Quantum Computing
Encryption: Emerging Trends
in Cybersecurity

As quantum computing advances, traditional encryption methods face
unprecedented challenges. This presentation explores how the cybersecurity
landscape is evolving to address the quantum threat, focusing on quantum-
safe encryption methods that will protect our digital future.

We'll examine vulnerabilities in current systems, explore post-quantum
cryptography approaches, and discuss how organizations are preparing for a
world where quantum computers could break conventional encryption.
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The Quantum Threat to Traditional Encryption
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RSA and ECC Vulnerabilities

Current encryption systems depend
on mathematical challenges that
classical computers find
insurmountable but quantum
computers can potentially solve
with relative ease.

Mathematical Foundation

RSA security hinges on the
computational difficulty of factoring
large prime products, while ECC
protection relies on the complexity
of solving discrete logarithms
within elliptic curves.
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Shor's Algorithm

This groundbreaking quantum
algorithm, introduced in 1994, can
efficiently break both RSA and ECC
encryption by solving their
underlying mathematical problems
exponentially faster than any
classical approach.



Post-Quantum Cryptography (PQC)

Quantum-Resistant Security
O Designed to withstand both classical and quantum attacks

Lattice-Based Cryptography
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Relies on hard lattice problems resistant to quantum solving

Hash-Based Signatures
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Leverages quantum-resistant cryptographic hash functions
) Code-Based Cryptography
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Based on the difficulty of decoding general linear codes

Post-Quantum Cryptography aims to develop encryption methods secure against both classical and quantum computer attacks. These
approaches can be implemented on current systems, allowing for a smoother transition as quantum computing advances.



PQC Advantages and Challenges

Advantages

e Robust protection against future quantum computing threats

e Seamless integration with existing classical computing
infrastructure

e Versatile cryptographic approaches tailored to specific
security requirements

e Continuous innovation through extensive academic and
industry research

Challenges

Significantly increased processing power and memory
requirements

Expanded key sizes leading to potential bandwidth and
storage constraints

Necessity for rigorous, ongoing cryptanalysis to verify
guantum resistance

Complex standardization process and organizational
adoption barriers

Heightened susceptibility to implementation and side-
channel vulnerabilities



Comparing Traditional vs.
Post-Quantum Approaches

Aspect

Security Basis

Quantum
Vulnerability

Efficiency

Key Sizes

Maturity

Traditional
Cryptography

Mathematical
problems (factoring,
discrete logarithms)

Highly vulnerable to
Shor's algorithm

Generally efficient on
classical computers

Relatively small

Well-established,
extensively studied

Post-Quantum
Cryptography

Quantum-resistant
problems (lattice
problems, coding
theory)

Designed to resist
guantum attacks

May require more
computational
resources

Often larger,
impacting storage
and transmission

Newer, undergoing
active research and
standardization

Tradittional
Encryption

Quantum-Resistant

Encryption




Quantum Key Distribution (QKD)

Quantum Transmission

Alice (the sender) encodes random binary data into quantum states and transmits these photons to Bob (the receiver), leveraging
fundamental quantum mechanical properties.

Measurement and Sifting

Bob measures incoming photons using randomly selected measurement bases. Both parties then compare their basis
choices over a classical channel, retaining only the matching measurements to form a shared key.

Error Detection and Correction

The parties analyze error rates to detect potential eavesdropping, then employ classical error correction protocols and
privacy amplification to distill a final, secure cryptographic key.

QKD provides information-theoretic security by exploiting quantum mechanical principles. The system's key advantage is that any
interception attempt inevitably disrupts the quantum states, making eavesdropping immediately detectable through increased error
rates.



QKD Implementations and
Limitations

Current Implementations Technical Limitations

e China's 2,000 km Beijing- e Distance limitations due to
Shanghai quantum link quantum state degradation

o Satellite-based QKD o Slower key generation rates
demonstrations expanding compared to classical
range methods

e Integration with existing fiber e Specialized hardware
optic networks requirements increasing

costs

Practical Challenges
e Vulnerability to side-channel attacks on classical components
e Integration difficulties with existing network infrastructure

e Scaling issues for widespread deployment




NIST Standardization Efforts
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2016: Process Initiated

NIST launched the Post-Quantum Cryptography Standardization
Process, calling for algorithm proposals from the global
cryptographic community.

2017-2022: Evaluation Rounds

Multiple rounds of rigorous evaluation and public scrutiny
narrowed down candidates based on security, performance, and
implementation characteristics.

July 2022: First Selections

NIST announced its first set of selected algorithms: CRYSTALS-
Kyber for encryption, and CRYSTALS-Dilithium, FALCON, and
SPHINCS+ for digital signatures.

Ongoing: Additional Evaluations

NIST continues to evaluate additional algorithms for potential
standardization to address various use cases and security
requirements.




Selected Post-Quantum Algorithms

RSA (Baseline)

CRYSTALS-Kyber

CRYSTALS-Dilithium

FALCON

SPHINCS+
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NIST's selected algorithms represent different approaches to post-quantum security. CRYSTALS-Kyber (encryption) and CRYSTALS-
Dilithium (signatures) are lattice-based with efficient performance and reasonable key sizes. FALCON offers compact lattice-based
signatures, while SPHINCS+ provides a conservative hash-based approach with strong security assurances.



Adoption Challenges

Legacy System Compatibility

Integrating quantum-resistant
algorithms with existing infrastructure
without operational disruption

Global Coordination

Establishing consensus on
cryptographic standards across
international organizations and
regulatory bodies
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Performance Concerns

Addressing increased computational
overhead and bandwidth requirements
from larger key sizes

Transition Period Risks

Managing hybrid implementations that
maintain security during the migration
from classical to post-quantum
protocols

Education and Training

Developing specialized cryptographic
expertise to ensure correct
implementation and management

Organizations face multifaceted challenges in transitioning to post-quantum cryptography. This evolution requires balancing

immediate security requirements against future quantum threats while navigating complex technical limitations, operational
constraints, and knowledge gaps. Success demands a coordinated global approach to ensure interoperability and comprehensive

protection across digital ecosystems.



Future-Proofing Encryption Systems
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Hybrid Approaches

Combining classical and post-quantum
algorithms provides immediate enhanced
security against both traditional and
quantum threats while enabling a smooth
transition period. These composite
systems offer fallback security if
vulnerabilities are discovered in newer
algorithms.

Fortress Data:
Unbreakable security

Security Principles

Future-proof systems must maintain or

enhance fundamental security principles:

confidentiality (protecting data privacy),
integrity (verifying authenticity with
qguantum-resistant signatures), and
authentication (implementing secure key
exchange protocols).

Strategic Implementation

Organizations should adopt a forward-
looking approach to address the "harvest
now, decrypt later" threat, while carefully
testing post-quantum algorithms before
full deployment to avoid introducing new
vulnerabilities or performance issues.
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