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Key Findings

e China has opted to go all in on an open-source approach to Al. Most Chinese labs publish model
source code and weights. They also charge far less to use high-end products than their global compet-
itors. This has resulted in the acceleration of global uptake of Chinese Al and created a feedback
loop where widespread adoption drives iteration, then further adoption. As of publication, Alibaba’s
Qwen models accounted for the largest model ecosystem on Hugging Face, with over 100,000 deriva-
tives.

e This open ecosystem enables China to innovate close to the frontier despite significant compute con-
straints. Chinese labs have narrowed performance gaps with top Western large language models. They
have also developed key architectural and training advances that are now industry standards.

e Open model proliferation creates alternative pathways to Al leadership. China's strategy prioritizes data
curation and refinement through the deployment of embodied Al in manufacturing, robotics, and re-
search where specialized, real-world data from widespread use may compound into advantages that
proprietary U.S. models cannot easily replicate, even if they maintain technical superiority on bench-
marks.

e China’s open Al model strategy and its manufacturing dominance are mutually reinforcing. As the
Commission’s 2025 Annual Report documented, China’s industrial base generates “interlocking
innovation flywheels” across adjacent sectors. Open models accelerate this dynamic by enabling low-
cost Al deployment across factories, factories, logistics networks, and robotics—generating real world
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data that feeds back into model improvement. Beijing has built the institutional infrastructure to exploit
this advantage, designating data as a formal factor of production and permitting enterprises to carry
data assets on their balance sheets.

e U.S. export controls primarily target the digital loop—restricting access to advanced chips used for
frontier model training—but are not well suited to addressing the physical loop of deployment-
driven data creation and accumulation across China’s manufacturing base. As open models reduce
the compute required for effective deployment, China’s ability to generate proprietary industrial data
at pace and scale becomes increasingly independent of access to cutting-edge hardware. This gap in
the U.S. policy framework means that even successful controls on training compute may not prevent
China from building Al advantages rooted in its physical economy.

Introduction

The United States and China are locked in a contest over artificial intelligence (Al) that will shape the global balance
of power for decades. In 2025, major U.S. and Chinese frontier Al labs released large language models (LLMs) that
set new records for performance or efficiency on a regular basis. U.S.-based OpenAl released its long-anticipated
ChatGPT-5, while China-based DeepSeek surprised the world with its efficient, near-frontier R1 model, which Time
Magazine labeled as one of the “Best Inventions of 2025.”" New frontier model releases continue apace in 2026,
with both countries now counting a number of organizations competing near the edge of Al capabilities.?

Behind this competition lie divergent national strategies. The U.S. Al ecosystem is diverse, but its leading labs have
concentrated investment in compute-intensive frontier models, betting that superior hardware resources will yield
transformative capabilities. China—constrained to some extent by U.S. export controls on advanced semiconductors
but backed by sustained state support—has organized around open development and rapid deployment, integrat-
ing Al across its economy under a rubric of “general Al" (GAI).3 Whether China’s approach reflects genuine strategic
preference or adaptation to necessity is an open question, but the result is a fundamentally different theory of how
Al leadership is won—not through a single breakthrough model but through ubiquitous adoption and iteration.

These approaches reflect respective national strengths. Bolstered by advantages in compute, top proprietary U.S.
models remain a step ahead of Chinese competitors on key benchmarks, though the gap narrowed dramatically in
2025. With some exceptions, China’s frontier labs have openly published model details and offered access to their
flagship products at a steep discount to U.S. peers.

China's open approach has reshaped the competitive landscape. Permissive licensing, aggressive pricing, and an
ecosystem that encourages collaboration are accelerating global uptake of Chinese Al and faster iteration among
Chinese labs. While top U.S. models maintain a narrow lead in capabilities, they risk losing not only the race to a
global user base but also the ability to set the technical standards and norms that will govern Al development for
years to come.
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Al Literacy: Key Al Concepts

Artificial General Intelligence (AGI): The Commission’s 2024 Annual Report to Congress defined AGI as
systems that are as good as or better than human capabilities across all cognitive domains and would surpass
the sharpest human minds at every task.*

General Al (GAI): China’s term for Al systems with broad, cross-domain capabilities.” Unlike AGl's focus on
rivaling human cognition, GAIl focuses on developmental goals like increasing manufacturing productivity
and prioritizes tailoring models toward industry-specific use cases.

Open models: Models that release their weights—the learned parameters determining how models process
information. “Open” ranges from fully open-source models (which release code, training data, and weights)
to open-weight models (which release only parameters)." > Most models described as “open” in this paper
are only open-weight.®

Closed models: Proprietary models accessible only through the developer's interface (e.g., ChatGPT) or an
approved Application Programming Interface (API). Developers do not publish the weights of closed models.

Large Language Models (LLMs): Models that use deep neural networks to generate text by predicting the
next token (a word or meaningful part of text) based on patterns learned from vast datasets.” LLMs excel at
text generation because of their ability to capture meaningful relationships between distant tokens in a se-
quence.®

Frontier models: The most capable models available at a given time, achieving top performance across
complex tasks like coding and math and processing multimodal data (e.g., text, images, and audio), often
trained with the largest datasets and most compute available.

Base models: Pre-trained versions of LLMs or multimodal models before task-specific finetuning, alignment,
or safety modifications; often used interchangeably with “foundation model.” Models that are modified from
base models are known as derivatives.

Benchmarks: Standardized frameworks measuring model capabilities across domains, from general
knowledge to scientific problem-solving to autonomous execution of multi-step processes.

* The word order of the Chinese term i@ A TE24¢ places the adjective "general” before “artificial,” although it is commonly translated in English
as either general artificial intelligence or artificial general intelligence. However, the term as used in Chinese documents refers to broadly capable
Al and does not equate the capabilities of such systems to human intelligence (though they may be comparable in some or all domains). William
Hannas et al., “China’s Advanced Al Research: Monitoring China’s Paths to ‘General’ Artificial Intelligence,” Center for Strategic and Emerging
Technology, July 2022, 3. https://cset.georgetown.edu/publication/chinas-advanced-ai-research/.

f Open-weight models have varying degrees of licensing permission to allow developers to independently understand, audit, or recreate the
model.
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U.S. Closed Models: Bigger is Better, Until It Isn’t

U.S. frontier labs operate on the premise that bigger models trained on more data yield better performance—a
belief grounded in “scaling laws,” the empirical finding that model performance improves predictably with increases
in parameters, training compute, and dataset size.” ° This logic reinforced a capital-intensive, proprietary approach
to Al development.

Applying scaling laws requires complex and expensive training processes. Multi-million-dollar training runs are en-
gineered to extract as much learning as possible from each unit of compute.’® At the same time, running thousands
of graphics processing units (GPUs)" in parallel for extended periods of time inevitably produces hardware failures,
so training pipelines must incorporate enough redundancy that localized disruptions do not derail millions of dol-
lars’ worth of training compute.™

Data acquisition, curation, and refinement introduce another layer of competition.' Beyond publicly available data
scraped from the internet, leading U.S. frontier labs rely on proprietary datasets, including enterprise data streams
like search results and social media feeds as well as specialized collections like scientific publications.™ Significant
engineering expertise also goes into converting sources like microfilm and physical archives into usable training
data. The frontier labs also buy labeled, curated, and refined data from third-party providers.™

Because competitive advantage under the scaling paradigm depends not just on model size but also on training
knowhow, infrastructure design, and data composition, Al firms have strong incentives to guard these as trade
secrets.’ Maintaining proprietary weights helps protect these advantages and has reinforced the closed ecosystem
among U.S. frontier labs.

The Scaling Bet Hits Diminishing Returns

The differential between U.S. and Chinese investment in data center buildout reflects U.S. prioritization of scaling
(see Table 1). For 2025, U.S. Al capital expenditure by Microsoft, Amazon, Meta, and Google was at least $350 billion,
according to Bloomberg Intelligence estimates, compared to less than $40 billion for China’s major cloud providers.*
16 For 2026, Bloomberg Intelligence estimates the same four tech giants will spend more than $400 billion, while
China's spending will stay flat."”

* A notable exception is Meta, which released the weights of its Llama family of models with some restrictions. Reports from mid to late 2025
suggested Meta may keep a new flagship model codenamed “Avocado” proprietary. The model is slated for early 2026. “Meta'’s ‘Llama’ Coming
to an End? New Large Model Code-Named Avocado Announced for Q1 2026 or Switching to Closed Source to Directly Compete with OpenAl,”
Al Base, December 10, 2025. https://news.aibase.com/news/23528.

"GPUs are a type of semiconductor device widely used for training and running Al models. Originally developed to display video game graphics,
GPUs are highly efficient in completing matrix operations used by deep neural networks.

* These include Alibaba, Tencent, Baidu, SenseTime, and Kingsoft Cloud. A June 2025 estimate from Bank of America placed China’s annual capex
higher, at $98 billion. Vlad Savov, “China’s Al Future Looks Like a Long Road to Small Profit,” Bloomberg, December 3, 2025. https://www.bloom-
berg.com/news/newsletters/2025-12-03/china-s-ai-future-looks-like-a-long-road-to-small-profit; Xinmei Shen, "China’s Al Capital Spending Set
to Reach up to US$98 Billion in 2025 amid Rivalry with US,” South China Morning Post, June 25, 2025. https://www.scmp.com/tech/tech-war/ar-
ticle/3315805/chinas-ai-capital-spending-set-reach-us98-billion-2025-amid-rivalry-us.
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Table 1: Top U.S. and Chinese Models by Training Compute, Training Data, and Parameters, 2025

Elements Summary of Advantage United States
Training U.S. leads in frontier training compute xAl's Grok 4 (5 x 10726 FLOPs) Alibaba’s Qwen3-Max (1.5 x
compute capacity and scale, while China faces 10425 FLOPs)

compute constraints.

Training U.S. maintains a lead in large, high-qual-  Nvidia's Cosmos-1.0-Diffusion- Alibaba’s Qwen3-Max (36
data size ity training data, although China is rap- 14B Video2World (9,000 trillion trillion tokens)
idly closing the gap. tokens)”
Model size  U.S. continues to develop large-scale xAl's Grok 4 (estimated 1.7-3 Alibaba’'s Qwen3-Max (1 tril-
models, while China is catching up. trillion parameters) lion parameters)

Note: Based on publicly available data in 2025 only.
Source: Various.'®

While U.S. firms are currently poised to maintain an advantage in compute, several factors are challenging strategies
centered on scaling. First, successive generations of models require ever-more compute to yield incremental gains
in performance, leading to diminishing returns with increased model size." Second, returns from scaling models are
not uniform across all tasks because improvements in prompting and task-specific optimization mean that small
models can perform comparably to large models on some tasks.?® Third, 2025 brought advances that delivered
performance gains without relying on increased model size.?" Novel architectures improved both training and in-
ference efficiency, while improvements in post-training techniques and ability to handle long contexts enabled labs
to strengthen performance with fewer parameters.?? Reflecting these changes, OpenAl described its February 2025
GPT-4.5 as its largest model to date and its last to rely primarily on scaling pre-training rather than reasoning.?

China’s AI Reaches the Frontier from Below

The release of DeepSeek’s R1 in January 2025 signaled that Chinese labs could approach frontier performance de-
spite U.S. export controls on advanced semiconductors. R1 was followed by a succession of open models from
Chinese labs that similarly did more with less, attaining scores nearing proprietary U.S. frontrunners on smaller
budgets and offering competitive products at a fraction of the cost of top U.S. models (see Table 2). Updates to
Alibaba’s Qwen family became widely used internationally. Beijing-based Moonshot Al set new bars for agentic
workflows and context length—the amount of tokens a model can handle—though they were later overtaken by
U.S. models.>* DeepSeek went on to attain gold medal performance on questions from the 2025 International Math
Olympiad (IMO) alongside OpenAl and Google DeepMind; DeepSeek-V3.2-Speciale, released in December 2025,
was the first open model capable of IMO gold-level scores as of publication.?’

While U.S. closed models remain slightly ahead of Chinese open counterparts by most measures (see Figure 1),
China’s successes in 2025 reflect a more fundamental challenge to U.S. Al supremacy than a narrowing lead: Chinese
labs now play a central role in developing and refining innovations that drive frontier progress. Though DeepSeek

* Nvidia's model is a unique approach that handles high volumes of visual data to develop a model of the physical world. Its training data volume
is an outlier even among other models trained on record-setting datasets.
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R1 did not introduce the mixture-of-experts (MOE) architecture—an approach to improve efficiency by activating
only the most relevant parameters—it popularized the use of large-scale MOE architectures in open frontier mod-
els.?8 It similarly helped boost the popularity of chain-of-thought reasoning in which models reason through inter-
mediate steps before producing a final answer, improving accuracy on complex tasks. Both MOE and chain-of-
thought are now standard for leading frontier models.?’

The series of innovative solutions from China, along with the growing list of Chinese labs contributing near the
frontier of Al capabilities, reflects not only a vibrant research and development (R&D) ecosystem but also necessity,
as compute constraints drive experimentation with alternatives to scaling. Both are underpinned by sustained state
support for open model development, promoting widespread adoption and reducing reliance on foreign technol-

ogy.

Figure 1: Chinese Labs and Open Models Close the Gap in Frontier Trends, 2023-2026
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Beijing’s Blueprint: State-Directed Open Al

Beijing views the diffusion of Al as a strategic enabler of multiple long-term goals, from boosting productivity as
China confronts slowing growth and demographic decline to accelerating advances in other fields like synthetic
biology. To support these objectives, Chinese policymakers have articulated a clear vision for how Al should evolve
domestically: widespread societal adoption and deep economic integration spurred by an open R&D ecosystem
that minimizes dependence on foreign technology and innovates within bounds set by the Party.?® These pillars
trace roots back to at least China’s sweeping 2017 Al Development Plan that established a broad set of objectives
for Al development and encouraged Al integration across manufacturing, healthcare, transportation, and public
administration as well as in military applications.?° Similar objectives animate Beijing’s Al policy today, with the State
Council’'s August 2025 “Al+ Initiative” formalizing widespread adoption as the central organizing principle for
China’s Al development. Among other goals, the initiative sets targets for Al integration into science and technology,
industry, public services, governance, and international cooperation.?'
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Table 2: Top Chinese Labs and Open Models (Partial List)

Lab

DeepSeek

Alibaba

Moonshot
Al

MiniMax

Z.ai

Source: Various. *

Model Family

V3, R1, R2, R2 Spe-
ciale

Tongyi Qianwen,
Qwen 2, Qwen 2.5,
Qwen3-Omni

Moonlight-
A3B/Moonlight-
16B-A3B, Kimi K2,
K2 Thinking, K2.5
Thinking

MiniMax M-1, M.2,
M-2.1, M-2.5

GLM-4, Co-
deGeeX4, GLM-
Edge, GLM-4.6

Why the Model(s) Stands Out

Focus on math and reasoning performance: High self-reported benchmark performance on competition-style
math exams and complex reasoning tasks.

Reasoning-first design: Trained to prioritize problem-solving, with outputs that expose chains-of-thought for
transparency and distillation.

Distillation scalability: R1's reasoning behavior was distilled into smaller, dense models (1.5B-70B parameters)
while being cheaper to run.

Focus on multilingual and multimodal performance: High self-reported scores, particularly in general knowledge
tests, multilingual support (119 languages), and many audiovisual tasks.

Cost-efficient architecture: Its MOE models achieve high performance while emphasizing efficient inference (e.g.,
the flagship model has a total of 235B parameters but only 22B activated ones per token).

Focus on coding and agentic performance: High self-reported results in software engineering and tool-use tasks
while also showing robust math reasoning.

Cost-efficient architecture: Stabilized 1T-parameter training while activating only 32B parameters per token, aiming
for fast, low-cost inference.

Agentic capabilities: Strengthened for planning and tool use, making the model well suited for software engineer-
ing and complex problem solving.

Dual-reasoning modes: Offers fast, cost-efficient outputs by skipping explicit reasoning traces when they are un-
necessary.

Focus on coding and agentic capabilities: Executes complex, long-horizon toolchains. Workflows include multi-file
edits, compile-run-fix loops, tool calling, browsing, and long-horizon task execution.

Cost-efficient architecture: Its models deliver lower latency, lower cost, and higher throughput for interactive
agents and batched sampling while activating only ten billion activated parameters (230 billion in total).
Dual-reasoning modes: The MiniMax family delivers fast, low-cost outputs that compete with larger closed models.

Focus on generalist performance: High self-reported scores across reasoning, coding, agentic, and visual bench-
marks.

Reliable agentic capabilities: Trained with synthetic tool-use and long-context data, aiming for more dependable
function-calling and multi-step planning.

Multi-stage expert training: Trained specialized expert models for reasoning, coding, and agentic tasks, then uni-
fied them through self-distillation to create a balanced generalist model.
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Notes

R1 was built on Qwen 2.5
and Llama 3 base archi-
tectures.

The Qwen family is the
most downloaded on
Hugging Face (see Figure
5).

Kimi K2.5 offers the low-
est cost for the highest
performance capability
(see Figure 2).

Minimax went public on
the Hong Kong Stock Ex-
change and raised $619
million.

A spinoff of Tsinghua
University, Z.ai was
added to Department of
Commerce’s Entity List on
January 16, 2025.
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Chinese Models Cost a Fraction of U.S. Prices

Chinese Al labs offer their models at increasingly competitive prices while narrowing the performance gap
with U.S. counterparts. For example, Kimi K2.5 costs four times less than OpenAl’s GPT5.2 as of January 2026."
33 Both have an Intelligence Index of 47 on Artificial Analysis's benchmark aggregator (see Figure 2). This
aggressive pricing in part responds to a market reality in China: consumers are less willing to pay for software
products.3* To overcome this barrier, Beijing is subsidizing user access to existing models through APIs and
the purchase of pre-trained model licenses outright.

Figure 2: U.S. vs. Chinese Inference Costs Relative to Capability
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Note: The models analyzed were released before February 1, 2026. The graph excludes OpenAl’s o1, which costs $26.25 per million tokens
but scores comparatively low, at 31 on the Intelligence Index.
Source: Artificial Analysis.*®

* Blended price on Artificial Analysis is a combination of output and input price token prices at a 3:1 ratio.
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As with other sectors targeted by industrial policies, China's central and local governments promote Al development
with a suite of supply-side and demand-side mechanisms. On the supply side, upstream measures include extensive
support for energy infrastructure, such as subsidized electricity costs for data centers often powered by domestically
made chips. For Al training and inference, Gansu, Guizhou, and Inner Mongolia have offered to slash cloud providers’
power bills by as much as 50 percent.” 37 Chinese companies also optimize the location of Al data centers in relation
to power grids to allocate available power to these facilities and capitalize on cheap electricity.>® On the demand
side, the Chinese government is reducing barriers to Al adoption by subsidizing usage costs for already low-priced
models.?° Other policies to strengthen talent pipelines, fund startups, and increase Chinese labs’ access to data are
also contributing to China’s Al development.

From Vision to Reality: Building an Open Ecosystem

An open ecosystem is central to Beijing's policy design for competitive Al. As a latecomer facing compute con-
straints, China's government sought an approach that would maximize Al adoption while minimizing dependence
on proprietary foreign technology.*° Open models facilitate widespread use by lowering barriers for enterprises or
developers to customize and deploy them without licensing fees or limits on adaptation. Support for open models
also stems from China’s broader, longstanding strategy to promote open-source technologies across its tech eco-
system—from operating systems to development platforms—to boost domestic innovation and reduce reliance on
foreign proprietary software. (For more on China’s open technology ecosystem, see Appendix I: “China’s ‘Open’
Technology Long Game to Become the Industry Standard.”)

Recognizing these benefits, Beijing's 2017 Al Plan also sought to encourage an open Al ecosystem by fostering
linkages between industry and academia and by promoting open-source platforms. Inspired by the success of Meta
(then Facebook) and Google's open-source Al libraries, Chinese firms launched similar projects, such as Baidu's
Apollo for developing autonomous vehicles.*! This emphasis on open development carried forward in the 2021 14th
Five-Year Plan, the 2025 Al+ Initiative mentioned above, as well as the draft 15th Five-Year Plan.*?> At the local level,
governments in Beijing, Guangdong, and Hangzhou have all invested millions in developing open-source Al.#3

By sheer count, state funding and policy support correspond with China’s rapid introduction of open models. Be-
tween 2022—the year ChatGPT was released—and 2025, the number of Chinese open models expanded more than
tenfold, from 32 to 337, according to data compiled by nonprofit Epoch Al (see Figure 3). The United States started
from a much higher base, but its open models increased less than threefold in the same period, from 213 to 622.44
In 2023, the number of Chinese open models surpassed the number of closed Chinese models; by contrast, there
have always been more closed U.S. models than open U.S. models. Chinese government sources place the number
of Chinese open models much higher than Epoch Al: in a July 2025 briefing, China’s State Council Information Office
claimed China had overtaken the United States in total number of open releases, at 1,509.'4

"ltis important to note that despite the government support, data center utilization in these regions was just 20-30 percent. Gigi Onag, “China
to Set Up Cloud Service Selling Spare Data Center Capacity — Report,” Light Reading, July 24, 2025. https://www.lightreading.com/data-cen-
ters/china-to-set-up-cloud-service-selling-spare-data-center-capacity---report.

+ When comparing Al model counts across countries, methodology matters significantly: some trackers count finetuned variants and derivatives
as distinct models, which can dramatically inflate totals for countries like China whose developers have been prolific finetuners of open Western
base models, while counts limited to original foundation models and publicly known models tell a different story.
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Figure 3: Cumulative Count of U.S. and Chinese Al Models by Model Accessibility (2015-2025)
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Note: The analysis assigns a country to each model if it has at least one organization based in the United States or China, and it excludes 101
models that are developed by both U.S. and Chinese organizations. Cumulative count begins in 1988 but only displays 2015-2025 and includes
a handful of models other than LLMs or multimodal models.

Source: Commission staff analysis based on Epoch Al's “Al Models” database, accessed January 23, 2026. https://epoch.ai/data/ai-models.

China’s Open Ecosystem Accelerates Adoption and Innovation

More important than the number of releases, Chinese labs are accelerating adoption and iteration of their models
far faster than U.S. labs, creating shared technical commons that lift the overall capabilities of China's Al ecosystem.
Though Chinese labs released fewer total open-weight models, they have recently made models more accessible
than U.S. counterparts through permissive licensing, deploying a greater number of unrestricted models in 2025
(see Figure 4).% This strategy leverages what analysts describe as a diffusion-innovation feedback loop created by
rapid rollout and experimentation: each model improvement becomes a foundation for subsequent innovations
rather than remaining siloed in a single company. As Wang Zhe of Beihang University and Xue Lan of Tsinghua
University noted, the spread of China’s open-source models enables exploration of diverse technological paths,
easier capability sharing, and broader distribution of development costs.4” These shared technical commons are the
first of two feedback loops that compound China’'s advantages—the second runs through the physical economy.
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Figure 4: China vs. U.S. Models by Degree of Openness, 2020-2025
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Note: The analysis assigns a country to each model if it has at least one organization based in the United States or China, and it excludes 101
models that are developed by both U.S. and Chinese organizations.
Source: Commission staff analysis based on Epoch Al's “Al Models” database, accessed January 23, 2026. https.//epoch.ai/data/ai-models.

The First Loop

Data on open model downloads and iteration show this feedback loop in action. According to the American Truly
Open Models (ATOM) project, in August 2025 Chinese models overtook U.S. models in total downloads on Hugging
Face, a global open model collaboration platform.* By October 2025, Chinese models by Z.ai (formerly Zhipu Al),
Alibaba, DeepSeek, Moonshot Al, and tech giant Meituan, best known as a food delivery platform, had displaced
Meta’'s models in popularity on LMArena (recently rebranded Arena), a leaderboard that ranks models based on
human preference.*® From November to December 2025, Chinese models accounted for seven of the top ten most
downloaded models on Hugging Face. Developers uploaded derivative models back to Hugging Face at nearly twice
the rate of U.S. models (see Figure 5).°° By year's end, derivatives of Alibaba’s Qwen family had become the largest
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model ecosystem on Hugging Face, with over 100,000 derivatives—more than any Western counterpart, including
Meta's Llama.>!

The iterative collaboration in China’'s open ecosystem—the first of the two feedback loops driving China's Al strat-
egy—provides three structural advantages for accelerating Al advances and adoption:

1. Frontier labs can refine each other’s base models, driving rapid capability improvements without costly in-
vestments in pre-training. For example, DeepSeek claims its Qwen derivative, R1-Distill-Qwen-32B, can outper-
form OpenAl’'s 01-mini model.>?

2. Firms can adapt high-performing base models to niche use cases. In late 2025, the most downloaded model
on Hugging Face was a small, specialized model for video captioning created by TikTok parent ByteDance. The
short video giant had finetuned its Tarsier2-Recap-7b from Alibaba’s Qwen2-VL-7B-Instruct, which itself ranked
fifth in downloads during that period (see Figure 5).>3 By providing ready-made foundations, open models allow
developers to focus resources on specialized adaptations rather than recreating fundamental Al capabilities,
particularly benefiting small and medium-sized enterprises lacking resources for proprietary alternatives.>*

3. New entrants quickly gain a profile through popular and widely downloaded open models, helping to attract
talent, raise capital, and draw customers. Notable examples include Moonshot Al and Minimax, a Shanghai-
based lab founded by former engineers from Al surveillance firm SenseTime in 2021. Aside from its widely
downloaded eponymous foundational models, the startup’s Hailuo models are among the best free video gen-
eration models, rivaling OpenAl's Sora in simulating physical environments.>> In January 2026, Minimax was
listed on the Hong Kong Stock Exchange, with its share price doubled on the first day of trading, underscoring
investor confidence in the commercial potential of China's open ecosystem.*®

This growing dominance has even led to widespread adoption by U.S. companies.>” One partner at U.S.-based ven-
ture capital firm Andreessen Horowitz provided a rough estimate that 80 percent of U.S. startups use Chinese base
models to develop derivates for their business.*® Even larger companies like Airbnb use Alibaba’s Qwen for customer
service chatbots due to its low cost and capabilities comparable with leading U.S. models.>® However, this adoption
raises security concerns: the U.S. National Institute of Standards and Technology (NIST) found that DeepSeek’s open
models are more susceptible to cyber risks than comparable U.S. models.®° Additionally, Chinese models may censor
topics to comply with political pressures and domestic regulations, and using models hosted by Chinese entities
could present data privacy risks.®!

The diffusion-iteration loop is not confined to software. As the Commission’s 2025 Annual Report documented,
China's state-directed industrial base generates “interlocking innovation flywheels” in which advances in one sector
rapidly catalyze breakthroughs in adjacent industries, and production data feed back into R&D.” Open Al models
add a new dimension to this dynamic. By lowering the barrier for manufacturers, logistics firms, and robotics com-
panies to deploy Al in operational settings, open models enable each deployment to generate proprietary, real-
world data at scale that no amount of web scraping or synthetic generation can replicate. Beijing has long recog-
nized data’s strategic importance: General Secretary of the Chinese Communist Party (CCP) Xi Jinping described
data as “a new production factor,” a foundational and strategic resource as early as 2017, and the CCP Central
Committee formally designated data as the fifth factor of production—alongside land, labor, capital, and

* For more, see U.S.-China Economic and Security Review Commission, Chapter 6, “Interlocking Innovation Flywheels: China’'s Manufacturing and
Innovation Engine,” in 2025 Annual Report to Congress, November 2025, 313-369.
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technology—in 2020, followed by the “20 Data Measures” in 2022 and the creation of the National Data Admin-
istration (NDA) in 2023 to operationalize this vision.5?

China's advantages in translating this vision into practice are structural: an unmatched manufacturing base, exten-
sive Internet of Things (loT) and 5G infrastructure, and a policy apparatus that actively subsidizes Al adoption across
the physical economy. The result is a second feedback loop, running in parallel with the first, in which widespread
industrial deployment feeds data back into model improvement, which in turn enables more sophisticated deploy-
ment. It is the intersection of these two loops—one digital, one physical—that gives China’s open strategy its com-
pounding force and poses the most serious long-term challenge to U.S. Al leadership.

Figure 5: Top Ten Most Downloaded Models on Hugging Face (November-December 2025)

Company Model Downloaded Nov 8 — Dec 8, 2025 Used as Base Model
Chinese models  Sum of 7 models . 7 51,064,545 (N 7,472
U.S. models Sum of 3 models ] 17,830,929 (D 4,808
Bytedance (China)  QIIFISSCACN Ao O 1084713 ]
Alibaba (China) Qwen2.5-3B-Instruct [ 8780419 N 1,674
OpenAl (U.S.) openai/gpt-0ss-20b 1 8089782 W 672
Alibaba (China) Qwen2 5-VL-3B-Instruct ) 7688461 [ 699
Alibaba (China) Qwen2.5-7B-Instruct (| 7245333 B 3335
Alibaba (China) Qwen3-4B-Instruct-2507 [ 6,289,445 [ 400
DeepSeek (China) DeepSeek-OCR ] 5451968 | 125
Meta (U.S.) Llama-3.1-8B-Instruct 7] 5187643 (R 3975
Alibaba (China) Qwen3-8B [ 4761736 [ 1,239
OpenAl (U.S)) gpt-oss-120b 1 4553504 | 161

Note: " Data range from November 8 to December 8, 2025. Large-scale means more than three billion parameters. The number of models that
use respective model as base model count those that are uploaded back to Hugging Face, which include finetunes, adapters (i.e., finetuning
with extra trainable parameters), secondary finetunes, merges, and quantization (a compressing technique to reduce memory use and compu-
ting cost).

Source: Commission staff analysis based on Hugging Face, accessed December 8, 2025.

The Second Loop: Deployment Generates Data

As internet-scale data become finite, the ability to gather high-quality, application-specific data through real-world
deployment could become a critical source of Al advantage for China. Epoch Al estimates that leading U.S. Al com-
panies may exhaust high-quality publicly available training data for Al language models between 2026 and 2032,
reshaping the competitive landscape as the next frontier shifts toward companies’ proprietary data for specific use
cases.®
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Chinese Al scholars view data as a competitive opportunity. Weinan E, an academician at the Chinese Academy of
Sciences and a machine learning scholar, argued in September 2025 that future progress will depend less on build-
ing larger models and more on securing high-quality, diverse data.®* As a case in point, China’s connected factories
and loT infrastructure position the country to collect specialized industrial data at scale.®® Data from 5G HD cameras
in an intelligent factory in Guangdong, for instance, have enabled Al to improve quality inspection, reducing equip-
ment repair rates by 20 percent and saving more than 1 million renminbi (RMB) ($140,000) annually in costs.®® This
infrastructure creates millions of data collection points across factories, logistics networks, and smart cities. Leading
Chinese robotics companies, such as AgiBot and Fourier, also have released open training datasets, expanding the
pool available for development of embodied Al—systems that interact with the physical world.®” This is the physical-
economy feedback loop in practice.

However, Chinese labs also face significant data constraints. China’s data security law imposes strict rules on per-
sonal data, limiting data sharing between China’s super-apps like WeChat and Alipay and other developers.®® Chi-
nese webpages are also constantly being deleted by censors, while foreign data providers may block Chinese IP
addresses.®® In April 2025, Tang Jie, cofounder of Z.ai, wrote in the People’s Daily that China’s high-quality data
resources remain “fragmented and scattered” and are now a leading bottleneck to improving domestic models, and
he emphasized Xi Jinping's call to integrate Al and big data with the real economy.”® Recent policies to bolster
China’s data labeling industry suggest the supply of high-quality annotated data remains an additional constraint.”’

To address these gaps, Beijing constructed a layered institutional framework in March 2025: a National Public Data
Resource Registration Platform under the ownership of the NDA.”2 The NDA reports that Chinese language data
account for 60-80 percent of training data for most domestic Chinese models.”® To address concerns over data
protection laws, the Chinese government is also promoting open data-sharing platforms and funding large open
datasets, such as Beijing Academy of Artificial Intelligence’s multilingual, multimodal FlagData.”* To further address
these concerns, the Chinese government is offering additional incentives. As the Commission noted in its 2024
Annual Report, China’s Ministry of Finance issued accounting standards in 2023, permitting enterprises to recognize
qualifying data resources on their balance sheets as intangible assets or inventory—making China the first country
to establish national data asset accounting standards.”® Taken together, these measures reflect a systematic effort
to build the institutional plumbing that converts China’s deployment advantage into a durable data asset.

Where the Loops Converge: Small Models and
China’s Structural Advantage

Two feedback loops—one digital, one physical—give China’s Al strategy its compounding force. The mechanism
linking them is the emerging shift toward small, specialized Al models for real-world deployment.

The dominant narrative in U.S. Al strategy centers on frontier scale—ever-larger models trained on ever-more com-
pute. But a growing body of evidence suggests that the models most consequential for economic and industrial
application are not frontier LLMs but small language models (SLMs) finetuned for specific operational tasks. In a
recent position paper, Nvidia researchers argued that small models “handle the bulk of operational subtasks” in
agentic Al systems, delivering faster responses, fewer errors, and costs ten to 30 times lower than frontier alterna-
tives. ’® The paper described a “heterogeneous” future in which large models are reserved for occasional complex
reasoning, while small, specialized models power the majority of deployed Al applications.””

This trajectory has significant implications for U.S.-China competition because small models are precisely the kind
of Al that open ecosystems produce most efficiently—and China dominates the global open ecosystem.
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The economics of small model development differ fundamentally from frontier training. Finetuning a small model
for a specific industrial task requires a fraction of the compute needed to train a frontier LLM from scratch, making
it accessible to a far wider range of firms. Open base models lower the barrier further: rather than building from
zero, developers can adapt a high-performing foundation to their use case in days rather than months.

China’s open ecosystem is already producing this dynamic at scale. As previously discussed, the most downloaded
model on Hugging Face in late 2025 was not a frontier LLM but a small, specialized video captioning model—
ByteDance's Tarsier2-Recap-7b, finetuned from Alibaba’'s Qwen2-VL-7B-Instruct.”® Derivatives of Alibaba’s Qwen
family alone account for over 100,000 models on Hugging Face, many of them small, task-specific adaptations
created by third-party developers.” This pattern—open base model, community-driven specialization, rapid itera-
tion—is optimized for producing exactly the kind of Al the deployment shift demands.

Small models are the mechanism through which China’s digital and physical feedback loops reinforce each other.
The digital loop—open model diffusion and community iteration—generates an expanding library of capable,
adaptable base models. The physical loop—deployment across China’s manufacturing base, logistics networks, and
robotics sector—provides the real-world environments where these models are put to work.

The connection runs in both directions. A quality inspection model deployed in a Guangdong factory does not
require frontier-scale compute—it requires a small vision model finetuned on production-line data and running on
edge hardware. That deployment generates proprietary operational data that feeds back into model improvement.
The improved model enables more sophisticated deployment, generating richer data. Each cycle is faster and
cheaper than frontier training and—critically—is not constrained by access to the most advanced semiconductors.

China's structural advantages compound at every stage of this process. Its open ecosystem provides the base mod-
els. Its manufacturing scale provides the deployment surface. Its IoT and 5G infrastructure provides the data collec-
tion architecture. And Beijing's policy apparatus—from the NDA to local Al adoption subsidies—actively lubricates
the cycle. No other country possesses this combination at comparable scale.

If the center of gravity in Al value creation shifts from frontier training to deployed small models—as Nvidia and
other industry leaders suggest—the competitive implications are significant.

The United States’ Al advantages are concentrated in frontier scale: the largest training runs, the most advanced
chips, and the most capital-intensive models. These remain important for research and for select consumer appli-
cations. But they may not determine which country captures value from Al in manufacturing, logistics, scientific
research, and robotics—domains where deployment scale, iteration speed, and access to operational data matter
more than benchmark performance.

U.S. export controls are calibrated to constrain frontier training by restricting access to advanced semiconductors.
They do not address the small-model deployment cycle, which requires less advanced compute, draws on openly
available base models, and generates advantage through application rather than pre-training. If the models that
matter most for industrial Al are small, specialized, and open, the current U.S. policy framework could be targeting
the wrong layer of the competition.

China’s leadership appears to recognize this dynamic. Beijing's Al+ Initiative, its robotics industrial policy, and its
institutional infrastructure for converting deployment data into a national asset all reflect a strategy organized
around deployed Al rather than frontier scale. The convergence of China's open ecosystem dominance with its
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manufacturing base could create a durable advantage that compounds independently of the frontier model race—
and independently of the controls designed to slow it.

Continued Momentum: From Labs to Factories

Even if China's leading models continue to lag behind U.S. closed models, China's open ecosystem, policy direction,
and extensive manufacturing base—the foundation of the physical-economy feedback loop—could translate to
advantage in adapting Al for two high-impact uses: research and robotics.

Scientific research is a central priority under China’s Al+ Initiative. Early evidence compiled by Georgetown Univer-
sity’s Center for Security and Emerging Technology suggests the adaptability of open models facilitates greater use
by academic researchers.®’ This research extends to advancing Al, reinforcing the iterative cycle between industry
and academia. Along these lines, computer vision startup Megvii, University of Chinese Academy of Sciences, and
Huazhong University of Science and Technology claim they developed a smaller vision-language Al model that
retains some capabilities of large systems while running efficiently on consumer-level GPUs by improving how visual
information is encoded.” &

Robotics and embodied Al represent a second domain where openness may confer advantage—and where the
physical-economy feedback loop is directly operative. By lowering barriers to adaptation, open models allow robot-
ics teams to integrate advanced language and multimodal capabilities without independently replicating costly pre-
training, accelerating experiments with physical environments.#? Shanghai Al Lab’s Intern Robotics team, for in-
stance, adapted Alibaba’s Qwen2.5-3B-Instruct to build InternVLA-M1, which it describes as “a unified framework
for spatial grounding and robot control that advances instruction-following robots toward scalable, general-pur-
pose intelligence.”

Beyond near-term applications, this emphasis on practical deployment generates crucial advantages for embodied
Al development: experience integrating sensors and actuators, data from real-world interactions, and iterative learn-
ing about how Al systems perform in unpredictable physical contexts.® Importantly, many Chinese researchers view
deploying Al in the physical world as a likely technical pathway toward AGI, emphasizing the systems of multiple
practical models rather than one singular transformative superintelligent model." 8>

China’s leading scientists have advanced this view. Mu-ming Poo, scientific director of the Institute of Neuroscience,
Chinese Academy of Sciences, argues that LLMs must interact with the physical world to develop an evolving “world
model,” or Al systems that understand the dynamics of the physical world.® Zhu Songchun, the president of Beijing's
Institute of General Artificial Intelligence, insists that Al research should shift from reasoning and mathematical
models toward cognition and value alignment.®

Academic scholars are searching for the means to put this view into practice. Research funded by China’s National
Natural Science Foundation and conducted at Tsinghua University, an embodied Al hub, explores the path from

* Megvii was added to the Entity List in October 2019 for its role in China’s surveillance state. U.S. Department of Commerce, Addition of Certain
Entities to the Entity List, October 9, 2019. https.//www.federalregister.gov/documents/2019/10/09/2019-22210/addition-of-certain-entities-to-the-
entity-list.

*Not all Chinese Al developers are monolithic, as different companies such as DeepSeek, Alibaba, Moonshot Al, Zhipu, and Baidu pursue different
technical paths. Afra Wang, "Topology of ‘China Al," Afra Wang's Substack, September 11, 2025. https://afraw.substack.com/p/topology-of-
china-ai.
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LLMs and world models to embodied Al." % The researchers explained that embodied Al relies on LLMs to encode
multimodal inputs such as text, images, and audio; perform semantic reasoning and task decomposition; and de-
code those interpretations into actionable outputs.® In other words, LLMs serve as the cognitive engine of embod-
ied Al systems, translating high-level understanding into goal-directed interaction with the physical world. The feed-
back loop from physical interaction back to the LLM enables continuous refinement of the system’s world model,
potentially creating a pathway to AGI from accumulated real-world experience rather than scaled pre-training.

Chinese scholars' research agenda is directly mirrored in state policy. The draft 15th Five-Year Plan calls on China to
“explore development pathways for general artificial intelligence” by promoting model innovation in areas such as
multi-modalities, intelligent agents, and embodied Al, and to leverage "high-value scenarios to drive the practical
implementation and iterative upgrading” of both general-purpose and industry-specific models. The Plan effectively
cements the physical-economy feedback loop as a national strategy.?® This is the logic of the physical-economy
loop carried to its endpoint: deployment generates data, data refine models, and refined models enable more so-
phisticated deployment—a cycle that compounds independently of access to frontier compute.

U.S. Models Still Lead for Key Applications

Available data suggest China’s success in promoting open models has not yet clearly translated into market share
gains for applications like chatbots or video generation, where many opportunities for monetizing technical ad-
vances lie. Use of Al models to power applications represents a further step in adoption, where the strategic value
shifts beyond model performance itself to utility and integration for practical uses.

According to Microsoft's assessment of global Al adoption by country end users, adoption rates in China trail behind
the United States, at only 16.3 percent versus 28.3 percent by the second half of 2025, though the study did not
have equally robust coverage for China.®" A RAND Corporation assessment of web traffic for leading U.S. and Chi-
nese LLMs similarly found U.S. models captured 93 percent of global LLM site visits in August 2025.%> Global web
traffic data tracked by AICPB, a China-based global Al product ranking firm, likewise showed a U.S. lead across
applications in data aggregated from multiple platforms.® For December 2025, U.S. Al tools topped charts for chat-
bots, code assistants, search engines, image generators, and video generators, while Chinese Al tools trailed (see
Table 3).%4

Al agents are a notable exception,” where the top three firms have China ties, though establishing domicile is chal-
lenging. China’s Qihoo 360's Nano Al leads U.S.-headquartered GenSpark Al in monthly visits (see Table 3). However,
GenSpark was cofounded by two former Baidu executives.®® Manus, ranked third, is based in Singapore but was
founded in China with funding from Tencent. The Al startup is reportedly under investigation by Chinese authorities

' Tsinghua University plays a significant role in ushering China's advance in embodied Al, leading the nation in embodied Al research publications
with 43 papers between 2022 and September 2025 and establishment of 18 companies by 2025. William C. Hannas et al.,, “China’s Embodied Al:
A Path to AGI," Center for Security and Emerging Technology, December 2025, 18-19. https.//cset.georgetown.edu/wp-content/uploads/CSET-Chi-
nas-Embodied-Al.pdf.

" Al agents are modular, LLM-enabled systems designed for task-specific automation. They are distinct from agentic Al, or Al models performing
functions for users (e.g., operating a web browser). Ranjan Sapkota, Konstantinos I. Roumeliotis, and Manoj Karkee, “Al Agents vs. Agentic Al: A
Conceptual Taxonomy, Applications and Challenges,” arXiv, May 15, 2025. https://arxiv.org/abs/2505.10468.
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for potential violations of export restrictions and other regulations, following its acquisition by Meta in December
2025."

Table 3: U.S. and Chinese Most Popular Al Web Tools by Category, December 2025

Ranking December Monthly
Category Country Company LGS Visits (in millions)

Overall and Al US. % OpenAl ChatGPT 5,700
Chatbot

China DeepSeek DeepSeek 451.1
Al Agent us. GenSpark Al GenSpark 13.5

China % Qihoo360 Nano Al 189.41
Al Code US. % GitHub GitHub Copilot 304.1
Assistant

China Baidu Comate 1.85
Al Search Engine U.S. % Microsoft New Bing 1,330

China Qihoo360 Nano Al Super Search 278.76

Agent

Al Image US. % SeaArt SeaArt 25.54
Generator

China Shenzhen Liangmeng Jimeng Al 11.52

Tech

Al Video US. % OpenAl Sora 35.14
Generator

China Kuaishou Klingai 14.25

Note: % indicates category leader, based on the Al product’'s monthly visits in December 2025.
Source: Commission staff analysis based on AICPB's “Global Al Rankings by Users,” accessed January 23, 2026. https://www.aicpb.com.

A few factors may explain Chinese models’ lag relative to U.S. models’ use in power applications. Even if Chinese
models are nearly as good as top U.S. models for much lower costs, enterprise customers developing Al-base ap-
plications may prefer U.S. models for political and security reasons. Additionally, measuring use of Al models in
applications is difficult compared to tracking model downloads and derivative uploads to gauge model diffusion

" For more details on the Chinese Ministry of Commerce’s investigation into the acquisition, see Graham Ayres et al., “February 2026 China
Bulletin,” U.S.-China Economic and Security Review Commission, February 4, 2026. https://www.uscc.gov/trade-bulletins/china-bulletin-february-
4-2026.
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(for more details on the challenges of measuring application use by nationality of models, see Appendix II: “Chal-
lenges Measuring Al Adoption in Applications”).

Despite its current lead, the United States should not get comfortable. Chinese Al firms have stressed the need to
improve model integration in applications. Baidu's CEO even sees the breadth of Chinese internet tech giants plat-
forms as providing a leg up in developing models to power apps, noting “we [China] probably cannot match the
investment of Google and OpenAl in training models, but we are closer to the applications.”® If China’s tech giants
succeed in closing this gap, the compounding dynamics documented above could extend from model development
into the application layer. Along these lines, Baidu, Alibaba, Tencent, and ByteDance are currently working to inte-
grate their respective base models, developer infrastructure, enterprise productivity tools, marketing and creative
platforms, and consumer applications.®’

U.S. Responses

Following DeepSeek's success, major U.S. Al companies beyond Meta are entering the open ecosystem. In August
2025, OpenAl released two open-weight models—its first since GPT-2—after CEO Sam Altman admitted the com-
pany had been “on the wrong side of history” regarding open models.?® In March 2026, Nvidia released Nemotron
3, an open-weight model designed to run on its hardware and support complex agentic Al systems, signaling the
company’s commitment to open Al development alongside significant R&D investment to develop open-weight
models.*® Other efforts, such as the ATOM project, aim to foster U.S.-based labs for competitive open-source Al, but
the overall health of the U.S. commercial open ecosystem remains uncertain.

Yet the trajectory of the U.S. open ecosystem’s most prominent champion is moving in the opposite direction. Meta
released Llama 4 in April 2025 with two open-weight variants, Scout and Maverick, but withheld its most powerful
model, Behemoth, from public release.’® By late 2025, reports indicated that Meta’s next-generation model—
codenamed Avocado—would adopt a closed, API-only approach, abandoning the weight downloads that defined
the Llama series.’®" The shift was driven in part by concerns that Chinese labs, particularly DeepSeek, had leveraged
Llama’s open architecture to accelerate their own capabilities—the very dynamic this paper documents.' CEO Mark
Zuckerberg reportedly stated that Meta would not release models capable of superintelligence as open source.'%
The pivot contributed to leadership upheaval, including the departure of prominent Al scientist Yann LeCun from
Meta's Fundamental Al Research lab.'% If sustained, Meta's retreat from openness would leave the United States
without a major frontier model developer anchoring its open Al ecosystem at precisely the moment China’s state-
backed open development is accelerating.

U.S. policymakers have also recently rallied behind open models as a strategic lever in the global Al competition.
The 2025 Al Action Plan explicitly positions them as critical to maintaining U.S. innovation leadership, reflecting
growing expert consensus that open-source Al accelerates research, expands access, and provides alternatives to
closed models.'® The plan proposes national compute marketplaces to ease the bottlenecks from proprietary GPU
cluster use by large Al companies.’%

Beyond the private sector, the U.S. Department of Energy’s Genesis Mission mobilizes 17 national laboratories, in-
dustry, and academia to accelerate Al-driven scientific discovery, energy innovation, and national security—includ-
ing investments in robotics, autonomous laboratories, and embodied Al.1%7

Responding to China’s focus on widespread adoption, both U.S. industry and policymakers have called for balancing
pursuit of AGI with practical diffusion. Former CEO of Google Eric Schmidt called for both pursuit of superintelligent
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models and broad deployment of less powerful models that impact everyday lives.'% Jack Shanahan, retired U.S. Air
Force lieutenant general and former director of the U.S. Department of Defense’s Joint Artificial Intelligence Center,
similarly emphasized the need to “leverage Al as a practical tool—a driver of innovation and a measurable force
multiplier for the American economy and society.”'® These responses, however, primarily address the digital side
of the competition—open model development and compute access—rather than the deployment-driven data ad-
vantages where China's structural position is strongest.

Areas for Additional Consideration

As of publication, Chinese labs have maintained momentum, with Tsinghua University spinoff Z.ai setting new rec-
ords for open models with GLM-5, and Minimax's high-profile Hong Kong initial product offering (IPO) has signaled
investor confidence in China’s Al commercialization strategy. This trajectory presents a strategic dilemma: U.S. ex-
port controls limit China’s ability to match U.S. compute-intensive training, but they do not address the second
feedback loop—deployment-driven data accumulation across China's industrial base. The central policy challenge
is that the United States has calibrated its response to one loop while China compounds advantages through both.
Several gaps between current U.S. policy frameworks and the competitive dynamics documented in this analysis
merit consideration by Congress.

e As this analysis documents, it is the intersection of these two loops—open model diffusion and industrial de-
ployment—that gives China’s Al strategy its compounding force. Controls calibrated to only one loop could
leave the more durable source of advantage unaddressed.

e Thereis no coordinated U.S. response to China’s open ecosystem dominance. The most prominent U.S. advocate
for open Al development, Meta, has reportedly begun shifting its next-generation models toward a closed ap-
proach—driven in part by concerns that Chinese labs were leveraging Llama’s open architecture. While the 2025
Al Action Plan acknowledges open models’ importance, and efforts like the ATOM project and the industry-led
Al Alliance attempt to foster a U.S.-based open ecosystem, no initiative matches the scale or coordination of
China’s state-backed open development. U.S. researchers and companies increasingly rely on Chinese base
models, creating long-term dependency on infrastructure with embedded censorship and potential security
vulnerabilities.

e China's open models could become the foundational infrastructure of global Al development. As documented
in Appendix |, China has a long track record of leveraging open technology ecosystems to establish global
technological dependencies. If Chinese base models become the default starting point for developers world-
wide—as Hugging Face download data already suggest—China would shape the architecture, data formats, and
security characteristics of Al systems far beyond its borders. Congress could consider directing NIST or the U.S.
Office of Science and Technology Policy to engage proactively on Al interoperability standards, model evalua-
tion frameworks, and deployment benchmarks before this infrastructure calcifies.

e U.S. domestic Al investment may be misaligned with the competitive dynamics this analysis documents. From
CHIPS Act incentives to National Science Foundation Al research funding, policy mechanisms have primarily
supported frontier model development rather than accelerating real-world deployment. There is no domestic
equivalent to China’s systematic effort to convert industrial deployment into a data asset.

e An asymmetry in data access benefits Chinese models. Chinese open models hosted on global platforms like
Hugging Face benefit from worldwide data contributions, community feedback, and derivative development.

U.S.-China Economic and Security Review Commission |



RESEARCH
WORKING GROUP

PAPER

Yet China’s own data security law restricts outbound data sharing, limiting reciprocal access for foreign devel-
opers. This asymmetry—documented earlier in this analysis—means Chinese models improve through global
openness while Chinese data remain largely closed. Congress could consider whether reciprocity requirements
or transparency standards should apply to models hosted on U.S.-based platforms.

Fundamental measurement gaps obscure competition in applications. Available metrics track model capabilities
and training resources but provide limited visibility into how models are used to power applications like agents
or video generators. Without standardized frameworks for measuring deployment, policymakers lack data to
assess whether U.S. advantages in frontier models are translating into sustained leadership where strategic and
economic value is captured—in manufacturing automation, logistics optimization, and research acceleration.

Alternative pathways to AGI receive limited policy attention. Chinese researchers frame embodied Al as a viable
route to AGI that bypasses compute-intensive scaling—a pathway China’s policy framework explicitly supports
through robotics initiatives, industrial Al deployment, and academic-industry collaboration on world models.
U.S. investors and labs are betting heavily on AGI emerging from scaled pre-training of language models. If
multiple technical pathways to advanced Al exist, U.S. industry and policy are optimized for only one, potentially
ceding advantages in domains where physical deployment and iteration outweigh scale. As the preceding anal-
ysis suggests, the models most relevant to this physical pathway may be small, specialized, and openly availa-
ble—a category where China already leads.

The Genesis Mission offers a model that could extend beyond science. The Department of Energy’'s Genesis
Mission, launched by executive order in November 2025, mobilizes 17 national laboratories, industry, and aca-
demia around Al-driven deployment for scientific discovery, energy innovation, and national security—including
14 robotics and autonomous laboratory projects. It represents the kind of deployment-focused, application-
driven initiative this analysis suggests the United States needs. However, no equivalent effort exists for manu-
facturing, logistics, or industrial Al—the domains where China’s physical-economy feedback loop is compound-
ing most rapidly. Congress could consider whether the Genesis Mission model should be extended or replicated
to accelerate Al deployment across the broader industrial base.

Workforce and talent dynamics may be shifting. China’s open ecosystem creates a visible pathway for Al talent—
labs like Minimax and Moonshot Al have attracted engineers and capital through widely downloaded open
models.’ The United States’ ability to attract and retain top Al researchers could be affected if the center of
gravity in open Al development shifts toward Chinese platforms and institutions. At the same time, the shift
toward deployed Al across the economy—from small, specialized models on factory floors to frontier systems
in research labs—will require a workforce capable of developing, adapting, and maintaining these tools at every
level. Congress could consider whether current education and training systems are preparing the U.S. workforce
for an Al-integrated economy, including whether K-12 curricula, vocational programs, and post-secondary ed-
ucation are equipping workers with the skills to deploy and manage Al across industrial and commercial settings.
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Appendix I: China’s “Open” Technology Long
Game to Become the Industry Standard

The Chinese government has long encouraged open-source technologies to drive domestic innovation and mitigate
reliance on U.S. proprietary software.’" In the early 2000s, China’s Academy of Sciences (CAS) launched the gov-
ernment-funded Red Flag Linux project to replace Microsoft Windows."? In recent years, the Chinese government
has embraced and promoted open-source standards in many technologies. In June 2020, Chinese tech giants and
state-affiliated entities founded China’s OpenAtom Foundation to promote collaboration on open-source technol-
ogies both domestically and internationally.’® Huawei also contributed to OpenHarmony, an open-source, distrib-
uted operating system (OS) framework to displace Google's Android OS.™"4

The earlier push for “open” technology development has laid a strong foundation for current open Al model devel-
opment. China promoted Gitee as an alternative to GitHub to host source code.'™ In 2022, Alibaba also launched
ModelScope, a platform for open-source Al models, as an alternative to Hugging Face since China restricted access
to this global platform.”"® To compete with U.S. Al developing tools such as Meta's PyTorch and Google’s TensorFlow,
which developers use in their workflow to complete code, debug, and test their systems, China launched its own
versions, such as Baidu’s PaddlePaddle and Huawei's MindSpore.'"” With government and tech giant backing, more
than 90 percent of Chinese enterprises used open-source technologies as of 2023.7"® As part of the global commu-
nity, Chinese open-source projects account for 17 percent of the top 100 most active open-source software projects
globally as of 2023, trailing only the United States, according to the Cloud Computing Standard and Open Source
Promotion Committee of China."®

Since the release of DeepSeek’s open models in early 2025, the Chinese government has promoted open Al models
with the goal to frame China as the global provider of open Al development and propel Chinese models into industry
standard.’?® The Chinese leadership has already positioned China as a global champion of open-source Al develop-
ment. In the summer of 2025, Premier Li Qiang pronounced at the World Economic Forum that “China’s innovation
is open and open-source [and China is] willing to share indigenous technologies and innovation scenarios with the
world,” and he continued to promote China’s open Al development at the World Artificial Intelligence Conference.™
The Chinese government also puts open model development at the forefront of its domestic Al plan, announcing
the Al+ Initiative that calls for government support of Al products and prioritizes the development of open-source
Al ecosystems.'?? In September, the Cyberspace Administration of China, the country’s most influential Al regulator,
released a framework for Al technical standards with emphasis on risks from open-source models.'?® China’s do-
mestic technical standards-setting for open models will have greater ramifications for international Al development
as Chinese models are gaining popularity at home and abroad.

Appendix II: Challenges Measuring Al Adoption
in Applications

For applications, the distinction between open and closed model strategies and benefits is less readily apparent
than for models because similar products and services can be built on top of either type of model.** Both ap-
proaches have the potential to accelerate widespread adoption. Closed models offer plug-and-play APl access
that enables application development, while open models allow finetuning and deployment for specialized use
cases.’® In theory, China’s success in diffusing open models and the United States’ lead in frontier model develop-
ment could translate into distinct patterns of use in Al-powered applications. In practice, assessing relative
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diffusion in this layer remains premature due to fundamental data limitations, market fragmentation, and the nas-
cent state of many application categories.

Measuring Al adoption in the application layer is complicated for several reasons.

Market structures differ fundamentally. U.S.-developed applications typically target global audiences, while Chi-
nese applications primarily serve the domestic market that benefits from a large internet population, advanced
mobile ecosystem, lower regulatory requirements, and early commercialization through government procure-
ment and enterprise partnerships.’® Only a minority of successful Chinese Al app developers have attempted
to reach the global market to generate revenue.’®” Therefore, raw user traffic metrics conflate these different
user bases, skewing significantly toward Al apps and tools that serve the global market.

Even with plausible user traffic data as a measurement of diffusion, the lack of sufficient data makes it difficult
for cross-country comparison of adoption rates. As Jeff Ding, a professor at George Washington University,
notes, assessing the widespread uptake of a technology requires numerous metrics that are often inconsistent
or incomparable across contexts.'?®

Different methodologies attempt to address this challenge with varying degrees of success. Microsoft measures
Al diffusion across countries by estimating the number of Al users, but the data lack China’s coverage.'?® Simi-
larly, Epoch Al's analysis of Al adoption rates also relies on estimating active users but focuses more specifically
on open models.”™ RAND's methodology relies on SimilarWeb, which collects anonymized web traffic data from
thousands of global devices and tallies total monthly website visits by country but is limited by the data’s ex-
clusion of application-based use for granular observations.'! Chinese government-reported token usage data
showing an increase from 100 billion daily tokens in early 2024 to over 30 trillion in late 2025 offer evidence of
growth at a systemic level but do not account for different applications’ token intensity and are not comparable
to data on token usage in the United States.' In this paper, an early assessment of U.S. and Chinese Al diffusion
at the application layer relies on AICPB, a China-based global Al product ranking that tracks web traffic from
multiple platforms and third-party datasets." While it provides cross-country comparisons of Al tool popularity
by application-specific use, its methodology is not entirely transparent, including category definition and clas-
sification.

Visible consumer-facing applications represent only part of the diffusion story. Enterprise deployments, Al fea-
tures embedded within existing platforms such as Baidu search or Google's Gemini agent, and vertical-specific
tools often operate below the radar of web traffic measurements via APl access.">* Future definitive assessment
should require more comprehensive data collection, clearer definitional standards, better methods for capturing
invisible deployments, and sufficient time for applications to mature and markets to stabilize.

Disclaimer: This paper is the product of professional research performed by staff of the U.S.-China Economic and Security Review Commission, and

was prepared at the request of the Commission to support its deliberations. Posting of the report to the Commission’s website is intended to promote

greater public understanding of the issues addressed by the Commission in its ongoing assessment of U.S.-China economic relations and their

implications for U.S. security, as mandated by Public Law 106-398 and Public Law 113-291. However, the public release of this document does not
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