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I. INTRODUCTION 

With the rapid development of information technology, artificial intelligence (AI) has penetrated into all 

fields of society and has become an important force to promote economic growth, technological innovation and 

social progress. As an important research direction in the field of artificial intelligence, AI agents refer to 

autonomous systems that can perceive the environment, make reasoning and decision-making, and perform tasks. 

From the original simple rule system to today's deep learning network, the development of AI agents has gone 

through many waves, and its application scope has expanded from laboratory research to industry, medicine, 

transportation, and other fields [1]-[5]. 

The concept of artificial intelligence (AI) can be traced back to the 50s of the 20th century, when scientists 

began to explore the possibility of creating machines that can simulate or even surpass human intelligence. In 

1956, at a conference held at Dartmouth College in the United States, a group of scientists first proposed the term 

"artificial intelligence", marking the official birth of the discipline of artificial intelligence. The participants of this 

conference, such as John McCarthy, Marvin Minsky and others, became the founders of the field of artificial 

intelligence. Since then, research in the field of AI has gradually emerged, and agents, as an important branch of 

AI research, have gradually attracted attention. The concept of an agent was first proposed by John Hopkins, a 

renowned computer scientist and philosopher at the Massachusetts Institute of Technology, in the 1980s. Hopkins 

defines an agent as "an entity capable of perceiving its environment and acting to achieve its goals." This concept 

provides a new perspective and methodology for AI research, which shifts from simple symbolic reasoning to 

more complex and dynamic environmental interactions. 

With the rapid development of computer science, information science, and cognitive science, the research 

of AI agents has received unprecedented technical support. The improvement of computing power, the 

advancement of data storage and processing technology, and the optimization of algorithms have all provided 

powerful tools for the research and application of AI agents. In the context of globalization and informatization, 

there is a growing demand for intelligent solutions. Whether in areas such as industrial automation, financial 

services, medical diagnostics, or education personalization, AI agents have shown great potential. Society's 

pursuit of efficient, intelligent, and automated solutions has promoted the rapid development of AI agent 
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technology. In recent years, countries around the world have taken AI technology as an important direction of 

national strategic development. For example, the United States, the European Union, the United Kingdom, 

Canada, and China have all introduced policies to support the development of AI technology. In China, the 

government has clearly proposed artificial intelligence as a national strategic emerging industry, and has 

introduced a series of policies and measures to provide a good policy environment for the research of AI agents. 

The application of AI agents in the business field has broad prospects and has attracted the attention of a large 

number of capital and market participants. The increasing investment of enterprises and investors in AI 

technology has promoted the rapid iteration and application of AI agent technology. 

Although AI agents have made remarkable progress, there are still many challenges and problems in 

theoretical research and technical applications. First of all, the theoretical foundation of AI agents is not perfect, 

especially in understanding the nature of intelligence and building general intelligent systems. Second, the 

technical application of AI agents faces problems such as data privacy, security, and explainability. In addition, 

with the popularization of AI technology, society is paying more and more attention to the ethics, morality, laws 

and regulations of AI agents. Therefore, it is necessary to conduct in-depth research on the background, 

development history, technology, applications, challenges, and trends of AI agents. 

 

The significance of this study is mainly reflected in the following aspects: 

(1) Theoretical significance: Through the in-depth study of AI agents, the theoretical system of artificial 

intelligence can be further improved, and theoretical support can be provided for the construction of more efficient 

and intelligent AI systems. At the same time, it has important scientific value for revealing the nature of 

intelligence and promoting the development of cognitive science. 

(2) Technical significance: Analyzing the key technologies of AI agents will help promote the innovation of AI 

technology, solve existing technical bottlenecks, promote the application of AI agents in more fields, and improve 

the technical level. 

(3) Application significance: Exploring the application of AI agents in different fields can provide new ideas and 

methods for solving practical problems and promote industrial upgrading and economic development. 

(4) Social significance: Studying the challenges and trends of AI agents will help formulate reasonable policies 

and regulations, guide the healthy development of AI technology, and ensure social stability and citizens' rights 

and interests. 

In summary, this paper aims to comprehensively sort out the background, development history, 

technology, application, challenges and trends of AI agents, provide reference for researchers and practitioners in 

related fields, and promote the continuous progress of AI agent technology and the comprehensive development 

of society. 

 

II. HISTORY 
The development history of AI agents can be traced back to the 50s of the 20th century, and has gone 

through several important stages, each of which has its representative technological and theoretical 

breakthroughs. 

(1) Founding Stage (1950s-1960s) 

In 1950, Alan Turing published his famous paper "Computing Machines and Intelligence", proposing the 

Turing test, which is the earliest definition of machine intelligence. In 1956, the Dartmouth Conference marked 

the official birth of the discipline of artificial intelligence. At this stage, AI research mainly focuses on symbolic 

methods based on logic and rules, such as logical reasoning, expert systems, etc. Representative achievements of 

this period include IBM's "Deep Blue" victory in chess. 

 

(2) Exploratory Phase (1970s-1980s) 

At this stage, AI research begins to face theoretical and practical challenges, such as the difficult problem 

of "knowledge engineering" and the limitation of computing power. In the 1970s, the development of expert 

systems brought a wave of AI boom, but then it entered a low period due to the limitations of expert systems, and 

this period is known as the "AI winter". At the same time, machine learning is gaining traction, especially with 

symbolic learning-based methods such as decision trees and perceptrons. 

 

(3) Revival Stage (1990s-2000s) 

In the 1990s, with the improvement of computing power and the emergence of big data, machine learning, 

especially the development of statistical learning theory, AI ushered in a new spring. Support vector machine 
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(SVM), random forest and other algorithms have been proposed and widely used in practical problems. In 1997, 

IBM's "Deep Blue" defeated world chess champion Garry Kasparov, becoming a milestone in the history of AI 

development. 

 

(4) Deep Learning Stage (2010s to Present) 

In the 2010s, the rise of deep learning led to the third wave of AI. In 2012, AlexNet achieved a 

breakthrough in the ImageNet competition, marking a major advance in the field of image recognition for deep 

convolutional neural networks (CNNs). Subsequently, deep learning has also made remarkable achievements in 

the fields of speech recognition and natural language processing. In 2016, AlphaGo defeated world Go champion 

Lee Sedol to demonstrate the power of Deep Reinforcement Learning. 

 

(5) General Intelligence and Multi-Domain Integration Stage (Outlook) 

Currently, AI agents are moving towards artificial general intelligence (AGI), that is, building systems that 

can have a wide range of intelligence in multiple domains like humans. At the same time, the integration of AI 

with other fields, such as brain science, quantum computing, bioinformatics, etc., also brings new opportunities 

for the development of AI agents. 

 

In conclusion, the development history of AI agents is an evolutionary history from theoretical exploration 

to practical application, from a single domain to the integration of multiple domains. Technological advancements 

at each stage have laid the foundation for the future development of AI agents, and also pointed out the direction of 

future research. 

 

III. TECHNOLOGY 
AI agent technology refers to the technology that enables computer systems to simulate human intelligent 

behavior and conduct autonomous learning, reasoning, judgment, and decision-making. The definition, 

characteristics, key technologies and architecture of AI agent technology are described below. 

 

(1) Definitions 

AI agent technology generally refers to a computer system that integrates perception, cognition, and action 

capabilities. Such a system can collect environmental information through sensors, analyze and interpret it 

through processors, and then act in the environment through actuators based on preset goals and strategies. The 

goal of AI agents is to achieve a high degree of autonomy and intelligence, and to be able to complete complex 

tasks without direct human intervention. 

 

(2) Features 

Autonomy: AI agents are able to perform tasks and solve problems independently without external guidance. 

Adaptability: AI agents are able to adapt their behavior to new situations in response to changes in the 

environment. 

Learning: AI agents learn from data through learning algorithms to continuously improve their performance. 

Interactivity: AI agents are able to communicate and collaborate effectively with humans or other agents. 

Intelligence: AI agents have certain reasoning and decision-making capabilities, and are able to handle complex 

tasks. 

 

(3) Key technologies 

Machine Learning: Machine learning is one of the core technologies of AI agents, which enables computers to 

learn patterns and patterns from data. It mainly includes supervised learning, unsupervised learning, 

semi-supervised learning and reinforcement learning. (i) Supervised learning: Learn the mapping between inputs 

and outputs through training datasets, such as support vector machines (SVMs), decision trees, neural networks, 

etc. (ii) Unsupervised learning: Searching for potential patterns and structures from unlabeled data, such as 

clustering, dimensionality reduction, generative adversarial networks (GANs), etc. (iii) Semi-supervised learning: 

Combining a small amount of labeled data and a large amount of unlabeled data for learning. (iv) reinforcement 

learning: By interacting with the environment, behavioral strategies are adjusted according to reward signals to 

maximize long-term rewards. 

Deep Learning: Deep learning is a special machine learning method that learns the deep representation of data by 

building multi-layered neural network models. Representative technologies of deep learning include 
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convolutional neural networks (CNNs), recurrent neural networks (RNNs), and long short-term memory networks 

(LSTMs). 

Natural Language Processing (NLP): Natural language processing techniques enable computers to understand, 

interpret, and generate human language. Key technologies include language models, word embeddings, sentiment 

analysis, machine translation, and more. 

Computer vision: Computer vision technology enables computers to interpret and understand visual information 

in the same way that humans do. Key technologies include image recognition, object detection, image 

segmentation, face recognition, and more. 

Knowledge Representation and Reasoning: Knowledge representation and reasoning techniques involve how 

knowledge is encoded into a computer system and used to reason logically. Key technologies include ontology, 

semantic web, logic programming, and more. 

Robotics: Robotics integrates the perception, decision-making and action capabilities of AI agents, involving 

mechanical design, control theory, sensor technology, etc. 

 

(4) Architecture 

Architecture is a key element in the discussion of AI agent technology, which defines the structure of an 

agent and how it operates. Specifically, the architecture of an AI agent refers to the way its internal components 

are organized and the rules for the interaction between those components. The design of the architecture has a 

direct impact on the performance, adaptability, and intelligence of the agent. Some common AI agent 

architectures are: 

Reactive Architectures: Reactive architectures, also known as behaviorist architectures, are characterized by 

agents reacting directly to current perceptual inputs and not relying on past internal states. This architecture is 

typically simple, fast, and suitable for real-time control systems. Includes: (i) Simple Reflection Architecture: 

consists of a set of predefined rules, each of which monitors specific environmental conditions and triggers 

corresponding actions. (ii) Behavior-based architecture: The agent behavior is decomposed into multiple 

independent behavior modules, each module is responsible for a specific behavior, and the system selects the 

appropriate behavior according to the current situation. 

Model-Based Architectures: Model-Based Architectures include an internal model that represents the state and 

dynamics of the environment. The agent uses this model to predict the future state and make more informed 

decisions. Includes: (i) Planning Architecture: The agent builds a model of the environment and uses this model to 

generate a series of actions to achieve the goal. (ii) Goal-oriented architecture: The agent maintains a target state 

and uses the model to plan the path to the goal. 

Hierarchical Architectures: Hierarchical architectures organize the behavior of agents into multiple layers, each 

of which is responsible for dealing with different levels of abstraction. This architecture is capable of handling 

complex tasks and is scalable. Including: (i) Hierarchical control system: The agent is composed of multiple 

levels, each of which is responsible for different control tasks, from low-level action control to high-level strategic 

planning. (ii) Markov Decision Process (MDP) Layering: Streamlining the overall decision-making process by 

decomposing the MDP into multiple sub-MDPs, each of which solves a sub-problem. 

Hybrid Architectures: Hybrid architectures combine the characteristics of many of the above architectures to 

accommodate more complex environments and tasks. (i) Cognitive architecture: Combining the characteristics of 

model-based and reactive architecture, agents are capable of reasoning, learning, and planning. (ii) 

Sense-Plan-Act Cycle: Agents alternate sensing, planning, and acting in a cycle to adapt to a dynamic 

environment. 

Learning Architectures: Learning architectures emphasize the agent's ability to learn and adapt on their own, 

often tightly coupled with machine learning algorithms. (i) Deep reinforcement learning architecture: Combining 

deep learning and reinforcement learning, the agent perceives and makes decisions through neural networks, and 

learns to optimize strategies by interacting with the environment. (ii) Transfer learning architecture: Agents are 

able to transfer knowledge learned on one task to a new task to improve learning efficiency. 

In summary, the architecture design of AI agents is the key to its effective operation. Different 

architectures are suitable for different application scenarios and requirements, and with the advancement of 

technology, new architectures are constantly proposed and optimized to improve the intelligence level and 

application scope of agents. 
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IV. APPLICATIONS 
AI agent technology has a wide range of applications, covering industry, healthcare, transportation, 

education, entertainment and other fields. Here are some of the main application areas: 

(1) Industrial automation: In the industrial field, the application of AI agents is mainly reflected in automation 

and intelligent production. Intelligent robots can perform tasks such as assembly, welding, handling, and testing 

on the production line to improve production efficiency and product quality. For example, intelligent robots can 

be used to perform repetitive, dangerous, or delicate tasks, such as automotive manufacturing, electronics 

assembly, etc. In terms of predictive maintenance, machine learning algorithms are used to analyze equipment 

data, predict equipment failures, and carry out maintenance in advance. 

(2) Healthcare: The application of AI agents in the medical field is changing the traditional way of diagnosis and 

treatment, improving the quality and efficiency of medical services. For example, (i) assisted diagnosis: The AI 

system assists doctors in disease diagnosis, such as cancer detection and retinopathy recognition, by analyzing 

medical images and medical record data. (ii) Personalized treatment: Based on the patient's genetic information 

and medical history, the AI agent recommends a personalized treatment plan. (iii) Drug R&D: AI technology is 

used for new drug discovery and screening to shorten the drug development cycle. 

(3) Transportation: The application of AI agents in the field of transportation is mainly focused on autonomous 

driving and traffic management. For example: (i) Autonomous vehicles: Autonomous vehicles are driven by 

integrating sensors, machine vision, and control systems. (ii) Intelligent transportation systems: using AI to 

analyze traffic flow, predict accidents, and optimize routes to improve traffic efficiency. 

(4) Education and Training: AI agents can provide personalized educational experience, assist teachers in 

teaching, and provide customized learning resources for students. For example, (i) personalized learning: AI 

systems provide customized learning plans and resources based on students' learning habits and abilities. (ii) 

Intelligent tutoring: AI agents simulate teachers to conduct one-on-one tutoring, answer students' questions, and 

provide learning suggestions. 

(5) Financial Services: In the financial field, AI agents are used for risk management, fraud detection, investment 

advisory, etc. For example, (i) credit assessment: using big data and machine learning techniques to assess the 

credit risk of loan applicants. (ii) Robo-advisors: AI systems provide investment recommendations based on users' 

investment preferences and risk tolerance. 

(6) Home and Entertainment: The application of AI agents in the field of home and entertainment makes daily 

life more convenient and intelligent. For example, (i) smart home: through voice assistants, smart home 

appliances and other devices, home automation control is realized. (ii) Gaming & Entertainment: AI is used in 

game design to create smarter non-player characters (NPCs) to enhance the gaming experience. 

(7) Security Monitoring: In the field of security monitoring, AI agents can realize real-time identification and 

early warning of abnormal behaviors. For example, (i) video analytics: AI systems analyze surveillance video to 

identify suspicious behavior and improve public safety. (ii) Cybersecurity: Uses AI to detect cyber-attacks and 

abnormal traffic to protect information security. 

The application of AI agents is constantly expanding and deepening, and they not only play an important 

role in improving work efficiency and reducing costs, but also show great potential to improve the quality of life 

and ensure public safety. 

 

V. UNRESOLVED ISSUES 
Although AI agent technology has made remarkable progress, there are still some unsolved problems, 

which are the focus of current research and the key to future development. 

(1) Artificial General Intelligence (AGI): At present, most AI agents are designed for specific tasks and lack 

generality. Realizing artificial general intelligence (AGI), i.e., systems that can have broad intelligence in multiple 

domains like humans, is an unsolved mystery in the field of AI. The main problems are: 

 How to build agents that can learn and adapt across domains? 

 How can agents be equipped with human creativity, intuition, and emotional understanding? 

(2) True Self-Learning: Although existing machine learning techniques can achieve self-learning to a certain 

extent, they usually rely on a large amount of annotated data and human-designed optimization goals. True 

self-directed learning should be the agent's ability to self-discover knowledge, patterns, and goals without external 

guidance. The main problems are: 

 How can an agent learn autonomously with little or no external guidance? 

 How to assess and ensure the effectiveness and safety of the self-directed learning process? 
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(3) Consciousness and Self-Awareness: Consciousness is a philosophical and scientific problem in the field of 

agent research. At present, there is no clear answer to the question of how consciousness arises in physical systems, 

and whether agents can be self-aware. Namely: 

 What is the nature of consciousness and how can it be implemented in AI systems? 

 How can I verify that an agent is self-aware? 

(4) Internalization of Ethics and Values: AI agents need to follow certain ethics and values when performing 

tasks. However, how to internalize these abstract principles into the agent's code of conduct remains an unresolved 

problem. Namely: 

 How can human ethics and values be encoded into AI agents? 

 How to ensure that agents are able to make ethical decisions in complex situations? 

(5) Long-Term Planning and Continuous Learning: The tasks of agents in the real world often require 

long-term planning and continuous learning. Currently, most AI systems have limitations in handling long-term 

tasks and continuous learning. The main problems are: 

 How to design agents capable of long-term planning and decision-making? 

 How to ensure the stability and efficiency of the agent in the continuous learning process? 

These unsolved problems represent the frontier and future development direction of AI agent technology. 

Solving these problems requires not only interdisciplinary cooperation and in-depth research, but also new 

theoretical frameworks and technological breakthroughs. 

 

VI. CHALLENGES 
Although AI agent technology has made significant progress in many fields, it still faces a series of 

challenges in its development, which involve multiple levels such as technology, ethics, law, and society. 

(1) Technical Challenges 

(i) Algorithmic Efficiency and Scalability 

With the explosion of data volumes, it is a challenge to design efficient algorithms to handle large-scale 

data. In addition, the algorithm needs to be scalable in different application scenarios to adapt to changing needs. 

(ii) Data Quality and Privacy Protection 

The performance of AI agents is highly dependent on the quality of the data. Data biased, incomplete, or 

erroneous data can lead agents to make bad decisions. At the same time, how to collect and use data under the 

premise of protecting user privacy is also an urgent problem to be solved. 

(iii) Explanatory and Transparency 

Many AI models, especially deep learning models, are considered "black box" models with a lack of 

transparency in their decision-making process. Improving the interpretability of AI agents to make their 

decision-making processes easier to understand and verify is an important challenge at present. 

(iv) Adaptive and Tobust 

AI agents need to operate efficiently in an ever-changing environment, which requires them to be adaptable. 

At the same time, agents need to be robust and able to resist external attacks and interference. 

(2) Ethical Challenges 

(i) Attribution of Liability 

When an AI agent makes a mistake or causes damage while performing a task, how to determine the 

attribution of responsibility is a complex ethical issue. Is it the developer, the user, or the agent itself to be 

responsible? 

(ii) Invasion of Privacy 

The widespread application of AI agents may lead to the disclosure of personal privacy. How to make full 

use of data resources while protecting personal privacy is an ethical challenge. 

(iii) Employment Impact 

The automation capabilities of AI agents may replace certain jobs, triggering employment issues and 

changes in the labor market. How to balance technological progress with social employment is an ethical issue 

that needs to be pondered. 

(3) Legal Challenge 

(i) Lag in legislation 

The rapid development of AI technology has gone beyond the reach of the existing legal system, resulting 

in a lack of clear legal norms in many cases. 

(ii) Cross-Border Data Flows 
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AI agents often involve cross-country and cross-regional data flows, and how to develop an international 

legal framework to ensure the security and fair use of data is a global challenge. 

(4) Social Challenges 

(i) Technology Acceptance 

How to improve the public's trust in AI technology and reduce the fear and misunderstanding of emerging 

technologies is a social challenge. 

(ii) Educational Resources 

The development of AI agents requires a large number of technical talents, and how to provide 

corresponding educational resources and cultivate qualified talents is a major challenge in the field of education. 

The development of AI agents is full of challenges, which require not only technological innovation and 

breakthroughs, but also the joint efforts and wisdom of law, ethics and all sectors of society. By facing up to and 

addressing these challenges, we can ensure the healthy development of AI agent technology to better serve human 

society. 

 

VII. TRENDS 
The future development of AI agent technology presents several significant trends, which indicate that AI 

technology will achieve major breakthroughs and widespread applications in multiple dimensions. 

(1) Technology convergence: The development of AI agent technology will increasingly rely on the 

integration of other technologies, including the Internet of Things (IoT), cloud computing, edge computing, 

5G communications, etc. Namely, 

 The combination of IoT and AI agents will enable agents to play a role in a wider range of physical spaces, 

enabling more intelligent environment perception and interaction. 

 Cloud computing and edge computing will provide AI agents with powerful data processing capabilities, 

enabling them to make decisions faster. 

(2) Exploration of Artificial General Intelligence (AGI): Although it has not yet been realized, the 

exploration of Artificial General Intelligence (AGI) is still one of the ultimate goals in the field of AI. 

Include: 

 Research will focus on how to build more general-purpose learning algorithms, and how to make agents 

capable of learning and adapting across domains. 

 The study of AGI may lead to an in-depth discussion of the nature of intelligence, cognitive science, and 

neuroscience. 

(3) Improvement of ethical regulations: With the popularization of AI agent technology, ethical and legal 

issues will become more prominent, which will promote the establishment and improvement of relevant 

regulations and standards. Include: 

 AI ethics will become an important aspect of research and application, and the design of agents will pay 

more attention to privacy, fairness, and transparency. 

 Laws and regulations will gradually clarify the attribution of responsibilities, rights protection and 

supervision mechanisms for AI agents. 

(4) Improvement of autonomy and collaboration: The autonomy and collaboration of AI agents will be the 

focus of future technology development. Include: 

 Agents will be better at performing complex tasks without human intervention, including autonomous 

decision-making and self-optimization. 

 Multi-agent systems will enable more efficient collaboration and solve problems that require multi-faceted 

collaboration, such as disaster relief, intelligent transportation, etc. 

(5) Optimization of interactive experience: With the development of natural language processing and 

affective computing technology, the interactive experience of AI agents will be more natural and 

humanized. 

 Agents will be able to better understand human language, emotion, and intent, providing more 

personalized and caring services. 

 The interaction capabilities of virtual assistants and chatbots will be further enhanced, and they will 

become powerful assistants in daily life and work. 

 

 

(6) Security and reliability enhancement: With the application of AI agents in key fields, their security and 

reliability will become the focus of research. 
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 The research will focus on how to prevent agents from being exploited maliciously and how to ensure that 

agents can operate stably in the face of uncertainty and failures. 

 Security engineering and verification techniques will be developed to ensure that AI agents behave as 

intended. 

 

The future trend of AI agent technology shows that this technology will continue to develop in the direction 

of being more intelligent, general, humanized, and safe. These trends will not only drive innovation in AI 

technology, but will also have a profound impact on all levels of society. 

 

VIII. CONCLUSION 
This paper provides a comprehensive analysis of the background, development history, technology, 

applications, challenges, and trends of AI agents. First of all, the development of AI agent technology is the 

inevitable result of the progress of information technology and the drive of social needs. From the early theoretical 

exploration to today's wide application, AI agents have proven their important value in improving productivity, 

improving quality of life, and promoting scientific and technological innovation. Secondly, the development of 

the technical architecture and key technologies of AI agents, such as machine learning, deep learning, and natural 

language processing, provides strong support for the intelligence level of AI agents. The continuous advancement 

of these technologies has made AI agents closer and closer to human intelligence in terms of perception, 

decision-making, and action. In terms of applications, AI agents have shown great potential in many fields such as 

industrial automation, medical and healthcare, transportation, education and entertainment. These applications not 

only improve efficiency, but also create new business models and ways of serving. However, the development of 

AI agents also faces many challenges, including technical difficulties, ethics, laws and regulations, and social 

acceptance. These challenges require global collaboration, interdisciplinary research, and policy guidance to 

address them. Looking to the future, the development trend of AI agent technology shows that we will move 

towards artificial general intelligence (AGI), technology convergence, improved ethics and regulations, improved 

autonomy and collaboration, optimized interactive experience, and enhanced security and reliability. These trends 

indicate that AI agents will play an even more important role in the future society. 

To sum up, AI agent technology is one of the key areas for the future development of science and 

technology, and its development will profoundly affect all aspects of society. In order to ensure the healthy 

development of AI agent technology, we need to continue to drive technological innovation while paying attention 

to and solving the challenges that come with it. Through rational planning and effective management, AI agents 

are expected to bring a better future to human society. 
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