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NVIDIA's History of Enabling Computing Revolutions
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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

= f, 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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Accelerating Quantum Workloads Across Europe

Quantum Algorithm Development

' OCAl /Ansys

Quantum EDA

Quantum Data Generation
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Defining the Accelerated Quantum Supercomputer

A New Heterogenous Architecture

Programming model and compiler for
heterogenous supercomputer

Low-latency interconnects for real-
time hybrid computing

Libraries to enable domain scientists

Open source and qubit-agnostic

Libraries, Applications, Frameworks

CUDA-Q

Platform for Programming Accelerated Quantum Supercomputers
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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

rigetti @) inflegtion () 224 iogies

Al Supercomputing
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CUDA-Q

The CUDA-Q stack

<ANVIDIA




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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Announcing Dynamics in CUDA-Q

Enabling QPU developers everywhere to accelerate their design process

From 1 Year to 1 Hour

50 Design Iterations

Other leading

framework 1 Year
(CPU)
CUDA-Q
(GPU) 50 Minutes
] 10 100 1000 10000 100000 1000000

Minutes (log scale)

CPU: Intel Xeon 8480CL | GPU: DGX H100 <ANVIDIA.
Energy levels: 32 Transmon x 128 Resonator x 4 Purcell Filter



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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CUDA-Q QEC

Prebuilt optimized codes and decoders in
CUDA-Q

Builtin stabilizer simulator — stim

Extension point to define custom codes CUDA-Q QEC

and custom decoders in CUDA-Q
NVIDIA CUDA-Q

Accelerated Quantum Supercomputing

Open source — available at
https://github.com/NVIDIA/cudagx
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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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Announcing CUDA-Q QEC 0.2

Accelerating BP-OSD Decoding

Latency Throughput .
29-35x speedup over industry standard Additional 17-42x speedup for batched decoding
Average Decoding Time, Average Decoding Time,
Single Syndrome 10,000 Syndromes
300 ® Industry Standard (CPU) /! e CUDA-Q QEC

250 ® CUDA-Q QEC (GH200) 0 CUDA-Q QEC (Batched)
c 200 9

% 150 5':—’ 4

£ 100 =

— 2

50
. 29X 35X 1 17X 42X

0.1% 0.5% 0.1% 0.5%

Physical Error Rate Physical Error Rate

All benchmarks on [[ 144, 12, 12]] code
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The Generative Quantum Eigensolver

First demonstration of GPT-generated circuits

2

St.Jude Children’s
Research Hospital

CUDA-Q -+

UNIVERSITY OF

TORONTO

Finding cures. Saving children.

'"Once upon a time

. happily

ever after”

Challenge

 Variational guantum algorithms offered promise for
running drug-discovery applications on small qguantum
devices - but suffer from serious optimization issues.

* Many of these problems are tied to how circuits are
parametrized.

Solution

* The generative quantum eigensolver acts like a Large
_anguage Model - but generating quantum circuits
from quantum operations, rather than sentences from
Welge[}

* Using a generative model like GPT to create quantum
circuits avoids the limitations of traditional
variational quantum algorithms
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Speedup over CPU
when running
GQE on GPU

Can be extended
to various
application areas

New approach in
Using Al for building
quantum applications
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The Generative Quantum Eigensolver

First demonstration of GPT-generated circuits in the literature

Goal: Find a circuit producing e.g. ground state
Optimization of some possible space of circuits for desired output

 GPT-QE specifically employs a GPT model
o Recent advances in attention-based
transformer models can be leveraged

« Analogy to Large Language Models (LLMs)
o Quantum operations are analogous to words
o Quantum circuits analogous to sentences
o When trained, GPT-QE generates a sequence of
operations to form a circuit

* Training learns weights in GPT model
o Cost function compares current prediction to
measure of desired circuit output
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Finding cures. Saving children.

UNIVERSITY OF

TORONTO

'Once upon a time

wWord

WoOr |j

Il'I'I.I 'r:l' |' rj

after”

word .

LM

.« « happily ever
word word,,

WY r.-.!' il |j =

https://arxiv.org/pdf/2401.09253.pdf <nvioa I



Extension to other domains

Pretraining databases can be extended to other applications

Results of current GPT-QE work is first step to
understanding how GPT can accelerate QC

{U,U,,... UL} Hamiltonian and operator pool (GPT gate-set)
l can be switched out to explore applications

R beyond Chemistry and also accommodate
1U1,Us,... UL} different hardware

e —— | GPT-QE code available online at
https://github.com/cudaq-libraries/cudaqglib/tree/main/examples/python
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https://github.com/cudaq-libraries/cudaqlib/tree/main/examples/python
https://github.com/cudaq-libraries/cudaqlib/tree/main/examples/python
https://github.com/cudaq-libraries/cudaqlib/tree/main/examples/python

&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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