
Lecture Topic: Applications in Financial Services

Aspman/Korpas/Mareček (CTU) Quantum Computing May 18, 2023 1 / 57



Practical aspects of quantum computing

Today, we want to make a few remarks on the practical aspects of use of what we
have seen in the �nancial services industry. Therein, one needs to deal with many
more vendors (i.e., salesmen) than universities (i.e., researchers). Let us start with
a few remarks on the practical aspects of quantum annealers, and the vendors
thereof.
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D-Wave Ocean

While there are several quantum annealers across the world in academic
environments, the most well-known vendor is D-Wave Systems.

You can experiment with pip install dwave-ocean-sdk, D-Wave’s
quantum annealing emulator.

Other vendors that develop superconducting quantum annealers are Qilimanjaro
and Avaqus.
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Analogue Quantum Computation

Recall, QA is a type of analog quantum computation based on the concept of
adiabatic quantum computation (AQC).

As such, it is possible to devise systems that perform AQC with stoquastic
Hamiltonians but are not necessarily based on superconducting qubits.

Such examples include Pasqal and QuEra that use arrays of Rydberg atoms which
are highly excited atoms with a large distance between the electron and the
nucleus.
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Hybrid Solvers

Several companies manufacture
specialized classical hardware
(e.g., based on FPGAs) that
simulate quantum annealing, for
example Fujitsu and Hitachi.
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Tensor Networks
Finally, let's mention another approach to solve a number of interesting
optimization problems, again via a QUBO reformulation, calledtensor networks .
NVIDIA is a major player.

Essentially, tensor networks clasically \mimic" the behavior of a large number of
weakly entangled quantum states.
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Focus: D-Wave

D-Wave being the �rst company to �le for a patent.

D-Wave gained a lot of notice once multi-qubit quantum tunneling e�ects were
observed experimental and showed the computational potential it may have.

Their most advanced is the 5,760-qubit Advantage machine with which the
following study was performed:
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Measuring Performance

It is commong to use a metric known as Time-To-Solution (TTS) when
performing benchmarking studies.

Data collected from multiple runs of the QA are used to compute the probability
of �nding a ground state solution for the given con�guration of (adjustable)
parameters. This probability is:

pTTS :=
# of ground state solutions

# of total QA runs
: (1.1)
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TTS proper

The TTS proper is de�ned as the expected time to obtain the ground state
solution at least once with success probability� and it is computed as:

TTS = t run
1 � log�

1 � logpTTS
: (1.2)

Heret run is the annealing time for a single run of the QA and� = 0 :99 by default.

Scheduling is a NP-Hard problem and you should expect that TTS scales
exponentially with the size of the inputN.
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TTS proper

Note that, in practice, when measuring TTS several aspects need to be considered
(many of which are true for other models of quantum computation too), mainly:

problem preparation time

annealing time

readout time

repetition
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Exponential scaling

Quantum optimizers such as QA (are hoped to) solve NP-Hard combinatorial
optimization problems in time proportional to exp(� N
 ) as N ! 1 , for positive
coe�cients � (scaling exponent) and
 .

Reasonable to expect (since scheduling problems are NP-Hard) TTS should scale
exponentially with the problem sizeN in the asymptotic limit for
 = 1.

The value of the� parameter that turns out to �t the experimental results
TTS = T0 exp� N, for some constantT0 > 0, ranges between 1.01 and 1.17
depending on the D-Wave machine.
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