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Introduction

o Global Mobile Information System Simulator (GloMoSim) -
a network simulator

e Project: 1997 — 2000

o Sponsorship: Defense Advanced Research Projects Agency (DARPA)
o Developer: University of California, Los Angeles (UCLA)

o Language: PARSEC (a C-based parallel simulation language)

o Project status: closed

o DARPA's requirements:
e High speed
e High scalability
e Modeling and simulation of wireless and heterogeneous networks

@ Software:

o Open source
o Freeware
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Introduction (cont'd)

@ QualNet - the commercial spin-off of the GloMoSim simulator

o Company: Scalable Network Technologies, Inc. (SCALABLE)
Founded: 1999
Founder: Dr. Rajive Bragodia (Parallel Computing Laboratory, UCLA)
https://www.scalable-networks.com/

@ Application fields:
o Research and development (R&D)
e Planning and optimization
o Education and training

o Software:

e Open source
o Commercial

| .
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Introduction (cont'd)

@ Customers:

@ Service providers

o AT&T, France Telecom, NTT DoCoMo, ...
@ Enterprises

o Microsoft, Panasonic, TOSHIBA, TOYOTA, ...
© Network equipment manufacturers

o Lucent Technologies, ...
@ Defense and homeland security

o NASA, US Air Force, US Army, US Navy, ...
@ Universities

o SCALABLE EDU Program
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Introduction (cont'd)

e Official site:
e https://www.scalable-networks.com/

@ Recent version:
o qualnet-9.2, 2020

@ Operating systems:
e Windows
e Linux
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Introduction (cont'd)

@ QualNet key capabilities:
e High scalability enables more sophisticated design and analysis
o Faster-than-real-time simulation optimizes productivity
o High-fidelity models deliver more accurate results
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Introduction (cont'd)

e Graphical User Interface (GUI)

o Easy-to-use

Sophisticated analysis
o Integrated GUI-based debugging and analysis

High-fidelity modeling
e Various equipment and protocols, terrain and weather effects

Scalable simulation

e 32-bit and 64-bit fully parallel simulation kernel
o Grid computing support for distributed simulation

Integrating live network and application behavior

e Commands that control various elements during scenario execution
e Protocols and mechanisms that enable interaction with other systems
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Introduction (cont'd)

@ Built for speed:

o Takes full advantage of the multi-threading capabilities of multi-core,
multi-processor, cluster and 64-bit processor systems
e Supports simulation with 1000s of network nodes

@ Example:

o ’A cluster of 16 dual 2GHz Opteron systems connected by
an Infiniband switch achieved real-time speed for 3,500
nodes’
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9 Installation of QualNet 4.5.1
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Installation of QualNet 4.5.1

@ System requirements:
e Sun Java 2 SDK, Standard Edition (1.4.2 or higher)
o C++ compiler (VC7 or higher)
e Setting environment variables

o Installation order:
@ Sun Java SDK

@ QualNet
© License

o Free 30-day trial

e qualnet-4 5 1-eval-YYYY.MM.DD.lic
e 'YYYY.MM.DD' = delivery date
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Installation of QualNet 4.5.1 (cont'd)

o Install J2SE Development Kit 5.0 Update 22
o jdk-1 5 0 22-windows-i586-p.exe

EE

My Computer

v

Recyde Bin

Versions.0

JAVA"2 Platform
Standard Edition

InstallShield Wizard
J25E Development Kit 5.0 Update 22 Setup is preparing the

InstallS held Wizzrd, which wil guide you thiough the progiam
¥ setup process. Please wat

Checking Operating System Version
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Installation of QualNet 4.5.1 (cont'd

o Install QualNet 4.5.1

e qualnet-4 5 1-evaluation-installer.exe

18 QuallNet 4.5 Developer Evaluation Setup.

Recyde Bin ’ N Li A
aua et Please review the license terms before instaling Qualliet 4.5

Developer Evaluation.

Press Page Down to see the rest of the agresment,

[SCALABLE NETWORK TECHNOLOGIES, INC.
SOFTWARE LICENSE AGREEMENT

Licensor is the owner of {) certain software known as "Qualliet” and more specificaly
identified in Terms and Conditions attached to this License Agresment as Appendix B,

and (i) the other documentation related to such software, al a5 described hersin
(callectively, the "Licensed Products”), Licensee desies to obtain a non-exclusive,
Inetransfershle lirence. 1155 H | irensed Praciict i the manner tat forth herei, v
If you accept the terms of the agreement, select the first option belaw, You must accept the
agreement to install QualNet 4.5 Developer Evaluation. Click Next to continue.

(@1 accept the terms in the License Agreement
O donot accept the terms in the License Agreement

74 start 15} Qualliet 4.5 Develop...
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Installation of QualNet 4.5.1 (cont'd)

e Copy license file
e qualnet-4 5 1-eval-YYYY.MM.DD.lic

E]E

My Computer

v

Installation Complete
Setup was completed successfully,

Completed
I

&

[ &l Qualiiet 4.5 D i X
IS 16! QualNet 4.5 Developer Evaluation Setup  [X]
qualnet-4.5....

1) Please copy license fie to c:\quainet|3. 5jicense_dir

75 start 1 Quallet 4.5 Develop...

Roman Dunaytsev (SUT) Network Modeling & Simulation Lecture Ne 9 15 / 98



Installation of QualNet 4.5.1 (cont'd)

@ Donel

| Dowaver-worigiace . [-Bx|

Ele Edt Vien Experinert Tools Window Hefp

| B Welcome to QualNet

Welcome to Quallet 4.5.1

(@ Filesystems
2 Claualn:
2 Claualn:
B3 Claualn
D Claualn

Tip of the Day.

a @ Next Tip
The Scenario Inspector shows the hierarchy of nodes. It may be used
10 edit the hierarchy, node/device and interface configurations ina

L2 [p categorical manner

(@ Fiesystems

Show Welcome Screen on Startup
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Installation of QualNet 4.5.1 (cont'd)

@ Installed modules and features enabled

=

Ele Edt Vien Experinert Tools Window Hefp

QualNet 4.5 Developer GUI

PO 1 55 - jar; C:NProgran Filessdavanjdki.5-@_22N1ibNdt. jar;CiNProgran FilessJavaly|
a1 .5 .8_22~1ib\tools . jar

Existing modules
Analyzer [com.snt.analyzers1 1.7.31
Editor [org.netheans.modules.editors1 1.8.3 2008821812361
IDE Core [org.netheans.core/i 1.
Packet Tracer [com.snt.tracers1 1.7.31
cenario [com.snt.scenariosl 1.7.31
Features enahle
advanced_wireless
cellular
developer
interfacetutorial

multinedia_enterp:
netuork_security

ash
satellite
sensor_netuorks
stk
unts
urhan
wireless
(D Fiesystems # Channel Layer Anirnation
+ Radio Layer Animation
s v
izl |7 @ MAC Layer Animation

# Network Layer Animation

how Welcame Screen on Startup
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© Simulation workflow
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Simulation Workflow

@ QualNet simulation workflow :

@ Create a baseline scenario

Define the network topology
Create traffic

Choose statistics to be collected
Run the simulation

View the results

@ Duplicate the scenario

o Make changes
@ Re-run the simulation
e Compare the obtained results

© Repeat Ne2 if needed
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Simulation Workflow (cont'd)

@ QualNet 4.5 Developer GUI
e Scenario Designer — model setup tool
e Animator — visualization and analysis tool
e Analyzer — statistical graphing tool
o Packet Tracer — packet-level visualization tool

B

rivent Tools Window  Help

als|® x[ulo[ud]e]| Goven s ~ | [E]@[>[0]m[alh| = =

Designer

=)
@ Cilquainetid Siguidevices

QualNlNet

« »
@ Filesystems.

Bl v-| @ @

74 start [ Quaet 4.5Develop... | Y Quallet - Workplace: &) n1aam

Roman Dunaytsev (SUT) Network Modeling & Simulation Lecture Ne 9 20 / 98



Outline

@ Example 1
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Example 1

@ Create a new scenario

ualNet - Workplace

it Vien Experjnent  Tool W Help

B2 e | Dovew [oscen ~  [B]E b 0 B o (6

7 Mounk Directory...

Open File Ctrl+0

Fanka

B page setup...

Exit

Qualhiet

] »

(@ Fiesystems

Tz 8

ualNet 4.5 Develop.
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Example 1 (cont'd)

@ Create a new scenario

Ele Edb Vien Experinert Tools

[0l B New Wizard

Scenario Designer|

Steps

Window  Help

Choose Template

1. Choose Template
[ Fiesystens)] =
F-2 gl
F-2 gl
Ea Clausl
D Claual

«
(@ Fiesystems

Select a Template:

f3 Templates
S Scenario

Tempiate Description:

Using this template, you can design a new Scenario

Hoxt > cancel | |

Help
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Example 1 (cont'd)

@ Create a new scenario

Tools

Ele

Edic Window  Help

View  Experjnent

BN New Wizard - Scenario.scn

seenario Desinerfl  greps Target Location

1. Chooss Templats Name:  [EBEFUE REmER

T Fleystens]| 2 Taraet Location
o clgl Pleage select a package for the newly ereated obiect or enter the package ne
2 Clgul (3 Filesystems

Ea Clausl

D Claual Cilquahetid S\scenarios

Cilqusineti4 5
Cilquabeti S\gui|devices

bDoow

«
(@ Fiesystems

— A\
b Package:  [<dsfault packags - [Cilaualneti+ Siscenariosiuser]
,_.\\\ L

Directory: [riqualnetid Slscenarios|oser -

= mnsh || conee || pem

___

ualNet 4.5 Develo QualNet - Workplace
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Example 1 (cont'd)

@ Save as 'Example’

ualNet - Worl
Edic

Flle

View Experiment Tools Window Help

[ 3| B3 New Wizard - Scenario.scn

Scenario Designerf|  steps Target Location

1. €hoose Template Name:  Fxampid] q/

2. Target Location

(D FleSystens]
Pleage select a package for the newly created object or enter the package ne

@ Clgudl

@ Claual (3 FieSystems

2 Claual =]

2 Claual walnettd Slscenarios

Cilqualneti4 5
Criquainetia Slgulldevices

‘«
(D FileSystems

Package:  [<deFault package > [C:|qualnet|s. Siscenariosiuser]

Directary: [Cianainetid Slscenarios\ser -

‘ <Back ‘ Finish H Cancel H Help

Network Mode
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Example 1 (cont'd)

@ Scenario 'Example’

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

% nleuloe| Doven s ~ | [g]

Devices | Applications | Links | Network Companents | Other Components | Tool Set

[Emty :\ersrd:y o) i peFaUT &) swrrcH
4> Connectians
& am ) GROUND-STATION

Seenario Designer

3 umTsUE * UMTSodeR.

1 uuTsRNC M umTs-sEsH

| Unrsesn O] orsiie

ToN | 0N

2 GSMMOBILE SWITCHING-CENTER

[ - [ae7 nagE24.

|

=

R

(3 Filesystems Example

Xllg| %

07 058827

T 1

ER

Example

74 start B Qualiet 4.50evelop... I QualNet - Workplace &) z07AM
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Example 1 (cont'd)

@ QualNet 4.5.1 workspace

Menu Bar
Zoom Control Runtime Control

Fle Edt Vien Experiment Took Wi

ualNet Tools 7 a
3L m% w L wew [FiToScreen @ -

Seenario Designer

Pallets

[ Devices | Applications | Links | Metwork Components | Other Cwmuonenlsl Togl ',=I:|Nélw k.
= [ swmen \
| E—

Canvas )

[E22 807018

Inspector

(3 Filesystems Tnspector

Scenario

74 start B Qualiet 4.50evelop... I QualNet - Workplace &) us528M
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Example 1 (cont'd

@ Save output as 'Example.date time.stat’

I3 QualNet - Workplace.

Fle Edt Vien Experinert Took Window Hep

w2 ¢ | Covaw Jroseen ~ | i[@]@] b [ n[m]all

E-{&  ConfigSettings Devices | Applications | Links | Network Components | Other Compenents | Toal Set:| Network
o Gl i oerauir & swron

Paralls| Settings & am M GROUNG-STATION
PILETS * UMTSNodek

Node Positioning
Wireless Settings
ATV Layerz ] UmTs.GaSN £ umTsHR
Adaptation Protocols Fl 1 10N
ARP Speciic
Network Protacols
Traffic and Stotus
Statistics

Node Specific

1 UMTSRNC # UMTS-565H

‘

(3@ Fiesystems ([2] Inspectog))

Blie[ie] -] @ @

Version 45 B

307 D56E2%.

Experiment Nan| Qualnet

Experiment Con| nane

T 1

Simulation Time || 305 Ee

Seed 1
Configuratle Property Example

74 start IS Qualtiet 4.5 Develop. I Quallet - Workplace &) 1AM
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Example 1 (cont'd

@ Save output as 'Example.date time.stat’

I3 QualNet - Workplace.

Fle Edt Vien Experinert Took Window Hep

w2 ¢ | Covaw Jroseen ~ | i[@]@] b [ n[m]all

E-{&  ConfigSettings Devices | Applications | Links | Network Components | Other Compenents | Toal Set:| Network
o Gl i oerauir & swron

Paralls| Settings & am M GROUNG-STATION
PILETS * UMTSNodek

Node Positioning
Wireless Settings
ATM LayerZ
Adaptation Protocols Fl 1 10N
ARP Speciic
Network Protacols
Traffic and Stotus
Statistics

Node Specific

1 UMTSRNC # UMTS-565H

J s asan [ Toree

‘«
(D Filesystems Tnspector

=

Seed 1
Configuratle Property Example

307 D56E2%.
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Example 1 (cont'd

@ Save output as 'Example.date time.stat’

I3 QualNet - Workplace.

Fle Edt Vien Experinert Took Window Hep

Glal@la]| % w6 w2 | Torvew [Foseen ~| [E]@ b al

Scenario Designer

E-Z Configettings Devices | Applications | Links | Network Components | Other Componerts | Tool Seti[Network
&g G e e
Paralil Settings 8 am ¥ GROUND-STATION
PILETS * UMTSNodek
1 UMTSRNC # UMTS-565H

Node Positioning
Wireless Settings
ATV Layerz ] UmTs.GaSN £ umTsHR
Adaptation Protocols Fl 1 10N
ARP Speciic
Network Protacols
Traffic and Stotus
Statistics

Node Specific

‘«
(D Filesystems Tnspector

Experiment Con| nane

307 D56E2%.

]

Simulation Time || 305 e

Seed 1
Configuratle Property Example

74 start IS Qualtiet 4.5 Develop. I Quallet - Workplace &) z238M
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Example 1 (cont'd)

@ Define the topology of a wireless network

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

%mome e | Covew e ~ | [g]

Seenario Designer

1 [Example]

B Herarchy (0)

[ Devices | Applications | Links | Netwark Components | Other Compenents | Tool Set:| Network: - -
- MNod
T B oerar [§ awmon \

host2 | ¥ areunp-sTaTION -
host3.

host+
hosts
lade Canfiguration
b Weather List
Fsl4—» Connections
=& ConfigSettings
=-F General

.S Darallel cartinae T

‘«
(3 Filesystems Tnspector

Example

74 start B3 Qualet 4.5 Develop... N Qualliet - Workplace:
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Example 1 (cont'd)

@ Define the topology of a wireless network

B3 QualNet - Workplace.

Fle Edt Vien Experinert Took Window Hep

%mlonld e | e s ~ | [S[E] b [0 [m]alpy, | w—

Seenario Designer

[l Hierarchy (0) Devices | Applications L\nVéINetwkanmpnnents Other Components | Tool Sel
2

=X Nodes.
= CoNSTRAINED HIERARCHY | Iy HIERARCHY [ |

host2 - Ulireless Network |-‘ Sarslle
host3
host+
hosts
- Wireless Subnet
<E  Node Canfiguration
4-b Weather List
Esi4—» Connections
=& Configsettings
=-E General
U5 canersl
‘« »
(3 Filesystems Tnspector

Xllg| %

Example

74 start B Qualiet 4.50evelop... I QualNet - Workplace &) z318M
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Example 1 (cont'd)

@ Define the topology of a wireless network

B3 QualNet - Workplace.

Fle Edt Vien Experinert Took Window Hep

%mome e | Covew e ~ | [g]

Seenario Designer

b Il |m

i, Herarchy (0)
=-58  Nodes
host1
host?
host3
host+
hosts
- Wireless Subnet
<E  Node Canfiguration
4-b Weather List
Esi4—» Connections
=& Configsettings
=-E General
U5 canersl
‘« »
(3 Filesystems Tnspector

Xllg| %

Example

74 start B Qualiet 4.50evelop... I QualNet - Workplace

&) 231AM
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Example 1 (cont'd)

@ Define the topology of a wireless network

B3 QualNet - Workplace.

Fle Edt Vien Experinert Took Window Hep

%mome e | Covew e ~ | [g]

Seenario Designer

b Il |m

i, Herarchy (0)
=-58  Nodes
host1
host?
host3
host+
hosts
- Wireless Subnet
<E  Node Canfiguration
4-b Weather List
Esi4—» Connections
=& Configsettings
=-E General
U5 canersl
‘« »
(3 Filesystems Tnspector

Xllg| %

Example

+4 start 3 Qualnet 4.50evelop... Y Qualiiet - Workplace:

&) 232AM
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Example 1 (cont'd

o Create traffic

N qualNet - Workplace.

Ele Edb Vien Experinert Tools

Scenario Designer

host4
hostS.
Wireless Subnst
<& Node Configuration
A-b WWeather List
=-4—»  Connections
"5 wireless subnet ik
s wireless subnet ik
s, wireless subret nk
5, wireless subret Ink
"% wircless subret Ink
FTR/GENERIC 1 -> Z w
< »

(@ FileSystems ] Inspector

Window  Help

85 ¢ | Lovven frosom - | (5

B a

Dewceslﬂpph(atwons Links | hetwork Companents | Other Comporents | Tool Sel

e 55 o [5p reuer I

|45 vor

SF FTRIGENERIC |#§ oorup

Tz 8

-4 start

oman Dunaytsev (SUT

Example

3 Quallet 4.5 Develop.

QualNiet - Workplace &) 2398

Network Model & Simulation Lecture

9

35 / 08



Example 1 (cont'd

@ Save the scenario

N qualNet - Workplace.

Ele Edt Vien Experinert Tools Window Hefp

W2 e [xrvew [Frosoen ~ | (8] alall

Save finished,

Dewceslﬂpph(atwons Links | hetwork Companents | Other Comporents | Tool Sel

host4 (58 o 58 Temer |
hostS |48 wooke |45 vor
Wireless Subnst
<& Node Configuration
A-b WWeather List
=-4—»  Connections
"5 wireless subnet ik
s wireless subnet ik
s, wireless subret nk
3

wireless subnet Ink.

'S, wireless subnet Ink
FTR/GEMERIC ] -> Z w

‘< »

(@ FileSystems ] Inspector

Tz 8

Example

14 start 3 Quallet 4.5 Develop. Qualilet - Workplace

& Simulation Lecture
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Example 1 (cont'd

@ Run the simulation

N qualNet - Workplace.
Ele Edt View Experinent Tools Sindow Help

803 ¢ | Dovwes [ivosomn - | (@[BIDM 8 |l

Scenario Designer Save finished,

Dewceslﬂpph(atwons Links | hetwork Companents | Other Comporents | Tool Sel

host4 (58 o 58 Temer |

hostS |48 wooke |45 vor

Wireless Subnst
<& Node Configuration
A-b WWeather List

=-4—»  Connections
"5 wireless subnet ik
s wireless subnet ik
s, wireless subret nk
3

wireless subnet Ink.

'S, wireless subnet Ink
FTR/GEMERIC ] -> Z w

‘< »

(@ FileSystems ] Inspector

Tz 8

Example

14 start 3 Quallet 4.5 Develop. Qualilet - Workplace
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Example 1 (cont'd)

@ View the network animation

-4 start

man Dunaytsev (SU

X b6 W

Ele Edt Vien Experinert Tools Window Hefp

P a

2 e

Fit To Screen

[E]m [ [ alh | -

m

5]

%3 Cutput

Curr:
Curr,

3 Quallet 4.5 Develop.

ent Sim Time[s] =
ent Sim Time[s] =

QualNet - Workplace

Network Mode

“

0.469980903 Real Time[s] =
0.657044562 Real Time[s] =

& Simulation

Simulation Time

Real Time

Speed

C

Progress
Animation Fikers

Layers Animation Commands

P4 Node Mobility Animation -

5 Mode Link Animatian

P

@ proadcast Packet Animation

108 Completed 1% -
108 Completed 2%

®) 28AM
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Example 1 (cont'd)

@ View the results

Ele Edt Vien Experinert Tools Window Hefp

@ e X m o w2 e | [rvew [Ftoscen ~ @ »

(3 Fiesystems

-3 Cilaualneti4.Stscanariosiuser

-2 Example
[ oeFauLT.png

% Example. antenna-models

Physical MAC | File Effects

Protocol N
802.11 Sighals transmitted

Example. app
Example.bgp
Example btraffic
Example. config
Example faulk
Example.gsm
Example.mermber
{®] Example.nodes
Example.rautes-default
=, Example routes-static
Example. neather

&C]
iy
i)}

B

)

L Example.slot

B  Example.scn
README.bxt

#-3  Clguainet|d.Slscenatios

-3  Clguanet|d.s

-3 C\guanet|d.Siguildevices

1 2 3 4 5
HotelD

14 start | B} QualNet 4.5 Develop. QualNet - Workplace &) 2538
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Example 1 (cont'd

o Available TCP statistics

alNet - Workplace

Ele Edt Vien Experinert Tools Window Hefp

@8 XBAEoe | [ove [Mose ~ (8@ )

1 [Example.

(3 Fiesystems
-3 Cilaualneti4.Stscanariosiuser
- Example

Physical MAC Hetwork Transpert Application -

[uDF [Protacal ame & Metric
|TiGR | TP Packets Sent to Network Layer

DEFP\U‘LT‘D"\G " TCP_ Data Packets Sent
EXEWD‘E‘EHLEHNE'WU s TCP Data Packets in Sequence
Example.ap TEP_ Data Packets Retransmited
Example bgp

TCP_Data Packets Fast Retransmitted
TCP_ACK-only Packets Sent

TCP_Pure Control (SYNIFINIRST) Packsts Sent
TCP_indow Update-Orly Patkets Sert:
TCP_Window Probes Sent

TCP_Total Packets Received From Metwork Layer
TCP_Data Packets Received

TEF_In Sequence ACK Packets Received
TEF_Duplicate ACK Fackets Received

TCP_Pure Cortrol (SYNIFINIRST) Packets Received
TCP_Window Update-Orly Packets Received

Example btraffic
Example. config
Example faulk
Example.gsm

Example member
Example.nodes
Example routes-defaul
Example.routes-static
Example. neather

i ERBLR EEEy)

=

E‘ J Ex‘smp\e shot TCP Window Probes Received
d, Erenpie s TP Tatal Packets weh Errors
o

TCPPackets Received with Checksum Errars
TCPPackets Received with Bad Offset
TCP_Packets Received that are Toa hort

£-@  Claudneti4.Slscenarios
#-3  Clauaneti4.s
#-@  Ciiguanet|d.Slguidevices

Quallet 4.5 Develoy

Network Modelin,
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Example 1 (cont'd

@ Capture packets

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

% nleulee | Doven e ~ | [g]

Seenario Designer

[Dew:es Applications | Links | Network Components | Other Camponents TUU\SE [retwork

= [ swmen
L]

Node Posttioning
Wireless Settings
ATM Layerz
Adaptation Pratacol:
ARP Specific
Netwark Protocols
Traffic and status
Application Laye:

L@
< Statistics

« »
(3 Filesystems Tnspector

Example

Confiqurable Property

I
74 start 3 QualNet 4.50evelop... I Qualet - workplace

& Simulation Lecture Ne 9 41 / 98

Network Model

oman Dunaytsev (SUT




Example 1 (cont'd

@ Capture packets

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

% olme e | Dovew o ~ | (&)

Seenario Designer

[DEV\EES Applications | Links | Metwork Compaonents | Other Compenents TUU\SE NElwurk
= [ swmen

Node Posttioning
Wireless Settings
ATM Layerz
Adaptation Pratacol:
ARP Specific
Netwark Protocols
Traffic and status
Application Laye

Trace A ¥

(3 Filesystems Tnspector

Biz[i] ] B @
Packet Tracing En|[Yes

« Trace Direction | Both
+ Trace Included | NOHE

Example

Confiqurable Property

o
+4 start I QualNet 4.5 Develop. I Qualiet - Workplace:

& Simulation Lecture

Network Model
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Example 1 (cont'd

@ Transmitted packets

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help
oa ¥¥new>e

Packet Tracer

Flesystems
-3 C:lqualnet|.Slscenariostuser
- Example
{1 DEFAULT.pg »
Example. antenna-models
Example.app 5. T.. CheckTracing Sim. Time  Originati... Messaqg... Originati... Action
Exarmple.bap 1 & [ 0.0 1 [i} BELLMA, SERD -
8] Example botraffic z 0O 0.0 0
[ Example.config 3 @ L 3 0.0 3 0
{51 Example fauk: . 4 0.0 @ 0
Example. gsm s 5 0.0 5 o
Example.member 6 4 0.01044 4 a
Example.nodes Ty 4 0.01044 4 0
Example.rotes-default 8 4 0.01044 4 0
Example. routes-static 9 [ 4 0.01044, 4 0
Example, weather 1w 5 0.04648, 5 0
Example, 2009-04-27_02-58-51 stat w oS 0.04648. H i
1z I O H 004545, H 0
Example. slot P F- B 004848, 5 0
-G Example.scn wE oz o 2 o
w{| README.bxt 15 & [ 2 0.05370, z 0
53 Clqualnet|4.Slscenarios 1w &2 0.05370. 2 0
53 Clauahneti.s 2 0.05370. 2 0
53 Claualnet|4.Slguildevices I 0.11252 3 0
19 & [ 3 011252, 3 0
20 [ [] 3 0.11252, 3 0

Network Modelin,

oman Dunaytsev (SUT
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Example 1 (cont'd

@ Transmitted packets

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

®a | wmlelwoe| [xrve [Fresmen ~

Packet Tracer

=]

Source Port = 1024
Destination Port = 25 »
Sequence o, = 1
ACK No. 5... T... CheckTracing ... Tracing ... Sim. Time Originati... Messag... Originat... Action
Data Offset = & (32 bit words) 2 [ z Pvd 005370, 2 0 BELMA.. SEND

-8 Flags [Fan| z Prd 005370, 2 0 BELLMA.. ENQUELE
unused = 0 & z Py 2 0 BELLMA.. DEQUELE
ECH W Reduced = 0 z 3 3 0 BELMA.L.  SEND
ECMEcho =0 Z 3 3 0 BEUMA.. SEND
LRG=0 = 3 3 0 BELLMA.. ENQUELE
4 3 3 0 BELLMA.. DEQUELE
g 1 1 0 BELWMA..  SEND
® 1 1 0 BELLMA.. SEN
® 1 1 0 BELLMA.. ENGUELE
gy Fl=0 & 1 1 0 BELLMA.. DEQUELE
~gfy Window = 16384 Z | 1 1 TP S
~gy  Checksum = 0 (not computed) z | 1 1 TP SEND
% Urgent Pointer =0 Z 1 1 1 TP DROP
=-f]  Option Fields e
=8 vss Z 665372, 1 H SEND
sy Tre=2 & 665372 1 z TP DROP
¥y Lenath Z w0z, s 1 BEUMA..  sEWD
Bl Vel =812 hd & 10,0474, 4 1 BELMA.. SEND
[ FileSystems  Explorer []

Network Modeling & Simulation Lecture Ne 9 44 / 98
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Outline

© Example 2
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Example 2

@ Topology: point-to-point

o Nodes: 2

e Data rate: 2 Mbps

e Propagation time: 1 ms

e Application: Constant Bit Rate (CBR)
e Sender: node Nel

@ Receiver: node Ne2

o Simulation time: 10 s

o Traffic: packets = 10, size = 512 B, inter-departure time = 1s

Roman Dunaytsev (SUT) Network Modeling & Simulation Lecture Ne 9 46 / 98



Example 2 (cont'd)

@ Create a new scenario

Ele Edb Vien Experinert Tools

[0l B New Wizard

Scenario Designer|

Steps

Window  Help

Choose Template

1. Choose Template
[ Fiesystens)] =
F-2 gl
F-2 gl
Ea Clausl
D Claual

«
(@ Fiesystems

Select a Template:

f3 Templates
S Scenario

Tempiate Description:

Using this template, you can design a new Scenario

Hoxt > concel ||

Help

man Dunaytsev (SUT

Network Mod

& Simulation

Lecture Ne 9
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Example 2 (cont'd)

@ Save as 'CBR’

ualNet - Workplace

Ele  Edic

View Experjment Tools Window Help

-l 2 New Wizard - Scenario.scn

seenario Desinerfl  greps Target Location

o/
1. Chaase Template name:  [cB /

T Fleystens]| 2 Taraet Location

@ o Pleage select a package for the newly ereated object or enter the package ne
@ Claual [ Filesystems

Ea Clausl

D Claual Cilquahetid S\scenarios

Cilqusineti4 5
Cilquabeti S\gui|devices

vooo

«
(@ Fiesystems

— A\
b Package:  [<dsfault packags - [Cilaualneti+ Siscenariosiuser]
,_.\\\ L

Directory: [riqualnetid Slscenarios|oser -

= mnsh || conee || pem

ualNet 4.5 Develoy

Network Model

& Simulation Lecture

oman Dunaytsev (SUT 9 48 / 98




Example 2 (cont'd)

@ Create the point-to-point topology

B3 QualNet - Workplace.

Fle Edi View Experinert Tooks

%Xme

Seenario Designer

Window  Help

W 2 @ | [xvvew [Frroscren ~

=ty Hierarchy (0)
-8 Nodes
B hostt
B hostz
<& Node Configuration
A—» Weather List

—+ Connections
& ConfigSettings

(3 Filesystems Tnspector

Xllg| %

+4 start

|3 Qualiet 4.50evelop... B Qualet - Workplace

&) @31AM

oman Dunaytsev (SUT

Network Modeling & Simulation
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Example 2 (cont'd)

@ Create the point-to-point topology

P Qualie place

Fle Edt Vien Experinert Took Window Hep

%mond e | e o ~ [8] ORI

Seenario Designer

[Dev\:es Applications | Links | Network Components | Other Components | Tool Set | Network -

‘ 5% Lnk & BaRink

<& Node Configuration
A—» Weather List

4—+ Connections

{& ConfigSettings

(3 Filesystems Tnspector

Bliz[i] -] B @

Mame Hierarchy (0)

Closed Icon Tmag|| optional

Background Imaaj| optional

Show Backaround | True

Properties

Network Mode & Simulation Lecture Ne 9 50 / 98
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Example 2 (cont'd)

@ Set the bandwidth of the point-to-point link

B Qualie place ]

Fle Edt Vien Experinert Took Window Hep

% olme e | Dovew o ~ | (&)

Seenario Designer

| all — ]

[Dev\:es Applications | Links | Network Components | Other Components | Tool Set | Network -

‘ 5% Lnk & BaRink

=ty Hierarchy (0)
E-ER Nodes

<& Node Configuration
A—» Weather List
=-4—»  Connections
%% Paink to point link 1 -
=) Paint ko point lin
@

Hetwiork Prc
Routing Prol

(3 Filesystems Tnspector

Mac Protocol *
« Banduidth *

Abstrack LINK 14

Confiqurable Property

Network Model & Simulation Lecture
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Example 2 (cont'd

@ Set the link propagation time

B Qualie place ]

Fle Edt Vien Experinert Took Window Hep

% olme e | Dovew o ~ | (&)

Seenario Designer

| all — ]

[Dev\:es Applications | Links | Network Components | Other Components | Tool Set | Network -

‘ %5 Link & BOPink

=ty Hierarchy (0)
Nodes

<& Node Configuration
A—» Weather List

=-4—»  Connections
%% Paink to point link 1 -
=) Paint ko point lin
=@  Mac Protoce

@
@  Header

(D@ Nahuneb O T

»

«
(3 Filesystems Tnspector

Link Type
» Link Propagatio

Confiqurable Property

Network Model & Simulation Lecture

oman Dunaytsev (SUT




Example 2 (cont'd

o Create traffic

N qualNet - Workplace.

Ele Edt Vien Experinert Tools Window Hefp

m[3)¢ | Dovven [Fitoseen ~ | Z[&]m@[ b 1 |m[alp

Scenario Designer

E‘" '+ wather Ut Devices | applications | Links | Network Components | Other Components | Taol Set:[Network -
14—+ Connections |68 cer [#p rewer |
%% Point to point lnk 1 - — -

= Point ko point lin

(=&  Mac Protocc

@ Lk Typ

B Header

@  Metwork Pre

@  Routing Prol

@  Routing Prol
[0 Fads

*p
E-{Z ConfigSettings
«

(@ FileSystems ] Inspector

&) %37AM

oman Dunaytsev (SUT
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Example 2 (cont'd

@ Set the start time

N qualNet - Workplace.

Ele Edt Vien Experinert Tools Window Hefp

m[3)¢ | Dovven [Fitoseen ~ | Z[&]m@[ b 1 |m[alp

Scenario Designer

E‘" '+ wather Ut - Devices | applications | Links | Network Components | Other Components | Taol Set:[Network -
14—+ Connections |68 cer [#p rewer |
%% Point to point lnk 1 - o — -

= Point ko point lin

(=&  Mac Protocc

@ Lk Typ

B Header

@  Metwork Pre

@  Routing Prol

@  Routing Prol
[0 Fads

*p
E-{Z ConfigSettings
«

(@ FileSystems ] Inspector

[iaeets e

Configurable Property

14 start 3 Quallet 4.5 Develop. Qualilet - Workplace ’c_’, 4:37 AM

oman Dunaytsev (SUT Network Modeling & Simulation Lecture

9

54 / 08



Example 2 (cont'd

@ Set the end time

N qualNet - Workplace.

Ele Edt Vien Experinert Tools Window Hefp

m[3)¢ | Dovven [Fitoseen ~ | Z[&]m@[ b 1 |m[alp

Scenario Designer

E‘" '+ wather Ut - Devices | applications | Links | Network Components | Other Components | Taol Set:[Network -
14—+ Connections |68 cer [#p rewer |
%% Point to point lnk 1 - o — -

= Point ko point lin

(=&  Mac Protocc

@ Lk Typ

B Header

@  Metwork Pre

@  Routing Prol

@  Routing Prol
[0 Fads

*p
E-{Z ConfigSettings
«

(@ FileSystems ] Inspector

[ieets e

Configurable Property

14 start 3 Quallet 4.5 Develop. QualNet - Workplace &) «38AM
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Example 2 (cont'd

@ Capture packets

B3 Qualne [E)X]

Fle Edt Vien Experinert Took Window Hep

% olme e | Dovew o ~ | (&)

Seenario Designer

|y ]

E-{F Configlettings [Dev\:es Applications | Links | Wetwork Components | other Components | Tool setNetwork = -
General = . o
Node Postioning ‘ |69 cor |88 Fre |33 rewer .
Wireless Settings = ! & 1

ATM Layerz
Adaptation Pratocol:
ARP Speciic
Network Frotacols
Traffic and Status
Application Laye

@

@
F  Statistics -
‘« »

(3 Filesystems Tnspector

Packet Tracing Er

Confiqurable Property

& Simulation Lecture
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Example 2 (cont'd

@ Capture packets

B3 Qualne [E)X]

Fle Edt Vien Experinert Took Window Hep

% olme e | Dovew o ~ | (&)

Seenario Designer

|y ]

E-{F Configlettings [Dev\:es Applications | Links | Wetwork Components | other Components | Tool setNetwork = -
General = . o
Node Postioning ‘ |69 cor |88 Fre |33 rewer .
Wireless Settings = ! & 1

ATM Layerz
Adaptation Pratocol:
ARP Speciic
Network Frotacols
Traffic and Status
Application Laye

@

@
<F  Statistics -
‘« »

(3 Filesystems Tnspector

Packet Tracing Er

Confiqurable Property

Network Model & Simulation Lecture
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Example 2 (cont'd

@ Capture packets

B3 Qualne [E)X]

Fle Edt Vien Experinert Took Window Hep

% olme e | Dovew o ~ | (&)

Seenario Designer

|y ]

vireless Settings [Devwces Applications | Links | Network Components | Other Companents | Toal Set:|Retwork - B
ATM Layer2 -

&g FTR <5 TELNET
‘Adaptation Protocols ! L4 I 7 | -
ARP Specific

Network Protacols
Traffic and Status
Application Laye:

Extras

Tracing

=@  Packet Traci
-8

Statistics
Mode Specific

« »
(3 Filesystems Tnspector

Trace Al7

Confiqurable Property

Network Modeling & Simulation Lecture Ne 9 58 / 98
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Example 2 (cont'd

@ Save the scenario

N qualNet - Workplace.
Edit

Ele

Bla[eE) % walnoe| Love o ~| [g] alalel == ]
Scenario Desig 22ve (cu+5)]

View Experjment Tools Window Help

Save finished,

enarioD r [CBR] E =]
[DevmesIApuh(amns Links | Network Components | Other Components | Taol Sek:[Network - -
m |55 cer [58 Fr 58 Temer |
I . e 1 hd

<% Node Configuration
-} weather List

B Point to point fink 1 -
=] Point to point I

-8  Mac Protoce
B Link Ty
B Header

B Mabiel

<«
(P FlleSystems CBR

S BEIEIED

Hame Hierarchy (0)

Closed Icon Imag| optional

Background Imag | optional

Show Background | True

Properties

14 start 3 Quallet 4.5 Develop. Qualilet - Workplace

&) %438

Network Model

& Simulation Lecture
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Example 2 (cont'd

@ Run the simulation

N qualNet - Workplace.

Ele Edt Vien Experinert Tools Window Hefp

2/nfa[n]5]¢ | Corve frosen ~ | {@E D0 @]all

Scenario Designer Save finished,

Devices | Applications | Links | Netwark Components | Other Components | Taol Set:| Network -
|48 cer |45 Tewer |
1

<% Node Configuration
-} weather List

B Point to point fink 1 -
=] Point to point I
-8  Mac Protoce
B Link Ty

B Header

D bl

<«
(P FlleSystems CBR

S BEIEIED

Hame Hierarchy (0)

Closed Icon Imag| optional

Background Imag | optional

Show Background | True

Properties

14 start 3 Quallet 4.5 Develop. Qualilet - Workplace ‘c_’, 4:42 AM

oman Dunaytsev (SUT Network Modeling & Simulation Lecture
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Example 2 (cont'd)

@ View the network animation

Ele Edt Vien Experinert Tools Window Hefp

oo xnende| Doy s ~

Earnmaly | -

alNet - Workplace 3]

Save finished,

Simulation Time:

Real Time

Spesd
Progress

Animation Filters

Lavers
Animation Commands

Node Mobii
»

Executed 96 events in:

Qutput CER[run_1]- I/0

ualNet 4.5 Develoy

45.0866 Sec [ 44.5224 sec spent paused)

QualNet - Workplace

man Dunaytsev (SU

Network Mode

& Simulation
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Example 2 (cont'd)

@ View the results

ualNet - Workplace &3]
fle Edi View Experiment Tooks Window Help
®a xnlemo[e| Doven o ~ | [E]@[ [ 0[m|a]) | -
(@ Filesystens MAC  Hetwork Transport  Application File Effects
J E] ﬂ(‘\q;::a\q's\“‘ Protocol Name & Metric
Link _Destination i i
% Cerantel Link _Link Utilization
"
CER.app ik Frames received e
CER.bgp
8] cor.bgtrd
& CER.confi 7
{8]  cBR.fault
CER.gsm 6
CER.mem
1] cer.node v
5 ceroroun al
5 cBR.rout |
CER weal ud
{] cerslot [
{1 peraut 3
(]
@ Qualnet 4
1  Example
B cersen q
B Example.scn
README.tet 0
#-@  Cilgualnet|4.sscl 1 3
5@ Clguaheties EED
<o “ »

ualNet 4.5 Develoy

Network Model
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Example 2 (cont'd

@ View the results

ualNet - Workplace 3]

Ele Edt Vien Experinert Tools Window Hefp

@ e X m o w2 e | [rvew [Ftoscen ~ @ »

Balh | -

FleSystems File  Effects

-3 Clauaneti4.sts
S =Y
CoR.ante FIFO Average Queue Length (bytes)
"
CER.apR FIFO Total Packets Dropped e
CER.bgp 18
i:; bg“F‘ FIFO Average Time [n Queue
Py ;D“‘t‘ FIFO Longest Time in Queue ®
e FIFO Pesk Queue Size (bytes) "
V12
a
110
u
e 8
6
4
B cersen
Bp  Example.scn 2
README.tet a
#-@  Cilgualnet|4.sscl 1 3
5@ Clguaheties EED
g 3

Qualet - Workplace

14 start 3 Quallet 4.5 Develop. QualNet - Workplace &) %46 AM

oman Dunaytsev (SUT Network Model
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Example 2 (cont'd)

@ View the results

Ele Edt Vien Experinert Tools Window Hefp

@a XB 682 e [ovew [Mose ~ (8]

m
v

(@ Filesystems
52 Cilausinet|4.5tscl
A o

=}
% CER.nte
CER.anp
CBR.bgp
CER bt
CER.confi

il
©
{8]  cBR.fault
1o

File  Effects

HMAC Hetwork Transpert pplication
Protocol Mams & Metric

Tce UDP_Packets from Application Layer
IUDP_Packsts ko Application Layer

CBR.gsm
CBR.mem
CBR.node
CBR.routt
=L CER.routs
CER weal
CER shot:

a
{1 peraut
!

)

Pyr=g———

Qualnet

B Example.scn
README.tet

#-@  Cilgualnet|4.sscl

5@ Clguaheties

NadelD

ualNet 4.5 Develoy

oman Dunaytsev (SUT Network Modeling & Simulation Lecture
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Example 2 (cont'd

@ View the results

Ele Edt Vien Experinert Tools Window Hefp

@ e X m o w2 e | [rvew [Ftoscen ~ @ »

(3 Fiesystems

Fle Effects
5-2 Clausnet|4.Sls
S =Y )
CeR.ante " CER Client Total Packets Sent ]
CER. 300 CER Cient:_Tokal Bytes Sert 11022
CeR.bgp -
] X
CBR. Fault
CBR.gsm 8
CBR.mem .
CBR.node v
CBR.route i s
CBR.routs i
CER.weal us
CoR.slot o
DEFALLT [
@ Quanet 9
1  Example 5
B cersen
B Example.scn 1
README.t:t 0
-2 Clquanet|d.Slso " -
5@ Clquanet|s.s .
P . ) .

ualNet 4.5 Develoy

oman Dunaytsev (SUT Network Model

& Simulation Lecture
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Example 2 (cont'd

@ Transmitted packets

B3 QualNet - Workplace.

Fle Edt Vien Experinert Took Window Hep

Protacol
=@ CBR
Source Port = 1024

d

Sequence Mo, =

o2 %eonde| Dol ~ (g

Packet Tracer

0
Packet Size = 512
Tx Time = 0000000000

‘ >

[ FileSystems Explarer [Frotocal]

oman Dunaytsev (SUT

E‘E‘QQQQQQQE‘@QQQQQQQE‘@
[

Network Modelin,

0149668,
0.149668,

& Simulation

el Type Check Tracing Node Tracing Pr... Sim. Time  Originating. . Message ... Originating. . Action

BELLMANE
BELLMANE

CBR

BELLMANE

Lecture Ne 9
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Outline

@ Large networks
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Large Networks

@ Automatic node placement

B3 QualNet - Workplace.

Fle Edt View _m\s wilindow  Help

[ Create Group

[ v view [Frosereen ~ | [8]

Scenario Designer Record Trace

Run Batch Experiment
evices | Applications | Links | Network Companents | Other Components | Tool set [Network. -

D
Hi e [§ awmon \
N i 1

| e
O MI [z ansaas [a1s.aaaeiz 1600 000000

(3 Filesystems Tnspector

&) s:27AM

74 start B Qualiet 4.50evelop... I QualNet - Workplace

& Simulation Lecture Ne 9 68 / 98
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Large Networks (cont'd)

@ Number of nodes

I QualNet - Workp
Window  Help

ol@l

Ele Edb Vien Experinert Tools
i

@zl n
B Automatic Node Placement Wizard

Scenaria Designer

Number of Nades Wizard (1 of 3)

Steps

Enter Number of Nodes

L
Select Placement Strateay

oy, Hierarc 2

4-» Conne

E-Z Config

(P FlleSystems

Number OF Nodes:

Nades

-4 start

3 Quallet 4.5 Develop.

man Dunaytsev (SUT

B QuallNet - Workplace:

& Simulation

Network Mod

&) s:278M
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@ Placement strategy = uniform

== QualNet - Workplace

Fle Edt Vien Experinert Took Window Hep

g AN vy Jrtlocceen ~ Ol E]
B Automatic Node Placement Wizard
Scenario Designer
Steps Placement Strategy wizard (2 of 3)

1. Enter Humber of Nodes
2. Select Placement
Strategy

(3 Fiesystems

Placement Strategy’

<Back H Mt >

Cancel

HNodes

+4 start 3 Qualiet 4.50evelop... I Qualiiet - Workplace

Roman Dunaytsev (SUT Network Mode

& Simulation

&) si27AM
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Large Networks (cont'd)

@ Seed - an integer used to set the starting point for generating a
series of random numbers

PN QualNet -

Ele Edt View Expermert Tools Window Help

B3 Automatic Node Placement Wizard
Scenario Designe

Steps Seed Wizard (3 of 3)

1. Enter Number of Nodes - B
!, Hierarcl 2. Select Placement Strateqy
+ Conne -

@ Config —

Seed: 1l

(D FlleSystems

<Back Enish || concel

Nodes

4 start I Qualiet 4.5 Develop. N Qualet - Workplace &) s:8AM
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Ele Ed Vien

Scenaria Designer

4> Conne
& config

(P FlleSystems

Tz 8

Experjnert  Tools Window  Help

3
atic Node Placement Wizard

Steps Seed Wizard (3 of 3)

L. Enter Humber of Nodes
2. Select Placement Strateay

Enish | [ Concel

-4 start

Roman Dunaytsev (SUT

3 Quallet 4.5 Develop. PN Qualn

Network Mode

& Simulation

%) 5:298M
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Large Networks (cont'd)

@ Uniform, seed =1

I3 QualNet - Workplace.

Elle

clal@al % m e m 2 ¢ | [ovew e ~ [G[B] b 0 B o),

Scenario Designer

Edit Vien Experjnert Tools Window Hefp

r [Fodes] El

Devices | Applicatians | Links | Hetwork Companents | Other Components | Tool set[Network — w B
A ceraur [§ swrrcn \
[& e &

Bl Hierarchy (0)

E-5R Nodes
hostl =
host2
host3
host4
hosts
hosts,

O O O O O O O O
H

(D Filesystems Tnspector

Tl

74 start I QualNet 4.5 Develop. B Qualiiet - Workplace: &) s:288M
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Large Networks (cont'd)

@ Uniform, seed = 2

I3 QualNet - Workplace.

Bl Edt Vien Experinert Tools Window Hefp

[Glal@z]| % 8 m o ¢ | Dovew [fesen ~ (8B 1 B a

Scenario Designer

Devices | Applicatians | Links | Hetwork Companents | Other Components | Tool set[Network — w

i cerair [ swmon \
I . 1

Bl Hierarchy (0)
E-5R Nodes

(D Filesystems Tnspector

Tl

74 start I QualNet 4.5 Develop. B Qualiiet - Workplace: &) s:238M
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@ Placement strategy = random

N QualN

Fle Edt Vien Experinert Took Window Hep

Bo& ] [ v view [FiTo

B Automatic Node Placement Wizard
Scenario Designer

Steps

e~ (ol

Placement Strategy Wizard (2 of 3)

L
, Herarc 2
LR o
& o
[4=r ]
4+ Conne
& Config

(3 Fiesystems

Xllg| %

Enter Number of Nodes
Select Placement
Strategy

PN

Placement Strategy’

<Back H Mt >

Cancel

Roman Dunaytsev (SUT

HNodes

+4 start B3 Qualet 4.5 Develop...

I Qualiet - Workplace

Network Mode

& Simulation

&) sizzamM
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Large Networks (cont'd)

@ Random, seed = 3

I3 QualNet - Workplace.

Fle Edt
[Glsl@la]| (% nle w2/ |Dorven Froseen ~ | [E[E]» [0[m ],

Scenario Designer

Window  Help

Tools

View  Experjnent

Devices | Applications | Links | Wetwork Companents | ther Components | Tool se

Bl Hierarchy (0)
A [ EEE 1

B

LI
"

B hestiz

‘4 start S QueiNet 4.5Develop... I Qualiet - iorkplace &) s3am
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Large Networks (cont'd)

@ Random, seed = 3

I3 QualNet - Workplace.

Ble Edt View Experinert Tools

EEIEIEHEN

Scenario Designer

Bl Hierarchy (0)
E-5R Nodes

Window  Help

| 2K ¢

(v view [FiToscreen ~

ElEly nman

Devices | Applications | Links | Wetwork Companents | ther Components | Tool se
A pEFaLT
[&—

[ swran \

‘4 start

oman Dunaytsev (SUT

3 Qualliet 4.5 Develop.

B

LI
N

T

I Qualnet - aorkplace

Network Modeling & Simulation

&) 5:31AM
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o Placement st

rategy = grid

2N Qualiet - W

Bl Edit Vien

R EERIEarrr Lo, TR

B Automatic Node Placement Wizard

Scenario Designer

, Hierard
B2 o

& o
[
A—F Conne
@[ Config

(3 Fiesystems

Xllg| %

Experinert  Tools Window  Hefp

Steps

e~ (ol

Placement Strategy Wizard (2 of 3)

1. Enter Humber of Nodes
2. Select Placement
Strategy

PN

Placement Strategy’

<Back H Mt >

Cancel

+4 start
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HNodes
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Network Mode
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Large Networks (cont'd)

@ Nodes = 100, step = 100 m

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

%md @ e e [Xyvew [rosmen ~

Seenario Designer

(3 Filesystems Tnspector

Xllg| %

e
10 R B A E R B P 00
HNodes

+4 start 3 Qualiet 4.50evelop... I Qualiiet - Workplace
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Outline

@ Sample scenarios
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Sample Scenarios

@ QualNet includes a number of ready to use sample scenarios

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

8¢ | Dxvvew [rroseen ~ | (@)@ b0 m alp, | o (@]

B2 Clquaneti4.Stscenario:
advanced_wircless

cellular
default
developer

interfacetutorial
mutimedia_enterpric

Qualhet

sensor_networks

LLLDULLODOLLOO

‘«
(D FileSystems

Properties S0rting

[Gualiiet - Workplace

I
+4 start 3 Qualnet 4.50evelop... Y Qualiiet - Workplace:
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Sample Scenarios (cont'd)

@ Some features may require purchasing additional licenses

Fle Edt View Experiment Took Window Help
2)e | xrview [Frresceen ~ | [&[@ > 1 |m[ally, | o

[ botteneck-TCP &
O dtedtest
01 wirelesslnk
B BattelfieldMonitc
B Highspeedobili
B Mixeduetwork.s
B MotionEffects.s
B mukichannel. scr
eatherExamph a l
botteneck-TCR ua e
dredtest.scn
wirelesslink. scn
interfacetutorial
rulkimedia_entarpris
network_security

a
a
@
0 satelite
@
@
a

sensor_netwarks

-

]
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Sample Scenarios (cont'd)

o Battelfield Monitoring with Sensors: scenario

B3 QualNet - Workplace.

Fle Edi View Experinert Tooks

Seenario Designer

[él-4—> Connections

-

Window  Help

% nleuloe| Doven s ~ | [g]

b Il |m

[Dew:es Applications | Links | Network Components | Other Components | Tol Set [ Network

=
| F—

[ swmen

(D FileSystems Inspectar

st e

74 start B3 Qualnet 4.50evelop...  EY Qual:

Roman Dunaytsev (SUT

BattelfieldMonitoringwithSensors

Network Mode

Ty B
1y 5 pay, 4
581 (501 ]

E1 B4
¥ F
B

Workplace
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Sample Scenarios (cont'd)

o Battelfield Monitoring with Sensors: animation

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

Pe Xnow>eC

kv viow [Ftosenen ~ | [&]

Speed

Progress

Animation Filers

A\ Animation Commands

[ » T \
I \ =
l“a%nél; Bi}' m! m'- Fi ode Mobii =
5 Bl P « »

Current Sim Time[s] =  0.000000000 Real Time[s] = 0 Completed 0% -

1 »

Output BattelfieldMonitoringwithsensors[run_1] - [f0
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Sample Scenarios (cont'd)

e High-Speed Mobility: scenario

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

% nleuloe| Doven s ~ | [g]

b Il |m

Seenario Designer

[Dew:es Applications | Links | Network Components | Other Components | Tol Set [ Network -

= [ swrmon
| F—

sty Hierarchy (0)
{84 Connections

&
|r|'?475nw:‘ s a7sian [e33.000000

(3 Filesystems Tnspector

Xllg| % [ ]

FighSpeedMobilty

+4 start

Roman Dunaytsev (SUT

3 Qualnet 4.5 Develop...

I Qualiet - Worknlace

Network Mode

& Simulation

&) 5:37AM
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Sample Scenarios (cont'd)

e High-Speed Mobility: animation

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

o2 %eonde| Dol ~ (g

Simulation Time:
g 4u3)

Progress

Animation Filers

Animation Commands

Fg  node Mobil T
« »

18) Cutput Window [Hig

Current Sim Time[s] = 26.741112126 Real Time[s] = 19 Completed 89% -

iy [run_t] - 10

Qualiet 4.5 Developer GUI
I Qualiet 4.5 Develop. I Qualiet - Worknlace

+4 start
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Sample Scenarios (cont'd)

@ Weather Example: scenario

B3 QualNet - Workplace.

Fle Edi View Experinert Tooks

% nleuloe| Doven s ~ | [g] —

Seenario Designer [

Window  Help

5 1 [WeatherExample]

[Dew:es Applications | Links | Network Components | Other Components Tuu\ sez NElwnrk
o, ] R 6 e
{84 Connections = -
g
l ‘w\ Tiear 125050213 ‘MD 000000
[
(3 Filesystems Tnspector
Bllg| ] 5= [
bame: Herarchy (0)
Closed Izon Imag| optional
Background Imagl | aptional
Show Batkaround | Trus
Properties WeatherExample
Pp—
74 start B3 Qualet 4.5 Develop... I Qualliet - Workplace: &) s1AM
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Sample Scenarios (cont'd)

@ Weather Example: animation

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

o2 %eonde| Dol ~ (g

=

‘nm

Progress

Animation Filers

Animation Commands

P4 Niode Mobii +
3 Node Link.£
& eroadeast
3 Muicast Pi v
[[w ] »

Output WeatherExamplefrun_1] - I/

74 start B3 Qualiet 4.50evelop... I QualNet - Workplace &) s:a28M
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Sample Scenarios (cont'd)

@ Weather Example: animation

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

W 2 @ | [xvvew [Frroscren ~

=]

i Animator Winc

=

Speed

—
[2r e
L

Progress

Animation Filers

Animation Commands

P4 Nade Mobil
%% Nade Link ¢

] & eroadeast

3 Muicast Pi v
« »

Output WeatherExamplefrun_1] - I/

74 start B3 Qualiet 4.50evelop... I QualNet - Workplace &) s:a28M
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Sample Scenarios (cont'd)

o ZigBee Auto Home: scenario

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

%mlolmee | Do o= ~ i) b [ ]m | — (]

Seenario Designer

Scenaric .
Devices | Applications | Links | Netwark Companents | Other Components | Tool Set: Network -

(8 ceraur [ swrmon \
| F— amenis 1

sty Hierarchy (0)
{84 Connections
& configsettings

s seeas o0 300000 ) [ee seesey 200 ouoon[ |

L]
EVM . Vindew Conmal

X
Security & Al ry.
N L8 Door Contrul

N bi Lon taring

&
Ridiatars & Tamaniatun N
|
]

(3 Filesystems Tnspector

Xllg| %

5
et
= W

1 |[Monitoring & Contral

ZigBee-AutoHome

74 start B3 Qualiet 4.50evelop... I QualNet - Workplace
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Sample Scenarios (cont'd)

o ZigBee Auto Home: animation

B3 QualNet - Workplace.
Fle Edt View Experiment Tools Window Help

w[2fe | Coven [on  ~| (@)@ »[n[m]aln

|3 Quahiet 4.50evelop... I Qualet - Workplace
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Outline

e Installation of QualNet 7.1
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Installation of QualNet 7.1

@ System requirements:
e CPU: 32- or 64-bit
e Memory: 2-4 GB
o Disk: 1 GB free disk space

@ Installation order:

@ QualNet
@ License
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Installation of QualNet 7.1 (cont'd)

o Install QualNet 7.1
e qualnet-7_1l-windows-installer.exe

EE

My Computer

v

Recyde Bin

Welcome to the QualNet 7.1 Setup Wizard
=

“This wil install Qualiet Version 7.1 on your computer. Click Next to continue,
or Cancel to exit Setup.

=

Qualiet-Eval.

ASCA LABLE
RETVIOR TECHNDLOSIES

74 start [ setup - Qualiet 7.1
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Installation of QualNet 7.1 (cont'd)

@ Components to be installed

My Computer

Qualiet-Eval,

man Dunaytsev (SU

Setup - QualNet 7.1 =]

Install Confirmation aua’Net

Setup is now ready to begin instaling QualNet 7. 1 on your computer.

Click Install to continue with the installation, or dick Back if you want to review or change any settngs.

[instal Directary:
Ci\Scalable\qualnet\7. 1

[Installation Type:
Qualtist 32:6it

ICompanents to be Installed:
Qualiiet
Qualtiet GUI
Compiation Components
Contributed Models
Documentation
Interfaces
Scenarios

Instal

p - QualNet 7.1

Network Mode & Simulation

Lecture Ne 9
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Installation of QualNet 7.1 (cont'd)

@ Copy license file

My Computer

l QualNlNet

Installing
L
quainet 7. 1-... Please wait whie Setup installs QualNet 7.1 on your computer.
E] Copy the license file
QualNet-Eval Before running Qualilet, you must copy the license fle
to C:\scalable\qualnet\7. 1 icense_dir

You can copy the fie after exiting the nstaller,

LA W 75, 6:59 AM

v -
i4 start Setup - QualNet 7.1
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Installation of QualNet 7.1 (cont'd)

@ Donel

7

My Computer

¥

=~ QualNet' 7

QualNet£val...

Qu 1
Command-Line

i A TR

QualNet 7.1 Loading left collapsible pane
Gur

LAWY, 7:00 AM
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Installation of QualNet 7.1 (cont'd)

@ QualNet 7.1 workspace

7 QualNet
File Edit View Tools Animaton Help

‘ rehitect ‘ [ay] Analyzer [ =] Packet Tracer File Editor
meH o K hPOLbFPAQARG| 3 & e v »
HE@ 0 K> E A AL

Scenario Properties untitied 1 |

Standard Toolset b 500 |u R |1uw |1suo |2aau

n Controls ‘ Toolset | File System |

%: [971.03 2| ¥ [a480 <]z [0.00 E

Runtime Analysis ‘ Visual

| Tableview | outputwindow | Errortog | Watch variables | Batch Experments

[ Quaiet
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