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• Quantum Computing as a tool to tackle some of our most 
challenging problems and targeting applications beyond the 
limit of classical HPC.

• Today: limited to ~100 noisy physical qubits (1 logical qubit)
• ~10M physical qubits needed for utility-scale application
• ~100k physical qubits on a single quantum processors (QPUs)

• Need to create a network of ~100 QPUs
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Challenges of building a utility-scale quantum computer
Software and HPC Integration

The quantum computer must be easily 
programmable by the HPC application 

end user
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Error correction and hybrid quantum-
classical algorithms require classical 

HPC and low latency to QPUs

Quantum processors (QPUs) will be 
finite in size and likely smaller than the 
one million qubits necessary for utility



• Hardware/software agnostic
• Heterogeneous

Quantum-HPC 
Full Stack Framework

NISQ Quantum error correction
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Quantum workload distribution hypervisor

Quantum Compiler and Runtime Extension
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Heterogenous HPC Platform with QPUs
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Adaptive circuit knitting

• Efficiently partition and distribute quantum 
circuits using classical communication

• Overcome exponential classical post-processing 
of standard circuit knitting techniques
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Requirement for Distributed Quantum Computation

For hybrid quantum-classical 
computing to scale, we need 
efficient methods for 
partitioning and distributing 
quantum workloads.

Circuit knitting is a promising 
method for partitioning 
quantum circuits, but requires 
a classical overhead that scales 
exponentially with the 
number of cuts.

We are developing adaptive circuit knitting 
algorithms that can significantly reduce this 
overhead:
• Based on tensor network techniques
• Use entanglement measures to determine best 

cuts as circuit evolves 
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Quantum Workload Distribution 

Efficient partitions 
found via entropy measures

1-2 orders of magnitude improvement 
in classical overhead

32-qubit simulations using CUDA-Q on Grace Hopper Superchip

Simulating quantum spin systems
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Quantum interface library
• Replace circuit simulation with API

• Connect and experiment with multiple commercial 

quantum SDKs

• Enable C/C++/Fortran HPC applications to invoke 

quantum kernels from vendor-specific quantum SDKs

Quantum Compiler and Runtime extension

• Hybrid quantum compilation and runtime extensions to 

Cray Programming Environment (CPE)

• Designed for compatibility, performance, and scalability

• Support full range of heterogeneous HPC platforms and 

hardware architectures

• Compatibility with multiple quantum compilers
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FPGAs

GPUs

CPUs

Heterogenous computing development

Quantum computing development

Accelerators
A unified workflow environment to 
simplify the end user experience and 
harness accelerators most suitable for each 
segment of a workflow.

Integrating classical and quantum 
systems to maximize compatibility, 
performance, and scalability.

Requirement for QC-HPC Integration
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Hybrid Quantum-HPC Workflow

HPE Cray Programming Environment 

U
se

r 
co

de

CPE quantum 
interface library

CSML library

Execution environment

Distributed quantum 
simulator (Cray MPI)

Quantum circuit

Execution output

Circuit synthesis

Multiple Quantum SDK
Quantum Hardware
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Quantum Interface Library
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Quantum-Classical Full Stack: Extensions and testing
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Performance and scalability

HypervisorDistributed Max Cut Adaptive circuit knitting

Transverse field Ising model 
simulations

2D spin lattice (40 qubits)

Linear system of equations

• HPE Cray EX with HPCM

• Two AMD® EPYC 7763 (Milan) 
CPU /node ~ 128 core /node

• Slingshot 11 network fabric

• HPE Cray MPI and Cray Programming 
Environment (NVIDIA® CUDA, AMD 
ROCm, etc.)

• Workload Manager and 
Containerization (Slurm®, PBS, PMIX)

Python and C/C++
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• Many challenges lie in scaling from one hundred to one million 
qubits

• To unlock the promise of quantum computing, we will need to 
build a quantum supercomputer

• QPUs will be tightly integrated with classical HPC
• HPE can play the role of  quantum systems integrator given 

our world leader status in HPC and world-class expertise in 
distributed heterogenous quantum classical computing
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