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Programming a Quantum Computer
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Expectation for a so
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Abstraction
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- Hardware Validation

independent
formulation of
mathematical

concepts .
» Algorithm
formulation on a .
logical level
* Encapsulation .

Hardware specifications
Classical/quantum coordination
Precision distribution

Available information

Error Sources

Resource

requirements

Correctness of the  Algorithmic Errors
algorithm * Approximation Errors
Verifiable behavior * Hardware Errors

Context dependent dispatch
Performance metrics

Static vs. runtime

Heuristics
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Resource
Management

Memory management
Asynchronous execution
Classical processing
Hardware specific
optimization
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Binary quantum algorithms
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Compilation process

Library: variations for each quantum (sub-)routine

User code defining an algorithm, optimization of algorithmic errors

|Subroutine dispatch based on hardware, erasure of subroutine boundaries |
Choice of error

Optimization of synthesis errors

_n routines (possibly dynamic)

Physical layout, “routing” (dynamic and/or look-up)

Applying or tracking error correction, communication for runtime compilation



'ware stack

Expectation for a so

- What is the relevant information?

How do we obtain the necessary information?

How do we represent that information?

How do we use that information?

How do we generalize this process?



Mobility Productivity

Quantum Team Technology Resources

|
| Empowering the quantum revolution
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Learn more [>

Learn more about our approach
Get Sta rtec Wlth Quantum Join us at the leading edge of opportunity .

academic, and societal landscape. In just hours or days, a quantum computer can solve complex problems that would otherwise
take billions of years for classical computing to solve. This has massive implications for research in healthcare, energy,
environmental systems, smart materials, and more. The quantum economy is coming. And Microsoft envisions a future where
customers use Azure for both classical and quantum computing.

Invent the future S »
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