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The accelerating pace of global technological competition has made artificial
intelligence (Al) hardware a central focus of strategic rivalry. Huawei’s unveiling of
the Ascend 910D processor and the CloudMatrix 384 supercomputing cluster
signals a major inflection point in this race. Defying U.S. sanctions and
technological restrictions, Huawei has engineered a domestic Al ecosystem
capable of challenging Western dominance led by companies like NVIDIA. This
paper explores the technical breakthroughs, manufacturing innovations, and
system-level advancements embodied by Huawei’s latest efforts, along with the
broader geopolitical consequences. We examine how the Ascend 910D matches
or exceeds NVIDIA’s H100 in certain performance metrics, how the CloudMatrix
384 leverages massive parallelism to achieve frontier Al training capabilities, and
how software initiatives like HarmonyQOS are breaking free from dependence on
Western platforms. Furthermore, we consider how the emergence of two
separate Al ecosystems could alter the future of innovation, economic power, and
national security. As the global Al arms race enters a new and more fragmented
phase, Huawei’s rapid progress demands close attention from policymakers,
technologists, and investors alike.
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Abstract

Huawei has unveiled a series of technological advancements that are poised to
reshape the global Al hardware landscape. Central to these developments is the
Ascend 910D chip, a cutting-edge Al processor manufactured using 5nm deep
ultraviolet (DUV) lithography—an achievement made despite stringent U.S.
sanctions intended to restrict China's access to advanced semiconductor
manufacturing. Complementing this hardware innovation, Huawei has introduced
the CloudMatrix 384, a computing cluster integrating 384 Ascend 910C chips,
delivering raw compute performance that rivals and in some cases surpasses
NVIDIA’s most advanced offerings, such as the GB200 NVL72 cluster. These
achievements are underpinned by a broader strategic shift: Huawei’s growing
software independence, exemplified by the expansion of HarmonyOS, which
further distances China's technology ecosystem from reliance on U.S. platforms
like Android and Microsoft Windows.

This paper situates Huawei’s advancements within the broader geopolitical
context of escalating technological decoupling between China and the West. U.S.
export bans have not curtailed China’s ambitions but instead accelerated domestic
innovation and self-sufficiency, culminating in milestones that challenge Western
dominance in Al hardware. The emergence of domestically trained Al models,
such as DeepSeek R2, which achieves 97% lower training costs compared to GPT-
4, signals that the effects extend beyond hardware into the realms of cost
efficiency and ecosystem viability.

The implications for the global Al arms race are profound. With Huawei and China
more broadly moving toward a fully independent Al stack—from semiconductors
to operating systems and large language models—a bifurcation of the global
technological order appears increasingly likely. The race is no longer solely about
incremental performance gains; it is now a contest for architectural
independence, economic leverage, and ultimately, geopolitical influence. This
paper explores the technical, economic, and strategic dimensions of these
developments and assesses their potential to reshape the balance of
technological power in the coming years.



1. Introduction

Artificial Intelligence (Al) has become one of the most critical technologies
defining economic strength, national security, and geopolitical power in the 21st
century. At the heart of Al progress lies a simple but inescapable fact:
sophisticated Al models require enormous computational power, and that power
depends fundamentally on the quality and capability of underlying semiconductor
hardware. Al chips—specialized processors optimized for machine learning tasks—
are now the foundational infrastructure upon which future technological
dominance will be built. Companies and nations that control this layer of
technology gain not only economic advantages but also influence over strategic
sectors such as defense, finance, healthcare, and communications.

For much of the past decade, the United States, through firms like NVIDIA, Intel,
and AMD, has maintained a commanding lead in Al chip development. China,
recognizing its vulnerability to foreign technology, launched a series of national
initiatives aimed at achieving semiconductor independence. However, U.S. policy
interventions, particularly the 2022 and 2023 rounds of export restrictions on
advanced chipmaking equipment and high-end GPUs like NVIDIA’s A100 and
H100, sought to block China's access to the tools needed for cutting-edge Al
development. These measures were designed not merely to slow technological
competition but to freeze China's position several generations behind the West,
cementing U.S. leadership.

Instead of derailing China's ambitions, these restrictions catalyzed a massive
domestic response. Chinese firms, led by Huawei, accelerated efforts to innovate
around sanctions, developing new chip architectures, alternative manufacturing
strategies, and domestic ecosystems for Al software and training. The introduction
of the Ascend 910D Al processor and the CloudMatrix 384 supercomputing cluster
marks a pivotal moment in this campaign—a clear demonstration that China is
rapidly closing the gap in Al hardware capability, even under severe external
pressure.

The purpose of this paper is to analyze Huawei's recent technological
breakthroughs in detail, placing them in the larger context of global technological



competition. We will examine the architecture and performance characteristics of
the Ascend 910D and CloudMatrix 384, evaluate the role of software
independence initiatives like HarmonyQS, and assess the broader economic and
strategic impacts, particularly on dominant players like NVIDIA. By doing so, this
paper aims to provide a comprehensive understanding of how Huawei's
advancements are not isolated technical achievements but rather critical markers
in the unfolding contest between China and the West over the future of Al and
global technological leadership.

2. Technical Analysis of the Ascend 910D Chip

Huawei’s Ascend 910D represents a significant leap forward in China’s domestic Al
chip development efforts, embodying both architectural innovation and
manufacturing ingenuity under conditions of technological restriction. This section
provides a detailed examination of the chip’s design goals, technical specifications,
manufacturing process, comparative performance, and considerations regarding
energy efficiency and cost.

Architecture Overview: Design Goals and Technical Specifications

The Ascend 910D builds upon the foundation laid by its predecessors, particularly
the Ascend 910B, but introduces several key enhancements intended to close the
performance gap with Western competitors such as NVIDIA’s H100.

Design goals for the 910D included:

« Maximizing parallel computation for deep learning and transformer-based
Al workloads.

o Improving memory bandwidth and latency to handle larger model sizes.

» Optimizing tensor operations, crucial for training and inference in large
language models.

» Enhancing scalability for multi-chip systems like CloudMatrix 384 clusters.



Reported technical specifications for the Ascend 910D include:
o Process node: 5nm deep ultraviolet (DUV) lithography.
o Peak performance: estimated up to 450 teraflops (BF16) per chip.

o Memory: high bandwidth memory (HBM) integration comparable to HBM3
standards.

« Interconnect: proprietary high-speed links for low-latency multi-chip
communication.

o Specialized Al cores optimized for transformer attention mechanisms and
mixed-precision training.

While Huawei’s architecture remains proprietary, preliminary analyses suggest
that the 910D incorporates architectural techniques similar to NVIDIA’s
Transformer Engine and AMD’s Al Matrix cores, with adaptations specific to the
constraints of domestic manufacturing capabilities.

Manufacturing Achievements: 5nm DUV Lithography Despite Sanctions

One of the most remarkable aspects of the Ascend 910D is its manufacturing
process. In the absence of access to EUV (extreme ultraviolet) lithography
equipment due to U.S.-led export controls, Chinese semiconductor fabrication had
to rely on deep ultraviolet (DUV) lithography.

Achieving 5nm resolution with DUV is extremely challenging due to the
wavelength limits of the technology. Huawei, working closely with SMIC and other
domestic fabs, reportedly employed multi-patterning techniques, advanced
optical proximity correction (OPC), and iterative lithography-etch cycles to push
DUV capabilities beyond previous expectations.

While this method results in lower yields and higher production costs compared
to EUV-based fabrication, the achievement itself demonstrates China’s growing
prowess in process engineering under constraint.

Performance Metrics Compared to NVIDIA’s H100
Early benchmarking data suggest that a single Ascend 910D chip approaches or
even matches NVIDIA’s H100 in specific Al training and inference tasks, particularly



when measured in raw BF16 teraflops.
Key comparative points include:

o BF16 compute: Ascend 910D reportedly achieves up to 450 teraflops, close
to the H100's peak of approximately 500 teraflops.

o Memory bandwidth: While slightly lower than the H100’s top-end HBM3e
bandwidth, the 910D’s design compensates through efficient data caching
and compression strategies optimized for large-scale Al models.

o Multi-chip scaling: In clustered configurations such as CloudMatrix 384,
Huawei’s architecture demonstrates better scaling efficiency per watt at the
system level in certain training scenarios.

However, it should be noted that benchmarks favoring Huawei’s hardware tend to
emphasize specific deep learning tasks rather than general-purpose workloads,
where the H100 still maintains advantages in versatility and software ecosystem
support.

Energy Efficiency and Cost Considerations

Energy consumption is an important factor in Al infrastructure, and preliminary
data indicate that the Ascend 910D is somewhat less energy-efficient on a per-
chip basis than the H100. This gap is largely attributable to the manufacturing
limitations imposed by DUV-based processes, which typically result in higher
leakage currents and lower transistor densities compared to EUV-fabricated chips.

Nevertheless, Huawei’s system-level design compensates for this drawback
through:

« Highly optimized interconnects, reducing communication overhead
between chips.

« Cluster-wide energy management protocols that prioritize active cores and
minimize idle power drain.

Cost is another critical dimension. Although the production cost per chip may be
higher due to lower DUV yields, Huawei benefits from domestic supply chains,
government subsidies, and an internal market less sensitive to initial inefficiencies.
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Moreover, the significant reduction in model training costs observed with
DeepSeek R2—up to 97% lower than Western counterparts—suggests that at the
application level, Huawei’s systems offer compelling economic advantages that
could offset any lingering inefficiencies at the hardware fabrication stage.

In summary, the Ascend 910D is not merely a near-peer competitor to NVIDIA’s
H100; it represents a fundamentally different engineering approach tailored to
operate and succeed under conditions of technological isolation. Its development
marks a decisive moment in the evolution of global Al hardware competition.

3. The CloudMatrix 384 Al Computing Cluster

The CloudMatrix 384 cluster represents Huawei’s strategic response to the need
for high-performance, scalable Al computing infrastructure that is entirely
independent of Western technology. Built by integrating 384 Ascend 910C chips—
an earlier but still highly capable version of the Ascend family—CloudMatrix 384
demonstrates how system-level engineering can overcome individual component
limitations, achieving aggregate performance that rivals or exceeds Western
systems based on NVIDIA hardware.

System Design: Integration of 384 Ascend 910C Chips

The architecture of CloudMatrix 384 is based on a modular supercomputing
approach, where hundreds of Ascend 910C processors are connected using
Huawei’s proprietary high-speed interconnects. Key aspects of the system design
include:

o High-bandwidth, low-latency communication protocols optimized for Al
model training workloads, particularly transformer architectures.

« A hierarchical memory system that enables efficient access to local and
distributed memory resources across the cluster.

« Integrated task scheduling and orchestration layers that dynamically
allocate computational resources based on workload characteristics.



o Thermal management systems engineered to support dense packing of
high-power Al processors without performance throttling.

By tightly controlling hardware, firmware, and software stack integration, Huawei
has achieved a level of vertical optimization that allows the CloudMatrix 384
cluster to function as a coherent, unified computational engine rather than merely
a collection of individual chips.

Aggregate Compute Performance: Comparison to NVIDIA’s GB200 NVL72

In raw numerical terms, CloudMatrix 384 delivers an impressive 300 petaFLOPs
(BF16) of compute power, placing it in direct competition with NVIDIA’s GB200
NVL72 system, which is designed around Grace Hopper Superchips and advanced
NVLink interconnects.

Key comparative observations:

o CloudMatrix 384 achieves higher peak BF16 throughput, although it
requires more chips (384 vs. 72) and a higher total power budget.

o Incertain large-scale Al model training tasks—particularly where parallelism
and tensor operations dominate—CloudMatrix 384 exhibits faster scaling
and reduced training time compared to comparable NVIDIA-based clusters.

o However, NVIDIA’s system maintains advantages in software ecosystem
maturity, particularly with CUDA, cuDNN, and TensorRT frameworks, giving
it broader applicability across diverse Al and HPC tasks.

In essence, while NVIDIA’s GB200 NVL72 represents a more compact and power-
efficient solution, Huawei’s CloudMatrix 384 leverages brute-force scaling and
system-level optimization to achieve comparable or superior performance for
targeted deep learning applications.

Engineering Tradeoffs: Power Consumption Versus Raw Performance

A critical engineering tradeoff in the CloudMatrix 384 design is its significantly
higher power consumption relative to NVIDIA’s solutions. Early reports suggest
that the cluster consumes approximately four times more power than GB200
NVL72 for equivalent training runs.



This energy penalty arises from:

The older 7nm/5nm DUV fabrication technologies used for Ascend 910C
chips, leading to higher leakage currents and less efficient transistor
switching.

The need for additional interconnect and memory controller overhead to
manage larger chip counts.

Despite these drawbacks, Huawei’s approach is rational when viewed through the

lens of strategic autonomy: energy efficiency, while important, is secondary to

establishing a viable and independent domestic capability for frontier Al

development. In markets or applications where electrical power is less

constrained (e.g., national supercomputing centers), the power overhead is an

acceptable cost for the sovereignty gained.

Potential Applications: Cloud Al Services, Training LLMs, National Infrastructure

The CloudMatrix 384 system is not simply a proof of concept—it is already being

deployed for practical, high-impact use cases, including:

Cloud Al services: Huawei’s cloud division is offering CloudMatrix-backed
services for enterprise Al training and inference, enabling Chinese
companies to build advanced Al products without dependence on U.S.-
origin hardware.

Training large language models (LLMs): Major Chinese Al startups and
research institutions are training models comparable to GPT-3.5 and beyond
using CloudMatrix 384, accelerating the domestic Al ecosystem’s
development.

National infrastructure: CloudMatrix deployments are anticipated to
support critical sectors such as defense, energy management, smart cities,
and financial services, embedding Al into national digital infrastructure in a
secure and controlled manner.

In sum, the CloudMatrix 384 project illustrates how system architecture, when

pushed to its limits, can substitute for individual chip performance and achieve



world-class capabilities. It is a testament to Huawei’s strategic vision: prioritizing
operational independence and national resilience over incremental gains in
technical elegance.

4. Software Independence: HarmonyOS and Beyond

While Huawei’s advances in Al hardware such as the Ascend 910D and the
CloudMatrix 384 cluster have garnered international attention, an equally
strategic but less visible development is occurring in the software domain.
Huawei’s commitment to technological sovereignty is reflected in the ongoing
expansion of HarmonyOS—its in-house operating system—as the foundation for a
completely self-contained software ecosystem. This initiative is central to China's
broader decoupling strategy and represents a long-term pivot away from reliance
on U.S.-origin software platforms like Android and Windows.

The Strategic Role of HarmonyOS in Decoupling from U.S. Software Ecosystems
HarmonyQOS (known as Hongmeng OS in China) was initially introduced as a
mobile operating system alternative after Huawei was placed on the U.S. Entity
List in 2019, effectively barring it from using Google Mobile Services on its Android
devices. However, the scope and ambition of HarmonyOS have grown dramatically
since then. Today, it is no longer just an Android replacement but a general-
purpose distributed operating system designed to function across smartphones,
tablets, smart TVs, loT devices, wearables, and increasingly, Al computing
infrastructure.

Huawei has made significant architectural innovations to HarmonyOS:
« A microkernel design for enhanced security and modularity.

o A “super device” capability that enables seamless interconnectivity
between devices.

» Native support for Huawei's own chipsets and Al acceleration hardware.

o A self-reliant app ecosystem with thousands of developers migrating away
from Western-dependent frameworks.
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HarmonyOS has thus become the software counterpart to Huawei’s hardware
sovereignty efforts—forming a vertically integrated stack that mirrors Apple’s
approach but is driven by geopolitical necessity rather than market differentiation.

Migration from Android and Microsoft Dependencies

The move away from Android was both reactive and strategic. After losing access
to Google’s suite of apps and services, Huawei accelerated the development of
HarmonyOS and launched its own AppGallery as a Google Play Store alternative.
While initially met with skepticism due to limited app availability, the ecosystem
has rapidly matured within China, and Huawei’s developer outreach programs
have helped to expand its global reach, particularly in markets outside of the U.S.
and Europe.

Simultaneously, Huawei has initiated a phased reduction in its reliance on
Microsoft Windows. Internal reports and state-sponsored programs suggest that
government agencies and state-owned enterprises are being encouraged to
migrate from Microsoft-based systems to HarmonyOS-compatible alternatives.
Huawei is also supporting development of a HarmonyOS desktop environment
and cloud-based productivity tools, ensuring continuity for enterprise users
transitioning away from the Microsoft ecosystem.

This dual migration—away from Android and Windows—reflects a broader trend
in China's technological policy: minimizing attack surfaces for foreign influence or
disruption, particularly in sectors deemed critical to national sovereignty.

Long-term Implications for Global Software Platform Fragmentation

The rise of HarmonyOS is not merely a regional phenomenon—it heralds the
potential fragmentation of the global software platform landscape. For decades,
Android and Windows (and to a lesser extent macOS/iOS) have served as unified
platforms that enabled interoperability, cross-border software development, and
relatively stable global technology standards. Huawei’s divergence represents a
structural break from this paradigm.
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Long-term implications include:

« Bifurcation of developer ecosystems: Developers may face increasing
pressure to choose between targeting Western platforms (Android/iOS,
Windows/macOS) or the Chinese stack (HarmonyOS, Kunpeng CPUs,
Ascend Al chips).

o Redundant standards and SDKs: The emergence of parallel development
environments could reduce code portability, increase costs, and slow
innovation, especially for global firms trying to operate in both domains.

« Security and trust divergence: Competing narratives about software
backdoors, data privacy, and user surveillance may further deepen mistrust
between the two ecosystems, leading to regulatory and legal walls as much
as technical ones.

» Geopolitical leverage: Countries in Southeast Asia, Africa, Latin America,
and Eastern Europe may become battlegrounds for influence as both the
Western and Chinese ecosystems compete to become the default digital
infrastructure in emerging markets.

In sum, Huawei’s HarmonyOS project is not just a reaction to sanctions; it is a
foundational step in creating a parallel technological universe. If current
trajectories continue, the world may see the full emergence of two nearly non-
interoperable software ecosystems—each with its own chips, operating systems,
cloud platforms, and Al models—reinforcing the deeper strategic and ideological
divisions of the 21st-century geopolitical landscape.

5. DeepSeek R2: An Example of Domestic Al Development

The development and training of the DeepSeek R2 model on Huawei’s Ascend
hardware is a compelling case study in the success of China’s strategy to localize
its Al ecosystem. DeepSeek R2 demonstrates not only the viability of training
frontier-scale language models without reliance on U.S. chips or cloud services,
but also suggests that China's domestic Al stack can compete with—if not

12



surpass—Western alternatives on the critical axes of cost, performance, and
energy efficiency.

Overview of DeepSeek R2’s Training on Huawei Hardware

DeepSeek R2 is the successor to DeepSeek-V2, a widely used Chinese open-source
language model. The R2 model reportedly contains over 1.2 trillion parameters—
putting it in the same class as GPT-4 in terms of model complexity and scale. What
distinguishes R2 from other large-scale Al efforts is that it was trained entirely on
Huawei’s Ascend 910B chips, using the CloudMatrix infrastructure and Huawei’s
custom deep learning frameworks.

This marks a watershed moment for China’s Al ambitions:

o The complete removal of U.S.-based dependencies in both hardware (e.g.,
NVIDIA GPUs) and cloud compute services (e.g., AWS, Azure, or Google
Cloud).

o Full reliance on domestic supply chains and engineering talent.

« Demonstrated ability to scale to trillion-parameter models, previously seen
as a Western monopoly.

Training was performed using Huawei’s CANN (Compute Architecture for Neural
Networks) framework, a software abstraction layer similar in purpose to CUDA,
optimized for Ascend architecture. The training also leveraged Huawei's
MindSpore deep learning platform, which has matured rapidly in recent years and
now offers model-parallelism and mixed-precision support needed for large
language models.

Cost Advantages: Achieving 97% Training Cost Reduction Compared to GPT-4
One of the most attention-grabbing statistics surrounding DeepSeek R2 is the
claim that it was trained for 97% less than the estimated cost of training GPT-4,
which is believed to have run into hundreds of millions of dollars. Several factors
contribute to this dramatic cost reduction:
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Domestic chip supply and cost controls: Huawei’s chips are fabricated within
China and are not subject to the same international pricing pressures as
U.S. semiconductors, nor to tariffs or export limitations.

Energy and operational efficiency at scale: Despite higher per-chip power
consumption, the CloudMatrix system leverages scale and local
optimization to reduce total training duration and infrastructure costs.

Government subsidies and strategic support: Chinese state policy likely
provides direct and indirect support for critical Al development initiatives,
absorbing R&D and capital expenses that private firms in the West must
shoulder themselves.

Software and infrastructure vertical integration: End-to-end control over the
full stack (hardware, OS, frameworks, training data, and security) eliminates
licensing fees, third-party cloud hosting costs, and optimization overhead.

In practical terms, this means that Chinese firms can now train models at GPT-3.5

or GPT-4 scale for a fraction of the cost, opening up frontier-scale Al
experimentation to a broader range of academic, industrial, and government

actors within China.

Performance Expectations and Benchmarks
Though DeepSeek R2’s full technical documentation and evaluation benchmarks

have not yet been made public, preliminary internal tests and leaks suggest

competitive performance across a number of language understanding and
generation benchmarks, particularly in Chinese-language contexts. Notably:

On Chinese-language comprehension tasks (CLUE, CMRC2018), R2
reportedly outperforms both GPT-3.5 and early versions of Claude.

On multilingual benchmarks, its performance is on par with GPT-3.5 but
below GPT-4 in non-Chinese languages—a reflection of both the model’s
tuning focus and the available training data.

Few-shot and zero-shot learning capabilities have improved significantly
over DeepSeek-V2, indicating strong emergent properties in scaling.
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Moreover, Huawei’s chip and system stack has proven capable of handling the
enormous memory and compute demands of training and running such a model.
If R2’s downstream performance in generative tasks (e.g., dialogue,
summarization, reasoning) holds up to initial reports, it would represent the most
advanced Al model trained entirely on non-Western infrastructure.

In short, DeepSeek R2 stands as proof that China’s domestic Al hardware and
software stack can now support cutting-edge Al model development without
external dependencies. More importantly, it foreshadows a future where Chinese
companies can innovate at scale—iterating faster, spending less, and tailoring
models to local use cases more effectively than their Western counterparts
constrained by escalating infrastructure costs.

6. Impact on Global Markets and NVIDIA's Strategic Position

The rise of Huawei’s Ascend Al chips and the successful deployment of large-scale
systems like CloudMatrix 384 signal a potentially seismic shift in the global Al
hardware market—one with significant implications for NVIDIA, the de facto
leader in Al accelerators for over a decade. As China accelerates its decoupling
from Western chipmakers under geopolitical and economic pressures, the erosion
of NVIDIA’s market share in one of its largest consumer bases is already producing
measurable financial and strategic consequences. This section evaluates those
market dynamics, the implications for NVIDIA and its Western counterparts, and
the limitations of recent damage control efforts by the company's leadership.

Market Share Dynamics: China’s Reduced Dependence on NVIDIA

Prior to the imposition of successive U.S. export controls in 2022 and 2023, China
represented an estimated 26% of NVIDIA’s total revenue, making it one of the
company's most important regional markets. NVIDIA GPUs, particularly the A100
and H100, were critical to the explosive growth of China’s Al startups and research
institutions, many of which were building models comparable to GPT-3 and
beyond.
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However, this landscape changed rapidly as U.S. policy began restricting sales of
high-end GPUs to Chinese entities—especially those linked to military or dual-use
technologies. The result was a rapid halving of NVIDIA’s addressable market in
China, which now accounts for just 13% of revenue, according to the most recent
filings and earnings calls. More importantly, Chinese firms have adapted
aggressively by:

» Stockpiling older NVIDIA chips prior to bans.
« Investing heavily in domestically-produced accelerators like the Ascend line.

o Rerouting research and development pipelines to run on Huawei
infrastructure.

In parallel, large Chinese cloud providers, including Alibaba, Tencent, and Baidu,
are increasingly offering Al services powered by Chinese chips, further weakening
NVIDIA’s presence in the region’s Al-as-a-service market. The shift suggests not a
temporary disruption but a structural reconfiguration of supply chains and
loyalties.

Financial Impact on NVIDIA and Broader Western Tech Firms

While NVIDIA continues to post strong earnings, largely due to insatiable demand
from U.S. hyperscalers and firms training foundation models like GPT-4 and
Claude, the loss of growth momentum in China has started to appear in market
forecasts and analyst commentary. Investors now face the realization that:

o NVIDIA’s total addressable market (TAM) is being fragmented along
geopolitical lines.

o New product lines, such as the H200 and Grace Hopper superchips, may not
achieve full global deployment, limiting ROI.

o Future earnings are increasingly tied to a smaller group of Western firms,
raising questions about long-term diversification.
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Beyond NVIDIA, broader Western tech firms are facing headwinds as well:

AMD and Intel, both attempting to gain ground in Al accelerators, have also
been blocked from selling high-end chips to China.

Microsoft and Google, while dominant in cloud-based Al services, are now

locked out of what may become the world's largest alternative Al market in
the next five years.

Enterprise software vendors that relied on unified standards are now

navigating a fractured global market where interoperability with Chinese
systems is no longer assured.

Thus, Huawei’s advances are not merely technological victories—they represent a

redistribution of economic value and innovation momentum.

Jensen Huang’s Outreach Efforts and Their Limitations

In response to these shifts, NVIDIA CEO Jensen Huang has reportedly made
multiple visits to Beijing in an effort to maintain dialogue with Chinese regulators
and business leaders. His objectives have included:

Advocating for the continued sale of downgraded Al chips (e.g., A80O,
H800) that comply with U.S. restrictions.

Exploring co-development opportunities with Chinese universities and state
labs.

Lobbying for flexibility in export policies via diplomatic and commercial
backchannels.

While Huang’s reputation in the region remains positive—he is widely respected
for his engineering acumen and long-standing interest in East Asia—the
effectiveness of these outreach efforts has been modest at best. The limitations
are rooted in structural and political realities:

U.S. export controls are not set by corporations but by national security
concerns, which have bipartisan consensus.
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« Chinese leadership views self-sufficiency in Al as a non-negotiable objective
and has made clear that foreign dependency, even partial, is an
unacceptable risk.

« Huawei and its partners are now in a position to offer functionally
equivalent alternatives, reducing the strategic leverage of NVIDIA’s
offerings.

In essence, while diplomatic outreach by NVIDIA’s leadership may have slowed the
decline of short-term business, it has not reversed the larger trend: a durable
decoupling of the Chinese and Western Al ecosystems, with Huawei’s rise serving
as both a cause and a consequence of this realignment.

7. Geopolitical and Economic Implications

The technological advances made by Huawei and the broader Chinese Al sector
are not occurring in isolation; they are part of a profound and accelerating shift in
the geopolitical landscape. As the West and China each pursue technological self-
sufficiency with increasing urgency, a clear pattern of bifurcation is emerging. This
section examines the nature of this split, the strategic role of rare earth materials,
and the potential for escalating export controls and retaliatory measures that
could reshape the global economy.

Emergence of Two Separate Al Ecosystems: Western vs. Chinese

The parallel development of Al ecosystems, once a theoretical possibility, is now a
near certainty.

On the Western side, the Al infrastructure is dominated by NVIDIA, AMD, Intel,
and increasingly specialized startups like Cerebras and Graphcore. The software
stack is deeply integrated with U.S.-origin platforms such as:

o CUDA and cuDNN for accelerated computing.
« TensorFlow, PyTorch, and JAX for machine learning frameworks.

o Cloud infrastructures operated by AWS, Microsoft Azure, and Google Cloud.
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Meanwhile, on the Chinese side, a distinct Al ecosystem is taking form, centered

around:

Huawei’s Ascend series and developing Kunpeng CPUs.
HarmonyQS as an operating system layer.
MindSpore, PaddlePaddle (Baidu), and other indigenous Al frameworks.

Domestically operated cloud services such as Alibaba Cloud, Tencent Cloud,
and Huawei Cloud.

Each ecosystem is becoming increasingly self-contained, with fewer points of

interoperability.

This fragmentation carries several major consequences:

Global innovation slowdown: Developers and researchers must now
duplicate work across incompatible platforms.

Regional Al specialization: Different nations and industries may align with
one ecosystem or the other based on political, economic, or technological
considerations.

Cybersecurity bifurcation: Trust boundaries around software and hardware
will be increasingly enforced at the national level, leading to technological
spheres of influence reminiscent of the Cold War.

Rare Earth Material Control and Risks of Further Tech Bifurcation
Rare earth elements (REEs) are critical for producing high-performance

semiconductors, magnets, batteries, and other advanced technologies. China

controls approximately 60% of global rare earth mining and over 85% of rare earth

processing capacity.

In the context of an escalating tech rivalry, control over these resources represents

a powerful strategic lever.

Already, China has moved to restrict exports of certain rare earth materials, such

as gallium and germanium—key inputs for advanced semiconductor production.

Future restrictions could extend to:
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« Heavy rare earths necessary for permanent magnets used in electric motors
and military technologies.

o Fluoropolymers essential for semiconductor fabrication.

o High-purity graphite critical for lithium-ion batteries and Al accelerator
cooling systems.

Should China decide to weaponize its rare earth dominance more aggressively,
Western semiconductor supply chains could experience significant disruptions.
This creates an acute vulnerability for the West, where re-shoring rare earth
mining and processing facilities remains years away from meeting domestic
demand.

Potential for Export Bans and Countermeasures

Both the West and China are actively exploring next-round escalation measures to
protect or expand their technological advantages.

On the Western side:

» Additional restrictions could be placed not just on GPUs, but also on
semiconductor manufacturing equipment, open-source Al models, and
cloud computing exports.

« Tightened controls over open-source Al frameworks might be implemented
to prevent indirect access to critical tools.

On the Chinese side:

» Broader bans on rare earth exports could cripple Western EV, aerospace,
and semiconductor industries.

« Nationalization of critical supply chains could limit access by foreign firms to
Chinese consumer and enterprise markets.

« Development of parallel financial systems (e.g., digital yuan-based payment
rails) could reduce Western leverage through SWIFT and U.S. dollar
dominance.
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The result would be the creation of two parallel technological civilizations: one
Western-led, characterized by open innovation but increasing regulatory controls;
and one Chinese-led, characterized by centralized integration and massive
domestic market scale.

Each would operate largely independently, with only selective, strategic
engagement where mutual interest demands.

In short, Huawei’s advances are not isolated triumphs of engineering—they are
catalysts that are accelerating a global strategic realignment, reshaping the
contours of power, economics, and innovation for decades to come.

8. Future Outlook: Could Huawei Surpass NVIDIA?

As Huawei’s Ascend 910D chip, CloudMatrix 384 cluster, and broader Al ecosystem
initiatives come into focus, a natural question emerges: Could Huawei surpass
NVIDIA in Al hardware leadership within the next one to two years?

While early indicators point to a narrowing gap, the answer is complex, depending
on technological momentum, strategic execution, and broader geopolitical
variables.

This section explores projections based on current trajectories, the critical
challenges Huawei must still overcome, and the wider implications for global
innovation and national security.

Projections for the Next 1-2 Years Based on Current Development Trajectories
If current trends hold, Huawei could achieve rough parity with NVIDIA in key Al
hardware metrics by late 2026, and potentially surpass it in specialized
applications sooner, particularly those optimized for Chinese-language and
domestic Al ecosystems.

Several factors support this projection:

o Chip architecture improvements: The Ascend series is progressing rapidly,
and follow-up designs after the 910D could leverage further optimizations
in tensor compute, memory hierarchies, and chiplet integration.
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System-level scaling: CloudMatrix-style superclusters show that Huawei’s
system engineering capabilities are already world-class, compensating for
any per-chip performance deficit.

Domestic demand scale: The massive internal demand from China’s Al
sector provides Huawei with unparalleled real-world training grounds,
accelerating iteration and system refinement.

Government and financial support: Subsidized R&D, guaranteed domestic
contracts, and strategic prioritization ensure that Huawei’s Al division can
operate without the short-term financial pressures that constrain many
Western tech firms.

Under these conditions, Huawei could feasibly dominate the domestic Chinese

market in high-performance Al chips, expand to sympathetic international markets

(e.g., Southeast Asia, the Middle East, parts of Africa), and establish technological

leadership in selected Al subfields where control over training data, language

models, and deployment scale offer unique advantages.

Strategic Challenges Huawei Must Still Overcome

Despite its momentum, Huawei faces several formidable challenges that could

slow or derail its ascent:

Advanced EUV lithography access:

Currently, Huawei’s chips are produced using advanced DUV techniques,
but true next-generation semiconductor performance (3nm, 2nm nodes)
requires access to EUV (extreme ultraviolet) lithography, which remains
tightly controlled by U.S. and allied governments. Without EUV, Huawei may
hit physical and economic limits in chip miniaturization, power efficiency,
and transistor density.

Ecosystem development and global standards:

NVIDIA’s advantage is not just in hardware but in the entire software
ecosystem: CUDA, cuDNN, TensorRT, and robust third-party developer
support. Huawei’s MindSpore and CANN frameworks are improving, but still
lag behind in international adoption, toolchain maturity, and developer
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mindshare. Building a full competitive software ecosystem is a multiyear,
highly resource-intensive effort.

« Talent access and cross-border collaboration:
U.S. export controls now extend to Al researchers and engineers, restricting
collaborations between Chinese firms and leading Western Al labs. While
China is cultivating strong domestic talent, the siloing of research
communities could slow innovation and narrow Huawei’s exposure to
cutting-edge techniques originating outside of China.

o Supply chain vulnerabilities:
Even with domestic production of chips, Huawei remains dependent on
complex global supply chains for substrates, specialty chemicals,
lithography machinery components, and other critical technologies. Further
decoupling or escalation in sanctions could create bottlenecks in future
manufacturing.

In short, Huawei’s future dominance is plausible but contingent on overcoming
barriers that go beyond pure engineering—requiring strategic resilience,
diplomacy, and technological breakthroughs in several adjacent fields.

The Broader Stakes for Global Innovation and National Security

The competition between Huawei and NVIDIA is not simply a corporate rivalry; it
represents the frontline of a global technological Cold War.

The broader stakes include:

« Control over Al capability:
Nations that lead in Al hardware underpin their ability to lead in Al model
development, autonomous systems, military Al, economic planning
algorithms, and advanced scientific research. Losing this edge has direct
implications for economic competitiveness and national security.

« Fragmentation of innovation:
Two separate ecosystems mean duplication of effort, reduced cross-
pollination of ideas, and potential stagnation in fields that benefit from
open collaboration.
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o Policy and regulatory realignment:
Export controls, cybersecurity policies, and tech alliances will be shaped by
how successfully each side consolidates its position. Al chip leadership will
be a crucial bargaining chip in future trade and security negotiations.

Thus, Huawei’s potential rise over NVIDIA is not just a story of faster chips or
better clusters—it is emblematic of a shifting world order, where technological
supremacy increasingly defines geopolitical power.

9. Conclusion

Huawei’s recent breakthroughs with the Ascend 910D chip, the CloudMatrix 384
Al computing cluster, and its broader push toward software independence mark a
historic pivot point in global technology competition. Far from being crippled by
U.S.-led sanctions and export controls, Huawei has demonstrated remarkable
resilience and ingenuity—achieving technological milestones once thought
beyond China's reach under existing constraints.

Today, Huawei stands at the forefront of a self-sustaining, rapidly maturing
Chinese Al ecosystem. Its hardware performance, while not uniformly superior to
NVIDIA’s H100 across all benchmarks, is competitive in key Al workloads,
especially when deployed at scale in high-density systems like CloudMatrix 384.
Meanwhile, its software and operating system initiatives, centered around
HarmonyOS and domestic Al frameworks like MindSpore, are steadily eroding the
long-standing dominance of U.S. platforms such as Android, Windows, and CUDA.

Looking forward, if current trajectories continue, Huawei is likely to achieve
parity—and in some strategically significant areas, even superiority—over NVIDIA
and other Western competitors within the next one to two years. However, this
ascent is not guaranteed. Significant challenges remain, particularly in achieving
next-generation semiconductor fabrication capabilities (such as EUV lithography),
expanding the maturity of the Al software ecosystem, and maintaining access to
critical supply chain components amid ongoing geopolitical tensions.
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Beyond Huawei’s corporate success, the deeper implications are far more
profound. The global Al arms race has entered a new phase, one not characterized
by incremental competition within a shared technological framework, but by a
growing bifurcation into two largely separate, and potentially incompatible,
technological civilizations: a Western-centric ecosystem and a Chinese-centric
ecosystem.

In this new phase, innovation, security, and economic power will increasingly be
determined by the ability of each ecosystem to independently design,
manufacture, and deploy the full stack of Al technologies—from chips and
interconnects to operating systems and foundation models. The competition will
extend beyond technical specifications into the realms of trust, governance,
access to resources such as rare earths, and control over the world's emerging
digital infrastructures.

For Western policymakers, industry leaders, and researchers, Huawei’s rise serves
as both a wake-up call and a case study in the limits of traditional economic
sanctions in a multipolar world. For China, it affirms the strategic correctness of
decades-long investment in indigenous innovation, even when faced with
enormous external pressure.

In short, the Al arms race has evolved from a competition of speed and capability
to a battle for architectural sovereignty. Huawei’s achievements signal that this
race is no longer unipolar—and that future supremacy will be determined not just
by who can build the fastest chip, but by who can build and sustain a fully
independent technological ecosystem capable of enduring the political and
economic storms that are almost certainly yet to come.
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Appendix

1. Hardware Costs

Component OpenAl (GPT-4)
) NVIDIA A100/H100 (~$10-

Chips

15K each)
Compute US-based datacenters or
Infrastructure cloud (Azure)
Estimate ~$30-50M

OpenAl pays full-market or
Notes

premium cloud rates

2. Energy and Cooling

Component OpenAl

Energy Cost per

~$0.10-0.15 (US
CWh S (US avg)

] Advanced datacenter cooling
Cooling Systems

(high cost)
Estimate ~$3-5M

High due to long training runs on
Notes

thousands of GPUs

DeepSeek (R2 on Huawei)

Ascend 910B/C (~unknown,
likely $1-3K each)

Domestic superclusters
(CloudMatrix 384)

~$1-2M

DeepSeek likely uses subsidized
or owned systems

DeepSeek

~$0.03-0.06 (China avg in
industrial zones)

Potentially simpler due to
scale/location

~$300K-500K

Domestic location reduces
cost sharply
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3. Software and Stack |

Component

Frameworks

Licensing/Optimization
Cost

Estimate

Notes

4. Data Acquisition & P
Component
Data Volume

Cost of
Licensing/Curating

Estimate

Notes

ntegration

OpenAl

DeepSeek

PyTorch + custom tooling + MindSpore + CANN

CUDA + Triton

High (custom compiler
toolchains, middleware)

~$5M+ (including
engineering time)

OpenAl also builds and
maintains full software
stack

reprocessing
OpenAl
Estimated 1T+ tokens

High (books, code, RLHF
annotations, etc.)

~$10-15M

RLHF & safety datasets are
expensive

(Huawei’s stack)

Low (vertically integrated
open or subsidized)

<S1M

Huawei controls both
hardware and software
layers

DeepSeek
Likely similar or smaller

Likely low (China’s open-
access approach)

<S1M

DeepSeek may bypass these
or use synthetic data

’
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5. Model Alignment, Testing, and Evaluation

Component OpenAl DeepSeek
RLHF (Reinforcement Extensive (multiple iterations, Unknown, likely limited
Learning) reward modeling) or absent

) ) OpenAl conducts detailed Likely fewer safety
Evaluation/Guardrails

red-teaming and evals passes
Estimate ~S5—-10M <S1M
Not GPT-4 trained with alignment R2 likely prioritizes raw
otes
layers capabilities
6. Labor and Overhead
Component OpenAl DeepSeek
. Top-tier Silicon Valley R&D )
Salaries Lower domestic R&D costs
wages
Operational Expensive (legal, security, HR, ) ) )
Streamlined in China
Overhead etc.)
Estimate ~S5M+ <S1M
Not Includes multidisciplinary Less labor cost pressure in state-
otes
expert staff aligned labs
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Total Estimated Cost Comparison

Category OpenAl GPT-4 (Estimate) DeepSeek R2 (Estimate)
Total Cost Estimate S60M—-S100M+ $1.5M-S3M

% Cost Reduction — ~95-98%

Summary

e ~97% reduction is believable, especially if:
o DeepSeek optimized for cost and scale over alignment and versatility.
o Huawei’s infrastructure was subsidized or prebuilt.

o The training task omitted expensive components like RLHF and
multimodal tuning.

This reduction reflects an industrial strategy, not merely a technical feat.
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