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Abstract

Quantum computers promise polynomial or exponential speed-up in solving certain problems in comparison to classical
computers. In practical use, however, there are currently a number of fundamental technical challenges. One of them concerns
the loading of data into quantum computers and the corresponding encoding, since they cannot access database systems
directly. In this paper, a hybrid data management architecture in which databases can serve as data sources for quantum
algorithms is presented. Furthermore, a first encoding approach for data organized in tree structures is given.
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1. Brief Introduction from a
Database Perspective

Quantum computers have the potential to perform cer-
tain calculations much faster than classical computers.
They can be used in various application areas, such as
optimization, machine learning or search algorithms, to
name just a few examples [1, 2]. Depending on the prob-
lem, a polynomial or exponential acceleration can be
assumed compared to a classical computer [3]. It is fore-
most a mathematical superiority. This is because general
challenges must be overcome when embedding quantum
computers in database landscapes or software architec-
tures. The main reason for embedding is that data from
data-driven use cases and parameters to be processed
to compute solutions on quantum computers are nowa-
days managed in database systems. The following two
challenges are associated with embedding:

Challenge 1: Quantum computers cannot directly
access data and information from database systems [4].
However, quantum algorithms assume that their data is
already accessible in a suitable form [5].

Challenge 2: Data, which exist in different structures
and models, must be encoded accordingly before they
can be used on a quantum computer. The efficient en-
coding of data is also a challenge [5, 6] and a subject
of research [1]. The reason is the high time consump-
tion of the corresponding encoding routines, which is
exponential in the worst case [4, 7].
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Problem definition: The overall problem is to pro-
vide classical data in different models for use on quantum
computers. The provision goes hand in hand with the
encoding of the data.

In general, the following can be said about today’s
quantum computers: The current generation of quantum
computers (NISQ-Noisy Intermediate-Scale Quantum)
are characterized as noisy and limited in scalability [8,
9]. This means that the number of qubits (the smallest
information units of a quantum computer) is limited, the
qubits themselves are error-prone, and operations on
qubits deviate a bit from the expected result. However,
research is being carried out on improved hardware [10].

Regardless of these current limitations, quantum-
supported database concepts are being developed, but
these are to be understood as concepts and are out of
the question for operational use today. However, this
shows that there is interest in quantum technologies and
their use in the database context. Some of these works
are the following. The future support of database man-
agement systems by quantum computing is mentioned
n [11]. In [12] mention is made of a hypothetical “quan-
tum database” and Quantum Query Language. In [13],
possible applications of the Grover algorithm in database
systems for set operations are described. The advantage
of the Grover algorithm in NoSQL databases was theo-
retically proved in [14].

In contrast, the overall solution to be worked out in
the PhD thesis should be feasible and not purely con-
ceptual or visionary. This is presented in the remainder
of the paper. Section 2 firstly discusses related work on
data provision and encoding. Section 3 then presents
the research direction of the PhD thesis thesis. Section 4
presents the conclusion.


mailto:markus.zajac@fernuni-hagen.de
https://orcid.org/0000-0002-9338-9259
https://creativecommons.org/licenses/by/4.0
https://ceur-ws.org
https://ceur-ws.org

2. Related Work

It can be generally stated that research on the use of quan-
tum computers around database systems and data-driven
applications is rather rare. As outlined in Section 1, work
on this may well be visionary. However, in order to con-
cretely use data in a quantum computer, that data must
be loaded by encoding it into the state of the qubits [4].
In paper [6] it is generally mentioned that loading data
into a quantum computer is a hard problem. The fact that
databases can provide data for quantum computing is
almost not discussed in the literature. The same applies
to possible data exchange procedures between database
systems and quantum computers. The paper [15] deals
with the orchestration of hybrid quantum applications
in the cloud using BPMN-Workflows and uses a database
as input for a specific use case. In [5], there is mention of
the need to transform data from databases for quantum
computing.

The next important topic concerns encoding. Encod-
ing represents the transformed classical data by means
of qubits [5]. Only then can the data be processed on
a quantum computer. In [4, 16, 17], various encoding
procedures are explained, which are understood as pat-
terns. These patterns are self-contained, reusable build-
ing blocks that are to be reused in the construction of
quantum algorithms. The fit of these patterns to real-
world data-driven use cases is not discussed. The use
case data itself can be organized in different data mod-
els or structures. For example, they can be available in
relations, in documents (as semi-structured data), or as la-
beled/unlabeled trees/graphs. The papers do not address
how these logical structures can be encoded.

3. Research Direction

Based on the challenges of Section 1 and the related work
in Section 2, the following research questions arise for
the PhD thesis:

Q1: How is a framework for exchanging data between
database systems and quantum computers?

Q2: How can data in different data models and struc-
tures be encoded using qubits?

Comments on Q1: Previous work [15] uses a BPMN
workflow engine for enterprises to orchestrate a variety
of tasks. In addition, various other tools and program-
ming languages are used, which form a complex mesh
in the end. The framework of this thesis is intended to
reduce complexity. A uniform programming language
and alternative workflow options are to be evaluated for
this purpose. The service layer pattern' can be considered

!Architecture Patterns with Python. https://www.cosmicpython.
com/book/chapter_04_service_layer.html

as an example for this. In addition, event-driven work-
flows are to be supported and economical data exchange
between database systems and quantum computers is
to be explored (cf. Subsection 3.1). Works describing
communication between database systems and quantum
computers considering these aspects are not known so
far. Initial design of this architecture is described in Sub-
section 3.1. However, it is a work in progress and will be
continuously developed.

Comments on Q2: For developed encoding methods a
runtime and space complexity analysis is performed. The
first analyzes the runtime of the encoding methods, the
second the demand for qubits. This task is described as
challenging [5]. In this way, methods can be compared
with each other. In Subsection 3.2, an encoding approach
for a tree structure is conceptually developed, which,
however, has not yet been experimentally verified.

3.1. Data Exchange Framework-A Hybrid
Data Management Architecture

In this Section, we introduce the Hybrid Data Manage-
ment Architecture, which acts as a data exchange frame-
work. A first conceptual idea of the architecture was
published in [18]. Figure 1 shows the schematic structure
of the architecture. It can be roughly divided into two
parts: On the left, a classical system with Applications,
Coordinator, and Databases, and on the right, Quantum
Circuits that process data using quantum hardware or
simulators. Quantum hardware may well be provided as
a service in the cloud.
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Figure 1: Hybrid Data Management Architecture

Databases with different data
models (document store,
graph store, relational)

Firstly we consider the classical system using the ex-
ample of a workflow. For example, an Application should
solve an optimization problem or classify data, to name
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just two examples. The Coordinator is responsible for
data exchange and communication between the compo-
nents of the classical system and the quantum computer.
With the help of the Coordinator, the following proce-
dure results: (1) An Application submits a request to the
Coordinator. The Coordinator initially verifies whether
a problem should be solved by means of a quantum al-
gorithm on a quantum computer in order to process the
request. The Coordinator notifies the Application of the
decision. We assume in the following that a quantum
computer will be used. Otherwise, the data is retrieved
from the Databases and made directly available to the
Application. The problem will be solved classically. (2)
The required data is extracted from the Databases and
pre-processed if necessary. (3) To solve a problem, a
corresponding Quantum Circuit (see below) is generated.
(4) The generated circuit is transmitted to a quantum
computer and execution is initiated. (5) The Coordinator
fetches the achieved result of the algorithm and provides
it to the Application. The Application itself is then in
charge of post-processing.

Next, we look at the structure of a Quantum Circuit. A
Quantum Circuit can be roughly divided into the areas of
State Preparation and Algorithm [4]. The State Preparation
block is responsible for encoding, which means that data
and, if necessary, parameters are loaded and encoded in
a quantum state. This quantum state forms the starting
point for the actual algorithm in the Algorithm block,
which can manipulate the initial state. The execution
of an Algorithm ends with the measurement of the final
quantum state, which represents the result.

Finally, we would like to discuss some aspects of the
realization of the data exchange in Figure 1.

Event-driven workflows: Certain use cases assume
that the relevant data is exchanged on demand. In this
case, the Coordinator creates and transmits the circuit
on request. In other use cases, changes may occur to the
data in the Databases and new data may be added. In such
a case, the circuit should also be updated immediately.
In this scenario, a quantum algorithm operates on data
that is always up-to-date. Both variants are understood
as events. For (or instead of) the Coordinator, alterna-
tive approaches are being tested in this context, such as
publish/subscribe messaging.

Data economy: Considering data restrictions in the
architecture is crucial to quantum computing. More data
requires more qubits and longer runtimes of state prepa-
ration routines. We propose to store data constraints in
profiles to define only a reasonable minimum amount
of data to be processed on a quantum computer. For a
use case, different profiles can be used to manage, for
example, different data value ranges or different node
sets (to partition graphs from graph databases). In the
NISQ era, this is of particular interest since hardware
limitations allow only quantum circuits of certain size.

3.2. Encoding Approach using the
Example of Labeled Unranked Trees

In this section, we sketch an idea of how labeled unranked
trees could be encoded. Figure 2 shows a tree that is to
be encoded. The source tree is converted into a relational
form. The column y of the table represents the neighbor-
ing nodes, the column x represents the corresponding
level. For the purposes of illustration, we represent the
entries of the table in a coordinate system. There, the
connections between the stages and neighboring nodes
per level can be seen directly. Based on this, tree-pattern
queries can be performed. David [19] describes other
time-consuming problems on such trees. Suitable quan-
tum algorithms can achieve a quadratic speedup.
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Figure 2: Various representations of a labeled unranked trees.
1) Source tree 2) The same tree in tabular representation 3)
Translation of the table into a coordinate system.

Using the coordinate system, we explain the concept
behind encoding the tree in a quantum state (Figure 3).
For encoding, each level is first encoded using the basic
encoding method [17, 5] (A). For this, each level must be
represented as a bit string b. This contains all the infor-
mation of a level (like labels and node links). The basic
encoding method encodes each level into a quantum state
|bi). To take advantage of a quantum computer, these
states are used to generate a so-called superposition [5]
(B), which encodes the tree in one state. A superposition
state is the starting point of a quantum search algorithm.

The encoding approach can be regarded as general.
First, logically related information is encoded via the
base encoding before a superposition is generated. Inter-
mediate formats (like a table in Figure 2) can be used to
compose related information.
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Figure 3: Encoding of the tree in the coordinate system from
Figure 2. A) The bit encoding / base encoding is applied for
each level. B) The total tree encoded in superposition.

4. Conclusion

In this paper, the research direction of the PhD thesis
was presented. It covers two topics. Firstly, a hybrid data
management architecture that makes classical data avail-
able to quantum computers using a suitable encoding.
Secondly, the development of efficient encoding methods
for classical data in different data models. The concept
of data management architecture was briefly presented.
Also, a first encoding approach for tree structures was
provided.
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