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1. Title: Energy-Efficient AI Processing System with Dynamic Resource Allocation and 

Quantum-Assisted Optimization 

2. Prior Art 

3. In preparing the prior-art section for the Energy-Efficient AI Processing System with 

Dynamic Resource Allocation and Quantum-Assisted Optimization, an in-depth search was 

conducted to identify existing technologies and innovations that relate to this invention. The 

analysis focuses on published patents, non-patent literature, and public disclosures that are 

relevant to the claimed invention. 

4. Published Patents and Patent Applications 

• U.S. Patent Application No. 2020/0146377 - Energy-Efficient AI Processing Using 

Quantum Computing This application highlights the use of quantum computing to 

enhance energy efficiency in AI processing. It describes quantum algorithms such as 

Quantum Approximate Optimization Algorithm (QAOA) but does not incorporate 

dynamic resource allocation or renewable energy integration, distinguishing it from the 

current invention. 

• U.S. Patent Application No. 2021/0056789 - Dynamic Resource Allocation for AI 

Systems This application discusses dynamic resource allocation in AI systems, 

emphasizing the allocation of computational resources based on real-time demand. 

However, it lacks the integration of quantum-assisted optimization and adaptive cooling 

systems as proposed in the current invention. 

5. Non-Patent Literature 

• Article: "Improving Energy Efficiency in AI Systems" (ScienceDirect, 2020) The 

article reviews various methods to improve energy efficiency in AI systems, including 
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hardware improvements and algorithmic optimizations. While it touches on dynamic 

resource allocation and quantum computing, it does not propose a comprehensive system 

that integrates these with adaptive cooling and renewable energy sources. 

• Conference Paper: "Energy-Efficient AI Hardware" (IEEE, 2021) This paper 

discusses advances in AI hardware aimed at reducing energy consumption. It covers 

near-threshold processing and other hardware-based techniques but does not address the 

software and system-level optimizations such as those proposed in the current invention. 

• "AI Models are Devouring Energy. Tools to Reduce Consumption are Here, If Data 

Centers Will Adopt" (MIT Lincoln Laboratory, 2024) This article explores various 

techniques to reduce energy consumption in AI models, including power capping and 

scheduling jobs during cooler times to reduce cooling requirements. These methods align 

with the adaptive cooling system proposed in the current invention but do not cover the 

integration of renewable energy sources (LL MIT). 

• "How Energy-Efficient Computing for AI Is Transforming Industries" (NVIDIA 

Blog, 2024) NVIDIA's advancements in GPU-based computing have led to significant 

energy savings in AI processing. Techniques such as parallel computing with GPUs and 

the use of advanced hardware architectures are discussed. However, the focus is more on 

hardware improvements rather than a holistic system that includes dynamic resource 

allocation and quantum-assisted optimization (NVIDIA Blog) (NVIDIA Blog). 

6. Public Use or Sale 

• There is no evidence of public use or sale of a system that combines dynamic resource 

allocation, quantum-assisted optimization, adaptive cooling, renewable energy 
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integration, and continuous energy monitoring in AI processing systems as proposed in 

the current invention. 

7. Prior Public Disclosure 

• No relevant prior public disclosures were found that match the comprehensive scope of 

the current invention. 

8. Analysis and Distinguishing Aspects 

• The existing prior art includes various elements of the proposed system, such as dynamic 

resource allocation, quantum computing for energy efficiency, and adaptive cooling 

systems. However, none of the identified references combine all these elements into a 

single, integrated system. The distinguishing aspects of the current invention are: 

• Integration of Quantum Computing: Unlike existing technologies, this invention 

leverages quantum-assisted optimization to enhance energy efficiency significantly. 

• Dynamic Resource Allocation: Real-time allocation of computational resources ensures 

optimal use of energy and computational power. 

• Adaptive Cooling System: AI-driven cooling management reduces energy consumption 

associated with maintaining optimal operating temperatures. 

• Renewable Energy Integration: Use of renewable energy sources further reduces the 

carbon footprint and operational costs. 

• Comprehensive Monitoring and Management: Continuous monitoring and adaptive 

management of energy consumption ensure sustained efficiency improvements. 

9. Technical Field:  

10. The present invention relates to artificial intelligence, energy efficiency, and computing 

systems. Specifically, it involves a novel approach to optimizing AI processing through 
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dynamic resource allocation and quantum-assisted optimization to significantly reduce 

energy consumption while maintaining high performance. 

11. Background of the Invention:  

12. The rapid increase in AI applications has led to a substantial rise in energy consumption. 

Traditional AI processing systems are often energy-intensive, leading to high operational 

costs and environmental impact. Existing methods for improving energy efficiency in AI 

systems include hardware improvements, algorithmic optimizations, and the use of 

renewable energy sources. However, these methods alone are insufficient to address the 

growing energy demands. There is a need for a more comprehensive solution that combines 

multiple strategies to optimize energy efficiency in AI processing systems. 

13. Summary of the Invention:  

14. The invention is an energy-efficient AI processing system that leverages dynamic resource 

allocation and quantum-assisted optimization. The system comprises: 

• Dynamic Resource Allocation Module: Allocates computational resources based on real-

time demand, ensuring optimal use of available resources. 

• Quantum-Assisted Optimization Engine: Utilizes quantum computing to optimize AI 

algorithms and processing tasks, significantly reducing energy consumption. 

• Adaptive Cooling System: Employs AI to manage cooling based on real-time thermal data, 

improving energy efficiency. 

• Renewable Energy Integration: Integrates renewable energy sources such as solar and wind 

power to further reduce the carbon footprint. 

• Energy Consumption Monitoring and Management: Continuously monitors and manages 

energy consumption, providing real-time feedback and adjustments to maintain efficiency. 
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15. Brief Description of the Drawings 

16. Fig. 1 Dynamic Resource Allocation Module: 

17. This figure depicts the Dynamic Resource Allocation Module, highlighting the AI algorithms 

and real-time data analysis components that manage computational resources efficiently. 

18. Explanation of Each Element and Connections: 

• Dynamic Resource Allocation Module (DRA Module) (101): 

o This module is the core of the system responsible for dynamically allocating 

computational resources based on real-time demands. 

• AI Algorithms (102): 

o The AI Algorithms component is responsible for processing data and making 

decisions on how to allocate resources efficiently. It uses advanced algorithms to 

predict and manage resource needs. 

o Solid Line Connection: Indicates the direct flow of data and control signals from 

the AI Algorithms to the Real-time Data Analysis. 

• Real-time Data Analysis (103): 

o This component analyzes real-time data on system performance and workload. It 

provides insights and feedback to the AI Algorithms for better decision-making. 

o Solid Line Connections: Indicate the flow of data from Real-time Data Analysis 

to the Computational Resources (CPU, GPU, Memory), ensuring that each 

resource is used optimally. 

• CPU (104): 

o The CPU component represents the central processing unit resources that are 

dynamically allocated based on real-time analysis. 
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o Solid Line Connection: Indicates the direct allocation of tasks from Real-time 

Data Analysis to the CPU. 

• GPU (105): 

o The GPU component represents the graphical processing unit resources allocated 

for tasks that require parallel processing power. 

o Solid Line Connection: Indicates the direct allocation of tasks from Real-time 

Data Analysis to the GPU. 

• Memory (106): 

o The Memory component represents the system memory allocated for data storage 

and retrieval tasks. 

o Solid Line Connection: Indicates the direct allocation of tasks from Real-time 

Data Analysis to the Memory. 

19. Fig. 2 Quantum-Assisted Optimization Engine: 

20. This figure depicts the Quantum-Assisted Optimization Engine, highlighting the quantum 

computing elements and optimization algorithms that enhance AI processing efficiency. 

21. Explanation of Each Element and Connections: 

• Quantum-Assisted Optimization Engine (QA Optimization Engine) (201): 

o This engine leverages quantum computing to optimize AI algorithms and 

processing tasks, significantly reducing energy consumption. 

• Quantum Computing Elements (202): 

o The Quantum Computing Elements component is responsible for performing 

complex quantum computations using advanced quantum algorithms. This 

provides enhanced optimization capabilities. 



Inventor: Robert V. Salinas 

Title: Energy-Efficient AI Processing System with Dynamic Resource Allocation and Quantum-Assisted 

Optimization 

 

 7 

o Solid Line Connection: Indicates the direct flow of quantum data and 

optimization tasks from the Quantum Computing Elements to the Optimization 

Algorithms. 

• Optimization Algorithms (203): 

o This component houses advanced quantum optimization algorithms such as 

Quantum Approximate Optimization Algorithm (QAOA) and Quantum 

Annealing. These algorithms optimize AI models and workflows. 

o Solid Line Connections: Indicate the flow of optimized tasks from Optimization 

Algorithms to the AI Models and Processing Workflows, ensuring efficient 

processing. 

• AI Models (204): 

o The AI Models component represents various AI models that are optimized using 

quantum algorithms for improved performance and reduced energy consumption. 

o Solid Line Connection: Indicates the direct application of optimization 

algorithms from Optimization Algorithms to the AI Models. 

• Processing Workflows (205): 

o The Processing Workflows component represents the various processing tasks 

and workflows that are optimized using quantum algorithms to enhance 

efficiency. 

o Solid Line Connection: Indicates the direct application of optimization 

algorithms from Optimization Algorithms to the Processing Workflows. 

22. Fig. 3 Adaptive Cooling System: 
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23. This figure depicts the Adaptive Cooling System, highlighting the cooling mechanisms, AI 

management, and thermal data sensors that optimize energy efficiency. 

24. Explanation of Each Element and Connections: 

• Adaptive Cooling System (AC System) (301): 

o This system uses AI to manage cooling based on real-time thermal data from 

sensors, improving energy efficiency and maintaining optimal operating 

temperatures. 

• Cooling Mechanisms (302): 

o The Cooling Mechanisms component includes various cooling methods such as 

fans and liquid cooling systems. These mechanisms are dynamically adjusted 

based on thermal data. 

o Solid Line Connection: Indicates the direct control of cooling mechanisms by the 

AI Management component. 

• AI Management (303): 

o This component manages the cooling mechanisms using AI algorithms. It 

processes real-time thermal data and adjusts the cooling systems to maintain 

optimal temperatures. 

o Solid Line Connections: Indicate the flow of thermal data from AI Management 

to the Cooling Mechanisms and Thermal Data Sensors. 

• Thermal Data Sensors (304): 

o The Thermal Data Sensors component consists of sensors placed throughout the 

data center. These sensors provide real-time thermal data to the AI Management 

component. 
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o Solid Line Connection: Indicates the direct feedback loop from Thermal Data 

Sensors to AI Management, enabling real-time adjustments. 

25. Fig. 4 Renewable Energy Integration: 

26. This figure depicts the Renewable Energy Integration, highlighting the components that 

integrate renewable energy sources into the system, such as solar panels, wind turbines, and 

energy storage. 

27. Explanation of Each Element and Connections: 

• Renewable Energy Integration (RE Integration) (401): 

o This system integrates renewable energy sources to power the AI processing 

units, reducing reliance on non-renewable energy and lowering the carbon 

footprint. 

• Solar Panels (402): 

o The Solar Panels component harnesses solar energy and converts it into electrical 

power for the system. 

o Solid Line Connection: Indicates the direct flow of electrical power from the 

Solar Panels to the Energy Storage. 

• Wind Turbines (403): 

o The Wind Turbines component generates electrical power from wind energy. It is 

another renewable energy source integrated into the system. 

o Solid Line Connection: Indicates the direct flow of electrical power from the 

Wind Turbines to the Energy Storage. 

• Energy Storage (404): 
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o The Energy Storage component stores electrical power generated by the Solar 

Panels and Wind Turbines. It ensures a stable power supply to the AI processing 

units. 

o Solid Line Connections: Indicate the flow of electrical power from both Solar 

Panels and Wind Turbines to the Energy Storage, demonstrating integration of 

multiple renewable energy sources. 

28. Fig. 5 Energy Consumption Monitoring and Management: 

29. This figure depicts the Energy Consumption Monitoring and Management system, 

highlighting the monitoring tools, AI algorithms for analysis, and real-time feedback 

mechanisms that optimize energy usage. 

30. Explanation of Each Element and Connections: 

• Energy Consumption Monitoring and Management (ECM Management) (501): 

o This system continuously monitors and manages energy consumption, providing 

real-time feedback and adjustments to maintain efficiency. 

• Monitoring Tools (502): 

o The Monitoring Tools component consists of devices that track energy 

consumption in real-time. These tools gather data on energy usage throughout the 

system. 

o Solid Line Connection: Indicates the direct flow of data from the Monitoring 

Tools to the AI Algorithms for Analysis. 

• AI Algorithms for Analysis (503): 

o This component houses AI algorithms that analyze the real-time data collected by 

the Monitoring Tools. It identifies patterns and opportunities for energy savings. 
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o Solid Line Connections: Indicate the flow of analyzed data and optimization 

instructions from AI Algorithms for Analysis to the Real-time Feedback 

Mechanisms. 

• Real-time Feedback Mechanisms (504): 

o The Real-time Feedback Mechanisms component provides immediate 

adjustments based on the analyzed data. It optimizes processing loads, cooling 

settings, and energy sources to maintain energy efficiency. 

o Solid Line Connection: Indicates the direct feedback loop from Real-time 

Feedback Mechanisms to AI Algorithms for Analysis, enabling continuous 

optimization. 

31. Detailed Description of the Invention: 

32. The following section provides an in-depth explanation of the Energy-Efficient AI 

Processing System with Dynamic Resource Allocation and Quantum-Assisted Optimization. 

This description ensures that someone skilled in the relevant field can understand and 

replicate the invention without undue experimentation. 

33. Overview 

34. The invention is an energy-efficient AI processing system designed to optimize energy 

consumption through dynamic resource allocation, quantum-assisted optimization, adaptive 

cooling, renewable energy integration, and comprehensive energy monitoring. This system 

leverages advanced technologies to significantly reduce energy usage while maintaining high 

performance in AI applications. 

35. Components of the Invention 

36. Dynamic Resource Allocation Module 
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• Description: 

o The Dynamic Resource Allocation Module uses advanced AI algorithms to allocate 

computational resources dynamically based on real-time demand. This ensures 

optimal utilization of available resources, minimizing energy waste and enhancing 

performance. 

o The module continuously analyzes data on workload and system performance, 

adjusting resource allocation to avoid over-provisioning and underutilization. 

• Function: 

o It processes real-time data to predict resource needs and allocate CPU, GPU, and 

memory resources accordingly. 

o By dynamically adjusting resource allocation, the module maintains energy efficiency 

even under varying workloads. 

37. Quantum-Assisted Optimization Engine 

• Description: 

o This engine leverages quantum computing to perform complex optimization tasks that are 

infeasible for classical computers. Quantum algorithms, such as Quantum Approximate 

Optimization Algorithm (QAOA) and Quantum Annealing, are used to optimize AI 

models and processing workflows. 

o The integration of quantum computing significantly reduces the energy required for 

training and inference of AI models. 

• Function: 

o It optimizes AI algorithms and processing tasks, enhancing performance and reducing 

energy consumption. 
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o The engine processes optimization tasks faster and more efficiently, contributing to 

overall energy savings. 

38. Adaptive Cooling System 

• Description: 

o The Adaptive Cooling System employs AI to manage cooling based on real-time thermal 

data from sensors placed throughout the data center. It dynamically adjusts cooling 

mechanisms, such as fans and liquid cooling systems, to maintain optimal operating 

temperatures with minimal energy usage. 

o This system reduces the energy consumption associated with cooling, which is a 

significant part of overall energy usage in data centers. 

• Function: 

o It monitors thermal data in real-time and adjusts cooling mechanisms to ensure efficient 

energy usage. 

o The system maintains optimal operating temperatures, enhancing the longevity and 

reliability of the hardware. 

39. Renewable Energy Integration 

• Description: 

o The system integrates renewable energy sources, such as solar panels and wind turbines, 

to power the AI processing units. This integration reduces reliance on non-renewable 

energy sources and helps achieve a lower carbon footprint. 

o By using renewable energy, the system not only cuts operational costs but also 

contributes to environmental sustainability. 

• Function: 
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o It harnesses energy from renewable sources and stores it for use by the AI processing 

units. 

o The integration ensures a stable and sustainable power supply, reducing the carbon 

footprint of the data center. 

40. Energy Consumption Monitoring and Management 

• Description: 

o The system includes advanced monitoring tools that track energy consumption in real-

time. AI algorithms analyze the data to identify patterns and opportunities for further 

energy savings. 

o It provides real-time feedback and adjustments, continuously optimizing energy usage to 

maintain efficiency. 

• Function: 

o It monitors and manages energy consumption, providing real-time data and insights for 

optimization. 

o The system can automatically adjust processing loads, cooling settings, and energy 

sources to ensure sustained efficiency improvements. 

o Continuously ensure that resources are neither over-provisioned nor underutilized. This 

dynamic adjustment helps in minimizing energy waste and optimizing overall system 

performance. 

41. Best Mode of Carrying Out the Invention: 

42. The best mode for implementing the dynamic resource allocation involves using a 

combination of machine learning algorithms that predict resource demand based on historical 
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data and real-time monitoring systems. These algorithms ensure that computational resources 

such as CPU, GPU, and memory are allocated in the most energy-efficient manner. 

43. Embodiments: 

44. One embodiment includes an AI-driven scheduler that allocates resources based on predicted 

workloads. Another embodiment includes a feedback loop where the system learns from past 

allocation efficiency to improve future allocations. 

45. Quantum-Assisted Optimization Engine 

• Description: 

o The Quantum-Assisted Optimization Engine leverages quantum computing to optimize 

AI algorithms and processing tasks. By using quantum algorithms such as Quantum 

Approximate Optimization Algorithm (QAOA) and Quantum Annealing, the engine 

significantly reduces the energy required for training and inference. 

• Best Mode: 

o The best mode involves integrating quantum processors with classical AI processors. The 

quantum processors handle complex optimization tasks that are computationally 

intensive, thus offloading these tasks from classical processors and reducing overall 

energy consumption. 

• Embodiments: 

o One embodiment includes a hybrid quantum-classical system where quantum processors 

optimize specific parts of AI models. Another embodiment includes using quantum 

annealers to find optimal configurations for AI model parameters. 

46. Adaptive Cooling System 

• Description: 
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o The Adaptive Cooling System uses AI to manage cooling based on real-time thermal data 

from sensors placed throughout the data center. By dynamically adjusting cooling 

mechanisms such as fans and liquid cooling systems, the system reduces energy 

consumption while maintaining optimal operating temperatures. 

• Best Mode: 

o The best mode for implementing adaptive cooling involves using machine learning 

models that predict thermal patterns and adjust cooling systems preemptively. The system 

uses a network of sensors to provide real-time data, which the AI models use to optimize 

cooling efficiency. 

• Embodiments: 

o One embodiment includes an AI-driven control system that adjusts fan speeds based on 

predicted thermal loads. Another embodiment includes liquid cooling systems that 

dynamically adjust flow rates based on real-time temperature data. 

47. Renewable Energy Integration 

• Description: 

o The system integrates renewable energy sources such as solar panels and wind turbines to 

power the AI processing units. This integration not only reduces reliance on non-

renewable energy sources but also helps in achieving a lower carbon footprint. 

• Best Mode: 

o The best mode involves using a combination of solar and wind energy systems with an 

intelligent energy management system that optimizes the use of renewable energy based 

on availability and demand. 

• Embodiments: 
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o One embodiment includes solar panels installed on the data center roof, with energy 

storage systems to store excess energy. Another embodiment includes wind turbines that 

provide additional power, with an intelligent switch that prioritizes renewable energy 

usage. 

48. Energy Consumption Monitoring and Management 

• Description: 

o The system includes advanced monitoring tools that track energy consumption in real-

time. AI algorithms analyze the data to identify patterns and opportunities for further 

energy savings. The system can automatically adjust processing loads, cooling settings, 

and energy sources to maintain optimal energy efficiency. 

• Best Mode: 

o The best mode for implementing energy consumption monitoring involves using AI-

driven analytics that continuously learn from energy usage patterns. These analytics 

provide insights that help in making real-time adjustments to the system. 

• Embodiments: 

o One embodiment includes a dashboard that displays real-time energy consumption 

metrics and recommendations for energy savings. Another embodiment includes 

automated controls that adjust system parameters based on real-time energy data. 

49. Function and Operation 

50. The Energy-Efficient AI Processing System operates by integrating the described 

components into a cohesive unit. The dynamic resource allocation module continuously 

adjusts computational resources based on demand, while the quantum-assisted optimization 

engine ensures that AI algorithms run efficiently. The adaptive cooling system manages 
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thermal loads to maintain optimal operating temperatures, and the renewable energy 

integration ensures that the system uses clean energy sources whenever possible. Finally, the 

energy consumption monitoring and management tools provide real-time insights and 

adjustments to maintain overall energy efficiency. 

51. Advantages and Improvements 

52. The primary advantages of this system over existing technologies include significant 

reductions in energy consumption, improved efficiency through dynamic resource allocation, 

and the integration of renewable energy sources. The use of quantum-assisted optimization 

provides a unique edge in processing power and energy efficiency, while the adaptive 

cooling system further enhances the system's overall efficiency. 

53. Alternative Configurations 

54. Alternative configurations of the invention could include different types of renewable energy 

sources, such as hydroelectric or geothermal power, and various methods of dynamic 

resource allocation based on different machine learning algorithms. Additionally, the system 

could be scaled to accommodate different sizes of data centers, from small server rooms to 

large-scale facilities. 

55. Detailed Examples 

56. To illustrate the invention in practice, consider a data center that uses the Energy-Efficient AI 

Processing System. During peak usage hours, the dynamic resource allocation module 

predicts high demand and allocates additional computational resources while ensuring 

minimal energy waste. The quantum-assisted optimization engine optimizes AI processing 

tasks, reducing energy consumption. The adaptive cooling system adjusts fan speeds and 

liquid cooling rates based on real-time thermal data, maintaining optimal temperatures with 
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minimal energy use. The system primarily uses solar and wind energy, stored during periods 

of low demand, to power the AI processing units. The energy consumption monitoring tools 

provide real-time insights, allowing the system to make continuous adjustments for optimal 

efficiency. 

57. This detailed description provides a comprehensive understanding of the Energy-Efficient AI 

Processing System with Dynamic Resource Allocation and Quantum-Assisted Optimization, 

ensuring that it can be replicated and implemented effectively. 
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Claims: 

1. An energy-efficient AI processing system comprising a dynamic resource allocation 

module for optimal use of computational resources. 

2. The system of claim 1, further comprising a quantum-assisted optimization engine for 

reducing energy consumption through advanced quantum algorithms. 

3. The system of claim 1, further comprising an adaptive cooling system managed by AI for 

real-time thermal management. 

4. The system of claim 1, further comprising the integration of renewable energy sources for 

sustainable power supply. 

5. The system of claim 1, further comprising energy consumption monitoring and 

management tools for real-time optimization. 
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Abstract:  

1. The Energy-Efficient AI Processing System with Dynamic Resource Allocation and 

Quantum-Assisted Optimization is designed to optimize energy consumption and 

performance in AI applications. The system integrates advanced AI algorithms for 

dynamic resource allocation, quantum computing for algorithm optimization, adaptive 

cooling systems based on real-time thermal data, and renewable energy sources. This 

comprehensive approach significantly reduces energy usage, operational costs, and 

carbon footprint while maintaining high performance, making it an ideal solution for data 

centers and industries requiring efficient AI processing. 
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