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Moonshot Goal 6:
Realization of a fault-tolerant universal quantum computer that will

Performance revolutionize economy, industry, and security by 2050.
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- A fault-tolerant universal quantum computer (FTQC)

is a complicated system with many layers, such as

designing qubits, controlling qubits, Performance of FTQC
error correction, compiling, applications.

» A cross-layer codesign model encompasses
metrics and trade-off relations in these layers,
and through optimizations and simulations,
predicts the performance of the FTQC.




Case in point:
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On-line decoder with SFQ-based superconducting digital circuits.
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Case in point:
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- In the development stage of the cross-layer
codesign model, it works as a hub to promote
research in the Theory/Software Project.

Encouraging interactions among them
Letting them communicate in the same language

Helping them see the big picture toward the Goal
of the Moonshot program.
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- In the development stage of the cross-layer
codesign model, it works as a hub to promote
research in the Theory/Software Project.

- Once the prototype of the model is constructed, Performance of FTQC
it will work as a pilot to guide the researchers
(theoretical/experimental) in the Moonshot
Program toward its Goal.

Trade-offs in various levels:
Choice of parameters in hardware design

Allocation of time and money
22 xx

. 5
single layer. Xéj xAA "

Hard to know what is the best within a {ro——
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- In the development stage of the cross-layer
codesign model, it works as a hub to promote
research in the Theory/Software Project.

- Once the prototype of the model is constructed, Performance of FTQC
it will work as a pilot to guide the researchers
(theoretical/experimental) in the Moonshot
Program toward its Goal.

- As the model extends its scope, it may serve
as an adviser in determining the direction of the’

Program. * x xx

Optimization over multiple layers may reveal N
N
a true bottleneck xgj x ‘A

Comparison of different approaches
through the model may clarify pros and
cons.
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» In the development stage of the cross-layer State-of-the-art
design guideline

codesign model, it works as a hub to promote
research in the Theory/Software Project.

» Once the prototype of the model is constructed,
it will work as a pilot to guide the researchers
(theoretical/experimental) in the Moonshot
Program toward its Goal.

- As the model extends its scope, it may serve
as an adviser in determining the direction of the’

Program.

* x x
- The model can eventually put together the state- : & x
of-the-art results in each layer to produce an - xw
optimized design of FTQC, serving as a dynamical
blueprint.




Distributed computing systems (zMOONSH(QMT

» Optional for some physical systems, inevitable
for others.
Chip size constraints, heating problems...

* Requires good interconnectors

 Decoherence, latency, lower connectivity

- Compilation tends to be complicated

- Integration issues are mitigated
- Heterogeneous node types: possibility of cherry-picking

* Flexible connection geometry

- Non-local encoding may robust against burst errors and control errors.
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