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I. INTRODUCTION
My goal in this report to recommend a data centre solution for University of Manchester. The given scenario said two university merge and then they willing to create a data centre to centralise IT operation. In this paper, first I look through the recent literature about data centres, and universities how respond the challenge of growing demand of information. Then I scan the special needs of a university, what makes it different. After I write my research methodology to show how to gain these information and data`s. In my main analysis I present what the requirements of a modern data centre are, what standards the university should keep. This part also includes the architecture, the budget, the design, the storage area network, the physical limitations, the energy supply, the server park, the scalability, the sustainability in terms of data centres. In the recommendation part I examine which architecture and design is most suitable to serve more than 30 000 students at the university. I commend some extra features what data centre should possess to make more attractive and interesting this school among prospect students. At the very end of this report, I show my references as well.
II. Literature review
Before any recommendations needs to clear what, the data centre meaning is.  According to Gartner Glossary: “A data centre is the department in an enterprise that houses and maintains back-end IT systems and data stores — its mainframes, servers and databases. In the days of large, centralized IT operations, this department and all the systems resided in one physical place, hence the name data centre. With today’s more distributed computing methods, single data centre sites are still common, but are becoming less so. The term continues to be used to refer to the department that has responsibility for these systems, no matter how dispersed they are. Market and industry trends are changing the way enterprises approach their data centre strategies. Several factors are driving enterprises to look beyond traditional technology infrastructure silos and transform the way they view their data centre environment and business processes. These include aging data centre infrastructures that are at risk for not meeting future business requirements, an ongoing cost-consciousness, and the need to be more energy-efficient.” [8]. 
As Gartner says market trends are forming the approach of data centre, so look how the big market stakeholders see the data centres nowadays. Cisco, as one of the biggest provider and producer of data centre solution write on www.cisco.com: “At its simplest, a data centre is a physical facility that organizations 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 design include routers, switches, firewalls, storage systems, servers, and application-delivery controllers.”  [13].
Data centres are facilities designed to house and operate computer systems and related components. These components typically include telecommunication systems and communications, redundant power supply, data storage, air conditioning, fire protection and security systems. Large data centres are industrial-scale plants that consume electricity in a small town and sometimes cause significant air pollution from the exhaust of diesel engines.
A university IT requirement is a bit different than a normal business needs. The institute must run services for existing student, for lecturer and for researcher also. IT department have provided enough resources for all participant even a busier time like enrolment or examination period. As the new “super-university” is a research-based university, the IT department should possess some supercomputer to help researchers and scientist work requiring exceedingly high-speed computations [9].
III. Background
The history of data centres began with the vast computer rooms of the early days of computing. The maintenance and operation of early computer systems was complex and therefore required a special environment. Many cables were required to use the components, and different methods were developed for them: standard rack cabinets, raised floors, and cable organizers. A computer consumed a lot of power and required cooling to keep it from overheating. Security was important because computers were very expensive and often served military purposes. Basic entry rules have therefore been developed to control access to the computer room.
At a time of rapid growth in the personal computer industry, but especially in the 1980s, computers began to appear everywhere, in many cases regardless of operational expectations. As information technology began to become more complex, the companies that operated it realized that they needed to control their information technology assets. Linux began to evolve, and MS-DOS also slowly gave way to multi-threaded Windows operating systems, giving the PC a place in computer rooms. These have been called servers because time-sharing operating systems like Unixes are heavily built on the client-server model. Inexpensive network equipment and structured cabling allowed for hierarchical design, which placed the servers in a dedicated room. The word data centre, by which was meant a room specifically designed to operate computers, began to spread at this time.
By rising the internet, the number of data centres lifted sharply. Companies needed a fast internet connection and continuous operation to ensure their internet presence. For smaller companies, this was not affordable. Many companies have begun building large facilities that have provided operational services to customers. New technologies and practices have been born to serve these large facilities [12].
IV. research methodology
The sensitivity of the topic not allowed to do primary research. Institutes or businesses not giving information about their data centre due security reason. So, my qualitative research methodology has based on secondary research. In general, there are lot of information about data centres architecture, design, issues in libraries and in other sources of internet. These documents are books, articles, journals, E-books, case studies. Document review or content analysis help to gain enough and reliable information to justify the topic of this paper. The reference list proves the validity of my investigation, preferred to use book, white papers, journal. However, some webpages appear in the reference list, they are mostly companies’ websites or webpages what only focused on data centre technologies or related services. Searching in electronic library or on the internet is easy and quick if researcher scan with proper words. An interview with a superior of a data centre would very useful, because he/she would mention a subtopic what researcher do not name. Otherwise, this person would give a new viewpoint in a primary contact. Lack of data centre expert`s contact is a disadvantage of secondary research.
V. Analysis and discussion
A data centre basically consists of four elements. On the one hand, from the space itself, usually with a false floor, where the servers and storage are located, and on the other hand, from the supporting infrastructure (transformers, generators, sensors, air conditioners, etc.). and storage to everything needed to provide IT services. And fourth, there is a need for operational staff to take care of on-site maintenance of the data centre and ensure its smooth operation. The buildings, also known as server farms, are specifically designed to hold and operate the servers and repositories of multiple companies there safely and efficiently. It is worth distinguishing it from a server room, which is typically a separate room in multi - purpose buildings (such as office buildings), equipped with the appropriate infrastructure for the central storage of IT equipment (cooling, power supply, etc.). 
A. Design
Data centres are built to host a huge amount of computing resources, which handled from larger or smaller distance over wide area network. These resources are divided in blocks for many reasons. Blocks or modules are independent from each other, what helps addressing, maintaining and security as well. This partition is serving a further growth possibility and makes easier to identify any breakdown or outage.
So far this is the physical approach of data centre devices. Logically, and sometimes physically devices, are usually organised in three layers: Access Layer, Aggregation Layer, Core Layer, Fig. 1. shows the layers relation to each other.
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Fig. 1. Multilayer Network Design (source: author)
The access layer provides users access to network devices and connectivity to servers. Usually, built - in Layer 2 devices for better sharing and performance. Switches in access layer are connected to two distribution layer switches for redundancy.
The aggregation or distribution layer grants policy-based connectivity to network base services such as firewall or load balancer. This layer divides work groups towards servers. Using Layer 2 and Layer 3 switches.
The core layer is the backbone of the data centre, which provides high speed packet switching and fast convergence. Using Layer 3 switches.
These three layers is not always so distinct, in a huge data centre the borders are merged. The point of this approach to understand the way of data flowing. Every single byte, data, packets are going through these 3 layers: access layer identify the user and transfer them to aggregation layer. Aggregation layer segments and forward them towards the core layer. Core layer sort out all packets as fast as possible, without manipulating them. [1,2]
B. Architecture
To understand the data centre architecture, refer the Fig. 2.
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Fig. 2. Access-Aggregation-Core network architecture (source: www.pensando.io)
This illustration properly shows, how interconnected the different layers and pointing Layer 2 and Layer 3 zone.
Figure 2. slightly showing another important element of a data centre, this is redundancy. Redundancy helps to avoid possible main failures. For example, an Access layer switch used to connect two Aggregation switch, in case one of these Aggregate Layer switch failed down, still has another to forwards packets. [1,2]
C. Network topology
In the previous section, Fig. 2. Already showed something about how a data centre could look like. The Fig. 3. display a quite different and more difficult picture about data centres.
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Fig 3. Network topology (source: Raj Jain, 2018.)
Fig. 3. showing the servers what an has an also important role in the data centre. Databases and servers doing the main job, manipulates data’s and answers the request. Switches and routers make quicker and more reliable the data flow and responsible forwards packets to appropriate device and return them back. [14]
D. Management
So far discussed the data centre main devices roles, now look up a bit other requirement, what a data centre faces. The management`s tasks are not limited to place and switch the devices on. The large number of devices have needs:
· Upgrade
· Backup
· Data distribution and storage
· Support
· Emergency planning
The task list above is essential to maintain and keep running a data centre. As a data centre running 24/7 crucial to organize well the qualified staff timetable to provide continuous availability. Data centres are categorized by annual availability. To understand how vital the availability is, seeing Fig. 4.
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Fig. 4. Data Centre Tiers (source: www.impactmybiz.com)
This numbers are guides only, the Service Level Agreement contains the agreed and expected parameters in term of availability. [1, 2, 14]
E. Server farm
Earlier mentioned about data centre design, topology, and management and switches task. This chapter will represent other kind of DC devices, the servers. While switches designated for packet forwarding in a data centre and usually contain same devices, server park could give different view in a every single facility. Server farm is a collection of computer servers for client/corporate needs. If the Core Layer the backbone of the data centre, then the Server Farm is the heart.
Three main types of server farm exist.
· Internet Server Farm
· Intranet Server Farm
· Extranet Server Farm
The main reason of the data centre existing is, to serve at least one server farm. The Internet Server Farm goals to support internet-facing applications. Intranet Server Farm is built to deliver the business-critical resources, mostly for internal users. Extranet Server Farm provides both previous functions.
A server farms could have many different server types:
· Application Server
· Client Server
· FTP Server
· List Server
· Mail Server
· Proxy Server
· Web Server

F. Load Balance and Fault Tolerance
Now it is clear that the applications are in a server farm. To boost their performance, need some extra device. Server load balancing means that the workload is distributed among servers handling the same application content. This device is the Server Load Balancer. This equipment accepts the client requests, analyse them, and divide requests among same purpose servers, following load balance algorithm. This allows you to optimize the resources of your infrastructure, maximize productivity and reduce response times, thus avoiding potential congestion. The use of a load balancer is recommended whenever the following are required:
· ensuring the continuity of the service provided
· preparation for sudden traffic peaks
· high traffic management.
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Fig. 5. Workflow of load balancing (www.researchgate.net)
Fig. 5. shows the workflow of load balancing. The benefits of load balancing are numerous: scalability, increased capacity, high availability, quicker disaster recovery, better security, operational efficiency.
Another important feature of servers is fault tolerance. It is mean a process what enable the system to operate in the event of partial or full failure. Every port is in pair: one active, one standby. When the active one`s has broken down, the standby one`s take its role.
G. Performance

H. Scalability
I. Energy usage and sustainability
J. Security
In terms of security data centres have double frontline. First, there is a physical security, what mostly belong what Increased security in the Data Centre Packet filtering and inspection, intrusion detection, and intrusion prevention, Physical security: restricted access and surveillance systems, Edge security to control access from the Internet, Security: In a load-balancing environment, client requests are first received by a load balancer; therefore, the load balancer can perform certain security checks before forwarding these requests to the servers. Example 1: access control list (ACL), to allow or deny traffic based on the information in the client request. Example 2: application protocol inspection, to verify the protocol behaviour and identify unwanted or malicious traffic. Can define policies to accept or reject the packets to ensure the secure use of applications and services.
K. Premises requirements

Findings and Recommendations and Justifications
Conclusion and Future direction
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