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1.0. Introduction and Objectives

Riverbed 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

This exercise focuses on the use of Riverbed Modeler Project Editor

The Project Editor will allow you to quickly create, simulate, and analyse the performance of a
computer network

By the end of this exercise, you should be able to:

e Build a network quickly
e Collect statistics about the network’s performance
e Analyse these statistics

In this exercise you will:

e Build a small network

e Choose statistics to collect
e Runasimulation

e Analyse the results
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Projects and Scenarios

When creating a new network model, you must first create a new project and scenario.

A project is a group of related scenarios that each explores a different aspect of the network

design. Projects can contain multiple scenarios.

Once you have created a new project, you can use the Start-up Wizard to set up a new scenario
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Creating a project:

e Open the Riverbed Modeler program by clicking on the respective icon.
e Goto File and select New.
e Select Project and click Ok

_] Riverbed Modeler Academic Edition 17.5 — O x
File Edit License Windows Help

New... Ctrl+N

Open... Ctrl+0

Delete Projects...

Delete Temporary Files...
Manage Model Files >

Recent Files
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e Give the project a meaningful name other than the default (projectl) and also a scenario
name other than the default (scenariol). Select Use Start-up Wizard when creating new
scenario, and then click OK.

[i Project: project] Scenario: unnamed [Subnet: top]

File Edit Wiew 5Scenarios Topeology Traffic Protocols DES  Windows Help
[I Enter Mame > E
Project name: | Ll

Scenario name: I‘-""l@ﬂ'ﬁﬂ"ﬂI1

[# Use Startup Wizard when creating new scenarios

oK Cancel

1) Choose Create empty scenario and click Next
1 startup Wizard: Initial Topology *

You can start with an empty network
and create your network using objects
from the object palette orimport directly 1= = =

from another data source. Import from App Transaction Xpert

< Back
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2) Select Office as Network Scale and select Use metric units.

I] Startup Wizard: Choose Network Scale

Indicate the type of network you will be MNetwork Scale
modeling. World

Enterprise
Campus

Logical

Choose from maps

=
[V Use metric units
<Back || MNedt> Qit |
3) Specify the units as follows and click Next:
1l startup Wizard: Specify Size X
Specify the units you wish to use (miles,  SiZ&:
kilometers, etc.) and the extent of your .
network. X span: I'H]D
Y span: I'H]D
Linits: Il'u'le'ters LI
cBack || Next> qut |

4) Scroll down to the bottom and select the technology wireless_lan_adv (or a network of your

choice) by clicking on the corresponding field in the Include? column, and click Next.

ﬂ Startup Wizard: Select Technologies X
Select the technologies you will use in Model Family Include? ;I
your networlc. LU _auv o

token_ring Mo

Transaction_Models Mo

utilities No

WLANs Mo

Voice_Signaling Mo

wireless_lan Mo

wireless_lan_adv es |

x25 Mo

xDSL_toolkit Mo

righee Mo -
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5) Click Finish

1l startup Wizard: Review x

Review the values you have chosen. |Scale: Office |
Use the ‘Back’ button to make changes.
|Size:1Dﬂmx1ﬂﬂm |

Mode! Famity ;I Maplnfo Maps (background first) ;I
wireless_lan_adv Mone selected

= I
<Back || Finish | @it |

The Object Palette is used to drag and drop objects into the workspace:

11| Object Palette Tree: Test-Test - O x

ﬂ Search by name: I

Drag model or subnet icon into workspace

EI"._: wircless_lan_adv Default !
B4 MNode Models

Application Corfig Fixed MNode Application Confic
Profile Corfig Fixed Node Profile Configuratii
receiver_group_config Fixed Mode Receiver Group C
Task Config Fixed Node Custom Applicatio
wlanZ_router_adv Fixed Mode IP Router
wlanZ_router_adv Mobile Node  IP Router
wian_eth_bridge_adv Fixed Mode Ethemet Bridge
wlan_ethemet_router_adv ~ Fixed Mode Wireless LAM anc
wlan_ethemet_router_adv Mobile Mode — Wireless LAN anc
wlan_ethemet_slip4_adv Fixed Mode Wireless LAM, Bt
wlan_ethemet_slipd_adv Mobile Node  Wireless LAN, Etk
wilan_fddiZ_tr2_router_adv  Fixed Mode Wireless LAM anc
wlan_fddi2_tr?_router_adv ~ Mobile Node  Wireless LAM anc

£

Logical Subnet

wlan_fr2_a_router_adwv Fixed Node Wireless LAN, Fre Q
wlan_fr2_a_router_adv Mobile Node  Wireless LAM, Fre
wlan_server_adv Fixed Node Wireless LAN Ser Satelite Subnet
wilan_server_adv Mobile Node  Wireless LAN Ser Q
wlan_station_adv Fixed Node Wireless LAM stat
wian_gtation_adv Mobile Node  Wireless LAM stat Mobile Subnet
-8 wian_whkstn_adv Fixed Mode Wireless LAM Wo
!_ wilan_whstn_adv Mobile Mode  Wireless LAN Wo Q
B+ Link Models il
LI | » Subnet

e :
Model Deta _| Create Custom Model...l Close | Help |
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Building the Network

(a) From Node Models under the item wireless_lan_adv in the the object palette, drag the
Application Config object into the workplace by pressing the left button of the mouse on and then
press out the left button and press the right button to drop that in the workplace.

(b) In the same way, drag and drop the Profile Config object.

(c) Add one wireless LAN fixed workstation which is labelled wlan_wkstn_adv as the Fixed Node
and one wireless LAN mobile workstation which is labelled wlan_wkstn_adv as the Mobile Node
into the workplace.

Your scenario should now look like this:
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Configuring Applications

(a) Use the Application Config and Profile Config nodes from the object palette.
(b) Configure the Video Conferencing application like as follows using the application configuration:

e C(lick the right button over the Application Config object, and then click on Advanced Edit Attributes
to open a window with different attributes and corresponding values.

e Click on the Application Definition attribute. Add a row and name as vdo_app. Set the Video
Conferencing item to High Resolution Video.

Ll (application Config) Attributes - O bt

Type: |utilty
| Attribute Value ﬂ
@ b label color black
# = Application Definitions (..
& L Number of Rows 1
= vwdo_app

Mame vdo_app

[ S Descripton (W
i Custom
- Database
- Email
- Fip
b Hitp
L. Print
Peerto-peer File Sharing
- Remote Login
Video Conferencing High Resolution Video
g--‘uﬁdeo Streaming Off j

e

EEee0eEee
IRI22222

X

ended Attrs. | Model Details | Object Documentation |

@ | Filter

Match: Look in:
(" Exact [v Mames

& Substing 7 Val [v Adyvanced

v Substring [V Values )

(" BegEx  |v Possible values [ Apply to selected objects
v Tags oK Cancl
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Using the Profile Config node we can now deploy the application.

e Under Profile Configurations in the applications list add a row and select the name vdo app

from the drop-down menu.

e Select Start Time of the simulation as constant (0) and keep the other items as default.

Ll (Profile Config) Attributes - ] X
Type: I Litilties
|N‘trib|.rte Value ;I
3 - creation source Object Palette
(% - creation timestamp 17:39:34 Mar 05 2016
% - creation data
% label color black
% = Profile Configuration (..
® - Number of Rows 1
1= vdo_app
3] i Profile Name vdo_app
@ = Applications (.)
] i~ Number of Rows 1
1= vdo_app
] i Name vdo_app
6] - Start Time Offset (seconds) =
6] - Duration {seconds) End of Profile
) Repeatability Unlimited
] i Operation Mode Serial (Ordered) ;I
Exenied Pd‘trs.l Model Details | Object roumentationl
@ | Fiter
gatch: IL_ook in:
Exact v Names v Ad ed
' Substring [V Values ¥ garu:
{~ RegBx [ Possible values [ Aoply to selected objects
¥ Tags oK Cancel |
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The next step is to configure some basic attributes of the two workstation nodes.

(@) Click onto the fixed station with the right mouse button and select Advanced Edit Attributes.
(b) Set the following values.

= name: source
= X position: 13
= yposition: 10

ﬂ {node_2) Attributes - O >

Type: Iwurkstatiun

|Fd'tribute |‘u’alue ;I
@I source
® - model wian_whstn_adv
% x position 13
# -y postion 10

(c) Click onto the mobile station with the right mouse button and set the attributes as follows.

= name: destination
= X position: 10
=y position: 10

l] (destination) Attributes — O >

Type: Iwurkstation

|Pd'tribute |"u"alue ﬂ
% -name
& -model wlan_wlstn_adv
% xposition 0
& -y postion 0
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Next, we need to configure the workstation nodes and deploy the profile that we configured earlier.

(a) Go to the attributes of the source node. Set Application: Destination Preference and
Supported Profiles as follows.

ﬂ (source) Attributes — O >

Type: Iwnrkstatiun

|.Pd'tribute |‘u’alue ;I
1= ADPICETIONS
{:?} = Application: Destination Preferences (.}
) Number of Rows 1
= vdo_app
@ Application vdo_app
) - Symbalic Name None
) = Actual Name (]
) . Number of Rows 1
= Office Metwork destination
) - Name Office Network destination
el :. Selection Weight 10
{:?} Application: Multicasting Specification  MNone
{:?} Application: RSYP Parameters Mone
{:?} Application: Segment Size 64,000
{:?} Application: Source Preferences Mone
{:?} = Application: Supported Profiles (.}
) - Number of Rows 1
=l vdo_app
] - Profile Name vloapp |
& - Traffic Type All Discrete
{:?} Application Delay Tracking Digabled e
e . Brnlicztinn: Sonnatad Candicac (Y
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Set the following wireless LAN parameters like in the figure below:

e Physical Characteristics,
o Data rate (bps)
o Transmit power (W)

o Packet Reception-Power Threshold (dBm)

¥l S Wireless LAN Parameters (@

] b ESS |dertifier Auto Assigned
)] Access Point Functionality Disabled

C?} Physical Characteristics Direct Sequence
C_‘?} . Data Rate (bps) 11 Mbps

:?} . Channel Settings Auto Assigned
)] i Transmit Power (W) 0.001

] Packet Reception-Power Threshold... 67

) Rts Threshold {ytes) MNone

] Fragmentation Threshald (bytes) Mone

e . CTS+40-self Option Enabled

2 - Short Retry Limit 7

f?} Long Retry Limit 4

:_‘?} AP Beacon Irterval (secs) 0.02

C?} Mz Receive Lifetime (secs) 05

& Buffer Size (bits) 256000

C_‘?} Roaming Capability Dizabled

] . Large Packet Processing Drop

)] . PCF Parameters Disabled

C?} [# HCF Parameters Mot Supported
:?} High Throughput Parameters Default 802.11n Settings
% i attitude 0.0
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(b) Go to the attributes of the node destination. Set Application: Supported Services as
follows:

= Click Edit

Il (destination) Attributes — O x
Type: Iworkstation
|J"'d1ribute Value ;I
[# |P Multicasting
= Applications
@ 1# Application: Destination Preferences Mone
& @ Application: Mutticasting Specfication  MNone
% ™ Application: RSVP Parameters None
& i Application: Segment Size 64,000
& @ Application: Source Preferences Mone
@ # Application: Supported Profiles Mone
@ ©Application: Supported Services ey |
@ # Application: Transaction Model TierC... ()
%) @ Application: Transport Protocol Specifi... ET”E’
# H323
= CPU
& - Client Address Auto Assigned
VPN
® DHCP ;I
Extended Atrs. | Model Details | Object Documertation |
@ | Fiter
?Latdt IL_ook in:
Exact v Names v Advanced
{* Substring [ Values - )
(" RegEx [ Possible values I™" Aoply to selected objects
I Tags oK | Caned |
The following window will appear:
ﬂ (Application: Supported Services) Table *

IName | Description ;I

vdo_app vdo_app Supported

]
[[17]
ol
@
l n]
E
o
%l
(%]
=y
[=]

=

=1

=

o
o
@
(2]

]
e
5
3

0

@
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= Add arow and under name, select vdo_app and set Description to Supported.

Configure the same Wireless LAN parameters as you previously configured for the source

workstation.

Choosing Statistics

Now that the nodes have been configured, we need to choose the statistics we want to gather

from the simulation.

(@) In the menu bar, go to DES > Choose Individual Statistics
(b) Click Node Statistics, then Wireless LAN. Check Delay (sec) and Throughput (bits/sec)
as shown below.

ﬂ Choose Results

-

RIITTI I I IR

4

E ~ WLAN (Per HCF Access Category)
WLAN HT
|:| Lirk Statistics

Server Jobs

Server Video Streaming

SIP UAC

TCFP

TCP Connection
TORA_IMEFR

Transaction Anahlyzer Model
Transaction Whiteboard Model
UopP

Video Called Party

Video Calling Party

Video Conferencing

Voice Application

Voice Called Party

Voice Calling Party

(%] Wireless Lan

AP Connectivity
Control Traffic Rovd (bits/sec)
Control Traffic Sent (bits.sec)
Data Dropped (Buffer Overflow) |
Data Dropped (Retry Threshold E
Data Traffic Rcvd bits/zec)
Data Traffic Sent (bits/sec)
Delay (sec)

Load |bits/sec)

Management Traffic Dropped (hit
Management Traffic Rovd bits/s
Management Traffic Sent (bits/se
Media Access Delay (sec)
Queue Size [packets)
Retransmission Attempts

[packet:
[Throughout bits/zec] |

=

ol

Statistic irformation
Description:

Total data traffic in bits/sec =
successfully received and forwarded to
the higher layer by the WLAN MAC.
This statistic does nat include the data
frames that are

1) unicast frames addressed to
another MAC, 2) duplicates of
previously received frames, and 3)
incomplete, meaning that not all the
fragments of the frame were received
within a certain time. so that the

F

|
Modify...
Modify..

Diraw style: linear

Collection mode: Bucket
Total of <default> values
sum/time
Data collection
[v Generate vector data
Mo animation for all nodes

Mo live stats for &l nodes

| Generate scalar data

Using |last value
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Running the Simulation

(a) Go to DES in the menu bar and click on Configure/Run Discrete Event Simulation.
(b) Set the Duration to 30 minutes

(c) Click Run

ﬂ Configure/Run DES: Test-Test

Duration: |3I}|
Values per statistic: | 100

Global attributes | Reports |

| minute(s)

=

Attribute Value
[# Applications
DHCFP
H3Z3
IP
IP Multicasting
MAMNET
MPLS
Mokile 1P
[# Simulation Efficiency
[ TCP
[ Traffic
[ WLAN
4
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The simulation will then start. It will take a few minutes to complete. Once it has finished you
will see the prompt below; click OK.

ﬂ Mote oo

ff you don't want the "Next Steps” tab to become the visible tab when the simulation is finished, '
you can set the preference des show_nesd_steps to FALSE.

[ Don't show this message again.

You will then see the screen below; click on Results Browser.

Simulation progress

Simulated Time: 30m 00s Events: 24 434 555 DES Log: 3 entries
Speed: Average: 203250 events/sec. Cument: - events/sec.

Progress Info| Mext Steps

Ef‘-% Results Bromser: Look at statistics, output tables, and parametric data

IE Reload Analysis Panels: Reload all analysis panels with the latest results

Fmd Top Results: Find and graph the Top M results for a given statistic

% DES Log Open the simulation log to see important simulstion status messages

Expand Object Statistics and check the boxes next to Delay and Throughput for both the source
and the destination nodes, as shown below.

@ Cffice Network
=-@ destination
© = Wirgless Lan
A Delay (zec)

L B Throughput (bite/zec)
=-@ source

=l Wirgless Lan
A Delay (zec)
- Throughput (bite/zec)
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The results browser should now look like it does below:

DES Graphs |DES Parametric Studies | DES Run {1) Tables | Flow Analysis Graphs |

Results for: |Current Scenario ﬂ Preview

E|- Test J B Ohject: destinstion of Office Metwiork
F{A] Test

‘Wireless Lan.Delay (sec)

0.0454
0.044 4
00454
0.042 4
0.041
0.040+
0.039

B Chject: destinstion of Office MNetwiork

Wireless Lan. Throughput (hitsisec)

4,000,000

B A Sy S
J 3,000,000

j 2,000,000

Show results: | Found in any selected files

Amangement | Defautt j Edit... 1,000,000

e

B Chject: source of Office Metwork

Wireless Lan.Delay (3ec)

Delay (sec) 0.044 4
Throughput (bits/sec

ghput { ) -
0.042

Throughput (bits/sec) 0.0414

0.040

0.0384

B Object source of Office Metwork

Wireless Lan. Throughput (bits/sec)

4 000,000

3,000,000
2,000,000

1,000,000+

D m
T T T
Omin 1 0min 20min 30min

Presentation
| Stacked Statistics |

|As s ﬂ | Value

<] AI_‘
[ Ignore Views Unselect Al Add | Show |

To view average values for delay and throughput, select this option from the drop down menu
which is set to As Is by default.
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Click the Show button and you will get the following window:

Il Test-Test-DES-1: - O X

B Ohject: destination of Office Metwork

Wireless Lan.Delay [(sec)

0.045 4
— APV A AN N A N
0.035
B Ohject: destination of Office MNetwork
Wireless Lan. Throughput (hitsizec)
4,000,000 4

2,000,000 J
|:| -

B Ohject: zource of Office Metwork

Wireless Lan Delay (sec)

0.045
amnd VAR AN A
0.035
B Ohject: zource of Office Metwork
Wireless Lan. Throughput (hitsizec)
4,000,000 4
2,000,000+
04 T T T
dmin 10min 20min 30rmin

Keep the mouse pointer over the window but outside the area into which the graph is plotted and
click the right button of the mouse. Choose Show Statistic Data in the list and the following
window will appear.
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Il statistic Informatien — O ot

General Statistic Info j
_______________________________________________ ﬂ
Zone HE
=tatistic ! '"Test-Test-DES5-1: Office MNetwork.destination.l
length : 101
nunber of wvalues : 101
horizontal, min HE

bivt=1-4 : 1800
vertical, min : 0.04032402706%9¢6

max : 0.0436335094302
initial walue ! undefined
final walue 0.0422859755513
expected wvalue 0.0419718903519
sample mean 0.0419718903519
variance ! 4. 66636T7420T4E-007
standard dewviation : 0.000683108148154
#% ponfidence interwvals wvalid if entries are independent =samnples
80% conf interwval: [ 0.0418815923713, 0.0420621883324 1
90% conf interwval: [ 0.0418559882155, 0.0420877924882 1
jj% conf interval: [ 0,0418337947894, 0.0421099865143 1_J:J
4 [

Write down the sample mean and the standard deviation for the delay and the throughput. You
can copy and paste the numeric values from the window by marking them with the left mouse
button and pasting them into a text editor by pressing the middle mouse button.
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