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Abstract—The benefits of using classical computers in the
humanities has been proven by the establishment of the digital
humanities. Recently, quantum computers reached a state in
which advantages can be realized in certain use cases. E.g., initial
feasibility studies in the humanities have shown that some
advantages can already be achieved, and much more can be
expected, especially in applying quantum machine learning. But
building quantum applications requires a deep understanding of
mathematics, quantum algorithms and programming that cannot
be expected by humanists. Consequently, they cannot explore
potentially promising applications or apply concrete potentials of
quantum algorithms. The proposed architecture and method aim
at exactly this, enabling (digital) humanists to easily build their
own quantum applications in the focus area of quantum machine
learning to allow a broad use and critical evaluation of the
potentials of quantum algorithms for humanities research.
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The establishment of digital humanities proves the benefits
of using computers as well as techniques and methods from
computer science for research in the humanities [4, 13].
Especially processing big data fast is stated as one of the greatest
advantages for the humanities [17]. Also, the amount of data
digitally available is constantly increasing [16], thus, a
comprehensive analysis of this data and its critical interpretation
is essential to the digital humanities [13]. This means —
regardless of the discussion of how quantitative results can be
embedded in qualitative understanding and interpretation — that
the demands and requirements for analysis techniques in terms
of their accuracy and usability are constantly growing. Various
platforms for humanists provide tools (mostly specialised in the
analysis of text, e.g., [28, 36, 50], but also suitable for other
topics such as [37]) to explore analysis features in the field of
digital humanities.

INTRODUCTION AND MOTIVATION

Quantum computers are rapidly evolving in terms of number
of qubit, decoherence times, and better error rates [42]. This
allows to solve problems in more and more application areas by
quantum applications [21, 34]. Thus, the vision of quantum
humanities [7] goes beyond the usage of classical computers and
makes use of quantum computers for research in the humanities.
But what can be expected by the use of quantum computers —
with all the given difficulties that this emerging technology still
has [24, 41] — for humanities research? When assuming an
“ideal” quantum computer, there are different potentials that
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need to be taken into account [2]: (i) an (exponential) speed-up
of certain algorithms [47], (ii) the processing of large amounts
of data (quantum parallelism) [45], (iii) the precision of results
for certain problems [20, 48], (iv) the solution of previously
practically unsolvable problems [15, 35], (v) the solution of
problems that are unsolvable in principle classically [46], (vi)
low-cost access relative to the computing power enabled [12],
and (vii) energy efficiency [35].

Nowadays, some of these potentials are still theoretical.
However, initial feasibility studies have shown that some of
them already apply to applications in the humanities. E.g., we
showed that in a given set of costume data, the costumes have
been classified with higher precision by a support vector
machine (SVM) based on quantum kernels than with classical
kernels [2, 8]. In the domain of Natural Language Processing
(NLP), first attempts have been made to exploit some potentials
of quantum computing in the field of humanities research by
enabling the development of NLP models explicitly designed for
execution on quantum hardware (so-called Quantum Natural
Language Processing (QNLP) [27, 31]). Also, the approach of
Quantum Computer Music aims at using quantum computers in
creating, performing, listening to and distributing music [30].

Quantum computers recently became general available and
are easily accessible via the cloud [25]). Today’s machines are
expected to offer advantages particularly in the area of machine
learning [14, 49], which is a technology beneficial to the
humanities. Therefore, as one of the core tasks of the digital
humanities is reviewing new developments from the IT domain
and questioning their “usefulness” for humanities research [22],
we want to answer the question: Is it possible and worthwhile to
exploit with benefits this emerging technology to address
problems from the humanities?

To allow a broad and critical evaluation of these potentials,
humanists (i.e., both, humanists and digital humanists) need to
be enabled to build their own quantum applications. But
currently building such applications is a time-consuming and
cost-intensive effort asking for deep mathematical and physical
understanding of quantum algorithms as well as programming
skills that cannot be expected from researchers in the
humanities. As a result, potentially promising applications and
new ideas cannot be explored or concrete potentials are not
applied. Therefore, the proposed architecture and method has
the goal to enable humanists with a focus on machine learning
to solve problems by building their own applications making use
of quantum machine learning without having to understand the



underlying quantum technology and without having deep
programming skills.

II. RELATED WORK AND MAIN CHALLENGES

In the following, four main challenges are identified that
need to be addresses.

A. Low-Code as Enabler for Quantum Humanities:
Supporting Creativity in Programming

Because programming quantum computers and using
quantum algorithms is very different from their classical
counterparts [51] their use must become as simple as possible.
This demands appropriate methods and tools to enable
humanists translating their real-world problems into the
quantum world. A graphical metaphor to build corresponding
applications is considered to be most effective [10, 23] to get rid
of the needs to understand all the technical details that
programming quantum-based applications requires today. So-
called low-code tools (e.g., [29, 38]) are an upcoming
technology in the business domain that support non-IT-affine
users to solve business problems from their domain with
software build by themselves without any support from IT
specialists. Challenge 1: A graphical language and
corresponding low-code tool hiding idiosyncrasies of quantum
computers and quantum algorithms is needed to easily allow
non-IT savvy users to exploit quantum computing to solve
problems in the humanities

B. Enabling Reuse: Finding Suitable Solutions

Many quantum algorithms exist that solve dedicated
problems. For a specific problem at hand, several algorithms are
available to solve it. It requires a deep understanding to
determine which algorithm to use in a given problem context. In
order to find proven solutions for a problem in a certain context
without assuming such a deep understanding, pattern languages
are in use since decades [1, 9]. They are a suitable vehicle to
support non-specialists in discovering solutions that are
independent of any specific technology. Also, an easy-to-use
search capability is needed that allows to simply specify some
details about the technology or properties, and that returns the
available implementations to be selected. Such a search targets
libraries of implementations, for example [40]. Patterns are
more suited for discovery, which is more exploratory in nature,
while search is more geared towards fast satisfaction of
information demand. Both, discovery and search, are the basis
for supporting reuse: reuse of knowledge and reuse of
implementations. This will provide the key underpinning of
enabling humanists in efficiently making use of quantum
computing. Challenge 2: Two ways of enabling reuse are
needed: reuse of knowledge by means of discovery of quantum
algorithms, and reuse of algorithm implementations by means of
search capabilities. Furthermore, an overall method should
include guidelines about how and when to make use of them.

C. Ensuring Reproducibility: Building Application Packages
Automatically

Enabling evaluations of the benefits of quantum computers
for the humanities is one of the core objectives. Thus, all results
must be reproducible and verifiable by the scientific community.
This implies that the application used to achieve new insights,
but also all collateral IT artefacts like data that contributed to

such insights must be made available to the public. This can be
done by packaging all the artefacts into a single file and adding
information about how to reconstruct the overall environment
from the artefacts to be able to execute the application. This
additional information is called the topology of the overall
system. The collection of artefacts together with the topology
can be wrapped into an archive that is shared [4, 54]. Challenge
3: The automatic construction of application archives including
their topology is a mandatory prerequisite for reproducing and
verifying research results in the digital humanities and quantum
humanities.

D. Maintaining Simplicity: Avoiding Non-Application-
Specific Knowledge

Reuse, i.e., creating applications from pre-existing building
blocks, is a well-established method to significantly increase
efficiency and productivity in building software. Simplicity of
reuse as required by non-IT users is a significant challenge
especially in the domain of quantum computing and machine
learning. The reason for this is that algorithms in these domains
typically need a lot of parameters as input and the semantics of
the parameters are often not at all related to the application
problem itself (hyperparameters) [11, 18, 39]. This is a major
obstruction for reuse in these domains by non-IT users.
Challenge 4: Optimal hyperparameters must be determined
automatically [FH19] to enable non-IT savvy users to get best
results from their applications without having to understand the
technicalities behind reused artefacts. This requires
corresponding extensions to include hyperparameters of
quantum algorithms.

III. OBJECTIVES OF THE ARCHITECTURE

The overall goal is to enable humanists to benefit from the
emerging new technology of quantum computing. This includes
developing their own quantum applications that will allow a
comprehensive and critical evaluation of the technology and its
usefulness for answering existing and new questions in the
humanities. The focus is on quantum machine learning because
many applications from the digital humanities demand more
advanced analysis of their growing amount of data as
quantitative basis for qualitative interpretations. Also, quantum
machine learning is successfully applicable in certain cases
already today. But there is much more to be explored in terms of
application areas, and in terms of the benefits of more mature
quantum computers very soon. As quantum computers are
expected to have ground-breaking impact, knowledge about
proper use of this technology has to be build up already today,
especially in areas where the gain of its use is very high but the
knowledge gap is considered particularly high too.

Several intermediate goals must be achieved in order to
successfully exploit the new horizons of quantum humanities:
(1) Based on challenge 1, the proposed architecture needs to aim
at providing an easy-to-use graphical language and a
corresponding tool enabling humanists to build applications that
especially exploit quantum computers and implementations of
quantum algorithms in the field of quantum machine learning.
For this, only very little programming skills and no
understanding of quantum technology is required. (ii) Challenge
2 states the need for supporting to find appropriate quantum
algorithms and their implementations. (iii) Also addressing
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Fig. 1. Overall architecture and method

challenge 2, the goal to be reflected is to provide a method that
recommends how humanists can build their own quantum
applications based on the proposed environment tackling the
issue that complex tools often lack user-friendly instructions of
their use, implying that humanists use a trial-and-error approach.
(iv) Taking challenge 3 into account, the architecture needs to
include automatic construction of application packages together
with their topology as prerequisite for reproducing and verifying
research results in the digital and quantum humanities. (v)
Additionally, addressing challenge 4, a usage mode of quantum
machine learning algorithms that frees humanists from
understanding detailed parameters expected by the algorithms
needs to be reflected. (vi) Both, the architecture and method
need to be evaluated by use cases to ensure the suitability for the
target users.

IV. ARCHITECTURE AND METHOD

The overall architecture and method to achieve the stated
goals is depicted in Fig. 1. Central is the development
environment (A) that allows a graphical composition of
quantum applications. For this purpose, steps as graphical
abstractions of individual tasks to be performed by the
application are dragged to the canvas of the composer and are
graphically plugged together. Which steps to be used to solve a
particular application problem are suggested to the humanist by
a step discovery tool that is part of the development
environment. This discovery tool is using knowledge that is
stored in a pattern base [26, 52] provided by the tool. A humanist
who already knows which step to use can fetch it from the step
pallet. Graphically plugging steps means to control the flow in
which they are to be performed, i.e. if they are to be performed
sequentially, in parallel, conditionally etc.. A control flow pallet

provides easy access to such instructions. A step requires input
data and produces output data, and the input of one step may be
determined from the output of former steps. A data flow pallet
offers graphical elements to easily specify such data
assignments. While a step describes a task of the application in
the abstract, several so-called building blocks are concrete
implementations of the task to be performed. If several
implementations of a given step are available, a proper one can
easily be found via the building block search based on tags or
facets that resemble the context of the application.

As Fig. 1 shows, a method (B) is proposed that a humanist
can follow to successfully develop a quantum application. The
actions of this method need to be extensively described for its
users, and its appropriateness has to be verified by use cases with
humanists (I). Each application has a context that is defined by
a set of tags sketching, for example, the domain of the
application, the research questions addressed etc.. By consulting
the pattern base, individual steps of the application can be
discovered. The control and data flow between the steps are
(graphically) defined. Based on the context of the application
and preferences of the humanist, a search needs to identify
building blocks that implement the steps of the application.
Once the application is composed, it has to be build, i.e., all
software required is drawn into a self-contained package. Based
on this, the application can be run. The humanist can then
evaluate the results produced by the application and may decide
to change the application. Finally, the building blocks
contributing to the result of the application should be ranked:
this allows to capture the experience of the humanist made with
the building blocks and, thus, help other humanists to search
more appropriate building blocks in their application context.
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A building block as a concrete implementation of an
algorithm may demand parameters that are not perceived as
canonical data by a using humanist. Thus, a step may miss to
provide data expected by the building block implementing the
step. A connector (C) bridges the perception and the demand by
automatically enriching the step’s data such that they fit a
building block’s requirements. Special kind of input parameters
required by the building block that steer the execution of its
implementation  (so-called  hyperparameters) can be
automatically retrieved from a hyperparameter pool. The
retrieved parameters need to be optimized for the humanist’s
current application. The hyperparameter pool stores for each
algorithm and for each of its implementations hyperparameters
that are optimized for a certain application context (G, H). The
application context is specified by a humanist as one action of
the method (B). Another action of the method suggests that a
humanist should rank the results produced by the building
blocks of the application. This application context as well as this
rank is associated in the hyperparameter pool with the optimized
hyperparameters (H).

Hyperparameters are typically optimized by programmers
based on application data of a use case (G). For this purpose,
programmers use several of the well-known and already
available hyperparameter optimization (HPO) frameworks [19,
53]. An initial set of optimized hyperparameters together with
their associated contexts and rankings may result from cases
such as [6, 32] and [3, 33]. To allow reproducibility all proposed
tools should be made available as open-source with documented
interfaces. Thus, optimized hyperparameters can be added to the
hyperparameter pool for new algorithms and their
implementations at any time by any third party, and contexts and
ranking may be added similarly by humanists. Hyperparameter
optimization is one of the actions of the method suggested for
programmers (D). This method also foresees an action by a
programmer (likely jointly with the humanist) to identify new
steps required to build an application for a use case. Since steps
have a certain graphical appearance that should enable to easily
recognize the functionality and use of a step, there is a
development effort implied by this action. Steps are quite
generic (e.g., store data, prepare a quantum state, cluster a data
set etc.), i.e. it is expected that most steps needed to build
quantum applications by humanists with focus on quantum
machine learning that need be made available. However, new
steps can be added to the tools at any time by third parties to
extend the tools — even beyond the quantum machine learning
area. The method for programmers (D) also contains an action
to document best practices about which step to use in order to
solve which application problem (i.e., a pattern). This makes up
the pattern base used by the step discovery tool of the
development environment. Furthermore, implementations of
these steps can be determined as building blocks. Application
domain specific properties of building blocks can be added by
programmers by using tags and facets to enable an easy search
of building blocks by humanists when building their own
applications. The development of a connector that bridges
between a step and its implementing building block (C) is
another action to be performed by a programmer. The final
action of the method is to import the created artefacts into the
application management tool.
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The application management tools (E) supports the import of
steps, connectors, and building blocks. It stores these artefacts
in corresponding repositories. Similarly, complete applications
are stored such that they can be retrieved by third parties for
verification of the research results produced by the application,
or for reuse by other humanists. A complete application is
represented by a package that contains all software artefacts
required to execute this application. Such an application package
is automatically built, i.e. humanists have no need to even be
aware that a corresponding package is build. Once an
application package has been built, it can be automatically
deployed and it is ready for execution. The latter is supported by
an execution environment (F) that consists of an engine that
interprets the graphical representation of the application logic,
that hosts connectors, and that can interact with building blocks
in their environment.

V. CURRENT STATUS AND OUTLOOK

For now, the proposed architecture of a comprehensible
holistic quantum machine learning environment is still a vision
and not all planned components have been implemented yet.
Nevertheless, initial steps have been taken to address the
challenges outlined and to provide first components for the
overall architecture. For example, our tool QHAna, Quantum
Humanities Analysis tool [43], provides the basis to the core
components envisioned in the overall architecture. QHAna is a
plugin-based tool that enable (digital) humanists to build their
own machine learning pipelines also making use of quantum
machine learning, allowing a comparison of the result of
classical and quantum-based machine learning for different
application areas in the humanities. Also, the pattern base relies
heavily on patterns from the field of quantum computing. This
is something my team and I have worked on extensively and
already provide several patterns in our Pattern Atlas [44] that
offer easy access to quantum computing knowledge. In future
work, we plan to continuously add further components to
approach the overall vision.
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