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Quantum machine learning: Quantum Restricted Boltzmann Machine (Q-RBM)
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Nvidia CUDA-Q: a platform for quantum-classical computing

Nvidia CUDA-Q Features
Hybrid Applications

Pharma, Chemistry, Weather, Finance, Logistics, and More

v' Single resource Python and C++ programming model

CUDA-Q

The Platform for Hybrid Quantum-Classical Computing v H |gh pe rfo rmance com pl |er for hyb”d G PU/CPU/QPU Systems

NVIDIA GPUs

System-Level Toolchain

NVQ++ v" QPU agnostic - works with any type of QPU, emulated or physical

v’ Interoperable with leading scientific computing and Al tools

v’ Supports both state-vector and tensor network backend
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Building hybrid applications with CUDA-Q on HPC

import cudaq

@cudaq.Kernel

F kernel(): Add a decorator to the

gvector = cudag.qvector(3)

x({gvector) function.

x(qvector[1])

x.ctrl{ [gqvector(@], qvector[l]], qvector([2])
mz (qvector)

struct ApplyX {
void operator()(cudaq::qubit &q) _qpu__ { x(q); }

struct comottest { | CUDA guantum requires the

cu.d:;pr;zz;;:ﬂczzd:j’ralaea_qublf auto .!_'.-;':-.;apply_x —qpu— funCtIOn attrlbUte
To learn more about the quantum crott for quantum kernel

. PR x(gs[1]); .
kernel in CUDA-Q visit: e declaration.

cudaq::control{apply_x, qs.front(2), qs(2]);

mz(qs);
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Nvidia quantum cloud

NVIDA Quantum Cloud Service @
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API

User

Binary NVIDIA Quantum NVIDIA Cloud
Cloud API Functions

GPU

v’ Access to the most powerful quantum resource
v’ Develop locally, run any CUDA-Q app seamlessly in the cloud
v" Run workloads on GPU supercomputers

v Apply for access at https://www.nvidia.com/en-eu/solutions/quantum-computing/cloud/
6 <ANVIDIA I



logl0(time/iteration)

Accelerating the Q-RBM circuit simulations with CUDA-Q

Sampling the Gibbs distribution using the Q-
RBM (#shots=10000)
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3 single CPU
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GPU: Nvidia A100
CPU: AMD EPYC 7742 64-Core Processor
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Accelerating Q-RBM circuit simulations with CUDA-Q using multi-GPUs

Single GPU:

Sampling the Gibbs distribution: single
GPU vs multi-GPUs

cudaq.set_target('"nvidia")

start time = timeit.default timer()
result = cudaqg.sample(main_kernel, theta,shots count=1000000)
end_time = timeit.default timer()
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Multi-GPUs:

Circuit 1, circuit 2, CIrCUIT 3, .evverreeieieeiieseissrnesneeesesssssnesnenee e CIFCUIE N
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cudaqg.set_target('nvidia-mgpu") 15 -
target = cudaqg.get_target()
qpu_count = target.num_qpus()

: L . 0.2 0.4 0.6 0.8 1.0
start _time = timeit.default timer() #ehots 106

count futures = []

for gpu in range(gpu_count):
count_futures.append(cudaq.sample_async(main_kernel, theta,shots_count=1000000, qpu_id=qpu)) GPU NVldla A]_OO
end time = timeit.default timer() ' 8 NVIDIA.




Scaling up Q-RBM circuit simulations with CUDA-Q using multi-GPUs

o o - o cudaq.set _target('"nvidia-mgpu'"')
CIrcuit 1, CIrCUIt 2, CIFCUIT 3, .ooiveveeieeiieeeeiereesssessnsessssssssssnnseneense CIFCUIT N

» n qubits has 2" complex amplitudes

» Each requires 8 bytes of memory to store. » Number of visible nodes:10
» Number of hidden nodes: 23
» For 30 qubits: 8 bytes x 23 = 8.6 GB » Number of ancilla qubits (reuse ancilla): 1

» H#qubits: 34 qubits
» For 34 qubits ~137 GB

Elapsed time for sampling each circuit with 34
qubits: 4.73 sec. (#shots: 10000) ) @mon |



Other applications: using PyTorch with CUDA-Q

PyTorch CUDA Quantum PyTorch
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To learn more about this application visit:
https://nvidia.github.io/cuda-quantum/0.7.0/examples/python/tutorials/hybrid gnns.html
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Conclusion

Hybrid Applications

Pharma, Chemistry, Weather, Finance, Logistics, and More

CUDA-Q

The Platform for Hybrid Quantum-Classical Computing

NVIDIA NGC é
D

. Local ontainer i
System-Level Toolchain e elonar i oron J
xperi ice
NVQ++

NVIDIA GPUs Quantum Resource
NVIDIA cuQuantum or Partner QPU

inar NVIDIA Quantum NVIDIA Cloud GPU
4 Quaartum Cormrgater Cloud API Functions
U asy o
Nvidia Quantum Cloud
Classical Quantum Circuit Quantum Computing
Simulation Simulation

CUDA-Q:

D A platform for quantum Class|ca| Computmg_ circult 1; circult 2; Elrctit 3; cianiniiminsusmaninamnisnmssCICUIt N
. Supports both state-vector and tensor network.

Jd GPUs help accelerating simulation compared to CPUs.

J Mutli-GPUs will help scaling up the problem.

J QPU agnostic: it works on any QPUs emulated or physical.
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