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Chapter 1Con�guring the server1.1 Requirements of CastadivaCastadiva is a Java appliation developed using the Netbeans IDE. This pro-gramming language generates an exeutable ompatible with almost all plat-forms and operative systems. The last Castadiva's release is generated with thejava JDK 1.6, therefore is need the Java VM 1.6 to run it. Fortunately, Castadivais free soure and an be ompiled to any other version of Java if needed. You andownload the Castadiva appliation on http://astadiva.soureforge.net/As i said before, the ore of Castadiva an run in any operative system, butsome extra features (like the use of NFS folders) reommends the installationin a Linux system.1.2 Installing CastadivaTo install the appliation in a omputer, only is need a opy of the Castadiva�les on the mahine. No further installation is needed.1.3 Con�guring Castadiva1.3.1 Con�guring the NFS folder.Castadiva share �les with eah router using the NFS shared folder system. Itmeans that the ore server must share a folder using the NFS protool forCastadiva. This folder must be the same de�ned on Setion 2.3.1 on the routeron�guration.To export a NFS folder on a Linux system, we must edit the /et/export�le and add a line similar that showed on algorithm 1. For more information ofhow to use a NFS folder, read man pages.Algorithm 1 Exporting a NFS folder./Castadiva *(rw,syn,no_subtree_hek,no_root_squash)Warning: Castadiva deletes all �les and sub-diretories on this folder beforeeah simulation. Use a folder exlusively for Castadiva.5



Chapter 2Installing the routers2.1 Installing the OpenWRT embedded systemThe OpenWRT system is ompatible with a large number of routers models.To on�rm that your router is ompatible with this system you an read thetable of ompatible hardware posted on the OpenWRT web page (http://wiki.openwrt.org/TableOfHardware).OpenWRT has two development branhes: the White Russian (also alledOpenWRT 1.0) and the Kamikaze (OpenWRT 2.0). Castadiva has been devel-oped using the White Russian branh.The �le need to install the OpenWRT system an be download from http://downloads.openwrt.org/, hoosing the orret �le to your omputer. Forexample, for a White Russian for a Linksys router we must hoose the openwrt-wrt54g-squashfs.bin �le.2.1.1 Quik installationThe best method to install the OpenWRT system on a router, is to use the�rmware upgrade tool of the router (if available). Normally, in the administra-tion panel of the router, we an selet an option to upgrade to a new �rmware.Figure 2.1 shows the administration panel of a Linksys router.If is suessful, this method will be enough to install the OpenWRT software.If not, read the next setion.2.1.2 Using a tftp lientIf the quik installation method fails, ever an install it using a Tiny FTP. Inour test we use the atftp appliation for Linux systems. The steps to follow toinstall the �rmware are the next:
• To enter on the failsafe mode of the route, press the reset button foraround 30 seonds. Then unplug a plug the router again while pressingthe reset button.
• Connet the router to the omputer's network (in the same network IPrange). 6
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Figure 2.1: Firmware upgrade of a Linksys router
• Enter on the tftp appliation.� Selet the IP of the router: onnet 192.168.1.1� Selet the mode of the data: mode otet� Change the time between retries: timeout 1� Selet a more verbose mode: trae� Upload the image: put <path>/openwrt-wrt54g-squashfs.bin
• Is probably that you must retry this method several times, until �nallythe software is upgrade. The tftp advise you when it happens.
• Finally, wait for a few minutes while the router install the new system,and reboot it.
• If you open a web browser and go to the URL of the router, you must tosee the new interfae showed at Figure 2.2.This method is also useful if the �rmware of the router has been erased andhas nothing installed on it.2.2 Con�guring the OpenWRT embedded system2.2.1 Using the OpenWRT web interfaeThe �rst step to on�gure the OpenWRT system is to use the web interfae ofthis system. All this parameters also an be done using the ommands line if youonnet to the router by telnet. You must use the ommand line if you installthe Kamikaze branh and has not installed the web interfae on the router.
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Figure 2.2: Starting administration web page of OpenWRT.2.2.1.1 Changing the root passwordThe �rst thing you must do is set the root password of the OpenWRT system.This password will be used with the SSH onnetions and the web interfae ofthe router.The easier way to hange the password is onnet to the router and seletthe option on the web interfae, inside the System menu.

Figure 2.3: Changing the root password.If you onnet with telnet, you an also hange the password using the�password� ommand, like others Linux systems. SSH will not be abailableuntil the root password is set.



CHAPTER 2. INSTALLING THE ROUTERS 92.2.1.2 Changing the Aess Point's nameA good idea is set a name to the aess point. It is not fundamental, but, whenyou onnet to several routers by SSH an be a good idea distinguish eah oneby a name.

Figure 2.4: Changing the AP's nameYou an hange the router's name in the menu System, sub-menu settings.It is also a good idea to set the boot_wait option to enabled, beause it willallows in the further to reinstall the operative system if there is any problem.2.2.1.3 Con�guring the networkThe next step is on�guring the wired network of the router. Feel free to seletan IP range that meets yours requirements. E. g, you an put the IP 192.168.1.1for router number one. It is important to establish a real gateway and a DNSserver for the router. Later will install some pakets and the router must aessto Internet to download it.I reommend that the last number of the IP math the name of the routerfor better administration.Remember, when you apply this hanges, if you have hanged the IP of therouter, hange the URL of your browser to math the new IP, or you will bewaiting for refreshing the web page inde�nitly.2.2.1.4 Con�guring the wireless networkNow you must on�gure the wireless network. Feel free to selet the IP addressesfor eah router, but remember that the IP range must be in di�erent networkthat the wired network, avoiding that an aidental �ow of pakets uses thewired networks. The network onnetion must be in Ad-Ho mode.In my routers i assign the same last number for wired and wireless network,i. e. for the router number one, i on�gure the IP 192.168.1.1 for the wirednetwork and the 192.168.2.1 for the wireless network. In this manual i refer tothis number of IPs in my examples
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Figure 2.5: Con�guring the wired network.

Figure 2.6: Con�guring the wireless network.As our routers an aess to Internet, I reommend to put a WAP or WEPenryption to the network, to not share the Internet onnetion with strangers.WEP is not so seure, but some Linux systems has some problems to install theWAP enryption. The deision of what kind of enryption is used is yours.2.2.2 Other on�gurationThe next steps are not mandatory but are reommended to faility the use ofCastadiva.2.2.2.1 Sharing the publi keys between your router and your om-puterProbably in the future you will aess several times to eah router by SSH. Tospeed up this proedure, i reommend to share the publi key of your omputer
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• The �rst step is generate in your omputer the publi/private pair key ifare not already reated: ssh-keygen -t dsa
• Next opy the publi key to eah router: sp ~/.ssh/id_dsa.pub root�-192.168.1.1:/tmp
• Connet to your router by SSH and go to the Dropbear diretory: d/et/dropbear
• Store the publi key of your omputer in your router: at /tmp/id_dsa.pub>> authorized_keys
• If the �le /et/dropbear/authorized_keys not exist previously, rememberto set the orret permissions: hmod 0600 authorized_keysNow, eah time you aess by SSH from your omputer to this router, you willdoes not need to type the password.2.2.2.2 Con�guring the OLSR routing protoolIf you want to use the OLSR routing protool in your tests, you must on�gureit. Castadiva will install it for you, as will see on Setion 2.3.1. The version ofthis protool by default on OpenWRT White Russian is 0.4.10. You an alsodownload a paket with the 0.5.5 version of this protool for MIPS devies onthe web page of Castadiva.For on�guring the OLSR protool, you must edit the /et/olsrd.on �le (or/et/olsrd-0.5.onf if you use the version 0.5.5 of the Castadiva's webpage). Inthis �le searh for the line with the string �Interfae� and write here the nameof the wireless interfae of your devie (for the Linksys routers are the �eth1�but it hanges on eah model).If you are testing the OLSR with a Mesh network the router an share its In-ternet onnetion. Change also the line Hna4 { ��HNA_IP����HNA_MASK��} on the devie that aess to Internet, seleting here the IP and netmask of theinterfae used to aess to Internet.You an also hange others parameters of the OLSR like the Hello or TCInterval to adapt it to your test.2.3 Using the Castadiva on�guring tool to pre-pare the routers.In the previous setion you have installed the OpenWRT system and on�gureit, now, you are going to add some sripts used by Castadiva and install allOpenWRT pakets needed by the test bed.2.3.1 Only one likAll this proess has been automatized. Now start Castadiva and selet in themenu Con�guration and the option Install an OpenWRT AP. A new windowlike the showed on Figure 2.7 will appears.
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Figure 2.7: Installing an aess point.In this window, you must �ll the interfaes' name of the devie, the net-work on�guration of the devie and the SSH onnetion data. If the networkon�guration is di�erent that the hosen on the web interfae, Castadiva tryto hange to the indiated here the next time you reboot the devie. The SSHdata is used to onnet to the router and install all the sripts and pakets.You also must �ll the information for the NFS folder. The �rst �eld is theNFS folder on the ore (omputer), the seond �eld is the destination folder onthe router where Castadiva will install their sripts, and the third is where theNFS folder will be mounted on the router.When you press the Install button, Castadiva generates a sript on the folderseleted before. This sript on�gures the network of Castadiva (for example,disable the bridge mode not desired for the Castadiva environment) and exeutesan instrution to mount the NFS folder. To automatize the exeution of thissript, Castadiva also generates a link in /et/init.d/ on the router to fore theexeution of the sript every time the router starts.The Install ation also fore the OpenWRT to install all needed paketsif are not already installed. By default install the pakets kmod-nfs, iptables-extra, tpdump, libg, libpthread and olsrd. The pakets to install are de�ned onthe �le <path of Castadiva>/on�guration/pakets.txt of the Castadiva's oreappliation. All hanges on this �le, hanges the list of pakets to be installedby Castadiva.2.3.2 Cheking that all is orretly on�guredWhen the installation is �nished (you must wait for a few minutes beause Cas-tadiva does not advise you when it �nish), is a good idea to hek if all paketsand sripts are installed. First reboot the router to load the new on�gurationand:
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• Chek if all pakets are installed. It will fail if the router has no Internetaess. If it is the ase, go to Setion 2.2.1.3.
• Chek if the sripts are generated. A sript alled Castadiva.sh must begenerated on the folder de�ned in the installation window, in the �eld Apsripts destination folder.
• Chek if the bridge of the router is unmounted and the interfaes of thewired and wireless network are de�ned.
• Chek if the NFS folder is mounted. If it fails, run manually the sriptCastadiva.sh to see if there is any errors.
• If you miss some on�guration and an not aess to the router, you anaess to the failsafe mode on the router pressing the reset button beforeplug in it, or reinstall the OpenWRT as showed on Setion 2.1.2.If there is no error, the router is ready to beome one node of Castadiva.
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Chapter 3Understanding Castadiva3.1 ArhitetureCastadiva is a test-bed designed to deal with the development and the per-formane evaluation of protools and appliations for MANETs. The test-bedrelies on an atual IEEE 802.11 wireless network between nodes for testingpurposes. Castadiva is omposed by a server that runs the main appliation,several wireless nodes, two di�erent networks and an appliation that oordinateall devies.Castadiva's server exeutes the appliation and on�gures the network de-vies. Conerning the wireless nodes used, they an be any sort of omputingdevie, like a laptop, a PDA or a wireless router. In our prototype, eah nodeis a Linksys router to minimize osts. The main requirement for a node is thatit must have a Linux/Unix operating system installed, and two network ards:an Ethernet ard and an IEEE 802.11 ard. If the node is a wireless router,the OpenWRT [1℄ kernel is an optimum solution. OpenWRT is an open soureoperating system available for a wide range of router manufaturers. This em-bedded Linux system natively o�ers SSH onnetions, along with the possibilityof running shell sripts. Moreover, a programmer an develop its own applia-tion in a standard Linux distribution and export it to this operating system. Inour ase, we developed some appliations in C for tra� generation and ontrolpurposes.Figure 3.1 shows a shema of Castadiva's omponents. The main applia-tion, developed in Java, ontrols all devies and manages the links among themaording to a pre-de�ned network topology. It also manages tra� generationbetween pairs of nodes. Sine the ontrolling appliation also requires ommu-niating with nodes to send ontrol pakets, Castadiva ombines two di�erentnetworks: the oordination network (wired), that onnets the Castadiva orewith the wireless nodes, and the wireless network, where atual tests run.The oordination network is a wired network that onnets Castadiva's oreserver with the wireless nodes. This network allows the main appliation to sendon�guration messages to all the nodes without reating any interferene withinthe wireless network itself. It is based on Fast-Ethernet tehnology, to avoid15
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Figure 3.1: Shema of Castadiva's omponents.large lateny. Basially, the oordination network requires a swith onnetedto the main server and to all nodes. Through this network the main appliationsends instrutions to nodes, allowing them to re-on�gure so as to reate thedesired network topology, and also to run lightweight tra�-generating applia-tions available on eah wireless node. For ommuniation purposes, we rely onthe SSH protool to send instrutions through this network. We use the JCraft[2℄ java SSH library for this purpose. Using a fast network means that all nodespartiipating in a test will start at about the same time, avoiding signi�antlateny e�ets and maximizing result auray.The wireless network is omposed by Castadiva's wireless nodes, and thetopology of this network is de�ned by the GUI of Castadiva, so that it anhange at runtime. Nodes ommuniate in ad ho mode using IEEE 802.11gtehnology.

Figure 3.2: Castadiva's physial network.Castadiva's ore has two main funtions: (a) to allow a user to interat withthe system so as to de�ne all the test parameters required and (b) to oordinatethe wireless nodes during an experiment. By using Castadiva's GUI a user anontrol all of Castadiva's funtionality, de�ning the network topology and the



CHAPTER 3. UNDERSTANDING CASTADIVA 17tra� �ow among nodes. Castadiva allows �xing the senario area where nodeswill be deployed. When seleting a node, its loation is highlighted and it anbe hanged aording to the desired network topology. When all nodes aredeployed the user an press the Simulate button, and eah physial node willbe re-programmed so as to enfore the hosen network topology.Figure 3.2 shows our test-bed. One swith onnets Castadiva's server withall the wireless nodes for oordination purposes. On the enter of the piturethe group of wireless nodes being used are shown. It onsists of eleven Linksysrouters (models WRT56G and WRT56GL). The wireless ad ho network on-formed by these nodes is the one used in Castadiva's testbed experiments. Theexperiments presented in this work required extending Castadiva to supporttra� injeted from outside appliations. In partiular, laptops to go throughour MANET, allowing us to assess the performane of video onferene sessionsas experiened by users.



Chapter 4Features4.1 Graphial user interfaeCastadiva's ore element, a Java appliation running at the server, inludes allthe ontrol funtions required for testbed experimentation. It is responsible fornetwork topology maintenane, tra� ontrol, as well as result alulation andpresentation. A user an de�ne the harateristis of wireless nodes. Eah nodeis deployed at a spei� position in a simulated area as hosen by the user. Onethe topology is de�ned, Castadiva must on�gure the wireless nodes aordingto that topology. The appliation ommuniates with eah node through SSHonnetions to send the required instrutions. The tra� �ow between nodesand the routing protool used are also set through this tehnique. When all theexperiments are �nished, Castadiva's ore must alulate the result statistisfor the experiment by gathering all the data obtained, and �nally show theseresults to the user.Castadiva's main appliation was reated using Java's Swing library. Weonsider that it is a good solution for visual design sine most basi omponentsare already reated, and an be easily modi�ed by the programmer.Castadiva is designed to be a test-bed where network senarios and tra�between nodes are generated so as to resemble a real MANET. Therefore, it isexpeted to be an easy and useful tool for the study of MANETs.To start a new experiment we only need to de�ne the network topology in theorresponding window and then de�ne the tra� �ow and the routing protoolused. By pressing the start button tests begin, and Castadiva returns the testresults automatially at the end of the simulation. We now o�er more detailsabout Castadiva o�ered servies:Adding Nodes To The TestbedBefore starting an experiment the user needs to de�ne the number of partiipat-ing nodes, along with their on�guration. Suh information allows Castadiva toaess nodes and manipulate them to generate a senario. Figure 4.1 shows anexample of the de�nition of a node in the system.All the information is de�ned automatially when the user wishes to adda new one, though it an be hanged by the user or an be read from a �le.18
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Figure 4.1: Node on�guration interfae.An internal identi�er is required to distinguish a node from others in Cas-tadiva's framework. Suh identi�er is then referened when de�ning the net-work topology and data onnetions. The remaining parameters will be used byCastadiva's main appliation to onnet nodes among themselves and with themain server. The MAC address is required for Castadiva to enfore topologyhanges.All the exeutable �les and the sripts are stored in an NFS diretory that isaessible by all nodes. This way Castadiva makes storage apaity independentof wireless nodes' memory.Castadiva relies on its own tools to generate tra� between nodes. Suhtools are run on eah node, and must be ompiled for all types of CPU used.Currently, tools are ompiled for MIPS and Intel proessors, though the list anbe easily augmented.The SSH user and password �elds are used by the main appliation to on-net to eah individual router and submit ommands. Also, a Ping button wasinluded to allow testing the onnetivity between the server and routers.Ad Ho Network Senario GenerationOne all the nodes are de�ned, they an be distributed to onform a senario.Castadiva supports both manual and random topology generation, and the se-nario is set through Castadiva's blakboard. The blakboard is a representationof a virtual environment where nodes are loated. Nodes are di�erentiatedthrough di�erent olors and labels. If the appropriate option is seleted, theradio ommuniation range is also shown through a irle of the same olour.Figure 4.2 shows the topology generation environment. We an see ten nodesloated in a senario of 1500 x 1500 meters (senarios bounds are marked witha darker line).At the right hand we may edit node properties, suh as position and signalrange. Castadiva also an ativate or deativate the RTS/CTS 802.11 optionof eah node. The group of buttons appearing below allow starting a new test,stopping it and rebooting nodes to reset all values.At the left hand, Castadiva o�ers senario option editing. We an de�ne thesenario bounds, the test time, node mobility and the routing protool used.
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Figure 4.2: Senario de�nition with Castadiva.The Delare tra� button allows setting tra�, as shown below, and the stopbutton halts it.A status bar provides general information to inform the user about what isbeing done, and the horizontal srolls allows zooming in and out. Finally, theuser may alternate between two di�erent views: radio ranges or a graph. Everyedge of the graph represents an IEEE 802.11 link onnetion, whih is a moreintuitive view.Mobility in Castadiva. It is important to point out the speed and pauseoption of the Senario Window. If a user piks a value greater than zero in thespeed option, eah node aquires a random movement with a speed between zeroand the inserted value. When a node arrives to a destination point, it waits fora seleted pause time and then selet a new random destination point to moveto. This behavior is similar to the one provided by the �setdest� tool embeddedin the ns-2 simulator.For the representation of the mobility, Castadiva generates all node move-ments required for the simulation before it starts. It then alulates the visibilityrange for eah node every seond. The obtained visibility is translated to Ipta-bles rules and written to one �le for eah node. These �les will be loaded on eahaess point through NFS when the simulation starts. Figure 4.3 shows the �leloaded by AP1. We an see in this �gure di�erent Iptables rules inserted amongsleep rules. The sleep time allows to enfore Iptables rules at the appropriatetimes. So eah rule is loaded only when the emulation requires a node to hangeits onnetivity state towards other node. E. g. Algorithm 2 shows what is thebehaviour of Castadiva when a node (with MAC 00:14:BF:3C:39:EC) goes outof range at seond 15 and omes bak into range at seond 35.Castadiva also allows an user to see all node positions at a ertain instantof time. When a simulation �nishes, the user an ativate the Show option andpik an instant of time. Immediately Castadiva shows the network topology atthat time. This option is useful to do a later evaluation of the hanges ourredin a network topology when mobility was ativated.
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Figure 4.3: Mobility implementation.Algorithm 2 Iptables rules for a simulation between two nodes.sleep 15iptables -I INPUT -m ma �ma-soure 00:14:BF:3C:39:EC -j DROPsleep 20iptables -D INPUT -m ma �ma-soure 00:14:BF:3C:39:EC -j DROPNetwork Tra� DelarationCastadiva's tra� generation tool allows de�ning di�erent types of tra� �owsbetween pairs of nodes. With that purpose Castadiva provides a table whereeah row de�nes a onnetion. Tra� parameters for eah onnetion an be setdepending on the type of protool seleted, and invalid values are marked withred. Examples of parameters are: paket size, pakets per seond, start time, endtime and maximum number of pakets sent. Figure 4.4 shows a usage example ofthis tool, where rows de�ne seven tra� onnetions. It ontains some helpfulbuttons that allow making row operations (delete, order by starting time, oropy). Tra� settings are exportable to NS-2 format also.
Figure 4.4: Tra� delaration tool.When an experiment �nishes, Castadiva �lls in this table with results, inlud-ing throughput. Castadiva also shows the perentage of UDP pakets reeived



CHAPTER 4. FEATURES 22and the average throughput value in the ase of TCP tra�.Random test generatorSometimes it is useful to automate the testbed evaluation proess varying di�er-ent parameters. With that purpose Castadiva inludes funtionality to generaterandom tests, where a user an de�ne tra� and automatially test with dif-ferent number of nodes and randomly-generated network topologies. This isahieved through the Random test window shown in Figure 4.5.

Figure 4.5: Random test window.The user must speify the bounds of the senario and the routing protoolused. The minimum and maximum number of nodes for testing must also bede�ned, along with the inrease granularity. (e. g., with a node interval between4 and 10 nodes and a granularity of 2, Castadiva exeutes four tests with 4, 6,8, and 10 nodes). Castadiva also allows to speify how many times eah testwill be repeated.At the top left the urrent senario generated is displayed, though it an notbe modi�ed. Again, all the tests an be stored in either Castadiva's or NS-2'sformat.Compatibility with the ns-2 simulator:Castadiva an also import/export senarios to/from ns-2, making it ompatiblewith the most widely used MANET simulator. This harateristi o�ers thepossibility of omparing results and reahing more meaningful onlusions. Youan export or import to ns-2 seleting Export or Import on the Appliationmenu.Castadiva extensions for external tra� injetion.Suh funtionality allows external nodes to generate real tra� of any kindand rediret it to spei� nodes of Castadiva. For this reason Castadiva alsoinorporates an extra funtionality that allows attahing a laptop or a omputerto a node. Figure 4.6 shows an example of this funtionality.Suh funtionality allows the use of laptops to generate any �ow of tra�and rediret it to spei� nodes of Castadiva. For example, you an use realappliations like Ekiga or Skype to launh a video-onferene and study thebehaviour of H.323, SIP and video streaming protools in MANETs.
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Figure 4.6: External tra� delaration.

Figure 4.7: Example of how to add external tra� injetion.Figure 4.7 shows an example of two laptops onneted to Castadiva. Bothlaptops have a webam and run the Ekiga appliation to generate a videoall.Castadiva redirets all tra� related to this video-onferene through the emu-lated MANET, from the entry to the output point.4.2 Other serets of CastadivaIn this setion i explain other harateristis of Castadiva not desribed before.4.2.1 Subfolders on the NFSEah time Castadiva starts a simulation, it deletes all old �les and folders onthe NFS server, to avoid use old data on the new test. But if you want to shareother appliations with you router, you an also use this NFS folder. Castadivais programmed to not delete a folder alled bin a folder alled notDelete andany �le that ontains the string Flow on its name like Tra�FlowClient usedon tra� generation. Feel free to use this folders to your purpose.4.2.2 Adding default on�guration for the nodes of Cas-tadivaIf you are thinking to generate lost of di�erent tests with Castadiva, it will bea little annoying to �ll eah time the Add new AP window when adding a new



CHAPTER 4. FEATURES 24node. To simplify it, you an hange the �le <Castadiva's path>/on�guration-/aps.txt on the ore omputer. Eah line on this �le will be used eah time onthe Add new AP window.4.2.3 Adding default appliations to the external tra�windowAs desribed in previous setion, an be annoying to �ll eah time some �eldsof Castadiva. For Attah External Appliation window you an set a group of de-fault appliations. Change the �le<Castadiva's path>/on�guration/appliations.txt�lling all needed appliations in your simulation.4.3 Examples of emulation with Castadiva4.3.1 My �rst test with CastadivaThis �rst example teah how to use the basis onepts of Castadiva. How toadd nodes to the simulation and how generate tra� �ow between nodes.4.3.1.1 Adding nodes to the simulationAs explained in Setion 4.1 we must to insert nodes to be used on the emulation.In this example we only need three nodes.Selet on Con�guration menu the Add Aess Point option. Fill the aesspoint name �eld as �AP1�. Fill all other �elds if is needed. Repeat this step fornodes 2 and 3 hanging the name to �AP2� and �AP3�.4.3.1.2 Generate the network topologyNow selet on Simulation menu the Generate Simulation option. It will openthe Simulation window. Now, in the right hand we an selet one of these threenodes.Selet the node �AP1� and lik on the blakboard (the square on the enterof the window). Repeat this proedure for nodes �AP2� and �AP3� until havesome similar to the showed on Figure 4.8.Now hange the simulation time to a value of at least 60 seonds.4.3.1.3 Delare tra�Now you must add some tra� �ow to our example. In the Simulation windowlik on the Delare Tra� button to open the Tra� window.In this window selet on the �rst line of the table and hange the Soureand Address olumns to the AP1 and AP3 options. You an hange otherparameters of the tra�, but for this example an UDP tra� with the defaultvalues will be enough.When a line is ompletely �lled, a new one appears to add an extra tra��ow.
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Figure 4.8: A simple test.
Figure 4.9: Adding tra� to the �rst example.4.3.1.4 SimulateNow you an start the simulation. Return to the Simulation window and pressthe New Simulation button. You an see:

• The simulation status (on the bottom of the window) hanges the message.
• The simulation's time ounting. If the �nal time is greater than that youhave been seleted before, is beause the tra� time interval seleted onthe Delare Tra� window is greater than the simulation time. Castadivahanges it value before starting.
• If you go to the NFS folder you an see that a new folder for eah nodehave appears.
• If you onnet by SSH to node AP1, an see that are new Iptables rulesblokading the MAC of AP3.When the simulation �nish. You an see the results obtained: the Delare Tra�window opens if is losed with the last two olumns �lled. In this example theresult obtained must be 0 if you have not seleted a routing protool. Replaythe test seleting a routing protool and this result will hange.



CHAPTER 4. FEATURES 264.3.2 A test with laptops and video tra� using EkigaThis example desribes how to use video tra� using laptops like other Cas-tadiva's nodes.4.3.2.1 Adding nodes to the simulationAdd di�erent routers as explained in Example 4.3.1. Also add two laptops likea nodes using the same steps. Remember that this laptops must use the NFSfolder, must be in the same network and have all the same on�guration likeother node. This laptops also need the Ekiga appliation and a webam installedon it to generate video tra�.4.3.2.2 Generate the network topologyAs in other tests, deploy the nodes on the network topology using the mouse.You only an di�erentiate here the laptops by the name of the node. Castadivadoes not distinguish the di�erent devies used.

Figure 4.10: Topology of a test using laptops.Figure 4.10 shows an example of topology.4.3.2.3 Delare tra�You do not need to delare tra� on Castadiva. You simply start the Ekigaappliation on eah laptop and make a videoall.Note: The External Tra� Window is used only if the laptops are not usedon the network, to add extra funtionality to a router of Castadiva. In thisexample is not needed beause the laptops are part of the network. This optionwill be disussed on Example 4.3.3.4.3.2.4 SimulateYou an start the simulation. Remember that the tra� is external to Cas-tadiva, then for the emulator is impossible to obtain the results. You need other



CHAPTER 4. FEATURES 27appliation as tpdump to obtain some results.4.3.3 A test with using Ekiga as external tra�This example desribes how to use video tra� without using laptops as Cas-tadiva's nodes.4.3.3.1 Adding nodes to the simulation and Generate the networktopologyFor this test, repeat the topology of Example 4.3.1.4.3.3.2 Delare tra�Now, start the Ekiga appliation on the laptops. As the laptops are not in thetopology, you must attah the tra� �ow to the routers of the topology. Forthis, open the External Tra� window in the Con�guration menu window.
Figure 4.11: Attah external tra�.Figure 4.11 shows an example of how to �ll all �elds. In the From IP �eld�ll the IP of one of the laptops. Next selet an AP to attah this tra� �ow andselet the wired IP on the Net �eld. Repeat this proedure for the other laptop.This window sets the parameters to allow Castadiva to on�gure the routers toallow the tra� rediret. To on�rm this tra� �ow, press the Attah button.As the laptops are not inserted on Castadiva, you must on�gure it manually:hange the routing table to rediret tra� through the aess points. To reahthe other laptop, must use one of the routers of Castadiva. It is something like�route add -host <IP other laptop> gw <IP router> dev eth0�.When the simulation starts, the tra� will be redireted through the seletednodes.
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