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The evolution of the tech stack
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New challenges

Modern HPC Stack Quantum Basics



The emerging quantum stack and its challenges
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Contrasting early quantum pioneers

Source: Fact Based Insight

APPLICATIONS

FRAMEWORK

ALGORITHMS

CONTROL

ARCHITECTURE

QUANTUM

SIMULATOR

D-Wave Leap

D-Wave

Ocean

BQM

Methods

Samplers

CPU/GPU

Gate-model Quantum Annealing

IBM Quantum

Qiskit Terra

Qiskit Aer

IBM

Qiskit Aqua

Python

OpenQASM

Circuits

Pulses & timing

…ecosystem
examples

TrueQ

Open Controls

T|Ket>

Pennylane

Quantum Gym

Boulder Opal

IBM Quantum Network

…ecosystem
examples

1QCLOUD

Digital
Annealers

Binary Opt.

User Led Trials



Full-stack gate model similarities & (some) differences
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Emerging quantum PaaS…
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…and contrasting alternative platforms  from startups

Source: Fact Based Insight

APPLICATIONS

FRAMEWORK

ALGORITHMS

CONTROL

ARCHITECTURE

QUANTUM

SIMULATOR

Strangeworks

Ocean

QC Ware
Forge

Zapata 
Orquestra

Workflow
Data Mgt

Qiskit
Braket

Honey.
IonQ

Braket D-Wave

Q2B

Binary OptChemistry
Data Loader

Qiskit
Q#
Braket.
pyQuil

IDE/Editor

Qiskit

Quasar

Nvidia GPU

Cirq

ProjectQ
Sim.

Library

Stack Overflow

CQC 
t|ket>

Honey.
IonQ
AQT

ProjectQ
Sim.

Qiskit
Cirq.
pyQuil.
Q#

Qulacs Blueqat
Sim.

Psi4
TensorFlow

Pennylane

pyTket

EUMEN

ZX-calculus

t|ket>

Python Python

Team

Python

ML tools

Quantum Syndicate



…simulators are a starting point and ongoing assurance tool
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Balancing algorithms and the enterprise expertise
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Future - contrasting views of ecosystem, compilers and stack
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Current research themes

Source: Fact Based Insight

APPLICATIONS

FRAMEWORK

ALGORITHMS

CONTROL

ARCHITECTURE

QUANTUM

SIMULATOR

Error Correction for FTQC

Magic state factories

Decoders

Error correcting codes

Algorithms & applications

QRAM

Real world use cases
with exponential speedups

Quantum languages

‘Better than quadratic’ speedups

Error Mitigation for NISQ

Probabilistic error cancellation 

Error tolerant use cases

Post-selection

Randomised compiling

Zero-noise extrapolation

Optimal control

Floqet calibration

Error adaptive compiling

Noise model simulation

Low-depth circuits



For more information and supporting references

□ Factbasedinsight.com/quantum-software-outlook-2021

□ Factbasedinsight.com/quantum-algorithms-outlook-2021
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