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	1.Abstract
Artificial intelligence has been widely utilized in people’s lives, especially in communication. The article provides a review of the recent research status of the applications of artificial intelligence in communication, the usefulness of big data, machine learning, and cloud computation in this field. Several examples of how artificial intelligence is used to support communications are illustrated to discuss better for a framework of modern artificial intelligence applications. The aspects of concern in ethics of using artificial intelligence are also address, as ethics are the principles judging whether the technologies are suitable for humans to use or not. In order to predict the future development of communication, an introduction of previous progress in the field of communication is provided and sorted into categories of wireless communication, ethical concerns, and network monitoring and control. This study confirms that the future development of artificial intelligence is associated two aspects: SDN (Software-defined network) and NFV (Network function visualization). AI will thus be used in enhancing communication efficiency.
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The purpose of the study is in the four mentioned technology on reviewing the history of development in artificial intelligence and communication, which summarizes the previous efforts made in the field. Communications is a sector with heavy ICT use, dealing with various consumer demands on individualization requirements, multimedia services, and precision management, which has made network security more and more critical. Thus, will subsequently summarize the modern research of how artificial intelligence is applied in communication networks. To enable the required technological developments and responses, AI researchers and practitioners will need to take moral, societal, and legal value into account in the design of AI systems. 
The third part mentions ethical concerns in the present-day development of communication. Lastly, there will be a prediction of the future application of AI in communication networks and future developments.
2. Introduction 
The commercial development of mobile communication technology has gone through 37 years. It started from the commercialization of analog voice communication technology, advanced mobile phone system (AMPS) from Bell Laboratory and Motorola in Oct. 1983, to the 2G global system for mobile communications (GSM) which achieved the full digital voice telephony in 1991, and evolved to the 3G universal mobile telecommunications system (UMTS) in 2001 which supported the mobile Internet solutions, and then to the 4G long term evolution (LTE) with global large-scale commercialization so far which supports the all-internet protocol (all-IP) broadband connectivity, and eventually developed into the 5G technology in 2018 and gradually became commercially available all over the world. In the development of mobile communications over the past 30 years, it has evolved from analog to digital, from voice only to voice and data service, from circuit switching to all-IP, from enclosed communication ecosystem to open ecosystem empowering vertical industry. At the early stage of mobile communication development, especially in the initial phase from 1G to 3G, mobile communication network and service ecosystem still conducted continuous integrity construction. Till the 4G ecosystem basically achieves the all IP-based network system, supports the voice and data services and starts trying to empower the vertical industry, the telecom industry starts proposing the requirement of automation and intelligentization development of mobile communication network. As mobile communication network becomes more complex and communication services become more diverse, communication network infrastructure and service system need to confront many complex scenarios, including very complicated wireless environment which can't be simulated with data model, exponential increasing complexity of IP switching and route selection, active network support and service guarantee, customized network service of "one customer with one strategy" and "one moment with one strategy", etc. All of them far outperform the processing and management system, which is predefined and executed by traditional artificial rules. Therefore, current communication system needs a set of automatic and intelligent system and method to guarantee the operation and development of network and service.
In the past 20 years from the commercial use of 3G in 2001 to the extensive commercial use of 5G in 2020, the mobile internet and data service have been prosperous, and the massive big data generated in communication ecosystem provide natural and high-quality data source for the development of AI in communication field. While in 2006, Hinton et al. Economists Richard Lipsey and Kenneth Carlaw defined 24 kinds of technologies, including AI, etc. as the GPT as early as in 2005. Since 2018, governments and academic organizations around the world have gradually deemed 5G as a new generation of GPT. GPT has technology diffusivity and empowerment in various industries, and can boost the productivity for the R&D and innovation of vertical industry. 5G and AI own those characteristics very obviously. Therefore, 5G and AI are commonly regarded as a group of the latest GPT in the 21st century by various countries and adopted by industrial field. However, the overall review and forward-looking, which are rare in the industry currently, are needed for the integrated development of mobile communication and AI technology from the perspective of 5G and beyond 5G (B5G) ecosystem. The authors hope to deem the integrated application development of 5G and AI technology (a group of GPT) as main line, conducts the systematic review of "intelligence injection" and "intelligence integration" of AI in current 5G technology international standards, 5G network and service ecosystem, and conducts the forward-looking discussion of mobile communication and AI technology in the next decade.
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Figure (1): Compression of Evolution Path between Communication Technologies and AI   
3. Artificial intelligence
Modern definition of AI can be understood as intelligence demonstrated by machines instead of the natural intelligence displayed by humans or animals. According to what is defined in the book A Collection of Definitions of Intelligence (Technical report), AI is the field as the study of "intelligent agents": any system that perceives its environment and takes actions that maximize its chance of achieving its goals.
Using the technologies in artificial intelligence, the communication network can benefit from the strengths of AI, especially in two aspects learning and reasoning. With the strengths of learning and reasoning, AI is suitable for enhancing communication efficiency due to advanced learning and reasoning strategies.
4. Communication 
Communication is directly linked with people's living conditions, as it is essential for individuals to connect and chat with others to send and receive messages. The main characteristic of modern communication is mobile, and mobile communication technology is also constantly updated. The communication technology when the first cell phone came out was 1G, which adopted an analogy cellular network. The second version of mobile communication technology was 2G, using digital voice transmission technology as the core. The 2G technology is only valuable for enabling calls and messages but is too outdated to serve mobile phones' advanced functions in recent years. The emergence of 3G ensured the delivery of images, though the data transmission rate was relatively slow. 4G was the more effective version of 3G, allowing better quality of the images conveyed and the rate of delivering information. 5G is the recent development in telecommunication with the advantages of high speed, large capacity, and low delay.
5. Wireless communication
 Communication, which used to be constrained by geographical factors, would take much time to transfer. However, the efficiency of communication has been significantly prompted after the invention of wireless communication. The recent research of wireless communication is increasingly paying attention to the detection of abnormal communication flow.
5.1 Ethical concerns 
People must meet the moral requirements that enhance human wellbeing when developing AI. As the extent of autonomy in the systems based on AI has been improved, more responsibility should be taken into account. For example, the decision-making process of AI should be more transparent, and the resource of the data should be proposed. The artificial intelligence system designed for communication networks should consider responsibility, accountability, and transparency. Responsibility, in this case, means the AI systems’ role of making decisions and take part in recognizing errors. Accountability refers to explaining and showing the exact process of individuals’ actions to other network users to consider the decisions. Transparency means the ability to analyze, reproduce, and inspect the mechanisms for making decisions from AI during communication. In a word, the ethical concerns of applying artificial intelligence in communication networks are recently focused on accountability, responsibility, and transparency.    
 6. Future application of AI in communication 
With the rapid development of communication technologies and the increasing demand for high communication efficiency, the IP network seems outdated with huge network flow problems highly increases the amount of work required. Therefore, the performance of the network should be enhanced according AI is one is possible promising approaches. 
6.1. SDN 
SDN (software-defined network) is a network architecture approach that enables the network to be intelligently and centrally controlled, or ‘programmed,’ using software applications] There are three aspects that SDN benefits communication. Firstly, SDN allows network operators to adjust the network behaviour and avoid being constrained by the proprietary platforms. Furthermore, SDN is of centralized intelligence to control logically, enabling the better control and management of resources on the internet. The openness of SDN is also advantageous, as the network supports are compatibly applications in the same software environment. 
6.2. NFV 
The increase in communication efficiency can be realized by NFV (Network Function visualization) as well. NFV is a way to reduce cost and to accelerate service deployment for network operators by decoupling functions like a firewall or encryption from dedicated hardware and moving them to virtual servers. The advantages of NFV are mainly to the operators that it brings a new way for network maintenance so that the cost and time for maintaining the network can be reduced. Additionally, NFV decreases network power consumption, as NFV techniques make networks' functions, especially in hardware to the software, thus reducing network power consumption.   
7. Conclusion
The future researching focus of applying AI in communication networks should pay attention to SDN and NFV technologies. Although SDN and NFV are applied in modern society in some instances, the spread of the technologies has to be reinforced to provide a more effective way of communicating.
However, the new systems for communicating face problems such as lack of experience and being replaced by updated methods as people are generally less familiar with the rationales of SDN and NFV, The potential problems are not clearly shown unless more time is consuming in the adopting of the a four mentioned technologies in different application. It is also uncertain whether SDN and NFV will soon be replaced, as the developing rate in AI is amazingly rapid. The future is virtually unpredictable—accountability, responsibility, and transparency. 
8. Recommendation 
Artificial intelligence therefore supports SDN & NFV I recommended applications of artificial intelligence in the field of communications as a new work.
This new work to learn about the applications of artificial intelligence in the field of communications and to benefit from AI to develop communications networks.
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