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3Executive summary

On the brink of a technological 
revolution, quantum computing is 
poised to reshape industries, redefine 
scientific exploration and remodel 
societal constructs fundamentally. 
While its formidable capabilities 
present transformative opportunities, 
they also raise critical security and 
ethical concerns.

The coming years offer a prime 
opportunity for organisations to lead 
in quantum technology, positioning 
themselves at the forefront of 
this emerging field. Enterprises 
must evaluate their readiness for 
quantum integration, develop a 
comprehensive strategy and focus 
on key applications. This strategy 
should include fostering in-house 

expertise, forming strategic alliances 
and addressing critical areas of 
application. 

To remain competitive, organisations 
must assess the impact of quantum 
computing on their operations and 
industry, identifying both challenges 
and opportunities. This strategic 
approach should involve collaboration 
with experts, workforce education, 
pilot projects, investment in quantum 
tools, development of standards 
and protocols and cloud provider 
partnerships. 

These steps will enable organisations 
to drive innovation, enhance 
operational efficiency and gain a 
competitive edge.



4Introduction

Quantum computing has the potential to revolutionise 
problem-solving and ignite a new era in computing.  

In 2022, the quantum technology sector saw record investments of 
$2.35 billion in startups, reflecting significant potential and strong 
investor confidence. McKinsey projects the quantum technology 
market could reach $106 billion by 2040, underscoring its 
transformative impact across various sectors.

Collaborations between startups, researchers and technology 
providers are rapidly growing, bridging the gap between quantum 
research and practical business applications. Tech firms are partnering 
with businesses to explore use cases, design quantum algorithms 
and test solutions on actual quantum computers. This engagement 
is set to accelerate the emergence of initial commercial applications. 
By focusing on strategic initiatives, fostering in-house expertise and 
forming key alliances, organisations can lead in integrating quantum 
computing within various industries.

The following sections will delve into these efforts and outline the 
steps organisations can take to prepare for this transformative 
technology.
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The essence of quantum computing
Quantum computing is different to normal 
classical computing: “If a classical computer 
is like a super-fast librarian who can read 
one book in a library at a time, a quantum 
computer is like a magical librarian who 
can read all the books in the library 
simultaneously.” This analogy captures the 
essence of quantum computing, which 
is to process and store information using 
quantum bits (qubits), enabling significantly 
faster computation for certain types of 

problems compared to classical computers. 
Quantum bit (qubit) can exist in multiple 
states (like reading multiple books) at once, 
unlike a classical bit which is either 0 or 1 (like 
reading one book at a time). This concept 
allows quantum computers to process a vast 
number of possibilities simultaneously.

Quantum computing vs Classical computing
Alternatively, consider a use case where 
finding the optimal location for a new 5G 
tower using classical computing becomes 
a slow and cumbersome process. This is 
an optimisation problem where classical 
computing only provides an approximation. 
In contrast, quantum computing allows 
for evaluating all possible locations 
simultaneously, quickly identifying the 
optimal placement by analysing multiple 
factors at once. This quantum advantage 
streamlines the decision-making process, 
ensuring the most effective site selection for 
the 5G infrastructure.
 
Quantum computing introduces 
groundbreaking capabilities distinct 
from classical computing. It leverages 
superposition, allowing qubits to represent 
multiple states simultaneously for 
exponential computational power; 
entanglement, which lets qubits instantly 

influence each other across distances, 
enhancing communication and computation; 
and interference, facilitating parallel 
computations in quantum algorithms to 
boost efficiency.
 
These principles enable quantum computing 
to solve complex problems in fields like 
mathematics, physics and beyond—areas 
where classical computers fall short. 
Quantum computing represents a paradigm 
shift, providing unique solutions to specific 
challenges. Rather than replacing classical 
computing, it serves to enhance and 
complement it. The two systems will coexist, 
with quantum computing handling tasks that 
are currently infeasible for classical systems, 
and classical computing continuing to 
perform routine operations.
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Progress and developments
Quantum computing, a transformative 
technology, is rapidly progressing 
from theoretical research to practical 
applications. As of now, leading tech 
giants such as IBM, Google and Microsoft, 
along with renowned research institutions, 
are developing quantum computers with 
capabilities that far surpass classical 

computers for specific tasks. These 
advancements hold the promise of 
solving complex problems in science, 
finance, healthcare and cyber security, 
making quantum computing a pivotal 
area of interest for enterprises and 
governments worldwide.

Regional initiatives in quantum computing
For enterprises and governments in the 
Middle East, the implications of quantum 
computing are profound and multifaceted. 
Governments in the Middle East are 
increasingly investing in quantum research 
and development to stay ahead in the 
global technology race, ensuring national 
security and technological leadership. 
Initiatives such as the UAE’s National 
Quantum Strategy and Saudi Arabia’s Vision 
2030 underscore the region’s commitment 
to becoming a hub for cutting-edge 
technology and innovation. These initiatives 
aim to foster a thriving quantum ecosystem 
by supporting research, education and 
collaboration between public and
private sectors.

Enterprises in the Middle East are also 
exploring partnerships and investing in 
quantum technologies to future-proof 
their operations and gain competitive 
advantages. For example, collaborations 
with global tech leaders and local 

universities are helping build quantum 
capabilities and talent within the region. 
By integrating quantum technologies into 
various sectors, these enterprises are 
positioning themselves at the forefront 
of technological advancement, ready to 
leverage the transformative potential of 
quantum computing.

The Middle East is positioning itself as a 
key player in the quantum revolution, with 
initiatives aimed at fostering innovation 
and integrating quantum technologies into 
various sectors. This proactive approach 
will enable the region to leverage quantum 
computing’s transformative potential, 
ensuring robust cyber security, enhanced 
scientific research and economic 
growth. The continued focus on quantum 
computing will not only drive technological 
advancements but also contribute to the 
region’s strategic goals of diversification 
and sustainable development.
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Threats to cryptographic systems
Quantum computing profoundly impacts 
technologies such as cyber security by 
leveraging quantum mechanics resulting 
in both unprecedented challenges and 
transformative opportunities. Understanding 
these impacts is crucial for organisations to 
prepare for the coming quantum era. 

The urgency to consider post-quantum 
cyber security stems from the potential of 
quantum computers to break widely used 
encryption methods, threatening the 

integrity, confidentiality and availability of 
sensitive data across various industries.

The factorisation of large numbers by 
quantum computers and the ability to solve 
discrete logarithms pose a direct threat to 
cryptographic systems such as RSA and 
ECC, which form the backbone of secure 
digital communications today. As quantum 
technology advances, the need to transition 
to quantum-resistant cryptographic 
methods becomes imperative to safeguard 
data and maintain trust in digital systems.

Enhancing cyber security with quantum technologies
In fact, quantum computers could be 
used to develop new and more efficient 
algorithms for a variety of tasks, including:

•	 Reinforcing cyber security protocols: 
Quantum mechanics provides unique 
capabilities that can enhance security 
protocols. For example, implementing 
quantum key distribution, quantum- 
resistant encryption algorithms and 
developing post-quantum cryptography 
standards offer promising avenues to 
strengthen cyber security

•	 Advancing threat detection:  
Quantum machine learning algorithms 
have the potential to process and analyse 
vast amounts of data more efficiently than 
classical algorithms, enabling the detection 
of complex cyber threats and patterns  

that may be difficult to discern using 
traditional methods. Additionally, quantum 
computing can enhance the performance 
of cryptographic protocols, authentication 
mechanisms and intrusion detection 
systems, bolstering overall cyber security 
defences

•	 Securing IoT and critical  
	 infrastructure:
As IoT continues to proliferate and critical 
infrastructure becomes increasingly 
interconnected, the need for robust cyber 
security measures becomes paramount. 
Quantum-resistant encryption and 
authentication protocols can safeguard 
IoT devices and critical infrastructure 
from cyber-attacks, ensuring the integrity, 
confidentiality and availability of data and 
services in an era of quantum computing
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Quantum-Safe Key Distribution
One of the primary challenges in quantum 
computing is the development of a 
Quantum-Safe Key Distribution system 
(QSK). QKD uses the principles of quantum 
mechanics to create secure communication 
channels that are theoretically immune to 
eavesdropping. This method allows two 
parties to generate a shared random secret 
key, which can be used to encrypt and 
decrypt messages securely. Effective QSK 
often requires photonic technology and fibre 
optic cables for secure key transmission. 

QSK therefore holds significant potential 
for service products, particularly in 
telecommunications and data services. 
Discussions indicate interest in the 
technology, though public implementations 
are still in the early stages. As quantum 
computing progresses, integrating QSK 
will become essential for securing data 
transmissions and ensuring the integrity of 
communications across various industries, 
especially in high-security environments like 
banking and government services.

Quantum computing and encryption agility
As quantum computing advances, it will 
significantly enhance computational 
capabilities and introduce challenges for 
encryption security. Within the next five 
years, encryption methods may need to be 
updated every two years due to quantum 
computers potentially breaking current 
standards. Traditionally, encryption is 
embedded within software applications, 
but this will become impractical with the 
need for constant updates. Instead, a shift 
towards encryption agility is necessary. 
This involves managing encryption as a 
centralised, adaptable component rather 
than embedding it within each application. 

Like modern firewalls that rely on external 
intelligence for updates, encryption systems 
will need to regularly update their methods 
to maintain security. Encryption agility—
swiftly adapting and switching between 
different encryption methods as needed—is 
crucial for countering quantum threats. 
The challenge is to make quantum key 
distribution technology scalable, affordable 
and practical for widespread use while 
ensuring that systems can quickly transition 
to new cryptographic standards as they 
become available. This ensures data 
security against potential quantum threats.
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in cloud computing

Impact of quantum computing on cloud security
Quantum computing promises to 
revolutionise many fields, including cloud 
computing, but it also brings significant 
security challenges. As mentioned above, one 
major concern is encryption vulnerability, as 
traditional encryption methods widely used to 
secure cloud data can be broken by quantum 
computers. 

Another significant issue is data integrity risks, 
as the immense computational power of 
quantum computers can be used to alter data 
integrity verification methods. This can lead to 
potential data tampering and integrity issues 
in cloud environments.

Post-quantum algorithms and  
their integration into cloud services
To counteract the security threats posed 
by quantum computing, post-quantum 
algorithms are being developed and 
integrated into cloud services. Post-
quantum algorithms are cryptographic 
methods designed to be secure against 
the computational power of quantum 
computers. These include techniques such 
as lattice-based cryptography, which relies on 
complex geometric structures, hash-based 
cryptography, which uses hash functions to  

ensure security, and multivariate polynomial-
based cryptography, which involves solving 
complex polynomial equations. 

Cloud providers are working on integrating 
these post-quantum algorithms into their 
existing infrastructures. This involves updating 
protocols, libraries and software to support 
quantum-safe cryptographic standards, 
ensuring a smooth transition without 
disrupting service delivery. 

Quantum-resistant cloud architectures
Developing quantum-resistant cloud 
architectures is crucial for maintaining the 
security and integrity of cloud services in a 
post-quantum world. Implementing multiple 
layers of security, including quantum-resistant 
encryption, access controls and monitoring, 
enhances the overall resilience of cloud 
infrastructures against quantum threats. 
Using a combination of classical and post-
quantum cryptographic methods during 
the transition period ensures continued 
protection.  

This hybrid approach allows cloud providers 
to maintain security while adapting to 
new quantum-safe standards. Employing 
quantum-resistant methods for data storage 
and transmission protects data at rest and in 
transit. This includes secure key management 
practices and the use of quantum-resistant 
protocols for data transfer between cloud 
environments. These measures ensure that 
cloud services remain secure and reliable in 
the face of emerging quantum threats.
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Enhancements in AI capabilities 
through quantum computing

Quantum computing also promises to revolutionise AI by 
enabling the processing of complex data sets much more 
efficiently than classical computers. Quantum computing 
plays a big role in problem-solving, data processing and 
algorithm optimisation capabilities, allowing for real-time 
data adaptation.
In fact, quantum computing is paving the way for 
groundbreaking advancements in various domains. Here 
is how quantum computing can augment AI:
•	 Quantum machine learning algorithms: Quantum 

computing can accelerate the development of novel 
machine learning algorithms that leverage quantum 
principles to process and analyse data more efficiently 
than classical algorithms. Quantum machine learning 
algorithms can tackle complex optimisation problems, 
pattern recognition tasks and large-scale data analysis 
with unprecedented speed and accuracy

•	 Efficient data processing: Quantum computers 
excel at handling large datasets and performing 
parallel computations due to their inherent quantum 
parallelism, which allows them to simultaneously 
explore multiple computational paths. This, combined 
with their entanglement properties, enables quantum  
AI systems to process and extract insights from 
massive amounts of data more effectively, leading to 
more accurate predictions, recommendations and 
decision-making

•	 Optimisation and search algorithms: Quantum 
computing can revolutionise optimisation and search 
algorithms. Quantum optimisation algorithms can 
efficiently solve combinatorial optimisation problems, 
such as portfolio optimisation, by exploring multiple 
solutions simultaneously and rapidly converging to 
optimal or near-optimal solutions

•	 Enhanced model training and simulation: 
Quantum computing, through its utilisation of quantum 
parallelism, can accelerate the training of AI models 
and simulations. This advantage is particularly evident 
in quantum-enhanced optimisation algorithms, 
which expedite processes like gradient descent 
optimisation—adjusting the parameters of a model to 
minimise error—and hyperparameter tuning—finding 
the optimal settings for the parameters that govern the 
learning process itself. This reduces both the time and 
computational resources needed for training complex 
AI models
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Threats posed by quantum 
computing to AI models
These advancements come with challenges, 
such as the threats posed by quantum attacks 
on cryptographic systems and AI models. AI 
models that rely on secure data transmission and 
storage, protected by cryptographic algorithms, 
are vulnerable to quantum attacks. Quantum 
computers can break these encryption methods 
and potentially exposing sensitive AI data. 
Developing quantum-resistant AI systems and 
fostering interdisciplinary collaboration will be 
crucial for securing these technologies.

Quantum-resistant AI 
systems
Organisations must therefore adopt quantum-
resistant measures and leverage quantum 
computing’s unique capabilities to stay 
competitive and drive innovation. This involves 
integrating cryptographic techniques resistant 
to quantum attacks. Robust machine learning 
algorithms less susceptible to adversarial 
inputs can be developed using techniques like 
adversarial training.  

Designing AI models that can withstand 
quantum-induced errors maintains their 
reliability and effectiveness. Regular security 
audits and updates to AI systems, informed by 
the latest advancements in quantum computing, 
are also vital for maintaining AI security.

AI and quantum technologies
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Financial
•	 Risk analysis and portfolio optimisation: Performing 

complex simulations and optimisations to better manage 
financial risks and improve investment strategies

•	 Fraud detection: Using quantum algorithms to detect 
fraudulent activities more efficiently

•	 Market simulation: Modelling and predicting market 
behaviours with greater accuracy

Quantum computing, with its unprecedented computational power, has the potential to revolutionise various industries 
by solving problems that are currently intractable for classical computers. Here are some comprehensive use cases 
across different sectors:

Cyber security
•	 Quantum-resistant cryptography: Developing 

new cryptographic methods that are secure against 
quantum attacks

•	 Quantum Key Distribution (QKD): Ensuring secure 
communication channels through unbreakable 
encryption keys

•	 Advanced threat detection: Enhancing pattern 
recognition and anomaly detection for more robust 
cyber security defences

Science and research
•	 Simulating quantum phenomena: Enabling detailed 

simulations of quantum systems, which can lead to 
breakthroughs in physics and chemistry

•	 Material science: Discovering and designing new 
materials with specific properties for various applications

•	 Climate modelling: Enhancing the accuracy and 
complexity of climate models to better predict and 
mitigate climate change impacts

Healthcare
•	 Drug discovery: Accelerating the identification and 

development of new drugs by simulating molecular 
interactions and quantum chemistry

•	 Genomics: Enhancing the analysis and interpretation 
of genetic data for personalised medicine

•	 Medical imaging: Improving the processing and 
analysis of medical images for more accurate 
diagnostics

Quantum computing use cases 
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Artificial Intelligence (AI) and 
Machine Learning (ML)
•	 Improving algorithms: Developing more powerful AI and 

ML algorithms by leveraging quantum computational 
capabilities

•	 Data analytics: Enhancing data processing and analytics 
for more accurate insights and predictions

•	 Natural language processing: Advancing the 
capabilities of language models and other AI tools

Supply chain and logistics
•	 Optimisation of routes and resources: Improving 

logistics and supply chain management by solving 
complex optimisation problems more efficiently

•	 Inventory management: Enhancing the prediction of 
demand and management of inventory levels

Aerospace and Defence
•	 Simulation and modelling: Enhancing the simulation 

of complex systems, such as aerodynamics and flight 
dynamics

•	 Secure communication: Ensuring secure 
communication channels for military and defence 
applications through QKD

•	 Cryptanalysis: Analysing and breaking complex 
encryption systems used by adversaries

Energy
•	 Optimisation of energy grids: Enhancing the 

management and optimisation of energy distribution 
networks

•	 Material discovery for energy storage: Discovering 
new materials for more efficient batteries and energy 
storage systems

Quantum computing use cases 
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Chemistry and material science
•	 Quantum chemistry simulations: Performing highly 

accurate simulations of chemical reactions and 
interactions

•	 Material discovery: Designing new materials with 
tailored properties for specific applications

Telecommunications
•	 Network optimisation: Improving the design and 

optimisation of telecommunications networks for 
better performance and efficiency

•	 Signal processing: Enhancing the processing 
and interpretation of signals for more reliable 
communications

Manufacturing
•	 Process optimisation: Enhancing manufacturing 

processes through better optimisation and simulation
•	 Quality control: Improving quality control by analysing 

and predicting defects more accurately

Quantum computing use cases 

From enhancing cyber security and revolutionising drug 
discovery to optimising supply chains and advancing AI, the 
potential applications of quantum computing are vast and 
diverse. As research and development continue to progress, 
the practical implementation of quantum computing solutions 
will increasingly become a reality, offering unprecedented 
benefits and opportunities across multiple sectors.

However, as quantum computing progresses, it also brings 
forth potential threats to the security of AI systems and 
data. The enhanced computational power of quantum 
computers may enable more efficient algorithms for breaking 
cryptographic systems, which are crucial for securing AI 
models and sensitive data. This could lead to unauthorised 

access, data manipulation or breaches of privacy, highlighting 
the importance of ensuring the security and integrity of AI 
systems in the era of quantum computing.

Certain sectors, like financial services and healthcare, are 
more affected by quantum computing. Understanding and 
complying with new regulations and standards for quantum 
resilience are crucial for these industries. Financial institutions, 
for example, must safeguard sensitive financial data and 
transactions, while healthcare organisations need to protect 
patient information and medical records. Tailored strategies 
for each industry can help mitigate quantum-related risks and 
leverage the benefits of quantum computing.
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Strategic planning and integration 
Strategic planning and integration of 
quantum computing considerations into 
long-term plans are vital. Organisations 
should explore potential use cases and 
pilot projects to test quantum applications 
relevant to their business. Engaging in 
industry initiatives, such as participating in 
quantum computing conferences, working  

groups and partnerships, is important to stay 
updated on the latest trends and collaborate 
with industry leaders. For example, joining 
the UAE’s Department of Commerce and 
Innovation’s quantum working body can 
provide valuable insights and collective 
knowledge.

Realising the full potential of quantum computing 

Embracing quantum readiness
In the era of digital transformation, quantum 
computing emerges as a pivotal catalyst 
for reshaping businesses and industries. 
Its role extends beyond mere technological 
advancement; quantum computing holds 
the potential to revolutionise the way 
organisations process data, optimise 
operations and innovate products and 
services. As businesses navigate the 
complexities of the digital landscape, 
quantum readiness emerges as a strategic 
imperative. 

Embracing quantum computing 
prepares businesses to harness its 
transformative capabilities, ensuring 
they remain competitive and agile in a 
rapidly evolving technological landscape. 
Assessing organisational readiness for 
quantum transitions becomes paramount, 
necessitating a holistic approach that 
encompasses technological infrastructure, 
talent development, strategic alignment and 
risk management. By embracing quantum 
readiness, businesses can unlock new 
opportunities, drive innovation and secure 
a sustainable advantage in the digital 
economy.

Evaluating cryptographic systems 
Firstly, organisations should evaluate 
their current cryptographic systems by 
conducting a comprehensive review 
of existing encryption methods. This 
assessment will help identify vulnerabilities 
and areas that require upgrades to quantum-
safe cryptography.  

Additionally, developing quantum 
expertise is crucial. Businesses should 
build dedicated teams or collaborate with 
quantum computing experts to understand 
its implications and opportunities specific 
to their organisation. Investing in training 
programmes to upskill existing employees in 
quantum technologies is also essential.
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Fostering innovation and 
collaboration
Fostering innovation and collaboration both internally 
and externally is another key step. Encouraging 
a collaborative environment and developing 
strategic alliances with technology providers, 
research institutions and other enterprises can 
accelerate the adoption of quantum technologies. 
Additionally, monitoring quantum advancements and 
staying informed about developments in quantum 
computing technology and standards for quantum-
safe cryptography will help businesses align their 
strategies with the evolving quantum landscape.

Implementing agile and 
sustainable practices 
Implementing agile and sustainable practices is 
also crucial. Businesses should adopt sustainable 
computing practices to reduce the environmental 
footprint of quantum computing. Embracing agile 
encryption strategies will allow organisations to 
swiftly adapt to new cryptographic standards and 
technologies as they emerge.

By taking these proactive steps, businesses can 
effectively prepare for the quantum revolution. 
This strategic readiness will enable organisations 
to harness the transformative power of quantum 
computing, drive innovation, improve operational 
efficiency and maintain a competitive edge in the 
digital economy.
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Preparing for the quantum future

Quantum computing is poised to bring transformative changes across various 
sectors, revolutionising fields such as cryptography, drug discovery, optimisation 
and beyond. Its impact extends far beyond mere computational speed, 
fundamentally altering approaches to problem-solving and innovation. The true 
potential lies in the development and implementation of quantum software and 
algorithms, which will unlock new capabilities and efficiencies.

This technological shift promises to drive significant advancements, enabling 
more accurate data processing, superior optimisation techniques and enhanced 
predictive modelling. The convergence of quantum computing and AI heralds a 
new era of innovation, offering unprecedented solutions to some of the world’s 
most complex challenges.

As quantum technology continues to evolve, it will redefine the competitive 
landscape, making quantum readiness a critical factor for future success. 
By harnessing the power of quantum computing, industries can achieve 
breakthroughs that were previously unimaginable, securing a leading position in 
the rapidly advancing digital economy. The future of quantum computing is not 
just about advancements in technology, but about unlocking new possibilities and 
driving sustainable growth and innovation across all sectors.

Conclusion



Thank you
 
We encourage you to stay engaged with our content and 
keep an eye out for our next edition. We look forward to 
continuing to provide valuable insights and information in 
our future publications.

Please click here to share any suggestions and feedback.
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