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ABSTRACT: Network visualization paints a vivid picture of a virtual network using images. This enables a 

comprehensive study of network functions and its operational characteristics. In this paper we introduce this concept 

and the steps needed not only to define it but to apply it to virtual laboratories for distance learning and wireless 

networks. Network Visualization is recommended for Network Administrators because it provides the necessary tools 

for analyzing and troubleshooting a network. 
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I. INTRODUCTION 

 

    Network Visualization means offering network design and construction in a graphical manner with images and 

animations to go with[1]. Users can see network functions and make inferences. Simulation is key Network 

Visualization and an instance of such a tool is the Cisco Packet tracer. The General and Specific steps  is shown in Fig 

1 and Fig2 

 
 

Fig 1 General Steps  [2] 
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Fig 2 Specific Steps [2] 

 

II. VISUAL DESIGN 

 

In this section we give several aspects of this concept 

1.  Visual Design in Networking Equipment:  Packet tracer has an array of network devices for network design 

as shown in fig 3  and simulation. The devices can be dragged from the pane and dropped on the workspace[3]. The 

software offers users opportunity to see these devices and make proper analysis of their operation. 

 

 
                                                                                                             

Fig 3 Network Equipment Interface[2] 

 

2.  Visual Design in Network construction: The network devices can be connected using several cable options to 

form different network designs supporting different protocols. These designs can be visualized [3]. A simple network is 

shown 
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Fig 4 Network Construction [2] 

 

       3.  Visual Design in Device configuration: Devices can be configured using packet tracer using a configuration line 

interface that can be visualized from a user perspective[1]. An IP address can assigned to any device including its 

subnet mask and default gateway as shown 

 

 
                                                                                                         

Fig 5 Network Device Configuration [2] 
 

       4. Visual Design in Networking Errors:  Packet tracer has capabilities for error detection and correction. Areas of 

wrong connections are highlighted in red as shown. Simulation results can also indicate presence of errors. 

 

 

 
                                                                                                                

Fig 6 Network Error [2] 

 

          5. Visual Design in Network simulation: Simulation results can be visualized using Packet tracer as shown. We 

can see the movements of packets from one device to another thereby resulting to successful communication. 

 

           
                                

Fig 7 Network Simulation 1[2]                                             Fig 8 Network Simulation 2[2] 

 

III. APPLICATION TO DISTANCE LEARNING NETWORKS 

 

       It is imperative that the right tool employed for this purpose and the beneficiaries are in tune with its usability. 

There are two ways lecture sessions can be delivered using the distance educational framework; Asynchronous and 

Synchronous [4]. In Asynchronous mode, lecture materials are stored in a server and can be retrieved by students for 

study while in synchronous mode, students access lectures through watching videos uploaded on the internet. Virtual 

networking laboratories have been proposed [5][6][7] as an effective platform to deliver distance learning courses to 
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students separated from traditional classrooms by distance. Students can access these virtual network laboratories 

through secure, a low-bandwidth secure shell connections. They operate on a virtual environment and students can 

access them through the web. Intel’s virtualization technology and Advanced Micro Devices’ Secure Virtual Machine 

are examples of technologies which allow several processes to run concurrently on a single processor [8]. In software 

virtualization, systems that operate in a virtual environment called domains run on a virtual machine monitor which 

serves as an interface to the hardware virtualization technologies and also carries out scheduling functions. Virtual 

machine monitor depicts an abstract picture of a computer’s operating system. Example of virtual machine monitors 

includes VMWare, Bochs, QEMU. Xen is an example of a software virtualization system with hypervisor as its VMM 

and supports Intel’s virtualization technology [9][10]. To manage a large collection of these virtual machines, Manage 

Large networks has been employed using a Virtual laboratory Administration interface which enables management and 

configuration of large heterogeneous virtual machines [11][12]. NETLAB infrastructure has been deployed in delivery 

of distance learning capabilities [13]. NETLAB employs several virtual machines running on network devices for its 

operation [14]. 

 

 
                                                                  

Fig 9 NETLAB Facility for distance learning[15] 

 

        Tools of choice abound although there are impediments to its deployment and they are[16] 

 Limited bandwidth of the system which affects capacity 

 Lack of technical knowledge on the use of such systems 

 Cost of equipment and software that supports this service 

 Limitations on hardware capability to meet user demands 

 Security features of the system 

 

1.  Visualization through Skype:  Skpe is an interactive software tool that offers audio-visual services to its 

users[17][18][19]. It also supports video-conferencing facilities to its teeming users. Courses can be offered over a 

thousand miles to users and potential students all over the world using Skype. In 2008 a trial of this system to simulate 

its ability to offer effective distance learning was carried out with fifteen students from United Kingdom [17] and the 

outcome was impressive. 

 

2. A simple Set-up: A course instructor connects a computer to a projector. Students computer systems are connected to 

a series of switches which are connected to a central switch. The protocol employed in this set up is the Extended 

Interior Gateway Routing Protocol(EIGRP). The router is configured uses a class A, I.P address and each switches 

connected to the student’s computers are configured with a class C, I. P address[18][20][21]. 

 

 

 
                                                                               Fig 10 A simple e-learning framework[22] 
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IV. WIRELESS DEVICES 

 

1. Wireless Access Point:  The access point is a device that connects wireless devices for communication to 

occur. It has an antenna. It can also serve as a wireless router[23]. It operates on Network address translation and 

dynamic host protocol(DHCP)[24]. 

 

 
                                                                                               

Fig 11 Wireless Access Point [25] 
 

2. Wireless Network Interface Card: This interface connects wireless devices to the network [26]. It uses an 

antenna instead of a port for communication 

3. Wireless Antenna: We have Directional and Omni-directional wireless antennas. Directional antennas have a 

wider range of service this because of their directional properties of focus in only one direction unlike the Omni-

directional antennas[23]. 

 
                                                                                

Fig 12 Wireless Router with Antenna[25] 

 

 
 

V. WIRELESS TOPOLOGIES 
 

1. Ad-Hoc network: In this network wireless devices communicate directly without the need of an access point. 

It is also called Independent Basic Service set(IBSS)[26] 

 
                                                                                          

Fig13 Ad-Hoc Network [25] 

 

2. Basic Service Set: This is a wireless network setup with an access point which enables wireless devices to 

communicate [26]. 

 
                                                                                               

Fig 14 Basic Service Set[25] 
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3. Extended Service Set: This is a network formed from a collection of access points that connects wireless 

devices into cells. The range of coverage is larger than that of Basic Service Set. Network users can move from one 

coverage area managed by an Access point to another [26]. 

4.  

 
                                                                                       

Fig 15 Extended Service Set[25] 
 

VI. CONCLUSION 

 

We have reviewed the concept of Network visualization and also gave its application in designing Virtual laboratories 

for distance learning network architectures and wireless networks. Network simulators enable us to visualize network 

parameters for analytical and troubleshooting purpose. We mentioned the tool of choice which is the Cisco Packet 

Tracer.  
 

REFERENCES 

 
1. Milo D. Koretsky, Danielle Amatore, Connelly Barnes, Enhancement of Student Learning in Expiremental Design using a Virtual Laboratory, 

IEEE Transactions on Education, Vol. 51, No. 1, February 2008. 

2. Jun Zheng, Guang Jn, Xianliang Jiang, Jiangbo Qian, Zhijun Xie(2010). Virtualization Design Mode for Networkking Construction and 
Management. IEEE 2010. 

3. Guang Jin, Honghao Zhang, Qingbo Xu, Jiangbo Qian. Visualization Instruction on Computer Networking Courses. International Workshop on 

Computer Networking Courses. International Workshop of Innovation on Computer System Education(IWCSEI), Dalian China, Sep 25-27, 
2009. 

4. Anderson R., VanDeGrift T, and F. Videon, “Videoconferencing and presentation support for synchronous distance learning”, presented at the 

33rd ASEE/IEEEE Frontiers in Education Conference, Boulder, Colorado, 2003. 
5. Menasce D. A, “Virtualization: Concepts, applications and performance modelling,” in Proc. 31th Int. Computer Measurement Group Conf., 

Orlando, FL, 2005, pp. 407-414. 

6. Dragovic B. et al.”Xen and th art of virtualization,” in Proc. ACM Symp.Operating System Principles, Bolton Landing, NY, 2003, pp. 164-177. 
7. Vinton Cerf and Robert Kahn(1974). A Protocol for Packet Network Intercommunication. IEEE Transactions on Communications, Vol Comm-

22, No. 5, May 1974 

8. Garcia J. and  Alesanco A, “Web-based system for managing telematics laboratory network,” IEEE Trans. Educ., Vol. 47, No. 2, pp. 284-294, 
May, 2004. 

9. Sickler, D. C., et al.”Assessing the Effectiveness of Remote Networking Laboratories”, In ASEE/IEEE Frontiers in Education Conference, 
Indianapolis, IN, 2005. 

10. M. Anisetti, V. Bellandi, E. Damiani, F. Frati, U. Raimondi and D. Rebeccani, “The open source virtual lab: A Case study,” in Proc. Workshop 

Free and Open Source Learning Environments and Tools, Lugano, Switzerland, 2006, Vol. 6, pp. 5-12. 
11. T. Lammle, W. D. Tedder and B. Teddet, CCNA Virtual Lab Gold Edition. Hoboken, NJ:sybex, 2001. 

12. Vinton G. Cerf and Robert E. Kahn, “A Protocol for Packet Network Intercommunication”. IEEE Trans on  Comms, Vol Com-22, No 5 May 

1974. 
13. Smith, A. and Moss, N. (2008). Cisco networking: using Skype and Netlab+ for distance practical learning. In: IADIS e-Learning 2008 

conference, Amsterdam, Netherlands, 22-25 July 2008. 

14. Disston, S. and Caicedo C. “Approaches to the Design of Computer Networking Laboratories”, ITERA 2010 conference Nashville, TN, 2010. 
15. E. Freudenthal, “A Virtualized Network Teaching Laboratory”. Proceedings ASEE(American Society for Engineering Education) Annual 

Conference and Exposition, June 2009. 

16. Simpson, O. 2002, Supporting Students in Online, Open and Distance Learning 2nd Edition, Kogan Page Ltd, London, UK, p.112. 
17. Smith, Andrew and Moss, Nicky(2008). Cisco networking: using Skype and Netlab+ for distance practical learning. In: IADIS e-learning 2008 

conference, 22-25 July 2008, Amsterdam. 

18. Prieto-Blazquez, J. et al, 2008, An Integrated Structure for a Virtual Networking Laboratory. In IEEE transactions on Industrial Electronics, Vol 
55, no 6, pp2334-2342. 

19. Smith, A. and Moss, N. (2008). Cisco networking: using Skype and Netlab+ for distance practical learning. In: IADIS e-Learning 2008 

conference, Amsterdam, Netherlands, 22-25 July 2008. 

http://www.ijirset.com/


 

                         ISSN(Online): 2319 - 8753 

                                           ISSN (Print)  :2347 - 6710                                                                                                                                                                                                                                               
          

International Journal of Innovative Research in Science, 

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 4, Issue 1, January 2015 

DOI: 10.15680/IJIRSET.2015.0401002                                                          www.ijirset.com                                                    18416 

 

20. Zhou Li-ya, “The Research and Design of Multi-Level Computer Network Expiremental System”, Computer education Vol. 7. China, 2009 pp. 

124-126. 

21. Bastidas Carlos Caicedo(2011). Enabling Remote Access to Computer Networking Laboratories for Distance Education. In: 41st ASEE/IEEE 
Frontiers in Education Conference, Rapid City, SD, October 12-15, 2011. 

22. Smith, Andrew(2011). Classroom-based Multi-player Network Simulation. In: ICNS 2011: The Seventh International Conference on 

Networking and Services, 2011. 
23. Brandon James Carroll, CCNA Wireless Official Exam Certification Guide 

24. Intel E-business, IEEE 802.16* and WiMaX, Broadband Wireless Access for Everyone. www.intel.com/ebusiness/pdf/intel/80216_wimax.pdf, 

accessed by August 17th 2014. 
25. Priyang Bhatt and Brijesh Patel(2013). Wireless Networks Simulation with Assessment in PT Software. International Journal on Recent and 

Innovation Trends in Computing and Communication Vol. 1, Issue 12, December 2013. 

26. Todd Lammle, CCNA Wireless Study Guide, Wiley Publishing. Inc 2010. CISCO Press June 2009. 
 

http://www.ijirset.com/
http://www.intel.com/ebusiness/pdf/intel/80216_wimax.pdf

