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Quantum computing is a rapidly evolving field with the potential to
revolutionize various industries. However, as with any powerful technology,
there are also potential risks and challenges that need to be addressed.
One such challenge is adversarial quantum computing, which refers to the
malicious use of quantum computers to compromise security protocols or
perform other nefarious activities.

In this article, we will provide an to adversarial quantum computing and
discuss how to implement it in practice using Qiskit, an open-source
quantum computing framework. We will also explore potential applications
and discuss future directions for research in this area.
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Adversarial Quantum Computing

Adversarial quantum computing is a relatively new and emerging field that
studies the vulnerabilities of quantum computing systems to malicious
attacks. In traditional computing, adversaries can exploit vulnerabilities in
hardware, software, or protocols to compromise systems and steal
sensitive information. Similarly, in quantum computing, adversaries can
leverage the unique properties of quantum systems, such as superposition
and entanglement, to perform attacks that are impossible on classical
computers.

One of the main challenges in adversarial quantum computing is the
development of effective countermeasures to protect against such attacks.
Traditional security measures, such as encryption and authentication, may
not be sufficient to protect against quantum-based attacks. Therefore, it is
essential to develop new techniques and protocols that are specifically
designed to resist quantum-based threats.
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Qiskit is a popular open-source framework for quantum computing that
provides a comprehensive set of tools and libraries for developing quantum
algorithms and applications. Qiskit also includes support for adversarial
quantum computing, allowing researchers and developers to simulate and
analyze potential attacks on quantum systems.

Qiskit Aqua

Qiskit Aqua is a submodule of Qiskit that provides a suite of algorithms and
protocols for quantum optimization, machine learning, and finance. Aqua
includes a module called qiskit.aqua.algorithms.adversarial  that
provides a set of tools for simulating and analyzing adversarial quantum
computing attacks.

The adversarial module in Aqua includes functions for creating adversarial
circuits, simulating attacks, and optimizing countermeasures. It also
includes a library of pre-defined attacks, such as the Grover's algorithm and
the phase estimation attack.

Example Walk-through

In this section, we will provide a brief walk-through of how to use Qiskit
Aqua to simulate an adversarial quantum computing attack. We will
consider the example of Grover's algorithm, which is a quantum algorithm
that can be used to search for a target item in an unsorted database.

The following code snippet shows how to use Aqua to simulate a Grover's
algorithm attack:

The run()  method of the GroverAttack  class simulates the attack and
returns the number of queries required to find the target state. In this



example, the get_oracle()  function creates an oracle that implements
the Grover's algorithm.

Applications

Adversarial quantum computing has a wide range of potential applications,
including:

Cryptanalysis: Breaking encryption algorithms that are currently
considered secure against classical attacks.

Quantum machine learning: Attacking quantum machine learning
algorithms to compromise their confidentiality or integrity.

Quantum simulation: Disrupting quantum simulations by introducing
errors or manipulating the quantum system.

Quantum communication: Intercepting or eavesdropping on
quantum communications.

Adversarial quantum computing is an emerging field with significant
implications for the security and reliability of future quantum computing
systems. By understanding the threats and developing effective
countermeasures, we can ensure that quantum computing is used for good
and not for malicious purposes.

Qiskit is a valuable tool for researchers and developers in the field of
adversarial quantum computing. It provides a comprehensive set of tools
and libraries for simulating and analyzing attacks on quantum systems.
With the help of Qiskit, we can continue to advance our understanding of
adversarial quantum computing and develop effective strategies to protect
against potential threats.
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