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KEY POINTS

Quantum computing is difficult to understand
because its concepts are abstract and rely on
advanced knowledge of mathematics and physics.

We find that conversion from classical contextual
knowledge toward extensional representation is the
most effective for decision makers. Firms already
understand classical solutions, and this knowledge
can help them see the potential of quantum
counterparts.

We develop a conversion artifact that can convert
contextual classical algorithms toward quantum
ones. By doing so, organizations can better evaluate
the potentials of quantum computing in a focused,
evidence-based manner thereby improving
decision-making.

ISSUE

“If you think you understand quantum mechanics, then you don't.” -
Richard Feynman Quantum computing has the potential to
transform fields like finance, where solving complex problems and
green computing are essential. However, its adoption is challenging
because its core concepts are abstract and difficult to understand.
This is largely due to quantum knowledge being presented in
theoretical ways (intensional representations) that require advanced
knowledge of mathematics and the need to develop entirely new
ways of thinking.

Intensional representations use abstract symbols and properties,
offering flexibility but making learning difficult. Extensional
representations, on the other hand, rely on concrete examples and
analogies, making them easier to understand but less adaptable
to different contexts. While intensional representations require
significant effort to grasp, extensional representations simplify
learning by using relatable, real-world examples.


https://iems.ust.hk/publications/thought-leadership-briefs/extensional-knowledge-representation-for-quantum-monte-carlo-analysis-a-design-science-approach
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Extensional encoding, such as the use of analogies, converts
intensional representations toward extensional representations.
However, research into effective approaches for achieving
extensional encoding remains limited. This study examines four
types of intensional knowledge and evaluates how well they can
be communicated through extensional encoding. Based on these
findings, we design an artifact for decision makers to evaluate the
potentials of quantum computing in their local firms.

ASSESSMENT

We adopt a mixed-methods approach, combining qualitative and
quantitative research to explore the transition from intentional to
extensional knowledge. Insights from this study guide the design of
extensional knowledge representations as artifacts within the design
science framework. We then conduct a quantitative study to evaluate
these artifacts, allowing us to validate their effectiveness (Figure 1).
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We carried out a qualitative study to explore four types of knowledge
encoding: common/contextual and classical/quantum knowledge.
The research was done in partnership with a venture capital (VC)
group interested in investing in quantum technology during 2021
and 2022. Our study included five senior managers and decision-
makers, supported by over 200 engineers who provided feedback.
However, the VC group did not have enough expertise to evaluate
quantum technologies or identify promising firms for investment. To
fill this gap, three researchers worked with the group to test different
extensional encoding methods to help them evaluate.

We categorized knowledge into common and contextual types
to understand how they fit into the encoding process. By further
dividing knowledge into classical and quantum domains, we
identified four distinct types (Figure 2).

Figure 2. Knowledge Differentiation
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We designed three qualitative studies. The first study focused

on common quantum knowledge. Researchers translated
quantum physics knowledge into relatable examples (extensional
representations). The second study dealt with classical common
knowledge. Researchers worked with external vendors from

top quantum computing companies to run proof-of-concept
demonstrations. The third study focused on classical contextual
knowledge. Researchers collaborated with business teams to
turn domain-specific classical knowledge into relatable, easy-
to-understand examples. We do not cover quantum contextual
knowledge as most firms lack quantum implementations and their
corresponding knowledge.

The first representation covers basic quantum knowledge. Researchers
explain the fundamental physics behind quantum computing,
emphasizing its business potential. They use a two-hour presentation
featuring an analogy. The analogy involves an experiment where a
system and a device (apparatus) measure results (Figure 3).

Figure 3. Extensional Representation Encoding from Quantum
Common Knowledge (Susskind and Friedman 2014)
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In a simple two-state system, this device interacts with the
system (the spin) and records a value. The device acts like a black
box, showing either +1 or -1 after measurement, indicating the
spin's state. Despite efforts to simplify quantum concepts, some
participants still found it hard to understand how they could be
applied in practice. One participant said:

“lunderstand the analogy aims to simplify the concept, butam
struggling with the leap from a physical black box to quantum
measurements. Understanding this is interesting, but | cannot
imagine how it helps us use it.”

The second approach involved proof-of-concept demonstrations
from external vendors. Five global quantum companies, including
large corporations and startups, showcased financial applications
of quantum computing in three key areas: quantum Monte Carlo
simulation, guantum machine learning, and quantum asset pricing.
One participant raised this concern:

“I believe quantum computing holds potential for the finance
industry. However, most of these demonstrations are conducted
by physics scholars who may not fully understand our business
processes. A crucial concern is how we can effectively integrate it
within our firm.”
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To address this, the third approach involved internal teams to

run demonstration based on existing contextual and classical
examples. The presentations, which lasted an hour, showed how
quantum computing could improve efficiency. One senior manager
commented:

“The analog used in the demonstration effectively highlighted
the advantages of quantum computing with practical, real-
world examples. We should consider applying this approach to
larger-scale use cases. This will not only show our commitment to
innovation but also provide a clear path for integrating quantum
solutions into our core operations. ”

Translating classical contextual knowledge into a quantum
equivalent is more effective than general methods but requires
greater effort and resources. To address this, we developed a novel
artifact to facilitate such conversions. The core idea is to treat
superposition states as distribution variables.

In finance, variables like stock prices inherently involve
uncertainty. Traditional simulations handle this by sampling

from predefined distributions. In contrast, quantum simulations
leverage superposition states to represent multiple possibilities
simultaneously. Our approach shifts from classical single-value
variables to distribution variables. For instance, an asset return
fixed at 1% represents just one possible outcome within a broader
distribution of potential returns. Quantum mechanics enables
discrete representation of the entire distribution, significantly
enhancing computational modeling. This transition from a “point
estimate” to a “distribution estimate” allows for capturing the full
range of potential outcomes.

To test the accuracy of this process, we developed a software
framework called FinQMC to generate quantum circuits.
We conducted two case studies to evaluate the framework:

« Derivative Pricing:
A well-known application of quantum MC methods. FiInOMC
successfully replicated this case, producing results consistent
with previous studies.

« Portfolio Selection:
A new application of quantum MC methods that had not been
studied before. We use it to demonstrate the external validity.

Figure 4. Summary of Qualitative Studies
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IMPLICATIONS:

Organizations need a structured framework to evaluate quantum
computing before adoption. This study introduces extensional
encoding as a practical approach to bridge abstract quantum
concepts with actionable insights. We propose a three-type
framework for extensional encoding, with a focus on converting
classical and contextual knowledge into extensional representations —
identified as the most effective method. Using this framework,

we developed an artifact to facilitate such conversions.

For practitioners, especially in domains like finance, this framework
provides a systematic way to align quantum algorithms with
specific business problems, such as portfolio optimization or risk
management. This ensures organizations can evaluate quantum
computing's potential in a focused, evidence-based manner,
reducing uncertainty and improving decision-making.

Policymakers can adopt this framework to guide funding and tool
development, enabling industries to systematically evaluate and adopt
quantum technologies. By integrating extensional encoding into
research and practice, the framework ensures quantum computing
adoption is grounded in measurable value and clear outcomes.

Figure 5. Theoretical Model for Classical and Contextual Knowledge Encoding
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