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1. [bookmark: _Toc7694116]Introduction

This project intends to look at how secure an average ISP router that is provided with a home broadband contract is without any modification to default settings or passwords. Starting by looking at whether the equipment provided by the three largest ISPs in the United Kingdom can be considered secure. Testing will be done on three companies’ routers for this project. British Telecom, Sky and Virgin Media. 
First, looking at an introduction to the proposed area of research with detail provided on the background of the project to show why security within a home network is important. During the first section we will be developing aims and objectives for the project, this should allow us to measure whether the project is a success based on whether the aims and objectives have been met by the projects end. 
Next step is to investigate the methods required for research and development within the project, including the research philosophy intending to be used, the best strategy with which to approach the project and how to ensure the research obtained is reliable and valid. This will involve identifying how to collect and display data for each objective and an explanation as to what data will be obtained from each objective. Also analysing the data to understand what results have been obtained from the project. As part of this section risks to the project need to be identified. This includes any legal or ethical issues that may occur as part of the project and any limitations that could be faced as part of the project. 
The last section of the proposal will involve looking at the hardware and software resources required, and any research material access required for the project to be successful. Included in this section there will be a Gantt chart to demonstrate the project plan and timeframes for the entire project, providing accurate timescales for each part of the project. 

1.1 [bookmark: _Toc7694117]Aim and Objectives

The aim of the experiment is to discover whether ISP routers suffer from any vulnerabilities when configured with basic out of the box settings and how these can be modified to provide greater home network security. To achieve this aim, we will need to account for the following objectives. 
1. Research of industry best practices for security. 
2. Testing of all the routers in the experiment for any vulnerabilities with the default wireless password. 
3. Testing all the routers in the experiment for WPS vulnerabilities based on the default settings for this function. 
4. Attempting to break into the router’s management pages with the default username and password. 
5. Implementing configuration changes to counter any vulnerabilities found during the experiment and then completing objectives 2, 3 and 4 again. With the intention of finding out whether the changes based on recommendations make a difference to the router’s security. 
At the end of the project the intention is to have a list of vulnerabilities for British Telecom, Sky and Virgin Medias routers when set to their default configurations as the customer would receive them. Along with a method for countering each of the vulnerabilities, showing where improvements can be made to default configuration of ISP routers to further increase home network security. 

2. [bookmark: _Toc7694118]Background Literature

In this section we go on to look at the background for the intended project. Looking at the working title for the research project and background for different security measures you would find in a home network. 

2.1 [bookmark: _Toc7694119]Working Title of Project

This section of this proposal looks at the type of project that is going to be worked on and what kind of setup this will require. Looking at current literature and research on Home Network Security and establishing the aims and objectives of the project and what sort of outcome we expect to be delivered upon completion of the project.
The working title for the research project is Home Network Security – Are ISP Routers Secure by Default.

[bookmark: _Toc7694120]2.2 Subject Background

When considering home network security, we need to look at routers according to M. Niemietz and J. Schwenk [1]
“Routers are the centre of private home networks: They are the gateway that all network devices use to connect to the Internet.”
There are multiple router manufacturers each with varying degrees of configurability. Allowing changing of settings like wireless passwords, login passwords, DNS servers and even setting up VPN connections. With some routers it is even possible to change from the manufacturers default firmware to other version. One such firmware option is DD-WRT a Linux based open source firmware that can be installed in a wide variety of routers and embedded systems [2].
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[bookmark: _Toc7694144]Figure 1- CIA Triad Information Security [3]
The three above concepts in the diagram form what is commonly known as the CIA triad. These concepts are part of the foundation of all information security for data information and computing services [4, p. 22]. 
When looking at a home network physical security should still be considered however is less important for the following reason. For someone to have physical access to your router they would require physical access to your home, it is highly unlikely someone is going to go to the effort to break into your home to physically access your router when a remote attack would be more effective and less risk. 
Below we are going to look at methods of allowing secure connections to a wireless router as these are the areas where a remote attack is far more likely to occur. 
A far more likely initial attack would be against your routers wireless security. Wireless security on home routers these days is generally secured by WPA2-PSK(AES) according to the Wi-Fi Alliance. [5] 
“ The Wi-Fi Alliance announced today that the WPA2 security certfication program, the second generation of Wi-Fi Protected Access, is now a mandatory feature for all new Wi-Fi CERTIFIED™ products marking the next step in the evolution of Wi-Fi Security.”

This means for a device to be certified by the Wi-Fi alliance from March 13, 2006 it must support WPA2 at an absolute minimum. 

WPA2-PSK(AES) works by using a Pre-Shared Key. According to Juniper Networks a PSK is a method of client authentication that uses a string of 64 hexadecimal digits, or alternatively a passphrase between 8 to 63 printable ASCII characters, allowing generation of unique encryption keys for each individual wireless client [6]. While there are better methods of wireless encryption home networks currently use WPA2-PSK(AES) by default so this as this is the most common standard currently used this is the most important to consider at present. 

Another possible way of wirelessly connecting to routers is using WPS to connect. [7]
“WPS is a protocol that was designed and introduced in 2007 by the Wi-Fi alliance to enable secure pairing of WiFi Devices with compatible Aps. WPS defines two primary methods, the PIN-based method and the Push Button Configuration (PBC) in which a physical button needs to be pushed on the AP. The PIN-Based method is mandatory for all the WPS certified devices, while PBC is optional for the wireless clients but mandatory for the APs.”
WPS allows a different method of connection to wireless routers, bypassing the passphrase method of WPA2-PSK(AES). Allowing the connecting of Wi-Fi devices without having to enter the passphrase for the wireless network. 
Home routers generally have a login page that can be accessed by typing the routers IP in a web browser. This allows access to the routers configuration pages and allows settings changes. This includes the changing of the SSID for the wireless network and the WPA2-PSK(AES) passphrase, logging in will also allow you to view the current password usually in plain text and the WPS PIN for the device in plain text. These admin passwords at default used to be generic with ISP routers. It is usually the case now that these are more secure however a comprehensive database of these passwords exists online at routerpasswords.com [8].
Security research is conducted globally and methods to protect networks and data are updated as often as new vulnerabilities are found. For example a new version of WPA has been designed in the form of WPA3, WPA3 is an improvement on the WPA2 wireless security protocol that has been designed with the specific purpose to make it even harder to hack into a wireless network and is set to replace the old WPA2 protocol in the future [9].
The main aim of this project will involve an evaluation of the basic security features on routers from the three largest ISPs in the United Kingdom. Using each of the newest publicly available routers from Virgin Media, British Telecom and Sky these routers will be tested for any security vulnerabilities that may allow someone access. To keep this experiment fair no settings will be changed on these routers and they will be running the default out of the box configuration for all passwords and settings. Achieving this aim will mean a list of recommendations can be written to advise on which default settings of ISP routers should be changed in order to maintain a secure network. This list of recommendations will then be used to reconfigure the settings on the ISP routers for further testing to ensure that the recommendations achieve the goal of making the router more secure. 
While much security research has been carried out in this field according to a survey conducted in 2018. 82% of respondents have never changed even the default admin password for the router, which could potentially make them more vulnerable to methods of hacking [10]. 
This makes the project interesting as while this survey has been conducted there appears to be no guide to making changes or anything to show any kind of testing has been done to check whether any of the ISP routers are vulnerable with default settings. 

3. [bookmark: _Toc7694121]Research Methods and Project Development

Previously we have looked at the background for the research that is going to be done for the project. This section moves on to look at the methodology of research that is going to be used and the methods of development that will be implemented as part of the project. As part of this section we will be looking at any potential ethical and legal issues that could affect the project and any limitations that could potentially cause a problem to the project and any measures that can be taken to prevent them becoming an issue. Also, as part of this section we will be considering how we can evaluate if the aims and objectives have been successfully completed by the projects end. 

3.1 [bookmark: _Toc7694122]Research Philosophy and Approach

Before beginning with any research, we need to decide which research philosophy is going to be the most appropriate for the project. Looking at the below figure we can see the research onion that has been created by the University of Derby modelled on the Saunders et al research onion diagram. The research onion shows how the Philosophical stance links with the approach, strategy, time horizon and techniques and procedures all link together. 
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[bookmark: _Toc7694145]Figure 2- Research Onion [11]
As this research project is about whether ISP routers are secure by default positivism is going to be the philosophy that works the best with the projects aim in mind. Positivism works very well for this project because according to C. Willig. [12]
“One epistemological position is positivism. Positivism suggests that there is a straightforward relationship between the world (objects, events, phenomena) and our perception, and understanding, of it. Positivists believe that it is possible to describe what is ‘out there’ and to get it right.”
Essentially what is being said here is that positivism is a philosophical approach that asserts any research conducted is based on observations which can be used to produce trustworthy, quantifiable data that can be relied upon. 
As positivism has been chosen the next step involves choosing a research approach that works with the chosen philosophy. As shown in the above figure with the research onion we have the option for two different approaches. 
The two options for research approaches are inductive and deductive. According to Dr Gabriel the major difference that exists between the inductive method of research and the deductive method is, deductive research involves testing a theory, whereas inductive research is geared more towards generation of new theories from gathered data [13].
As we are looking to answer a question of whether ISP routers are secure by default and not generating any kind of new hypothesis a deductive approach is going to be the way forward with regards to this project. 

3.2 [bookmark: _Toc7694123]Research Strategies

The most appropriate strategy for the chosen project is an experiment. The reasoning behind this is as follows. We could read numerous studies on whether the ISP provided routers are secure by default however those may not provide a definitive answer. So therefore, the best way to look at this is to conduct an experiment on whether they are or not. 
Conducting this project as an experiment enables us to physically test the ISP provided equipment for any weakness and vulnerabilities. We want to take this approach because the aim of the experiment is to answer the question of whether ISP routers are secure by default. The best way to answer this question is to take the ISP router hardware and perform an experiment to look for any vulnerabilities that can be exploited. 
Also, an experiment allows for the repetition of the same test multiple times, ensuring that any vulnerability found is not found just by luck. The documentation of the experiment process will also allow anyone else who wishes to conduct the same experiment to follow the same steps, if the initial experiment is conducted correctly and without error this will allow the replication of results no matter who does the experiment if the same steps are followed. 



3.3 [bookmark: _Toc7694124]Reliability of Experiment Data

One of the things we need to consider with this experiment is how to tell if the data collected is reliable. To understand how we can ensure the collected data is reliable we first need to understand what would constitute reliable data and the types of problems that could cause any kind of data to be unreliable.
According to M. Saunders et al [14, p. 202] reliability is where the data is considered consistent and can be replicated. In the case of the proposed project if a vulnerability is found and running the same test again finds the same vulnerability then that data can be considered reliable. To ensure that the reliability of the data can be met each step of the experiment will have to be carefully documented including each step taken. Then when a vulnerability is found this step will need to be repeated multiple times to ensure the vulnerability found is valid data and not just something that happened as a one of or by chance. 
Consider the below figure which considers threats to reliability created by M. Saunders et al.
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[bookmark: _Toc7694146]Figure 3- Threats To Reliability [14, p. 203]
We can eliminate participant error and bias as a threat to the project as no external participants are required for this experiment. However, researcher error and bias are a possible factor that could potentially change the outcome of the experiment. 
For example, all research will need to be conducted fairly and all tests done on one of the ISP routers will need to be repeated on the other routers following the same steps. With all findings accurately documented.
Currently the lead researcher for this project works for Virgin Media one of the ISPs mentioned, this could potentially cause some bias with regards to the results of the experimental data. Care will have to be taken when analysing the data and when conducting the experiment that the same processes and method are taken when analysing this ISPs router and any results found. With results interpreted based on the data and not the researcher’s personal feelings towards Virgin Media. 
3.4 [bookmark: _Toc7694125]Validity of Experiment Data

Validity of the experimental data is also an important consideration for the project. In order to ensure the data collected as part of the experiment is valid, we first need to consider what is meant by validity. 
According to M. Saunders et al. [14, p. 203]
“Internal validity is established when your research accurately demonstrates a casual relationship between two variables. For example, in an experiment internal validity would be established where an intervention can be shown statistically to lead to an outcome.”
The above means when you conduct a step of the experiment, an example of this would be looking for a vulnerability with the WPS using software designed for this specific function. Does this software find a WPS vulnerability? If the software does this would be considered a valid result. If the software finds an entirely different vulnerability but is designed to look for WPS vulnerabilities this would be considered invalid and further testing and research would have to be conducted as to why the outcome found was different than expected. 

3.5 [bookmark: _Toc7694126]Methods for Collecting Data

For the first objective of researching industry best practices for security document review is going to be the best method of collecting data.  Reviewing already completed research on how best to secure a home network and recommendations already made by security researchers will be the best method for collecting the data for this aim. This collected data can also be compared with the ISP routers to see whether they have followed industry best practices with regards to the security of their routing equipment. 
Objectives two, three and four all involve attempting to find vulnerabilities with different parts of the router specifically the management pages, WPS function and WPA2-PSK(AES) setup with the wireless security passphrase. The data for this will all be conducted by observation. With any found vulnerabilities being carefully collected and fully noted as to how the vulnerability was found and also keeping track of which attempt number it is with each specific vulnerability, as each test will have to be completed more than once as mentioned earlier in the section about reliability of data. 
For the fifth objective data collection will be done by method of observation again, the routers will have had their settings reconfigured based on any vulnerabilities found while working towards completing the earlier objectives. The same processes documented earlier will then be run against the reconfigured routers to see whether the configuration changes prevent the previously found vulnerabilities being exploited. 





3.6 [bookmark: _Toc7694127]Analysing the Experiment Data

Technically the analysis of the experiment data will fit in with the fifth objective. As objective five involves taking any found vulnerabilities, with research coming up for a method to prevent the vulnerability and then implementing it on the ISP router before running the test that exploited the vulnerability again multiple times to ensure that the vulnerability is no longer exploitable. 
A final section of the project will be a report dedicated to showing what vulnerabilities were found and how they were countered or if it is something that would be impossible to counter without the intervention of the ISP and an update to the firmware of the router in question. A report with the details may be sent to each ISPs equipment security team when the project is finished if there are any vulnerabilities that cannot be countered by simple settings changes. 

[bookmark: _Toc7694128]3.7 Project Risks

	Risk Number
	Risk Type
	Risk Description

	1
	People
	It will be possible to complete the project within the timeframe with a single person without any additional assistance

	2
	Sponsor
	The sponsor will be able to set aside adequate time to provide support for the project while maintaining own workload including other projects

	3
	Budget
	The project will be able to run at a low budget without any purchases of additional resources other than the ones specified in the next section on resources

	4
	Management
	The person working on the project will be able to manage all aspects of the project and work to deadlines without any issues cropping up due to other assignments or exams


Table 1- Risks to Project
As we can see in the table above there are multiple identified risks to the project. Care will have to be taken to ensure that the risks are mitigated to avoid causing harm to the project. 

[bookmark: _Toc7694129]3.8 Project Limitations

One of the project limitations is budget, we need to acquire the resources needed for the project in the most cost-effective way possible. Due to the fact the person undertaking the project currently works for one of the mentioned ISPs the equipment from this ISP can be acquired at no cost, leaving the purchase of only two routers instead of three. With regards to the software required for the project. Where possible we will be looking at free software to accomplish the projects aims and objectives where possible. Where not possible cost-effective solutions need to be investigated. 
Another limitation of the project is timeframe. Due to the length of time allocated for the project and the fact that the person running it will have to make sure they maintain their workload for other modules care needs to be taken to plan out project work carefully ensuring adequate time is assigned for each part of the experiment and that this plan for time is followed as closely as possible. With the plan being adjusted as required if something takes longer or shorter than anticipated. 

[bookmark: _Toc7694130]3.9 Ethical Issues

Potential ethical issues for the project arise when we look at the type of data that running any kind of penetration testing software on a network can potentially give you access to, who the data may hold information on and what information it may hold. 
Thankfully for this project all ethical issues in this respect are mitigated. As this experiment is being run in a setup lab with no actual live data. There are no ethical issues to consider. As all the data on the network will be provided as part of the lab setup this will all be known before hand and contain no information that would cause a breach of any ethical codes. 

[bookmark: _Toc7694131]3.10 Legal Issues

To avoid any legal issues the experiment will be conducted in a lab environment. The ISP provided routers will be setup on an internal only network and not connected to the main network for the ISP in question for the router the tests are being conducted on. 
The lab environment may have data running through it. However, this will be done by use of virtual machines preventing any interference with ISP operation. If the conditions of this are met this should limit any legal issues.
Another legal issue to consider would be related to the penetration testing work that the experiment will involve. If the work is conducted only on the lab setup and not any other reachable wireless networks, then any potential legal issues would be avoided. 

4. [bookmark: _Toc7694132]Resources and Planning

In the following section we will be looking at the hardware and software resources required for the project. Followed by a Gantt chart to show the plan for the separate aspects of the project and the timeframes expected to complete each part of the experiment. This plan will be followed as closely as possible and may be amended or changed as the project continues to allow for accurate tracking of project progress.

[bookmark: _Toc7694133]4.1 Required Resources

	Resource Name
	Resource Type

	Virgin Media Hub 3.0 
	Hardware

	BT Smart Hub
	Hardware

	Sky Q Hub
	Hardware

	Kali Linux 
	Operating System

	Journal Access
	Library Login

	Microsoft Project
	Software


Table 2- Resources for Project
At present the resources that have been identified as a requirement for the project are shown in the table above. This may be expanded as further research is done into the project and any further resources identified. A table like this with all resources used in the project will be provided as part of the project documentation.

[bookmark: _Toc7694134]4.2 Gantt Chart

The below figures show a Gantt chart for the project including both an overview of all tasks and milestones and the calendar view. Planning the project ahead of time will allow for accurate tracking of progress. This should also help to prevent any issues from cropping up and the plan can be updated as the project goes along if required. 
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[bookmark: _Toc7694147]Figure 4- Gantt Chart
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[bookmark: _Toc7694148]Figure 5- Project Calendar

5. [bookmark: _Toc7694135]Conclusion

The project in question is intended to prove whether ISP routers are secure when handed to a customer with the default settings. The aims and objectives for the project were provided as part of the introduction and look at the type of research and vulnerabilities the project intends to look for. 
Then an overview is given on the background of the kind of security you expect to find on a home network, mostly related to the security of the wireless part of the home network and the administrator pages of the routers that allow you to change multiple settings. 
After we look at the Research Philosophy that will be followed for the project which is positivism. We also go onto look at the strategy that will be followed to conduct this research which in the case of this intended project is to run it as an experiment.
After this we look at the methods for collecting data from the experiment and any potential issues that may crop up across the course of the project. Including how to mitigate these potential issues before they even occur. 
Lastly an overview is given of the resources required for the project and the timeline and plan in the form of a Gantt chart. 



6. [bookmark: _Toc7694136]References

[1]	M. Niemietz and J. Schwenk, “Owning Your Home Network: Router Security Revisited.”
[2]	“DD-WRT.” [Online]. Available: https://dd-wrt.com/. [Accessed: 23-Apr-2019].
[3]	I. Dimov, “Guiding Principles in Information Security,” Infosec Institute. [Online]. Available: https://resources.infosecinstitute.com/guiding-principles-in-information-security/#gref. [Accessed: 23-Apr-2019].
[4]	W. Stallings, Cryptography and network security : principles and practice. .
[5]	“WPA2TM Security Now Mandatory for Wi-Fi CERTIFIEDTM Products | Wi-Fi Alliance,” 2006. [Online]. Available: https://www.wi-fi.org/news-events/newsroom/wpa2-security-now-mandatory-for-wi-fi-certified-products. [Accessed: 23-Apr-2019].
[6]	“Understanding PSK Authentication - TechLibrary - Juniper Networks.” [Online]. Available: https://www.juniper.net/documentation/en_US/junos-space-apps/network-director3.0/topics/concept/wireless-wpa-psk-authentication.html. [Accessed: 23-Apr-2019].
[7]	A. Sanatinia, S. Narain, and G. Noubir, “Wireless spreading of WiFi APs infections using WPS flaws: An epidemiological and experimental study,” in 2013 IEEE Conference on Communications and Network Security (CNS), 2013, pp. 430–437.
[8]	“Default Router Passwords - The internets most comprehensive router password database.” [Online]. Available: https://www.routerpasswords.com/. [Accessed: 23-Apr-2019].
[9]	D. Crookes, “What else does WPA3 add?,” 2018.
[10]	M. Jackson, “Survey Warns Many UK Broadband Routers Open to Security Threats - ISPreview UK,” ISP Review , 2018. [Online]. Available: https://www.ispreview.co.uk/index.php/2018/04/survey-warns-many-uk-broadband-routers-open-to-security-threats.html. [Accessed: 25-Apr-2019].
[11]	“Outside of the Onion.”
[12]	C. Willig, Introducing qualitative research in psychology : adventures in theory and method. McGraw Hill/Open University Press, 2008.
[13]	D. Gabriel, “Inductive and deductive approaches to research | | Dr Deborah Gabriel,” Dr Deborah Gabriel, 2013. [Online]. Available: https://deborahgabriel.com/2013/03/17/inductive-and-deductive-approaches-to-research/. [Accessed: 25-Apr-2019].
[14]	M. Saunders, P. Lewis, and A. Thornhill, Research Methods for Business Students, 7th Editio. Essex: Pearson Education Ltd, 2016.



[bookmark: _Toc7694137]Further Reading
[1]	A. Rehman, G. Jilani, M. Ali, S. Shakeel, and U. Sair, “Performance Evaluation of WPA2 with TCP 802.11n WLAN,” Bahria Univ. J. Inf. Commun. Technol., vol. 9, no. 1, pp. 57–61.
[2]	T. Bradley and H. A. Carvey, Essential computer security : everyone’s guide to e-mail, internet, and wireless security. Syngress Pub, 2006.
[3]	O. P. Universidad Nacional de Colombia. Facultad de Ingeniería., F. G. Guerrero, and D. R. Argote, Ingeniería e investigación., vol. 28, no. 2. [Universidad Nacional de Colombia, Facultad de Ingeniería], 2008.
[4]	T. Hardjono and L. R. Dondeti, “Security in wireless LANs and MANs,” Security, 2005. [Online]. Available: http://www.lavoisier.fr/livre/notice.asp?id=RASWOAA2LAAOWN. [Accessed: 23-Apr-2019].
[5]	Y. Zou, J. Zhu, X. Wang, and L. Hanzo, “A Survey on Wireless Security: Technical Challenges, Recent Advances, and Future Trends,” Proc. IEEE, vol. 104, no. 9, pp. 1727–1765, Sep. 2016.
[6]	C. Brenton and C. Hunt, Mastering network security. Sybex, 2003.

36

image3.png
Research Onion Diagram (based upon Saunders et al's diagram, 2009)

Loy
PhlosoghicalStaces

caecton
prped

naiis




image4.PNG
Threat

Definition and explanation

Participant error

Participant bias

Researcher error

Researcher bias

‘Any factor which adversely alters the way in which a participant
performs. For example, asking a participant to complete a
questionnaire just before a lunch break may affect the way they
respond compared to choosing a less sensitive time (i. they may
ot take care and hurry to complete it)

‘Any factor which induces a false response. For example,
conducting an interview in an open space may lead participants
10 provide falsly positive answers where they fear they are being
overheard,rather than retaining their anonymity

Any factor which alters the researcher's interpretation. For
example, a researcher may be tired o not sufficently prepared
and misunderstand some of the more subtle meanings of his o
her interviewees

Any factor which induces bias in the researcher's recording of
responses. For example, a researcher may allow her or his own
subjective view o disposition to get in the way of fairly and
accurately recording and interpreting participants' responses





image5.JPG
Task Name g

4 Research and Planning

Acquire Hardware
Resources

Acquire Software
Resources

Setup Software
Resources

Setup Hardware Lab

Test Hardware lab to
ensure lab conditions
Research on Network
Security Best Practice
Develop Experiment

Tests and Write Up of
Processes and Methods

Review Aims and
Objectives
4 Experiment,
Documentation and
Writeup
Initial vulnerability
experimentation
Further Vulnerability
Testing
Experiment Write Up

Duration

117 days

7days

1day

1day

1day

7days

45days

s50days

7days

85days

30 days

30days

25 days

- stat <
Fri 28/06/19

Fri 28/06/19

Thu 04/07/19

Fri 05/07/19

Tue 09/07/19

‘Wed 10/07/19

Fri 19/07/19

Fri 20/09/19

Fri 29/11/19

Mon 06/01/20

Mon 06/01/20

Mon 17/02/20

Mon 30/03/20

Finish
Mon 09/12/19

Mon 08/07/19

Thu 04/07/19

Fri 05/07/19

Tue 09/07/19

Thu 18/07/19

Thu 19/09/19

Thu 28/11/19

Mon 09/12/19

Fri 01/05/20

Fri 14/02/20

Fri 27/03/20

Fri 01/05/20

~ Predecessors

3

25

234,567

23,4,56,78

1

111,12

~ Resource Names =

sam Thomson
sam Thomson

sam Thomson

sam Thomson,

Software Resources

Sam Thomson, ISP Routers
Sam Thomson, ISP Routers

sam Thomson

sam Thomson

sam Thomson

Sam Thomson, ISP Routers,
Software Resources

Sam Thomson, ISP Routers,
Software Resources




image6.JPG
a3, 2019 atr4, 2019 a1, 2020 atr2, 2020 a3, 200
Jun ul Aug sep ot Nov Dec Jan Feb Mar apr May Jun I

Sam Thomson

Sam Thomson

ISP Routers Software Resources
Sam Thomson,ISP Routers, Software Resources

i—





image1.jpeg
Prifysgol Cymru
% Y Drindod Dewi Sant
" University of Wales
Trinity Saint David

0




image2.jpg
* Infrastructure
Access Layer

* Application
Access Layer

Confidentiality

* Dataln
Motion Layer

* Physical
Access Layer




