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The Ever-Growing Al Demand for Computing Resources

YottaFLOP

ZettaFLOP

ExaFLOP

Petal

Computation (FLOPs) required for Al training doubles every 6 months

LOP

10%¢

10

10%

10

10322

1021

10%°

10*

10

10

10

Deep Learning Era

Training Compute
Doubling Time:

6.0 months

Dropout @

2010 2011 2012

Megatron-LM @

AlphaGo Zero -
P e AlphaStar @ MEARE

OpenAl Five @

DALL-E
® ROBERTa L'arge
® AlphaGo Lee ® GPT-2-

. ..'BfRT-Large

® MoE -~ ® AlphaFold
a1l ® GPT-1
® AlexNet . <

2013 2014 2015 2016 2017 2018 2019 2020 2021

Release Date

Source: Sastry, Girish et al. Computing Power and the Governance of Artificial Intelligence. 2024. arXiv:2402.08797.

2

Gemini ®
® GPT-4
A —Claude 2 il
0 ® Faicon 180B--°
Minerva o
® jlama-2

(J 2
@ Chinchilla, .-~
LaMDA .-~
. ® stable Diffusion

o+

® Gato

2022 2023 2024 2025

2026



Al Chips: The Hardware Backbone That Powers the Al Growth
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Al chips are widely deployed in data centers to power the ML workloads




Al Infrastructure: Scaling with Millions of Al Chips

Meta’s Mesa Data Center in Arizona




Al Infrastructures Are Power-Hungry
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Holistic Approach Towards Developing Sustainable Al Infrastructure

Energy/Compute Co-Design
(e.g., datacenter deployment with diverse
renewable energy sources)

(e.g., for scheduling tasks based on the
carbon intensity of available power)

(e.g., for hardware component reuse)

Energy-efficient Al Chips
(e.g., power gating and dynamic power
management for Al chips)

{ Energy/Carbon-aware System Software }
{ Server Component Reuse }




Renewable Energy: A Promising Solution for Sustainable Data Centers

Microsoft will be carbon negative by 2030

Jan 16,2020 | Brad Smith - President & Vice Chair
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ARMONK, N.Y., Feb. 16, 2021 /PRNewswire/ -- IBM (NYSE: IBM) today announced that it will achieve net zero greenhouse gas emissions by 2030 to
further its decades-long work to address the global climate crisis. The company will accomplish this goal by prioritizing actual reductions in its E:\a;h i .
emissions, energy efficiency efforts and increased clean energy use across the more than 175 countries where it operates. T Wl nd
"Tam proud that IBM is leading the way by taking actions to significantly reduce emissions," said Arvind Krishna, Chairman and Chief Executive l:si;en;
Officer, IBM. "The climate crisis is one of the most pressing issues of our time. IBM's net zero pledge is a bold step forward that strengthens our long-
standing climate leadership and positions our company years ahead of the targets set out in the Paris Climate Agreement." S O I a r
To achieve its net zero goal IBM will:

Microsoft President Brad Smith, Chief Financial Officer Amy Hood and CEO Satya Nadella preparing to announce Microsoft's
plan to be carbon negative by 2030. (Jan. 15, 2020/Photo by Brian Smale)

Major cloud providers aim to achieve Renewable energy is effective
net zero or carbon negative by 2030 to reduce the carbon footprint




Deploying Renewable-Based Modular Data Center Is Challenging
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How to deploy data centers to efficiently use renewable energy ?




Insight 1: Complementary Production Patterns across Renewable Farms
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There are complementary production patterns Complementary sites preserve for a

across multiple renewable sites sufficiently long time

We can leverage the complementary patterns of renewable sites to provide stable energy source!



Insight 2: Good Predictability of Renewable Energy Production
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SkyBox: Exploring the Efficiency of Renewable-Based Modular Data Centers

Renewable-based Power grid
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How to Select Renewable Farms?




Benefits of SkyBox on Reduced Total Carbon Footprint
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SkyBox can effectively reduce the total carbon
footprint by 39% (up to 46%)




Energy-Efficient Al Chip Design and Implementation

Systolic Arrays (SAs) Vector Units (VUs)
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NPU Chips Today Suffer From Significant Energy Waste
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ReGate: A Holistic NPU Power Gating Solution with HW/SW Co-design
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Reuse Different Generations of Al Chips for Cost-Effective LLM Serving
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Takeaways of My Talk

* We need a holistic approach to developing sustainable Al infrastructures.

* \We need renewable energy to achieve the net-zero goal. However, the
deployment of datacenters is challenging.

* Energy-aware computing system support is necessary.
« (Great opportunities in energy-efficient Al chip design and implementation.

* Reusing hardware components is challenging but rewarding (e.g., cost and
carbon reduction, energy efficiency).

« Many exciting topics, look forward to more collaborations.
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