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NVIDIA's History of Enabling Computing Revolutions
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NVIDIA's History of Enabling Computing Revolutions
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Quantum Computing
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NVIDIA Is not building
Qubits




NVIDIA is building all
Accelerated Quantum
Supercomputers




The Accelerated Quantum Supercomputer

e Supercomputing architecture
connecting quantum hardware

» Ability to run hybrid algorithms -
using GPUs and QPUs
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* A software platform that seamlessly
connects hybrid applications

* The ability to perform qubit-agnostic
development of control and error
correction
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Quantum Computing Needs Accelerated Computing

Al SC for QC Deployments

Quantum Error
Correction
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Hybrid algorithms
and applications

Al Tor
- Calibration
- Control
- Readout
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Al SC for QC Development

=, Accelerated application

development

Dynamical simulations

Noise modeling

1 ;; Cryptography

Al assisted circuit design

Practical Post Quantum
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Powering the Quantum Ecosystem

The only quantum company that works with every other guantum company
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The NVIDIA Quantum Ecosystem

Accelerating the Quantum World
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NVIDIA and Europe Building Quantum-GPU Computing

National Quantum
Computing Centre
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Accelerating Quantum Workloads Across Europe

Quantum Algorithm Development
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Quantum Data Generation

'DCAl Ansys

Quantum EDA
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The NVIDIA Quantum Platform

Bringing Al Supercomputing to Enable Useful Quantum Computing

CUDA-QEC and CUDA-Q Solvers

Turnkey Quantum Research and Application Development

CUDA-Q

Open-Source Software Platform for Accelerated Quantum
Supercomputers

cuQuantum
Accelerated Quantum Simulation/Emulation on GPU

NVQLink

Reference Architecture for Low Latency Integration
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CUDA-Q

The platform for accelerated guantum computing

CUDA-Q

Libraries Programming Model  Tools QEC  QPU Design Infrastructure

Simulation QPU Hardware
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Al Supercomputing
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CUDA-Q

The CUDA-Q stack
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CUDA-Q

The platform for accelerated guantum computing

Features Performance

2,500X 600

Python and C++
o Access via familiar & powerful languages > 000X

Z10[0)
1,500X

QPU agnostic
o Supports backends from all major QPU vendors and qubit

Runtime (sec)

GPU Speedup over CPU

1,000X
types I I 200
GPU-accelerated simulation 500X
o Quantum simulators that scale to large-scale quantum - l I I 3
computers i 19 20 21 22 23 24 25 26 27 28 29 30 31 32 i

Number of Qubits

Fully kernel system for hybrid computing interface B Speedup B 4xAI00GPU Runtime CPU Runtime
o Seamlessly combine GPU and QPU resources | |
QML workflow in CUDA-Q using

Supports QEC HW development versus NVIDIA A100 Tensor Core GPUs
o DGX-Quantum reference architecture allows decoder and

calibration development

Getting started with CUDA-Q

Access to classical CUDA-X libraries

o Conventional parts of hybrid algorithms can draw on CUDA-Q Overview CUDA-Q Academic
fastest implementations https://developer.nvidia.com/cuda-q https://github.com/NVIDIA/cuda-g-academic
Comprehensive educational tools
o CUDA-Q Academic onboards users to accelerated quantum CUDA-Q Docs CUDA-Q Apps
supercomputing https://nvidia.github.io/cuda- https://nvidia.github.io/cuda-

quantum/latest/index.html quantum/latest/using/tutorials.html
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CUDA-Q Libraries

Bringing the power of CUDA-Q directly to quantum computing research problems

NVIDIA CUDA-QX

Seamless integration of Accelerating solvers — key
accelerated QEC primitives algorithms within many
into CUDA-Q workflows H guantum applications
CUDA-Q QEC CUDA-Q Solvers

NVIDIA CUDA-Q

Accelerated Quantum Supercomputing
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NVQLink

The Rosetta stone for Quantum-GPU supercomputing

NVIDIA NVQLInk QPU

Realtime Host Partner Controller

Hybrid guantum-classical computing
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y Application Time

_ Logical Time Physical Time
Realtime ~1us ~0.1us

Domains: sC
Node

~100us

Realtime System for GPU-QPU Acceleration

Host

NVIDIA NVQLink

Logical QPU
NVQLink

¥ NVIDIA Platform
. Specification
. Controller Builder

Quantum System Controller . QPU Builder

Pulse Processor Array

PPU

B CUDA-Q

Analog £
Frontend :

Analog £
Frontend :
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. Network Interface

Analog £
WO
Frontend gr=g . Realtime call (CUDA-Q)
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Al for QC

Review paper - https://arxiv.org/abs/2411.09131

. . e Observable estimation
 Device tuning and tomography

« System characterization

« Platform design
 Gate and Pulse optimization

e Qubit control e Qubit Readout
e Device characterization  Error mitigation

Section 2: Section 3: Section 4: Section 6:
QC Hardware Preprocessing Device Control Postprocessing
Development and Optimization

and Design

« Quantum circuit synthesis

 QEC decoding
e Circuit parameter learning

« State preparation

 Code discovery
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&2 NVIDIA Quantum

NVIDIA.

https://www.nvidia.com/en-us/solutions/quantum-computing/

Python- >pip install cudagq
C++ - https://github.com/NVIDIA/cuda-quantum/releases
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