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Power demands for high tech exceed global supply

Current Trends in ICT Global Electricity Requirements
and Global Electricity Generation
World Energy Production Versus ICT Energy Requirements

Current Trends: Incremental ICT Requirements
and Global Electricity Generation
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Power-efficiency isn’t keeping up with performance

v Microsoft is hiring a nuclear
energy expert to help power
its Al and cloud data centers

v'Unless things change, first
zettaflop systems will need
nuclear power, AMD's Su
says

» The crux of challenge from Exascale to Zettascale will be power efficiency — server efficiency is starting to flatten

> /0O continues to be a limiting efficiency factor

Source: https://jobs.careers.microsoft.com/global/en/job/1627555/Principal-Program-Manager-Nuclear-Technology,
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Moore’s law can no longer be depended

Equipment Costs and Foundry Wafer Prices

— Equipment Cost — Wafer Price Wafer Price per Million Transistors
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High efficiency compute for a sustainable future

©

High-Efficiency
Sustainable Compute

Memory Architecture Advanced Compute

New Materials

Optimization Paradigms
* Compute-in memory » 2D materials * Photonic computing
* Analog in- « Carbon nanotubes * Neuromorphic computing
memory compute * New metallic compounds » Customized silicon

« Near memory compute
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Memory-centric architecture offers improvement

—/ ‘Working set location

Block Diagram of CXL-Enabled Server Architectures
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Material innovations enable further development

CNT, IGZO and 2D Materials

[ EVETE
Innovation

+ Energy-efficient transistor
« Monolithic 3D integration

| 3D DRAM

+« Neuromorphic computing

+ Device scaling

» Lower power consumption

Y Better support
data-intensive
applications

& arising from Al
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2D Materials Enable Future Technology Development in Logic, Memory,
and Interconnect
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Current compute options for energy-efficiency

is not an option; it is critical to achieving net-zero targets
and sustainability

Possibilities:

» Sub-threshold voltage designs

> Low-precision format arithmetic
» Machine virtualization
» Custom Silicon
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NC implementations are at an early stage

Comparison Between DNNs and Neuromorphic Computing Implementations

Deep Neural Network Neuromorphic Computing
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Technology Innovators in Neuromorphic Computing
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All-optical computing needs variety of components

Silicon Photonics Investment Trends Emergence Cycle for Photonic Computing
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QC has several challenges to overcome
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Artificial
Intelligence

» Complex hybrid ecosystem
» Systemsize N4 A e
» Power consumption

» Error

QHand-crafted

Quantum High-Performance
Computing Compute

Business & Quantum

- . Advantage With Expanded
Initial Business Advantage Ecosystem Use Case
for Specific Use Cases
Some Short-Term 5 to 10+ Years
Gains Observed 3to 5 Years
1to 3 Years
Reference: https://quantumai.google/learn/lab
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Product leader recommendations

» Target ROI for energy-efficient compute by
prioritizing quick wins.

» Continue to watch-out for evolving compute
paradigms:

v' Hyperdimensional computing
v' Fog computing

v" P-computing

v Conservative computing

v' Energy-proportional computing
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