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Why a layer model?

To enable Modularity

* Customers can combine product from different vendors

* Customers can upgrade by exchanging hardware/software modules
* Vendors will increase sales due to a global market

* Innovation is stimulated since the best modules can be selected

* No customer lock-in to a single monolithic solution

What is needed for that?

* Modules that can interwork with each other

* |nterfaces between those modules that are compatible

* Layer model, to identify interfaces and functionality of modules
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Example: gate-based quantum computers

Full stack of a gate-based quantum computer

applications

Gate level

Pulse level

Qubit level
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Example: gate-based quantum computers

Full stack of a gate-based quantum computer

applications

Higher Level Language compiler/interpreter
QASM compiler /interpreter
Gate level Libraries with algorithms

examples of modules:

Firing the right combination of Pulses
Low-level error correction
Pulse level Calibration

Control Electronics
I/O-chain

HEMT and TWPA amplifiers
Quantum devices

Qubit level
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Example: gate-based quantum computers

Full stack of a gate-based quantum computer

applications

Gate level
Hardware abstraction interface

Pulse level

Qubit level
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Example: gate-based quantum computers

Full stack of a gate-based quantum computer
linking with libraries ...
Libraries with algorithms: ..

applications
Circuit optimization/simplification

Gate level Compound gates: QFT, generic CNOT, ...
Hardware abstraction interface

Native gates: Rx(a), Ry(a), ..
Primitive gates: Z=Rx(pi) * Ry(pi), ..
Qubit info: Adjacency, width, depth ...

Pulse level
handle commands for measurements ...

Qubit level
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Example: gate-based quantum computers

Full stack of a gate-based quantum computer

applications

Gate level

Hardware abstraction interface
Pulse level

Instructions for defining pulses and read-out
Qubit level
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Example: gate-based quantum computers

Full stack of a gate-based quantum computer

applications

Gate level
Hardware abstraction interface

instructions to shapeé&fire a pulse

instructions to read out response
Instructions for defining pulses and read-out

analog pulses

signal detection

qubits

Pulse level

Qubit level
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Example: gate-based quantum computers

Full stack of a gate-based quantum computer

applications

Gate level

Pulse level

Qubit level

Transmons Spin qubits Other
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Example: gate-based quantum computers

Full stack of a gate-based quantum computer

applications

Gate level
Platform-dependent ?
Proprietairy in the beginning?
Pulse level
Qubit level

Transmons  Spin qubits  Other
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Example: gate-based quantum computers

Full stack of a gate-based quantum computer

applications

@ —— Higher level languages

Gate level @ —— Register level programming (Qasm)

@ —— Hardware abstraction layer(+ plugins?)
Platform-dependent ?

VA YA VAVAVAVAVAVA VA VAN

Proprietairy in the beginning?
Pulse level @ —— Control software

@ — Control electronics

@ —— Control Highway

Qubit level B
@ —— Quantum devices

Transmons  Spin qubits  Other
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Example: gate-based quantum computers

Full stack of a gate-based quantum computer

applications

@ —— Higher level languages
% @ —— Register level programming (Qasm)

>

—> ANANANANAAN

@ —— Hardware abstraction layer(+ plugins?)
Platform-dependent ?
Proprietairy in the beginning?

> @ —— Control software

¢
v
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@ — Control electronics
@ —— Control Highway

@ —— Quantum devices

Transmons  Spin qubits  Other
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Considerations / discussion

If no consensus on modularity as goal
- No real need for layer model
- Mainly monolithic solutions + vendor lock-in
- Limited value for standardisation

If no consensus on at least those three interfaces
-> Modularity not feasible

If no consensus on functionality of individual modules
-> Modularity not feasible
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