
 

1 
 

 

The Use of Artificial Intelligence in Computer Architecture 

 

Seyedeh Maryam Hosseini 

MA of software engineering, Tehran payamnoor university, Iran  

Seyed Hossein Hosseini 

 mechanical Engineer, zahedan public university,Iran  

Seyedeh Khadijeh Hosseini 

 MA of Department of Agriculture Engineering, payameNoor university (PNU),Mashhad. Iran  

Mashalah Yaqobvand 

 Information Technology Engineer, university of Applied science and Technology Andimeshk Branch, Iran  

 

 

 

 

 

 

Abstract 

     This article examines the diverse effects of artificial intelligence in computer architecture, analyzing its various 

aspects such as using machine learning technologies in designing and developing processors and memory systems, 

automatic optimization of software and hardware based on working patterns and input data, and also designing 

automatic learning systems for upgrading the performance and efficiency of computer systems. In addition, the 

security challenges related to the integration of AI, algorithm liabilities and also privacy concerns are examined. 

Considering the fast and considerable advances in AI technology especially in machine learning, computer 

architectures have been changed dramatically. These changes include dynamic optimization of resources, exact 

prediction of workload, and designing smart systems that can improve their performance consistently and 

automatically. However, security challenges and privacy issues using these technolgies require attention and 

special strategies. This research uses combined research method including through analysis of existing literature 

and case studies, detecting best methods and obtained results from AL implementation in computer architecture. 

The results of this studies indicates that AI can considerably contribute improving performance, efficiency and 

flexibity of computer systems, but besides these benefits, considering security challenges and preserving user’s 

privacy are highly significant.  

Keywords: Artificial Intelligence, Computer Architecture, Machine Leraning, Automatic Optimization, Security 

Challenges, Automatic Learning Systems.  

 

 

 

 

 

 

 

 

Introduction  
artificial intelligence (AI) as a pioneer and transformative technology in the present era has had extensive and 

deep effects across various domains such as computer architecture. By the emergence of significant advancements 

in machine laerning, deep learning networks and smart algorithms, computer architectures have bben changed 
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drastically. These changes not only have lead to improving performance and efficiency of computer systems, but 

they have created new approaches in designing hardware and software.AI has presented strategies for optimizing 

resources, predicting workload and designing compatible systems has solved traditional problems in computer 

architecture by modern methods. For example, using machine learning algorithms in designing processors and 

memory systems has provided architectures with higher efficiencies and lower energy consiumption [1].  

However, the spread of AI in computer architecture has faced with new chanllaneges. One of the most important 

challenges is security or privacy problem.  

AI algorithms, especially those based on machine learning may be vulnerable against security attacks such as data 

destruction or illegal inferences [2]. 

In addition, using AI in sensitive systems like medical or military systems has brought about concerns about 

privacy and data security. These issues increasingly indicate necessity of developing advanced security strategies 

and thorough protective policies [3]. AI  can be categorized based on its cognitive, emotional and social 

capabilities such as analytical AI, inspired from Human and human AI. Also, based on evolutionary stage, AI is 

categorized into restricted, general and extraordinary types [1]. However, when AI  is generally used, it isn’t often 

considered as an advanced technology. This phenomenon is concieved as “the effect of AI” and it is occurred 

when the users ignore the behavior of a AI system due to not knowing its total identity. As Arthur Clarke, the 

author of science fiction stories has said “each technology is advanced enough, indistinguishable from magic, but 

when a person pecieves it, the magic is disappeared [4].   

From 1950s the experts have predicted that we only have few years to obtain general AI systems, systems 

indicating indistinguishable treats from human in all aspects and they’ll have cognitive, emotional and social 

intelligence [5].  However, it’s only the time that can detect whether these predictions will come true. For better 

understanding of the futire of AI, we can consider two main aspects: the path progressed and whatever we’ll have 

ahead. In this paper, our purpose is examining these two aspects. At first we start by reviewing AI literature so 

that we can see how this domain has evolved during the time. Then we examine the current challenges of 

companies and entities and finally, by looking at the future, we try to present strategies for facing with oncoming 

challenges [6]. 

N recent years, the researchers and policy makers have concluded that AI may create considerable changes in the 

court affairs especially in judicial decision making processes. Although few courts use AI-based systems, but 

discussion of this issue is future-based. This idea that judges should consider proposed suggestions by the 

algorithms or the algorithms decide with the judge’s intervention, has attracted the attention of many equality 

proponents [3].  

When designing an automatic judicial system or an AI judge, the designers should consider society’s expectations, 

required skills and rsources and the user’s inspirations. Most importantly, the desiging such systems should be 

based on three principles: equality, neuteality and effectiveness. Otherwise, the public trust to judicial system will 

be decreased [8].  

Using AI in judicial systems can increase the people’s access to the equality and provide equal chances for all. By 

exact analysis of data, AI can contribute judicial decesions based on the evidence and exact information and 

prevent discrimination in judicial processes [9]. In addition, using AI can increase trnasparency and public trust 

in judicial system and improve efficiency and accuracy of judicial processes. However, using this technology can 

has challenges like violation of human rights that requires exact examination and thorough evaluation of its effects 

[2]. 

In a research titling “issues, benefits and risks of using AI in applying law” automation of judical processes and 

the problems of replacing judges with AI  have been discussed. This research also has examined probable errors 

and interventions of AI  in judicial pprocedures, but it has not examined practical features of AI in judicail system 

and its advantages and disadvantages[1]. In another research titling “ courts’ algorithm”, judicial decision making 

automation and relative advantages of new legal technologies have been categorized, but the applications of AI 

in judicial system and strategies for improving it have not been completely examined [8]. In this research we 

examine how to use AI in judicial system, its advantages and disadvantages and detecting weakpoints and 

strongpoints of this technology in judicial proceedings. The main purpose of this research is examining the effects 

of AI  on judicial system and proposing strategies for improving its applications [6].  

 

Research Methodology 
For examining the effect of AI on computer architecture, a mixed research methodology was used. This 

methodology included analysis of existin literature and case studies on different AI and computer architecture 

domains. At the first stage, valid resources and scientific articles in AI and computer architecture domains were 

collected and anlyzed. This analysis included examining recent processes, existing challenges and chances in this 

domain. At the second stage, case studies of different projects and organizations used AI in designing and 

optimizing computer architecture have been examined. These studies have contributed detecting the best methods 

and results of implementing AI in computer architecture. Finally, the obtained results from this paper indicate that 
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AI can considerably contribute upgrading the performance and efficiency of computer systems but it is essential 

to consider security and privacy challenges. Generally, this paper contributes better understanding of of AI effects 

on computer architecture and possible strategies for optimal usage of this technology. 

 

The use of AI in architecture 

AI as one of the innovative and advanced technologies has had deep and widespread effects in architecture 

domain. This technology by presenting smart and automatic strategies has changed desiging processes, 

manufacturing and managing architecture projects and helps the architects and designers to get their aims with 

higher accuracy and efficiency. Some architects and designers believe that by developing AI they will gradully 

lose their work in building industry, but this a false belief and they shouldn’t consider this technology as a threat 

for themselves, but regard it as a great chance for easing their work. By using AI-based designs we will witness 

never-seen structures that progress making smart cities with higher speeds. In this section, we examine use of AI 

in architecture and show that how this technology as a powerful tool can solve the traditional challenges of 

architecture and create new opportunities.    

 

1.Desiging Generator 

One of the most important uses of AI in architecture is designing generator. In this method, architects detect 

parameters and designing aims (such as light, ventilation, energy consumption, and structure requirements) and 

use AI algorithms for producing hundreds or thousands of designs. These algorithms using data analysis and 

optimizing the parameters, propose designs that not only are aesthetically attractive, but they have been practically 

optimized. This approach allows the architects to examine various options in a short time and choose the best 

solutions for their projects [1]. 

 

2.Parametric Architecture 

AI enables the architects to use parametric architecture to create designs that automatically become compatible 

with environmental changes or users’ needs. For example, in designing sustainable buildings, AI by analyzing 

weather data and energy consumption patterns can present designs that use natural sources like sunlight and wind 

in optimal manner. This method not only helps lowering energy consumption, but it is eco-friendly [2]. 

 

3.Energy Optimization and Consistency   

By using environmental data analysis and energy consumption patterns, AI  helps the architects desing buildings 

with optimal energy consumption. For example, smart systems of light and temperature control can be 

automatically tuned based on the residents’ behavior and environmental conditions and lower energy 

consumption. This technology by predicting consumption patterns can help the architects in designing buildings 

with lowest environmental effects [3]. 

 

4. Project Management and Construction 

AI also plays an important role in construction project management. Using prediction algorithms, we can precisely 

predict and manage project schedule, costs and probable risks. Also, automatic robots and AI-based supervising 

systems can fasten the construction process and increase workshop safety. These technologies are very useful 

especially in complex and large technologies requiring exact cooperation between different parts [6]. 

 

5.Analysis and Simulation  

AI by using big data and machine learning, facilitates exact analysis and simulation of building behaviors in 

different conditions. These analysises can include examining the resistence of structures against the earthquake, 

optimizing ventilation in the building, or prediction of environmental effects on the building. These simulations 

help the architects to detect and solve the probable problems before implementing the project [9].  

 

6.Internal Design and Personalization 

AI by analyzing users’ preferences and behaviors helps the internal designers and architects to create personalized 

spaces compatible with the needs of residents. This technology can help designers in choosing materials, colors 

and space arrangements and provides better user experience for the residents [8].  

 

 

 

7.Reconstruction and Restoration of Historical Buildings 

By using image processing techniques and deep learning, AI can help reconstruction and restoration of historical 

buildings. This technology can analyze damages incurred to buildings and propose exact reconstruction designs. 

This ia especially important in preserving cultural and historical heritage [4].  
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Challenges and Limitations 

Among this, there are some challenges and limitations despite manifold advantages, using AI in architecture also 

has faced with some challenges. Somt these challenges, we can name dependence on high quality data, high costs 

of implementation and ethical and privacy concerns. Also, training architect specialists for working with this 

technologies is an important challenge. In addition there are some concerns about lower amount of architects 

participation in designing process, as the AI can be replaced with human decision makings [1]. 

 

Smartization and AI languages  

Smartization and AI-based tools though have many advantages, but they can have negative and harmful outcomes 

for social lives of humans especially in developing countries. While we can’t prevent technologic innovations and 

technology development, and these changes increasingly affect complex virtual world, but if these modern 

technologies can be controlled and managed properly, they will cause unpleasant consequences for the world [10].  

Therefore, it is essential that we prevent the harms of these technologies. In the virtual world, in addition to the 

advantages and benefits, there are negative and harmful side effects that can be harmful and dangerous. For 

example, smartization and AI can have many negetaive side effects. 

 

Benefits and positive effects of smartization and AI 

In the present world with rapid and wide changes, AI is a powerful tool for acting against these changes. In the 

near future, AI will be widely used in all realms, espicially in tourism industry. Using robots instead of human 

force, which do their duties with higher accuracy and efficiency is one of these technlogies. These robots by exact 

progremming and accurate performance present high quality services to the tourists. All the travel processes like 

reserving the residence, reserving the transportation vehicles (air, maritime, train and land), virtual guide maps, 

transport restaurants, destination cities’ condition, natural, historical and cultural attractions, social norms and 

values, septet arts, and getting the ticket of sightseeing places are programmed and managed by smart systems 

and AI [11].  

Among the key characteristics of  smartization and AI  we can name easy traveling, instant performing without 

wasting time, high speed internal and external communications, preventing energy loss, lowering city traffic, 

decreasing office bureaucracy and fast access to the results. The countries are actively developing management 

tactics and strategies to their tourism destinations to represent positive faces from themselves and increase their 

share from tourism incomes. One of these strategies, is smart tourism destination [12].  

Smart tourism destination, is based on innovation built upon advanced technological infrastructures. These 

destinations warrant sustainable development of tourism destinations, facilitate accessing to the environment  and 

increase the experience quality of tourists. Meanwhile, life quality of local residents is also improved [12]. 

AI is considered as computer-based systems and has the problem solving ability, memory storage and human 

langualge comprehension. This technology can be used for predicting tourist affairs, assessing tourism services, 

controlling tourist traffic, issuing emergency warnings and other similar cases [13]. The smart systems with better 

information management and decision making support, provide better tourism experiences. These systems are 

flexible and compatiable with the content and have the ability to learn from the xperiences and present feedback. 

According to these potentials, the smartness is embeded increasingly in destination analysis, management and 

planning processes of tourism and also interaction with the tourists. Smart tourism has been recently concerned 

in contries like China, South Korea and Spain [14]. In fact the real meaning of the smart tourism destinations is 

focusing on personal needs of tourists and combining ICT with customer-based culture. This finally increases 

service quality at destination snd improves tourism management. The tourism industry has moved toward 

smartization according to technological changes and flexibility against these changes. The demand alteration 

result from changes in tourists’ perspective and needs has made this industry use modern technologies. 

Competitive markets and relative superiority of competion move the organization toward smartization. Every 

society which doesn’t keep up with the technological advancement, will fail in the world competition and have 

little share in the global tourism market [15]. 

Domestic and foreign tourists can obtain the required information through smart systems of virtual trips before 

their trip and choose their transportation vehicle, the residing place and destination by virtual reservation 

networks. Tourism industry experts can advertise all over the world through virtual smart networks. the residences 

of tourists should update their furniture and equipment by using smart methods and move with modern 

technologies. The transportation industry experts also convert the traditional methods into smart methods to 

prevent waste of time, cost and futile traffic [16]. 

The comprehensive information through softwares and application platforms can significantly help the tourists 

and make them aware of the required information, whether in departure or destination. One of the most important 

advantages of smart trip is the ability of handling natural and unnatural crisises, such as diseases and incidents. 

For example, in corona virus crisis, when using smart trip, by applying effective restrictions and observing sanitary 
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protocols, the experts could prevent the stagnancy of this industry. Staying in smart hotels and travelling with 

smart facilities, can provide safe and enjoyable trip for the tourists. 

Before the trip, tourists can be informed with weather conditions, hotel qualities, transportation vehicle’s situation, 

destination information through internet of things and smart tools [15].  

The percieved benefit and percieved easy to use are among the factors that affect smart technologies. The 

percieved benefit means that the users argue that using a special system improves their performance. The 

percieved easy to use also refers to comfort of users in using the system[17]. The security of cities and traffic 

control also can be supervised through smart tools like CCTV camera or control centers. Smart cars, smart buses 

and other smart vehicles are among other newly emerging phenomena. In smart cities, there is no need to physical 

attendence of the police. The smart systems can rapidly report the problems like water ponding after rain and 

flooding to the control centers to do somethinf for them. Also the city accidents can be controlled and the offenders 

can be detected [15].   

 

Using machine learning for designing processors and memory systems 

Using machine learning techniques in designing processors and memory systems have been emerged as a 

transformative aproach enabled considerable advancements in terms of performance, efficiency and resiliency. 

Using big data and complex algorithms, designers can optimize the hardware architects for meeting the evolving 

needs of modern applications.  

Optimization of processors’ architectures 

• Dynamic Compatibility: Machine learning algorithms can analyze the working algorithms and arrange 

the processor configuration dynamically to get the optimal performance. For example, techniques like 

reinforced learning can be used for efficient allotment of resources based on real time data [18]. 

• Prediction modeling: Machine learning models can predict the future working load and set the 

processor’s operation parameters based on them. This prediction capability can facilitate energy 

consumption management and heating output which are vital for preserving consistency and system’s 

lifetime [19].   

Boosting memory systems  

• Smart hiding: Machine learning can boost the data hiding strategies by predicting future access. Using 

algorithms that learn the access patterns, memory systems can load the data in the cache memory 

beforehand that lowers the dealy and increases the total transition of the system [20].  

 

• Data prognosis: machine learning techniques can be used for implementing prognosis mechanisms that 

predict the data request before their happening. This preventive approach, minimizes the waiting time 

and maximizes the efficiency of accessing the memory [21].  

 

Automation and design optimizing 

• Automatic searching of designing space: Machine learning enables automatic search of designing 

spaces that allows the engineers to assess rapidly manifold architecture configurations. This capability, 

speeds up the designing process and contributes detecting optimal solutions that may be undiscoverable 

with traditional methods [22]. 

• Function arrangement: machine learning algorithms can be used for exact setting of system parameters 

after establishment. By continous learning from system function data, these algorithms can propose 

settings that improve efficiency and system responsiveness [23]. 

 

Challenes and Considerations 

Data dependency: machine learning effectiveness in designing software is totally dependent upon quality and 

quantity of training data. Insufficient or subjective data can lead to unpleasant designing decisions [24]. 

Implementation complexity: merging machine learning in existing designing processes, increases technical 

complexities. The engineers should have comprehensive understanding of both hardware designing and machine 

learning to use this technology effectively [25]. 

Security consequences: using machine learning in designing processors and memory systems, creates some 

concerns about aggressive attacks that may abuse vulnerabilities of machine learning models. It is essential that 

we become certain that there are strong security proceedings for facing these threats [20].   

The use of machine learning in designing processors and memory systems, indicates a significant step in computer 

architecture. Using this data-based insights, designers can create more efficient, more resilient and smarter 

systems. However, for successful merging of these technologies in future designs, dealing with related challenges 

of data dependency, implementing complexity and security would be very vital.  

 

Automatic optimization of architectures based on working algorithms and input data 
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According to rapid development of computational needs, it has been essential to develop architectures to be 

dynamicclay compatible with workloads and variable input data. Automatic optimization of computer 

architectures based on working patterns and input data is a key research domain that uses machine learning and 

data analysis for improving the performance, efficiency and productivity of the resources.  The working patterns 

refer to certain features and characteristics of the programs while implementing on a computational system. These 

patterns can be considerable different based on application, nature of processed data and operational domain [25]. 

By analyzing historical data of workload, machine learning algorithms can detect repetitive patterns and trends 

and allow the system to predict the future demands and set the resources based on this [19].  

 

Dynamic allotment of the resources 

One of the main advantages of automatic optimization is the ability of dynamic allotment of the resources based 

on real time workload analysis. Techniques like reinforced learning can be used for devloping the policies that 

optimize the resource allotment responding workload changes [18]. For example, a system may learn that in peak 

time of usage, allot high processing power to demanding programs and in the less demanding periods, save the 

energy.  

 

Designing compatible architecture  

Automatic optimization also is developed into designing compatible architects. By using machine learning 

models, designers can make architectures that dynamically set their configurations based on workload features. 

For example, a processor can modify the number of kernels, clock speed or its chache memory for adjustment 

with current workload needs [22]. This resiliency not only improves the performance, but also increases the energy 

efficiency, as the resources are effectively used.  

 

Designing automatic learner systems for improving the performance of computer systems 

Integrating self-learner systems in computer architects renders a transformatice approach for increasing the 

performance and efficienc of the systems. These systems use machine learning algorithms for automatic 

compatibility and optimizing their performance based on real time data and usage patterns that finally improves 

the total performance of the system.    

   

Strategies of performance optimization 

Self-learning systems can use several strategies for optimizing the performance: 

-Dynamic resource management: by continous surveillance on system performance and workload features, self-

learning systems can dynamically allot the resources for meeting the needs [20]. This includes increasing or 

decreasing resource scale based on real time analysis. 

-predictor maintenance: these systems by analyzing historical data and detecting patterns happening before the 

problems, can predict probable breakdowns or performance bottlenecks [26]. This preventive approach minimizes 

the breakdown time and increases the system reliability.  

-Compatibity algorithms: the self-learning systems can adjust their algorithms based on current operational 

domains and make sure that they always use the most effective methods for the given occasion [23]. 

 

 Implementing challenges  

Despite potential advantages, implementing self-learning systems has some challenges:  

-privacy and data security:  gathering and analyzing the user’s data brings about some concerns about privacy and 

security. Ensuring responsive data mangement is very important [27].   

-Agorithm complexities: machine learning algorithm complexities can make their implementation and 

maintenance difficult. Making these algorithms easier while preserving their effectiveness is a developing research 

domain [28].  

-Integrating with existing systems: integrating the self-learning systems with old architectures can create 

considerable challenges requiring careful planning and implementation [29].  

 

Future Orientations 

The future of self-learning systems in computer architecture is promising, by researches focusing on increaing 

their capacities. Some desired domains are: 

-Explainable AI: developing self-learning systems that can present the explanations of their decisions can increase 

trust and usability [30].  

-Federal learning: this approach allows the models to be trained on several nonconcentrated systems, while the 

data are remained local and decrease the concerns related to privacy [31]. 

-real time compatibility: some researches are being carried out to rapidly boost the ability of self-learning systems 

in compatibility with changing domains [20].  
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Conclusion 
In this paper, the effect oo AI on computer architecture and its different dimensions was comprehensivley 

examined. Regarding fast and considerable advancements in AI domain, especially in machine learning, computer 

architectures has been widely transformed. These changes include automatinc optimizations of architectures based 

on working algorithms and input data, designing automatic learning systems for improving performance and also 

security challenges related to using AI.  

One of the key aspects of this paper is using machine learning for designing processors and memory systems. This 

technology allows the designers to optimize the processors and memory systems by analyzing big data and 

detecting working patterns. For example, using techniques like reinforced learning, systems can dynamically 

respond to workload changes and processing needs and improve their performance. This approach not only 

increases system efficieny, but also optimizes energy consumption which is very vital for data centers and lage 

scale systems. In addition, automatic optimization of architectures based on working algorithms and input data 

allows the systems to dynamically repond workload changes and processing needs. This capacity causes that in 

different situations, systems can have optimal functions like in peak time of workload or decreased demand. These 

systems can learn from the past experiences and make smart decisions in the futures. However, security challenges 

related to using AI in computer architecture, like algorithm vulnerabilities, privacy concerns and model theft risks 

require special attention. For example aggressive attacks to machine learning may lead to incorrect decision 

makings and system vulnerabilities. Also, gathering and processing sensitive user data brings about concerns 

about privacy and data security. For resolving these challenges, developing strong security stategies and resistant 

algorithms against attacks are necessary. Finally we can say that AI as a modern technology, has high potential 

for modifying and boosting computer architects. This technology can lead to making systems that not only are 

more efficient and resilient, but also they can meet the variable needs of today’s world. However, for optimal 

usage of this technology, we need more research and developing new strategies for acting against security 

challenges and privacy. This can lead to smarter and safer systems while preserving security and privacy, they 

present optimal performance.    
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