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1. Executive Summary

This report outlines the strategic vision for Information & Infrastructure Engineering (I&E) and Quantum
Safe Technology (QST) from 2025 to 2030. During this period, I&IE will evolve into a hyper-resilient, Al-
driven, and sustainable ecosystem, heavily reliant on edge computing and digital twins. Concurrently,
the looming threat of cryptographically relevant quantum computers necessitates the rapid and
widespread adoption of QST, transitioning from early-stage implementation to standardized, hybrid
cryptographic solutions. The convergence of these fields is paramount, ensuring that advanced
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infrastructure is inherently secure against both classical and quantum threats, safeguarding data
integrity, confidentiality, and operational continuity in an increasingly complex digital landscape.
Proactive investment in research, talent, and collaborative frameworks will be critical for a successful
quantum-safe transition and the realization of robust, future-proof infrastructure.

2. Introduction

The digital era is defined by the seamless flow of information and the underlying infrastructure that
supports it. As technology advances, two critical domains are poised to reshape our future: Information
& Infrastructure Engineering and Quantum Safe Technology.

Information & Infrastructure Engineering (I&lE) encompasses the design, development, deployment,
and management of the hardware, software, network, and data systems that form the backbone of
modern society. It's about building and maintaining the digital highways and cities of our
interconnected world, ensuring their reliability, efficiency, and scalability.

Quantum Safe Technology (QST), also known as Post-Quantum Cryptography (PQC), refers to
cryptographic algorithms that are resistant to attacks by quantum computers. While today's encryption
methods are secure against classical computers, a sufficiently powerful quantum computer could
break many of them, jeopardizing sensitive data, communications, and critical infrastructure. QST aims
to pre-empt this threat by developing new mathematical schemes that can withstand quantum attacks.

The period 2025-2030 will be a crucial window for the convergence of these fields. As infrastructure

becomes more complex and interconnected, the need for inherent quantum-level security will become
non-negotiable, demanding a strategic, integrated approach to engineering and protection.

3. Current Landscape (2025)
By 2025, the digital landscape is characterized by:

Information & Infrastructure Engineering:
Cloud Dominance: Hybrid and multi-cloud architectures are standard for many enterprises.

Automation & Orchestration: Increasing use of Infrastructure as Code (laC), DevOps, and AlOps for
managing complex systems.

Cybersecurity Focus: Continuous battles against sophisticated classical cyber threats, with
significant investment in advanced detection and response.
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Early Edge Adoption: Growing deployment of edge computing for specific use cases (loT, real-time
analytics).

Sustainability Awareness: Initial efforts towards energy-efficient data centers and greener
infrastructure.

Quantum Safe Technology:

Imminent Threat: The theoretical possibility of a cryptographically relevant quantum computer
(CRQCQC) is widely acknowledged.

The primary driver for QST in 2025 is the "Harvest Now, Decrypt Later" threat, where adversaries collect

encrypted data today, intending to decrypt it once quantum computers become available. This
necessitates a proactive, rather than reactive, approach to cryptographic migration.

4. Vision 2030: Information & Infrastructure Engineering

By 2030, I&IE will have undergone a significant transformation, driven by efficiency, resilience,
intelligence, and environmental responsibility.

Hyper-Resilient and Self-Healing Infrastructure:

Autonomous Operations: Infrastructure will largely manage itself, predicting and preventing outages,
self-healing from failures, and dynamically reconfiguring for optimal performance.

Distributed and Decentralized: Greater reliance on distributed ledger technologies (DLT) for secure,
immutable record-keeping and decentralized identity management within infrastructure.

Chaos Engineering as Standard: Proactive testing of system weaknesses to build inherent resilience.

AI/ML Integration at Every Layer:

Intelligent Automation: Al-driven network management, resource provisioning, security operations
(SecOps), and predictive maintenance will be pervasive.

Optimized Performance: Machine learning algorithms will continuously fine-tune system parameters
for maximum efficiency, minimizing latency and maximizing throughput.
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Predictive Analytics: Al will forecast demand, potential bottlenecks, and security threats with high
accuracy.

Edge Computing Dominance:

Ubiquitous Edge: Processing will move closer to data sources (IoT devices, sensors, smart cities),
reducing latency, bandwidth requirements, and improving real-time decision-making.

Federated Learning: Al models will be trained on distributed data at the edge, maintaining data
privacy and reducing central processing loads.

Micro-Data Centers: Miniaturized, energy-efficient data centers will proliferate at the network edge.

Sustainable and Green Infrastructure:

Energy Efficiency by Design: Infrastructure will be engineered for minimal energy consumption,
leveraging renewable energy sources, advanced cooling techniques, and optimized hardware.

Resource Optimization: Al will play a key role in reducing waste (e.g., dynamic scaling to match
compute demand, reducing idle resources).

Circular Economy Principles: Focus on hardware longevity, reuse, and responsible disposal.

Digital Twin and Metaverse Integration:

Comprehensive Digital Twins: Virtual replicas of physical infrastructure (data centers, networks,
smart grids) will enable advanced simulations, predictive analysis, and remote management.

Metaverse for Operations: Operators will interact with and manage complex infrastructure within
immersive, collaborative metaverse environments, improving visualization and decision-making.

5. Vision 2030: Quantum Safe Technology
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By 2030, QST will be a fundamental component of secure digital operations, moving from theoretical
concept to practical, widespread implementation.

Standardization and Widespread Adoption:

NIST Standards Finalized: The initial set of quantum-safe cryptographic algorithms will be fully
standardized by NIST and other international bodies.

Global Mandates: Governments and regulatory bodies worldwide will mandate the use of QST for
new systems and critical data, driving adoption across industries.

Cryptographic Agility: Organizations will have robust "crypto-agility" frameworks in place, allowing for
seamless updates to new quantum-safe algorithms as they evolve.

Algorithm Development and Implementation:

Primary Focus: The most adopted QST algorithms will primarily be based on mathematical problems
(e.g., lattice-based cryptography, code-based cryptography, hash-based signatures, multivariate
polynomial cryptography).

Hardware Acceleration: Dedicated hardware modules (e.g., FPGAs, ASICs) will emerge to accelerate
the performance of computationally intensive PQC algorithms.

Software Library Integration: PQC algorithms will be fully integrated into mainstream cryptographic
libraries (OpenSSL, Libsodium, etc.) and operating systems.

Hybrid Cryptography as the Norm:
Transition Strategy: Most deployments will use hybrid cryptography, combining a classical (e.g.,
AES-256, RSA, ECC) and a quantum-safe algorithm. This provides a fallback if the PQC algorithm is

found to be weak or ensures security against classical attacks during the transition phase.

TLS/IPSec/VPN Migration: Core internet protocols (TLS 1.3, IPSec, VPNs) will support and
preferentially use hybrid PQC ciphersuites.

Quantum Key Distribution (QKD) (Complementary Role):
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Niche Applications: QKD will be deployed in specific, highly sensitive point-to-point commmunication
links where extreme security is paramount (e.g., government, defense, financial institutions).

Limited Scalability: Its high cost and distance limitations will keep it from widespread general
adoption, making it a complement, not a replacement, for PQC.

Supply Chain Security:

Quantum-Safe Supply Chains: The entire digital supply chain, from hardware manufacturing to
software deployment, will incorporate quantum-safe principles to prevent backdoors and attacks.

Secure Boot & Firmware: Firmware and boot processes will be signed and verified using PQC
algorithms to ensure integrity.

6. Synergies and Interdependencies
The integration of I&IE and QST is not merely additive; it's a synergistic necessity.

Securing Critical Infrastructure: Quantum-safe algorithms will be embedded into the core of critical
infrastructure (smart grids, transportation systems, industrial control systems) to protect against
quantum-enabled attacks that could lead to widespread disruption.

Data Integrity and Confidentiality: As |&IE generates vast amounts of data (from edge devices,
digital twins, Al systems), QST will ensure this data remains confidential and its integrity is preserved,
even against future quantum threats, preventing data exfiltration or manipulation.

Trusted Edge Ecosystems: Edge computing environments, with their distributed nature and reliance
on numerous devices, will require robust PQC for secure device authentication, data encryption at rest
and in transit, and secure firmware updates.

Resilient Network Architectures: Network protocols and hardware (routers, switches) will be
engineered to be "crypto-agile" and support PQC, enabling the future-proofing of communication
channels.

Foundational Trust: QST provides a new layer of foundational trust for all digital interactions and
transactions within the advanced infrastructure ecosystem, underpinning everything from secure boot
to authenticated API calls.

7. Challenges and Risks

The journey to 2030 is not without its hurdles.
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Complexity of Migration: The "rip and replace" of cryptographic systems is immensely complex,
impacting every layer of the technology stack, legacy systems, and interconnected services.

Performance Overhead: Some PQC algorithms may introduce performance overheads (larger key
sizes, increased computation) that need to be mitigated through optimization and hardware
acceleration.

Talent Gap: A significant shortage of skilled cryptographers, security engineers, and infrastructure
architects capable of implementing and managing QST.

Interoperability Issues: Ensuring seamless integration and interoperability between new PQC
systems and existing infrastructure, especially during the hybrid transition phase.

Emerging Quantum Threats: The field of quantum computing is rapidly evolving; new attack vectors
or weaknesses in current PQC candidates could emerge.

"Y2Q" Readiness: The looming "Y2Q" (Year to Quantum) problem, similar to Y2K, requires
organizations to identify, assess, and remediate all cryptographic dependencies before a CRQC
becomes available.

8. Strategic Recommendations (2025-2030)
To navigate these challenges and realize the vision, the following strategic recommendations are
crucial:

Investment in Research & Development (R&D):

« Fund ongoing research into new PQC algorithms, performance optimization, and hardware
acceleration techniques.
+ Invest in secure implementation best practices and cryptographic agility tools.

Talent Development & Education:

« Develop comprehensive training programs for cryptographers, security architects, and software
engineers in PQC.

« Integrate quantum cryptography and quantum computing awareness into engineering and
computer science curricula.
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Collaboration & Information Sharing:

- Foster public-private partnerships to share threat intelligence, best practices, and implementation
strategies.
« Engage in international collaborations to ensure global interoperability and standardization of QST.

Phased Migration & Pilot Programs:

« Conduct comprehensive cryptographic audits to identify all cryptographic assets and dependencies.

« Implement PQC in new systems first, followed by a phased, risk-prioritized migration of existing
critical infrastructure.

+ Run pilot programs in controlled environments to test performance, compatibility, and security.

Policy and Regulatory Frameworks:

« Governments should establish clear mandates and guidelines for quantum-safe migration,
particularly for critical national infrastructure.

« Incentivize early adoption and provide resources for small and medium-sized enterprises (SMEs) to
make the transition.

9. Conclusion

The period 2025-2030 will mark a transformative era for Information & Infrastructure Engineering and
the essential integration of Quantum Safe Technology. Building hyper-resilient, intelligent, and
sustainable infrastructure while simultaneously migrating to quantum-safe cryptography is not merely
an upgrade; it is a fundamental re-engineering of our digital foundations. Proactive planning, significant
investment, and a concerted global effort are necessary to ensure that the advanced digital world of
2030 is not only efficient and innovative but also inherently secure against the most formidable threats
of the future. The success of this transition will define the security and trustworthiness of our
interconnected world for decades to come.
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