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Abstract
The aim of this paper is to examine how the changes in network technology has been influenced by the internet, and all of the services provided. How the internet has developed to meet the needs of the individuals and organisations who have become increasingly reliant upon its infrastructure in order to provide and consume the data and services available. Finaly to take a glance on how the current trends in network and internet technology may influence the direction of travel for the infrastructure of the both in the future.



Introduction
[bookmark: _Hlk153023930]From the very beginning of the 1960’s there has been a desire to enable the various computers that exist all over the world to be able to communicate with each other. In 1961[1] Leonard Kleinrock, in a paper titled "Information Flow in Large Communication Nets", wrote about the development of the Advanced Research Projects Agency Network(ARPNET). The next year in 1962[3] J.C.R. Licklider developed his “Galactic Network”, where he envisioned the ability of everyone to access information and software through a network of interconnected computers. A year later 1n 1963[2] the USA Defense Advanced Research Projects Agency(DARPA) funded the Massachusetts Institute of Technology(MIT) to enable the development of technology allowing for multiple users to access a single computer simultaneously, creating a primitive cloud which could be accessed by two or three users. In 1965[1] MIT successfully communicated between two computers using packet-switching technology. This was followed in 1969[1] with the development of ARPNET by the U.S. Defence Department, which became a precursor to the internet as we know it today, though it is worth stating that ARPNET was only available to government agencies and educational establishments. It was not until 1974[1] that Telnet the first commercial Internet Service Provider(ISP) is launched, allowing for greater access to the small but growing number of digital services available on the new system. At this time both ARPNET and Telnet were both only available in the U.S.A., and whilst there were other competing systems available in other regions including BITNET[4], the European Academic Research Network(EARN), Canada’s NetNorth, and Japan’s AsiaNet. The internet as we know it was invented by CERN scientist Tim Berners-Lee in 1989 and released as the World Wide Web(WWW)[1,5] to the general public in 1991.
From its early inception the main constraint on the functionality of the Internet has been speed, on its release top the general public in 1991 the WWW had a global average speed of 14.4 Kilobits per second, which was able to support the limited number of websites available, which all used static HTML, and e-mail services. By 1994[5] there were over 10,000 sites available on the WWW, with the introduction of new dynamic web features, and the emergence of online shopping, the speed available via the dialup systems were already hitting their upper limit at 56 Kilobits per second, with the added disadvantage of dial up modems requiring the full bandwidth of the telephone line, rendering the telephone unusable whilst using the internet. Asymmetrical Digital Subscriber Line(ADSL) was developed in the late 1980’s, and patented in 1988[6] and whilst using the same copper wires is able to, with the use of an inline filter able to separate voice and data streams, and increase overall bandwidth from Kilobits per second to Megabits per second, with an upper limit of 50 Megabits per second. The increased demands of the internet and the speeds needed to access the media contained within it has since lead to the development of fibre optic networks becoming the norm as the have even higher bandwidths with home network speeds being measured in Gigabits. The effective result of the dominance of fibre optic lines over copper lines is so great that in the UK that there is currently a plan to remove access to all ADSL and copper line based landlines by 2026[7], with these services already being unavailable to new subscribers.



Current Position and Future Direction
The internet as we know it is an ever-developing creature which since its inception has gone through many phases, from the idea of a central system as envisaged by J.C.R. Licklider [3] with his Galactic Network where we would all be interacting with a centralised system of computers, to the developments in personal computers, from the growth of home computers to the developments in laptop computing, tablets and smartphones, now meaning that over half of the worlds population are now connected to the internet in one way or another. The growth of internet accessed data that is no longer the preserve of the computer technology has also increased, allowing those with little knowledge or interest in computers access to internet services, such as on demand and streaming videos, whether through a smart TV or subscriber TV box is yet another way that the internet has been able to diversify from its core audience to provide the audience with a on demand viewing opportunity, rather than being tied to the scheduling of the traditional viewing options.
One of the greatest changes that the internet has seen in recent times is the switch to IPv6[8], which since its introduction in 1988[1] has not been deployed to the extent that it might have across the globe due to the nature of the current network infrastructure employed in many regions, which in many ways has the impact of delaying the uptake of IPv6 due to compatibility issues with some older hardware, and the inherent costs of replacing working infrastructure until there is a real world need. One of the technologies being introduced to next generation networking equipment in order to support and encourage this shift is Software Defined Networking. One of the main advantages of Software Defined Networking[8] is that it was designed with the current trends in mind to meet the needs of current and future networking needs in ways that the current infrastructure design is ill suited to manage, especially with the growth in mobile devices, virtualisation, cloud services and the Internet of Things, which are helping to create ever growing levels of information and network traffic. Software Defined Networking seeks to achieve a greater level adjustability to changing needs than is available with current technology by decoupling the logic plane from the forwarding plane[8], which allows for greater control of network devices to enable more efficient, and dynamic network management, from a central location. This allows network administrators to exert more control over the use of network resources, and their utilisation by individual users, and allows for easier introduction of new network devices to the overall system[9], this is even more the case for large virtual networks. To achieve the same level of usability for the network administrator to achieve the same levels of performance requires the implementation of often complex and unstable programme management systems, when used with last generation network equipment, with the added complexity that the management system may be vendor specific which limits future expansion options. Thus Software Defined Networking has been developed to overcome many of the limitations created by last generation devices, which must be manually configured, by creating a system that is largely based on software with the hardware software becoming simple packet handlers[10] controlled by the software, which can be easily further developed as needed to meet the ever expanding needs of the networks they service, thus allowing software developers to treat network devices the same way they might treat storage devices.
Cloud computing is yet another part of the internet that has been growing increasingly over the years and has led in part for the demand of increased development of the internet over the years, as well as developing some of the issues that network managers need to deal with as mentioned earlier. Since the early days of the internet, it has been very handy to use cloud based services for the simple tasks like sending and receiving emails, with no need to configure the device you are using, and being able to access your emails from anywhere using any internet enabled device. Then there is internet storage options where your data is easily accessible form anywhere where there is access to the internet, allowing for greater mobility for everything from personal interests to business needs. The development of the Internet of Things is another area of growth, with internet connected devices collecting, storing and accessing endless amounts of information with the use of cloud technologies. Meaning that the cloud has an impact on all of our lives on a daily basis whether we realise it or not. But as with all technologies, whether we are considering this from a business or personal perspective we need to balance to priorities, efficiency and cost[11]. Whether for business we all want the most efficient system at the lowest cost, this is what cloud computing can offer, whether its for data storage or running virtual machines using cloud based processing power[12], either way the goal is to achieve the desired service without the need for investment in physical infrastructure, with the advantage of reducing costs and downtime in the event of a local critical event. This is not to say that using cloud services is without risk[12], with increasing attacks being carried out on cloud services, as with the uptake of these services by increasing amounts of individuals and companies, the greater the amount of usable data is stored there, the greater the reward for the malicious actor should they succeed in infiltrating a cloud service data centre, or possibly the ability to ransom the services provided. To this end it is for the user to ensure that the service they are using is suitable and secure to hold any data they may need to process using the service available, as the requirement for excessive regulation of the industry will only serve to stifle innovation[12], but at the same time the cloud cannot be run like the wild west, and we need to be able to as users ensure that the services are being provided to the required standard.
The development of more centrally controlled and provided IT services will have an important and obvious effect on those working within the IT industry, with a particularly heavy influence coming down on those workers involved in infrastructure management[13], with particular emphasis on those staff involved in maintaining on site hardware and software, and network administration, with these roles either being centralised within an organisation, or with a greater shift to cloud systems a shift to external based management. This is not all bad news though as while many jobs may be moved away from individual institutions, the need for more cloud based roles will increase[13], from cloud architects, cloud security engineers, to cloud developers, as the cloud grows so will the demand for skilled individuals to maintain the cloud infrastructure. With tis in mind the overarching point here has to be that those staff in any organisation will need to adapt their current skillset to meet the needs of that organisation going forward, as all organisations will inevitably develop their internal structures to suit the needs of the business. 
Another big area to consider with this in mind is big data as again this will have big impact on IT jobs, even an organisation like the NHS has to, as a nature of the work they carry out, collect large amounts of data on many different areas, from the data collected about patients and treatments, to data on service levels and performance targets, all of which has to be collated, analysed and interpreted. For every industry the type of information gathered will differ, and the results of that data collection will vary just as much, but the need for the data to be processed into usable information for that industry is just as important from one industry to the next, as all of society is now part of an ever expanding increase in data production, gathering and utilisation, which is in turn helping to shape the future direction of society. Whilst there is no one size fits all for anyone working within this field there have been attempts to categorize the different families and skill characteristics to work within the field of big data one of these can be found in the paper “Human resources for Big Data professions: A systematic classification of job roles and required skill sets”[14], which outlines four job families, and 8 skill sets, and how each of the later is a requirement of the former, while these are fairly loose and indistinct groups it is interesting to see that in many cases the skills required are shared by more than one group, highlighting the fact that these job roles are to an extent fairly interoperable. It is worth noting that one source of big data is the Internet of Things, and due to its commonality with cloud computing shares many of its skills with those required for cloud computing[15], with the European e-Competence Framework[15] specifying seven speciality areas for information security with regards to the cloud and Internet of Things.
One of the key technologies behind the drive in web based services has been the introduction of Representational State Transfer(REST) web service[16] by Thomas Fielding in 2000. The REST architecture was  designed to work with the existing web architecture, using Uniform Resource Identifiers(URI) for detection and interaction with resources and Hypertext Transfer Protocol(HTTP) to transfer data to and from the identified resource. The REST architecture has recently become the de facto standard for offering web based service solutions[16], possibly due to the its design working so well with HTTP, which has bee a long standing and well understood part of the web structure for many years, allowing for people experienced in web technology to easily migrate to the new system without having to completely relearn every aspect. It is worth noting that accessing RESTful web services is usually done through an Application Programming Interface(API), and that REST is not a protocol but a set of guidelines on how to structure the design of resources to be accessed through HTTP endpoints[17]. Therefore despite the fact that many organisations use RESTful services, including Google, Facebook, and X(formerly Twitter)[16], they will each employ their own API’s which control the limits of access available to each web service as well as giving an easy gateway to the individual RESTful web services. It is plainly evident that RESTful web services have become a key and important part of the structure of the internet by the sheer number of REST based internet platforms with some estimates placing the coverage claiming coverage of 83%[19] for API’s using RESTful services. Some of the main reasons why REST has been so key in the development of network infrastructure is that it is a lightweight and stateless, resulting in a high degree of interoperability between Operating Systems, and a low data overhead, due to every transaction being independent of the last, and the lack of the requirement to maintain sessions beyond the current transaction. This also has the potential drawback that RESTful systems are not designed for, or useful transfer of large amounts of data, which means that whilst most internet services are now designed to run using REST,  there will always be services that will probably never be able to use this architecture.
One of the main reasons for the success of REST over the next most used architecture Simple Object Access Protocol(SOAP) is that due to its native support for JavaScript Object Notation(JSON), which has much a much smaller file size than Extensible Markup Language (XML) which is used by SOAP, resulting in much faster transfer times, roughly one hundred times faster[18]. Additionally JSON is considered to be a human readable language which in turn makes it easier to learn, which provides REST with a much easier learning curve. REST also has many other advantages over SOAP[18], including the lack of end user involvement in service changes, its native support of all data types, its ability to interact with wireless infrastructure.

Conclusion
The internet being the worlds largest network of networks is a structure that is in constant flux and is leading to, and sometimes forcing greater change to all networks around the globe. While some networks are changing faster and some slower the inevitability of change is ever present. One of the greatest changes being introduced is that of Software Defined Networks which are not only a natural development in network technology but a necessary advancement if we are to fully realise the advantages of IPv6 over its predecessor, not only in the added number of addresses provided by the new structure, but also simplified routing, and easier network administration. But unfortunately, due to the largely legacy network infrastructure of most networks, we cannot realise the true benefits of either ipv6 or the inherent benefits of Software Defined Networks in full. Whilst the infrastructure surrounding the core of the internet may be lagging behind it is clear that through the use of Cloud and RESTful web services the founding dream of the internet is forging on to fruition regardless with more and more of the systems and services being developed leading us in the direction of the “Galactic Network” first envisaged by J.C.R. Licklider in1962, where he saw a network where people would be able to access and use data, which is very similar to the Cloud based services we are seeing today, particularly with the use of virtual devices to meet the as and when needed requirements of service users, whether it be fore data gathering, processing of data, data storage, these are all features of the cloud we are readily exposed to, in addition streaming services, primarily of video content but increasingly gaming content as well. There is the potential that this may in years to come lead to us moving away from high resource home electronics like games consoles and gaming computers to lower power systems that may just recreate locally programmes that are being run on hardware belonging to a cloud service provider paid for as a subscription or as needed service. 
Either way the way we look at networks is changing all of the time, and all of us involved in the network, and internet, we must learn to develop with the changes in order to make the best use of the resources and services available, or for those involved in network management we must develop our skillsets to meet the needs of the changing infrastructure required to utilize the services on offer. These changes will affect how most people use networks and the internet whether for personal use or as part of a professional organisation.
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