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Abstract: A data centre is the modern process of the management of IT operations of different enterprises. The study covers the data centre management design of the Victoria University of Manchester after the merger with the Manchester Institute of Science and Technology (UMIST). Concepts and designs of the data centre are covered in the process for better understanding. Different actors of the data centre technology have been elaborated along with the discussion of the advantages and challenges of data centre management in the study. The architecture of data centre has been mentioned along with the design for the development, the performance enhancement features have been stated. The scalability maintenance is mentioned elaborately in the study.
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INTRODUCTION
The data centre is a building that is used to centralise the IT operations of large amounts of data of an organisation by the implementation of a supercomputer.  This process allows accumulating and storing data or providing access to data of the connected business. Different equipment of the networks is becoming cheaper, and the processing of the data requires more advancement. Key elements of a data centre are routers, switches, firewalls, storage systems, and server and application delivery controllers. The infrastructure of the modern data centre has become virtual. 
The study highlights the centralisation of the IT operation of the Victoria University of Manchester after the merger with the Manchester   Institute of Science and Technology (UMIST). The concept of the data centre and factors of the data centre will be included in the study along with its advantages and challenges. A brief background of the study and the methodology of the research will be further added in the study. The analysis part of the study consists of network topology, management, fault tolerance, performance, and scalability. The security and sustainability of the data centre technology will be included in the context of the University of Manchester and Manchester Institute of Science and Technology.
[bookmark: _rdah7tk3g3bg][bookmark: _pss4c2jr1ih2]Concept of Data Centre 
The data centre is a technical competency used by organisations to operate complex network operations. The design of the data centre is dependent upon the computing network and resource storing capacity. The consignment of the data and application is done effectively by the data centre technology. In the modern networking system, the network and data are connected through multiple data centres [1]. The private and public cloud networking is processed through data centre technologies. Data centres can connect with multiple clouds and sites and in the premises. Public clouds are also the accumulation of data centres. 
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Figure 1: Data centre Infrastructure 
(Source: [2])

Network infrastructure, storage infrastructure and computing resources are the key components of a data centre. Network infrastructure helps to connect the physical and virtual servers, storage and extrinsic data connections to the terminal users. The largest super university in the UK is centralising the IT operations to ease the process of computing. The everyday work process of the operation of the university will be managed by ICT infrastructure management [3. A significant groundwork of data centres is important to back the hardware and software. Uninterrupted supply of power is crucial in collaboration with proper ventilation and cooling systems. Backup power supply and external network connectivity are the other two important elements of the data centre technologies. 

[bookmark: _l2linyz8gtqd]Factors of Data Centre Building
The Standard of the infrastructure of the data centre is a crucial factor for seamless operation. The most applied standard of data centre technology is ANSI/TIA-942. The certification is substantial for different tiers of the data centres. First-tier data centres are the basic infrastructures. This type of data centre can provide basic   of data in the physical events. The distribution path of this type of data centre is single and non-redundant [4]. The capacity of the components is single. Tier two data centres are redundant capacity infrastructures. Protection against physical events is improved in this type of infrastructure. The distribution path is single. 
On the other hand, the tier three data centres are concurrently maintainable. It contains multiple distribution paths. Virtual protection is provided against any kind of physical events in this type of data centre. The components are removable. In this process, this data centre does not disrupt the services of the terminal users. The fourth-tier data centres are the fault-tolerable sites. The highest level of tolerance against the fault is provided by this kind of infrastructure of data centre technology [5]. It provides multiple distributions that are  independent. It can maintain the sites all at once which is significant. A single fault in the system causes no downtime. 
[bookmark: _q4jr9kz42q5f]Advantages of Data Centre Building
Data centre technology is an important area of modern cloud computing. Management of the data is one of the key challenges that enterprises face during the operation. The agility of a business or any sector of education can be advanced by the implementation of the data centres. Big data, AI and machine learning can be handled efficiently by the implementation of the data centres. Customer relationship management (CRM) software can be maintained by data entities to collaborate with different cloud sites of the premises. It increases the productivity of the organisation. 
Various advantages are provided by the data centres like consolidated leadership, reduced barriers, higher profit margins, efficient data storage, management, safety and growth. Recognition of the different operations of an enterprise such as management, leadership, and governance are provided by the consolidated leadership advantages [2]. The IT infrastructure of the enterprise helps to manage all the operations efficiently. Barriers to the service provision of different locations can be managed by the data centre. Cost of sales and data security can be effectively managed by the implementation of the data centres in the organisation. Consistent management of the storage is provided by the data centre technology which is important for the education industry. 
[bookmark: _8kgx9eqtt8pq]Challenges of Data Centre Building
Despite lots of advancements in the process, the data centre technology faces challenges in the operation.  Key challenges of the infrastructure are real-time monitoring, capacity planning and management, uptime and performance maintenance, the efficiency of energy and cost-cutting. The unexpected breakdown is possible in the management of the data centre technology. Power distribution connection cables, cooling systems are needed to be managed effusively. It is a major challenge for the implementation of the technology [6]. Over provision of the resources are provided by the data managers which cause the loss of storage.


Figure 2: Challenges of data centre
(Source: created by Author)
Energy also wastes in this process. Uptime measurement is a challenge for management. Cooling and energy management are the factors of the uptime management of the data centre managers. Cutting the maintenance cost is another major challenge for the maintenance of the data centre technology [7]. Productivity of the staff is also important for the proper management of the data centre. All the challenges create barriers in the operating system. It supports the network servers across huge amounts of data in a multi-cloud infrastructure. 

Background/Overview: 
The Victoria University of Manchester was established from Owens College. On the other hand, the technical School has been renamed after World War I to the Manchester Institute of Science and Technology (UMIST) in England. Both the universities merged and is known as the University of Manchester forming the largest university in the nation. The university is planning to develop a datacentre in order to centralize the IT operation and various equipment of both the organisations for the storage of data, processing data are stored and disseminating the data or other applications. The university aims to educate 34000 students per year and start more subjects and increase the departments as compared to other universities. 
The data centre that will be developed by the University of Manchester is essential for the continuation of the daily operations. The data centre will also allow the sharing of research data with the collaborating institutes and answer additional and new questions. The university will be able to increase the efficiency of the operations.  Data centre development is also beneficial to lessen the damage caused by power failures or other disasters. The university will be able to utilise data centre for various requirements of networking set up of the systems. 
Research Methodology:
Positivism philosophy will be followed in the research. The philosophy states that the knowledge that is acquired from the process of observation is trustworthy and reliable. The interpretation of data is done in an objective manner. However, the deductive approach is planned to be followed for the completion of the project. The approach allows the development of hypotheses after evaluating the existing literature. The approach allows the logical reasoning of one or more literature or statements to draw the conclusion. Descriptive design has been utilised in the research in order to describe the impacts of the data centre systematically and accurately. 
The data for the research will be collected by the secondary method of data collection. The existing literature will be evaluated along with technical and trade journals. However, the qualitative data analysis method to answer the prime questions related to the research. The why, how and what question will be answered by the data analysis technique. The research ethics will be maintained, and the individuals associated with the research will be given equal respect. The anonymity of the individuals will be maintained. The confidentiality will be maintained along with the protection of research data. The data will be utilised in the research after informed consent. 
Analysis and Discussion:
Design & Architecture
Data centre design should be planned effectively as the development is expensive and the University of Manchester will have to bear a large amount for the development  . Data centre designing involves the development of the IT resources, the architectural layout and the infrastructure that will support the operation of the data centre in the University of Manchester [7]. The design of the data centre allows the attainment of logical conceptualisation of the data centre before implementing it in the University. The power requirements for the data centre is massive and the plan should be done after evaluation of the present and the future requirement. The multi-tier design model is the widely used design for the development of the data centre. The multilayer model is web-based, application or databases. The model is flexible yet expensive. Multi-tier utilises the software that is executed as a different process on a system using IPC. Resiliency is enhanced by the use of multi-tier design. 
However, the architecture of a data centre involves the various users that include the core layer. Such as Aggregation layer and Access layer. The core layer provides the switch of the packets at a high-speed for the data flowing in and out from the data centre [8]. The layer also maintains the connectivity to different aggregation modules and offers resilient layer 3. 
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Figure 3: Data Centre Architecture Overview
(Source: [4])
The aggregation layer offers essential functions that involve integration of the services module, defining the domain of layer 2, processing of the spanning trees and lastly the redundancy of default gateway. The multi-tier traffic flows in between the servers and is beneficial for utilising firewalls or server load balancing. Access layer is the point where the servers can actually link to the network of the university [9]. The element of the server comprises 1RU server, clustered servers, blade servers along with switches that are integral, etc. 
Network topology
Data centres mainly consist of three-layer topologies and can be selected from a long list. Leaf spine topology in a data centre is beneficial to monitor the east-west traffic on the network. The topology allows the utilisation of more switches in order to tackle the network traffic of the data centre.  The topology comprises two layers that include leaf and spine. The leaf comprises switches that aggregates the network traffic from servers and allows connection directly into the network core [10]. The topology will allow the data flow to take shortcuts form the source to the destination. 
Similarly, the jellyfish topology is considered to be a high-capacity topology to establish network interconnection by utilizing the topology of a random graph.   The switches in the network can be interconnected as per the choice of the network designer. The jellyfish topology has yielded 25 % more results as compared to the traditional topologies in the network. The topology will also allow the incorporation of flexibility while developing the network topology of the data centre at the University of Manchester. The topology can be used at the switch layer [11]. The topology is efficient and offers more bandwidth to the network developer. Therefore, the topologies will be effective for the development of a data centre for the University of Manchester. 
Management
The facility management is the process of maintaining the management of the data centre. Data centre management is very essential in order to protect the data and avoid the chance of data breach. The data stored in the data centres are vital and also contain various sensitive information of individuals.  The management of data centres should maintain the practices of monitoring the activities that are taking place in the systems and the servers to identify the occurrence of any breach to the security of the company. The evaluation of the facilities of the data centre should be assured in order to increase the efficiency and obtain the highest result from the equipment present. 
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Figure 4: Data Centre Management Services
(Source:[5])
However, the analysis should be done in order to save energy usage and also use less space for setting up the data centre.  Moreover, the action layer of the data centre should be automated for synchronising the management of every IT hardware, monitoring the network and every application used [12]. The availability of power to the servers at all points of time is essential for the users to access the data. The management of data centres also include the protection from known or unknown risks and prevention of unauthorised access. 
Fault Tolerance
Fault tolerance refers to the method that allows the operating system to provide response while the occurrence of failure in the hardware or software continues to be operating. The fault tolerance of a data centre depends on the existence of two parallel power sources. The data centres should also have proper cooling systems to be fault tolerant. The need for electricity in a data centre is huge hence; the data centre for the university should be planned so that two different sources of power are available. The failure of one will allow the second one to provide support to the servers [12]. The present requirement of the university should be properly evaluated long with the potential needs in the future to implement the power sources.  
The addition of hardware to the systems in a data centre will lead to generation of heat that needs to be removed in order to make the data centre fault tolerant. The set-up of cooling systems in the data centres is very important in order to protect the servers and other machines from faults and failures. However, the use of chilled water systems is the widely used technique to cool the data centres. The large sized data centres also utilise the chilled water technique for the cooling purpose. 
Performance
Performance evaluation of data centres will allow the data centre managers to monitor the parameters that are most essential to use the data strategically in order to define the best practices of the data centre. Recognition of the key performance indicators is vital to enhance efficiency of the data centre of the University of Manchester. The availability of sufficient supply of power and advanced cooling systems to make the data centre fault tolerant is one of the main factors that affects the performance. However, the availability of accurate and real-time data allows the process of data driven decision in order to deploy various IT equipment and other resources in the data centre. 
Tracking the energy cost of the data centre is essential to maintain the performance as the cost of energy might be equal to 50% of total expenses borne by the university to run the data centre [14]. This will be beneficial to meet the energy requirements within a budget. The data centre managers should have a track of the changes in the systems and also the details of the person responsible for the changes. The managers should identify the changes that have been requested from the phase of creation till approval so that the quality of work is high and reduction of delay in the workflow is assured. The highest performing organizations keep the change success rate to 99%. The maintenance of the key performance indicator is essential to enhance the data centre that the University of Manchester is planning to develop.
Scalability
Scalability refers to the capability of the systems in the data centres to work better after enhancement and the occurrence of change in volume is executed. Scalability of data centres allows the adaptation of the rapid changes with the growth of data. The growth of data can occur due to the growth of traffic or with the increase of volume of data. Scalability assures the enhancement of efficiency and also maintains the quality of work. Data capacity evaluation of the data centre allows the maintenance of scalability in the data centre set by University of Manchester [15]. The requirements of the various applications are identified and provided in order to increase the output gained. 
Monitoring the data access pattern in the data centre will allow the maintenance of scalability. The avoidance of scatter and gather issues across servers is also essential for the maintenance of scalability. Incorporation of different techniques for sharding will allow the data centre managers of University of Manchester to enhance the scalability factor. Sharding is an essential concept that allows the machines to store data in various resources. However, self-service ability of scaling can act as a catalyst to enhance system scalability. Data centres are architectures in a pattern that provides enough capacity. Self service allows the implementation of vertical scaling that allows the addition of different resources to the node that is already present for the enhancement of the capacity. On the other hand, horizontal scaling by self service allows the removal of nodes or additions present in the distributed data store.  
Energy Usage and Sustainability
The data centres present in the United Kingdom operate with energy consumption of around 41.11 Twh annually. The number is higher for some cases.  1w of energy that is provided to the ICT, around 0.8w is used by the infrastructure that is supporting the service. CCA for data centres deals with 129 facilities from target units of 57.  The tidal energy usage was 2.573 Twh annually that clearly indicates the increase of the participants [16]. However, it is clear that the data centres use a massive amount of power.
The data centres can be made sustainable by the reduction of the energy used for the operation. However, the implementation of advanced cooling systems will allow the data centres to reduce power consumption and become more sustainable. Therefore, the reduction of the costs borne by the University of Manchester to meet the power requirements allows the maintenance of sustainability. 
Security
Security at the data centres should be maintained high in order to protect the data from unauthorised access. Security in the data centre should involve the physical practices and implementation of technologies to protect the centre from external threats. The security tools that should be used in the data centre firewalls filtering the packets, proxy firewalls, hybrid firewalls and stateful firewalls. 
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Figure 5: Data Centre Security
(Source:[3])
The use of the security tools will allow enforcement of the security policies beside the maintenance of physical security at the premises. The packet filtering firewall allows the control of flow of data to and from the network [18]. Similarly, the proxy firewall will allow the protection of the network resources by the filtration of messages at the application layer. Hybrid firewalls allow a high level of protection in the data centre by providing a set of security proxies. The security tools are essential to maintain security of the data centre in order to protect the stored data. 
Findings and Recommendations and Justifications
Data centre that the University of Manchester has decided to develop will be very important to expand the department and allow educating the target of 34000 students annually. However, the university will also be effective to store the data of all students and use the same at any point of time. The data centre should have the advanced cooling system that will be beneficial to reduce the heat and also maintain sustainability. The reduction of heat is essential to avoid failure and also reduce the amount of power consumed by the systems. Therefore, the firewalls should be implemented for enhancing the security protocols of the data centre and prevent the unauthorised access of the data and cause damage. The justification for recommendations will allow the maintenance of sustainability along with the increase of performance of the systems. Therefore, the plan for data centre by University of Manchester will be beneficial to develop the structure of the institute. 
Conclusion and Future Direction
The study has a detailed elaboration of the architecture for the development of data centre. The network topologies have been stated for indicating the importance in the development of data centres. The fault tolerance features of data centre is mentioned in order to provide the measures that will be effective for the development of data centres. However, the university will be able to store all data in the data centre and apply the security measures as per requirements.
Increase the sustainability and performance. The management of the data centre can be enhanced after evaluating the arising requirement without outsourcing the individuals.  Therefore, the only factor that the university should consider is the reduction of energy consumption by the data centres servers and other infrastructure. 
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