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Abstract:

Quantum computers aim to disrupt traditional computing systems by achieving computational
supremacy through quantum mechanics principles. This breakthrough technology promises to
revolutionize how we process information, particularly in complex calculations that classical computers
find challenging. As a result, quantum computing as a service has emerged as a practical solution for
organizations seeking to harness this powerful technology. The integration of classical and quantum
systems creates a robust hybrid quantum computing framework that maximizes the strengths of both
approaches. Classical computers handle essential tasks like data input and control systems, while quantum
processors tackle complex computational problems. This synergy between classical vs quantum computing
creates a more practical and accessible platform for developers and users through a pay-per-shot utility
model. In this comprehensive guide, we will explore how to build and implement quantum computing as a
service using hybrid architectures. We will examine the technical requirements, operational challenges, and
best practices for creating successful QCaaS solutions. Whether you're a service provider or an
organization looking to adopt quantum computing capabilities, this guide will help you understand the key
considerations and steps involved in implementing quantum services effectively.
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1. The Business Case for Quantum Computing as a Service
The emergence of quantum computing has created a promising new frontier for solving complex
computational problems. Nevertheless, the path to widespread adoption faces significant hurdles
that quantum computing as a service (QCaaS) aims to address. Unlike traditional on-premises
quantum computing implementations, QCaaS offers organizations a more accessible entry point
into this cutting-edge technology landscape [1]-[4].

1.1 Current limitations of on-premises quantum computing
On-premises quantum computing installations present substantial challenges for most
organizations. First and foremost, the financial barrier is formidable —system prices range from
$500,000 for basic QPU configurations to an astonishing $500 million for comprehensive facility
installations, with a median price point of $12.5 million. Additionally, purchasing and
maintaining an on-premises quantum system requires significant investment in cooling
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equipment, since most quantum computers need extremely low temperatures to operate
effectively.

Space considerations also pose a major obstacle. Many quantum computers require large
dedicated facilities with specialized infrastructure for power delivery and environmental control.
Furthermore, physical security and cybersecurity requirements for these installations add
another layer of complexity and cost.

Perhaps most critically, the quantum computing talent shortage creates a significant operational
challenge. The specialized expertise needed to maintain these systems is scarce, with McKinsey
predicting that by 2025, fewer than half of quantum computing jobs will be filled. This skills gap
represents a major barrier to adoption for organizations considering an on-premises approach,
especially when factoring in the expense of recruiting and retaining this rare talent [5]-[7].

1.2 Cost-benefit analysis of QCaaS vs. traditional approaches
The economics of quantum computing access greatly favor the service model for most
organizations. Traditional on-premises quantum hardware typically costs between $20 million
and $40 million, making it prohibitively expensive for all but the largest enterprises or
specialized research institutions. In contrast, cloud-based quantum computing access through
QCaaS platforms typically costs approximately $1,000 to $2,000 per hour, dramatically lowering
the financial barrier to entry.

Beyond initial acquisition costs, QCaaS eliminates ongoing expenses for maintenance, upgrades,
specialized facilities, and dedicated personnel. This subscription or pay-per-use model
transforms quantum computing from a massive capital expenditure to a manageable operational
expense. Consequently, even small and medium-sized enterprises can now experiment with
quantum algorithms and applications without massive upfront investments.

The decision matrix between on-premises and QCaaS involves several key factors. Organizations
requiring absolute control over execution times and queue priorities might still prefer on-
premises solutions. Similarly, those with stringent security requirements preventing data from
leaving their firewalls might opt for local installations. However, for most organizations,
especially those in early exploration phases, the QCaaS model offers superior flexibility and cost-
efficiency [8]-[9].

1.3 Target industries and applications for QCaa$S adoption
Several industries stand to benefit significantly from quantum computing's capabilities. The
financial services sector can utilize quantum algorithms for portfolio optimization, risk analysis,
and fraud detection. Healthcare and pharmaceutical companies can accelerate drug discovery
through molecular simulation—a task particularly suited to quantum computing's strengths.
Manufacturing and logistics operations benefit from supply chain optimization and materials
science advancements.

The market signals strong growth potential, with projections indicating the global quantum
computing market will reach approximately $65 billion by 2029, growing at a compound annual
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growth rate of 56%. The cloud-based quantum computing segment specifically is expected to
grow even faster, at 61% CAGR from 2022 to 2027.

Early adoption is being driven by specific applications where quantum computing demonstrates
clear advantages over classical approaches. These include optimization problems (finding
optimal solutions within large possibility sets), molecular simulations for new materials and drug
development, enhanced machine learning algorithms, and financial modeling. Notably,
cryptography faces significant disruption from quantum advances, as quantum computers will
eventually break many current encryption standards, driving demand for quantum-safe security
solutions.

For organizations evaluating potential quantum computing applications, McKinsey research
suggests focusing on large-scale problems rather than small to moderate-sized ones. Their
analysis indicates that quantum economic advantage —where a quantum computer solves
problems faster than comparably priced classical alternatives —becomes more compelling when
the quantum algorithm is exponentially faster than classical options or when problem sizes
exceed the speed differential between quantum and classical systems.

Despite current limitations in quantum hardware capabilities, forward-thinking organizations are
already investing in QCaaS to develop expertise and prepare for future competitive advantages.
According to recent research, some companies already expect to invest more than $15 million
annually on quantum computing, indicating significant confidence in its long-term business
value [10]-[14].

2. Service Models for Quantum Computing Offerings
The shift toward quantum computing service delivery models marks a crucial development in
making this advanced technology accessible beyond specialized research labs. Service providers
have developed several distinct approaches to offering quantum computing capabilities, each
tailored to different organizational needs, technical requirements, and use cases.

2.1 Bare-metal quantum access services

First and foremost, bare-metal quantum access represents the most direct engagement with
quantum hardware. Unlike traditional cloud computing based on virtual machines, bare-metal
quantum services provide dedicated, single-tenant access to physical quantum processors
without shared infrastructure. This approach gives users complete control over the quantum
hardware, enabling fine-tuning for specific workloads. Quantinuum offers such capabilities
through their Helios Hardware-as-a-Service, providing on-premise, cloud-based, or hybrid access
options to their quantum hardware. Similarly, D-Wave's Advantage system delivers bare-metal
quantum computing either on-premises or through their Leap quantum cloud service.

The primary advantage of bare-metal quantum access is performance optimization for
specialized applications. Without virtualization layers, these services eliminate overhead that
might otherwise compromise computational efficiency. Although organizations might prefer on-
premises quantum computers for reasons including control over usage priorities, enhanced
security within their firewalls, reduced data transfer latency, and potential local economic
development, the cloud-based bare-metal model provides similar benefits with dramatically
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lower entry barriers. This approach essentially creates a quantum equivalent to Infrastructure-as-
a-Service (laaS) in classical computing architectures.

2.2 Managed quantum algorithm platforms
Moving up the abstraction ladder, managed quantum algorithm platforms focus on providing
comprehensive development environments rather than just raw quantum hardware access. These
services integrate quantum processing with classical computing resources and software tools to
streamline the creation and execution of quantum algorithms. Amazon Braket exemplifies this
approach, offering a fully managed quantum computing service that provides access to various
quantum hardware technologies alongside development tools.
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Figure 1. Managed quantum algorithm platforms.

Managed platforms typically include software development Kkits, like IBM's Qiskit or Google's
Cirg, that abstract the complexity of quantum programming. These platforms often provide
unified developer frameworks designed to be technology-agnostic, enabling users to write
algorithms once and run them across different quantum hardware types. Moreover, many
include simulation capabilities to test quantum algorithms before running them on actual
quantum processors. Amazon Braket, for instance, offers four circuit simulators: a local
simulator, SV1 (state vector simulator), DM1 (density matrix simulator), and TN1 (tensor
network simulator).

A significant advantage of these platforms is their support for hybrid quantum-classical
computing. Amazon Braket Hybrid Jobs, for example, simplifies setting up, monitoring, and
running hybrid algorithms by automatically managing classical compute resources alongside
quantum processing units. This integration is crucial given that most practical quantum
applications require substantial classical pre- and post-processing [15].

2.3 Fully integrated quantum application services
At the highest level of abstraction, fully integrated quantum application services deliver complete
solutions focusing on specific industry problems rather than exposing quantum technology
details. These services represent the Quantum-Computing-as-a-Service (QCaaS) equivalent of
Software-as-a-Service (SaaS) in traditional cloud computing. They package quantum capabilities
into accessible applications addressing precise business needs.
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These integrated services typically target specific industry verticals. For instance, QC Ware's
Forge platform provides access to quantum computing resources and algorithms without
requiring deep quantum expertise. In the financial sector, quantum cloud services offer portfolio
optimization and risk assessment solutions. For pharmaceutical research, quantum simulation
platforms enable complex molecular modeling that would overwhelm classical computers.

Xanadu's approach demonstrates this integrated philosophy with their comprehensive stack
including PennyLane for developing quantum applications, Catalyst for compiling quantum-
classical workflows, and collaborative partnerships for industry-specific implementations. Rigetti
Computing similarly focuses on quantum-first hybrid systems designed to harmonize quantum
and classical resources for practical applications.

The distinction between these service models often blurs in practice, with many providers
offering options across the spectrum. The evolution toward more accessible, application-focused
services parallels the historical development of classical cloud computing, suggesting these
models will continue to mature as quantum technology advances.

3. Designing the Customer Experience for QCaaS
Creating exceptional customer experiences stands at the heart of successful Quantum Computing
as a Service (QCaaS) offerings. Unlike conventional cloud services, QCaaS requires careful design
considerations that balance technical complexity with accessibility, ensuring organizations can
effectively harness quantum capabilities without specialized expertise. Successfully designed
quantum services enable users to focus on their business problems rather than wrestling with the
underlying quantum mechanics.

3.1 User interface considerations for quantum services

Designing intuitive interfaces for quantum computing presents unique challenges due to the
fundamentally different nature of quantum operations. Traditional interfaces struggle to
represent quantum concepts like superposition and entanglement that have no direct classical
computing equivalents. Above all, effective QCaaS interfaces must abstract quantum complexity
while providing sufficient control for meaningful work. IBM demonstrates this approach through
their Qiskit SDK that offers circuit-building tools enabling users to initialize and manipulate
quantum registers without needing to understand the underlying physics.

Visualization tools play a crucial role in QCaaS interfaces, helping users comprehend quantum
operations and results. Initially, these visualization capabilities seemed secondary, yet they've
proven essential for bridging the cognitive gap between classical and quantum computing
paradigms. As noted in recent research, quantum interfaces could potentially "process and
analyze extensive datasets in real-time" to empower users "to engage with information more
dynamically and immersively." Concurrently, interface designers must balance between
simplicity for new users and depth for experienced quantum developers.

3.2 Documentation and support requirements
Comprehensive documentation forms the cornerstone of effective QCaaS offerings. IBM
exemplifies this through structured documentation covering everything from basic concepts to
advanced quantum algorithm implementation. Indeed, their approach includes "guidance on
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how to use key APIs" alongside detailed explanations of quantum computing fundamentals,
meeting users at their level of understanding [16]-[17].

Support systems for quantum computing customers require specialized expertise typically
unavailable in traditional IT departments. QCaaS providers must offer access to quantum experts
who can assist with algorithm development, optimization, and troubleshooting. Via these
support channels, customers gain valuable insights that accelerate their quantum journey beyond
what documentation alone could provide. Furthermore, community-building initiatives like user
forums, webinars, and collaborative problem-solving events foster knowledge sharing among
quantum computing adopters.

3.3 Onboarding processes for quantum computing customers
Effective onboarding represents perhaps the most critical aspect of QCaaS customer experience
design. Structured onboarding programs should guide organizations through initial exploration,
education, and implementation phases. During this process, "a flood of information can be
overwhelming when starting a new app or platform." Therefore, presenting "tasks and key
actions as a digestible checklist simplifies the process, turning a complex journey into
manageable, bite-sized steps."
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Figure 2. Onboarding processes for quantum computing customers

Progressive disclosure techniques prove particularly valuable in quantum computing onboarding
by presenting "only the essential information upfront, keeping secondary information hidden
until users choose to access it." This approach prevents overwhelming new users while ensuring
advanced functionality remains accessible as their expertise grows. Throughout the onboarding
journey, QCaaS providers should incorporate educational components that build quantum
literacy within customer organizations.
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Ultimately, successful QCaaS customer experiences integrate seamlessly with existing workflows,
creating what one expert describes as "a seamless CX that they don't even register as an
experience." By understanding the customer's journey thoroughly, providers can design intuitive
interfaces, comprehensive documentation, supportive communities, and structured onboarding
processes that make quantum computing accessible beyond academic institutions to enterprises
seeking practical business value.

4. Technical Infrastructure Requirements for Service Providers
Building reliable infrastructure for quantum computing as a service presents unique challenges
that extend beyond traditional cloud computing requirements. The integration of quantum and
classical systems demands specialized architectural approaches, networking considerations, and
innovative storage solutions to deliver effective quantum services at scale.

4.1 Hybrid cloud architecture for quantum-classical integration

Hybrid quantum computing forms the backbone of effective QCaaS offerings, with architectures
designed to leverage both quantum and classical resources simultaneously. These systems
feature tightly coupled quantum-classical configurations where classical computation occurs
while physical qubits remain coherent. This integration enables quantum programs to evolve
beyond simple circuits, incorporating common programming constructs like mid-circuit
measurements and dynamic qubit optimization. Microsoft's Azure Quantum exemplifies this
approach with hybrid architectures allowing programs to mix classical and quantum instructions
seamlessly.

Fundamentally, hybrid quantum-classical programs use conventional systems for task
preparation, execution control, and result analysis while delegating specialized operations to
quantum processors. This relationship mirrors the CPU-GPU interaction in traditional
computing, where each processor type handles tasks suited to its architecture. In practical
implementations, hybrid solutions like IQM Resonance demonstrate how CUDA Quantum can
compile quantum programs into binaries for execution across different quantum hardware
platforms without additional compilation steps. Looking forward, advanced architectures will
eventually support distributed quantum computing with classical controls working alongside
logical qubits, enabling complex materials modeling and full catalytic reaction evaluations.

4.2 Networking requirements for low-latency quantum operations

The networking infrastructure for quantum computing services must meet exceptional
performance requirements to maintain qubit coherence during operations. Current quantum bits
can typically store data for only about 100 milliseconds, placing strict constraints on processing
speed. For quantum operations to succeed, computational processes must outpace this decay
rate, essentially completing tasks before quantum information evaporates. This necessitates
networking infrastructure optimized for extreme low-latency communication between classical
control systems and quantum processors.

The time-sensitive nature of quantum error correction further heightens these requirements. As
identified in recent research, the feed-forward latency —spanning from the last measurement
signal to the initial conditional output —significantly impacts quantum system performance. This
places quantum networking in rarified territory where techniques like kernel-bypassing packet
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processing become essential to minimize delays. Moreover, quantum networks must support the
generation of entanglement between distributed nodes, requiring specialized quantum
communication protocols. Future-focused developments include research into scalable photonic
quantum networks that can coexist with classical networks in the same fiber-optic
telecommunications infrastructure.

4.3 Storage considerations for quantum states and results
Storage presents particularly complex challenges for quantum computing service providers.
Primarily, quantum memory differs fundamentally from classical storage —while 100 classical
bits store merely 12.5 bytes, 100 quantum bits can theoretically contain more states than all the
world's hard drives combined. Nevertheless, the non-persistent nature of quantum memory
creates significant limitations, as reading quantum data causes it to release all stored states,
essentially destroying the information after access.

Table 1. Core Components of Quantum Computing as a Service (QCaaS) Architecture

Component Description Role in Hybrid | Examples
Architecture

Quantum Hardware  executing | Solves computationally | Superconducting
Processing Unit | quantum  algorithms | intensive quantum | qubits, trapped ions
(QrU) using qubits problems
Classical Control | Manages quantum | Orchestrates QPU | CPUs, GPUs, FPGAs
System circuits, scheduling, | operations and feedback

and error correction loops
Quantum Middleware translating | Enables seamless | Qiskit, Cirq, Braket

Software Stack

user code into quantum

instructions

interaction between users
and hardware

Cloud
Infrastructure

Provides remote access,
scalability, and

virtualization

QCaaS
cloud-based platforms

Delivers via

AWS, IBM Quantum,
Azure

User Interface &
APIs

Web portals and APIs
for developers

Simplifies  access  to

quantum resources

REST APIs, SDKs

To address these constraints, service providers implement specialized quantum measurement
techniques like classical shadow tomography to efficiently estimate properties of quantum
systems through compact classical representations called "shadows". These approaches enable
predictions of quantum observables with fewer measurements than traditional methods.
Additionally, innovative approaches like fragmented shadow tomography divide large quantum
circuits into smaller fragments that can be executed independently on separate quantum devices
while classical postprocessing recombines their results. This divide-and-conquer method allows
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for parallel execution across distributed quantum resources, potentially increasing processing
capacity while working within current quantum memory limitations.

5. Operational Challenges in Managing Quantum Services
Managing operational aspects of quantum computing as a service presents unique challenges
that differ fundamentally from classical computing environments. Successfully operating
quantum services requires innovative approaches to resource scheduling, remote monitoring
capabilities, and robust failure management protocols to deliver reliable quantum computing

experiences.

5.1 Scheduling and resource allocation for quantum workloads

Quantum resource scheduling presents significant challenges in QCaaS environments, primarily
because quantum computers are frequently underutilized during individual executions. In
practice, most quantum tasks do not use the maximum number of qubits available on the system,
leading to inefficient resource utilization. This inefficiency, coupled with high demand during
peak periods, results in extended waiting times that can range from seconds to hours for task
completion. Hence, optimizing resource allocation becomes critical for both service providers and
users.

An effective strategy for addressing these scheduling challenges involves combining quantum
circuits from different users into unified execution batches. This approach has demonstrated
substantial improvements in reducing queue times and operational costs. Importantly, research
shows that the noise generated by using a number of qubits close to the maximum allowed by the
machine does not significantly affect results. Through efficient circuit scheduling, providers can
improve execution times considerably as compared to individual circuit executions.

For heterogeneous distributed quantum computing networks with non-identical quantum
processing units (QPUs), resource allocation grows even more complex. Multi-objective
optimization algorithms are being developed to minimize degradation caused by inter-QPU
communication latencies due to qubit decoherence, while maximizing the number of
concurrently assignable quantum circuits. These algorithms account for network topology, QPU
characteristics, and quantum circuit structure to make efficient allocation decisions. Simulation
results demonstrate effectiveness in minimizing communication costs, with success rates of
quantum circuit assignments improving by 5.25%-13.75% compared to greedy allocation
approaches.

5.2 Monitoring and maintaining quantum hardware remotely
The extreme sensitivity of quantum apparatus makes continuous environmental monitoring
essential for stable operations. Quantum computing requires monitoring pressure, temperature,
magnetic fields, and other environmental factors that can destabilize quantum states. Fortunately,
recent developments in remote monitoring technology enable quantum service providers to
access this critical information remotely, allowing issues to be addressed before they disrupt
experiments.

Research teams have established systems that provide dashboards displaying environmental
data, enabling everyone on the team to monitor conditions continuously. This approach allows
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for real-time issue resolution rather than retrospective debugging after failures occur. In certain
scenarios, these systems can automatically send emergency notifications when environmental
parameters exceed acceptable ranges, enabling quick remote intervention without requiring
physical presence in the laboratory.

Remote monitoring capabilities prove particularly valuable for quantum computing installations
in inaccessible or unpredictable environments such as space, underground locations, or areas
with unstable weather conditions. Besides operational benefits, these systems create
opportunities for Al/human collaboration in managing complex quantum technologies, with
algorithms combining information from human input, sensors, and artificial intelligence to
maintain optimal conditions.

5.3 Handling service disruptions and quantum system failures
Quantum error correction (QEC) represents perhaps the most formidable challenge in managing
quantum services reliably. Current quantum computers suffer from high error rates—
approximately one error in every few hundred operations—far from the one-in-a-million rate
needed for basic applications or the one-in-a-trillion required for transformative quantum
computing. These errors necessitate sophisticated correction approaches.

Unlike classical error correction, quantum error correction must work without directly measuring
qubits, as measurement collapses their quantum state. Instead, QEC measures collective
properties of qubit groups to detect errors without revealing the encoded data. This process
becomes computationally intensive for larger systems, requiring specialized decoders to identify
and correct error patterns in real-time.

The decoding challenge grows exponentially with system size, demanding extremely high
bandwidth requirements—on the order of 100TB/s—and sophisticated error correction codes
capable of detecting various error types. This represents a substantial hardware and algorithmic
challenge for QCaaS providers seeking to deliver reliable quantum computing services.

Alongside quantum error correction, providers implement quantum error suppression (QES) and
quantum error mitigation (QEM) as complementary strategies. While QES focuses on improving
individual qubit quality, QEM employs classical techniques to reduce computational errors.
Neither approach delivers the exponential error suppression provided by QEC, yet both play
important roles in comprehensive error management strategies for quantum computing services.

6. Pricing Strategies for Quantum Computing Services
Establishing effective pricing models represents a fundamental challenge for quantum computing
service providers seeking to balance accessibility with profitability. The emerging quantum
computing as a service (QCaaS) market demonstrates a rapid evolution in how quantum
resources are defined, measured, and monetized as providers compete for early market position.
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Figure 3. Pricing Strategies for Quantum Computing Services

6.1 Quantum resource unit definitions and metrics

First and foremost, quantum computing services require standardized units of measurement to
establish pricing frameworks. Most providers utilize time-based metrics combined with
quantum-specific resource indicators. Microsoft Azure Quantum calculates resources using
metrics like rQOPS (reliable quantum operations per second), which the Azure Quantum
Resource Estimator calculates based on algorithm complexity and hardware architecture.
Likewise, IBM measures quantum computing usage through "runtime" measured in minutes,
with specific fees attached to different quantum processing units. The definition of a "shot" - a
single execution of a quantum algorithm on a QPU - forms another common measurement unit,
with providers like AWS Braket charging on a per-shot basis for quantum processing. These
standardized units create the foundation for transparent pricing structures.

6.2 Subscription vs. pay-per-use models

In parallel to classical cloud computing, quantum service providers have developed two primary
pricing approaches. Subscription models, exemplified by IBM's Premium Plan at approximately
$48 per minute, offer reserved capacity through Quantum Allocation Units that provide up to
1,600 minutes per QAU in a 28-day rolling window. In addition to these fixed commitments, pay-
per-use models allow customers to access quantum resources with greater flexibility. AWS Braket
implements a dual-component pricing structure for on-demand quantum computing: a per-shot
fee combined with a per-task fee, or alternatively, a single hourly reservation fee. Pay-per-use
pricing creates clear value propositions that customers easily understand, subsequently allowing
providers to disrupt the market or gain significant market share in high-margin areas. This
approach particularly benefits cloud-based computing models that can uncouple their resources
for individual access.

6.3 Competitive pricing analysis in the emerging QCaaS market
The QCaaS market demonstrates rapid growth potential, with forecasts projecting a $1 billion
market by 2023, expanding to $4 billion by 2025, and reaching $26 billion by 2030.
Correspondingly, major providers have established competitive pricing benchmarks. IBM's open
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plan offers free access for up to 10 minutes monthly, while their pay-as-you-go option starts at
$96 per minute. Meanwhile, Amazon Web Services maintains a free tier giving users one hour of
quantum circuit simulation monthly. Pricing primarily varies based on hardware type, with
cloud-based quantum computing services typically ranging from a few dollars to several
thousand dollars per hour. Generally, QCaa$S pricing structures reflect the overall market growth
rate, with the global quantum computing cloud service market expected to grow at a compound
annual growth rate of 25.6% from 2024 to 2030. This competitive landscape continues to evolve as
providers balance accessibility against the substantial costs of quantum hardware development.
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Figure 4. Competitive pricing analysis in the emerging QCaaS market

7. Real-World QCaaS Implementation Case Studies
Real-world implementations of quantum computing as a service (QCaaS) now demonstrate
tangible business value across multiple industries, moving beyond theoretical potential to
practical applications that solve complex problems.

7.1 Financial services quantum optimization services
Financial institutions currently lead in adopting quantum computing solutions for optimization
challenges. BBVA, a multinational financial services company, partnered with Accenture and D-
Wave to explore three specific use cases: currency arbitrage, credit scoring algorithm
development, and portfolio optimization. This collaborative initiative successfully mapped these
computationally challenging financial problems to quantum formulations, positioning BBVA at
the forefront of quantum technology exploration. Similarly, IOM and DATEV demonstrated
portfolio optimization using quantum computers, with financial services showing early adoption
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rates of 86% compared to other industries. The quantum approach to portfolio optimization
unlocks tremendous value, primarily through better performance than classical solutions, even
for large portfolios. JP Morgan has likewise begun investigating quantum computing
applications in financial services, focusing on optimizing complex financial systems and
enhancing algorithmic trading.

7.2 Pharmaceutical research quantum simulation platforms

Quantum computing shows particular promise in pharmaceutical research through molecular
simulation. Traditional drug discovery typically involves time-consuming trial-and-error
approaches in laboratories, whereas quantum computers can simulate molecular interactions
with unprecedented detail. SpinQ, a leading quantum computing company, collaborated with
BGI-Research to advance genome assembly solutions through quantum computing. Their
approach optimizes genome assembly using variational quantum algorithms, improving
efficiency while reducing resource consumption. Concurrently, companies like Google and IBM
have begun using quantum computing to simulate complex protein folding and interactions,
accelerating the discovery of new therapies for diseases including cancer, Alzheimer's, and viral
infections. These applications demonstrate how quantum computing services can address
pharmaceutical challenges that classical computers struggle to solve efficiently.

Table 2. Comparison of Classical, Quantum, and Hybrid Computing Models

Criteria Classical Computing | Quantum Computing Hybrid Quantum-
Classical Computing
Computation Deterministic Probabilistic Combined deterministic
Type + probabilistic
Strengths High stability, | Solves specific complex | Practical, flexible, and
scalability problems efficiently near-term viable
Limitations Struggles with | Limited qubits, noise- | Requires sophisticated
exponential problems | sensitive orchestration
Use Cases Data processing, | Optimization, simulation, | Variational algorithms,
control tasks cryptography ML, chemistry
Deployment On-premise / cloud Specialized hardware | Cloud-based QCaaS
Model access platforms

7.3 Manufacturing optimization through quantum-inspired algorithms
Manufacturing sectors increasingly benefit from quantum-inspired algorithms that enhance
classical computing systems. In a recent project with BMW, Zapata demonstrated the advantages
of quantum-inspired generative models applied to manufacturing scheduling problems.
Remarkably, their quantum-inspired approach generated solutions that outperformed or
matched traditional state-of-the-art optimization algorithms in 71% of problem configurations.
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These algorithms performed exceptionally well in scenarios with the widest range of possible
solutions, indicating their value for complex optimization challenges. Furthermore, Toshiba
developed the Simulated Bifurcation Machine, incorporating quantum-inspired algorithms for
solving combinatorial optimization problems in sectors requiring complex decisions in short
timeframes. This technology optimizes industrial robot movements, transportation routes, and
logistics operations through its quantum-inspired approach.

8. Future-Proofing Your Quantum Computing Service
Successful quantum computing service providers must continuously evolve their offerings as
quantum technologies rapidly advance. With projections showing the global quantum computing
market growing at 51% annually from $412 million in 2020 to $8.6 billion by 2027, staying ahead
of hardware developments becomes crucial for long-term viability.

8.1 Adapting to evolving quantum hardware technologies

The quantum hardware landscape is shifting from focusing solely on qubit counts toward
prioritizing error correction. Almost two-thirds of quantum hardware companies now actively
implement or prioritize Quantum Error Correction (QEC) programs. This shift necessitates
flexible service architectures that can accommodate these advances without disrupting customer
workflows. Nonetheless, physical improvements continue alongside error correction, with
companies developing specialized quantum computers for specific problems to achieve earlier
commercial value. As providers build quantum computing as a service platforms, they must
accommodate both specialized and universal quantum hardware approaches while incrementally
incorporating improved physical qubits.

8.2 Preparing for quantum advantage milestones

The timeline to "Q-Day" - when cryptographically relevant quantum computers can break
common cryptographic protocols - varies widely, yet QCaaS providers must prepare now. In fact,
Google has established a quantum Al campus targeting an "error-corrected quantum computer"
by 2029, while IBM aims for a 4,000-qubit system by 2025. With the Quantum Error Correction
Era now underway, providers must develop updated metrics beyond traditional NISQ-era
benchmarks. In either case, robust frameworks for measuring quantum performance through
reliable quantum operations ("QuOps") will become increasingly important.

8.3 Building extensible frameworks for new quantum applications

To future-proof quantum services, providers should invest in extensible software frameworks.
Yao, for example, offers an "extensible, efficient open-source framework for quantum algorithm
design" that can adapt to advancing hardware. Primarily, future frameworks must support
scaling capabilities through variable positioning of quantum layers within hybrid architectures
and implement diverse encoding strategies optimizing data representation. As well as technical
considerations, workforce development remains essential, with specialized programs addressing
enterprise quantum skills gaps rather than merely focusing on individual career development.

9. Conclusion
Quantum computing as a service represents a transformative shift in how organizations access
and utilize quantum capabilities. Through hybrid architectures combining classical and quantum
systems, QCaaS platforms make previously inaccessible quantum computing power available to
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businesses across industries. Service providers now offer multiple engagement models, from
bare-metal access to fully integrated applications, meeting diverse organizational needs while
minimizing technical barriers. Technical infrastructure requirements and operational challenges
demand innovative solutions from service providers. Quantum-classical integration, ultra-low
latency networking, and specialized storage systems form essential building blocks for reliable
quantum services. Meanwhile, resource scheduling optimization and sophisticated error
correction protocols help maintain service stability despite quantum computing's inherent
complexities. Real-world implementations demonstrate quantum computing's practical value,
particularly in financial services, pharmaceutical research, and manufacturing optimization.
These early successes validate QCaaS as more than theoretical technology, showing concrete
benefits through quantum-enhanced workflows and decision-making processes. Quantum
computing services continue evolving rapidly as hardware capabilities advance and error
correction improves. Service providers must maintain flexible architectures accommodating new
quantum technologies while delivering consistent value to customers. Success requires balancing
current capabilities against future quantum advantages, ensuring platforms remain relevant as
the technology matures. The quantum computing revolution stands ready to transform countless
industries through unprecedented computational capabilities. Organizations embracing QCaaS
today position themselves advantageously for tomorrow's quantum-enabled future, while service
providers delivering robust, accessible quantum platforms drive innovation across the entire
computing landscape.
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