
QY4. Qubit Devices

• A Quantum Computer
• General aspects
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Classical vs Quatnum

Quantum Computing Approaches & 
Applications
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Shor’s Algorithm for Prime Factorization:
RSA Key Decryption

Universal, Fault-Tolerant 
Quantum Computer

Gate-Based Applications:
• RSA key decryption
• Database searching
• Linear equation sampling

Quantum speed-up exists 
over known classical algorithms

Annealing Applications:
• Supply transport optimization
• Sensor & satellite tasking
• Pattern recognition

Quantum Annealer

Route Optimization:
Traveling Salesman Problem

Unknown if quantum speed-up exists 
over known classical algorithms

Simulation of Reaction Mechanisms:
Biological Nitrogen Fixation to Produce Ammonia

Digital & Analog Quantum Simulator

Quantum speed-up exists 
over known classical algorithms

Simulation Applications:
• Quantum chemistry
• Drug development
• Materials science

PNAS 114, 7555-7560 (2017); arXiv:1605.03590

FeMo Cofactor in Nitrogenase Protein
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Elevator Pitch for Quantum Computers 
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Which Industries Have Problems Quantum 
Computing Could Solve?



DiVincenzo’s Criteria 
The 5 DiVincenzo’s Criteria for Implementation of a Quantum Computer:
• A scalable physical system with well-characterized qubits.
• The ability to initialize the state of the qubits.
• Long (relative) decoherence times, much longer than the gate-operation time.
• A universal set of quantum gates.
• A qubit-specific measurement capability.

in the standard (circuit approach) to quantum information processing (QIP) plus 
two criteria requiring the possibility to transmit information:

• The ability to interconvert stationary and mobile (or flying) qubits.
• The ability to faithfully transmit flying qubits between specified locations.

DiVincenzo, D., Quantum Computation, Science 270, 255 (1995)



State of the Industry in 2022



State of the Industry in 2022



IBM Roadmap



Qubit Technologies



Eight Key Approaches to Creating Quantum 
Computer Technology



Overview of Superconducting Quantum 
Computing Technology



Overview of Trapped-ion Quantum 
Computing Technology



Overview of Photonic Quantum Computing 
Technology



Overview of Silicon-Spin Quantum Computing 
Technology



Hardware Agnostic Platforms for Quantum 
Computing Represent a New Market for 
Established Technologies



A quantum computer



Inside a quantum computer



Eight Key Approaches to Creating Quantum Computer

Technology – Which Ones Have the Most Potential?



How Is the Industry Benchmarked?



Ranking Competing Technologies by 
Coherence Time



Qubit Number Continues to Be a Key 
Benchmark



Developments of Standards and Benchmarks 
Remains a Challenge for the Industry



Benchmarking Graph
Qubit Modalities
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Many candidate technologies under 
development to realize the promise of 

quantum computation
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Quantum Commercial Readiness Level



Addressable Market Grows with QCRL



Next Lessons

• Semiconducting Qubits
• Ion traps 

• Photonic Qubits
• Neutral atoms
• NV Diamond
• Cold atoms



The end

The interior view of the 
cryostat that cools the 
IBM Quantum Eagle, a 
127-qubit quantum 
processor.
IBM


