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Quantum Toolchains
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Progress in Superconducting Qubits

S
o
S
S
Ll
Q
L d
©
O
=
e
-
<
o
3
-




Computer Science’s Role?
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An Example Use of a Toolchain
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Existing Toolchains
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Major Focus Areas for Quantum Toolchains

1. Errors

Long term:
- Quantum Error Correction to detect/correct general errors
(so expensive that we will basically build an error correcting
machine, and computation will be a byproduct)

Near term:
- Heavy circuit optimization to prevent error accumulation
- Error mitigation techniques



Compiling for Future Machines
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Compiling for Near Term Machines
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Major Focus Areas for Quantum Toolchains

2. Extreme Latency Sensitivity
Limited coherence:
limits measure + fast feedback
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Major Focus Areas for Quantum Toolchains

3. Circuit Synthesis, Optimization, Scheduling
- Automatic synthesis of reversible circuits
- Asymptotically efficient, reduce constant factors

- Gate identity libraries
- Parallelism is affected by gate commutation relations
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Major Focus Areas for Quantum Toolchains

4. Adaptive Compilation
- Qubit/gate characteristics widely vary over time. Adapt.

Frequency (GHz)
T1 (ps)
T2 (ps)

Gate error (10_3)
Readout error (10_2)

MultiQubit gate error
107%




Major Focus Areas for Quantum Toolchains

5. Limited Power Budgets
Heat dissipation at cryogenic
tempratures is a challenge.

QUBIT SIGNAL
AMPLIFIER
One of two
amplifying
stages is cooled
to atemperature
of 4 Kelvin.

Inside Look
Quantum Computer

Harnessing the power of a quantum processor
requires maintaining constant temperatures near
absolute zero. Here's a look at how a dilution
refrigerator, made from more than 2,000 compo-
nents, exploits the mixing properties of two helium
isotopes to create such an environment.

[ JNAT YA
SUPERCONDUCTING |
COAXIAL LINES

In order to mini-
mize energy loss,
the coaxial lines
that direct signals
between the first
and second

CRYOGENIC
ISOLATORS

INPUT
MICROWAVE |

MIXING
CHAMBER

amplifying stages
are made out of
superconductors.

QUANTUM
AMPLIFIERS

Quantum amplifiers inside
of a magnetic shield cap-
ture and amplify processor
readout signals while mini-
mizing noise.

CRYOPERM
SHIELD

The quantum processor sits
inside a shield that protects it
from electromagnetic radiation
in order to preserve its quality.

THE MARCH
TO ABSOLUTE ZERO

rees Fahrenhei

Attenuation is applied
at each stage in

the refrigerator in
order to protect
qubits from thermal
noise during the
process of sending
control and readout
signals

to the processor.

4 800 MILLIKELVINS

4 100 MILLIKELVINS

The mixing chamber
at the lowest part of
the refrigerator pro-
vides the necessary
cooling power to bring
the processor and
associated compo-
nents down to a tem-
perature of 15 mK —
colder than outer
space.

415 MILLIKELVINS

Cryogenic isolators
enable qubit signals to
go forward while
preventing noise

from compromising
qubit quality.




