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Why you should care 
With 6-year-olds talking about it at the dinner table and 70-year-olds investing in it, 
AI will continue to impact our lives, from self-driving cars to life sciences and 
weather prediction. The infrastructure that powers these advances is becoming 
essential and will soon be as vital as any other infrastructure humans rely on. 
Processing approaches are key to this future, with two primary approaches battling 
for supremacy. The primary debate centers on Graphics Processing Units (GPUs) 
versus Central Processing Units (CPUs), with one or a combination likely defining 
AI’s future over the next decade. The decisions we make today about which 
processing approach to use will have ripple effects across industries, determining 
innovation’s pace, AI applications’ feasibility, and tomorrow’s competitive 
landscape. With that in mind, two companies hold significant influence in this 
space: NVIDIA and Intel Corporation, supported by many others. 

Over the last five years, NVIDIA has outpaced Intel in the AI hardware market by 
focusing early on GPUs for Deep Learning (DL) and AI applications. NVIDIA’s 
GPUs have become the industry standard for training and deploying AI models, 
leveraging the parallel processing capabilities essential for today’s AI workloads. 
Alternatively, Intel has struggled to gain similar success despite significant 
investments in AI-focused CPUs and the acquisition of AI start-ups like Habana 
Labs (and earlier, Nervana, which was later replaced by Habana). While Intel’s 
processors remain robust for traditional computing tasks, the company’s AI 
strategy has produced mixed results, with its AI accelerators and GPUs failing to 
reach the same market adoption as NVIDIA’s products. This scenario highlights 
Intel’s challenges in transitioning from its stronghold in CPUs to competing in the 
AI hardware market. However, that market is changing, and there is a potential for 
novel approaches, especially in specialized learning models. 

In this Pulse, we examine this debate’s key points, identifying the technical issues, 
future directions, and any significant implications of these choices. This report will 
benefit observers interested in how AI develops, rather than the developers 
themselves. As an observer, you will need to understand how these decisions 
affect your product and technology choices, and how to ask the right questions of 
your teams. 

 

What you need to know 
The architectural differences  
Understanding the fundamental differences in the architecture of CPUs and GPUs 
is essential to comprehending why these differences influence how we think about 
computing. As AI pushes traditional computing to its limits, knowing these 
differences is key. 
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 CPUs have been our computing foundation for decades. As an embedded 
principle, their architecture is designed for flexibility, with multiple powerful 
cores optimized for sequential tasks. CPUs manage everything from operating 
systems to executing complex algorithms. Each core processes a few threads 
at a time, making CPUs excellent for tasks that require single-threaded 
performance or complex but sequential decision-making processes. However, 
this same design limits their efficiency in AI applications, where massive 
parallel processing is needed 

 GPUs, on the other hand, were initially developed to handle graphics 
rendering. Their architecture comprises thousands of smaller, simpler cores 
designed for high-throughput tasks like graphics processing. This design 
makes GPUs highly efficient in handling the massive parallelism required for AI 
tasks, especially in training deep neural networks. While each GPU core is less 
powerful than a CPU core, their large number allows them to process 
thousands of operations simultaneously, making them better suited for large-
scale, matrix-like operations common in AI 

Importance of processing power and parallelism 
The debate over the relative strength of GPUs versus CPUs centers on how each 
manages processing tasks. AI’s never-ending desire for data and high-speed 
computation has pushed traditional CPU architectures to their theoretical physical 
limits, resulting in high latency. GPUs, complementing CPUs, have become the 
driving force behind AI’s current transformation. 

 CPUs typically have 4 to 64 cores designed to handle complex instructions 
sequentially, excelling at tasks that require significant logic, control, and 
decision-making. They also feature large caches and advanced branch 
prediction to drive processing efficiency. However, CPUs struggle with tasks 
that benefit from parallelism, like large-scale data analysis or real-time AI 
inference. Their serial nature, combined with their relatively low core count, 
makes them slower than GPUs in these situations 

 GPUs, on the other hand, feature thousands of cores that work simultaneously, 
offering significantly faster processing by handling multiple tasks 
simultaneously. For example, when training a neural network, a GPU can 
compute the gradients of thousands of weights across a large dataset at once, 
cutting a process that could take days on a CPU down to mere hours. 
However, GPUs are less efficient at handling tasks that require complex 
processing, an area where CPUs still dominate 

Emerging concerns for energy efficiency 
With rising energy costs and sustainability as a top corporate priority, computing 
infrastructure’s energy efficiency has received significant attention, particularly 
when comparing the power consumption of CPUs and GPUs and their 
environmental impact. 
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 CPUs are designed with energy efficiency in mind, especially in mobile and 
server spaces where power consumption directly impacts battery life and 
operational costs. Advanced power management features like Dynamic Voltage 
and Frequency Scaling (DVFS) allow CPUs to optimize power use based on 
workload. This makes CPUs well-suited for energy-sensitive applications like 
mobile AI inference or large-scale cloud deployments that need cost-effective 
operations. Energy efficiency has been a focus in CPU design since the early 
days of silicon development 

 GPUs, in contrast, are incredibly power-intensive due to their parallel 
processing capabilities, consuming far more energy per operation than CPUs. 
However, their speed can help offset this. For example, in DL model training, a 
GPU may use more power than a CPU, but it completes the task faster, 
ultimately reducing the energy consumed. This balance makes GPUs attractive 
in data centers where computation speed often outweighs higher energy costs 

Escalating costs 
Cost plays a vital role when deciding on an AI approach. Beyond the upfront 
hardware investment, the Total Cost of Ownership (TCO) includes power 
consumption, maintenance, and scalability. An increasing provocation is whether 
investing in GPUs is truly the best option or if CPUs still offer value. 

 CPUs are generally cheaper and widely available for general-purpose 
computing. Being readily available means they can handle various tasks 
without specialized hardware, making them a cost-effective solution for most 
applications. However, for tasks requiring parallel processing, CPUs’ cost-
performance ratio diminishes. To achieve the same performance as a single 
GPU, a large cluster of CPUs may be necessary, driving up both hardware and 
power costs, ultimately reducing their value. Therefore, cost is a significant use 
case variable 

 GPUs, particularly high-end models designed for AI (like NVIDIA’s A100 or 
H100), can be exorbitant. However, as discussed, their ability to accelerate AI 
workloads can justify the investment, especially in industries where rapid time-
to-market is vital 

 

Examples in motion 
Switching Bidirectional Encoder Representations from 
Transformers (BERT)’s training  
There is no question that Google has been a leader in developing large-scale 
language models like BERT. The model’s complexity and the vast datasets it 
processes means training BERT demands tremendous computational power, 
which, fortunately, was something Google had in abundance. While CPUs could 
handle the task, the training process would be painfully slow due to the need for 
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parallel processing. Instead, Google initially relied on GPUs, significantly reducing 
training times. However, as efficiency became more crucial, Google shifted to its 
custom Tensor Processing Units (TPUs), designed specifically for training Large 
Language Models (LLMs). By modifying GPUs to TPUs, Google achieved faster 
training times and enhanced energy consumption, highlighting the need for 
specialized hardware for large-scale AI tasks. 

Object detection in Tesla’s autonomous vehicles 
Tesla’s self-driving mode relies on real-time object detection, which involves 
processing vast amounts of visual data quickly to make micro-second decisions. It 
is a truly remarkable technology. While GPUs offer the processing power needed 
for real-time object detection, they adversely consume significant energy and 
generate heat – both major issues in the automotive world. Conversely, CPUs 
struggle to deliver the real-time performance needed for object detection. Initially, 
Tesla used NVIDIA GPUs but later developed its custom Full Self-driving (FSD) 
computer. This AI chip combines CPUs’ efficiency with specialized AI processing 
units, balancing real-time performance with power and heat challenges, 
highlighting the trade-offs in hardware selection for specific AI applications. 

AI-driven healthcare diagnostics at GE Healthcare 
GE Healthcare has developed an AI-powered diagnostic tool to assess medical 
images like X-rays and MRIs. These tools assist doctors in detecting conditions 
like cancer or fractures. To be effective, these tools need to process large, high-
resolution images quickly to be useful in clinical offices and hospitals. At first, 
CPUs were used for image processing, but the slow processing speeds made real-
time diagnostics impractical, especially when handling large patient datasets. To 
overcome this, GE Healthcare shifted to GPUs, enabling faster image analysis 
through parallel processing. However, concerns over GPUs’ costs and power 
needs prompted the exploration of specialized AI accelerators that combine GPUs’ 
parallel processing power with CPUs’ energy efficiency. This approach balanced 
performance with operational efficiency, demonstrating the complexity of 
optimizing AI hardware in healthcare. 

 

Where is the pulse on GPUs 
versus CPUs heading? 
A shift to hybrid approaches 
As AI tasks become more complex, the future of computing will likely involve 
integrating GPUs and CPUs into a synergistic system, rather than choosing one 
over the other. Hybrid computing is emerging as the next step in AI infrastructure 
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evolution, offering a blend of processing capabilities to meet these expanding 
needs. 

 Hybrid systems: Integrating CPUs, GPUs, and specialized hardware like 
TPUs is becoming the standard in high-performance computing. In this setup, 
CPUs handle control and logic tasks, GPUs manage parallel computations, and 
TPUs or Application-specific Integrated Circuits (ASICs) offer greater efficiency 
for AI-specific tasks. This approach maximizes overall performance, enabling 
organizations to tailor their infrastructure to suit their AI workloads  

Emerging technologies will change the space 
The AI hardware landscape is expected to evolve rapidly with advances in new 
technologies. While today’s debate centers on CPUs versus GPUs, the future may 
look very different with emerging innovations like quantum computing. 

 TPUs and ASICs: As discussed earlier, Google’s TPUs and other custom-
designed ASICs will see increased adoption for AI workloads, especially in 
cloud situations. These processors are optimized for operations required in ML 
like matrix multiplications and convolutional operations. Unlike GPUs, TPUs 
and ASICs are designed for efficiency and offer higher performance gains while 
consuming less power. However, they are less flexible than GPUs and CPUs, 
making them ideal for specific AI applications but less suited for general-
purpose tasks  

 Quantum computing: Although still in its early stages, quantum computing 
has the potential to transform AI processing sooner than expected. Operating 
on qubits, quantum computers can simultaneously represent multiple states, 
exponentially speeding up specific computations. While this might render the 
CPU versus GPU debate irrelevant for certain AI applications in the future, 
quantum computing still faces significant technical challenges. For now, GPUs 
and CPUs will continue to dominate the AI landscape. This is the topic for a 
Pulse I wrote earlier on “The Meaningful Path to Quantum Computing” 

Specialized models versus LLMs 
The reliance on large, general-purpose models like LLMs is gradually giving way to 
specialized models tailored for specific tasks. This shift in AI models will influence 
how we select processing units, CPUs, GPUs, or even specialized AI accelerators, 
driving a need for a more tailored approach to balancing power, cost, and 
efficiency. 

 LLMs: Models like GPT-4 can handle diverse tasks, leveraging huge data 
amounts to offer generalized AI capabilities. These models need significant 
computational power for training and inference, making GPUs the preferred 
choice due to their ability to handle large-scale parallel processing efficiently 

 Specialized models: Tailored for specific tasks, such as image recognition, 
natural language understanding in a particular area, or real-time decision-
making, specialized models can run on less powerful hardware or custom AI 
accelerators like TPUs or ASICs. Their reduced complexity and targeted design 
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make them more suitable for CPUs or edge devices, where processing power 
is limited 

As the trend shifts from LLMs to specialized models, the choice of hardware will 
become even more critical. GPUs will continue to dominate in large-scale 
applications, but specialized models will require hardware that balances power, 
cost, and efficiency. This shift could drive further innovation in AI hardware, 
leading to new processors optimized for specific AI tasks. Further blurring the lines 
between traditional CPU and GPU roles will likely lead to increasing acquisitions 
as companies seek to consolidate approaches. It may even create new 
opportunities for CPU-centric systems like Intel’s to regain ground in the AI space. 

 

Final word 
The debate between GPUs and CPUs for AI processing is no longer binary. Today 
and in the future, it is an extraordinarily complex, long-term, and costly decision 
shaped by the specific requirements of each desired application. GPUs have 
redefined the boundaries of what is possible in AI, enabling breakthroughs in DL 
and complex simulations that were once impossible. However, CPUs continue to 
play a vital role, especially in areas that require versatility, energy efficiency, and 
complex decision-making. 

As AI evolves rapidly, so will the hardware powering it. Hybrid systems that 
combine the strengths of CPUs, GPUs, and emerging technologies like TPUs and 
quantum computers will define AI infrastructure’s future. The key takeaway for 
organizations, providers, and enterprises is to remain adaptable and continuously 
evaluate the trade-offs between different processing units to ensure their AI 
strategies are technically and economically optimized. The planning horizon 
seems to operate on a rolling three- to five-year basis, making today’s decisions 
crucial for determining AI development’s speed and efficiency.  

As the AI revolution accelerates, understanding CPU and GPU architectures’ 
nuances is essential for anyone looking to stay ahead of the curve in this exciting 
field. 
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