Creating
World Changing
Technologies

Intel Quantum Computing:

Developing quantum workloads for workload-driven
co-design

Director, Quantum Applications & Architecture

Intel Labs




Potential future applications
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The Promise of Quantum Computing
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Efficient state preparation:
loading classical data in quantum registers
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Intel Labs | The Future Begins Here
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Materials Design: Quantifying entanglement

Key to understanding electronic properties of material like high Tc superconductors
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Intel Quantum Simulator- open source qubit simulator

Universal: single and two-qubit controlled operations

Strong Scaling Performance
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Guerreschi et al, Quantum Sci. Tech 5, 034007 (2020).

https://qithub.com/iqusoft/intel-gs
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High-performance simulator
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Intel Quantum Simulator

Intel Quantum Simulator (Intel-QS), also known as qHIPSTER (The Quantum High Performance Software Testing Environment), is a
simulator of quantum circuits optimized to take maximum advantage of multi-core and multi-nodes architectures. It is based on a
complete representation of the qubit state, but avoids the explicit representation of gates and other quantum operations in terms
of matrices. Intel-QS uses MPI (message-passing-interface) protocols to handle the communication between distributed
resources that are used to store and manipulate the quantum state.




Intel® Quantum Software Dev Kit

2022 Today Future
Beta Version Intel Quantum SDK 1.0 Full System (HW+SW)

Qubit Control Simulator
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Materials Design: Metal-insulator transition
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Metal-Insulator Transition Workload Results

101 §. A~ Sim. ideal w=25 - insulator

N | ¥- Sim. noisy w=25 - insulator

0.8 - N \ —8— Octobox-2 w=25 - insulator
\ 5 -A- Sim. ideal w=1 - metal
0.6 4 \:\\ -¥- Sim. noisy w=1 - metal
\ b —8— Octobox-2 w=1 - metal

0.4 1

Disorder -

0.0
-0.2
-0.4 1
h----A
"06 T T T T T L
0 2 4 6 8 10
Tlme Zou et al, IEEE Trans. In Quantum Eng. 1 (2020), 1.

ﬂ [ Intel Materials Design Algorithm with ~140 Qubit Operations ]



Resulted in New Instruction

Single qubit operations described by vector rotations.

For Materials Design:

= Necessary to have arbitrary angle rotation operation.
* |ntel implemented 1 step arb rotation instruction.
= Done by competitors in 2 instructions/steps.

ﬂ Zou et al, IEEE Trans. In Quantum Eng. 1 (2020), 1.



Resulted in New Instruction

Single qubit operations described by vector rotations.

For Materials Design:

= Necessary to have arbitrary angle rotation operation.
* |ntel implemented 1 step arb rotation instruction.
= Done by othersin 2 instructions/steps.

[ New Instruction Results in 2x Faster Single Qubit Operations ]

ﬂ Zou et al, IEEE Trans. In Quantum Eng. 1 (2020), 1.
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Co-Design can also Impact Choices on Qubit
Connectivity Design

Quantum Fourier Transform
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Conclusion

= We're at the beginnings of this new kind of compute
= Even with small gubit systems — workload-driven co-design is useful

» Use results of executing workloads on small systems as seeds for
architectural research

» |[mportant to co-design full system stack, rather than each component
designed in isolation

» Area where physics meets computer engineering- we need more
researchers who can do both!
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Legal Information

» This presentation contains the general insights and opinions of Intel Corporation (“Intel”). The information in this presentation is provided for
information only and is not to be relied upon for any other purpose than educational. Statements in this document that refer to Intel’s plans and
expectations for the quarter, the year, and the future, are forward-looking statements that involve a number of risks and uncertainties. A detailed
discussion of the factors that could affect Intel’s results and plans is included in Intel’'s SEC filings, including the annual report on Form 10-K.

= Any forecasts of goods and services needed for Intel’s operations are provided for discussion purposes only. Intel will have no liability to make
any purchase in connection with forecasts published in this document. Intel accepts no duty to update this presentation based on more current
information. Intel is not liable for any damages, direct or indirect, consequential or otherwise, that may arise, directly or indirectly, from the use or
misuse of the information in this presentation. Intel technologies’ features and benefits depend on system configuration and may require enabled
hardware, software or service activation. Learn more at intel.com, or from the OEM or retailer.

= Copyright © 2022 Intel Corporation.
» Intel, the Intel logo, Xeon. Movidius and Stratix are trademarks of Intel Corporation in the U.S. and/or other countries.

= *Other names and brands may be claimed as the property of others







