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Abstract  Quantum computing is the most promising computational advance of the 

coming decade for solving the most challenging problems in supply chain 
management and logistics. This paper reviews the state-of-the-art of 
quantum computing and provides directions for future research. First, 
general concepts relevant to quantum computers and quantum 
computing are introduced. Second, the dominating quantum 
technologies are presented. Third, the quantum industry is analyzed, and 
recent applications in different fields of supply chain management and 
logistics are illustrated. Fourth, directions for future research are given. 
We hope this review to educate and inspire the use of quantum 
computing in the fields of optimization, artificial intelligence, and machine 
learning for supply chain and logistics. 
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INTRODUCTION  
The concept of quantum computing (QC) was introduced in the early 1980s (Feynmann, 1982), 
Beniof, 1980 using quantum effects while building a new type of computer hardware, the 
quantum computer. To use quantum computers, new types of algorithms, quantum algorithms, 
were developed. The foundations date back to David Deutsch in 1985 with the Deutsch-Algorithm 
(Deutsch 1985), Peter W. Shor in 1994 with the Shor-Algorithm [Shor, 2002)], and Lov K. Gover in 
1996 with the Gover-Algorithm [Grober, 2021], and others (). They are examples of quantum 
algorithms that solve computationally intense, NP-hard, and P-hard problems that outperform 
classical algorithms (Ball, 2020). 
Simply put, QC differs from classical (binary) computers by taking advantage of properties unique 
to quantum mechanics, making it possible to probe more possibilities simultaneously. This is 
especially useful for the large-scale combinatorial problems that are typical for supply chain and 
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logistics. Most optimization problems common in supply chain, such as planning, scheduling, 
decision making, data analytics, logistics, and many other fields (Pardalos, 1987) are getting 
computationally expensive while increasing e.g., the search space or the number of constraints. 
Nowadays, quantum (heuristic) algorithms have been proposed with promising performance. For 
instance, back in 2019, Google claimed to have reached ‘quantum supremacy’ [Murgia and Water, 
2019]. Series of quantum operations were performed in 200 seconds which would take a classical 
supercomputer about 10'000 years to do (following Google) or two and a half days (following IBM 
(Ray,2021). Either way, it is widely accepted that QC can find answers within the relevant time 
where classical supercomputers fail today. 
There are two prominent quantum technologies, the quantum gate-based and the quantum 
annealing-based models (Preskill, 2018), as well as hybrid settings. While quantum gate 
computers allow programming with logical gates like classical computers, quantum annealers 
work differently (Johnson et al, 2014; Smolin and Smith, 2014). In what follows, this review 
focuses more on quantum annealers that solve problems without the need to understand the 
underlying quantum mechanical effects. This is because unlike quantum annealers, gate-based 
quantum computers do not have sufficient qubits to solve today’s real-world problems (Leprince-
Ringuet, 2021). 
This paper reviews important scientific and specialist publications from January 2016 to August 
2021 in the field of QC to explore the application potential of QC and identify promising avenues 
of investigation for the supply chain and logistics researchers. The review is organized as follows: 
Section 2 reviews quantum computing, including quantum effects, quantum computers, and the 
state of the QC industry. Section 3 describes current frameworks, and applications in various 
supply chain settings. Section 4 deducts research directions for applied quantum research in 
supply chain and logistics.  
 
Quantum Computing 
Classical information theory is a mathematical theory of processing, storing, and transmitting 
information. Quantum information theory investigates how quantum mechanical systems can 
perform similar tasks (Datta, 2006) by applying quantum mechanics effects, which are usable with 
different kinds of QC, and are made available to business users and researchers through different 
means.  
Quantum Effects  
There exist four QC key effects: superposition, interference, entanglement, and tunnelling. The 
first effect of QC is superposition. The fundamental unit of information in classical computers is 
referred to as classical bit (also mentioned as cbit) and is in either of two discrete states, "0" or 
"1". In contrast, the fundamental units of QC are called quantum bits (qubit). Like the bit, a qubit 
is based on two basic states, but is a two-state quantum-mechanical system. The quantum state 
of a qubit exists in a superposition of both basic states simultaneously. Therefore, qubits enable 
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the exploration of richer sets of states in an extended solution space, as shown in Figure 1. As one 
qubit represents a superposition of two states, two qubits represent four states, three cubits eight 
and so forth (see Table 1). Thus, the simultaneously 
 
 

Figure 1. Bit vs. qubit 
(own figure based on Hidary, 2019) 

 
Figure 1 explains the increased information density due to the unique possibility of superpositions 
in a qubit compared to a bit. Each row is an example of information represented by a single bit 
compared to a single qubit. Therefore, a single qubit can represent much more information than 
a single bit. For example, the first row shows the two distinct states of "0" or "1" of a single bit 
and in a single qubit in a superposition state of "0" and "1" simultaneously. The second row shows 
the two distinctive states of a bit again, while a single qubit can also represent 1/3 as empty and 
2/3 as filled. The same goes for the third row. If a single bit represents the state of 20 apples, all 
apples are either empty or filled. In contrast, representing the state of 20 apples as a single qubit 
in a superposition enables to have, for example, 8/20 empty and 12/20 filled apples 
simultaneously. 
A bit is often represented as a factor of two elements (α, β) T where 𝛼 stands for "0" and 𝛽 stands 
for "1". Therefore, the state "0" is represented as (1, 0)T and "1" as(0, 1)T. Qubits are a linear 
combination of two possible states of "0" and "1". A qubit is any combination (α, β) T where 𝛼 and 
𝛽 are complex numbers that satisfy the normalization condition |α|2+|β|2=1 The normalization 
is necessary to interpret |α|2 and |β|2 as probabilities for measure outcomes of the two primary 
states “0” and “1”. Eq. (1) shows the quantum states as a quantum states system in Dirac Notation 
(Hidary, 2019) 

|𝜓⟩ =	𝛼	|0⟩ + 	𝛽	|1⟩, 𝑤ℎ𝑒𝑟𝑒	|0⟩ = 0101 ,
|1⟩ = 0011 , 𝑎𝑛𝑑	

|𝛼|! + |𝛽|! = 1	 (1) 

 

Single Classical Bit  
(distinct states) 

Single Quantum Bit  
(states simultaneously) 

 OR   

𝟎 𝟏 |𝝍⟩ =
𝟏
√𝟐

	|𝟎⟩ +	
𝟏
√𝟐

	|𝟏⟩ 

 OR   

𝑬𝒎𝒑𝒕𝒚 𝑭𝒊𝒍𝒍𝒆𝒅 |𝝍⟩ =
𝟏
√𝟑

	|𝟎⟩ +	
√𝟐
√𝟑

	|𝟏⟩ 

 

 

OR 

 

 

 

 

𝑨𝒍𝒍	𝑨𝒑𝒑𝒍𝒆𝒔	𝑬𝒎𝒑𝒕𝒚	 𝑨𝒍𝒍	𝑨𝒑𝒑𝒍𝒆𝒔	𝑭𝒊𝒍𝒍𝒆𝒅	 |𝝍⟩ =
√𝟖
√𝟐𝟎

	|𝟎⟩ +	
√𝟏𝟐
√𝟐𝟎

	|𝟏⟩ 

 
 
 
 

 
 
 
 

 
 
 
 



Asian Journal of Logistics Management, Vol. 1 No. 1, May 2022 

 

60 Gachnang et al. 

The second effect is quantum interference, which biases the qubit towards a desired state or set 
of states. This effect can be explained by a marked coin that tends towards the head or the tail. 
The third effect, entanglement, is the possibility of two or more quantum mechanical systems 
becoming a single unique system. When qubits are entangled, they form a system where the 
quantum state of each qubit in the system cannot be described independently. Thus, any 
operation applied to one of the entangled qubits correlates to the states of the others which 
enables the prediction of possible states of one qubit by measuring the other. The fourth effect 
is quantum tunnelling, in which particles behave like waves and propagate through a potential 
barrier. This wave weakens when it hits the barrier, but in quantum mechanics there is the 
probability that the particle will pass the barrier on the other side. This effect is especially 
interesting for quantum annealers and allows them not to ‘get stuck’ in local optima. Together, 
the above unique properties of QC increase the density of information and enable QC to 
manipulate many combinations of states at once, and thus to find solutions by simultaneously 
exploring multiple states in search spaces in concurrent applications. Table 1 illustrates how 
qubits and classical bits compare. 

Table 1. Air Transport of Goods By Country 
Qubits 2 3 10 16 20 30 35 100 280 
bits required to 
represent an 
entangled state 

512 
bits 

1024 
bits 

16 
KB 

1 
MB 

17 
MB 

16 
GB 

550 
GB 

more than 
atoms on 
earth 

more than 
atoms in the 
universe 

 
Quantum Computers 
There exist two types of QC: quantum gate-based and annealer-type quantum computers, as well 
as hybrid variations. 
The quantum gate-based model resembles classical computers. Individual qubits are directly 
programmable with quantum gates, like logical gates in conventional digital circuits. A quantum 
gate-based processor is thus a universal programmable calculator that converts inputs of qubits 
into outputs of qubits (Matthews, 2021). Like AND, OR, and NOT gates, which manipulate bits in 
logical circuits, quantum gates transform qubits in quantum circuits. The processors that 
implement quantum gate-based models with more than 50 fully connected qubits are called 
noisy-intermediate scale quantum (NISQ) devices. The lower limit of about 50 qubits is considered 
the threshold above which quantum devices can no longer be reasonably simulated by traditional 
supercomputers (Guerreschi and Matsuura, 2019). 
Unlike many classical logical gates, a QC can only perform reversible operations due to the nature 
of quantum mechanics. For example, setting an individual bit to "1" or "0" like in classical 
computers is irreversible and invalid in quantum systems. However, it is possible to perform 
classical computing using only reversible gates and ancilla bits, extra qubits only used for the 
operation. The advantages of quantum gate computers are the programmability with logical 
quantum gates (Matthews, 2021). The disadvantages of quantum gate computers today are that 
they do not have enough qubits to solve many business-relevant problems (Leprince-Ringuet, 
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2021), and that the qubits in a quantum gate computer need intense error correction (Farhi et 
al., 2000). However, this will change as QC technology improves and QC with 1'000 qubits enter 
the market (IBM, 2020; Cho,2020]. 
In contrast to the quantum gate-based model, quantum annealing is a metaheuristic approach to 
solving optimization problems (Johnson, et al., 2011), (Farhi et al., 2000; Das and Chakrabarti, 
2009; Smelyanskiye et al., 2012) by optimizing the cost or energy functions of complex systems 
that emulate quantum fluctuations (Das and Chakrabarti, 2008). Several studies indicate that 
quantum annealing outperforms traditional simulated annealing (Santoro et al., 2021; Martonak 
et al., 2002; Baldassi and Zecchina., 2019). Quantum annealing is based on the thermodynamical 
principle of strive for minimal energy states. In nature, physical systems tend to evolve toward 
their lowest energy state: objects slide down hills, hot things cool down, and so on. This property 
makes quantum annealing well-suited to specific optimization problems, where the problem can 
be formulated as a system that advances to the lowest energy state. 
What’s more, quantum annealers start their heuristic search with multiple starting points 
simultaneously and explore the search space in parallel and much faster due to superposition and 
quantum tunnelling (Wave System Inc., 2021). This is different in classical computing and with 
classical algorithms, which tend to be either exact methods and must therefore explore the entire 
search space or use heuristics. The latter typically having to incorporate multiple runs to find 
global, rather than local optima.  
In contrast to the quantum gate-based model, quantum annealers are not programmable, and 
users cannot modify qubits like in the gate-based model. Instead, quantum annealers take 
advantage of quantum mechanics by describing a problem as discrete optimization problem 
formulated as Ising or Quadratic Unconstrained Binary Optimization (QUBO) (D-Wave Systems 
Inc., 2021). For example, many optimization problems can naturally be expressed as N-hard 
problem of finding the ground state, or minimum energy configuration, of an Ising model 
Hamiltonian [12], as depicted in Eq. (2), 

min
!8,…,!9

$%𝑎$𝑞$% + % 𝑎$&𝑞$%𝑞&%
'

()$*&

'

$+(

)	 (2) 

 
where a_j∈R and pre-defined linear weights, a_jk∈R and pre-defined quadratic coupler weights, 
and q_j^z are Pauli matrices assigning values {1} to spin values {↑,↓}. 
Eq. (2) shows the general Hamiltonian minimization of an optimization problem as Ising model 
with a quantum annealer. The disadvantage of quantum annealers is that they are limited to the 
above models and are not universally programmable computing machines (D-Wave Systems Inc., 
2021). 
 
Quantum Computing Industry and Applications 
Quantum Computing Industry  
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Applied research and development in quantum computing for supply chain is closely linked to 
some new, and some established companies in the realm of computation. To start mapping the 
quantum computing industry, Table 2 lists a current set of quantum gate-based computers, while 
Table 3 Lists potent quantum annealers. 

Table 2. Quantum Gate Computers Overview 
Manufacturer Name Qubits Release Ref. 
USTC Jiuzhang 76 2020  (Zhong et al., 2020 
Google Bristlecone 72 2017  (Kelly, 2018) 
IBM Hummingbird 65 2020  [21] 
Google Sycamore 53 2018  (Martinis, 2019) 
IBM IBM Q 53 53 2019  (Nay and IBM 

Research, 2019) 
Intel Tangle Lake 49 2018  (Intel, 2018) 

 
Table 3. Quantum Annealers Overview 

Manufacturer Name Qubits Release Ref. 
D-Wave D-Wave 2X over 1000 2015 - 
D-Wave D-Wave 2000Q over 2000 2017  (Gibney, 2017) 
D-Wave D-Wave Advantage over 5000 2020  D-Wave Systems Inc., 

2021 

 
Please note that D-Wave systems have more qubits due to specific requirements and 
architecture. Unlike a quantum gate-model computer, the qubits of the quantum annealer are 
not fully connected. D-Wave does speak of the physical qubits of their annealers, as opposed to 
the qubit counts in a gate-based model quantum computer where the number mostly represents 
the logical programmable qubits. 
The performance and possibilities of QC are not only determined by the number of qubits, but 
also depend on their error-proneness and entanglement potential. A challenge today is to 
manage the error correction and fault tolerance of a quantum device (Cho, 2020). Many physical 
entangled qubits are required to safeguard the state of a single logical qubit. According to (Cho, 
2020), a QC with 1'000 safeguarded logical qubits requires many million physical qubits. Google 
has plans to achieve a universal programmable device with 1'000 qubits within the next ten years. 
IBM plans to have a 1'000 NISQ device by the end of 2023 (IBM, 2020). 
Figure 2 illustrates the relationship between error rates and the number of qubits. The arrow 
depicts Google's purposes for the research and how they hope to access near-term applications 
on the way to building an error-corrected quantum computer (Kelly, 2018). Before QC became 
available, many simulators were developed in programming languages, among others C++ 
(Quantum++) to Java (jQS). An extensive list is available under quantiki.org, 2021. 
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Figure 1. Relationship between error and number of qubits  

(source: 32) 
 
The quantum computer ‘Weber’ is currently the only one available by Google, which has 53 qubits 
because one qubit has a defect (Google, 2021). The list of IBM's quantum processors is long, and 
the services offered by IBM Quantum System One (IBM, 2019) and IBM Quantum Network (IBM, 
2019)2 are unique. Intel invested in quantum hardware research overcoming the challenges in 
QC scalability to a larger qubit number (Intel, 2020; Petit et al., 2020).  

Multiple governments have established programs to explore quantum technologies, such as the 
UK National Quantum Technologies Programme (Knight and Walmsley, 2019), the Centre for 
Quantum Technologies in Singapore (Singha Et al, dkk), and a Dutch program for developing 
quantum computers called QuTech (The Economist, 2015). The European Union announced the 
Quantum Technology Flagship in 2016, a ten-year and Euro 1 billion megaproject that started in 
2018 (Riedel, et al., 2017). In 2018, the United States passed the National Quantum Initiative Act, 
which provides a budget of US Dollars 1 billion annually for quantum research annually (Raymer 
and Monroe, 2019).  
Quantum research is on the agenda of many top-tier universities. In Switzerland, for instance, 
ETH Zurich is providing CHF 32 million (Quantencomputer, 2021; Hennemann, 2021) to establish 
a joint center for the development of quantum computers in May 2021. It aims to advance in the 
realization of quantum-based computers and build experimental quantum processors and 
investigate ways to create faster and more reliable qubits (Grimm et al., 2021;) 
In industry, leading companies in the private sector such as IBM, D-Wave, Google, Microsoft, and 
Amazon have made substantial investments and established business models in quantum 
technology and made QC available as a service. This gives rise to the potential to accelerate the 
modeling and solution of complex societal, macroeconomic, and environmental problems on a 
global scale using QC. The key quantum technology providers of 2021 and their products are 
outlined below, as to facilitate matching with research and applied problems. 
 
IBM Quantum Network, Qiskit. The core technology used by IBM is the quantum gate computer 
model using NISQ devices (IBM, 2020), which is provided in the IBM Quantum Network, a 
community of over 140 Fortune Global 500 companies, academic institutions, national labs, and 
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start-ups (IBM, 2021). This network focuses on three areas: In research, IBM empowers 
organizations with knowledge to jointly advance in the field of quantum computing. In application 
development, the Qiskit framework development builds the core. Qiskit is an open-source, 
modular, and extensible quantum programming framework for application development written 
in Python. In education, IBM supports and trains academic institutions to acquire and teach the 
skills necessary to capitalize on QC (IBM, 2021). Since March 2021, IBM is offering the quantum 
industry's first developer certification (Asfaw et al., 2021) and is promoting Qiskit (IBM, 2021) 
used in education by many renowned universities, among others the Universities of Cambridge, 
Melbourne, München, Oxford, Tokyo (IBM, 202. In addition, the IBM Quantum Network 
comprises huge companies such as Accenture, Boeing, Daimler, ExxonMobil, Samsung, PayPal, 
and others [IBM Institute. 2021]. 
 
D-Wave Quantum Annealer, Ocean. Announced as the first supplier of commercial quantum 
systems, D-Wave was founded in 1999. It provides the quantum annealing technology via cloud 
service and an API called Ocean yei you pa8j. Ocean is an open-source framework written in 
python. The framework implements the computations needed to transform an arbitrarily posed 
problem into a form suitable for a quantum solver. which is hosted in D-Wave’s cloud (D-wave 
System ink. . The company recently announced a new hybrid solver where users can combine the 
annealing and gate-model technologyD-Wave also provides a platform for the community of 
organizations, universities, developers, and researchers (D-Wave Systems Inc, 2021) and thus 
maintains an education network with renowned universities, among others the Universities of 
Tokyo, Warsaw, Stanford (D-Wave Systems Inc. 2021) 
 
Additional Industrial Quantum Computing Players. Google offers a QC service to scientists 
developing algorithms (Google, 2021). However, unlike the other two providers, Google is 
focusing less on hardware and more on quantum simulators and software to generalize quantum 
programming to develop novel quantum algorithms (Google, 2021). Google’s open-source 
framework is called Cirq and is designed for developing and experimenting with NISQ algorithms 
on near-term quantum processors. The framework offers featured libraries and extensions such 
as OpenFermion to translate chemistry and materials problems into quantum circuits, TensorFlow 
Quantum for quantum machine learning, and qsim to simulate circuits integrated with Cirq to 
name a few (Google, 2021). 
Microsoft invests in QC and offers several services, including the entire QC stack. The front end 
includes development tools that are included in the quantum development kit. The kit includes 
Q#, a high-level programming language for programming quantum algorithms, quantum 
simulators, libraries, and samples for arithmetic, chemistry, and for machine learning quantum 
development. Microsoft's quantum optimization solvers run on classical and accelerated 
computing resources in Azure (Nayak, 2021). 
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Amazon Web Services (AWS) offers a fully managed QC service to work with different types of QC 
and circuit simulators using a consistent set of development tools via Amazon Braket. Amazon 
does not develop or research its own quantum devices and provides hardware from other 
providers in the cloud (Amazon, 2021). The quantum devices made available are D-Wave's 
quantum annealers (Amazon b, 2021). 
 
Applications of Quantum Computing in Supply Chain 
Based on (Gil Dario et al., 2018), (Mohseni et al., 2017), applications of QC relevant to this review 
can be grouped into three main areas: optimization (e.g., travel and transportation, supply chain 
management, network infrastructure, traffic control, workload scheduling), artificial intelligence 
and machine learning (e.g., sampling, adaptive vendor and customer interactions, decision 
support, training, security), and logistics. Selected projects identified in the review illustrate the 
advances and applications developed. 
Optimization. (D-Wave Systems Inc., 2021) demonstrates how Sigma-i is using D-Wave’s 
quantum annealer to solve complex business relevant problems, here the scheduling problem in 
exceptional conditions of a pandemic. A recent topic due to COVID-19. (Ajagekar et al, 2020)  
proposes hybrid models and methods that effectively leverage the complementary strengths of 
deterministic algorithms and QC techniques to overcome the combinatorial complexity of solving 
large mixed-integer programming problems, such as the molecular conformation problem, job-
shop scheduling problems, manufacturing cell formation problems, and vehicle routing problems. 
(Ajagekar and You, 2019) explores the applications of QC to energy systems optimization 
problems, comparing the gate-based model and annealers. Problems treated are facility location-
allocation, unit commitment, and heat exchanger network synthesis. In (Chai et al., 2014), 
problems and applications to be found in graph theory, graph-based knowledge bases, and graph 
databases are mentioned. 
Artificial Intelligence and Machine Learning. Sharma, 2020 investigates the integration of 
quantum circuits into traditional machine learning (ML) to perform classifications using breast 
cancer dataset.  U. Alvarez-Rodriguez, M. Sanz et al., (2018) present the first experimental 
realization of a quantum artificial life algorithm in a QC. The quantum biomimetic protocol 
encodes tailored quantum behaviors belonging to living systems, namely, self-replication, 
mutation, the interaction between individuals, and death, into the QC of IBM. Dunjko and Briegel 
(2018) is a comprehensive review on artificial intelligence (AI), and machine learning (ML) in the 
quantum domain. This review describes the main ideas, recent developments, and progress in a 
broad spectrum of research investigating ML and AI combined with QC. The focus of the review 
is mainly on the utilization of quantum annealers and D-Wave Systems. Benedetti et al., (2015) is 
a case study of using quantum annealers to efficiently sample Boltzmann distributions, which can 
serve as applications for efficient deep-learning architectures. 
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Logistics. Harwood et al., (2021) solves the inventory and vehicle routing problems with time 
windows using QC, and comments on their strengths and weaknesses using a limited size of qubits 
on IBM's quantum gate computers. The authors have indicated hardware requirements of tens 
of thousands of logical qubits to solve real-world business problems. Clark et al., (2019) 
investigates the problem of routing multiple robots in real-time. They show that producing valid 
solutions for the problem of multi-robot routing is achievable with the current quantum annealing 
technology. D-Wave Systems Inc., (2019) optimizes the route of collecting waste for a smart city 
of the future using quantum annealing. As a result, the researcher was able to reduce the CO2 
emissions by approximately 57% only by using the powerful QC for the computations. 
 
RESEARCH DIRECTIONS 
Research in QC and the (potential) applications of QC are growing as QC enables a leap in 
computation speed to solve even the most complex problems in supply chain management. IBM's 
vision (Gil Dario et al., 2018) of the future of QC and business-relevant use cases is in line with the 
view of many other companies, such as DHL (DHL, 2021), which predicts QC as a low-impact 
technology trend in five to ten years. IBM plans to reach the 1’000 qubits by the end of 2023. 
According to a market intelligence report (Rogers and Sanders, 2020), 4% of large companies 
surveyed in 2021 and 13% in 2024 are already experimenting with QC or plan to do so. 35% in 
2021 and 68% in 2024 of respondents are at least thinking about QC - more than half of 
respondents said their interest in quantum computing was to gain a competitive advantage.  
With the technology proliferating at a high acceleration rate, companies like IBM, D-Wave, 
Google, Microsoft, and Amazon are racing to develop QC and make it available as a service, and 
pave the way for other, highly specialized quantum computing services dedicated solving to 
specific problems. Moreover, QC has become readily accessible without the need for expert 
knowledge in quantum mechanics through frameworks such as Qiskit, Ocean, Cirq, Q#, Amazon 
Bracket and others. Predictions of several studies speak of the coming quantum era, and IBM's 
roadmap promises quantum hardware capable of tackling real-world applications by the end of 
2023 (IBM, 2020). 
Interestingly, the onset of the quantum area coincides with the area of supply chain 
hyperconnectivity, data-driven supply chain management, and the need to build resilient, and 
sustainable supply chains. From the combination arise several broad research streams: 
(1) Which types of problems in supply chain and logistics are better solved by which type of 

quantum computer and algorithm? This question relates to modeling and quantitative 
research and should include establishing comparisons over classical computing and 
algorithms and focus also on usability and acceptance among the expert users of supply chain 
software, as well as the composition and project methodologies in adoption. 

(2) How can supply chains transcend to the quantum area? This question concerns the strategy, 
process, and technology considerations in supply chain, as well as geographical and industry 
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considerations, e.g. the general maturity of supply chains, networks, and infrastructure and 
whether by using quantum computation, more intelligent solutions are enabled for 
geographies with specific constraints – be it a region with less financial resources or less 
space to place or depending on specific logistics infrastructure. 

(3) What type of competencies, skills and thus education is needed for supply chains and the 
communities they serve to reap the rewards of quantum computing, and how to teach 
those? This question also entails how supply chain staff can be re-skilled on a mass scale to 
use quantum as to circumnavigate the scarcity of supply chain tech talent we find with supply 
chain information technology today, and to prevent unwanted effects in algorithm design 
which are likely to potentiate with quantum (e.g. biases and discrimination). 

(4) On a meta-level, it is to be expected that the development of quantum computing and 
algorithms will inspire, in turn, the development of novel classical algorithms and computers. 
This quantum-classical competition may spark the development of even more supply chain 
computational options, and foster innovation in the domain. Fostering reciprocal scientific 
exchange and progress, and looking into the two fields simultaneously may be a key skill for 
current and future researchers in supply chain and logistics. 
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