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The Accelerated Quantum Supercomputer

• Supercomputing architecture 
connecting quantum hardware

• Ability to run hybrid algorithms - 
using GPUs and QPUs

• A software platform that seamlessly 
connects hybrid applications

• The ability to perform qubit-agnostic 
development of control and error 
correction



Quantum Computing Needs Accelerated Computing

Accelerated application 
development

AI assisted circuit design

Dynamical simulations

Noise modeling

Practical Post Quantum 
Cryptography

AI SC for QC Development

Quantum Error 
Correction

Hybrid algorithms 
and applications

AI for 
  - Calibration
  - Control
  - Readout
  

AI SC for QC Deployments



Powering the Quantum Ecosystem
The only quantum company that works with every other quantum company
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The NVIDIA Quantum Ecosystem
Accelerating the Quantum World



NVIDIA and Europe Building Quantum-GPU Computing

cuQuantum

CUDA-Q

Quantum 

Computing



Accelerating Quantum Workloads Across Europe

Quantum Algorithm Development

Quantum EDA

Quantum Data Generation

Quantum Error Correction



The NVIDIA Quantum Platform
Bringing AI Supercomputing to Enable Useful Quantum Computing

CUDA-QEC and CUDA-Q Solvers
Turnkey Quantum Research and Application Development

NVQLink
Reference Architecture for Low Latency Integration

CUDA-Q
Open-Source Software Platform for Accelerated Quantum 

Supercomputers

cuQuantum
Accelerated Quantum Simulation/Emulation on GPU



AI Supercomputing

CUDA-Q
Libraries Programming Model InfrastructureTools

Simulation QPU Hardware

CUDA-Q
The platform for accelerated quantum computing

QEC QPU Design



CUDA-Q
The CUDA-Q stack

C++ 

CUDA-Q Intermediate Representation (MLIR)

Quake CC Func Math Arith LLVM

Quantum Intermediate Representation (QIR, Profiles, LLVM IR)

Simulation (MGPU, MNMG, DM, TN) Physical QPU

(Quantum) (Classical CFG) (Kernels) (Standard Math) (Constants) (Lowering Target)

Python
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Runtime
Kernel 

Expressions
JIT Kernel 
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Runtime

Compiler Platform

cudaq-quake

cudaq-opt

cudaq-translate

nvq++ driver

libnvqir.so

Frontends



CUDA-Q
The platform for accelerated quantum computing

Features

•  Python and C++
o Access via familiar & powerful languages

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

types

•  GPU-accelerated simulation
o Quantum simulators that scale to large-scale quantum 

computers

•  Fully kernel system for hybrid computing interface
o Seamlessly combine GPU and QPU resources

• Supports QEC HW development
o DGX-Quantum reference architecture allows decoder and 

calibration development

•  Access to classical  CUDA-X libraries
o Conventional parts of hybrid algorithms can draw on 

fastest implementations

•  Comprehensive educational tools
o CUDA-Q Academic onboards users to accelerated quantum 

supercomputing

Performance

QML workflow in CUDA-Q using multithreaded 

CPU versus NVIDIA A100 Tensor Core GPUs

Getting started with CUDA-Q

https://developer.nvidia.com/cuda-q

CUDA-Q Overview
https://github.com/NVIDIA/cuda-q-academic

CUDA-Q Academic

https://nvidia.github.io/cuda-

quantum/latest/index.html

CUDA-Q Docs
https://nvidia.github.io/cuda-

quantum/latest/using/tutorials.html

CUDA-Q Apps



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

NVIDIA CUDA-QX

CUDA-Q QEC CUDA-Q Solvers

NVIDIA CUDA-Q

Accelerated Quantum Supercomputing

Seamless integration of 

accelerated QEC primitives 
into CUDA-Q workflows

Accelerating solvers – key 

algorithms within many 
quantum applications



GPU SupercomputersQuantum Processors NVIDIA NVQLink

NVIDIA NVQLink



NVQLink
The Rosetta stone for Quantum-GPU supercomputing

         Q in Q      upercomputer

 ealtime  ost  artner  ontroller

 ogical qubits

 ybrid quantum classical computing



NVIDIA NVQLink

Logical QPU

NVQLink
Realtime System for GPU-QPU Acceleration

Quantum System Controller 
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AI for QC
Review paper - https://arxiv.org/abs/2411.09131



NVIDIA Quantum

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

CUDA-Q v0.12 Now Available
Python –    > pip install cudaq
C++ – https://github.com/NVIDIA/cuda-quantum/releases
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