Quantum Computing and Al
Infrastructure: An Analysis of
Complementary Technologies

Technical Assessment for Power Infrastructure Planning

Overview

Questions have emerged regarding whether quantum computing advances will
displace GPU-based Al infrastructure. This analysis examines the technical
characteristics of both computing architectures, their respective applications, and
implications for long-term infrastructure planning.

The fundamental conclusion is that these technologies address different
computational problems and will operate in complementary rather than
competitive roles.

Architectural Differences

GPUs and quantum computers represent fundamentally different computational
paradigms, optimized for distinct problem classes. The analogy of hammers versus
microscopes illustrates this—both are precision instruments, but attempting to use
one for the other's purpose would be ineffective.

GPU Architecture and Al Workloads

Graphics Processing Units execute massive parallel computation of arithmetic
operations. Al model training—such as large language models—requires trillions of
matrix multiplications, additions, and similar operations performed simultaneously
across thousands of cores.

GPU computational characteristics:

* High throughput for repetitive arithmetic operations

» Deterministic, reproducible calculations

* Massive memory bandwidth for data-intensive tasks

» Established manufacturing and deployment infrastructure

Quantum Computing Capabilities

Quantum systems exploit superposition and entanglement to address specific
problem classes intractable for classical computers. Current and projected
applications include:

» Certain cryptographic calculations
* Quantum chemistry and molecular simulation
» Specific optimization problems with particular mathematical structures



* Quantum system modeling

Quantum computers operate probabilistically, require cryogenic cooling (near
absolute zero), maintain coherence for microseconds, and exhibit error rates
significantly higher than conventional processors. These characteristics make them
poorly suited for the repetitive arithmetic underlying Al training and inference.

Projected Infrastructure Distribution

Based on technical constraints and problem suitability, a reasonable long-term
projection for Al-related computational infrastructure shows continued GPU
dominance:

GPU-Based Infrastructure: ~90%

* Model training and retraining

» Large-scale inference deployment

+ Data preprocessing and transformation
* Model evaluation and benchmarking

Quantum Infrastructure: ~10%

» Specialized optimization subroutines

» Molecular simulation for drug discovery applications
» Post-quantum cryptography

» Specialized research applications



Development Timeline

Current State (2025): Quantum systems operate with approximately 1,000 qubits
and elevated error rates. Demonstrated capabilities remain limited to specific proof-
of-concept problems. No overlap with practical Al workloads.

Near-Term Horizon (5-10 years): Projected advancement to systems with 10,000+
qubits and improved error correction. Potential applications in materials science and
molecular simulation. Limited impact on mainstream Al infrastructure.

Extended Timeline (20-30 years): Fault-tolerant quantum computing may enable
specialized subroutines for certain optimization and matrix operations. The majority
of Al computation will remain on classical hardware due to the nature of required
operations.

Infrastructure Planning Implications

Several factors inform long-term infrastructure planning:

+ GPU data centers represent the primary computational infrastructure for Al
through mid-century

» Al model scaling trends suggest continued expansion of classical computing
capacity

* Quantum facilities require distinct infrastructure (cryogenic systems, vibration
isolation, specialized power conditioning)

* Quantum deployment adds incremental specialized capacity rather than
displacing existing infrastructure

Utilities and Grid Operators

» Al data center load continues to represent a growing segment of industrial
power demand

* Quantum facilities add minimal incremental load compared to GPU clusters

» Grid planning should account for sustained Al infrastructure expansion

Data Center Developers

+ GPU-optimized facilities remain the primary development target

» Design specifications should accommodate multi-decade operational periods
+ Modular expansion capabilities support ongoing capacity additions

* Quantum systems, where deployed, require separate specialized facilities

Technology Vendors

» Continued GPU architecture development addresses Al scaling requirements
* Quantum systems develop along parallel track for specialized applications
» Hybrid architectures may emerge for specific use cases

Conclusion



Technical analysis indicates quantum computing will function as a specialized
complement to classical Al infrastructure rather than a replacement. The
computational requirements of Al workloads align with GPU architectures, while
guantum systems address a distinct set of problems.

Infrastructure planning should proceed with the understanding that GPU-based data
centers will constitute the majority of Al computational capacity through at least mid-
century. Quantum computing represents an additional specialized capability rather
than a disruptive displacement of existing infrastructure investments.



