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[bookmark: _Toc513209925]Introduction
X as a service (XaaS) is a marketing business model developed by the Information Technology (IT) industry to describe remote IT services that end users i.e. company’s, individuals etc can purchase. There are many different types of XaaS that all offer bespoke network, software and hardware features which will be researched and analysed in further detail within the background literature section of this report. [1]
The remote services sector within IT is highly lucrative because IT hardware and knowledgeable staff can be very expensive for a company, especially if the focus of the Small-to-Medium Business (SMB) does not include IT as its core services i.e. Law firms, Hospitals, Photography studios etc, IT expenditures within these companies are viewed as non-profitable overheads. So, outsourcing various IT services for a fraction of the cost is very attractive to these types of companies. [2]
Core Network Services as a Service (CNSaaS) will aim to encompass and remotely deliver all facets of Local Area Network (LAN) [3] engineering services to SMB’s [4] from; configuration and maintenance of internetworking hardware i.e. Routers and Switches etc [5] to bespoke core administrative services [6]. For the purpose of this project a sample selection of core network services will be implemented and then remotely delivered from a control centre LAN segment to three business client LAN segments as an example of how CNSaaS will function. Each of the LAN’s will be serviced by a different Operating System (OS) [7]with the focus on monitoring, analysing and then identifying the most effective server OS to be used within the final CNSaaS deployment model. Two separate Wide Area Network (WAN) [8] protocols will also be tested within the CNSaaS network; Border Gateway Protocol (BGP) [9] and Multiple Protocol Label Switching (MPLS) [10] to identify the most efficient WAN protocol to be utilised within the CNSaaS model. A preliminary draft of the CNSaaS logical network topology can be found in figure 1.
[image: ]
[bookmark: _Toc513210005]Figure 1:CNSaaS Preliminary Logical Topology [11]
The core network services that will be delivered to each of the LAN’s include; Web Services, File Services [12], Domain Name Services (DNS) [13], Active Directory (AD) [14], Dynamic Host Configuration Protocol (DHCP)[15] and Internet Protocol Address Management (IPAM) [16]. These services will be provided by two hypervisor servers configured as a redundant failover cluster to offer a hybrid of both the advantages of a physical and virtual network infrastructure without each of their disadvantages [17], [18]. The tier-1 hypervisor will deliver the services remotely and securely from a Network Operations Control Centre (NOCC) [19] across a fibre optic [20] [21]Wide Area Network (WAN) i.e. the Internet, secured end-to-end by a Dynamic Multipoint Virtual Private Network (DMVPN) [22] to each of the business clients LAN’s.
The NOCC will be an external IT company that specialises in offering core network services remotely to businesses within a hub and spoke network design topology [23]. Each client’s data that NOCC are delivering services to will be stored separately within a Storage Area Network (SAN) [24] as Virtual Machines (VM) [25] for the tier-1 hypervisor to utilise. This configuration also provides additional security of client data.
The CNSaaS solution would outsource an estimated 95% of all IT services currently being provided internally within a SMB, this economic saving would negate the need for; core IT hardware and highly skilled IT staff which as previously stated can be a very large overhead for a non-IT services company. [26]
[bookmark: _Toc513209926]Background Literature
Preliminary background research has been conducted for the proposed CNSaaS project. The research has been broken down into logical segments that encompass the entire CNSaaS project. The following segments are as follows:
[bookmark: _Toc513209927][X]aaS
As previously discussed, [X] as a service is a marketing term coined by the IT industry to describe a remote services business model that is delivered to business clients and/or individual end users via the WAN, this model is most commonly referred to as cloud services. 
There are many types of cloud service frameworks available in today’s market, the most popular and widely used are can be found in figure 2. 
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[bookmark: _Toc513210006]Figure 2: XaaS Industry Service Model Features [27]
These models focus on delivering remote application services and storage to companies.
Infrastructure as a Service (IaaS)
This cloud service model offers clients the rental of a cloud service providers (CSP) underlying data centre infrastructure that contain many servers that would typically be located at the client’s premises. This infrastructure is very expensive to purchase and maintain for non-IT services SMB. The IaaS model leases a small portion their server’s computational power and SAN. The client is responsible for installing the server OS’s, configuring and maintaining the E-Mail services, database services, web services, web applications and file services that they install and staff within a company can access via a web browser via the Internet.[28], [29]
Platform as a Service (PaaS)
This cloud service model builds on the IaaS model and offers added features such as software Application (APP) development tools, pre-configured middleware for functionality, database management and business analytics. [30] [27]
Software as a Service (SaaS)
This cloud service model further builds on the PaaS model and offers all the above features as a web interface that have all been pre-configured and maintained by the CSP along with a virtual firewall as a gateway to the SMB LAN. A SMB network administrator would be responsible for adding/removing users and updating the company policies etc within this cloud model. [31], [32]
The prominent CSP’s within the remote services industry are; Amazon: Web services (AWS) [33], Google G suite [34] and Microsoft: Azure [35].
[bookmark: _Toc513209928]SMB IT Overheads
According to Gartner [36] who are one of the leading bodies within IT statistical analysis, a SMB is categorised as a company that has fewer than 100 employees [37]. A 2017 study [26] conducted by the Centre for Economics and Business Research (CEBR) within the cost of IT in SMB’s that had fewer than 50 employees. The CEBR concluded that SMB’s have an annual average expenditure of £1,000,000, 24% of this figure was spent on staff, 20% was spent on paying external services and 19% was invested into new technologies. SMB with fewer than 50 employees spent an average of £3,000,000 in the same year. These economic figures suggest there would be a demand for CNSaaS for SMB’s to substantially lower their IT overheads. [38] [39]
[bookmark: _Toc513209929]Local Area Networks (LAN)
A LAN can be defined as two or more computer devices sharing information within a single internal network. A LAN typically covers a geographical area the size of a building. Common Internetworking devices that are implemented within a LAN are; hardware firewalls, routers, layer-2 and/or layer-3 switches, wireless access points (AP) and servers shown in figure 3. Servers within a LAN topology provide services such as; internal web services, DHCP, DNS and AD to end clients within a LAN topology. [14], [15], [40]
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[bookmark: _Toc513210007]Figure 3: Example LAN Topology [41]
[bookmark: _Toc513209930]Wide Area Networks (WAN)
A WAN is defined as a network media connection that generally covers a geographical area greater than 1km, they are most commonly owned by Internet Service Providers (ISP) who lease the connection to businesses and home users. A WAN is considered an intermediary network that connects multiple LAN’s so that they can share information. The Internet is comprised of many WAN’s within a mesh configuration shown in figure 4. For the purpose of this project the research focus within WAN’s are as follows:[8]
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[bookmark: _Toc513210008]Figure 4: Example WAN Mesh Topology [42]
WAN Communication Protocols 
External BGP: External BGP is a very complex traditional WAN communication protocol utilised by ISP’s to locate and deliver data packets to routers across large geographical areas located in various Autonomous Systems (AS). The BGP process starts with a Customer Edge (CE) router that is located within a LAN sending a packet to a destination outside of its own network, the packet is then forward to the closest Provider Edge (PE) that starts the external BGP routing process by reading the public Internet Protocol (IP) addresses located within the data packets header and then distributing the packet to its neighbour Provider (P) core WAN router that is located within a pre-defined AS that the IP address is associated with within its routing table, the packet is then passed through various P routers and AS routers until the packet reaches the destination PE router that then forwards it on to the  CE router located within the LAN destination. This process is very complex and puts a lot of overhead on the core P routers within the WAN reducing throughput and adding latency to the communication process. [9], [43], [44]
MPLS (Layer-3): Layer-3 MPLS is a modern WAN protocol that distributes packets differently to the traditional BGP protocol. MPLS functions by tagging packets at the LAN ISP router which is called the Label Edge Router (LER) with a predetermined short path label that correspond with the packets destination. The labelled packets are then distributed to preconfigured MPLS routers located within the WAN called Label Switching Routers (LSR), these routers don’t read the packet header to look for the IP address just the short path label applied by the LER so that it can distribute the packet to the next LSR router that the label is associated with. This process is repeated until the packet arrives at its LAN destination where the tag is ‘popped’ by the destination LER router which is also called the egress node. The egress node then distributes the packet internally within its own LAN network until it reaches the end device that requested the packet.  [45], [46]
This label switching functionality negates the need for the LSR routers to read the long IP address associated with the packet then search its large routing table for the correct path to send the packet. MPLS massively reduces the overhead on core routers located within the WAN because of this functionality. [10]
WAN communications that use DMVPN security to secure the connection will also be researched in detail within the project literature review. [22], [47], [48]
WAN Hub and Spoke Topology
A ‘Hub and Spoke’ topology is a centrally managed networking design. It consists of a ‘Hub’ that is the central component within the network that contains the core internetworking equipment i.e. core routers, core switches and servers for the underlying network. The hub is a gateway for each of the spokes that are generally smaller LAN sites that connect to the hub via a WAN to create one privately converged network over a large geographical area. Using this network design gives granular control, consolidation and efficiency of network resources i.e. file services, web services, user services (AD), security permissions etc. Individual administration and monitoring of multiple remote networks can be very expensive and complicated, so this solution is implemented when a corporation (enterprise) comprises of multiple locations spread out over a large geographical area shown in figure 5. [23], [49]
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[bookmark: _Toc513210009]Figure 5: WAN Hub and Spoke Example Topology [23]
[bookmark: _Toc513209931]Systems Administration and Services
Systems administration/engineering is a field within the IT industry that focuses on developing, configuring, maintaining and delivering IT services via an internal core networking infrastructure. Systems administrators/engineers specialise within server hardware and OS software technologies that range from open source Linux server variants to Microsoft Windows server, these different vendor OS each have unique features and functionality, but all have the same primary purpose of delivering IT services to end clients within a network. [7], [50]
[bookmark: _Toc513209932]Further Research
Further research will need to be conducted within each of the identified areas above in alot more depth to further understand the problem so that a solution can be tailored accordingly in order for the project to be understood, designed and implemented successfully.
[bookmark: _Toc513209933]CNSaaS
CNSaaS aims to go a step further than the traditional cloud service models identified previously within the preliminary research literature section of this report, to not only provide the infrastructure for the Internet services such as web, E-Mail, database management and business analytics. But consolidate and maintain all LAN services that make a network function internally such as AD, DHCP, DNS, network monitoring, router and switch maintenance etc as previously discussed. These transparent core network services have been overlooked by traditional cloud service models. [51]–[53]
[bookmark: _Toc513209934]Aims and Objectives
The aim of this project is to further research, develop, implement and then benchmark (analyse) core network services delivered across a WAN, configured within a hub and spoke WAN topology to offer the CNSaaS cloud services model to SMB clients whom are not knowledgeable with the IT Industry from a computer network engineering perspective. The end goal of this project will be for SMB clients to outsource and centralise an estimated 95% of their internal IT LAN operations to an external company who will deliver, monitor and maintain these services remotely, securely and efficiently from a NOCC as previously discussed. 
The project has been broken down into six manageable objectives that need to be obtained to achieve the aim previously discussed so that the project can be completed to a high standard. These objectives are as follows:
Objective 1: Research, design and implement a NOCC LAN that comprises of a; Hardware Firewall, Tier-1 hypervisor, Layer-2/-3 Switches, ISP Routers and SAN with redundancy, security and efficiency as the focus. Also configure three small client LANS that will comprise of a firewall, layer-2 switches, ISP routers and end devices. [3], [19]
Objective 2: Research and implement a Linux- ‘Free BSD’ Server that will be stored within the SAN at the NOCC as a VM to provide; Web services, File services, DHCP, DNS, LDAP (Linux equivalent of AD) and IPAM services for a business client. [54]
Objective 3: Research and implement a Linux- ‘Red Hat’ Server that will be stored within the SAN at the NOCC as a VM to provide; Web services, File services, DHCP, DNS, LDAP (Linux equivalent of AD) and IPAM services for a business client. [55]
Objective 4: Research and implement a ‘Windows 2012 RS’ Server that will be stored within the SAN at the NOCC as a VM to provide; Internal Web services, File services, DHCP, DNS, AD and IPAM services for a business client. [7]
Objective 5: Research and implement a fibre optic WAN within a computer laboratory with emphasis on BGP and MPLS for connectivity and throughput. Also, to secure the WAN connection between the hub (NOCC) and spokes (client premises), a DMVPN WAN tunnel will need to be further researched and then implemented to provide end to end encryption of network traffic between each of the ISP routers configured at the proposed sites.  [8]–[10], [19], [22], [23]
Objective 6: Converge the network segments from objectives 1-5 and then benchmark the CNSaaS solution that has been developed using industry standard network monitoring software ‘SolarWinds’ [51], to identify and then provide the most efficient OS and WAN communication protocol configuration of CNSaaS to business clients. [52], [53]
[bookmark: _Toc513209935]Research Methodology
The philosophical research methodology chosen for this project will be positivistic [56] because a real-world working solution to an IT business problem is the final goal of this research project based on the quantitative [57]data generated from the CNSaaS network.  
The approach that will be utilised is ‘deductive’ since logical decisions will be made after analysing the data from three OS experiments and the data produced from the WAN connectivity experiment to identify the most efficient configuration for the final CNSaaS solution to verify the reliability and validity of the system.[58]
This project has been identified as a network/systems development project as there are many cloud service modals available that encompass the core technologies that will be utilised for the CNSaaS solution proposed. [58]
The secondary research strategy processes that will be followed for this project are as follows:
[bookmark: _Toc513209936]Case Study: A technical case study of a cloud services model that utilises similar cloud technologies as the CNSaaS cloud services model proposed will be researched and further analysed to identify any problems that were found during development of the model, to learn of any compatibility issues or specific hardware requirements that may have arisen during the development of the case study cloud model. 
This research process will be conducted to save time within the development stage of the project by negating the need to solve problems that may have already been previously identified and solved by other researchers.
An in-depth case study within the field of business management and economics will also be conducted with focus on; SMB IT costs and IT services that are delivered to end clients internally within SMB’s will be analysed at this stage to identify the validity of CNSaaS within the real world to evaluate the economic savings and percentage of internal IT services that could be outsourced if SMB’s were to adopt the CNSaaS solution. [59]
[bookmark: _Toc513209937]Document Review: CNSaaS has been identified as a development project, therefore there will be a lot of emphasis within research of vendor documentation/academic white paper reviews due to the masses of technologies that are available within this field and the vendor specific products that will be utilised during the project. [60]
This stage of the research will identify the correct hardware/software technologies that will be utilised within the design of CNSaaS i.e. firewall, routers, servers, OS’s, dynamic routing protocols etc and the network engineering theory that will need to be applied to successfully complete this project to avoid design/configuration issues later in the project. [61]
[bookmark: _Toc513209938]CNSaaS Network and Systems Development: This stage of the research process will identify the correct configuration commands, OS versions and installation for each of the identified technologies, and the vendor specific hardware that will be utilised i.e. Juniper, Cisco, Microsoft, Linux etc within the designing and development of the proposed network. [62]
[bookmark: _Toc513209939]Research Methodology Conclusion
Using this research strategy will validate the authenticity and requirement of the CNSaaS solution within the IT arena of modern SMB by triangulating the results from the research gathered within the identified areas previously discussed. The research strategy proposed will also save time and identify potential problems at the physical development stage of the CNSaaS project, so that a high quality, efficient and cost-effective product can be delivered on time at the end of the project.[57], [61], [63]
[bookmark: _Toc513209940]Development Methodology
The ‘Spiral’ Methodology has been chosen as the development strategy for this project. It’s a combination of the waterfall and iterative models. It was  developed and then published by Barry Boehm in a white paper "A Spiral Model of Software Development and Enhancement" in 1986 [64] for software engineering development projects, however it can be effortlessly adapted for the CNSaaS network/systems development project as opposed to other development methodology’s i.e. Waterfall, SCRUM, Rapid Application Development (RAD) etc that are aimed at developing a prototype (build) software product in one linear cycle, that requires end user testing. These methodologies do not map across easily within a computer network architecture that aims to deliver transparent services to end devices comprising of many separate entities, that relies on performance metrics as its testing bed without end user testing and feedback during the initial build, as opposed to the spiral model that allows for flexibility within these areas. [62] [65] [64], [66]
[bookmark: _Toc513209941]Spiral Methodology Invariants
The ‘Spiral’ methodology consists of six prerequisite invariants [67]; these conditions must be met for the methodology to be effective within a project. They state:
1. 
Author: Mr Paul M Lawrence	                     CNSaaS Project Proposal	Page 1
2. End requirements for the system must be known from the start.
3. There are no unresolved high risks within the project i.e. cost, scheduling, staff, unrealistic timeframe etc.
4. The end goal of the project will not change substantially during development.
5. The requirements are realistic and compatible for the proposed system.
6. The correct design for the system is clearly understood so that the requirements can be successfully implemented.
7. There is enough time allotted for each spiral to be completed to a high standard.

Invariants are further applied to each stage of the spiral cycle that include:
1. Research and planning
2. Design
3. Implementation of the proposed design
4. Testing and Risk Analysis of Spiral Development i.e. time, hardware/configuration issues etc.
These invariants must be strictly adhered to for the successful completion of a project developments lifecycle when using this methodology. [64], [66]
[bookmark: _Toc513209942]Spiral Methodology Integration within the CNSaaS Project
By utilising the ‘Spiral’ methodology, the project can be separated into manageable segments called ‘Spirals’ each representing the first five objectives of the CNSaaS project that can be individually iterated using the spiral cycle invariants; research/planning, design, implementation and then troubleshooting/risk analysis.  The last spiral within the project will be the integration of all the completed network segments (Spirals) to create and further troubleshoot the entire network. Benchmark analysis of the entire system will also take place at the final spiral. A spiral project development diagram of the CNSaaS project can be found in figure 6.
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[bookmark: _Toc513210010]Figure 6: CNSaaS Spiral Development Model
[bookmark: _Toc513209943]Advantages of the Methodology
The advantage of this methodology is that it reduces failure of the entire system by identifying, localising and conducting risk analysis of any issues that arise at each of the individual network segments (spirals) making troubleshooting and configuration less complex. It also allows for the end requirements to be known in advance but not necessarily the order or processes utilised to get there, giving flexibility within approaching solutions to problems that may arise within a spiral i.e. knowledge of a specific technology, configuration issues, hardware issues etc this ethos is suited for a research project where the steps to solving a problem are not always known in advance. These issues often add high risk to a project within other development methodologies. [64], [68], [69]
This model equally allows for further functionality to be added at a later date which is ideal for a cloud model that can deliver many tailored services to end clients.
Time scheduling is equally an advantage when using this methodology within a research project, because each spiral has a pre-determined objective, start and end cycle so planning realistic time slots for each of the spirals will be a lot more accurate during time slot management estimations within the projects ‘Gant’ chart.
[bookmark: _Toc513209944]Disadvantages of the Methodology
The disadvantage of this methodology is that it is not designed for small projects because it can often run over budget and behind schedule because of the granular design, configuration and risk analysis at each of the spirals. These disadvantages within the CNSaaS project have been minimised by identifying all hardware/software, resources, time constraints and staff requirements before the development stage of the project. 
This methodology also demands a high level of risk analysis and foresight of issues within each of the spirals as to not run into configuration/design problems that could take a lot of time to resolve. Within the proposed CNSaaS project a broad understanding of all the underlying technologies already exists within the project team. Time has been allotted for in depth research within each of the objectives identified pertaining to the spirals to fill any gaps within the project team’s knowledge as discussed within the research methodology section of this report. [64], [68], [69]
[bookmark: _Toc513209945]Risks
The preliminary risk analysis of the key components to the CNSaaS project were identified at the project idea brainstorming stage. The severity of the risks to the project were identified by utilising a risk management strategy to mitigate and/or minimise the identified risks to the project before it could go ahead.[70][71] These risks have been mapped onto a risk matrix shown in figure???
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[bookmark: _Toc513210011]Figure 7: CNSaaS Risk Matrix [72]
A risk mitigation strategy was immediately implemented for the risks identified within the tolerance line. The mitigation strategy proposed for these risks are:
Software: The Network monitoring software was identified as an almost certain risk, that would have severe implications of the project not being viable because the industry standard network analysis and monitoring software ‘SolarWinds’ that was proposed to be used within the project is a very expensive product which costs $2,995 [51], and due to the low budget of this project this would not have been affordable. After further research it was discovered that, ‘SolarWinds’ offers its full software package as a 30-day free trial, this time frame would be enough to gather, correlate and analyse the traffic within the network mitigating the risk.
The rest of the software that will be utilised for the project was not categorised as a risk because the university own software licenses for; ‘Windows server 2012 RS’ OS, ‘Windows 10 client’ OS and a tier-1 hypervisor. The Linux OS software that was also proposed to be implemented within the project is opensource, so that will be downloaded for free during development.
Time: Time was categorised as a possible risk because there are a lot of technologies that need to be researched within this project before it can be implemented within a 6-month time frame. To mitigate this risk, it was decided to start the project 3 months early during the university summer break to research all of the network engineering and systems engineering theory needed to achieve the objectives along with the technologies that will be used to create the CNSaaS model previously discussed within this report. 
The low risks that were identified outside of the tolerance line were also briefly analysed so that they don’t develop into high risks later within the project. These were:
Laboratory Access: Laboratory access was identified as a severe but unlikely event of happening because the university has a Cisco laboratory that students have access to which has multiples of internetworking hardware equipment for students to use. The availability of the laboratory could escalate the identified risk if it was not available at certain times/days due to lectures, holidays etc when key milestones of the project were being completed. To mitigate this issue time slots will be booked for access to the laboratory throughout the project development lifecycle using the project time management Gantt chart that has been created, which can be viewed later in this report.
Complexity: The complexity of the project was identified as a severe but unlikely event of happening because all the complex technologies that will be utilised within the project have been studied and configured in detail at university for the previous two years. Also, utilising the research methodology discussed previously in this report along with the additional allocated research time discussed within the ‘Time’ risk mitigation gives the project team confidence they will develop CNSaaS to a high standard.
Hardware: The hardware needed for the project was categorised as a severe but an almost never chance of happening because, the university that the project is being created for is a Cisco academy that has a computer laboratory as previously discussed that contains all the internetworking and end device hardware that is needed for the project, that can be used by students. The university also has two HP blade servers that can be configured as a tier-1 hypervisor for student use.
[bookmark: _Toc513209946]Ethical Issues
The CNSaaS prototype project does not currently contain any ethical issues, however if CNSaaS was to be implemented for a real-world SMB in which client data would be stored within the network at the NOCC, the new General Data Protection Regulations (GDPR) legislation that was created by the European Union (EU), that came into force on the 25/5/2018 would have to be adhered to by the external company that houses the data.
[bookmark: _Toc513209947]Analysis and Deliverables
Network traffic monitoring and analysis software ‘SolarWinds’ will be used to collect the network traffic that is generated by the CNSaaS network with emphasis on network performance metrics; 
Latency:  Latency can be defined as how long a data packet takes to be sent from one node to the next within a network. This metric is measured in milliseconds. [73]–[75]
Packet loss: Packet loss within networking is defined as how many packets are lost during transmission from one node to another. This metric is measured as a percentage. [76]–[78]
Throughput: Throughput within networking is defined as the amount of data that is sent successfully from one node to the next through a physical or wireless media i.e. ethernet cable, fibre optic cable, radio waves etc within a given time frame. This metric is measured in bits i.e. Kilobits (Kb), Megabits (Mb) or Gigabits (Gb) and seconds i.e. 10 Mb/s. [79]–[81]
These metrics will be used to identify the most efficient communication protocol to be utilised within the WAN segment of the network; BGP or MPLS and to also identify the most efficient server OS to deliver the remote services within the hub and spoke topology; Windows Server 2012, Linux-Free BSD Server or Linux-Red Hat Server. The most efficient configuration will then be incorporated into the final CNSaaS cloud model as previously discussed in this report.
Research conducted by Cisco who are the industry leaders within network engineering theory and products concluded the minimum acceptable latency within a SMB network is 200ms and the minimum acceptable packet loss is less than 1%. [82]
The minimum throughput metrics that the CNSaaS network will still be 100% efficient and transparent to the end client will be identified during the network monitoring and analysis stage of the project.
[bookmark: _Toc513209948]Environmental Sustainability
This project would have a positive effect on the 1st order of environmental sustainability because internetworking equipment i.e. routers, switches and servers use alot of electricity that have a negative effect on the environment. The proposed CNSaaS network would remove an estimated 95% of these internetworking devices from SMB’s and consolidate them within one location, utilising there power efficiently by operating only two hypervisor servers that can compute several VM server OS’s at a time, as apposed to SMB’s that currently each utilise a minimum of one of these servers within their networks running only one server OS’s on each of them. [83] [84], [85]
[bookmark: _Toc513209949]Physical Resources
A Computer laboratory that contains: 
· 
· 2 x Enterprise Blade Servers
· 10 x ISP Routers
· 2 x Layer-3 Switches
· 4 x Hardware Firewall
· 8 x Layer-2 Switches
· 7 x End Devices (PC)
· 12 x Single Mode Fibre Optic Patch Cables
· 20 x Straight Through Ethernet Cables
· Access to IEEE Journal (Whitepapers)
[bookmark: _Toc513209950]Human Resources
Project Mentor Dr Tim Bashford and a 3rd year university student Mr Paul M Lawrence.

[bookmark: _Toc513209951]Timeline
Using the information from the preliminary research and the physical/human resources section of this report, a Gantt chart [86] was created to depict a timeline for allocated time slots to research and develop the identified objectives and milestones within the project, along with the scheduled project progress meetings with the project mentor Dr Tim Bashford shown in figure 8. The time to complete this project has been estimated at 200 hours.
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[bookmark: _Toc513210012]Figure 8: Gantt Chart for CNSaaS Project
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