

 (
Wireless Networks and Protocol Design
)


 (
Semester 2, 2014
)



 (
Faculty of Applied Design and Engineering
School of Applied Computing
Mount Pleasant Campus
Swansea
SA1 6ED
)






1.0 Introduction and OBJECTIVES OF THE EXERCISES
OPNET Modeler uses a project-and-scenario approach to model networks. Project is a collection of network-related scenarios, each of which explores a particular aspect of the network design. All projects contain at least 1 scenario. Scenario is a single instance of a network. Typically, a scenario presents a unique configuration for the network. The term "configuration" can refer to different aspects such as topology, protocols, applications, traffic, and simulation settings
Roman





This lab file consists of a number of hands-on labs practice to be completed for this semester.  The “labs to do” below will prepare you to do the assignments, the “extra labs” below will provide more in-depth understanding that will further help you with the assignment and give you experience for future use with OPNET especially for those who are planning to use this simulation tool for their project and possible work purposes (industry use).
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Lab: Using The Project Editor


Objectives

1.   Play with the different features of the Project Editor.

2.   Use the “Device Creator” and model derivation to create new node models.

3.   Modify attributes’ values in order to reflect particular behavior.

4.   Use the online documentation.


Instructions


Browse the Topology

1.   Open an existing project. a.   Select File / Open…
b.   Browse to the folder C: \op_models\project_environment_ref.project

c.   Choose the project file project_environment_ref



























.

2.   Practice moving between subnets.

a.   Double-click on the North America subnet icon to enter it.

b.   Then right-click anywhere in the workspace and choose Go To Parent Subnet to return.


3.   Use zooming features to identify U.S. cities.

a.   From the top level, enter the subnet labeled North America; then enter the
United States subnet; now use the various zoom features to identify each subnet. b.   Use the Zoom + toolbar button to zoom to a rectangle.
c.   Use the Zoom – toolbar button to return to the previous zoom level.

d.   Use the Page Up and Page Down buttons on the keyboard to incrementally zoom in and out.

4.   Experiment with adjusting the sizes of the icons

a.   Select a groups of objects by drawing a rectangle around them b.   Select View / Layout / Scale Node Icons Interactively…
c.   By adjusting the slider bar and other settings, you can change the sizes of the icons, and how they scale as you zoom out and how they change as they overlap with each other.



5.   Label the Los Angeles subnet with an annotation. a.   Select Topology / Open Annotation Palette. b.   Press the “T” button to add a text box.
c.   Type in Los Angeles and click File / Close.

d.   Place the annotation on the workspace by drawing a box to represent the size of the annotation box.
e.   Right-click anywhere in the workspace to end the Annotation operation. f.	Close the annotation palette window.
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Using the Device Creator

1.   Open device creator.

a.   Select Topology / Create Custom Device Model…

b.   The following dialog box appears.
























2.   Configure settings for the device to be created.

a.   Select a device category: click Vendor Device. b.   Select vendor: click Cisco.
c.   Select the type of Cisco device you would like to create: click Cisco 4700.

d.   Set the parameters as follows:  Leave all other values at their defaults.

	ATM	:
	0

	Ethernet	:
	6

	FDDI	:
	0

	Token Ring	:
	0

	Frame Relay	:
	2

	SLIP	:
	4




















3.   Make sure to change the Destination palette to: “project_environment_ref”














4.   Create the device.

a.   Click Create As… button.

b.   Name the device CS_4700_4s_e6_fr2_sl4 and click OK.

c.   When it is finished, check the box for launching the object palette d.   Close the “Create Custom Device” dialog box

Deriving a New Model

1.   Choose the desired model in the object palette.

a.   Open the Object Palette if it is not already open:

b.   Select Cisco in the Object Palette list, and expand it by clicking on the plus sign






















c.   Scroll down the list until you see the Cisco 4700 listing, and expand that list too. d.   Select the model from which to derive a new device model.
i.	Right-click on the CS_4700_4s_e6_fr2_sl2_tr2 entry, and choose “View
Model Details”





















ii.  In the resulting dialog box, click the Derive New… button.



2.   Set a particular attribute value in the derived model.

a.   Change the IP Datagram Switching Rate.  Find the attribute IP Processing
Information in the Attributes Table.

b.   Left click in the Initial Value column and change the value from (…) to Edit...

c.   In the IP Processing Information Table dialog box that appears, change the value for Datagram Switching Rate (packets/sec) to 250,000.

d.   Click OK.

3.   Save the derived model.

a.   Click the Save… button.

b.   Ensure you are saving to c:\op_models

c.   Name the model CS_6000_4s_e6_fr2_sl2_tr2. d.   Click Save.
e.   Click Close on all open dialog boxes.


Configuring the Palette

Add your two new models to a palette.

1.   Open the Object Palette



2.   Configure the project_environtment_ref palette to include other models. a.   Scroll up to the top of the Object Palette Tree
b.   Expand the Node Models / Fixed Node Models / By Name tree

i.	Under “CS*” find  the device you created in the previous step, named
CS_6000_4s_e6_fr2_sl2_tr2 (not the one ending with _ref)






ii.  Right click it, and choose to add it to the project_environment_ref  palette














c.   In the Node Models / Fixed Node Models / By Name tree, expand the branch
ethernet*, and add the following nodes to the project_environment_ref palette i.	ethernet_server
ii.  ethernet_wkstn

d.   In the Link Models / Duplex Link Models / By Name tree find these two link models and add them to the project_environment_ref palette

i.	10BaseT

ii.  PPP_DS1

e.   Under Shared Object Palettes, select “project_environment_ref” and verify it has the correct set of models included






























f.	Close the Object Palette



Setting Attribute Values

Locate an object model in the Chicago subnet.

1.   In your project, you should be in the United States network. If you do not see the various US city names, follow the steps in the beginning of the lab to return to this view.

2.   Enter the subnet named Chicago by double-clicking it.

3.   View attributes of each model. a.   Right-click on a model.
b.   Select Edit Attributes. (Note that there are different attributes for different devices.)

4.   Practice changing attributes of multiple devices at once.  Configure all workstations. a.   Right-click on any workstation and choose Select Similar Nodes.
b.   With all workstations selected, again right-click on any one, and choose Edit
Attributes.

c.   Important: check the Apply changes to selected objects box. d.   Expand Applications.
e.   Click on the Value column in the Application: Supported Profiles row; Choose
Edit.


















































f.	In the Application: Supported Profiles Table, set the number of rows to 1.

g.   Under Profile Name, click on None and select Engineer.  This profile will automatically be created.

h.   Click OK until both attribute dialog boxes are closed (Click “Yes” in the confirmation dialog box)

5.   Configure the server to support all applications:

a.   Right-click the server and select Edit Attributes.

b.   Expand Applications and change the value for Application: Supported Services
from None to All.

c.   Click OK.










.

Using the Product Documentation

1.   Under the Help menu, select Product Documentation.

2.   Press the Search link
























3.   Enter a string of text for which to search.

a.   Type in the string “background traffic”. b.   Click the Search button.
4.   View the list of results, and click on one of them to jump to that section of the documentation.


Summary

You have learned some of the basics of navigating through a scenario.  You’ve used the Device Creator and derived a new node object to create your own version of some devices, then added them to your own object palette.

You have also learned some of the basics of editing attributes, including how to apply your changes to multiple objects.



END OF LAB















Lab: Building a First Network


Overview

Lansing Hotel Reservation Services is a hotel reservation company headquartered in Dallas, Texas.  Lansing employees are experiencing high delays using the company’s proprietary hotel reservation application, and customers are threatening to use other services if the problem is not fixed. Your task is to identify the problem and propose a solution.

Lansing’s current network consists of four offices, three of which contain 28 interconnected Dell workstations.  The offices are connected via 56K lines.  The Application Servers, which all users access to run Lansing’s proprietary software (as well as other important applications), are located in the company’s Dallas HQ.




Objectives

1.   Build the topology.

2.   Choose results.

3.   Run a simulation.

4.   View the results.




Instructions


Build the Topology

1.   Create a new project

a.   Select File / New… / Project; click OK.

b.   Set Project Name = Hotel_net; set Scenario name = 56K; click OK.

2.   Configure project settings in the Startup Wizard; set up an empty scenario with the map of the US in the background.
a.   In the Initial Topology dialog box, click on Create empty scenario; click Next. b.   In the Choose Network Scale dialog box, click on Choose from maps; click
Next.












c.   In the Choose Map box, select usa from the MapInfo maps list; click Next.












d.   In the Select Technologies box, scroll down and include Hotel_net_palette by changing the No to Yes; click Next.

e.   In the Review box, review the settings.  If they do not appear like the following, use the Back button and correct it.  When it is correct, click Finish.



















3.   Zoom to the Midwest US.

a.   Click on the Zoom + button on the toolbar.

b.   Click and drag a rectangle over the Midwestern portion of the US. If you are unhappy with this zoom level, you can use the Page Up and Page Down keys on the keyboard to incrementally zoom out or in.
















4.   Deploy a subnet to Minneapolis.




a.   Open the Object Palette; if it is not already open, either click on the Object Palette button, or select Topology / Open Object Palette.

b.   Click on the subnet icon in the object palette.

c.   Click on Minneapolis, which will place the subnet on Minneapolis.

d.   Right-click anywhere in the workspace to stop deploying additional subnets.




5.   Configure the subnet settings.

a.   Enter the subnet by double-clicking on it.

b.   Change Grid Properties so that you are zoomed in on a building-sized area:

i.	Select View / Background / Set Properties…

ii.  Change Units from Degrees to Feet.

iii. Close the Background Properties dialog box by clicking on Close at the bottom.

iv. Zoom into Minneapolis until you see gridlines every 10 feet

c.   Exit out of the subnet; either right-click on the workspace and choose
Go To Parent Subnet, or click on the Go To Parent Subnet button.

6.   Deploy a similar subnet in Dallas.

a.   Copy the Minneapolis subnet by selecting it and hitting Ctrl-C.

b.   Paste another subnet on Dallas by hitting Ctrl-V on the keyboard and then clicking on Dallas.

c.   You now have an empty subnet to represent the Corporate HQ in Dallas.
7.   Use Rapid Configuration to create a LAN in Minneapolis. a.   Enter the Minneapolis subnet by double-clicking it.



b.   In the Minneapolis subnet, create a LAN consisting of 28 Dell workstations connected to a 3Com switch in a star topology and connect the switch to a router as shown below using the following instructions.




























i.	Select Topology / Rapid Configuration… ii.  Change Configuration from Bus to Star. iii. Press Next.
iv. In the Rapid Configuration dialog box, enter the following information (if you do not see these choices, ask an instructor for assistance):

1.   Center node model = 3C_SSII_3900_4s_ae36_ge3

2.   Periphery node model = Dell_wkstn

3.   Link model = 100BaseT

4.   Number = 28

5.   Radius = 20

6.   For the placement of the center, choose an appropriate intersection near
Minneapolis

7.   Click OK.










8.   Add a router to the LAN.

a.   Click on the CS7505_Router router icon in the Object Palette.






















b.   Click on some empty area in the workspace to deploy the router at that location. c.   Right-click to stop deploying more routers.
d.   Change name of the router to “router”:

i.	Right-click on the router. ii.  Choose Set Name.
iii. Type router and click OK.

e.   Connect the Router to the switch in the center of the LAN with a 100BaseT link:

i.	Click on the 100BaseT link in the object palette.

ii.  Click on the router and then on the switch in the middle. iii. Right-click in the workspace to stop deploying new links.
9.   Deploy similar LANs in Detroit and Atlanta.

a.   Go back to WAN view of network: Right-click in workspace and select Go To
Parent Subnet.

b.   Copy the Minneapolis subnet to Detroit and Atlanta. i.	Select the Minneapolis subnet.
ii.  Copy it using Edit / Copy or Ctrl-C. iii. Choose Edit / Paste or Ctrl-V.
iv. Click on Detroit.

v.   Repeat these steps to copy this subnet to Atlanta.






10. Rename the subnets.  Name the subnets “Minneapolis”, “Detroit”, “Atlanta” and
“Dallas”.

a.   Right-click on the subnet; choose Set Name.

b.   Enter the appropriate name and then click OK.





























11. Deploy a LAN to the Dallas subnet consisting of six Sun servers, a switch in the center, and a router as shown in the steps below.

a.   First add the six Sun servers to the Dallas subnet. i.	Double-click on Dallas subnet.
ii.  Open the Object Palette (if it is not already open).

iii. Click on Sun_Enterprise_10000_server and click in the workplace 6 times to deploy six servers.

iv. Right-click in the workspace to stop deploying more servers.

b.   Deploy a 3C_SSII_3900_4s_ae36_ge3 switch in the middle of the servers. a.   Place a CS7505_Router on the workspace, and set it’s name to router.
b.   Connect the router and each server to the switch using 100BaseT links.

Your topology should look something like the picture below.  They do not have to be in the same positions, but double-check that the connectivity is the same (all of the devices are connected to the switch, not to each other)
























12. Go back to WAN view of network.

i.	Right-click in the workspace. ii.  Select Go to Parent Subnet.
13. Place an IP Cloud (ip32_cloud) in the middle of the 4 subnets, to represent the wide area network.

14. Connect the Dallas subnet to the cloud with a PPP_DS1_link.

15. Important: When prompted for which node within the subnet to connect the link to, choose the node name ending in router and click OK.

16. Connect the cloud to the other 3 subnets using a PPP_56K_link.

17. Again, when prompted for which node within the subnet to connect the link, choose the node name ending in router and click OK.

18. Choose File / Save, leave the default filename and click Save.

19. Double-check you used the right links by holding your mouse over a link until the tooltip shows up, and look at the data rate
a.   The link to Dallas should be a DS1 b.   The other 3 should be 56,000





















20. Traffic for this network has been preconfigured. Two gray “utility” boxes can be found in the object palette.  The utility “hotel_app_config” represents some application traffic to be sent across the network. The utility “hotel_prof_config” represents users of these applications.

a.   Deploy one hotel_app_config object onto the workspace, and name it App
Config

b.   Deploy one hotel_prof_config object onto the workspace, and name it Prof
Config.













21. Verify Links: select Topology / Verify Links…; Alternatively, you can use the hotkey Ctrl-L.  Once the verify links dialogue box opens, click OK. If any incorrect links are found, a red X will appear over the link. If all links are correct, a message will appear at the bottom of the screen to say that All links and paths are connected properly.




















Save the project












Choose Results

1.   Choose a set of statistics to view.

a.   Select DES / Choose Individual Statistics…

b.   Expand Global Statistics.
c.   Expand DB Entry and select Response Time (sec). d.   Expand DB Query and select Response Time (sec).
































e.   Click OK.



2.   Save the project; press Ctrl-S or select File / Save.




Run Simulation

1.   Configure the Simulation.

a.   Select DES / Configure/Run Discrete Event Simulation…, or click the toolbar



button	; verify that duration is set to 1 hour.





























b.   Press Run to start the simulation.

c.   When the simulation is complete, the Close button at the bottom of the box will become active. Click Close.

2.   Save the project: press Ctrl-S or select File / Save.


View Results

1.   Find out how long it took for users to complete a task called DB Entry during the simulation.  (A database entry and query were preconfigured to run across your network during the simulation.)

a.   Right-click on the workspace and select View Results.

b.   Check the box next to Global Statistics / DB Entry / Response Time (sec). c.   Click Show.
d.   Move panel to the right (click and hold on header bar).

e.   NOTE: If this graph is not available, then no database entries were successfully completed during your simulation. Check the Simulation Log (DES / Open DES Log) for errors and ask an instructor for assistance.



2.   Add a line to this panel to show the average response time for a database entry:

a.   In the View Results panel, change As Is to average.

b.   Click on the Add button, and then click on the graph that was created in the previous step.



























3.   Follow the steps listed above to view the data points for a database query’s response time. Add the average to this graph.






















4.   Check your results and then save again.

a.   Let us assume that this response time is too high for your needs.  Let’s try to improve the response time of the Lansing Hotel Reservation Services by upgrading the links in the WAN.

b.   We will determine whether Lansing should upgrade to a DS1 link or a DS3 link.

5.   Click Close in the View Results window.








Duplicate the Scenario

1.   Select Scenarios / Duplicate Scenario… from the Menu Bar.

2.   Name the new Scenario DS1 and then click OK.  You now have an exact copy of the first scenario.


Upgrade the Links

1.   Upgrade the WAN links from 56K to DS1.

a.   Right-click on the link connecting the Detroit Subnet and the IP Cloud and choose
Select Similar Links. This selects all three 56K links in the network model.

b.   Change the data rate of all three links to DS1.
























i.	Right-click on any one of the three links again and select Edit Attributes. ii.  Change the model from PPP_56k_link to PPP_DS1_link.
iii. Check the box that says Apply changes to selected objects.

iv. Click OK.

v.   If you get a dialog box asking “Do you want to continue?”, then click OK.

2.   Run the simulation


a.   Click on the simulation icon	and select Run, or select DES / Configure/Run Discrete Event Simulation… and press Run.
b.   Click Close when the simulation finishes. c.   Save the project.


	3.
	Vi
	ew the results.

	
	a.
	Click the Hide/Show Graph Panels toolbar button to display the current graphs

	
	b.
	Select DES / Panel Operations / Reload Data Into All Panels (or just use
Ctrl-F5)

























c.   An upgrade to DS1 links would greatly help Lansing Hotel Reservation Services.
Surely upgrading to DS3 links would be even better, wouldn’t it?  Let’s find out.

Duplicate the Scenario

1.   Select Scenarios / Duplicate Scenario… from the Menu Bar.

2.   Name the new Scenario DS3 and click OK.



Upgrade the Links

1.   Upgrade the links from DS1 to DS3.

a.   Right-click on the link connecting the Detroit Subnet and the IP Cloud and choose
Select Similar Links.

b.   Change the data rate of the links to DS3 links.

i.	Right-click on the link again and select Edit Attributes.

ii.  Change the model from PPP_DS1_link to PPP_DS3_link.

iii. Then check the box that says Apply changes to selected objects. iv. Click OK.
2.   Run the simulation.

a.   To simply re-run a simulation, use the keyboard shortcut Ctrl-Shift-r

b.   Click Close when the simulation finishes.



c.   Save the project.



Instead of simply looking at the results for this simulation run, let’s compare the results from all 3 scenarios together in one graph



3.   Compare the DB Query Response Time averages.

a.   Right-click in an empty area in the workspace and select View Results. b.   Select: Results for: Current Project.
c.   Check DB Query Response Time

d.   Change As Is to average and results to Overlaid Statistics

e.   Click Show.

4.   Compare the DB Entry Response Time averages:

a.   Unselect the statistic previously selected. b.   Check DB Entry Response Time.
c.   Click on Show.

Take note of the results.  By comparing the results from these scenarios, we are going to see if adding bandwidth improved response time.























d.   Note the average response time is fairly similar for both the PPP_DS1_link and the PPP_DS3_link.

e.   It is clearly visible that an improvement of the links in Lansing Hotel Reservation Services’ WAN will greatly help the response time of the DB application, reducing it by more than half.

f.	It is also evident that it is much more cost effective to upgrade to a DS1 link rather than a DS3 link, for the response time difference is minimal.

g.   Therefore by modeling their network, Lansing Hotel Reservation Services can now make an informed decision on how to upgrade their network, and still save money.

5.   Click Close in the View Results window.

6.   Click on the Hide/Show Graph Panels Button to hide all the graphs.


Generating Web Reports

1.   Generate a Web report for the DS3 scenario; since we have already run the simulation, select DES / Results / Generate Web Report…, then press OK. When the report is generated, it will be written in the status bar at the bottom of your window.

2.   Launch Web browser by selecting DES / Results / Launch Last Web Report.

3.   View DB Query Response Time; if you have more than one Web report, you will start at your Simulation Reports Home Page and would then have to select the simulation report you wish to view. (If this is the first report ever generated, you will bypass this home page).

















4.   In the Results window in the top left corner, select Report: User_Selected.

5.   In Report window in bottom left, select Global Statistics / DB Query and then on the right, select DB Query Response Time (sec).

6.   Exit the browser.



Additional Exercise (Optional)

Suppose the Dallas and Minneapolis subnets are instead located in Los Angeles and Seattle.  What effect would have on the DB query and response time?  Make the appropriate changes in the simulation, and compare the results.



The following steps provide a good workflow to model this scenarioDuplicate the current scenario.

1.   Create a duplicate of the DS3 scenario.
2.   Move the Dallas subnet to Los Angeles, and the Minneapolis subnet to Seattle.
3.   Select the appropriate statistics and run the simulation
4.   Compare the average results obtained between the two scenarios a.   Do the results make sense?




END OF LAB




Lab: Using Other Editors


Objective

1.   Browsing the different OPNET editors.


Instructions


The Project Editor

1.   Re-open the project Hotel_net

a.   Select File / Recent Files / Project / Hotel_netOpen…


The Node Editor

There are two ways to open the node editor.

1.   Access it from the project editor.

a.	Enter the Dallas subnet by double-clicking on it.

b.   Double-click on any server node. (The node editor opens with our model in it.
Notice that the name of this model in the top left corner is actually ethernet_server_adv. The server model used in the lab was derived from that model.)

c.   Close the node editor

2.   Open the model from the File menu. a.   Select File / Open…
b.   Select Node Model from the “Files of Type” pull-down menu at the bottom and select  C:\Program Files\OPNET\17.1.A\models\std\ethernet from the left side.

c.   Select ethernet_server_adv from the right; click Open.





















d.   Do not close the node editor.







The Process Editor

There are also two ways to open the Process Editor.

1.   Access it from the node editor.

a.   Double-click on the appropriate module, in this case the mac queue. (A new editor opens with our process model in it.  Notice that the name of this model in the top left corner is ethernet_mac_v2.)

b.   Close the process editor.

2.   Open the model from the File menu. a.   Select File / Open…
b.   Select Process Model from the “Files of Type” pull-down menu at the bottom.

c.   Select C:\Program Files\OPNET\17.1.A \models\std\ethernet from the left side and then ethernet_mac_v2 from the right; click Open.


















d.   Close the process editor.

The Link Editor

1.   Open up a 10BaseT link model in the Link Editor. a.   Select File / Open…
b.   Select Link Model from the “Files of Type” pull-down menu at the bottom.

c.   Select C:\Program Files\OPNET\17.1.A \models\std\ethernet from the left side. Select 10BaseT_adv from the right and click Open. (This is the parent to the 10BaseT.)

d.   Read the Comments about this model.

e.   You can use this editor to define a new link in a similar method to the Derive
New process.

2.   Close the Link Model editor


The Packet Format Editor

1.   Open the ethernet packet format model. a.   Select File / Open…
b.   Select Packet Format from the “Files of Type” pull-down menu at the bottom.

c.   Select C:\Program Files\OPNET\17.1.A\models\std\ethcoax from the left side.
Select ethernet from the right side and click Open.


























d.   Notice the different fields and their sizes; right-click on a field to view the attributes of that field.

2.   Close the Packet Format editor


The ICI Editor

ICIs can be used to transmit information between protocol layers.

1.   Open the ICI model tcp_open_ind. a.   Select File / Open…
b.   Select ICI Format from the “Files of Type” pull-down menu at the bottom.

c.   Select C:\Program Files\OPNET\17.1.A\models\std\tcp from the left side.
Select tcp_open_ind from the right side and click Open.

2.   This ICI is used when a client wants to open a new TCP connection. At the client side, the TCP layer will use this ICI to indicate to the lower layer (IP layer) that an IP datagram has to be created and sent based on the information contained in the ICI (remote addr, remote port…).










3.   Close the ICI Editor

END OF LAB


Extra Credit Lab: Discrete Event Simulation Studies


Objectives

1.   Use previous experience with Project Editor to build topology.

2.   Modify attributes’ values in order to reflect particular behavior.

3.   Choose results.

4.   Run a simulation.

5.   View the results.


Instructions


Build the Topology

1.   Open an existing project.

a.   Select File / Open…

b.   Choose C: \op_models\Extra_Credit\Extra_Project.project\Extra_Project



2.   Open Object Palette

a.   Open the Object Palette; if it is not already open, either click on the
Object Palette button, or select Topology / Open Object Palette.

b.   The following dialog box appears:


















c.   This palette contains all the device models that you will use to complete this project







3.   Construct Topology

a.   Using the selected palette construct the following topology. Make sure to rename each of the objects to logical names.



Global View

The network will contain two subnets: Santa Barbara and Washington DC.  They are connected to an Internet Cloud connected via T1 links

(Application & Profile Definitions already exist)

















































Santa Barbara Subnet View

Within the Santa Barbara subnet, we will have two LAN objects, one which will be used for our VoIP phones (this LAN will represent 100 phones), the other LAN will be used by our engineers to FTP into the server located in DC (this LAN will represent 50 Laptops); We will also need a switch and a Router, connected via
100BaseT Ethernet.
























Washington DC Subnet View

DC will need a LAN to represent our VoIP phones (100 VoIP phones) and an FTP server object.  We’ll also need a switch and a router, connected via 100BaseT Ethernet.



























b.   Our internet cloud should have a drop rate of about 0.1 percent, and a constant latency of 50 milliseconds.



Identify:

What routing protocol is running in this network?

Hint: Navigate to View Visualize Protocol Configuration  IP Routing
Protocols IPv4 Routing Protocols




c.   Configure Applications:   Protocols  Applications  Deploy Defined
Applications

i.   Deploy Applications

1.   Voice Source: CA Phones

2.   Voice Destination: DC Phones

3.   FTP Server: DC FTP Server

4.   FTP Source: CA Laptops

















Identify:

Where are these application definitions coming from?

Hint: Applications are also defined by objects within the project editor.






4.   Run Simulation and View Results

a.   Select appropriate statistics to measure the response time and voice quality for our applications

b.   Run Simulation and examine the output

5.   Additional Exercises:

a.   Duplicate baseline scenario, increase the latency to 150ms

i.   How does increased latency affect application response time?

b.   Duplicate baseline scenario, modify the number of users on the Laptops LAN

i.	Within the Santa Barbara subnet, select the Laptops LAN

ii.	Right Click and choose Edit Attributes iii.	Expand the Applications tree
iv.	Expand the Application: Supported Profiles tree v.	Expand the row 0 tree
vi.	Edit the value field corresponding to Number of clients

vii.	How does increasing the number of users affect application response time?

viii.	Compare the results across all three scenarios.



EXTRA CREDIT

6.   Change the FTP file size to 400KB per file

a.   Locating and Editing Application attributes

i.	Select the Application Definition object ii.	Right click and choose Edit Attributes
iii.	Expand the Application Definitions tree iv.	Expand the row 0 tree
v.	Expand the Description tree

vi.	Select (…) in the Value column of the Ftp row and from the dropdown menu choose Edit
vii.		Make the necessary changes to achieve the required file size. viii.		Click on OK to apply changes and close the Ftp attributes table ix.	Click on OK to apply changes and close the attributes table





7.   Create and deploy a new HTTP application

	a.
	Define i.
ii. iii.
iv.
	the HTTP application:

Select the Application Definition object Right click and choose Edit Attributes Expand the Application Definitions tree
Add a new row to Application Definitions by changing the value of

	
	
	rows from 2 to 3

	
	v.
	Expand the row 2 tree

	
	vi.
	Enter an application name of your choice in the appropriate field

	
	vii.
	Expand the Description tree

	
	viii.
	Change the value in the HTTP row from Off to a browsing load of your choice

	
	ix.
	Click on OK to apply changes and close the attributes table




	b.
	Define i.
ii. iii.
iv.
	a profile for the HTTP application: Select the Profile Definition object Right click and choose Edit Attributes Expand the Profile Configuration tree
Add a new row to Profile Configurations by changing the value of

	
	
	rows from 2 to 3

	
	v.
	Expand the row 2 tree

	
	vi.
	Enter the profile name in the appropriate field (suggested name:
HTTP_users)

	
	vii.
	Expand the Applications tree

	
	viii.
	Add a new row to Applications by changing the value of rows from
0 to 1

	
	ix.
	Expand the row 0 tree

	
	x.
	Click on Enter Application name in the value column of the Name row

	
	xi.
	Select the name of your newly defined application from the dropdown menu

	
	xii.
	Start Time Offset and Duration may be left as default

	
	xiii.
	Click on OK to apply changes and close the attributes table







c.   Create a destination for the HTTP traffic:

i.   Open the Object Palette if not already open

ii.   Select and deploy an ethernet_server node to either subnet (Santa
Barbara or Washington DC)

iii.  Set the name of the Ethernet server to HTTP Server

iv.  Connect the newly created HTTP server to the switch using a
100BaseT Ethernet link



d.   Configure Applications (similar to previous workflow in section 3. c ):

i.	Navigate to Protocols    Applications   Deploy Defined
Applications

ii.	Set HTTP Source: CA Laptops

iii.	Set HTTP Destination: HTTP Server.

iv.	Run a simulation with the new application deployed and view result and statistics for all three applications. Hint: Remember to include new statistics relevant to evaluating the HTTP Application.

v.	What is the application response time for the HTTP Application?

vi.	Did the new application affect the performance of the FTP and
Voice applications?



A completed example of the EXTRA CREDIT assignment can be viewed in the Extra_Project_ref folder. Your results may vary slightly from those in the reference project depending on three factors:

i.	The number of users defined on the Laptops LAN

ii.	The location of the HTTP Server

iii.	The browsing load associated with the new HTTP application








Lab: Node Modeling


Overview


This lab models the flow of bank transactions (represented as packets) from Washington, D.C. to Philadelphia.  In order to measure the performance of this simple network in a meaningful manner, the user must define specific questions that their model is designed to answer.



Design the lab to answer the following questions.

1.   Does the queue size of the WDC transmitter steadily increase?

2.   What is the throughput (in bits/second) at the WDC transmitter?

3.   What is the throughput (in bits/second) at the Philadelphia receiver?

4.   What is the utilization of the DC to Philadelphia link?



Bank transactions originate in Washington, D.C. (WDC) and are routed to Philadelphia via a telephone line and modem capable of transmitting 9,600 bits/second.  The size of a transaction varies according to a normal distribution with a mean size of 3,200 bits and a variance of 400 bits.  Transactions are modeled as exponential interarrivals, with a mean interarrival time of 0.5 sec/trans.  The goal is to analyze performance of a system in steady state.  Create a transaction packet with two fields, source node and destination node. Each field has a size of 64 bits.



Objectives

1.   Use the Packet Format Editor to create a new packet format.

2.   Use the Node Model Editor to create new node models.

3.   Use the Link Model Editor to create a new link model.



Instructions

Create the Packet Format

1.   Open the Packet Format Editor to create a new packet format. a.   Choose File / New… / Packet Format.
b.   Click OK.


2.   Create two packet fields.

a.   Click on the Create New Field button.

b.   Left-click in the workspace to create a field. c.   Create two fields in this manner.
d.   Right-click to stop deploying more fields.

3.   Set the attributes for field_0.

a.   Right-click on field_0 and select Edit Attributes. b.   Set the name to Source Node.
c.   Set size to 64 bits. d.   Click OK.
4.   Set the attributes for field_1.

a.   Right-click on field_1 and select Edit Attributes.

b.   Set the name to Destination Node. c.   Set size to 64 bits.
d.   Click OK.

5.   Save the packet format.

a.   Choose File / Save As…
b.   Name the packet <your initials>_trans_pkt (e.g., mbh_trans_pkt). c.   Click Save.























6.   Close the packet format editor; choose File / Close.



Create the Transmitter Node Model

1.   Open the node editor to create a new node. a.   Choose File / New… / Node Model
b.   Click OK.

2.   Create a generator.

a.   Click the Create Processor button on the toolbar. b.   Left-click in the workspace.
c.   Right-click to stop deploying more processors.

3.   Create a point-to-point transmitter.

a.   Click the Create Point-to-point Transmitter button on the toolbar. b.   Left-click in the workspace.
c.   Right-click to stop deploying more point-to-point transmitters.

4.   Create packet stream.

a.   Click the Create Packet Stream button on the toolbar. b.   Left-click on each of the two modules.
c.   Right-click to stop deploying more packet streams.

5.   Save the node model.

a.   Choose File / Save As…
b.   Name the model transmitter_nd. c.   Click Save.


























6.   Configure Node Interfaces.

a.   Select Interfaces / Node Interfaces.

b.   In the Node Types table, set the value for Supported column as follows:

i.	mobile = no ii.  satellite = no
c.   Click OK.


Set Attribute Values for the Generator Module

1.   Edit attributes of the generator (processor module). a.   Set name = gen.
b.   Set process model = simple_source.

c.   Click in Value column for Packet Interarrival Time and select Edit…

d.   Set the Distribution Name = exponential and Mean outcome = .5; click OK. e.   Click in the Value column for Packet Size and select Edit…
i.	Distribution Name = normal ii.  Mean Outcome = 3200
iii. Variance = 400

f.	Set the Packet Format = <initials>_trans_pkt. This is the packet format you created earlier in the lab.



















g.   Click OK.



Set Attribute Values for the Transmitter Module

1.   Edit attributes of the transmitter module. a.   Set the name = trans.
b.   Click in the Value field “(…)” for channel and set the data rate = unspecified. (You will need to type it into the field and press Enter.)

c.   Click under packet formats.  You will see the following dialog box:




Make sure to uncheck these boxes first













i.	Uncheck the box to “Support all packet formats”. (This will un-support all formatted packet formats.)

ii.  Uncheck the box to “Support unformatted packets”.  (This will un-support all unformatted packet formats, so no packet formats are supported.)

iii. Scroll down to <initials>_trans_pkt and toggle Status to supported.  (This will cause only your packet format to be supported.)

iv. Click OK until all dialog boxes are closed.

2.   Save file; select File / Save.



Create the Receiver Node Model

1.   Create a new node model.

a.   Select File / New… / Node Model. b.   Click OK.
2.   Create a point-to-point receiver.

a.   Click the Create Point-to-point Receiver button on the toolbar and click in the workspace.

b.   Right-click to stop deploying more receivers.

3.   Create a sink.


a.   Click the Create Processor button on the toolbar and click in the workspace.

b.   Right-click to stop deploying more processors.

4.   Create packet stream.

a.   Click the Create Packet Stream button on the toolbar and click on each of the two modules.

b.   Right-click to stop deploying more packet streams.

5.   Save the node model.
a.   Choose File / Save As… and name the model receiver_nd. b.   Click Save.





















6.   Configure Node Interfaces.

a.   Select Interfaces / Node Interfaces.

b.   In the Node Types table, set the value for Supported column as follows:

i.	mobile = no

ii.  satellite = no

c.   Click OK.






Set Attribute Values for the Receiver Module

1.   Edit attributes of receiver module (point-to-point receiver). a.   Set name = rec.
b.   Click in the Value field “(…)” for channel and set data rate as unspecified.

c.   Click under packet formats and make sure that the two check boxes on bottom left of the window are unchecked.

d.   Scroll down to <initials>_trans_pkt and toggle the Status to supported.

e.   Click OK until all dialog boxes are closed


Set Attribute Values for the Sink Processor Module

1.   Set attributes of the sink.

a.   Right-click the processor module and select Edit Attributes. b.   Set the name to sink.
c.   Click OK.





















2.   Save file; select File / Save.


Promote Node Statistics

1.   Promote receiver node statistics.

a.   In the receiver_nd node editor window, choose Interfaces / Node Statistics. b.   Click in the first field of the Orig. Name column.
c.   Choose the statistic: point-to-point receiver:rec.channel [0]. throughput
(bits/sec).
























d.   Click Promote. e.   Click OK.
f.	Save the receiver_nd model, and close the editor

2.   Promote transmitter node statistics.

a.   Open the transmitter_nd model, and select Interfaces / Node Statistics.





















b.   Click in the first field of the Orig. Name column.

c.   Choose the statistic: point-to-point transmitter:trans.channel [0].queue size
(bits).

d.   Click Promote.

e.   Click in the next field of the Orig. Name column.

f.	Choose the statistic: point-to-point transmitter:trans.channel [0].throughput
(bits/sec)

g.   Click Promote. h.   Click OK.
3.   Choose File / Save.

4.   Close the transmitter_nd Node Editor window.





Create a New Link Model

1.   Choose File / New… / Link Model; click OK.

2.   In the Supported Link Types Table, change the value for Supported from yes to no for the bus, bus tap and ptdup Link types. This means that this link will only be available as a simplex point-to-point link.

3.   In the Attributes Table, scroll down to the attribute data rate and change the Initial
Value to 9600.

4.   Set the following pipeline stage models. a.   ecc model	= dpt_ecc
b.   error model     = dpt_error

c.   propdel model = dpt_propdel d.   txdel model	= dpt_txdel
Pipeline Stages calculate effects such as propagation delay, interference noise, transmission delay, etc. when transmitting a packet.  In this step, we are configuring this link to use the default point-to-point behavior.

5.   Include the link_delay external file.

a.   Select File / Declare External Files…

b.   Find link_delay in the list. c.   Put a check mark next to it. d.   Click OK.
There are some functions that Modeler needs that are included in the link_delay.ex.c
file.


6.   Save the new link model; choose File / Save As… and name the file pt_base_9600
and then click Save.



















7.   Select File / Close to close the link model editor.


Create a New Project

1.   Create a new project.

a.   Select File / New… / Project from the pull-down menu. b.   Click OK.
c.   Name the new project bank_net.

d.   Name the initial scenario Baseline and click OK. e.   When the Startup Wizard appears, click Quit.
f.	Zoom in on Washington / Philadelphia Region. i.	Click the Zoom + button.
ii.  Draw a box around the region.

2.   Create a custom object palette.  In a previous lab, you created a custom palette using the tree view of palettes.  We’ll use another view of the object palettes to create this one.

a.   Click the Object Palette button.

b.   Click on the button “Open Palette in Icon View” in the upper left corner (circled below).














c.   Click the Configure Palette… button in the object palette. d.   Click Clear to start with a blank palette.
e.   Click Node Models button and include the receiver_nd and transmitter_nd (be sure to change the “Status” from “not included” to “included”); click OK.

f.	Click Link Models button and include pt_base_9600; click OK.

g.   Click Save As… in the Configure Palette window, when prompted, name the palette bank_net. Click Save; click OK (to close the Configure Palette window).




















3.   Place nodes and link.

a.   Place a transmitter_nd near Washington D.C. b.   Place a receiver_nd near Philadelphia.
c.   Name the two WDC_src and Philly_dest respectively.

d.   Draw a link (pt_base_9600) from Washington to Philadelphia.




























e.   Close the object palette.

4.   Save the project.

a.   Choose File / Save.

b.   Name the project bank_net. c.   Click Save.

Choose Statistics to be Collected

1.   In the Project Editor, select DES / Choose Individual Statistics…

2.   Choose to collect receiver throughput in bits/sec, transmitter queue size and link utilization.

a.   Expand Node Statistics.

i.	Expand point-to-point receiver.

1.   Select throughput (bits/sec).

ii.  Expand point-to-point transmitter.

1.   Select queue size (bits).

2.   Select throughput (bits/sec).


b.   Expand Link Statistics.

i.	Expand point-to-point.

ii.  Select utilization and throughput (bits/sec)


















c.   Click OK.


Configure and Run the Simulation

1.   Run the simulation.

a.   From the menu, select DES / Configure/Run Discrete Event Simulation…

b.   Configure the simulation as follows. Set Duration = 2000 seconds. c.   Click Run.
2.   When the simulation completes, click Close in the Simulation Sequence window.

3.   Right-click on the workspace and select View Results.

4.   Change the filter from As Is to average for the following graphs:

a.   Object Statistics / Philly_dest / point-to-point receiver / throughput (bits/sec). b.   Object Statistics / WDC_src / point-to-point transmitter / queue size.
c.   Object Statistics / WDC_src / trans / channel [0] / point-to-point transmitter /
throughput (bits/sec).
d.   Object Statistics / WDC_src->Philly_dest [0] / point-to-point / utilization. e.   Object Statistics / WDC_src->Philly_dest [0] / point-to-point / throughput
(bits/sec).


5.   To find answers, we need to look at the load offered to the 9600 baud modem at the
WDC node.

Load = (1 pk/ 0.5 sec)(3200 bits/pk) = 6400 bits/sec.



1.   Does the queue size of the WDC transmitter steadily increase?

•	No.
[Clearly, 6400 bits/sec is less than 9600 bits/sec.]  In a later lab, we'll learn how to increase the packet/sec until the queue size is steadily increasing.

2.   What is the throughput (in bits/second) at the WDC transmitter?

•	6400 bits/second
[Since the load is less than data rate of transmitter, throughput = load]

3.   What is the throughput (in bits/second) at the Philadelphia receiver?

•	6400 bits/second
[Whatever is transmitted, is received.  For point-to-point links, throughput at a
transmitter should always equal throughput at the respective receiver.]

4.   What is the utilization of the D.C. to Philadelphia link?

•	67%
[Calculated by load over capacity, (6400 bits/sec) / (9600 bits/sec).]


Do your results match the expected behavior of the model?




















Additional Exercise (Optional)



Faster Packet Send Rate

Now packets are sent four times per second rather than twice per second.  What impact would this have upon the network?



The following steps provide a good workflow to model this scenario:

1.   Create a duplicate scenario
2.   Increase the rate at which packets are sent to 4 packets per second.  (Change the mean interarrival time to 0.25 rather than 0.5)
3.   What happens to the throughput and queue size?
4.   Is the link saturated with traffic?






Additional Receiver End Station

Another source of bank transactions in Baltimore also transmits to Philadelphia using identical equipment to the Washington, D.C. site.  Adjust the receiver model in Philadelphia to accept an additional connection from the Baltimore site.

The following steps provide a good workflow to model this scenario.

1.	Duplicate the current scenario.
2.	Create a new site in Baltimore.
3.	Add an additional receiver module to the receiver node in Philadelphia, and configure the receiver and node model to behave correctly.
4.	Connect the Baltimore and Philadelphia sites.
5.	Run the simulation.
6.	Compare the results for the two sites.



END OF LAB











Lab: Process Modeling




Objectives

1.   Use the Process Editor to create a modified version of the sink process model.

2.   Add a new statistic to compute end-to-end (ETE) delay.




Overview

1.   Create modified sink process model to compute ETE delay.

2.   When there is a packet arrival, get the packet, obtain the creation time, write out its
ETE delay as a global statistic and destroy the packet.

3.   Incorporate new sink process model into existing node model.

4.   Create ETE delay statistic probe.

5.   Run simulation for a duration of 2,000 seconds to ensure convergence.

6.   Filter the “View Results” graphs to answer questions.



Instructions


Create a New Process Model

1.   Create a new process model.

a.   Select File / New… / Process Model.

b.   Click OK.

2.   Draw states and transitions in the process model diagram.

a.   Click on the Create State button and then click 3 times on the workspace to place three states on the workspace.

b.   Right-click to stop deploying more states.

c.   Click on the Create Transition button. Starting at st_0, connect st_0 to
st_1.

d.   Starting at st_1, create a transition to st_2.

Note: You can create a curved line by clicking on the workspace as you draw the transition.  When you reach the next state (in this case “st_2”), click again and the transition will have a curved shape if you haven’t drawn a straight line.

e.   Starting at st_2, create a transition back to st_1.


f.	Right-click to stop creating more transitions.

3.   Right-click on each state:

a.   For st_0, set the following attributes with associated values. i.	Set Name = INIT
ii.  Make State Forced

b.   For st_1, set the following attributes with associated values. i.	Set Name = ETE_Destroy
ii.  Make State Forced

c.   For st_2, set the following attributes. i.	Set Name = WAIT
ii.  Leave State Unforced

4.   Set transition conditions.

a.   Right-click on the transition going from the WAIT state to the ETE_Destroy
state and select Edit Attributes.

b.   Set the condition attribute to PK_ARRIVAL (the name of the macro for this transition) and press Enter.

c.   Then click OK.

5.   Save the process model.

a.   Click on File / Save As…

b.   Enter the filename as ETE_Destroy and then click Save again.





























6.   Enter code to define the condition of state transition. a.   Click the Header Block (“HB”) button.
b.   Enter the following line of code to define the macro:

#define PK_ARRIVAL (op_intrpt_type ( ) == OPC_INTRPT_STRM)


Note: A #define statement has the following syntax:

#define <space> <Macro name> <space> <Macro’s definition>



Thus, we are setting the Macro called PK_ARRIVAL to represent the condition that the type of interrupt that was received was a stream interrupt.








c.   Select File / Commit, then Close (In the “Header Block” window).

7.   Create temporary variables for use in the process model code. a.   Click the Temporary Variable (“TV”) button.
b.   Enter the following: double ete_delay; double creation_time; double current_time; int stream_index;
Packet* pkptr;



















c.   Select File / Commit, then Close (in the “Temporary Variables” window).




8.   Edit the enter executives of a state.

a.   Double-click the top half of the ETE_Destroy state. b.   Enter the following in the Enter Execs window:

/* Get stream index number. */

stream_index = op_intrpt_strm( );


/* Get pointer to packet from stream index. */

pkptr = op_pk_get(stream_index);


/* Destroy packet. */

op_pk_destroy(pkptr);


You will be adding more to the “Enter Execs” window later to calculate and collect statistics (ETE Delay).






















c.   Click File / Commit (In the “Enter Execs” window).















Define a New Statistic to Compute ETE Delay

1.   Name the statistic.

a.   Select Interfaces / Global Statistics.

b.   In the Declare Global Statistics table enter the following.

Stat Name = ETE Delay	Mode = Single

Count = N/A	Draw Style = discrete

Low Bound = 0.0	High Bound = disabled















c.   Click OK.

2.   Create statistic variable.

a.   Click on the State Variables (“SV”) button. b.   In the state variables table, enter
Type = Stathandle	Name = ete_gsh
























c.   Click OK.

3.   Register this statistic to enable writing values to it. a.   Double-click on the top half of the INIT state. b. Enter the following in the Enter Execs window:
/* Register handle for statistic collection. */

ete_gsh = op_stat_reg("ETE Delay", OPC_STAT_INDEX_NONE, OPC_STAT_GLOBAL);

c.   Note that the name in quotes, “ETE Delay” must exactly match the stat name entered in step 1.

d.   Click File / Commit (in the “Enter Execs” window).

4.   Write values to the stathandle in the appropriate location.

a.   Double-click on the top half of the ETE_Destroy state.

b. Enter the following in the Enter Execs window before the code for
op_pk_destroy(pkptr);


/* Get creation time of packet. */

creation_time	= op_pk_creation_time_get(pkptr);


/* Get current simulation time. */

current_time = op_sim_time( );


/* Calculate ETE Delay. */

ete_delay = (current_time - creation_time);


/* Write statistics. */

op_stat_write(ete_gsh, ete_delay);





















 (
dow
.
)c.   Click File / Commit (in the “Enter Execs” window). d.   Click the Compile Process Model button.
e.   Click on Close and then close the Process Model win

Modify an Existing Project to Include New Changes

1.   Open the existing project.

a.   Select File / Open… and then Project from the “Files of Type” pull-down menu at the bottom.

b.   Select C: \op_models from the left and bank_net from the right and then click
Open.

2.   Duplicate an existing scenario.

a.   Select Scenarios / Switch To Scenario and choose Baseline.

b.   Select Scenarios / Duplicate Scenario… and name the new scenario as process;
click OK.

3.   Edit the node model to contain the newly defined process model.

a.   Double-click on the Philly_dest node to enter the Node editor.

b.   Right-click on the sink module and select Edit Attributes and set values as follows.

i.	name = ETE_Destroy

ii.  process model = ETE_Destroy














iii. Click OK.

4.   Select File / Save in the Node Editor.

5.   Close the Node Editor.

6.   In the Project Editor, select File / Save.


Configure the Probe Model

1.   Select DES / Choose Individual Statistics

2.   Select the plus icon to the left of Global Statistics

3.   Check the box next to ETE Delay to enable recording of that statistic during the simulation run.








Configure and Run the Simulation

1.   Configure the simulation as follows.

a.   Select DES / Configure/Run Discrete Event Simulation…

b.   Set Duration = 2000 seconds.

2.   Click Run and then Close when it completes.


Review the Problem Inputs and Expected Outputs

1.   Review the problem specification.

a.   Transmitter data rate is 9600 bits/second.

b.   The size of a transaction varies according to a normal distribution with a mean size of 3200 bits and a variance of 400 bits.

c.   Transactions are modeled as exponential interarrivals, with an arrival rate of two transactions per second.

2.   What are the questions to be answered by simulation?

a.   What is the average end-to-end delay for all packets?  	

b.   What percentage of the packets incurred an end-to-end delay of less than one second?   	


View Results

1.   Right-click on the workspace and select View Results.

2.   Graph some of the result statistics in the View Results window. a.   Select Global Statistics / ETE Delay and click Show.
b.   Change the filter from As Is to average and click Show again.

c.   Change filter to Cumulative Distribution (CDF) and click Show again.

3.   In the CDF graph, place the mouse pointer on the point where the blue curve intersects with the 1 second mark on the horizontal axis.  The “tool tips” box will pop up and tell you the values of the horizontal and vertical axes where your mouse pointer is located.




















Additional Exercise (Optional)



Another interesting statistic that we would like to examine is the individual packet size received at the Philadelphia location.  Create a global statistic for the Philadelphia node that corresponds to the packet size (in bits) for each packet received.



The following steps provide a good workflow to model this scenario:

1.   Add “Packet Size (bits)” as an Interfacesglobal statistic for the process model
2.   Create a StatHandle state variable
3.   Register the handle for statistic collection in the Init state
4.   Create a temporary value for PacketSize
5.   Assign the value of op_pk_bulk_size_get(pkptr) to the PacketSize variable, and write that variable out to the statistic handle







END OF LAB





































Lab: Parametric Studies




Objectives

1.   Creating an attribute for a process model.

2.   Collecting Scalar Statistics.




Overview

1.   Modify the “bank_net” project to include a custom generator that has an attribute
transaction_rate, the transaction rate in transactions per second.

2.   Answer the following questions:

a.   Are your results the same with this customized generator as with the ideal generator?  Hint: Run the simulation with the same probe file as before.  Verify that results are the same.

b.   What is the maximum generation rate such that the average ETE delay for all transactions is less than 5 seconds?  Hint: Run multiple simulations with different transaction rates, collecting scalar data.




Instructions


Create a New Process Model

1.   Create a new process model.

a.   Select File / New… / Process Model.

b.   Click OK.

2.   Draw states and transitions in the process model diagram.

a.   Left-click on the Create State button and place three states on the workspace. b.   Right-click in the workspace to stop deploying more states.
c.   Click on the Create Transition button and connect the states as follows. i.	Starting at st_0, connect st_0 to st_1.
ii.  Starting at st_1, create a transition to st_2.

iii. Starting at st_2, create a transition back to st_1.

d.   Right-click in the workspace to stop deploying more transitions.





3.   Right-click on each state:

a.   For st_0, set the following attributes with associated values. i.	Set Name = INIT
ii.  Make State Forced

b.   For st_1, set the following attributes with associated values. i.	Set Name = WAIT
ii.  Leave State Unforced

c.   For st_2, set the following attributes with associated values. i.	Set Name = SEND
ii.  Make State Forced

4.   Set transition conditions.

a.   Right-click on the transition going from the WAIT state to the SEND state and select Edit Attributes.

b.   Set the condition attribute to NEXT_IA_TIMER_EXPIRES (the name of the macro for this transition) and then click OK.




























5.   Save the process model.

a.   Choose File / Save As…

b.   Name the file as transmitter_scalar_lab and click Save.




6.   Enter code to define the condition of state transition. a.   Click the Header Block (“HB”) button.
b.   Enter the following line of code to define the macro.  Note that this should be entered all on one line in the editor.

#define NEXT_IA_TIMER_EXPIRES (op_intrpt_type ( ) == OPC_INTRPT_SELF)








c.   Select File / Commit, then Close (in the “Header Block” window).

7.   Create temporary variables for use in the process model code. a.   Click on the Temporary Variable (“TV”) button.
b.   Enter the following:
double tr; Packet* pkptr;










c.   Click File /Commit, then Close (in the “Temporary Variables” window).

8.   Create state variables for use in the process model code. a.   Click on the State Variable (“SV”) button.
b.   In thestate variables table enter:

Type = Distribution*	Name = pksize_dist_ptr

Type = Distribution*	Name = ia_dist_ptr







c.   Click OK.















9.   Define attributes for the process model.

a.   Select Interfaces / Model Attributes.

b.   In the Model Attributes table, enter the following. i.	Attribute Name = Transaction Rate
ii.  Type = double iii. Units = trans/sec
iv. Default Value = 1.0









c.   Click OK.

10. Edit the enter executives of the INIT state.

a.   Double-click the top half of the INIT state.

b.   Enter the following in the Enter Execs window.


/* Get the value of the attribute Transaction Rate. */

op_ima_obj_attr_get (op_id_self( ), "Transaction Rate",

&tr);


/* Load exp distribution for Interarrival Time. */

ia_dist_ptr = op_dist_load ("exponential", 1.0 / tr, 0.0);


/* Load normal distribution for Packet Size. */

pksize_dist_ptr = op_dist_load ("normal", 3200, 400);


















c.   Click File / Commit (in the “Enter Execs” window).






11. Edit the enter executives of the WAIT state.

a.   Double-click the top half of the WAIT state.

b.   Enter the following in the Enter Execs window:


/* Schedule next wake-up call. */

op_intrpt_schedule_self (op_sim_time ( ) +

op_dist_outcome(ia_dist_ptr), 0);




































c.   Click File / Commit (In the “Enter Exec” window).


12. Edit the enter executives of the SEND state.

a.   Double-click the top half of the SEND state.

b.   Enter the following in the Enter Execs window:





Remark: Replace <initials> with your initials


/* Create a packet of a specific format. */

pkptr = op_pk_create_fmt("<initials>_trans_pkt");


/* Set the size of the packet. */

op_pk_bulk_size_set (pkptr,

(int) op_dist_outcome (pksize_dist_ptr));


/* Send the packet to outstream 0. */

op_pk_send (pkptr, 0);






































c.   Click File / Commit (In the “Enter Execs” window).





13. Enable the begsim interrupt attribute.

a.   To do so, select Interfaces / Process Interfaces.

b.   Change the Initial Value for begsim intrpt attribute from disabled to enabled.























c.   Click OK.



14. Compile the process model. You can either use the Compile Process Model button or select Compile / Compile Code. Click Close when compilation finishes.

15. Close the Process Editor.


Modify the Existing “bank_net” Project to Contain New Changes

1.   Open the existing bank_net project.

a.   Select File / Open… and select Project from the “Files of Type” pull-down menu at the bottom.

b.   Choose C: \op_models from the left.

c.   Choose bank_net from the right and click Open.

2.   Duplicate the existing process scenario.

a.   Switch to scenario process: Select Scenarios / Switch To Scenario / process. b.   Select Scenarios / Duplicate Scenario… from the menu bar.
c.   Name the new scenario scalar and click OK.


3.   Edit attributes on WDC_src.

a.   Double click on WDC_src node to enter the Node Editor.

b.   Right-click on the gen module and select Edit Attributes to change the following.

i.	name = gen_scalar

ii.  process model = transmitter_scalar_lab c.   Click OK.
4.   Save and close the node model.

a.   Select File / Save in the Node Editor. b.   Close the Node Editor.



Configure the Parametric Study

1.   First we must verify that the Transaction Rate attribute that we previously created is set to be promoted.  If an attribute is promoted at the node level, that means that the simulation can have control over it.  In this parametric study, that is exactly what we want to happen.  The simulation will vary the transaction rate attribute automatically.

a.   Right click on the node object WDC_src and click Edit Attributes.

b.   Notice the attribute “Transaction Rate” exists on this node.  Make sure that this attribute is set to “Promoted.”  If it is not set to be promoted, right click on the value and choose “Promote Attribute to Higher Level”

2.   The next step that we must perform is to collect the appropriate statistics.  We will be varying transaction rate (i.e. how fast packets are being sent) and the statistic that we would like to examine is average End to End Delay.  We would expect, as more traffic is sent, the delay on each packet should become greater.

a.   Select DES  Choose Individual Statistics.

b.   Make sure Global  ETE Delay is checked. We will be plotting the average ETE Delay for each simulation run on a graph with respect to transaction rate.

c.   In the lower right, click the option for “Generate scalar data”, and choose “sample mean” in the pull-down list.

d.   Click OK.

























































3.   The next step is to configure and run our simulations.  We must tell OPNET over what values of “Transaction Rate” to simulate.  In this case we are going to start at a value of 1 and stop at a value of 3 in increments of 0.2.  If you do the math (or if you finish reading this sentence) you will come to the conclusion that Modeler will perform 11 simulation runs.

a.   Click DES  Configure Run Discrete Event Simulation.  Make sure you’re in Detailed mode, if you see a “Detailed” button in the lower left side of the dialogue box, click it.

b.   Next choose Inputs  Object Attributes.

c.   Perform the actions shown in the screenshot below.  Choose Add, click on add next to Transaction Rate, and choose OK.




























d.   Next select the Value field and click the button “Enter Multiple Values”

e.   Fill in 1 for Value, 3 for Limit and steps of 0.2






















f.	Click OK.

4.   Next step is to run the simulations. a.   Click the “Run” button.
b.   Notice now that the DES Execution Manager pops up.  This window is used for managing multiple simulation runs.  This is the same dialogue box used when running distributed simulations.

c.   You can select any one of these simulation runs and click “View Details” to get detailed information about that simulation.

d.   Once the simulations are complete, click the “Close” button.

5.   The last step is viewing the results.  All the data has been collected when the simulation runs, now we must use the results browser to present the data in a logical way onto one graph.

a. Open the results browser (DESResultsView Results)


6.   First, let’s view the individual VECTOR data for each of the 11 simulation runs. a.   Select Global Statistics  ETE Delay
b.   Notice 11 separate graphs open up.

c.   Select Overlaid in the presentation options and then select Show.


































d.   The resulting graph looks a little messy, Let’s clean it up.  Right click on the graph and choose Draw Style  Linear.

e.   Let’s also use the 3D capabilities of OPNET’s graphing package to make it a bit more clear.  Right click on the graph and choose Show 3D Depth











































7.   Now let’s view the cleaner single-graph SCALAR data for our simulation runs. a.   Click on the “DES Parametric Studies” tab near the top of the dialogue box.
b.   Expand the “Scalar Statistics” grouping.

























































c.   Select WDC_src  gen_scalar.Transaction Rate. And click “Set As X Series.” This will apply the 11 transaction rates (1, 1.2, 1.4, 1.6… 2.8, 3.0) as the values for the X-Axis

d.   Next select Global Statistics  ETE Delay  Sample Mean and select “Set As
Y-Series.” This will apply the average ETE delay for each simulation run as a value on the Y axis.

e.   Lastly click the “Show” button near the bottom right of the dialogue box to pop this graph out as a separate window.

f.		Notice the linear then exponential increase in ETE delay as Transaction Rate increases.  Does this make sense?

g.   What might the elbow in this graph represent?

h.   The black bars represent Min and Max values.  Why are the minimum values constant?














































END OF LAB




























Extra Credit Lab: Custom Device Modeling Project



You have been introduced to the basic components of Modeler.  The following is a less explicit, multi-part assignment that is meant for students who consistently finish labs early and would like something more challenging to work on.  You may finish this assignment during class time, but if you don’t please do not feel discouraged.  ASK QUESTIONS!



Part 1

Enhance the Bank_Net example to include a more sophisticated generator

•	The generator should generate an average of 40 packets / second
•	When a packet is generated it has a 50% chance of being 1500 bytes and a 50%
chance of being 1000 bytes
•	Optional (Advanced): Write a statistic “Global Bits Generated (bits/sec)” – which is the total number of bits generated by all nodes, divided by the current simulation time.  You must use the statistic’s collection mode in order to do this correctly.


Part 2

Enhance the Bank_Net example to include a router node.

	Create a new router node that has one receiver and two transmitters

	Create a process model that routes packets to the appropriate transmitter

	The router has a 25% chance of routing to one transmitter, 70% chance of routing to the other transmitter, and a 5% chance of dropping the packet.

	Name the node model “Bank_Net_Router_Node”



Part 3

Create a scenario that connects one generator, one router, and two sinks.  Run a simulation and prove that your logic is correct by examining the output results.















Lab: Wireless Modeling



Overview

1.   This lab will model a mobile paging system.

2.   The following parameters will have to be addressed in the model. a.   Telephones initiate pages addressed to a specific mobile pager. b.   The pages are relayed through a central base station.
c.   A radio tower broadcasts the pages.

d.   If the appropriate mobile pager receives the page, an ack is transmitted back to the radio tower.

e.   The radio tower relays the ack back to the base station and a successful page
statistic is recorded.


Objectives

1.   Create the acknowledgement and page packet formats.

2.   Create the necessary antenna pattern, PDF, and link parameter models.

3.   Use the provided node models and the newly created parameter models to build the mobile paging network.

4.   Configure the radio transmitters and receivers.

5.   Create trajectories for the mobile pagers.

6.   Choose results, run the simulation, and view the results.

























Project Specifications


1.   Telephone Node Specification

a.   Generates pages on a custom probability density function (PDF).

b.   Determines destination of page based on a custom PDF.  Encapsulates an ack in the page.  Sends the pages on the single output port to the base station.

2.   Base Station Specification

a.   Receives pages on one of eight input ports.

b.   Receives acks on one input port (paired with the output port) and records the
Percentage of Successful Pages (i.e., the number of acks received/pages sent).

3.   Radio Tower Specification

a.   Receives pages from the base station via an input port and broadcasts them to the mobiles.

b.   Receives acks from the mobiles and forwards them to the base station via an output port.

4.   Mobile Specification

a.   Receives pages and checks destination.

b.   If the mobile is the destination, decapsulates the ack and transmits it.



Instructions


Create the “ack” Packet Format

1.   Create a new packet format.

a.   Select File / New… / Packet Format. b.   Click OK.
2.   Add data fields to the packet format.

a.   Click on the Create New Field button on the toolbar. Then move the mouse pointer into the editor workspace. A frame will appear in the workspace. Click to create a packet field.

b.   Click again to create another packet field.

c.   Right-click in the workspace to stop creating more packets fields.

d.   Select File / Save As… and name it <your initials>_ack_packet and click Save.
















































3.   Edit the newly created data fields.

a.   Right-click on the field_0 and select Edit Attributes. Enter the following values. i.	Name = Source Node.
ii.  Size = 64. iii. Click OK.
b.   Right-click on the field_1 and select Edit Attributes. Enter the following values. i.	Name = Destination Node.
ii.  Size = 64. c.   Click OK.
4.   Save and close the Packet Format.

a.   Choose File / Save. b.   Choose File / Close.

Create the “page” Packet Format

1.   Use the same procedure that was described in previous page to create a new packet format with three fields and set the first two fields to the same values as the “ack” packet format.

a.   First field:	Name  = Source Node
Size	= 64

b.   Second field:  Name  = Destination Node.
Size	= 64

2.   Use the following steps to set the third field.

a.   Right-click on the third field and select Edit Attributes. b.   Set the name as Ack Packet.
c.   Set the value of the type attribute to packet.

d.   Set the value of the size attribute to inherited. e.   Click OK.



3.   Save this Packet Format.

a.   Choose File / Save As…
b.   Name it as <your initials>_page_packet. c.   Click Save.



















4.   Close the Packet Editor.




Create a New Link Model

1.   Create a new link model.

a.   Select File / New… / Link Model. b.   Click OK.
2.   Configure the link model.

a.   In the Supported Link Types table, select no for Supported value of bus and
bus tap Link Type.

b.   In the Attributes table scroll down to packet formats.

c.   Click on the Initial Value column for packet formats, another window pops up.
In that window, deselect the check boxes next to Support all packet formats and
Support unformatted packets.

d.   Set the status of <your_initials>_ack_packet and
<your_initials>_page_packet to supported and click OK.

e.   Scroll up in the Attributes table, set the data rate value to 16384 and press
Enter.

f.	In the Attributes table, select the following models. i.	ecc model	= dpt_ecc.
ii.  error model	= dpt_error.

iii. propdel model	= dpt_propdel. iv. txdel model	= dpt_txdel.
Pipeline Stages calculate effects such as propagation delay, interference noise, transmission delay, etc. when transmitting a packet.  In this step, we are configuring this link to use the default point-to-point behavior.

3.   Include necessary external files for the configured Pipeline Stages. a.   Select File / Declare External Files…
b.   Find link_delay in the list.

c.   Put a check mark next to it to include it. d.   Click OK.
There are some functions that Modeler needs that are included in the link_delay.ex.c
file.

4.   Save the link model.

a.   Select File / Save As…

b.   Name the file as <your initials>_page_link and then click Save.

5.   Close the link model.



Create a New PDF

1.   Create a new probability density function (PDF). a.   Select File / New… / PDF Model.
b.   Click OK.

2.   Add an impulse to the function.

a.   Click on Add an Impulse to the Function button on the toolbar.

b.   A dialog box appears. Enter 0 for Impulse Abscissa in that window and click
OK.

c.   Enter 0.5 for Impulse Area and click OK. This will set 50% probability for
Mobile 0 pager.

3.   Using the method described in step 2, set the following probabilities for the rest of the pagers.  (Click Add an Impulse to the Function button again, and enter the appropriate values below.)

a.   Mobile 1 = 15% (Impulse Abscissa = 1, Impulse Area = .15) b.   Mobile 2 = 25% (Impulse Abscissa = 2, Impulse Area = .25) c.   Mobile 3 = 10% (Impulse Abscissa = 3, Impulse Area = .10)
4.   Normalize the PDF by clicking on the Normalize the Function button on the toolbar.

5.   Save the PDF.

a.   Save this PDF as <your initials>_page_dest_pdf.


b.   This PDF will be used to choose a destination when generating packets. (Each mobile has an attribute “mobile ID” set with the corresponding value: mobile_0 :
0, mobile_1 : 1, …)
























6.   Create a new PDF in order to model the page interarrival time. Each telephone will use this PDF in order to determine the next page generation time.

a.   Clear the model; select Edit / Clear Model.

b.   From the left side of the graph to the right side, left-click several times on the panel to create the following PDF:
























c.   If you make a mistake, just click again from left to right to redraw the portion you want to correct.


7.   Normalize the PDF by clicking on the Normalize the Function button on the toolbar.

8.   Save this PDF.

a.   Select File / Save As…

b.   Name it as <your initials>_page_pk_pdf. c.   Click Save.
9.   Close the PDF Editor.


Choose Statistics

1.   Open the page_net project.

a.   Select File / Open… and Project from the “Files of Type” pull-down menu at the bottom.

b.   Choose C: \op_model\page_net.project\page_net

c.   Ensure you are in the scenario Original

2.   Choose statistics to collect.
a.   Right-click on the workspace, and then select Choose Individual DES Statistics. b.   Expand Global Statistics and select % of Packets Successfully Transmitted. To
be successfully transmitted, an ack generated by the mobile must come back to the original sender (e.g., a telephone).

c.   Click OK.


Run the Simulation

1.   Configure the simulation.

a.   Select DES / Configure/Run Discrete Event Simulation…

b.   Check that Duration has been set to 100 seconds.

c.   Set the Simulation Kernel popup to read Optimized, so that the simulation uses the optimized kernel when running the simulation.

d.   Click on the Inputs tree item on the left and click on the Terrain Modeling tree item that appears.

e.   Check that the Use Terrain Modeling Module option is not checked.

2.   Run the simulation. a.   Click Run.
b.   Click Close when the simulation finishes.






View Results

1.   View results in graph panels.

a.   Once the simulation is finished, right-click on the workspace then select View
Results.
b.   Select Global Statistics / % of Packets Successfully Transmitted. Click Show. c.   Unselect this statistic, then select both received power and signal / noise ratio
statistics under Object Statistics / subnet_0 / mobile_1 / page_rx / channel [0] /
radio receiver.

d.   Click Show.
























2.   Hide the graphs and close the dialog box.

a.   Use the Hide/Show Graph Panels button instead of closing the graphs. b.   Click on Close button to close the View Results window.

Use TMM

1.   Duplicate the scenario.  The new scenario will show the effect of terrain on wireless communications using the free space line-of-sight propagation model.

a.   Select Scenarios / Duplicate Scenario…

b.   Name the new scenario TMM_with_terrain_Free_Space_LOS and click OK.

2.   Select the directory to find the terrain data.

a.   Select Topology / Terrain / Specify Terrain Data Directory…
b.   In the bottom pull-down menu, choose USGS DEM. c.   Click Browse…

d.   Choose the folder C: \op_models and click OK.

e.   The Data coverage information should update with a coverage area in degrees, latitude and longitude.

f.	Click OK.



3.   Set the terrain elevation map.

a.   Select Topology / Terrain / Set Elevation Maps…

b.   Change the value for the DC_Elevation_map under Selected column from no to
yes.

c.   Click OK.

































4.   Save the file; select File / Save.


View a Terrain Profile

1.   Set the object models to take the terrain data into account. a.   Select Edit / Select All In Subnet.
b.   Right-click on the radio tower and select Advanced Edit Attributes.

c.   Change the altitude modeling attribute from relative to subnet-platform to
relative to terrain.

Important: Check the Apply changes to selected objects box. Click OK.


2.   View a sample terrain profile.
a.   Select Topology / Terrain / View Terrain Profile. b.   Click on any two points on the workspace.























c.   Click Close when you are finished.


Run the Simulation

1.   Set the propagation model.

a.   Enable the Free Space with Line Of Sight check propagation model; select
Topology / Terrain / Set Propagation Model…
b.   Change the Default propagation model to Free Space by clicking the checkbox c.   Change the Parameter Set value for the Free Space Propagation Model to use
freespace-lineofsight-on.


















d.   Click OK.




2.   Configure and run the simulation.

a.   Select DES / Configure/Run Discrete Event Simulation…

b.   Click on the Inputs tree item on the left and click on the Terrain Modeling tree item that appears as the tree expands.  Put a check mark for Use Terrain Modeling Module.

c.   Run the simulation.

d.   Close the window when the simulation finishes.


View Results

1.   As you have used the Hide/Show Graph Panels button, you do not have to use the
View Results menu in this case.

2.   The same graphs with the previous results should appear.  Since you have already identified the desired output graphs, you will use these current graphs as templates to load the data from the most recent simulation.

a.   Select DES / Panel Operations / Panel Templates / Create From All Panels.





















(Note that your results may vary.)

b.   Select DES / Panel Operations / Panel Templates / Load With Latest Results.

c.   Again use the Hide/Show Graph Panels button to hide the graphs.


Use Longley Rice Propagation Model

1.   Duplicate the scenario and use the Longley Rice propagation model instead of the
Free Space Line-of-Sight propagation model. a.   Select Scenarios / Duplicate Scenario…
b.   Name the new scenario TMM_with_terrain_Longley_Rice; click OK.

2.   Set the Longley Rice propagation model in the duplicate scenario.

a.   Select Topology / Terrain / Set Propagation Model…

b.   Change the Default propagation model from Free Space to Longley Rice; click
OK.

3.   Run the simulation using the same steps as in the previous scenario.


View Results

1.   Create a template from the previous graphs, and load the newest simulation results into the templates as done in the previous scenario.




















2.   Look at the graph.  Can you easily tell the difference between the graphs in the various scenarios?  Instead of looking at each graph separately, overlay the graphs of the scenarios to compare results in the graphs.

a.   Compare results between scenarios; right-click on the workspace then select View
Results.

b.   At the top pulldown choose Current Project instead of Current Scenario

c.   Select the scenarios that you wish to compare against by checking the gray checkbox next to the scenario name.

d.   Select % Packets Successfully Transmitted statistic. Change from All
Scenarios to Select Scenarios; then click Show.






















e.   Unselect scenario TMM_with_terrain_Longley_Rice and select scenarios
Original and TMM_with_terrain_Free_Space_LOS. Click OK.































f.	Use the same technique for comparing received power and signal / noise ratio
statistics.

































4.   Finally, compare for the same scenarios above, the % of Packets Successfully
Transmitted for Original and TMM_with_terrain_Longley_Rice.




















The percentage of packets successfully transmitted was the same between the original model and the Longley-Rice model.  However, between these two scenarios, the received power is quite different, but this does not necessarily cause a transmission to fail. One modification could be to decide not to accept a packet if the SNR (Signal / Noise Ratio) is below 70. To do so, you will have to modify the default pipeline stage used to check the acceptance of a received packet.



5.   Click on Close in the View Results window.

6.   Click on Hide/Show Graph Panels button.





Modify Pipeline Stages

1.   Open the default pipeline stage for wireless error correction.

a.   Select File / Open… and Pipeline Stage (C code) from the “Files of Tye” drop down menu at the bottom.

b.   Choose C:\Program Files\OPNET\17.1.A\models\std\wireless from the left side.

c.   Choose dra_ecc from the right side and click Open.

2.   Choose File / Save As, name it my_dra_ecc, and save it to c:\op_models

3.   Change the default pipeline stage for error correction so that the model does not successfully transmit the packet if the signal-to-noise ratio (SNR) is below 70.  Make the following changes in the code:

a.   line 26:
Change the function name: from dra_ecc_mt to my_dra_ecc_mt b.  line 32:
Add a new variable : double computed_snr;

















c.   line 59:

Insert the following lines of code BEFORE the KP op_td_set_int


/* Get the last computed SNR. */

computed_snr = op_td_get_dbl (pkptr, OPC_TDA_RA_SNR);

if (computed_snr <= 70)

accept = OPC_FALSE;











d.   Compile the modified pipeline stage by using the compile source file button.

e.   Click Close when compilation finishes and then select File / Close.

4.   Change the node model to use the modified pipeline stage.

a.   From the project (scenario TMM_with_terrain_Longley_Rice), double-click on mobile_1 to enter its node model. Right-click on the receiver module (page_rx) and select Edit Attributes.

b.   Change the default pipeline for ecc model attribute from dra_ecc to my_dra_ecc;
click OK.

c.   Select File /Save and then close the Node Editor.

5.   Run the simulation.

a.   Select DES / Configure/Run Discrete Event Simulation…

b.   Click on Run.

6.   Compare the % of Packets Successfully Transmitted for all scenarios.

a.   Compare results between scenarios; right-click on the workspace then select View
Results.

b.   At the top pulldown choose Current Project instead of Current Scenario

c.   Select the scenarios that you wish to compare against by checking the gray checkbox next to the scenario name.
d.   Select Global Statistics / % of Packets Successfully Transmitted. e.   Click Show


















End of Lab






Lab: Using the Graphical OPNET Simulation Debugger
Environment


Overview

How to use the Graphical OPNET Debugging (ODB) Environment.


Objectives

In this lab, you will learn how to

•	Configure simulation to use OPNET Debugger

•	Run a simulation with OPNET Debugger

•	Use various GUI tools from Graphical OPNET Debugger environment

•	View and explore the network topology in ODB

•	Enable/Disable/View animation at node model and process model level

•	View Attributes/Packets/Events for various entities in simulation


Instructions


Run Simulation with OPNET Simulation Debugger

Start Modeler:

Double-click the Modeler icon on your desktop. Modeler starts. Open the lab project:
Choose File / Open or press keys Ctrl-O.

Select project: C:\op_models\Multinational.project\ Click Open.
Configure Discrete Event Simulation to use OPNET Simulation Debugger:

Choose DES / Configure/Run Discrete Event Simulation… or press keys Ctrl-R. Set the Simulation Kernel to Development.
Expand the tree view to Execution / OPNET Debugger.

Check  Use OPNET Simulation Debugger (ODB.)













Run simulation: Click Run.
Simulation will initialize (this may take several minutes) and then wait at the ODB prompt in the Graphical OPNET Simulation Debugger. At this point, you should see the following simulation window:

The first available tab will show the Console view (the command line debugger)

The second tab shows a view of the selected model. In this case the highest level view is shown (top).






























The third tab shows the progress window.
























Explore Topology and Attributes

Remain in the Simulation Execution dialog box and select the model tab in the upper right pane.

Browse network topology, select sort by Object or Process ID:

On the upper left side, observe the Topology pane of the Simulation Execution
dialog box.
















Expand top subnet and select LOS ANGELES node.

















On the upper right side, observe that the network appears in the Animation pane with
LOS ANGELES selected.


















Explore Object Attributes:

On the lower left-hand side, the Attributes pane shows the attributes of LOS ANGELES node.





















In the Topology pane on the upper left side, click on [+] next to LOS ANGELES to expand it.

Select ROUTER node.






































The Attributes pane now shows the ROUTER attributes.




















In the Topology pane, expand ROUTER node by clicking on [+]. The modules within the ROUTER node appear below it.

































View Animation for Node Model and Process Model

Explore node module details in the GUI:

Select top.LOS ANGELES.ROUTER.tcp node by clicking on it.


























Observe how the Animation and Attributes panes populate with information specific to the tcp node model.






































Adjust visible elements in the node model topology:



.


Right-click on the Animation pane workspace, and uncheck Scale to fit to disable it.















Open separate topology/animation windows to keep track of multiple objects:

Click Clone.














You can right-click on the workspace and toggle Scale to fit to get a better view of the node model.
























Explore process model details:

Back in Simulation Execution, in the Topology pane, expand tcp module.





Observe that it has tcp_manager_v3 process model within it.

















Create a separate window for the process model: Select tcp_manager_v3 from the treeview. Click Clone.
You can right-click on the workspace and toggle Scale to fit to get a better view of the process model.
























Enable animation of the simulation:

Check  Show Animations.
This will ensure that animation is enabled when simulation continues execution. Create and view breakpoints for simulation:
Minimize the windows used for cloning models  and return to the Simulation
Execution Window. Switch to the Console tab in the upper right window.








At the ODB> prompt, type tstop 300 and press Enter. This executes simulation for 300 simulated seconds.

Switch to the ODB Breakpoints tab in the lower right window.

















Observe that the breakpoint you set appears in this panel. Note how you can enable and disable the breakpoint from here by toggling the Enabled field to Y and N. Try it, and then leave the breakpoint enabled.

View animation of the simulation:

Return to the cloned tcp window and click Continue.
Simulation should proceed.  Note that the Continue button changes to Break on all the dialog boxes.

Observe the animation.

































































You can click on the Faster and Slower buttons (highlighted above) to control the speed of animation. Note that the buttons become disabled once maximum/minimum speed is reached.

While the animation is running, you may right-click on a packet in node model animation panel and view its context-sensitive menu.










This menu helps you

1.   Display contents of the selected packet

2.   Set a breakpoint at access of selected packet

3.   Set a trace for a given packet
Interrupt simulation execution: Click Break.
Note that the Break button changes to Continue.

Turn off animation to make the simulation execute faster:





Minimize the cloned animation dialog boxes so that they are out of the way. Bring forward the Simulation Execution dialog box.
Uncheck  Show Animations.

Viewing the animated simulation aids visual understanding of the model’s operation.  It is easy to validate operation of modules by watching the packets flow. Animation adds overhead to the simulation’s execution. Simulations run much faster without animation.

Click Continue.

Observe that simulation continues and then stops at our given breakpoint of 300 seconds.


Observe Packet Details

View all packets currently active in the simulation:

In Simulation Execution, select Packets tab from the Attributes/Packets/Events pane.























Observe that Owned By filter is set to the ID of the current module (tcp) in which simulation hit the breakpoint.

Select  All.

Observe all the packets currently in the system. Review context-sensitive menu for packets:
Right-click on a packet’s ID number. A popup menu should display.








































This menu helps you

4.   Display contents for the selected packet

5.   Set a trace on selected packet

6.   Set a breakpoint for a selected packet

View packet contents:

Select Show Packet Contents from the menu.

Observe that the Packet Content tab gets populated with contents of selected packet.

















Enable tracing and set breakpoint upon packet access: Right-click on a Packet and select Trace This Packet.
Right-click on the Packet from Packets tab.







Select Stop On This Packet Access.
This should set a breakpoint for the selected packet. Select ODB Breakpoints tab.
Observe that the ODB Breakpoints tab includes the breakpoint you set in this step.







Set Enabled cell to N to disable the breakpoint.








Observe Event Details

View all events currently scheduled in the simulation:

Select Events tab from the Attributes/Packets/Events pane.

Observe that Target module ID filter is set to the ID of the current module (tcp) in which simulation hit the breakpoint.


























Select  All.

Observe all the scheduled events currently in the system.  (Actual event IDs may differ.)

































Review context-sensitive features for events:

Right-click on an event, and view its context-sensitive menu. This menu helps you set a breakpoint for a selected event.

Explore GUI Tools for Node Modules

View node modules in the topology tree view:

Switch to Simulation Execution dialog box, if not already there.

From Topology pane, expand ALEXANDRIA / ROUTER / tcp / tcp_manager_v3

The root process tcp_manager_v3 has a dynamic child process (a process instance created at run time to delegate tasks from the parent) tcp_conn_v3.














Review context-sensitive features for modules:

Right-click on tcp to view its context-sensitive menu.




























This menu helps you

7.   Display Attributes for selected module

8.   Display pending events for selected module

9.   Display events created by selected module

10. Display packets owned by selected module

11. Display packets created by selected module

12. Set a breakpoint on a module

View module attributes: Right-click on tcp.
Select Show Attributes from the menu.
The Attributes pane populates with tcp attributes.
















View module events: Right-click on tcp.
Select Show Events Pending For This Module.
Events pane should populate with scheduled event(s) for tcp.
























View module packets:

Select ip from ALEXANDRIA / ROUTER tree.
(Note that you may have to scroll down to see this module.) Right-click on ip.
Select Show Packets Owned By This Module from the menu.

There should not be any packets owned by this module.

















Clean up:

Click Continue, and let the simulation complete. Close all windows when simulation finishes.
Exit OPNET Modeler.


Conclusion

In this lab, you have learned how to execute a simulation under the OPNET Simulation Debugger.  The interactive features of the debugger help exploration of various aspects of the model. The diagnostic and animation tools of the Simulation Execution window provide much detail about the nodes and processes in the simulation.

END OF LAB







Lab: Advanced ODB GUI


Overview

When you first started using Modeler, you may have studied the “Packet Switching I” tutorial. Labs 2, 3, 4, 5, and 7 use the “Packet Switching I” tutorial with a bug introduced into the process model code. We will use the debugging concepts discussed in the lecture to find and correct these mistakes.


Objectives

•	Utilize animation to debug simulation problems

•	View model details and code from ODB

Overview of Model Architecture

The network topology consists of four peripheral nodes, and a central packet-switching node (see Figure 1). Each peripheral node acts as both a “source” and a “sink”. The central node delivers packets to the appropriate interface.






















Figure 1: "Packet Switching" Network Topology

Packet Creation and Destination Addressing

Packets are created from each peripheral node at a user-specified rate; for our exercises, this is a constant rate of 1 packet per second. After creation, each packet is assigned a destination address of 0, 1, 2, 3, where an address of 0 corresponds to node_0, an address of 1 corresponds to node_1, and so on. The destination address is chosen from a uniform distribution, so each peripheral node should receive a similar number of packets. (See Figure 2 and Figure 3.)



































Figure 2: Node model structure of a peripheral device



























Figure 3: Process pksw_nd_proc, the heart of the peripheral nodes

Packet Switching

Packets are then sent to the central packet-switching node, which reads the destination address and sends the packet to the correct peripheral node. (See Figure 4 and Figure 5.)




































Figure 4: Node model structure of the central "hub" node
























Figure 5: Process pksw_hub_proc, responsible for delivering packets to the proper interface

Traffic Reception and Destruction

When a peripheral node receives a packet, it records a single statistic, end-to-end delay
(“ETE Delay”) and then destroys the packet.











Instructions


Explore the Model

Start OPNET Modeler, if you have not already done so. Open the lab project 1502_lab_pktsw
Make sure you are in the “baseline” scenario

Explore the project, node models, and process models used in the scenario: Double-click on the nodes to view their node models. The Node Editor opens.
Within the Node Editor, double-click on the processor modules to view their process models.  The Process Editor opens.

Within the Process Editor, double-click on the top or bottom of a state to view its Enter Executives or Exit Executives, respectively. If you wish, view the Header Block, State Variables Block, Temporary Variable Block, Global and Local Statistics, and other process components.

When you are finished exploring, close all instances of the Project, Node and Process editors by clicking on the X button in the upper-right corner. Do not save any changes you may have made during your exploration.


Run Simulation

Open the lab project again:

Choose File / Recent Files / Project / 1502_lab_pktsw

Run simulation:

Choose DES / Run Discrete Event Simulation or press keys Ctrl-Shift-R. Close simulation dialog boxes when simulation completes.

View Simulation Results

Open Results Viewer:

Choose DES / Results / View Results….
(Or right-click in project workspace and select View Results from the popup menu).
Results Browser should display. Review end-to-end delay statistic:
Expand Global Statistics / ETE Delay.













































The statistic is disabled. This indicates that there are no results from simulation. Let’s view the other statistics to find out the possible cause of the problem.

Verify link utilizations:

From statistic tree view, expand Object Statistics / pksw1 / node_0 <-> hub [0] /
point-to-point / utilization -->.

Check  1502_lab_pktsw-baseline-DES-1.

Similarly, expand Object Statistics / pksw1 / node_0 <-> hub [0] / point-to-point /
utilization <--.

Check  1502_lab_pktsw-baseline-DES-1.


















Set the first presentation menu to Overlaid Statistics.













Click Show.






















We see link utilization in only one direction. Packets are going one way but not the other. There must be a problem with the hub node preventing packets from reaching the peripheral node.

Close statistics:

Close the Graph panel.

Click Delete when Close Analysis Panel dialog box displays. Close the Results Browser by clicking on [X.]

Run Simulation with ODB

Configure Discrete Event Simulation to use OPNET Debugger: Press keys Ctrl-R.
Set Simulation Kernel to Development.

Expand the tree view to Execution / OPNET Debugger.

Check  Use OPNET Simulation Debugger (ODB.)
Run simulation: Click Run.








Simulation will initialize and then wait at ODB prompt in the Graphical OPNET Simulation Debugger.






































Enable and View Animation to Investigate the Problem

Continue simulation to reach steady-state behavior:

In Simulation Execution in the Console tab, at the ODB> prompt, type tstop 200
and press Enter.

View packet animation for “hub” module: Switch to Model tab.
Expand Topology tree view to top / pktsw1 [1] / hub [6] and select hub [79].

Observe that the Model pane gets populated with the pksw_hub node model.





















































Click Clone button.
Animation for the pksw_hub node model opens up in a separate window.




















Check  Show Animations.






Click Continue.

Quickly click on Slower button to slow down animation so you can see the packet flow.























Observe the animation:

Watch the packets flowing out of receivers and going into the hub, which is the central packet-switching node. From our exploration of this model earlier in this lab we know that the hub receives the packet, reads the destination address, and then forwards the packet to the correct peripheral node. But note that that is not happening here. Note that the packets are going into the hub but are not coming out of the hub. So the problem seems to with our hub.  Let’s focus on this model.

Disable animation to quickly reach breakpoint: Uncheck  Show Animations.
Simulation should progress and stop at our breakpoint of 200 seconds; at this point
Console tab should become active. Examine packets in the network:
Go to the upper left window.

Expand the topology to top / pktsw1 [1] / hub [6]. Right-click on hub [79].
Select Show Packets Owned By This Module from the context-sensitive menu.





































Note that Packets tab gets populated with packets owned by hub[79].























Observe the numerous packets held by the pksw_hub model. This confirms our suspicion that the problem lies in this model— packets going in are not being sent out at all.


Inspect the Code and Find the Problem

View the hub model:
Switch to the animation window for pksw_hub. Double-click on hub module.


















































Observe that the animation pane gets populated with process model pksw_hub_proc.
Launch model editor from within the debugger: Click Edit.
The Process Editor opens.


























Examine model code:

Click the Function Block toolbar button or press key F7.












The first KP called is op_pk_get ().

What does that KP do? What are its arguments and how are they used?





The next KP called is op_pk_nfd_get_int32 ().

What does that KP do? What are its arguments and how are they used?





Analyzing the code, we realize that the hub is

1.   Receiving the packet

2.   Reading the destination address field for the packet

3.   But it is not sending out the packet at all

So this is our problem. We need a function call that will send the packet to its destination address.

Here is the solution:













What does op_pk_send () KP do? What are its arguments and how are they used?



_


So we have figured out the solution to our problem. But don’t fix it yet. We will be using this model in subsequent labs to study different approaches that can be used to detect and solve this problem.


Exit ODB

When you are done inspecting the code, exit out of ODB: Close the Process Editor; if prompted, choose not to save. Switch to Simulation Console.
Type quit at ODB> prompt, and press Enter.

Close the all Simulation dialog boxes once simulation ends. Close the project without saving.
Exit OPNET Modeler.


Conclusion

Using the graphical tools of the OPNET Simulation Debugger, we have learned how to debug a problem in a model. Statistics help validate the operation of a model. The lack of results or results that differ dramatically from expectations indicate possible problems with the model’s execution.  Watching the packet animation during simulation helped identify the culprit.

END OF LAB





























Optional Lab: Packet Tracing in OPNET Debugger


Overview

In this lab, we will continue exploration of different debugging tools in ODB. This time, use the packet tracing feature to find the packet leak problem in the packet switching model seen in the previous lab.  Tracing in ODB outputs detailed information for each task executed during simulation. Each packet operation (KP, transmission, reception, etc.) yields detailed output in the packet trace.


Objectives

•	Learn how to use packet tracing

•	Understand packet trace output


Instructions


Launch Simulation

Start OPNET Modeler, if you have not already done so. If the lab project is not already open, open it again:
Choose File / Open or press keys Ctrl-O. Click folder op_models on the left.
Select 1502_lab_pktsw.prj. Click Open.
Configure simulation:

Open Configure / Run DES dialog box by pressing keys Ctrl-R. Set the Simulation Kernel to Development.
Expand the tree view to Execution / OPNET Debugger. Check  Use OPNET Simulation Debugger (ODB.)
Run simulation: Click Run.

Debugging a Packet

The end-point node model uses the simple_source process model to generate packets that go to the central hub node. Let’s trace a packet from its inception from node_0.

Catch packet creation at node_0:

Highlight the Simulation Execution window.








In the network browser tree view, double-click on top [0] / pksw1 [1] / node_0 [2]. Under node_0 [2], right-click on src [11].
Select Break On Any Event For This Module.

Click on the bottom right pane’s tab ODB Breakpoints. Note the breakpoint for the node_0.src module.

Continue simulation: Click Continue.
In the Simulation Console window, see the breakpoint at node_0.src for the begin sim interrupt.  This is for the init state of the simple_source process model. Packet transmission occurs after the first interrupt.

Get to the next event for node_0.src: Click Continue.
See the breakpoint at node_0.src for the self interrupt. Let’s trace the operations during this event.

Enable module tracing:

At the ODB> prompt, type mtrace 11 and press Enter.
11 is the object ID for the node_0.src module as displayed in the network browser. Click Next.
Scroll up in the Simulation Console to review the various Kernel Procedures invoked during this event. Note the creation of packet ID 0 and its transmission to the output stream index 0 from the src module.

Viewing packets:

Bring the window Simulation Execution to the foreground. Click on the bottom left pane’s tab Packets.
Click  All Packets. The row entry for packet 0 lists the details for that packet. Right-click on the packet ID 0, the first column for packet 0.
Select Show Packet Contents.

In the bottom right pane, the Packet Contents tab is highlighted. Review the packet contents. Note that the packet field “dest_address” is not initialized.

Disable breakpoints:

Click on the tab ODB Breakpoints.

Click on the Y in the Enabled column for breakpoint # 0. This disables the breakpoint for module node_0.src.

Enable packet tracing:







Back in the Packets table, right-click on the packet ID 0, the first column for packet
0.

Select Trace This Packet.
Bring the Simulation Console window to the foreground. At the ODB> prompt, type status and press Enter.
There should be two traces enabled at this point. Disable module 11 tracing:
At the ODB> prompt, type deltrace 0 to disable tracing for the node_0.src module. We want to focus our attention on packet 0.

View the output of command status to verify that the packet trace is the only one left. Continue simulation and generate packet trace:
Click Continue.

Review the packet trace in the Simulation Console. This lists the all Kernel
Procedures invoked on packet 0.

What happens at the end of the packet
trace? 	

What is the last module to own the packet?



Where was the packet immediately before this module?

(Hint: examine the Source of the event.)

What is the last KP to access the packet?



What should be the last KP to ever access a packet in a forwarding hub?


Clean up:

Close all dialog boxes and exit OPNET Modeler.


Conclusion

We have examined the output of a packet trace for a packet leaving a node toward the problematic hub to identify the memory leak bug. The KP access trace helped identify the lack of transmission from the hub to the next hop. Additional traces such as “all trace” or module trace can aid debugging problems as well.

END OF LAB









Lab: Using the DES Log to Fix a Configuration Problem


Overview

This lab exercise introduces a configuration error into a scenario. We will investigate the resulting DES Log messages to look for clues as to what went wrong and use the information to perform a detailed investigation into the configuration problem.

This scenario does not have any custom code in it—all the underlying models are part of the OPNET Model Library. A simple client-server topology has been configured. The intended behavior is that application requests are sent from the client to the server, and the server sends responses. But there is something wrong with this model… it doesn’t produce any application results!

The following steps will guide you through the debugging process.


Instructions


Run the Simulation

Start OPNET Modeler, if you have not already done so. Open project:
Choose File / Open or press keys Ctrl-O. Click folder op_models on the left.
Select 1502_lab_des_log.prj. Click Open.
Run simulation:

Press keys Ctrl-Shift-R. View simulation messages:
Note that the DES Log contains entries.









Click the Close button to close the Simulation Progress window. View the results:
Choose DES / Results / View Results….
The Results Browser opens with the DES Graphs tab displayed.






Expand and select Global Statistics / Email / Traffic Received statistic in the bottom tree view.

Click Show in the lower right corner.
An analysis panel appears.  Note that there was no email traffic received.



























Close the analysis panel by clicking on the X button in the upper right corner.

When prompted, click on the Delete button to permanently delete this analysis panel. Close the Results Browser.

View the DES Log Messages

Open the DES Log to see if it helps explain the results. There are two ways to open the
DES Log.

4.   Choose DES / Open DES Log.

5.   Right-click on a blank area in the project workspace, and select Open DES Log.

The Log Browser opens.

Find the first message for the Configuration category in the DES Log in detail.












































At what simulation time did this entry occur?


At what event did this entry occur?


What are the values of its severity, class, and subclass?


Scroll to the right and click on the Message field of this entry to expand it. The Log
Entry window opens.

What changes do you think would fix this problem?



When you are done, close the Log Entry and Log Viewer
windows.


Fix the Misconfiguration

The applications are configured on the client, but not on the server.  Modify the server’s attributes so that it can respond to client requests:

Right-click on the server node.

Select Edit Attributes. The Edit Attributes window opens.

Click on the [+] symbol next to the Applications group to expand the applications- related attributes.






Click on the Value cell None of the attribute Application: Supported Services.

Select symbol All.
This server will now respond to client requests for all applications.

Click on the blue question mark icon to the left of Application: Supported Services
if you want to learn more about this attribute. Click OK to retain your changes.

Test the Fix

Run the simulation again.

Note that this time the DES Log has much fewer entries. As is often the case, fixing one warning had the effect of fixing subsequent warnings, too.

Open the DES Log to find out what the remaining messages are.
If desired, view the results using the same procedure as step 0 on page 129 above. Success! If this were a real project, you would now analyze the meaning of the results
collected.


Further Tips for Using the DES Log

Remember, the presence of a DES Log does not necessarily indicate a problem. You need to read it to find out if it contains errors, warnings, or simply messages. It may contain information about the state of objects in the network (such as routing tables) or remind you of any interesting events that will affect your simulation results (such as efficiency modes).


Exit the Software

Clean up:

Click on the Close button to close the Simulation Sequence window. Choose File / Exit to quit Modeler.
If prompted, click Save to save your changes.


Conclusion

The various logs in OPNET help quickly identify any problems during analysis. Make a habit to verify that the simulation executed without any unexpected warnings or errors. They may indicate the presence of bugs in the models.

END OF LAB











Extra Credit Lab: Debugging Issues




First scenario.



Open the project: C:\OP_Models\Extra_Credit\Bank_Net_Debug\Debug_Bank_net

Switch to the scenario: First_Error





We have modified Bank_Net to include two receivers.  Each receiver is supposed to receive equal amounts of traffic, which should consume approximately 80% of each link. Unfortunately, the model does not behave as we expect.  The simulation completes without errors.  However, the results do not look as we would expect.

































The ETE delay should not steadily grow.




































Link utilization should be equal.


Debug this problem.






Second Scenario



Switch to scenario: Second_Error.



Now we have added a router to route traffic between the two end sites.  The expected design is to have 25% of our traffic be routed to Buffalo, 70% be routed to Philadelphia, and 5% of the traffic will be dropped. There are actually two problems in this scenario. First, the simulation does not complete.  There is a simulation abort.  You must use the debugger to trace the root cause of this problem.



Secondly, there is an error in our logic which causes all the traffic to be routed to only one destination.



Once you have finished debugging these problems, the last step is to add a statistic which will show us exactly how many bits per second are being dropped at the router.
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