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Quantum computing is an emerging field in computing technology that harnesses the principles of quantum
mechanics—including superposition, entanglement, and quantum tunneling—to process information in
fundamentally new ways. While classical computers use bits that represent states of either 0 or 1, quantum
computers use quantum bits, or qubits. Unlike classical bits, a qubit can exist in a superposition of the logical states
0 and 1 simultaneously. This property allows quantum-powered systems to perform certain complex computations
much faster than classical computing systems. Quantum computing holds great potential to transform many
sectors by enabling breakthroughs in quantum cryptography, information retrieval, optimization, and artificial
intelligence. Through quantum algorithms such as Grover’s and Shor’s algorithms, quantum computers can
significantly accelerate the speed of data searching and break encryption systems that would take classical
computers hillions of years to crack. While still in the relatively early stages of development, quantum computers

hold considerable potential to shape our next generation of computing.
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Quantum computing is rapidly reaching a point of transition from a theoretical curiosity to a real-world,
transformative technology. The advanced computational abilities of quantum-based systems, harnessed from the
unique properties of quantum mechanics, promise to dramatically shift the speed and efficiency of our systems [,
By moving beyond the classical computing paradigm of binary digits (“bits”) that can only operate in two states (0
or 1) to qubits, which can exist in multiple states simultaneously through quantum superposition, quantum systems
can solve certain computational problems much faster than classical machines [&. This computational efficiency

has wide-reaching implications for cybersecurity, information retrieval, and the optimization of artificial intelligence
&1,

While quantum computing may be viewed as some distant and futuristic innovation more likely to be realized in the
pages of a science fiction novel than in real-world applications, this technology already exists in some form through
hardware like Google’s Willow chip [, IBM’s superconducting quantum processors &I, lonQ’s trapped ion systems
(6l and software platforms such as Qiskit [, Google’s Cirq &, and Microsoft's Quantum Development Kit (QDK) 2!,
While today’s quantum devices remain limited in scale and error rates, their continued evolution reflects rapid
progress toward more robust and scalable systems 19, These developments have far-reaching implications for
fields such as cryptography 2, optimization 2, agri-food 2!, and materials science 24!, If costs decline and

demonstrable value is shown in real-world deployments, rapid adoption is plausible. In that case, the resulting
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impact could be comparable to recent advances in generative artificial intelligence in late 2022/2023. A

consolidated overview of the hardware platforms and software development kit (SDK) is provided in Table 1.

Table 1. Summary of Quantum Platforms and SDKs: Strengths, Limitations, and Maturity.
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Given the impact that this quantum technology may have, it is critical to examine how organizations and society at

large may anticipate opportunities and threats that will be presented and ensure that they are left in a favorable

position for the decades to come.
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This entry provides an introduction to quantum computing and explains related concepts within the context of their

real-world impact on our systems for current and future professionals. The implications of these innovations for

society are then discussed, including how they may impact various information systems, information retrieval, and

the information, knowledge, and computing professionals. Through this analysis, the nature of quantum computing

will be demystified, and the realistic disruptive potential of the technology will be highlighted.
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