
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RQ1 Result: NVIDIA-Specific Hardware Alignment
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Within-platform codevelopment: after the 2013 CUDA Unified Memory release, NVIDIA deviates from other
applicants in related memory-management families.
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RQ2: Neural Network Workload Pressure

Mechanism. AlexNet/ImageNet result marked a

visible inflection point in deep-learning AUI2 vereee] preese

workloads, changing expectations about the
scale and type of computation accelerators

would need to support. ]
Deep learning demand 1

® This is workload pressure, not a single
platform API.

e Expected hardware focus: neural-network

acceleration and matrix-operation arrays. NN + matrix operations 1
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RQ2 Result: Workload-Layer Alignment

Portfolio response: neural-network and matrix hardware
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Workload-layer alignment: the 2012 deep-learning demand shift is followed by rising hardware attention to
neural-network acceleration and matrix-operation arrays.
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High-Level Results: Layer Matters

RQ1: Runtime changes matter when RQ2: Hardware alignhment is

they expose bottlenecks strongest at the workload layer
Platform-specific runtime shifts are fol- Workload shifts show broad hardware
lowed by applicant-specific hardware alignment; portability-layer changes show
deviation in the expected families. weaker, less systematic responses.
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4. Discussion and Policy Implications
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Policy Implication: Portability Above, Diversity Below

e Technology policy targeting Al accelerator
capabilities should account for
runtime—microarchitecture coupling and
codevelopment.

* Potential policy lever: support innovation
diversity and competition through portability
higher in the stack, while avoiding premature
lock-in of runtimes or microarchitectural
choices.
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Specialized ASICs Raise The Stakes

® CPU — GPU — specialized ASICs.

® Co-development of hardware and
supporting software enables CPU

GPU

Specialized
ASICs

innovation.

>

— More specialization; more
architectural freedom.

— AMD chiplets vs. Cerebras
wafer-scale design.

more general
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