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The evolution of the tech stack

Classical computing c. 1950’s

Classical computing c. 1990’s
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New challenges

Modern HPC Stack
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The emerging quantum stack and its challenges

Pulse & timing calibration
Optimal Control
Decoding
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Heat management

QUANTUM PLANE
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Native gates
Connectivity
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APPLICATIONS

Development mgt.
Workflow mgt.

ALGORITHMS

High level languages
Libraries

FRAMEWORK

Circuit model & alternatives
Optimising compilers

ARCHITECTURE

QPU kernel

Quantum error correction
Magic state factories
QRAM
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Contrasting early quantum pioneers
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Full-stack gate model similarities & (some) differences

IBM Quantum Google QCS Rigetti QCS Xanadu OriginQ Cloud
| IBM Q Network ’ |Early Access Prog. ’
n NumPy | OQIA |
ALGORITHMS | .Px.thon H 1 Python Python Python C++.
Qiskit Aqua || Grove Pennylane ChemiQ
| ) | |
FRAMEWORK [ pyqui ] [StrawberryFields] [ QPanda ]
ARCHITECTURE | Quil | Blackbird QRunes
| Quantum Engine | | Quantum Kernel |
""""""" [ Quil-T
|
Google Xanadu OriginQ
| |
P —
Qiskit Aer ! Qsim ] QvVMm CV Simulators |’ GPUEmulator
L
| 1 |

Source: Fact Based Insight



FACTBASED

Emerging quantum Paas...
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...and contrasting alternative platforms from startups
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...simulators are a starting point and ongoing assurance tool
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Balancing algorithms and the enterprise expertise

Enterprise
Cyber Materials Transport & Logistics
Security Aerospace & Automotive

Energy & Utilities

| HQS | Multiverse lices
ALGORITHMS ' Healthcare & | ProteinQure |

IBM .
CTypTe = — Learning
Zapata
Algebraic Hamiltonian Quantum Optimisation Machine Linear
Simulation Walk Learning Algebra

! GooEIe '

g g g g g e.g. HHL

(QFT, |aC W. QC Ware QC Ware QC Ware IQC W.|
NISQ Algorit

cac
CRNG saw
ame

POLARISgb

Source: Fact Based Insight Quantum Algor’thms



FACTBASED

Future - contrasting views of ecosystem, compilers and stack

IBM Microsoft CQC t|ket> | Quantum Horizon QuTech Riverlane
Quantum Azure Benchmark | |Quantum Quantum
....................... peeerseesersss || Inspire
Models i Carbon i
t 3
i E Q# '''''''''''''''''''''''''''''''''''''''''' ] 1miml || 1 ProleCly | kesssssssssssssssasasas
ALGORITHMS Algorithms o | I it : Beryllium e ;
FRAMEWORK -
ARCHITECTURE OpenQASM ol st ||| Truea | || Frydrogen] | lmcSiahd Del’g\;low
3.0 ! £ ;
eQASM xxx
QUANTUM ANoN:>
%‘
ARTIQ

Source: Fact Based Insight :



FACTBASED INSIGHT

Current research themes

Error Mitigation for NISQ Error Correction for FTQC Algorithms & applications
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For more information and supporting references
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https://www.factbasedinsight.com/quantum-software-outlook-2021/
https://www.factbasedinsight.com/quantum-algorithms-outlook-2021/

