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Objectives

e Omnet++ files Architechture and types
Protocol files (cc)
Protocol parameters files (ned)
Scenario parameters file (ini)

Intfroduction

The term traffic generator is widely used in the network simulation tools. It refers to a
module for generating packet or data to be sent for a destination/destinations. The
main aim of this generator is to simulate the real world traffic that could be generated
by the network users. A traffic generator module is a statistical model for the usage of
the network. It is also a model of the data follow in the network. For example in a
network the packets or data that created by the end user of the network is modeled as
a fraffic generator. Traffic generation could be varying based-on the user, or network’s
application; for example the traffic generated y an email user is not the same as
multimedia user of the same network.

Example 1.

A simple traffic generator. The aim of this example is to build a simple traffic generator.
The traffic generator (Gen) is to generate traffic according to two parameters (time
interval and packet size). In omnet++ a protocol implementation should consist of at
least two file (source file Gen.cc and network description file Gen.ned). the source file is
a C++ implementation of the protocol mechanism and the ned file works as a GUI for
the source file (used for changing values of some protocol parameters “time interval
and packet size”). The sections leads us through the implementation of the example.

Step 1. New project in omnet++
To create a new project in omnet++

1. Open omnet++ from toolbar menu create New Omnet++ Project and name it
Labl, in the next dialog chose empty project and click finish.
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[ Simulat
File | Edit Mavigate Search Project Run Window Help
| New Alt+Shift+N » | 3 OMNET++ Project...
Open File... ™ Project...
Close Ctrl+W Simulation
Close All Ctrl+5Shift+W Simple Module
Save Ctrl+S Compound Module
Save As... Petwock
Save All Chrl+Shift+5S ﬁ Metwork Description File (MED)
Revert [fi Message Definition (msg)
Ef Initialization File (ini)
L B Analysis File (anf)
Renarne... F2 %  Folder
# | Refresh F5 |_|<> File
T L P A T .
] New OMNeT++ Project [ =] =] |

New OMMeT++ Project . !
Create a new OMMNeT++ Project B

Project name: Labll

Use default location

Location: | Ch\Usershidin\Desktophomnetpp-4.6isamplesiLabll Browse...

Support C++ Development

@ < Back Net> || Finish || Cancel
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Initial Contents
Select one of the options below

Select template:

pty project with 'src’ and 'simulations' folders

Create an empty OMMNeT++ project 2
L

Generated Wi

Press 'F2' for focus

Add content template by URL

File Edit Mavigate Search Project Run  Window Help
CDrEee| B H-0-Q- 9 -
E’- Droiect Explorer 57 = E-]f

LJ embedding -
LJ embedding2
I fifo
[J google-earth
|59} histograms
|55} hypercube
L3 inet
.
[ ﬁﬂ Includes
package.ned
[J neddemo
. .

[l Properties 52 b= Dutline\l = B8 \I

-
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2. From the folder Lab1 right click > New - Source File and Name it Gen.cc, and
write this code in the Gen Class

[j Prope

lab1

Resourc¢

New

i

E‘: -

B E

69

&

Go Into

Open in New Window

Copy
Paste

Delete
Source
Move...

Rename...

Import...
Export...

Clean Local

Build Project

Clean Project

Refresh

Close Project

Close Unrelated Projects

Build Configurations
Make Targets

Index

Generate NED Documentation...

Ctrl+C
Ctrl+V
Delete

F2

F5

1

<> E (-,

RLC

Project...

File
File from Template
Folder

Analysis File (anf)

Class

Class (OMNeT++)

Compound Module

Header File

Initialization File (ini)

Message Definition (msg)
Network

Network Description File (NED)
Simple Module

Simulation

Source File

R R HlERERH Q@@

d BERRA

Source Folder
Wizard

C Project
C++ Project
OMNeT++ Project...

Other...
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1] New Source File EE:!T!
Source File

Create a new source file.

N
£ |
Source folder:  Labl Browse...

Source file: Gen.c::l

Template: ’Defauh C++ source template v] ’ Configure... ]

@ | Fnish || Cancel

& * gen.cc]

#include<omnetpp.h>
Jclass Gen: public cSimpleModule
1

private: Header
int ne_sent;
int ne_rcwd;

double time_ interwval;

protected:

virtual void initialize();

virtual void handleMessage(cMessage * msg);
virtual void fimish();

etine ulefGen];
<@ yold Gen::initialize()
1
//fadd code here
b

& f void Gen::handleMessage(cMessage * msg)

| Body I
Jffadd code here
1

= yoid Gen::finish()

1
b

ffadd code here
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#include<omnetpp.h>
class Gen: public cSimpleModule

{
private:
int no_sent;
int no_rcvd;
double time_interval;
protected:
virtual void initialize();
virtual void handleMessage(cMessage * msg);
virtual void finish();
}s5

Define_Module(Gen);
void Gen::initialize()

{
no_sent= 0;
no_rcvd= 0;
time_interval= 0.1;
cMessage *msg= new cMessage();
scheduleAt(0.01,msg);
}

void Gen::handleMessage(cMessage * msg)

{
if(msg->isSelfMessage())

{
cMessage * out_msg= new cMessage();
send(out_msg, "out");
no_sent++;
scheduleAt (simTime()+time_interval,msg);
}
else
{
no_rcvd++;
delete(msg);
}

}

void Gen::finish()

{

S1rb 5 6 gals sl 4l (g5le 4t g2 o - Cdgarn S ol

recordScalar("NUmberof received messages",no_rcvd);
recordScalar("Number of sent messages",no_sent);
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After finish use ctr+B to build the class (make sure no errors (red only))

B. Protocol Parameters file (.ned)

1. Right click on the project folder and new->network Description file(NED). And name
it Gen.ned. in the next dialog choose ned with one item and next. In the third dialog
tick on the simple module choice and finish (make sure the name is same as the
class name in the Gen.cc file).

| Mew b | Project..
File Edit  Golnto ¢ | Fae
i Open in New Window | Filefrom Template
[ Projec 2 Copy Chrls C 7 Folder
Paste Ctrl+V ﬁ Analysis File (anf)
U in M Delete Delete | (& Class
sl Source b (& Class (OMNeT++)
Move... Compound Module
Rename... F2 If Header File
iy |Import... @ Initialization File (ini)
A | Eport.. [ Message Definition (msg)
Metwork
Clean ocat % Network Description File (NED)
ROAdBeoject . Simple Module
el 22 Simulation
&l |Refresh F3 f Source File
lara Draicct
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New NED File
Choose MED file

Enter or select the parent folder:
' lab

RE=
b 5 labl

File name: | Gen.ned

@ < Back Next > Finish




www.NetSimulate.net S g 69l slo 4l (55w 4l 2 o - Cedgonw S ol

Initial Contents

Select one of the options below

Select template:

Empty MED file
NED file with one item
[» = Topelogy Generation

I = Topelogy lmport

Add content template by URL

@ <Back |  Net> Finish | | Cancel
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MED Component Type

Select options below

MED Type

Same as the class name in ]
Gen.cc

MED type nam | Gen

Initial Content

(®) Simple module

() Compound module
() Metwork

() Channel

() Medule interface
() Channel interface

Switch to Source tab and add the following code:

2 package lab1

(e

Design‘ Source

— ra— F [
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el

*Fen.cc *Gen.ned i3

You should have received a copy of
olong with this progra If not, s
package labl;
TODO auto-generated type
simple Gen
gates:
input in;

output out;

Design | Source

S1rb 5 6 gals sl 4l (g5le 4t g2 o - Cdgarn S ol

Now we have our generator is ready to use. The next step we build a network with our

generator and start run it.

2. To create a network it's Same like create Gen.ned, but in the third dialog we should
tick on network Not simple module and name it Net1.ned

Eg

Mew

Go Inte

-

Open in New Window

Proj Ctrl+C

Ctrl+V
Delete

Copy
Paste

Delete

e

Source
Mowve...

F2

Rename...

Import...
Export...

Clean Local
Build Project
Clean Project
Refresh

F5

f§9

]

MAERHlyEEHQe@® RO O

Project...

File
File from Template

Falder

Analysis File (anf)

Class

Class (OMMNeT++)
Compound Module
Header File

Initialization File (ini)
Message Definition (msg)
Metwork

- Metwork Description File (NED)

Simple Module

Simulation

Source File
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New NED File
Choose NED file

Enter or select the parent folder
' lab

==
B 5 1abl

File name: | Metl.ned
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Initial Contents

Select one of the options below
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Select template:

Empty MED file
NED file with one item
[» [ Topolegy Generation

[» [ Topology Import

Add content template by URL

@ < Back
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MED Component Type

Select options below

MED Type

MED type name:

Initial Content

() Simple module

() Compound module

@ Pictwod \
() Channel

(") Medule interface

(") Channel interface

@ | <Back | Net> || Finsh || Cancel

5 [ Gen.cc ( Gen.ned E Metl.ned &2 ;

1 package lab1




www.NetSimulate.net Slpbre 5 (5 5500lS lo At (g3l Al 2z o - Cudgenn 6 ol

On the network add two Generators from the Platte on the right side

[£] Gen.cc Gen.ned *Metl.ned &3 = |l
£ package lab1 Blakis )
[:3 Selector
Net'l v # Connection
= Types -
E5 ' “
= Submodules . o
[ ] Gen (1ab1)
U"— U‘"I" [ Gen (lab1)

|:| |[BidirectionalChannel ([} (ned)
|:| |[UnidirectionalChannel ([} (ned)

Gen Gend

Design | Source

Connect the nodes with the connection (two way connection) tool from the palette (in
to out and out to in)
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€] Gen.cc Gen.ned *Metl.ned &2
3 package lab1 .+ Palette
\ [}_ Selector
@NEH v # Connection
= Types
= o~

= Submodules
[ ] Gen (1ab1)

B
..| I : [ 1Gen ilah1)
| Genl.out --= Genl.in

Genl Gend

Mo gates without matching labels

And

1 package lab1

@ MNet1

<

5 5

E r
- o
- L

Gend.out --> Genl.in

Mo gates without matc)*J labels
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3 package lab1

@heﬂ

_(

Genl GenZ

Now the network is ready to run

C. Scenario Parameters File (.ini)
Before we could run this scenario we should create the ini (initialization file),

Create Omnetpp.ini
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1 .’ New » | ™ Project...
€ Go Into ' File
i Open in New Window | % File from Template
1Pr¢ {2 Copy Ctrl+C 5 Folder
. Paste Ctr+V | B Analysis File (anf)
[Ej 3 Delete Delete | (& Class
: Source » | (& Class (OMNeT++)
Move... & Compound Module
Rename... F2 | |n| HeaderFile
&g | import... [ [E Initialization File (ini)
&y  Bxport.. @] Message Definition (msg)
[ Network
gleanboca £ Network Description File (NED)
Brsid Egeck [E Simple Module
Clean Project B Simulation
81| Refresh ) i |¢] Source File
— Sl _ @Y  Source Folder
I P Close Unrelated Projects & Wizard
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MNew Ini File
This wizard allows you to create a new OMMeT++ simulation configuration file g

Enter or select the parent folder:
' lab1 |

=
b 5 labl

File name: | omnetpp.ini
Advanced ==

@ < Back Next » Finish
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Initial Contents

Select one of the options below

Select template:

Empty Ini File |

Add content template by URL

@ < Back Finish || Cancel




www.NetSimulate.net Sl g 6 gmalS sla At (il dd g 1o — Cd g b ol

4 New Ini File - o IES

Ini File Options

Select options below

Select network: [ | {Browse... Preview

Select NED type:

[

Gen -- simple module (lab1.Gen - lab1)
(% Net1 -- network (lab1.Net1 - lab1)
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Ini File Options

Select options below

Select network: I | lBrowse...] I Preview|
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6 r’EI Gen.cc ( Gen.ned ( Metl.ned (EI omnetpp.ni &3

[General]
netwark = labl.Netl

Form | Sou rce‘

Now we can run our scenario as :
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File Edit Source Mavigate Search Project Run Window Help

N-Hed| &« O~ Q-F-® LoD &
iT R
P Project Explorer &2 = B ||[g Gen.cc ( Gen.ned ( Met1.ned (m omnetpp.ini &2
L [General]
0 inet - network = labl.Netl
4 (5 1ab N ,
ew
[> ﬁ'{ Binaries
b Include Open
b & out Open With v
b € Gen.cc
b %5 labl.exe Copy Ctrl+C
Gen.nec Paste Ctrl+V
L& Makefil 3 Delete Delete
Metl.ne
Maove...
omnetp
package Rename... F2
iy  Import...
iy | Export..
=
DProp 2 .89  Clean Local
@' Refresh F5
lab1/omnetpp Make Targets ’
- 1 i
Resource Proj Profiling Tools J
4 Clean Selected File(s)
Build Selected File(s)
Profile As r E
Debug As , £% NED Paramete 3 2 NED Inheritan
. Runhs » [ 1OMNeT++ Simulation
LI 2 g Run Configurations... E
Replace With J
ﬁ Run C/C++ Code Analysis
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— = = =
|3 OMMeT++,/Thkenv - #0 - ini - Gy LK 11 P 4.6 Lablhsrc = —@—g
File Simulate Inspect View Help |
1
G B ¢ % W 2P B b dly oA @ ?ﬁb;lElIllﬁ-;%; |
General #0: Netl "Event#l ||t=0.0]s ”Msg stats: 2 scheduled / 2 existing / 2 created
Next (cMessage, id=0) In: Netl.nodel (Gen, id=2) | At: last event + 0015
+0.01 ~0d1 <1 +10 sec
. | a . . 5
[ Nett (Netl) (id=1) = | Prw a2 g g
E scheduled-events (cMessageHeap)
nodel node?
[Ba] (Metl) Netl
Fields| Contents (2)
Class Mame Info
= Gen nodel id=2
B Gen node2 id=3
<« | [ | 3 Zoom: 1.00x

Press run until tool, and run the simulation for 250 seconds.

23 OMMNeT++/Tkenv - General #0 - omnetpp.ini - E\spaces\INET3
File Simulate Inspect View Help

G G2 Nl MM M@ A8 e B f: 1
-/-'

General #0: Met1 |[Event 1 [t=0.01s
Next: (cMessage, id=0)

* Simulation time to stop at: |250 Sy | "
Event number to stop at: | \\ |
(B Net1 (Net1) (id=1) Message to stop at: | v|

[+ w e
R e Stop when message is cancelled

Running mede: |Express (tracing off) v|

[Ea] (Met1) Met
Class Mame
= Gen Genl
= Gen Gen2

Call finish and close
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Inspect  Wiew Help

VL N e B B B - S (= nn | PO o S

|Event #10001 (t=250.01s

id=0)

ol Do you want to conclude this simulation run and invoke finish() on all
modules?
) (id=1)

1-events (cMessage

Genl Ger

(2)

A new folder with the name result will be created under the project folder. Under the
result folder open the file (General-0.sca)

R =T =S L ¥ - d
L Project Explorer EE\ = g |
=
LT inet -
a =5 Labl
[ ﬁ‘: Binaries
b Includes
[ = out
4 [ Src
4 = results
| d General-0.scal
- €] Gen.cc
Gen.ned
Metl.ned

|
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Open the general-0.sca to create (auto generated) general.anf file

] Simulation - lab1/omi
File Edit Source MNav

C-ER&| B g
[ Project Explorer &3

New Analysis File

Create Mew Analysis File

L3 inet
a 5 lab Enter or select the parent folder:
b #%, Binaries . | lab1
B e D
b (5 lab

[¥ omnetpp.ini
package.ned

O Prop &2 “._g= Outli

lab1/results/Gener:

; . File name: |
Reso rape
a Info

Finish

Shift to browse sheet and observe our results on the scalar tab.
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o - & o H-0-Q-9-® e e | i

|
Quckhcces 1 | (B Smaamon)
5 Project Explorer &3 = 8 ||[g Gen.cc Gen.ned Metl.ned ¥ omnetpp.ini Fil General.anf &1 = B
J; p Pp
=% || Browse Data
4 (5 Labl B
) ;}b Binaries Here you can see all data that come from the files specified in the Inputs page.
-t Includes All (8 /4) | Vectors (0 /0)| Scalars (4 /4)| Histograms (0 /0)
[ g
+ = out v || module filter | statistic name filter - EREA
Lo ] cfite cfite (3] (&
4 = results Folder File name Configna.. R Runid Module Mame Value
i General-O.sca fLabl/s.. General-0.sca General 0 General-0-201... MNetl.nodel Mumber of rec...  2500.0
+ L] Gen.cc /Labl/s.. General-O.sca General 0 General-0-201... Metl.nodel number of sent 25010
E5 Gen.ned /Labl/s.. General-0.sca General 0 General-0-201... Netl.node2 Number of rec..  2500.0
ERliGenessl and fLabl/s.. General-0.sca General 0  General-0-201.. MNetl.node? number of sent 25010
[ Netl.ned i
T Properties 52 o= Outline = 8
P o
@3 -
Property Value
Inputs | Browse Data | Datasets
Example 2.

Changing parameters and values from the ini file.
In this example we will:

1- Link the time interval value in the last example to be changed every time we run
the simulation.
2- Add some delay to link between nodes

3- Packet definition
4- Add statistic results (delay vector)
Step 1:

First we need to create a data packet (as data with size).

Right click on the project folder and add a new message definition and name Data.msg
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112 V | New » | [ Project..
File Edit Go Into »L? File
Al Open in New Window | ¥ File from Template
E*; 5 Paste Ctri+V | B Analysis File (anf)
a3 2
4 . #;} 3 Delete Delete | (& Class
> & Source » | (& Class (OMNeT++)
= Move... % Compound Module
b & Rename... F2 | [n HeaderFile
: % 2 Lot E‘f Initialization File (ini)
b Bliy |Export. [ @ Message Definition (msg)
b 3 [ Network
e o &  Network Description File (NED)
B Eecer [ Simple Module
” Clean Project % Simulation
> <
P il | Refresh . 2 \¢] Source File
Ghise Project i Source Folder
Close Unrelated Projects el Fpee
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Mew Message File

This wizard allows you to create a new OMMNeT++ message definition file
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Enter or select the parent folder:

' lab1

th & @
i 5 labl

File name: | Datalmsg

Advanced > >

®@

< Back
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Initial Contents

Select one of the options below

Select template:

Empty Message File
New Fi

Add content template by URL

@




www.NetSimulate.net

= New Message File - o IEN

Message File Contents

Select options below

Message Type /

Message class name: ‘ Datal

Object type: packet v

¢ sample message class

) Message that subclasses from a message defined in another .msg file

() Message class that uses data types defined in C++

) Message class that can be customized in C++

C?) < Back Next > Finish Cancel

Change the Data packet fields to:

s program.

along wi

packet Data {
int senderID;

Buidl the project once again (Ctrl+b) and observe the auto generated files
(Data_m.h and Data_m.cc)

S1rb 5 6 gals sl 4l (g5le 4t g2 o - Cdgarn S ol
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7| 4 5 labt

> 3% Binaries
b [mp Includes
P (= out
—T=TeOm
> €] Data_m.cc
> [n] Data_m.h

. %5 labl.exe - [x86/le]
lmj Data.msg

{5 Distance_channel.ned
B4 Gen.ned

To use our own packet definition add the #include<Data_m.h> to the Gen.cc file

E] Gen.cc 53 @ Gen.ned \ 4 Netl.ned ¥ omnety

@ * Gen.cc[]
#include<omnetpp.h>
#include<Data_m.h>
- class Gen: public c leModule
{ .
private:
int no_sent;
int no_rcvd;
double time_interval;
cStdDev delay_;

protected:
virtual void initialize();
virtual void handleMessage(cMessage * msg);
virtual void finish();

L

b
Define_Module(Gen);
a-void Gen::initialize()
{
no_sent= @;
no rcvd= 0;
time interval= nar(time intervall:

The next step is to use the Data packet in the Gen class.

In this step we change the type of the message to be sent from cMessage to Data

packet and add some information to the data packet ( sender id, creation time and

size byte length)
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In the Gen class header add the following parameters:

1- Import the Data packet header as it will be used in the class (C++)

2- Add definition for Genld (as a parameter to identify each generator)

3- Add definition for statistic vector to calculate the delay per received data
packet

#include<omnetpp.hs
#inc]ude{ﬂata_m.h>
class Gen: public cSimpleModule
1
private:
int no_sent;
int no_rcvd;
int GenId;
double time_ interwval;

cStdDev delay ; ip————

protected:
virtual void initialize();
virtual wvoid handleMessage(cMessage * msg);
virtual void finish();

b

Define Module(Gen);

In the initiliaize function change the initialization of time_interval, GenlD as a call from
the ned file.

Initialize the time interval as out side variable (from ini file)

Initialize the Genld (hode address) later can be used to send a packet for specific
destination

void Gen::initialize()

1
no_sent= @;
no_rcvd= @;

time_interval= par("time_interval®);

GenId = par("GenID");
cMessage *msg= new cMesSa 3
scheduleAt(©.01,msg);

¥

In the handleMessage function change the code as follow:

Before send a data out:

Change the message to be sent to Data packet and add senderlD and creation time
When receive a data

Cast it to Data packet

Announce from where we get it
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Calculate delay and add statistice to the delay vector

void Gen: :handleMessage(cMessage * msg)

1
if(msg->isselfMessage())
1 '
Data * out_msg= new Data();
out_msg-rsetTimestamp(simTime());
out_msg-rsetSenderID(GenId);
— » SUTTTY
no_sent++;
scheduleAt(simTime( )+time_interval,msg);
b
else
i )
Data *rcvd_msg = check_and_cast<Data *:(msg);
EV<<" a Data received from Gen with ID: "<<rcvd_msg-rgetSenderID()<<endl;
delay .collect(simTime()-rcvd_msg->getTimestamp());
no_rcvd++;
delete(msg);
}, -
b

Collecting the delay results

In the finish function add a new scalar for the averaged delay:

The next step is to add the new parameters to the Gen.ned file

Add the following parameters:

simple Gen

{

parameters:
double time_interval = default(9.5);
int GenID;

gates:

input in;
output out;

Now before we run our simulation we should assigne values for the GenlD for each
generator

In the ini file:
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ﬂ Gen.cc Gen.ned Metl.ned m omnetpp.ini &5

= [General]
network = labl.Netl

** Genl.GenID
** Gen2.GenID

13

15\

Run the simulation as before for 200 seconds and observe results

Browse Data
Here you can see all data that come from the files specified in the Inputs page.

All (6 6) | Vectors (0,/0) Scalars (6/68) | Histograms [0/ 0)

runlD filter v || module filter v || statistic name filter
Folder File name Confign.. R Runid Module Mame Yalue

flabl/r.. General-Osca General 0 General-0-201.. Metl.Genl MUmberof received ... 500.0

fabl/r.. General-Osca General 0 General-0-201.. Metl.Genl Mumber of sent mess...  500.0

|.f|ab‘l.fr... General-0.sca  General 0 General-0-201... Metl.Genl Average delay 0.0

flab1/r.. General-Osca General 0 General-0-201.. Netl.Gen2 MUmberof received ... 500.0

flabl/r.. General-Osca General 0 General-0-201.. MNetl.Gen2 Mumber of sent mess... 500.0

Sab1/r.. General-O.sca  General 0 General-0-201...  MNetl.Gend Average delay 0.0

Delay is KOSONG why?
Lets add some delay

In the Netl.ned file add a delay to connections as:
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package labl;

B

- network Netl

{
= submodules:
Genl: Gen {
@display("p=92,1858");
}
Gen2: Gen {
@display(“p=259,1838");
}
77 LLAR:DL1StONCE _channer,//. L1NE, 1
= connections:
Genl.out --* {delay = 2us; } --» Gen2.in;
Gen2.out --» {delay = 2us; } --» Genl.in;
}--

Now run the simulation and collect results

Browse Data
Here you can see all data that come from the files specified in the Inputs page.

All (6/6) Vectors (0/0) Scalars (6/6) Histograms {0/ 0)

runlD filter w || module filter

Folder File name Confign.. R FRunid Module MNarne

flabl/r.. General-O.sca  General 0 General-0-201... Metl.Genl MUmberof received ...
flabl/r.. General-Osca  General 0  General-0-201... Metl.Genl Murnber of sent mess...
flab1/r.. General-O.sca  General 0  General-0-201... MNetl.Genl Average delay
flabl/r.. General-O.sca  General 0 General-0-201... Metl.Gen2 MUmberof received ...
flabl/r.. General-Osca  General 0 General-0-201... Metl.Gen2 Murnber of sent mess...
flab1/r.. General-O.sca  General 0 General-0-201... Metl.Gen2 Average delay

Yes we have a fixed delay...
Can it be a random

In the connection section of the netl.ned

W

Yalue
500.0
500.0
2.0E-6
500.0
500.0
2.0E-6

statistic name filter

~
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package labl;

L -4+ ot = =f =
Sfimport Distance_channel ;
r

S/ TODO auto-generated type
£

- network Netl

1
= submodules:
Genl: Gen ﬂ

@display(“p=22,1858");
¥

Gen2: Gen {
@display("p=259,188");

Sl 5 6 gelS slo Al (g3le and g3 5o - S genw <o ol

A4 LinR:Oistance_channel,/ /L
connections:

Genl.out --»> {delay =

Gen2.out --» {delay

uniform{4us,Gus);

uniform{4us,Gus);

} --» Gen2.in;
} --» Genl.in;
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