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Introduction 

Quantum computing, once a theoretical concept, is 

rapidly transitioning into a practical reality. With 

companies like Google, IBM, and others 

demonstrating quantum supremacy, the era of 

quantum computing is closer than ever before. This 

technological breakthrough, while promising 

unparalleled advancements in fields like medicine, 

materials science, and artificial intelligence, also 

poses a significant threat to the security 

infrastructure that underpins our digital world. 

Current encryption standards, which have 

successfully safeguarded data for decades, could 

become obsolete in the face of quantum computers. The National Institute of Standards and 

Technology (NIST) recognizes this impending threat and is actively working on developing new 

encryption standards designed to be resistant to quantum attacks. NIST recommends that 

organizations transition to these new standards as soon as the algorithms are standardized. 

This whitepaper explores the implications of quantum computing on current encryption methods, 

the timeline for adopting post-quantum cryptography, and the steps organizations must take to 

secure their data in the quantum era. 

The Quantum Threat to Encryption 

Understanding Quantum Computing 

At the core of quantum computing lies the qubit, the quantum analog of the classical bit. Unlike 

a classical bit, which can be either 0 or 1, a qubit can exist in a superposition of states, meaning 

it can be both 0 and 1 simultaneously. This property, along with entanglement and quantum 



interference, allows quantum computers to perform complex calculations at unprecedented 

speeds. 

Quantum computers excel at specific 

types of calculations that are 

infeasible for classical computers. 

For example, they can efficiently 

factorize large numbers, a task that 

underpins the security of many 

encryption algorithms, such as RSA. 

Shor's algorithm, a quantum 

algorithm, can theoretically break 

RSA encryption by factorizing the 

large prime numbers it relies on. 

While current quantum computers 

are not yet powerful enough to 

execute Shor's algorithm on practical 

key sizes, the rapid pace of advancements suggests that it is only a matter of time before they 

are. 

 

The Vulnerability of Current Encryption Standards 

Most of today’s encryption methods rely on the computational difficulty of certain mathematical 

problems. RSA and ECC (Elliptic Curve Cryptography) depend on the difficulty of factorizing 

large integers and solving discrete logarithm problems, respectively. However, quantum 

algorithms like Shor’s algorithm can solve these problems exponentially faster than classical 

algorithms. 

As quantum computing technology advances, the once-intractable problems that secure our 

data could be solved in a matter of hours or minutes, rendering current encryption methods 

useless. The consequences of this would be catastrophic: secure communications, financial 

transactions, and critical infrastructure could all be exposed to unprecedented levels of 

vulnerability. 

NIST’s Post-Quantum Cryptography Initiative 

The Need for Post-Quantum Cryptography 

Recognizing the existential threat quantum computing poses to digital security, NIST initiated 

the Post-Quantum Cryptography (PQC) project in 2016. The goal of this project is to develop 

cryptographic algorithms that can withstand the capabilities of quantum computers. These 



algorithms must be as secure as current standards against classical computers while being 

resistant to attacks by quantum computers. 

After several rounds of rigorous evaluation, NIST has selected a set of candidate algorithms for 

standardization. These algorithms fall into several categories, including lattice-based, code-

based, and multivariate polynomial-based cryptography, each offering a different approach to 

securing data in the quantum era. 

The Timeline for Adoption 

NIST has recommended that organizations begin transitioning to these new encryption 

standards as soon as new . This timeline reflects both the urgency of the quantum threat and 

the time needed for the development, testing, and deployment of new cryptographic systems. It 

is essential that organizations do not delay this transition, as the window of time before quantum 

computers become a practical threat is rapidly closing. 

Preparing for the Transition to Post-Quantum 

Cryptography 

Assessing the Impact on Your Organization 

The first step in preparing for the transition to post-quantum cryptography is to assess the 

impact on your organization. This involves identifying which systems, applications, and 

communications rely on encryption and evaluating the potential risks associated with the 

quantum threat. Organizations must understand that the transition to post-quantum 

cryptography will be complex and far-reaching, affecting everything from secure email to online 

transactions. 

Developing a Post-Quantum Cryptography Strategy 

Once the impact has been assessed, organizations should develop a comprehensive post-

quantum cryptography strategy. This strategy should include: 

1. Inventory of Cryptographic Assets: Identify all systems and applications that use 

encryption. This includes not only customer-facing systems but also internal 

communications and data storage. 

2. Risk Assessment: Evaluate the sensitivity of the data protected by each cryptographic 

system. Prioritize the transition of systems that protect the most critical or sensitive 

information. 

3. Vendor and Partner Engagement: Work closely with vendors and partners to ensure 

that they are also preparing for the transition to post-quantum cryptography. This is 

particularly important for cloud services, third-party applications, and hardware vendors. 



4. Testing and Implementation: Begin testing post-quantum cryptographic algorithms in 

non-critical environments. This allows your organization to identify any potential issues 

with performance, compatibility, or security before deploying them in critical systems. 

5. Employee Training and Awareness: Educate employees about the quantum threat 

and the importance of transitioning to post-quantum cryptography. This is particularly 

important for IT and security teams, who will be responsible for implementing the new 

standards. 

6. Monitoring and Updating: Continuously monitor advancements in quantum computing 

and post-quantum cryptography. The field is evolving rapidly, and organizations must 

stay informed to ensure they are always using the most up-to-date and secure 

cryptographic methods. 

Implementing Hybrid Cryptography 

One approach recommended by experts is the implementation of hybrid cryptography. This 

involves using both classical and post-quantum cryptographic algorithms simultaneously. By 

doing so, organizations can ensure their data remains secure both before and after quantum 

computers become a practical threat. Hybrid cryptography also provides a transition period, 

allowing organizations to gradually shift to fully post-quantum systems. 

The Role of Quantum-Resistant Hardware 

In addition to software-based encryption, organizations should consider the role of quantum-

resistant hardware. Hardware security modules (HSMs) that support post-quantum algorithms 

can provide an additional layer of protection, particularly for critical systems that require high 

levels of security. As quantum-resistant hardware becomes more widely available, organizations 

should evaluate its potential benefits and integrate it into their overall security strategy. 

The Importance of Timely Action 

The Consequences of Inaction 

Failure to prepare for the quantum threat could have severe consequences. Data encrypted with 

current standards could be harvested today and decrypted in the future once quantum 

computers become powerful enough. This means that sensitive information, including financial 

records, intellectual property, and personal data, could be exposed years or even decades from 

now if organizations do not act quickly. 

Moreover, the transition to post-quantum cryptography is not something that can be 

accomplished overnight. It requires careful planning, testing, and implementation. Organizations 

that delay the transition may find themselves vulnerable to quantum attacks, with limited options 

for protecting their data. 

Early Adopters Gain a Competitive Advantage 



Conversely, organizations that take proactive steps to transition to post-quantum cryptography 

will gain a competitive advantage. By securing their data against the quantum threat, these 

organizations will not only protect themselves from future risks but also demonstrate to 

customers and stakeholders that they are forward-thinking and committed to security. 

Early adopters may also benefit from reduced costs and disruption. As post-quantum 

cryptography becomes the standard, organizations that have already made the transition will be 

well-positioned to continue their operations without the need for costly and disruptive last-minute 

changes. 

The Potential Dangers of Harvesting Data for Quantum 

Decryption 

One of the most alarming threats posed by quantum computing is the practice of "harvest now, 

decrypt later." In this scenario, attackers collect and store vast amounts of encrypted data with 

the intention of decrypting it once quantum computers become powerful enough to break 

current encryption methods. This is particularly concerning for sensitive data with long-term 

value, such as financial records, medical information, intellectual property, and state secrets. 

Even if the data remains secure today, it could be exposed years or decades from now, once 

quantum decryption capabilities are realized. 

This underscores the critical importance of adopting quantum-resistant cryptography as soon as 

the algorithms are standardized. NIST anticipates that these standards will be finalized by the 

end of 2024, after which organizations must act swiftly to transition. Delaying the adoption of 

quantum-resistant encryption increases the risk that sensitive data could be compromised in the 

future. By transitioning early, organizations can protect their data from both current and future 

threats, ensuring that even if data is harvested today, it will remain secure against quantum 

attacks tomorrow. 

Conclusion 

Quantum computing represents both a tremendous opportunity and a significant challenge for 

the future of technology. While the potential benefits of quantum computing are vast, the risks it 

poses to current encryption standards cannot be ignored. The time to prepare for the quantum 

threat is now. 

NIST recommends that organizations begin transitioning to post-quantum cryptography as soon 

as the algorithms are standardized. This timeline reflects the urgency of the quantum threat and 

the need for careful planning and implementation. Organizations that act quickly and proactively 

will be best positioned to secure their data in the quantum era. 

By developing a comprehensive post-quantum cryptography strategy, implementing hybrid 

cryptography, and staying informed about advancements in quantum computing, organizations 



can protect themselves from the risks of quantum attacks. The transition to post-quantum 

cryptography is not just a technical challenge; it is a critical step in ensuring the security and 

integrity of our digital world for years to come. 
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This whitepaper is intended to provide an overview of the challenges and necessary steps 

organizations must take in the face of the emerging quantum threat. As the world moves closer 

to the quantum era, the importance of timely action cannot be overstated. 
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