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Abstract—This paper aims to explain what a Data centre is, how it is designed, and the factor to consider when designing DC’s. Some terminology will also be explained, and finally, the recommendation for the case study will be given. 
Keywords— Data Center (DC)
Introduction 
The case study proposal discusses the fusion of two universities, the Manchester Institute of Science and Technology and the Victoria University of Manchester, conforming to the University of Manchester. After this merge, the respective people have decided to create a Data Center to centralise their operations and control the ICT infrastructure. The university will have more than 34000 students. As a result of the merge, the subjects and departments will be increased. After knowing the university’s specifications, we are asked to design a data centre.

This paper will discuss Datacentre and the factors that need to be considered when designing a DC. 
In the first instance, a brief of the DC history will be discussed, followed up by the literature review of some of the sources used to write this report will be mentioned and discussed.
As the fourth topic, the research methodology will be explained, mentioning the methods used for the research about the DC topic. The following section will introduce what a DC is and its characteristics. These will be explained to proportionate a good understanding of the terminology and DC before giving any recommendation about the design. The following section will give a brief of the recommendations for the design to follow and the relevant explanation of it, as the last point of information the direction section will explain some direction for the future to have under mind in the time of improving the DC for future demand of the services. Lastly, a list of the references will be deployed, including journals, books, articles, and web pages. 
Literature Review
Nowadays, the data centre is a concept that is in constant evolution and is starting to have more implementation in companies around the world. At the start of the data centres, these ones were physical and used to keep them inside the same building, and mostly these ones were located in research labs and the first computers that formed this were mainframe computers. But from the start of 1950, it was in constant evolution and adaptation to technological evolution. Then, in 1960 virtualisation came to open more options for data centres, but it was not suitable until 1999 when VMware launched their first virtualisation product. Ten years later, the world started migrating from physical data centres to the cloud. 
Virtualisation supposes a considerable improvement for the data centres as it proportionates better scalability, fault tolerance, and reliability. However, at the time of designing data, there are some aspects to take under consideration, and there are different architectures and models of data centres. That is why good research is necessary to find the best option that fits the requirements. For companies that are starting or companies that want to grow, the cloud option is a real option to implement their IT resources in the cloud, which means that these resources can be located in different locations managed by a third-party company, but this makes the company has not the complete control and management of their data. By contrast, data centres can be designed, and the company owns a built-in location, which implies complete control and management over the data. 
Based on the university’s case study, the best option for them is to design a data centre instead of looking to design the data centre with the help of a third-party company. For this, the research done was based on literature relevant to the topic of designing a data centre based on journals, books and articles that explain data centre history, data centre design and the characteristics required for the correct functionality of the data centre.
 
Research Methodology
In this case, the Onion model was used as a guide to developing a suitable research methodology. This model proposes to follow different layers: 
· Philosophy. 
This layer has four currents positivism, interpretivism, realism, and pragmatism. The first two are the most common currents used in academic studies. Positivism is based on quantitative data, and interpretivism is based on qualitative data.
· Approach.
Two approaches can be used deductive and inductive. These are based on different concepts, where the first one is based on the theory and test it gradually; by contrast, the second is based on research to create a theory.
· Methods.
The methods that can be used to build a robust research methodology are qualitative, based on non-numerical data. Quantitative is based on numerical data, and finally, a mixture of both methods can be used.
· Strategies.
The research onion proposes some strategies  for the collection and analysis of data; these are experiment, survey, case study,  grounded theory, archival research, ethnography, and action research 
· Time Horizons.
This layer is proportionate to two different concepts about the time for a study. Cross-sectional, which base the time on specific time where the data was collected; longitudinal, where the data was collected in a period of time that can involve days, months, or years to compare the data collected.

· Procedures and techniques.
This layer is the primary layer of the onion model that encapsulates the type of data studied as quantitative or qualitative and the procedures used to analyse this data.
The following research proposal was developed based on the model and the study scenario. Based on the data proportionated by the university to develop a data centre. Following the onion model and the order of the layers, this research will follow the imperative philosophy, which is based on qualitative data. The approach used in this report is inductive will be applied as the report’s main objective is to design a data centre, and this will come from reading and studying different sources from previous data centres to arrive at a robust choice finally. On the third layer of the model, the methods are mentioned. The mono qualitative method is the option that fits better for this case study as quantitative data is not available. It is because it is sensitive data that cannot be proportionate without previous consent from the university. Continuing with the model, the strategy that will be used is grounded theory which refers to the process of recollecting data of a specific topic and finally developing a theory or, in the case of this report, selecting the right design for the data centre. This report will require a short-time period as this report is part of an assignment with a deadline date. Finally, the last layer from the onion model allows us to introduce the techniques and research methods used for the correct collection and analysis of the data. The method used will be secondary research as the study will be based on an existing report, texts, books, and journals referred to data centre design. The technique to analyse the data will be a content analysis focused on proceeding with an extensive analysis of the content inside different resources but with the same topic and looking for similarities between them.[6]
Background
In this part of the report, the background of Data centres will be discussed, including the history of data centres and the timeline of two essential components of it, supercomputing and virtualisation.

The data centre’s beginning is related to mainframe computers and their maintenance. These were created in research laboratories and later on were disposed. As the computer was room-size, the extra computational needs isolated them in dedicated rooms.
The first data centres were created for banking. Following the available data, the first data centre was created in the ’50s by the Stanford Research Institute under the Electronic Recording Method of accounting (ERMA). This system was introduced to the public in 1955. However, it was not used in real banks until the development of ERMA Mark II, which was introduced in 1959 by the Bank of America; it was used as an accounting computer and used for system management.
 
In 1961 in the United Kingdom, Barclays introduced their own data centre for banking, receiving the name of Automatic Data Processing, and the machine responsible was an IBM 1401.
 
For another hand, more data centres were developed between the ’50s and ’60s in different areas, for example:
· In 1951 the UNIVAC I was introduced in the United States Census Bureau, and the primary use was to keep statistics of the population. 
· Between 1954-1955  the national weather service used an IBM 701 to predict the weather based on the climate data processed by itself.
· Medicine in 1960 introduced an IBM 650 to have a record of the medical patients and made it easy to scan them to find any abnormality that can be critical for the health of the patient.
· Sabre introduced the first data centre used for passenger reservations in 1960
·  In 1954 the USSR  was the first to introduce a  data centre for military propose; A.I.Kitov created it.
· Universities and research laboratories have introduced data centres on their installation this year. 

In adding the first data centres were based on mainframe computers from first. Second and third generation. From there, the technology started an evolution that made possible personal computers and the internet was introduced, making that the data centres were used as nodes for the internet. From 1960 four tiers were developed; starting in 1960 with Tier I, in 1970 Tier II, then between the end of 1980 and the start of 1990, Tier III was introduced, and finally, in the mid-’90s, Tier IV appeared.
 
One important factor that helps with the evolution of data centres is supercomputing, which is proportionate to increased computing power and digital data storage capacity.   The evolution of supercomputer highlighted in the computing capacities that in 1949 started at 1 Kiloflop and ended in 1997 with 1 Teraflop
 
Another essential factor is virtualisation which supposes a considerable change in data centres and their evolution reaching cloud computing; in 1960, virtualisation was introduced by IBM. In 1999, VMware launched their product for virtualisation and then in 2009, the transition to the cloud started.[1]
Terminology 
In this part of the report, some aspects of the data centre will be discussed to understand better. These aspects will be a brief definition of the data centre and its characteristics in relation to the design as architecture, scalability, fault tolerance, performance, etc.
· Definition.
According to Cisco, “a data centre is a physical facility that organisations use to house their critical applications and data. A data centre’s design is based on a network of computing and storage resources that enable the delivery of shared applications and data. The key components of a data centre architecture include routers, switches, firewalls, storage systems, servers, and application delivery controllers.”[3]

· Architecture
Data centres are designed following a layer model. In this way, they can proportionate some characteristics like scalability, flexibility, resiliency etc.
This model is divided into three layers:
· Core layer.
This layer provides a high speed for the packets switching flow from inside and outside the data centre. This layer provides a layer three connection between multiple aggregation devices proportionating a good failure recovery in case this happens, which rarely happens as the way it is built does not proportionate any failure point. The core layer runs some router protocols, which can be OSPF or EIGRP.
· Aggregation layer.
This layer is in charge of essential functions such as service module, spanning tree processing, and default gateway redundancy. This layer is the more important of the three as it is in charge of connecting the access and core layers. Services like firewall and server load-balancing will be implemented on this layer in this way, improving security and the optimisation of the application. Some services modules will also be implemented as SSL offload, network analysis, intrusion detection, etc.


· Access layer.
The task of this layer is to connect the data centre to the network and make remote access available for the company and users.[2] 

· Topology.
Topology in a data centre is referred to as the data centre network topology. Four topologies are the most commonly used:
· Close Tree.
This topology is based on a switches connection in the aggregation layer where the level core layer is connected with all the aggregation layer switches. These ones share links with the closes switches instead of being linked with all the switches.
· Fat Tree.
By contrast, in the fat-tree topology, the aggregation switches share links with all the switches located in this layer. This one and the previous one is open to the horizontal scalability
· Direct connected.
This topology has switches connected to different racks where the servers are located. Not all the racks are connected to the network as they are connected together, making that if the connection requires a different server, the traffic has to go through all the servers that share connection until it arrives at the required server. But this kind of topology can have and inconvenient as the switches can have a high load of traffic, resulting in high latency and in a possible loss of data packets. This topology can be expanded vertically.[2]

· Scalability.
Scalability can be defined as the ability to adapt the services and hardware of the data centre to its demand. A good data centre needs to be able to scale up or scale down based on the owner’s requirements. This scalability can be proportionated by increasing the number of physical components upgrading physical components, or upgrading the virtual components in the case of the cloud. This will proportionate more storage, better connectivity, or better computing power.[2]
Inside scalability, two options can be identified:
· Scale-up
With this option, the scalability will be done in a vertical proportion which means that the resources will scale by swapping the old resources for other new ones with better performance. But this offers a disadvantage as at the time of changing them the service might be affected by delaying it.
· Scale-out.
Scale-out by contrast with the previous one this scale in the horizontal direction, which means that instead of upgrading the resources, the resources will be added, and the previous one will not suffer any modification. This proportionates an advantage as the service will not suffer any inconvenience with respect the functioning.
	For another hand, scalability is possible because the 
servers are built-in modular structures as racks and blades:
· Racks.
A rack can be defined as a shell that is used to install different modules. These units are measured based on the number of units that fit inside; the standard size is 42 Units tall. The racks can store one server, and they have fans that help reduce the temperature, and these racks are usually allocated next to each other.
· Blades.
Blades are containers that contain different servers that are allocated inside the blades. This one is composed of hard drives for storage, RAM memory and a network card to connect them to the network. This option for servers is better for performance, they are cheaper than racks, and it proportionates to a reduction in energy costs.
For the case study, the recommendation would be to use racks to keep servers more organised and prevent overheating them.




· Security.
This factor is crucial for the data centres, as the data inside them must be accessed by the users who are supposed to have access to them. This means that digitally or physically, the security should have some barriers to control the access to the data and the data centre. In the case of physical security, data centres are located in specific locations, and the servers that constitute these data centres must be located in a sterile room to protect them from dust or other contamination factors. Security controls must also be present in the entrance, such as security workers who check the people who get access to it or biometric barriers. Respect the digital aspect, and some permissions can be added to the databases so the users can have specific access to the data with different privileges. For example, not all users can modify the data; only administrators will have this privilege. 

· Fault tolerance.
Fault tolerance refers to the availability of the systems to still work even if any hardware component fails. This is possible because the way data centres are built with a modular approach means that the data centres are divided into different servers. Some of these servers can be the main server, and others can be the backup of these. So, if the main server suffers any hardware problem at any moment, the services can still be on as the data flow can be referred to the backup server and work with this until the problem is fixed.

· Cooling.
In data centres, cooling systems are crucial as heat is one of the most factors to control as it can affect the server and damage or destroy it. As the number of devices is considerable the heat generated by them, cooling is necessary, and some solutions are available:
· Adiabatic cooling.
This option focuses on using fans mounted in racks by repealing the warm air from the servers. The most common configuration used was the hot/cold aisle. This configuration is focused on making the air-conditioned flow along the cold aisle by proportionating cooled air to the rack, and in the hot aisle, the warm air pushed out of the server by the fans flows and leaves the room. 
· Liquid cooling.
Water is used as a cooling factor due to the density of the water; this conducts heat better than the air used in the previous one. The cooling system is designed to close the circuit where the cool water is pumped through pumps and coils absorbing the heat, and then the warm water will then be sent to the cooling unit, where the cycle will be restarted.
· Liquid immersion cooling.
The water is better for cooling if any filtration, so it has a high risk of producing a short-circuit. So, to avoid this risk, an option is to use a dielectric liquid for cooling, which opens a new alternative for refrigeration by immersing the components inside this liquid.
· Power Supply.
As the data centres have an immense power demand, the power supply needs to be focused on a density of over 10 kW per rack. The connection of data centres to the primary grid is made using special cables designed to reduce the heat and increase the distribution power. All the data centres need to have N + 1 redundancy for power as a minimum, so this can still work if any failure happens with the power supply. To complete this N + 1 redundancy, data centres must use two extra power suppliers: a fuel-powered generator and an uninterruptible power supply system powered by batteries. So, in case of a blackout, the UPS will be in charge of supplying energy until the backup generator turns on and protects the system of voltage spikes by using batteries. 
· Performance.
The performance of a data centre is connected to different factors that have been previously mentioned as scalability, cooling, fault tolerance, etc. If all these factors work as expected, the performance will not be affected or suffer any changes.
· Resiliency.
Resiliency is the availability of the system to recover itself from any error or failure in the system. This differs from fault tolerance as it only assures that the system is still working, and resiliency heals the system.
· Latency.
Latency can be considered the delay in the data traffic, specifically in the income data. As well this can be measured as the time that it takes for the data to travel from one point to another point
Conclusion
In this part of the report, a conclusion and a personal opinion will be explained. This report was created based on a case study previously mentioned in the introduction part, which can be resumed as the join of two different universities from Manchester in one big university with around 30.000 students. The university asked to design a data centre. In this report, the design of the data centre was not specified as was preferable the prioritisation of explanation of data centre. In the first part of the report, a brief introduction about the report was proportionated, followed by an explanation of the literature review. Then, in the third part of the report, the research methodology was introduced and the terminology part after this. This last part was written with the objective of explaining about data centre and some term that needs to be explained with the aim of proportionate a clear understanding of data centre. 
With the last part, the university should have a better understanding. They could start thinking about what fits better for us; as previously mentioned, the cloud data centre is top-rated in the report. Still, it does not work for everyone and building an own data centre requires time as it is complicated to choose a location or even the architecture that can better fit. But under the demands of the university, the option of building a data centre to centralise the IT resources is a good idea, as well universities work with sensitive data that need to be secure and is better when the complete control of the data management depends on one unique company. 
At the time that the data centre is being designed and built, the recommendation is to proportionate to the staff good courses to learn about the functionality and management of the data centres. 
On another point, data centres proportionate good scalability for the university as they each year are changing the number of students, lecturers, and modules. So, if the demand exceeds the actual resources, these ones can be upgraded fast and should not suppose a big task. Data centre does not only proportionate an easy scale-up of resources, but it also gives options to scale down the resources, which result in saving money when the resources are not necessary. 
Finally, respect the location is preferable to have options subterranean location as the heat is not that high respect to building it on the first floor of the building. As the university is located in one location (Manchester), a data centre built on the campus should be efficient and cover all the demands of the university.
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