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Purpose

NS (version 2) is an object-oriented, discrete event
driven network simulator developed at UC Berkely
written in C++ and OTcl. NSis primarily useful for
simulating local and wide area networks. Although
NSisfairly easy to use once you get to know the
simulator, it is quite difficult for afirst time user,
because there are few user-friendly manuals. Even
though thereis alot of documentation written by the
devel opers which has in depth explanation of the
simulator, it is written with the depth of a skilled NS
user. The purpose of this project isto give a new
user some basic idea of how the simultor works,
how to setup simulation networks, where to look for
further information about network componentsin
simulator codes, how to create new network
components, etc., mainly by giving simple examples
and brief explanations based on our experiences.
Although all the usage of the simulator or possible
network simulation setups may not be covered in
this project, the project should help a new user to
get started quickly.
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Purpose

NS (version 2) is an object-oriented, discrete event driven network simulator
developed at UC Berkely written in C++ and OTcl. NSis primarily useful for
simulating local and wide area networks. Although NSisfairly easy to use once
you get to know the simulator, it is quite difficult for afirst time user, because there
are few user-friendly manuals. Even though there is alot of documentation written
by the developers which has in depth explanation of the simulator, it iswritten with
the depth of a skilled NS user. The purpose of this project isto give a new user
some basic idea of how the simultor works, how to setup simulation networks,
where to look for further information about network components in simulator
codes, how to create new network components, etc., mainly by giving simple
examples and brief explanations based on our experiences. Although al the usage
of the ssmulator or possible network simulation setups may not be covered in this
project, the project should help anew user to get started quickly.
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Overview

Overview

NSisan event driven network simulator developed at UC Berkeley that ssmulates variety of 1P networks.
It implements network protocols such as TCP and UPD, traffic source behavior such as FTP, Telnet,
Web, CBR and VBR, router queue management mechanism such as Drop Tail, RED and CBQ, routing
algorithms such as Dijkstra, and more. NS also implements multicasting and some of the MAC layer
protocols for LAN simulations. The NS project is now a part of the VINT project that develops tools for
simulation results display, analysis and converters that convert network topologies generated by
well-known generators to NS formats. Currently, NS (version 2) written in C++ and OTcl (Tcl script
language with Object-oriented extensions developed at MIT) isavailable. This document talks briefly
about the basic structure of NS, and explainsin detail how to use NS mostly by giving examples. Most of
the figures that are used in describing the NS basic structure and network components are from the 5th
VINT/NS Simulator Tutorial/Workshop slides and the NS Manual (formerly called "NS Notes and
Documentation"), modified little bit as needed. For more information about NS and the related tools,
visit the VINT project home page.
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Figure 1. Simplified User's View of NS

Asshownin Figure 1, in asimplified user's view, NS is Object-oriented Tcl (OTcl) script interpreter that
has a simulation event scheduler and network component object libraries, and network setup (plumbing)
module libraries (actually, plumbing modules are implemented as member functions of the base
simulator object). In other words, to use NS, you program in OTcl script language. To setup and run a
simulation network, a user should write an OTcl script that initiates an event scheduler, sets up the
network topology using the network objects and the plumbing functions in the library, and tells traffic
sources when to start and stop transmitting packets through the event scheduler. The term "plumbing” is
used for a network setup, because setting up a network is plumbing possible data paths among network
objects by setting the "neighbor" pointer of an object to the address of an appropriate object. When a user
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Overview

wants to make a new network object, he or she can easily make an object either by writing a new object
or by making a compound object from the object library, and plumb the data path through the object.
This may sound like complicated job, but the plumbing OTcl modules actually make the job very easy.
The power of NS comes from this plumbing.

Another major component of NS beside network objectsis the event scheduler. Aneventin NSisa
packet D that is unique for a packet with scheduled time and the pointer to an object that handles the
event. In NS, an event scheduler keegps track of simulation time and fires al the events in the event queue
scheduled for the current time by invoking appropriate network components, which usually are the ones
who issued the events, and let them do the appropriate action associated with packet pointed by the
event. Network components communicate with one another passing packets, however this does not
consume actual simulation time. All the network components that need to spend some simulation time
handling a packet (i.e. need a delay) use the event scheduler by issuing an event for the packet and
waliting for the event to be fired to itself before doing further action handling the packet. For example, a
network switch component that simulates a switch with 20 microseconds of switching delay issues an
event for a packet to be switched to the scheduler as an event 20 microsecond later. The scheduler after
20 microsecond dequeues the event and fires it to the switch component, which then passes the packet to
an appropriate output link component. Another use of an event scheduler istimer. For example, TCP
needs a timer to keep track of a packet transmission time out for retransmission (transmission of a packet
with the same TCP packet number but different NS packet ID). Timers use event schedulersin asimilar
manner that delay does. The only difference is that timer measures a time value associated with a packet
and does an appropriate action related to that packet after a certain time goes by, and does not simulate a
delay.

NSiswritten not only in OTcl but in C++ aso. For efficiency reason, NS separates the data path
implementation from control path implementations. In order to reduce packet and event processing time
(not simulation time), the event scheduler and the basic network component objects in the data path are
written and compiled using C++. These compiled objects are made available to the OTcl interpreter
through an OTcl linkage that creates a matching OTcl object for each of the C++ objects and makes the
control functions and the configurable variables specified by the C++ object act as member functions and
member variables of the corresponding OTcl object. In thisway, the controls of the C++ objects are
given to OTcl. It isalso possible to add member functions and variables to a C++ linked OTcl object.
The objects in C++ that do not need to be controlled in asimulation or internally used by another object
do not need to be linked to OTcl. Likewise, an object (not in the data path) can be entirely implemented
in OTcl. Figure 2 shows an object hierarchy examplein C++ and OTcl. One thing to note in the figure is
that for C++ objects that have an OTcl linkage forming a hierarchy, there is a matching OTcl object
hierarchy very similar to that of C++.
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Figure 2. C++ and OTcl: The Duality
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Figure 3. Architectural View of NS

Figure 3 shows the general architecture of NS. In thisfigure a general user (not an NS developer) can be
thought of standing at the left bottom corner, designing and running simulations in Tcl using the
simulator objectsin the OTcl library. The event schedulers and most of the network components are
implemented in C++ and available to OTcl through an OTcl linkage that isimplemented using tclcl. The
whol e thing together makes NS, which is a OO extended Tcl interpreter with network simulator libraries.

This section briefly examined the general structure and architecture of NS. At this point, one might be
wondering about how to obtain NS simulation results. As shown in Figure 1, when asimulation is
finished, NS produces one or more text-based output files that contain detailed ssmulation data, if
specified to do so in theinput Tcl (or more specifically, OTcl) script. The data can be used for simulation
analysis (two simulation result analysis examples are presented in later sections) or as an input to a
graphical simulation display tool called Network Animator (NAM) that is developed as a part of VINT
project. NAM has a nice graphical user interface similar to that of a CD player (play, fast forward,
rewind, pause and so on), and also has a display speed controller. Furthermore, it can graphically present
information such as throughput and number of packet drops at each link, although the graphical
information cannot be used for accurate simulation analysis.
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OTcl: The User Language

As mentioned in the overview section, NSis basically an OTcl interpreter with network simulation object
libraries. It is very useful to know how to program in OTcl to use NS. This section shows an example Tcl
and OTcl script, from which one can get the basic idea of programming in OTcl. These examples are
from the 5th VINT/NS Simulation Tutorial/Workshop. This section and the sections after assumes that

the reader installed NS, and isfamiliar with C and C++.

Example 1 isageneral Tcl script that shows how to create a procedure and call it, how to assign values to
variables, and how to make aloop. Knowing that OTcl is Object-orieneted extension of Tcl, it is obvious
that al Tcl commands work on OTcl - the relationship between Tcl and Otcl isjust same as C and C++.
To run this script you should download ex-tcl.tcl, and type "ns ex-tcl.tcl" at your shell prompt - the

command "ns" startsthe NS (an OTcl interpreter). You will also get the same results if you type "tcl

ex-tcl.tcl", if tcl8.0 isinstalled in your machine.

# Writing a procedure called "test"
proc test {} {
set = 43
get b 27
set ¢ [expr a + 5b]
set d [expr [expr $a - Fhb] * 5]
for {set k 0} {5k < 10} {incr Kk} {
IE- ik =05 ok

v oelse

¥

¥

Lest

puts "k < 5, pow = [EXPr pow(id,

puts "k >= 5, mod = [expr 5d

# Calling the "test" procedure created above

Example 1. A Sample Tcl Script

In Tcl, the keyword proc is used to define a procedure, followed by an procedure name and argumentsin
curly brackets. The keyword set is used to assign avalue to avariable. [expr ...] isto make the
interpreter calculate the value of expression within the bracket after the keyword. One thing to note is
that to get the value assigned to a variable, $ is used with the variable name. The keyword puts prints out
the following string within double quotation marks. The following shows the result of Example 1.
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OTcl: The User Language

k < 5, pow = 1.0

k < 5, pow = 1120.0

kE < 5, pow = 1254400.0

k < 5, pow = 1404925000.0

k <« 5, pow = 15735193e0000.0
k »>= 5, mod = 0

k »>= 5, mod = 4

k »>= 5, mod = 0

k »>= 5, mod = 0

k == 5, mod = 4

o

The next example is an object-oriented programming example in OTcl. Thisexampleis very simple, but
shows the way which an object is created and used in OTcl. As an ordinary NS user, the chances that you
will write your own object might be rare. However, since all of the NS objects that you will useinaNS
simulation programming, whether or not they are written in C++ and made available to OTcl viathe
linkage or written only in OTcl, are essentially OTcl objects, understanding OTcl object is helpful.

# add a member function call "greet"
Class mom
mom instproc greet {3
Sself instvar age
puts "$age_ TEAL old mom sSay:
How are wou doing?™

¥

# Create a child class of "mom" called "kid"
# and overide the member function "greet'
Cla=ss kid -supercla=s mom
kid instproc greet {3} {

Sself instrar age

puts "$age_ vear old kid sav:

That'=s up, dude?”
'

# Create a mom and a kid obhject, set each age
set a [New mom]
fa set age 45
set b [new kid]
fh set age 15

# Calling member function "greet" of each object
fa greet
§h greet

Example 2. A Sample OTcl Script
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Example 2 isan OTcl script that defines two object classes, "mom" and "kid", where "kid" is the child
class of "mom", and a member function called "greet" for each class. After the class definitions, each
object instance is declared, the "age" variable of each instanceis set to 45 (for mom) and 15 (for kid),
and the "greet" member function of each object instanceis called. The keyword Classisto create an
object class and instproc isto define amember function to an object class. Class inheritance is specified
using the keyword -super class. In defining member functions, $self acts same as the "this" pointer in
C++, and instvar checksif the following variable name is already declared initsclassor in its
superclass. If the variable name given is already declared, the variable is referenced, if not anew oneis
declared. Finally, to create an object instance, the keyword new is used as shown in the example.
Downloading ex-otcl.tcl and executing "ns ex-otcl.tcl" will give you the following result:

45 wear old mom sSay:
How are wou doing?

15 ywear old kid savy:
WThat'=s up, dude?
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Simple Simulation Example

This section shows a simple NS simulation script and explains what each line does. Example 3 isan
OTcl script that creates the simple network configuration and runs the simulation scenario in Figure 4.
To run this ssmulation, download "ns-simple.tcl” and type "ns ns-simple.tcl" at your shell prompt.

(:) node —— link agent

traftfic souce

pkt size: 1 kBykte, rate: 1 mbps

2t

ttp

Sec

D 4045

=T

Figure4. A Simple Network Topology and Simulation Scenario

This network consists of 4 nodes (n0, n1, n2, n3) as shown in above figure. The duplex links between nO
and n2, and nl1 and n2 have 2 Mbps of bandwidth and 10 ms of delay. The duplex link between n2 and n3
has 1.7 Mbps of bandwidth and 20 ms of delay. Each node uses a DropTail queue, of which the
maximum sizeis 10. A "tcp" agent is attached to nO, and a connection is established to atcp "sink™ agent
attached to n3. As default, the maximum size of a packet that a "tcp" agent can generate is 1IKByte. A tcp
"sink" agent generates and sends ACK packets to the sender (tcp agent) and frees the received packets. A
"udp" agent that is attached to nl is connected to a"null" agent attached to n3. A "null" agent just frees
the packets received. A "ftp" and a"cbr" traffic generator are attached to "tcp" and "udp" agents
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respectively, and the "cbr" is configured to generate 1 KByte packets at the rate of 1 Mbps. The "cbr" is
set to start at 0.1 sec and stop at 4.5 sec, and "ftp" is set to start at 1.0 sec and stop at 4.0 sec.

#Create a simulator obhject
set ns [new Jimulator]

#Define different colors for data £flow=s (for HAM)
fns color 1 Blue
fn= color 2 Red

#0pen the HAM trace file
set nf [open out.nam W)
fns namtrace-all $nf
#Define a 'finish'
proc finish {} {
global ns nf

fns flush-trace
H#Close the HAM trace f£file

zlose Snf
#Execute HAM on the trace f£file

EXEC harm oub.nam &
exit O

procedure

¥

#Create four nodes
get nld [§ns node]
get nl [$ns node]
set nZ [§ns node]
get n3 [§ns node]

#Create 1link=s bhetween the nodes

fns duplex-link Fn0 §nZ 2Mb 10ms DropTail
fnz duplex-link inl §nZ ZMb 10ms DropTail
fn= duplex-link $n2 $n3 1.7Mb Z0ms DropTail

#5et Queue Size
fns queues-limit

of 1link (nZ?2-n3) to 10
fh2 $n3 10

#GFire node po=sition (for HAM)

fns duplex-link-op $n0O
fnz duplex-link-op 5nil
fns duplex-link-op §nz

#Monitor the gqueune for
fnz duplex-link-op $nz

fn2 orient right-down
fnzZ orient right-up
in3 orient right

link (n2-n3). {(for HAM)
§n3 cqueusePos 0.5
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#5etup a TCP connection

get top [hew Agent,/TCP]

ftcp set class 2

inz attach-agent $n0 Stop
get sink [new Agent/TCP3ink]
inz attach-agent $n3d S=zink
fns connect $tcp $3ink

SLop -Set fadte1

#5etup a FTP over TCP connection
get ftp [new Application/FTP]
f§ftp attach-agent ftcp

e el g [ W o S

#5etup a UDP connection
get udp [new Agent,/UDF]
inz attach-agent $nl Sudp
get null [new Agent/MNull]
ing attach-agent $n3d Snull
fns connect Sudp fnull
fudp set fid =2

#5etup a CBR over UDP connection

get chr [new Application/Traffic/CER]
fchr attach-agent fuadp

fchr set type CER

fchr set packet size 1000

fchr set rate  1mb

fchr set random  false

#5chedule events for the CBER and FTP agents

gngat 0«1 "iche stacs™
Srsl atnl e op et RE e
fns at 4.0 "$ftp stop™
ing at 4.5 "ickhr stop®

#Detach tocp and sink agents (not really necessary)
gns at 4.5 "§ns detach-agent $nd ftcp ; fns detach-agent in3 $3ink"™

#Call the finish procedure after 5 seconds of simalation time
fns at 5.0 "finish"

#Print CBR packet size and interval
puts "CER packet =ize = [fchr =set peticias R aEtm e
puts "CER interwval = [S$ckhr =set LR S ERTEL A

#PRun the simmlation
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ins run

Example 3. A Simple NS Simulation Script

The following is the explanation of the script above. In general, an NS script starts with making a
Simulator object instance.

« set ns[new Simulator]: generates an NS simulator object instance, and assignsit to variable ns
(italicsisused for variables and valuesin this section). What this line doesis the following:

o Initialize the packet format (ignore this for now)
0 Create a scheduler (default is calendar scheduler)
o Select the default address format (ignore this for now)

The "Simulator" object has member functions that do the following:

Create compound objects such as nodes and links (described later)

Connect network component objects created (ex. attach-agent)

Set network component parameters (mostly for compound objects)

Create connections between agents (ex. make connection between a "tcp" and "sink")
Specify NAM display options

Etc.

(5] e e S R o % T R i [

Most of member functions are for simulation setup (referred to as plumbing functionsin the
Overview section) and scheduling, however some of them are for the NAM display. The
"Simulator” object member function implementations are located in the "ns-2/tcl/lib/ns-lib.tcl” file.

« $nscolor fid color: isto set color of the packets for aflow specified by the flow id (fid). This
member function of "Simulator” object isfor the NAM display, and has no effect on the actual
simulation.

o $nsnamtrace-all file-descriptor: This member function tells the simulator to record simulation
tracesin NAM input format. It also gives the file name that the trace will be written to later by the
command $ns flush-trace. Similarly, the member function trace-all is for recording the smulation
trace in ageneral format.

« procfinish{}: iscalled after this simulation is over by the command $ns at 5.0 "finish". In this
function, post-simulation processes are specified.

« set n0 [$ns node]: The member function node creates a node. A node in NS is compound object
made of address and port classifiers (described in alater section). Users can create a node by
separately creating an address and a port classifier objects and connecting them together. However,
this member function of Simulator object makes the job easier. To see how a nodeis created, ook
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a thefiles: "ns-2/tcl/libs/ns-lib.tcl" and "ns-2/tcl/libs/ns-node.tcl”.

« $nsduplex-link nodel node2 bandwidth delay queue-type: creates two simplex links of specified
bandwidth and delay, and connects the two specified nodes. In NS, the output queue of anode is
implemented as a part of alink, therefore users should specify the queue-type when creating links.
In the above simulation script, DropTail queue is used. If the reader wants to use a RED queue,
simply replace the word DropTail with RED. The NS implementation of alink is shown in alater
section. Like anode, alink is acompound object, and users can create its sub-objects and connect
them and the nodes. Link source codes can be found in "ns-2/tcl/libs/ns-lib.tcl" and
"ns-2/tcl/libs/ns-link.tcl™" files. One thing to note is that you can insert error modulesin alink
component to simulate alossy link (actually users can make and insert any network objects). Refer
to the NS documentation to find out how to do this.

o $nsqueue-limit nodel node2 number: Thisline sets the queue limit of the two simplex links that
connect nodel and node2 to the number specified. At this point, the authors do not know how
many of these kinds of member functions of Simulator objects are available and what they are.
Please take alook at "ns-2/tcl/libs/ns-lib.tcl" and "ns-2/tcl/libs/ns-link.tcl", or NS documentation
for more information.

 $nsduplex-link-op nodel node?2 ...: The next couple of lines are used for the NAM display. To see
the effects of these lines, users can comment these lines out and try the simulation.

Now that the basic network setup is done, the next thing to do is to setup traffic agents such as TCP and
UDP, traffic sources such as FTP and CBR, and attach them to nodes and agents respectively.

o settcp [new Agent/TCP]: This line shows how to create a TCP agent. But in general, users can
create any agent or traffic sources in thisway. Agents and traffic sources are in fact basic objects
(not compound objects), mostly implemented in C++ and linked to OTcl. Therefore, there are no
specific Simulator object member functions that create these object instances. To create agents or
traffic sources, a user should know the class names these objects (Agent/TCP, Agnet/TCPSInk,
Application/FTP and so on). Thisinformation can be found in the NS documentation or partly in
this documentation. But one shortcut isto look at the "ns-2/tcl/libs/ns-default.tcl” file. Thisfile
contains the default configurable parameter value settings for available network objects. Therefore,
it works as agood indicator of what kind of network objects are available in NS and what are the
configurable parameters.

« $ns attach-agent node agent: The attach-agent member function attaches an agent object created to
anode object. Actually, what this function doesis call the attach member function of specified
node, which attaches the given agent to itself. Therefore, a user can do the same thing by, for
example, $n0 attach $tcp. Similarly, each agent object has a member function attach-agent that
attaches a traffic source object to itself.

« $ns connect agentl agent2: After two agents that will communicate with each other are created,
the next thing is to establish alogical network connection between them. Thisline establishes a
network connection by setting the destination address to each others network and port address
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pair.

Assuming that al the network configuration is done, the next thing to do is write a simulation scenario
(i.e. simulation scheduling). The Simulator object has many scheduling member functions. However, the
one that is mostly used is the following:

o $nsat time"string": This member function of a Simulator object makes the scheduler (scheduler
is the variable that points the scheduler object created by [new Scheduler] command at the
beginning of the script) to schedule the execution of the specified string at given simulation time.
For example, $ns at 0.1 "$cbr start” will make the scheduler call a start member function of the
CBR traffic source object, which starts the CBR to transmit data. In NS, usually atraffic source
does not transmit actual data, but it notifies the underlying agent that it has some amount of data to
transmit, and the agent, just knowing how much of the data to transfer, creates packets and sends
them.

After all network configuration, scheduling and post-simulation procedure specifications are done, the
only thing left isto run the simulation. This is done by $ns run.
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This section talks about the discrete event schedulers of NS. As described in the Overview section, the
main users of an event scheduler are network components that simulate packet-handling delay or that
need timers. Figure 5 shows each network object using an event scheduler. Note that a network object
that issues an event is the one who handles the event later at scheduled time. Also note that the data path
between network objectsis different from the event path. Actually, packets are handed from one network
object to another using send(Packet* p) {target_->recv(p)}; method of the sender and recv(Packet*,
Handler* h = 0) method of the receiver.

Data Path §

titne  wd_ next handler

head —=

Data Path J

Fvent
Scheduler [N

imsett

titne  wd next  handler

Data Path ¢

Figure 5. Discrete Event Scheduler

NS has two different types of event scheduler implemented. These are real-time and non-real-time
schedulers. For a non-real-time schedul er, three implementations (List, Heap and Calendar) are available,
even though they are adl logically perform the same. Thisis because of backward compatibility: some
early implementation of network components added by a user (not the original onesincludedin a
package) may use a specific type of scheduler not through public functions but hacking around the
internals. The Calendar non-real-time scheduler is set as the default. The real-time scheduler isfor
emulation, which allow the simulator to interact with areal network. Currently, emulation is under
development although an experimental version is available. The following is an example of selecting a
specific event scheduler:
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set ns [new Simulator]
$ns use-scheduler Heap

Another use of an event scheduler isto schedule simulation events, such as when to start an FTP
application, when to finish a simulation, or for simulation scenario generation prior to a simulation run.
An event scheduler object itself has simulation scheduling member functions such as at time "string" that
issue a special event called AtEvent at a specified simulation time. An "AtEvent" is actually a child class
of "Event", which has an additional variable to hold the given siring. However, it istreated the same asa
normal (packet related) event within the event scheduler. When asimulation is started, and as the
scheduled time for an AtEvent in the event queue comes, the AtEvent is passed to an "AtEvent handler"
that is created once and handles all AtEvents, and the OTcl command specified by the string field of the
AtEvent is executed. The following is a simulation event scheduling line added version of the above
example.

set ns [new Simulator]
$ns use-scheduler Heap
$ns at 300.5 "complete_sim"

proc complete sm{} {

Y ou might noticed from the above example that at time "string" is a member function of the Simulator
object (set ns[new Simulator]). But remember that the Simulator object just acts as a user interface, and
it actually calls the member functions of network objects or a scheduler object that does the real job.
Followings are a partial list and brief description of Simulator object member functions that interface
with scheduler member functions:

Simulator instproc now # return scheduler's notion of current time

Simulator instproc at args # schedule execution of code at specified time

Simulator instproc at-now args # schedule execution of code at now

Simulator instproc after nargs # schedule execution of code after n secs

Simulator instproc run args # start scheduler

Simulator instproc halt # stop (pause) scheduler
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This section talks about the NS components, mostly compound network components. Figure 6 shows a partial OTcl class
hierarchy of NS, which will help understanding the basic network components. For a complete NS class hierarchy, visit
http://www-sop.inria.fr/rodeo/personnel/Antoine.Clerget/ns.

TelOhject

MsOhject

Connector Clazsifier

sioopCueue || Queue || Delay || Agent || Trace | | AddrClassifier || McastClassifier

o A R eTER

In || Out || Drp ||Edrp | | DropTad || RED | | TCP || UDF | | Eng||{Deq||Drop||Recy

N

Reno || SACK

Figure 6. Class Hierarchy (Partial)

The root of the hierarchy isthe TclObject class that is the superclass of all OTcl library objects (scheduler, network
components, timers and the other objects including NAM related ones). As an ancestor class of TclObject, NsObject class
Is the superclass of all basic network component objects that handle packets, which may compose compound network
objects such as nodes and links. The basic network components are further divided into two subclasses, Connector and
Classifier, based on the number of the possible output data paths. The basic network objects that have only one output
data path are under the Connector class, and switching objects that have possible multiple output data paths are under the
Classifier class.

» Node and Routing
A node is a compound object composed of a node entry object and classifiers as shown in Figure 7. There are two types
of nodesin NS. A unicast node has an address classifier that does unicast routing and a port classifier. A multicast node,

in addition, has a classifier that classify multicast packets from unicast packets and a multicast classifier that performs
multicast routing.
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Figure 7. Node (Unicast and Multicast)

In NS, Unicast nodes are the default nodes. To create Multicast nodes the user must explicitly notify in the input OTcl
script, right after creating a scheduler object, that all the nodes that will be created are multicast nodes. After specifying
the node type, the user can also select a specific routing protocol other than using a default one.

o Unicast
- $ns rtproto type
- type: Static, Session, DB, cost, multi-path

o Multicast
- $ns multicast (right after set $ns [new Scheduler])
- $ns mrtproto type
- type: CtrMcast, DM, ST, BST

For more information about routing, refer to the NS Manual located at
http://www.isi.edu/nsnam/ns/ns-documentation.html. The documentation has chapters talk about unicast and multicast
routing.

e Link

A link is another major compound object in NS. When a user creates a link using a duplex-link member function of a
Simulator object, two simplex links in both directions are created as shown in Figure 8.

% Simplex Link T

=

Delay

ApentTull

Figure8. Link
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One thing to note is that an output queue of anode is actually implemented as a part of simplex link object. Packets
dequeued from a queue are passed to the Delay object that simulates the link delay, and packets dropped at a queue are
sent to a Null Agent and are freed there. Finally, the TTL object calculates Time To Live parameters for each packet
received and updatesthe TTL field of the packet.

o Tracing

In NS, network activities are traced around simplex links. If the ssmulator is directed to trace network activities
(specified using $ns trace-all file or $ns namtrace-all file), the links created after the command will have the
following trace objects inserted as shown in Figure 9. Users can also specifically create atrace object of type type
between the given src and dst nodes using the create-trace { type file src dst} command.

Link with Trace Ohjects

EngT

Jueue —= DeqT = Drelay

=

Becvw T [—=

DrpT A gentMull

drop

Figure 9. Inserting Trace Objects

When each inserted trace object (i.e. EnqT, DeqT, DrpT and RecvT) receives a packet, it writes to the specified
trace file without consuming any simulation time, and passes the packet to the next network object. The trace
format will be examined in the General Analysis Example section.

o Queue Monitor

Basically, tracing objects are designed to record packet arrival time at which they are located. Although a user gets
enough information from the trace, he or she might be interested in what is going on inside a specific output queue.
For example, a user interested in RED queue behavior may want to measure the dynamics of average queue size
and current queue size of a specific RED queue (i.e. need for queue monitoring). Queue monitoring can be
achieved using queue monitor objects and snoop queue objects as shown in Figure 10.

Link with Snoop Queue Ohjects
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Figure 10. Monitoring Queue

When a packet arrives, a snoop queue object notifies the queue monitor object of this event. The queue monitor
using this information monitors the queue. A RED queue monitoring example is shown in the RED Queue Monitor
Example section. Note that snoop queue objects can be used in parallel with tracing objects even though it is not
shown in the above figure.

« Packet Flow Example

Until now, the two most important network components (node and link) were examined. Figure 11 shows internals of an
example simulation network setup and packet flow. The network consist of two nodes (N0 and nl) of which the network
addresses are 0 and 1 respectively. A TCP agent attached to nO using port 0 communicates with a TCP sink object
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attached to nl port O. Finally, an FTP application (or traffic source) is attached to the TCP agent, asking to send some
amount of data.

Fort
Claszifier

Fort
Clagsifier

Link n0 - nl

Addr
Classifier

Addr

Clagsifier ni} nl

Link nl - n0

Figure 11. Packet Flow Example

Note that the above figure does not show the exact behavior of a FTP over TCP. It only shows the detailed internal's of
simulation network setup and a packet flow.
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A NS packet is composed of a stack of headers, and an optional data space (see Figure 12). As briefly
mentioned in the "Simple Simulation Example" section, a packet header format isinitialized when a
Simulator object is created, where a stack of all registered (or possibly useable) headers, such asthe
common header that is commonly used by any objects as needed, |P header, TCP header, RTP header (UDP
uses RTP header) and trace header, is defined, and the offset of each header in the stack is recorded. What
this means is that whether or not a specific header is used, a stack composed of all registered headersis
created when a packet is allocated by an agent, and a network object can access any header in the stack of a
packet it processes using the corresponding offset value.

s cmn header
S 3 139 uid : unigue id
. type : pkt type
ip header B -
S ¢ s1ze  : =zimulated pkt size
ts ! time stamp
data (optional) |, tcp header
b
!
\ rtp header

-. trace header

Figure 12. NS Packet Format

Usually, a packet only has the header stack (and a data space pointer that is null). Although a packet can
carry actual data (from an application) by allocating a data space, very few application and agent
implementations support this. Thisis because it is meaningless to carry data around in anon-real-time
simulation. However, if you want to implement an application that talks to another application cross the
network, you might want to use this feature with alittle modification in the underlying agent
implementation. Another possible approach would be creating a new header for the application and
modifying the underlying agent to write data received from the application to the new header. The second
approach is shown as an example in alater section called "Add New Application and Agent".
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This section shows a trace anaysis example. Example 4 is the same OTcl script asthe onein the "Simple
Simulation Example" section with afew lines added to open a trace file and write traces to it. For the
network topology it generates and the simulation scenario, refer to Figure 4 in the "Simple Simulation
Example" section. To run this script download "ns-simple-trace.tcl" and type "ns ns-simple-trace.tcl" at
your shell prompt.

gOpen the NAM trace file
get nf [open out.nstn 1]
$ns namtrace-all Fnf

#0pen the Trace file
zet tf [open out.tr w)
inz trace-all itf

#hefine a 'finish' procedure

proc finish {3} {
global hs nf tf
fns flush-trace
#Close the MNAM trace file
close Snt
#Close the Trace file
cloze Stf
HExecute MAM on the trace file
EXED natn Out.ham &
exit O

Example 4. Trace Enabled Simple NS Simulation Script (modified from Example 3)

Running the above script generates a NAM trace file that is going to be used as an input to NAM and a
tracefile called "out.tr" that will be used for our ssimulation analysis. Figure 13 shows the trace format and
example trace data from "out.tr".
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from Lo pkt bkt

; sSro dst. |- seq | pkt
node | node | type | size | T1895 | T1d :

event | Tilme addr | addr | numn | id

r receive (at to node)
+ enquelns [at gqueues) src addr @ node.port (3.0]
- decqueues [(at queue) dst addr : node.port (0.0)
d drop (At Cqueues]

RS SS G R A A A AR e e T 1 3.0 0,0 15 201

+ 1.3556 2 0 ack 40 —-—————— 1 3.0 0.0 15 201

- 1.3556 2 0 ack 40 ——————-— a el e P e W e e
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Figure 13. Trace Format Example

Each trace line starts with an event (+, -, d, r) descriptor followed by the simulation time (in seconds) of
that event, and from and to node, which identify the link on which the event occurred. Look at Figure 9in

the "Network Components' section to see wherein alink each type of event is traced. The next
information in the line before flags (appeared as "------ " since no flag is set) is packet type and size (in
Bytes). Currently, NS implements only the Explicit Congestion Notification (ECN) bit, and the remaining
bits are not used. The next field isflow id (fid) of 1Pv6 that a user can set for each flow at the input OTcl
script. Even though fid field may not used in asimulation, users can use thisfield for analysis purposes.
Thefid field is also used when specifying stream color for the NAM display. The next two fields are
source and destination address in forms of "node.port”. The next field shows the network layer protocol's
packet sequence number. Note that even though UDP implementations do not use sequence number, NS
keeps track of UDP packet sequence number for analysis purposes. The last field shows the unique id of
the packet.

Having simulation trace data at hand, all one hasto do isto transform a subset of the data of interest into a
comprehensible information and analyze it. Down below is a small data transformation example. This
example uses a command written in perl called "column" that selects columns of given input. To make the
example work on your machine, you should download "column™" and make it executable (i.e. "chmod 755

column"). Following is atunneled shell command combined with awk, which calculates CBR traffic jitter
at receiver node (n3) using datain "out.tr", and stores the resulting datain "jitter.txt".

cat T qutsitrs|grept 253 . ebr: ] T grep At |y co) utm1o10 | awk A{dl =
if(dif==0) dif =1; if(dif >0) {printf("%\t%\n", $2, ($1 - ol dl)
oldl = $1; old2 = $2}}' > jitter.txt

$2 - ol d2;
I dif):

This shell command selects the "CBR packet receive" event at n3, selects time (column 1) and sequence
number (column 10), and calculates the difference from last packet receive time divided by difference in
sequence number (for loss packets) for each sequence number. The following is the corresponding jitter
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graph that is generated using gnuplot. The X axis show the packet sequence number and the Y axis shows
simulation time in seconds.
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Figure 14. CBR Jitter at The Receiving Node (n3)

Y ou might also check for more utilities in the Example Utilities section.

This section showed an example of how to generate tracesin NS, how to interpret them, and how to get
useful information out from the traces. In this example, the post simulation processes are done in a shell

prompt after the simulation. However, these processes can be included in the input OTcl script, whichis
shown in the next section.
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This section shows a RED queue monitoring example. Example 5 isan OTcl script written by Polly Huang,

which sets up the network topology and runs the ssmulation scenario shown in Figure 15. Note that a RED
gueue that can hold up to 25 packetsis used for the link r1-r2, and we want to see how the RED gueue
works by measuring the dynamics of current and average queue size. To run this script, download "red.tcl"

and type "nsred.tcl" at your shell prompt.

ftpl
topl (max win =13)
Eripi
1.5Mb, 20ms LEpz
EED
[(Bdze =129]
10Mk
31'[15 sec
—t —t—t———+—+ =
0 3 10

topl [max win = 135]
thpd

Figure 15. RED Queue Monitor Example Setup

set n=s [new Simulator]

set node (=1) [fns node]
set node (2] [fns node]
set node (rl) [$ns node]
set node (rZ) [fns node]
set node (s3] [fns node]
set node (4] [fn= node]

fns duplex-link $node (s1) $node (rl) 10Mb Zms DropTail
fns duplex-link $node (s52) $node (ri1) 10Mb 3ms DropTail
fns duplex-link fnode (rl) $node (rZ) 1.5Mb Z0ms ERED
fns queue—limit §node (rl) j$node (rZ) &5

fns queue—limit fnode (rZ) j$node (rl) &5

fns duplex-link fnode (23) $node (rzZ) 10Mb 4ms DropTail
fns duplex-link fnode (24) $node (rZ) 10Mb Sms DropTail
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gset topl [$ns create-connection TCP/Reno fnode (s1) TCP3ink $node (s53) 0]

ftepl et window 15

get topZ [$ns create—-connection TCP/Reno $node (221 TCPFSink Snode (23] 1]

ftocpZz set window 15
get ftpl [ftcpl attach-source FTE]
get ftpz [ftcpiZ attach-source FTE]

# Tracing a queue

get reddg [[$ns link $node (rl) Snode (r2)] gueue]
get tchan [open all.g w]

SEedd toace curo:

Sredd LLace ave.

fredg attach $tchan

fns at 0.0 "§ftpl starc"”
fns at 3.0 "iftp:z startc”
fns at 10 "finish"

# Define *finish’ procedure {(include post-zimmlation processes)
B G G ST S g Ty
Fglobal tchan
set awkCode |
{
if (51 == "Q" g& NF>2) {
print: &2 53 2 "Eemp et
get end 52
h
glze if (51 == "a" gg NF:>2)
i1 0 1 i e R T e e L 1 2 =

h

zet £ [open temp.dqueus ]
put=-i e NEisleTextr iced™
putz §f "Device: Postacript'

LE A finfetexists bohati T ook
close §tchan

h

exer rm —-f tenp.dq Cemp.a

exer touch temp.a Cetmp.d

exec awk SawkCode all.qg

puts £ N "gueue

exec cat temp.qg >0 §f
puts if \ni"ave queue
exec cat temp.a @ §f
close §f
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exec xgraph -bh -tk —-xX time -v¥ gueue temp.cgueus &
exitc 0O

H

fns run

Example 5. RED Queue Monitor Simulation Script

There are couple of things to note in the above script. First, more advanced Simulator object member
function create-connection is used to create TCP connections. Second, take a good look at queue tracing
(monitoring) part of the script. These lines make a variable to point the RED queue object, call its member
function trace to monitor the current queue size (curqg ) and average queue size (avg_), and make them
write the results to the file "all.g". Following are the two queue trace output formats for average queue size
and current queue size.

atime avg_q_size
Qtime crnt_g_size

Now that the all commands needed for RED queue monitoring is done except closing the "all.g" file when
the smulation is done, the remaining work designs a post-simulation process. This script, using awk, does

this process of transforming the monitored information into XGraph (a plotter) input format, and launches it
to draw the given information (see Figure 16).

Close || Hdepy || Akout || Anim || Replot || Derisv
red
GueLE
: : : S— T
e CjUBLE
15 0000 =
10 0000 -
m e
5 0000} yw L{
Q.0ooo;  E ; :
............... t"TIE-'
0.0000 2.0000 40000 B.0000 8.0000 10,0000

Figure 16. Red Queue Trace Graph
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Hereisacollection of trace analysis utilities that have been useful:

o Much parsing is easy if you can extract columns. Here is a helper-perl utility called "column” that

breaks a text output into columns, separated by whitespace. It is used by many of the scripts
below.

0 Hereisasimple perl called stats.pl script that prints some stats along the bottleneck link (node 1 to
node 2, in this case) of an output file stats.tr. Run it with the command:
sGats. i plistl -3 o 20 2~ maxs1sb - Stalsi e

o Hereisatunneled shell command called jitter.sh combined with awk, which calculates CBR

traffic jitter at recelver node (n3) using datain "out.tr", and stores the resulting datain "jitter.txt".
This shell command selects the "CBR packet receive’ event at n3, selectstime (column 1) and
sequence number (column 10), and calculates the difference from last packet receive time divided
by difference in sequence number (for loss packets) for each sequence number.
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Before going into a discussion of how to extend NS, let's briefly examine what information is stored in
which directory or file. Figure 17 shows a part of the directory structure of the simulator if you installed
it using the ns-allinone-2.1b package.

nz-allinone-2.1h

tolhox tkhox ot l tolol n=—-:2 ham—1

[C++ zource |
a t-C]. "

[validaticln testj [Dtn::l SD'Ll]‘.‘CEj

B test lik

Figure 17. NS Directory Structure

Among the sub-directories of ns-allinone-2.1b, ns-2 isthe place that has all of the simulator
implementations (either in C++ or in OTcl), validation test OTcl scripts and example OTcl scripts.
Within this directory, all OTcl codes and test/example scripts are located under a sub-directory called tcl,
and most of C++ code, which implements event scheduler and basic network component object classes,
except the WWW related ones, are located in the main level. For example, if you want to see the
implementation of the UDP agent, you should go to "ns-alinone-2.1b/ns-2" directory, and open up
"udp.h”, "udp.cc" and the files that contain the implementation of ancestor classes of UDP as needed. For
the class hierarchy of network components, refer to Figure 6 in the "Network Components® section. From

now on, it is assumed that you are aready in "ns-alinone-2.1b" directory.

The tcl directory has sub-directories, among which the lib directory that contains OTcl source codes for
the most basic and essential parts of the NS implementation (agent, node, link, packet, address, routing,
and etc.) isthe place one as a user or as adeveloper will visit the most. Note that the OTcl source codes
for LAN, Web, and Multicast implementations are located in separate subdirectories of tcl. Following is
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apartia list of filesin "ns-2/tcl/lib" directory.

ns-lib.tcl: The simulator class and most of its member function definitions except for LAN, Web,
and Multicast related ones are located here. If you want to know which member functions of the
Simulator object class are available and how they work, thisis a place to look.

ns-default.tcl: The default values for configurable parameters for various network components are
located here. Since most of network components are implemented in C++, the configurable
parameters are actually C++ variables made available to OTcl viaan OTcl linkage function,
bind(C++_variable_name, OTcl variable hame). How to make OTcl linkages from C++ codeis
described in the next section.

ns-packet.tcl: The packet header format initialization implementation is located here. When you
create a new packet header, you should register the header in this file to make the packet header
initialization process to include your header into the header stack format and give you the offset of
your header in the stack. A new header creating example is shown in"Add New Application and
Agent" section.

other OTcl files: Other OTcl filesin this directory, contain OTcl implementation of compound
network objects or the front end (control part) of network objectsin C++. The FTP application is
entirely implemented in OTcl and the source code is located in "ns-source.tcl”.

Two sub-directories of tcl that might be interesting for a user who wants to know how to design a
specific simulation are ex and test. The former directory contains various example simulation scripts and
the latter contains simulation scripts that validate the NS installed in your machine by running various
simulations and comparing the results with the expected results.
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Extending NS by adding a new basic network object usually involves working around making OTcl
linkage from C++ code, since the object class in the data path should be written in C++ for efficiency
reason. This section introduces C++/OTcl linkages available in NS by giving an example of creating a
simple and dull agent called "MyAgent" that has no behavior of an agent (i.e. no packet creation and
transmission). Figures 18 to 21 show parts of the C++ source file for "MyAgent", together which makes

a complete implementation (with 3 extra header lines). Also, an OTcl script with which you can test
"MyAgent" is presented at the end of this section.

o Export C++ classto OTdl

Suppose that you created a new network object classin C++, say "MyAgent" that is derived from the
"Agent" class, and want to make it possible to create an instance of this object in OTcl. To do thisyou
have to define alinkage object, say "MyAgentClass', which should be derived from "TclClass". This
linkage object creates an OTcl object of specified name ("Agent/MyAgentOtcl” in this example), and
creates a linkage between the OTcl object and the C++ object ("MyAgent" in this example), of which the
instance launching procedure is specified in the "create" member function. Figure 18 shows the
"MyAgent" class definition and the linkage class definition.

class MyAgent : public Agent ¢
public:
MyAgent () ;
protected:
int command(int argc, const char*const® argv) ;
private:
int my varl:
double my varl;
woid MyPrivFunc (void) ;

static class MyAgentClass : public TclClass |

public:
MyAgentClass () : TclClass ("Agent /MyAgentOtclr) |
Tolobhject® create (int, const char*consc¥) |
return(new Myhgent () ;

h
poclass my agent:
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Figure 18. Example C++ Network Component and The Linkage Object

When NSisfirst started, it executes the constructor for the static variable "class my agent”, and thus an
instance of "MyAgentClass' is created. In this process, the "Agent/MyAgentOtcl" class and its
appropriate methods (member functions) are created in OTcl space. Whenever auser in OTcl spacetries
to create an instance of this object using the command * new Agent / MyAgent O cl *, it invokes
"MyAgentClass::create" that creates an instance of "MyAgent" and returns the address. Note that
creating a C++ object instance from OTcl does not mean that you can invoke member functions or access
member variables of the C++ object instance from OTcl.

o Export C++ classvariablesto OTcl

Suppose your new C++ object, "MyAgent", has two parameter variables, say "my_var1" and
"my_var?2", that you want to configure (or change) easily from OTcl using the input simulation script.
To do this you should use a binding function for each of the C++ class variables you want to export. A
binding function creates a new member variable of given name (first argument) in the matching OTcl
object class ("Agent/MyAgentOtcl"), and create bi-directonal bindings between the OTcl class variable
and the C++ variable whose address is specified as the second variable. Figure 19 shows how to make
bindings for "my_varl" and "my_var2" shown in Figure 18.

MyAgent : :MyAgent () : Agent (FT UDP) {
bind("my varl otcl”™, &my wvarl):
bind("my var2 otcl"™, &my var2);

Figure 19. Variable Binding Creation Example

Note that the binding functions are placed in the "MyAgent" constructor function to establish the
bindings when an instance of this object is created. NS support four different binding functions for five
different variable types as follows:

- bind(): real or integer variables

- bind time(): time variable

- bind_bw(): bandw dth variabl e

- bind _bool (): bool ean vari abl e

In thisway, auser designing and running a simulation using an OTcl script can change or access
configurable parameters (or variable values) of network components implemented in C++. Note that
whenever you export a C++ variable, it is recommended that you also set the default value for that
variable in the "ns-2/tcl/lib/ns-lib.tcl" file. Otherwise, you will get a warning message when you create an
instant of your new object.

o Export C++ Object Control Commandsto OTcl.

In addition to exporting some of your C++ object variables, you may also want to give the control of
your C++ object to OTcl. Thisisdone by defining a"command" member function of your C++ object
("MyAgent"), which works as an OTcl command interpreter. As a matter of fact, an OTcl command
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defined in a"command" member function of a C++ object |ooks the same as a member function of the
matching OTcl object to auser. Figure 20 shows an example "command" member function definition for
the "MyAgent" object in Figure 18.

int MyAgent: :command (int argc, const char*const® argv) |
if(arge == Z) |
if (stremp (argv([1], "eall-my-priv-func®) == 0)
MyPrivFunc () ;
return(TCL OK] ;
¥

h
return (Agent : : command (argo, argy) )

Figure 20. Example OTcl command interpreter

When an instance of the shadow OTcl that matches the "MyAgent" object is created in OTcl space (i.e.
set nyagent [new Agent/M/Agent O cl ]), andthe user triesto call amember function of that
object (i.e. $nyagent cal | - my-pri v-func), OTcl searches for the given member function name
in the OTcl object. If the given member function name cannot be found, then it invokes the
"MyAgent::command" passing the invoked OTcl member function name and arguments in argc/argv
format. If thereis an action defined for the invoked OTcl member function name in the "command"
member function, it carries out what is asked and returns the result. If not, the "command" function for its
ancestor object is recursively called until the name is found. If the name cannot be found in any of the
ancestors, an error message is return to the OTcl object, and the OTcl object gives an error message to
the user. In thisway, an user in OTcl space can control a C++ object's behavior.

o« Executean OTcl command from C++.

Asyou implement a new network object in C++, you might want to execute an OTcl command from the
C++ object. Figure 21 shows the implementation of "M yPrivFunc" member function of "MyAgent" in
Figure 18, which makes an OTcl interpreter print out the valuein "my_var1" and "my_var2" private
member variables.

void Mybhgent: :MyPrivFunc (void)] 1

Tels Lol = Tol::instancel) !

tol.eval ("puts b "Message From MyPriwFunch ™) ;
tol.ewvalf ("puts LW ¢ wmy warl = 5d\"", my wvarl):
tol.ewvalf (Tpucs W my warz = 3£\ "", my vari):

Figure 21. Execute OTcl command from a C++ Object

To execute an OTcl command from C++, you should get areference to "Tcl::instance()" that is declared
as a static member variable. This offers you a couple of functions with which you can pass an OTcl
command to the interpreter (thefirst line of "MyPrivFunc" does this). This example shows two ways to
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pass an OTcl command to the interpreter. For a complete list of OTcl command passing functions, refer
to the NS documentation.

o Compile, run and test " MyAgent"

Until now, we examined the essential OTcl linkages available in NS using the "MyAgent" example.
Assuming that running and testing this example would help the reader's understanding further, we
present a procedure that helps you to compile, run and test "MyAgent".

1. Download "ex-linkage.cc" file, and save it under the "ns-2" directory.

2. Open "Makefile", add "ex-linkage.o" at the end of object file list.

3. Re-compile NS using the "make" command.

4. Download the "ex-linkage.tcl" file that contains "MyAgent" testing OTcl commands. (see Figure
22 for the input script and the result)

5. Run the OTcl script using command "ns ex-linkage.tcl".

ex-linkage.tcl

# Create Mylgent (This will giwve two warning messages that
# no default waules exist for Wy varl otol and mwy vari otcl)
get myagent [new Llgent/MyilgentOtol]

# Set configurabhle parameters of Mylgent

fmyagent sSet my varl oteol =2
Smyagent sSet my vari otel 3.14

# Give a comnand to Mylgent
fmyagent call-my-priv-func

result

warnhing: no class wvariable Agentfﬂgﬂgentﬂtcl::my_varl_ntcl

see tol-obhject.tocl in tolcl for info abhout this warning.
warning: no class wvariable Agentfﬂgﬂgentﬂtcl::my_varz_ntcl
Message From MyPrivFunc

my wvarl 2
My varz 3.140000

Figure 22. Test OTcl Script and The Result
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Add New Application and Agent

(work with ns-2.1b8a)

« Objective

We want to build a multimedia application that runs over a UDP connection, which simulates the behavior of an
imaginary multimedia application that implements "five rate media scaling” that can respond to network
congestion to some extent by changing encoding and transmission policy pairs associated with scale parameter
values.

« Application Description

In this implementation, it is assumed that when a connection is established, the sender and the receiver agree on 5
different sets of encoding and transmission policy pairs, and associate them with 5 scale values (0-4). For
simplicity reasons, it is also assumed that a constant transmission rate is determined for each of the encoding and
transmission policy pairs, and every pair uses packets of the same size regardless of the encoding scheme.

Basically, "five rate media scaling” works as follow. The sender starts with transmission rate associated with scale
0, and changes transmission rates according to the scale value that the receiver notifies. The receiver is responsible
for monitoring network congestion and determining the scale factor. For congestion monitoring, asimple
periodical (for every RTT second) packet loss monitoring is used, and even a single packet loss for each period is
regarded as network congestion. If congestion is detected, the receiver reduces the scale parameter value to half
and notifies the sender of thisvalue. If no packet |oss is detected, the receiver increases the value by one and
notifies the sender.

o Problem Analysis

Before implementing this application, the UDP agent implementation is examined and one major problem is
found. Since a UDP agent allocates and sends network packets, all the information needed for application level
communication should be handed to the UDP agent as a data stream. However, the UDP implementation allocates
packets that only have a header stack. Therefore, we need to modify the UDP implementation to add a mechanism
to send the data received from the application. It is aso noted that we might want to use this application for further
research on | P router queue management mechanisms. Therefore, we need a way to distinguish this type of
multimedia stream from other types of streams. That is, we also need to modify UDP agent to record data type in
one of IP header fields that is currently not used.

« Design and Implementation

For the application, we decided to take the CBR implementation and modify it to have the "five level media
scaling” feature. We examined the C++ class hierarchy, and decided to name the class of this application as
"MmApp" and implement as a child class of "Application”. The matching OTcl hierarchy nameis
"Application/MmApp". The sender and receiver behavior of the application isimplemented together in "MmApp".
For the modified UDP agent that supports "MmApp", we decided to name it "UdpMmAgent" and implement it as
achild class of "UdpAgent". The matching OTcl hierarchy nameis"Agent/UDP/UDPmm"

http://nile.wpi.edu/NS/new_app_agent.html (1 di 8) [08/01/2002 9.09.54]



Add New Application and Agent

« MmApp Header: For the application level communication, we decided to define a header of which the
structure named in C++ "hdr_mm". Whenever the application has information to transmit, it will hand it to
"UdpMmAgent" in the "hdr_mm" structure format. Then, "UdpMmAgent" allocates one or more packets
(depending on the ssimulated data packet size) and writes the data to the multimedia header of each packet.
Figure 23 shows the header definition, in which a structure for the header and a header class object,
"MultimediaHeaderClass" that should be derived from "PacketHeaderCalss' is defined. In defining this
class, the OTcl name for the header (" PacketHeader/Multimedia') and the size of the header structure
defined are presented. Notice that bind_offset() must be called in the constructor of this class.

F/ Miultimedia Header 3Itructure
struct hdr mm {
int ack; ff o is it ack packet?
int =sedq: S mm Sequence nuwkber
int nbytes: F/ bytes for mm pkt
double time; /7 current time
int scale; ff seale (0-4) associated with data rates

;f Packet header acceszs functions

static int offset

inline static ints offset () { return offset : }

inline static hdr mm* access (const Packet® E] 1
return [(hdr mm*) p-raccess(offset |:

i

Ff Multimedis Header Class
static claszs MultimediaHeaderClas=s : public PacketHeaderClass |
public:
MultimediaHeaderZlass () : PacketHeaderC lass("PacketHeader/Multimedia™,
gizeof (hdr mm) ) |
bind offset (&hdr mm: :offset | ;

I

Poelass mmhdre;

Figure 23. MM Header Structure & Class (in "udp-mm.h" & "udp-mm.cc")
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enum packet t |
PT TCP,

PT_Hultimﬂdia;
PT_NT?PE /f Thi=s MUIT kbe the LALST aone
bg

class p info |
public:
p_info()] |
naame [PT TCP]= "tep":

name [PT Multimedia] = "Multimedia";
name [PT NTYPE]= "undefined":

Figure 24 (a). Add to the "packet.h" file (C++)

foreach prot |
LoD

Multimedia

add-packet-header Sprot

Figure 24 (b). Add to the "ns-packet.tcl" file (Otcl)

We aso add lines to packets.h and ns-packet.tcl as shown in Figure 24 (a) and (b) to add our "Mulltimedia’
header to the header stack. At this point, the header creation processis finished, and "UdpMmAgent" will
access the new header via hdr_mm::access() member function. Please refer to NS Manual for detailed
information on header creation and access methods. For the rest of the application and the modified UDP
agent description, refer directly to "mm-app.h", "mm-app.cc”, "udp-mm.h" and "udp-mm.cc" files as

needed.

MmApp Sender: The sender uses atimer for scheduling the next application data packet transmission. We
defined the "SendTimer" class derived from the "TimerHandler" class, and wrote its "expire()" member
function to call "send_mm_pkt()" member function of the "MmApp" object. Then, we included an instance
of this object as a private member of "MmApp" object referred to as "snd timer ". Figure 25 shows the
"SendTimer" implementation.
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clasz SendTimer : public TimerHandler |
public:
SendTimer (MmApp* t) @ TimerHandler (), € _ (t] i}
inline wirtual wvoid expire (Event®) :
protected:
Mmldpp* t :
}:

woid SendTimer;:expire(Event®*)
{

t —r»3end mm pkti():
¥

clagss Mmpp : public Application |

pubhlic:
Mrolpp () -
private:
SendTimer snd timer ;
b
MmApp: :Mmipp (] @ running (0), snd timer (this), ack timer (this)

i
bind bw("ratel ", &rate[0]]:

bind bw("rated ", &ratel[d4]]:;
bind("pktsize ", &pktsize );
bind bool ("random ", &random | ;

void MmAPDP: :send mm pkt ()

i
hdr_mm mh_huf;

if (running ) {
agent ->sendmsgipktsize , (char®) &mh buf); // send to UDF

feaBescheduler ehet Scufliple taner

double next time = next snd time ()

if (next time > 0] snd timer .resched(next time | ;
h

Figure 25. SendTimer Implementation.

Before setting this timer, "MmApp" re-calculates the next transmission time using the transmission rate
associated with the current scale value and the size of application data packet that is given in the input
simulation script (or use the default size). The "MmApp" sender, when an ACK application packet arrives
from the receiver side, updates the scale parameter.
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« MmApp Receiver: The receiver uses atimer, named "ack_timer ", to schedule the next application ACK
packet transmission of which the interval is equal to the mean RTT. When receiving an application data
packet from the sender, the receiver counts the number of recelved packets and also counts the number of
lost packets using the packet sequence number. When the "ack_timer_" expires, it invokes the
"send_ack pkt" member function of "MmA pp", which adjusts the scale value looking at the received and
lost packet accounting information, resets the received and lost count to 0, and sends an ACK packet with
the adjusted scale value. Note that the receiver doesn't have any connection establishment or closing
methods. Therefore, starting from the first packet arrival, the receiver periodically sends ACK packets and

never stops (thisis abug).

o UdpMmAgent: The"UdpMmAgent" is modified from the "UdpAgent" to have the following additional
features: (1) writing to the sending data packet MM header the information received from a"MmApp" (or
reading information from the received data packet MM header and handing it to the "MmApp"), (2)
segmentation and re-assembly ("UdpAgent” only implements segmentation), and (3) setting the priority bit
(IPv6) to 15 (max priority) for the "MmApp" packets.

« Modify " agent.h" : To make the new application and agent running with your NS distribution, you should
add two methods to "Agent" class as public. In the "command" member function of the "MmApp" class,
there defined an "attach-agent” OTcl command. When this command is received from OTcl, "MmApp" tries
to attach itself to the underlying agent. Before the attachment, it invokes the "supportMM ()" member
function of the underlying agent to check if the underlying agent support for multimedia transmission (i.e.
can it carry data from application to application), and invokes "enableMM ()" if it does. Even though these
two member functions are defined in the "UdpMmAgnet” class, it is not defined in its base ancestor " Agent”
class, and the two member functions of the general "Agent” class are called. Therefore, when trying to
compile the code, it will give an error message. Inserting the two methods as public member functions of
the"Agent" class (in "agent.h") as follows will solve this problem.

class Agent : public Connector |
public:
boent (int pktType) :

virtual int supportMMi(] { return O0; 1}

virtual woid enableMM(] {}
wirtual woid sendwsgiint nbytes, const char *flags = 0):

virtual woid send(int nbhytes) { sendmsginbytes):

Figure 26 (a). Add two member functionsto "Agent" class.

o Modify "app.h": You also need to add an additional member function "recv_msg(int nbytes, const char
*msg)" to "Application” class as shown in Figure 26 (b). This member function, which wasincluded in the
"Application” classin the old versions of NS (ns-2.1b4afor sure), is removed from the class in the latest
versions (ns-2.1b8afor sure). Our multimedia application was initially written for the ns-2.1.b4a, and
therefore requires "Application::recv_msg()" member function for ns-2.1b8a or later versions.
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class Application : public Process |
public:
bpplication():
virtual woid send(int nbhytes):
wvirtusl woid recv(int nhytes):
virtual wold recy msg(int nbytes, const char *msg = 0] {};
wirtuasl woid resumel)

Figure 26 (b). Add amember function to "Application” class.

« Set default valuesfor new parameter in the " ns-default.tcl" : After implementing all the parts of the
application and agent, the last thing to do isto set default values for the newly introduced configurable
parameters in the "ns-default.tcl” file. Figure 26 shows an example of setting the default values for
configurable parameters introduced by "MmApp".

bpplication/MmApp set rateld 0O, 3mb
Application/Mmbipp sSet ratel 0. &mb
Application/MwApp set ratei 0.59mb
Application/MmbApp set rated 1.Zmb
Application/MmApp sSet rated 1.5omb

Application/Mmbipp sSet rkt=zize 1000
Application/Mmipp sSet random false

Figure 27. Default parameter value settings

« Download and Compile

Hereis achecklist that should be done before recompiling your NS.
1. Download "mm-app.h", "mm-app.cc”, "udp-mm.h" and "udp-mm.cc") to the "ns-2" directory.

2. Make sure you registered the new application header by modifying "packet.h" and "ns-packet.tcl" as shown
in Figure 24 (a) and (b).

3. Add supportMM () and enableMM () methods to the "Agent"” classin "agent.h" as shown in Figure 26 (a).

4. Add recv_msg() method to the "Application” classin "app.h" as shown in Figure 26 (b).

5. Set default values for the newly introduced configurable parametersin "ns-default.tcl” as described in
Figure 27.

After you've done al thingsin the checklist, modify your "Makefile" as needed (include "mm-app.o" and
"udp-mm.o" in the object file list) and re-compile your NS. It is generally a good practice to do "make depend"”
after you make changesin "Makefile" before are-compile.

e Test Simulation
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Figure 28 shows a simulation topology and scenario that is used to test "MmApp", and Figure 29 shows the test
simulation script. Download this script and test the newly added components.

Muipp S MmApp B
TID Prritry TTD Prrtn
ttp

ZMb, 10ms= Mbpp S

RED =

[=2ize = £0)

SMb 3ms
(max win = 15} zink L

ttp

Figure 28. Test Simulation Topology and Scenario

set ns [new Simulator]

fns duplex-link fnode (rl) $node (rz) ZMb 10ms RED

#5etup RED (queue parameter
§ns cqueus-limit $node (rl) $node (rz) 20

Oueney RED-self Ehiesh 5
Queue/RED set maxthresh 10
Queue/RED set o weight 0.002
oueue/RED set awe 0O

#5etup a MM UDP connection

set udp s [new Lgent/UDP/UDPen]
set udp r [new Agent/UDP/UDPran]
ins attach-agent §node (s1) fudp =
fns attach-agent §node (33) fudp r
fns connect S$udp 5 fudp r

fudp = set packet3Iize 1000

fudp r set packetZize 1000

fudp s set fid 1

fudp r set fid 1

#S5etup a MM Application

set mnapp = [new bpplication/ Mnipp]
Set mmapp r [new Application/Mmipp]
fmmapp = attach-agent fudp =
Smmapp r attach-agent $udp r
fmmapp s set pktsize 1000

[ = PP — o B Ty T
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QIILIRAP P S SEL LAl LalLSeE

#5imilation Scenario
fns at 0.0 "ifcp starc"”

fns at 1.0 "immwapp s start”
$ns at 7.0 "finish"

§n= run

Figure 29. "MmApp" Test Simulation Script
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Add New Queue

(work with ns-2.1b8a)

o Objective

To build asimple drop-tail router output queue that uses a round-robin dequeue scheduling for priority
15 packets (from a"MmApp" over "UDPmmM") and the other packets in the queue. That is, while priority
15 packets and other packets coexist in the queue, it dequeues the oldest packets of each type one by one
in turn.

« Design

The queue has two logical FIFO queues, say LQ1 and LQ2, of which the total size is equal to the size of
physical queue (PQ), i.e. LQ1 + LQ2 = PQ. To implement anormal drop-tail enqueue behavior, when a
packet is to be enqueued, the enqueue manager checksif size of LQ1 + LQ2 isless than maximum
allowed PQ size. If so, the packet will be enqueued to an appropriate logical queue. To implement the
round-robin dequeue scheduling, the dequeue manager tries to dequeue one packet from alogical queue
and the next one from the other logical queuein turn. |.e. packetsin the two logical queues are dequeued
at 1:1 ratio if both queues have packets.

o Implementation

We named the C++ name for this queue object "DtRrQueue" (Drop-Taill Round-Robin Queue) that is
derived from "Queue" class. The matching OTcl nameis"Queue/DTRR". When the "recv" member
function that isimplemented in the "Queue" class (in "queue.cc") receives a packet, it invokes the
"enqueue”’ member function of the queue object and invokes "dequeue’ if the link object is not blocked.
When the link came from a blocked state, it also calls the "dequeue" member function of its queue object.
Therefore, we needed to write "enqueue” and "dequeue” member functions of the "DtRrQueue” object
class. Figure 30 shows the "DtRrQueue" class definition and its "enqueue’ and "dequeue” member
functions. For the complete implementation, refer to "dtrr-queue.n" and "dtrr-queue.cc” files. Since the

codes are really easy to understand, no further explanation is given.

cla=s=s DtRErJueue : public Jueue {
public:
DLBRrQoueus ()

gl = new PacketQueus:
2 = new FacketQueue;
pyg = gl :

deq turn = 1;
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protected:
wold encue (FPacket®) ;
Packet® degue();

PacketCueue *gl ; ff First FIFQ gqueue

PacketQueue #ga Ff Becond FIFD queue

int deg turn ; ff 1 for First gqueus 2 for Second
Iz

vold DtRErJueune: :endgue (Packet® n)
{
hdr ip* iph = hdr ip::access(p):

Af if IPwE priority = 15 engueus to gqueuesl
if (iph->prioc == 15) |
g1 —rengue (p);
if ((gl ->lengthi] + g2 ->lengthi)] > glim | |
gl —>remove (pl;
drop (p) ;

h
else {
2 —rendgue (p);
if ((gl ->lengthi() + g2 ->length()) > glim ) {
g2 —>remove (p);
dropip) -

Packet* DitRrfueune: :decque ()

{
Facket *p;:

1T (deg Gy == "1k 4
P = gl —>dequei]:
e S R
P = g ->dequel]:
deq turn = 1;
h
else
deq turn = 2;
) £ iy
else |
b = di —->dequei]:
by i e B e
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p = gl ->dequel]:
deq turn = Z;

h

else

deq turn = 1;

return [(pl:

Figure 30. "DtRrQueue" class implementation

e Test Smulation

We used the simulation script used for testing "MmApp" over "UDPmm" in the previous section with
changing the RED queue to DTRR queue for the link r1-r2. The changes to the script are show in Figure
31. Download this script and test your newly added queue components.

DJet ns [new Simulator]

fns duplex-link Snode (=1) fnode (rl) SMb 3ws DropTail
fns duplex-link Snode (sZ) fnode (rl) S5Mb 3ms DropTail
fns duplex-link Snode (rl) fnode (rZ) ZMo 10ms DTEER

fns duplex-link Snode (s3) fnode (rZ) 5Mb 3ms DropTail
fns duplex-link Snode (s4) fnode (rZ) SMb 3mws DropTail

#3et DTER cueus =ige to zZ0
fns queue-limit Snode (rl) Snode (r2) 20

#3imulation Scenario

fnz at 0.0 "§Sftp start™

fns at 1.0 "Sjmmapp = start”
fns at 7.0 "finish"™

$h=s run

Figure 31. "DtRrQueuge" test simulation script
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LAN Examples

LAN Example

(Obsolete: work with ns-2.1b4a)

This section contains a pointer to an example LAN simulation script and shows its network topology and
simulation scenario. Download "ex-lan.tcl" file that is modified alittle bit from "ns-2/tcl/ex/lantest.tcl”

and examine it yourself.
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TCFP (Eeno)
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Ethernet Byl
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Figure 32. LAN simulation network topology and scenario
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Multicasting Examples

Multicasting Example

(Obsolete: work with ns-2.1b4a)

This section contains a pointer to an example multicasting simulation script and shows the NAM screen
capture of the simulation. Download "ex-mcast.tcl" file and examine it yourself. This exampleisfrom
the 5th VINT/NS Simulator Tutorial/Workshop.
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Figure 33. The NAM screen capture of the multicasting simulation
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Web Server Example

(Obsolete: work with ns-2.1b4a)

This section contains a pointer to an example Web Server simulation script and shows its network
topology. Download "ex-web.tcl" and "dumbbell.tcl" files and examine them yourself. This exampleis
from the 5th VINT/NS Simulator Tutorial/Workshop. Note that you should change the path for
"http-mod.tcl" at the begining of the script to an appropriate one to make it run on your machine.

Server e et
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| 100, 20ms= 10Mb, 20m=
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|
!
4
|
3 g | T
P e (@9)
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Figure 34. Web server simulation network topology
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SRM using NS-2

This section gives an overview of the implementation of SRM in NS. Running an SRM simulation
requires

« creating and configuring the agent,
« attaching an application level data source (atraffic generator), and
« starting the agent and the traffic generator.

The key stepsin configuring avirgin SRM agent are to assign its multicast group and attach it to a node.
Other useful configuration parameters are to assign a separate flow id to traffic originating from this
agent, to open log file for statistics, and atrace file for trace data. The agent does not generate any
application data on its own; instead the simulation user can connect any traffic generation module to any
SRM agent to generate data. The user can attach any traffic generator to n SRM agent. The SRM agent
will add the SRM headers, set the destination address to the multicast group and deliver the packet to its
target. SRM header contains the type of message, identity of the sender, the sequence number of the
message, the round for which this message is being sent.Each data unit in SRM isidentified as <

sender’ s id, message sequence number >. The SRM agent does not generate its own data; it does not also
keep track of the data sent except to record the sequence numbers of messages received in the event that
it has to do error recovery. Since the agent has no actual record of the past data, it needs to know what
packet size to use for each repair message. The agent and the traffic generator must be started separately
using : $srm start and $exp0 start

At start, the agent joins the multicast group and starts generating the session messages.

Each agent tracks two sets of statistics: statistics to measure the response to data loss and overall
statistics for each request/repair.

Data Loss:

The statistics to measure the response to data | osses track the duplicate request (and repair), and the
average request (and repair) delay. Each new request (or repair) starts a new request (or repair) period.
During the request (or repair) period, the agent measures the number of first round duplicate requests (or
repair) until the round terminates either due to receiving arequest (or repair) or due to the agent sending
one.

Overall Statistics:

In addition, each loss recovery and session object keeps atrack of times and statistics. In particular, each
object records its startTime. ServiceTime, distance, are relevant to the object; startTime is the time that
this object was created, serviceTime is the time for this object to complete its task, and the distance is the
one-way time to reach the remote peer.

For request objects, startTime is the time a packet loss is detected, serviceTimeisthetimeto finally
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receive that packet and the distance is the distance to the original sender of the packet. For repair objects,
startTime is the time that a request for retransmission is received, serviceTime is the time to send arepair
and the distance is the distance to the original requester. For both types of objects, the serviceTimeis
normalized by distance. For the session object, startTime is the time that the agent joins the multicast
group, serviceTime and distance are not relevant.

Each object also maintains statistics particular to that type of object. Request objects track the number of
duplicate requests and repairs received, the number of requests sent, and the number of times that this
object had to backoff before finally receiving the data. Repair objects track the number of duplicate
requests and repairs, as well as whether or not this object for this agent sent the repair. Session objects
simply record the number of session messages sent.

The values of timers and the statistics for each object are written to the log file every time an object
completes the error recovery function it was tasked to do.

Tracing :

Each object writes out trace information that can be used to track the progress of the object in its error
recovery. Each trace entry is of the form:

<prefix> <tag> <type of entry> <values>

The prefix is as described in the previous section for statistics. Thetag is Q for requets objects, P for
repair objects, and S for session objects.

Architecture and I nternals:

The SRM agent implementation splits the protocol functions into packet handling, loss recovery, and
Session message activity.
« Packet handling consists of forwarding application data messages, sending and receipt of control
messages. These activities are executed by C++ methods.

« Error detection done in C++ dueto receipt of error messages. However, |0ss recovery is entirely
done through instance procedures in Otcl.

« Thesending and processing of messages is accomplished in C++; the policy about when these
messages should be sent is decided by instance proceduresin Otcl

Packet Handling: Processing received messages.
The recv() method can receive 4 types of messages. data, request, repair and session messages.
Data Packets

The agent does not generate any data messages. The user has to specify an external agent to generate
traffic. The recv() method must distinguish between locally originated data, that must be sent to the
multicast group, and the data received from the multicast group that must be processed. Therefore, the
application agent must set the packet's destination address to zero.

For locally originated data, the agent adds the appropriate SRM headers, sets the destination address to
the multicast group and forwards the packet to its target.
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On receiving a data message from the group, the recv_data(sender, msgid) will update its state marking
message <sender, msgid> received, and possibly trigger requests if it detects losses. In addition, if the
message was an older message received out of order, then there must be a pending request or repair that
must be cleared. In that case, the compiled object invokes the Otcl instance procedure, recv-data

{ sender,msgid} .

Currently, thereis no provision for receivers to actually receive any application data. The agent does not
also store any of the user data. It only generates repair messages of the appropriate size, defined by
Instance variable packetSize . However, the agent assumes that any application datais placed in the data
portion of the packet, pointed to by

packet->accessdata().
Request Packets :

On receiving arequest, recv_rqgst(sender, msgid) will check whether it needs to schedule requests for
other missing data. If it has received this request before it was aware that the source had generated this
data message(i.e the sequence no. of this message is higher than the last known sequence no. of data
from this source), then the agent can infer that it ismissing this, as well as data from the last known
sequence no. onwards; it schedules requests for all of the missing data and returns. On the other hand, if
the seugence no. of the request is less than the last know sequence no. from the source, then the agent can
be in one of the three states: a) it does not have this data, and has a requets pending for it, b) it hasthe
data, and has seen an earlier request, upon which it has arepair pending for it, or c) it has the data, and it
should instantiate arepair. All of these error recovery mechanisms are done in OTcl; recv_rgst() invokes
the instance procedure recv-rgst{ sender, msgid, requester} for futher processing.

Repair Packets :

On receiving arepair packet, recv_repr(sender, msgid) will check whether it needs to schedul e requests
for other missing data. If it has received this repair before it was aware that the source had generated this
data message(i.e. the sequence no. of the repair is higher than the last known sequence no. from this
source), then the agent can infer that it ismissing all data between the last known sequence no. and that
on the repair; it schedules requests for all of this data, marks this message as received, and returns. On
the other hand, if the sequence no. of the request is lesser than the last known sequence no. from the
source, then the agent can be in one of the 3 states; @) it does not have the data. and has a request pending
for it, b) it has the data, and has seen an earlier request, upon which it has arepair pending for it, or c) it
has the data, and probably scheduled arepair for it at some time; after recovery it holds down its timer
(equal to three timesits distance to some requester)expired, at which time the pending object was
cleared. In thislast situation, the agent will ssmply ignore the repair, for lack of being able to do anything
meaningful. All of these error recovery mechanisms are done in OTcl; recv_repr() invokes the instance
procedure recv-repr{ sender, msgid} to complete the loss recovery phase for the particular message.

Session Packets :

On receiving a session message, the agent updates its sequence numbers for all the active sources, and
computes its instantaneous distance to the sending agent if possible. This agent will ignore earlier session
messages from a group member, if it has recelved alater one out of order.

Session message processing is donein recv_sess(). The format of the session message is.<count of tuples
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In this message, list of tuples>, where each tuple indicates the <sender id, last sequence no. from the
source, time the last session message was received from this sender, time that the message was sent>.
Thefirst tuple is the information about the local agent.

It is possible to trivially obtain two flavors of SRM based on whether the agents use probabilistic or
deterministic suppression. The default request and repair timer parameter for each SRM agent are

Agent/ SRM set C1_ 2.0

Agent/ SRM set C2_2.0

Agent/ SRM set D! 1.0

Agent/ SRM set D2_1.0

Deterministic Suppressions:

Class Agent/ SRM/ Deterministic — superclass Agent / SRM
Agent/SRM/ deterministic setsC2_ 0.0

Agent /SRM/ deterministic setsD2_ 0.0

Probabilistic Suppressions:

Class Agent/ SRM/ Probabilistic — superclass Agent / SRM
Agent/SRM/ Probabilistic sets C1 0.0

Agent /SRM Probabilistic setsD1 0.0

L oss Detection:

The SRM agent implementation splits the protocol functions into
« Packet handling,
o Lossrecovery, and
» Session message activity.

Packet handling consists of forwarding application data messages, sending and receipt of control
messages. These applications are executed by C++ methods.

Error detection is done in C++ due to receipt of messages. However, the loss recovery is entirely done
through instance proceduresin OTcl.

Sending and processing of messages is accomplished through C++; the policy about when these
messages should be sent is decided by instance proceduresin OTcl.

A very small encapsulating class, entirely in C++, tracks a number of assorted state information. Each
member of agroup, ni, uses one SRMinfo block for every other member of the group. An SRMinfo
object about group member nj at ni, contains information about session messages received by ni from nj.
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Ni can use thisinformation to compute its distance to nj. If nj, sendsis active in sending data traffic, then
the SRMinfo object will al'so contain information about the received data, including a bit vector
indicating all packets received from nj.

The agent keeps alist of SRMinfo objects, one per group member, in its member variable, sip_. Its
method get_state(int sender) will return the object corresponding to that sender, possibly creating that
object, if it did not already exist. The class SRMinfo has two methods to access and set the bit vector, i.e.

IfReceived(int id) indicates whether the particular message from the appropriate sender, with id id was
received at ni.

SetReceived(int id) to set the bit to indicate that the particlar message from the appropriate sender, with
id id was received at ni.

The session message variables to access timing information are public; no encapsulating methods are
provided. These are:

Int Isess ; /* # of last session msg. Received */

Int sendTime_; /* Time session msg. # sent */

Int recvTime_; /* Time session message # received */
Double distance ; /* Delay between nodes */

int Idata_; /* Data Messages */

L oss Recovery Objects:

Timers are used to control when any particular control message is to be sent. The SRM agent uses a
separate class SRM to do the timer based processing. Class SRM is used for sending periodic session
messages. An SRM agent will instantiate one object to recover from one lost data packet. Agents that
detect the loss will instantiate an object in the class SRM/request; agents that receive a request and have
the required data will instantiate an object in the class SRM/ repair.

Request Mechanisms :

SRM agents detect |oss when they receive a message, and infer the loss based on the sequence number
on the message received. Since packet reception is handled entirely by the compiled object, loss
detection occurs in the C++ methods. L oss recovery, however, is handled by instance procedures of the
corresponding object in OTcl.

Repair Mechanisms:

The agent will initiate arepair if it receives arequest for a packet, and it does not have a request object
pending_ for that packet. The default repair object belongs to the class SRM/repair. Barring minor
differences, the sequence of events and the instance procedures in this class are identical to those for
SRM/request.

Sample Code:

# STAR TOPOLOGY

http://nile.wpi.edu/NS/example_srm.html (5 di 8) [08/01/2002 9.10.03]



SRM using NS-2:

source /ust/lib/ns-allinone-2.1b4/ns-2/tcl/mcast/srm-nam.tcl ;# to separate $
source /usr/lib/ns-allinone-2.1b4/ns-2/tcl/mcast/srm-debug.tcl ;# to trace del$
Simulator set Numberinterfaces 1

set ns[new Simulator]

Simulator set EnableMcast 1

$ns trace-all [open out.tr w]

$ns namtrace-all [open out.nam w]

set srmSimType Probabilistic

$ns color O red ;#data source

$ns color 40 blue ;#session

$ns color 41 green ;#request

$ns color 42 white ;#repair

$ns color 4 red ;#source node

# Creating The Nodes

set nmax 8

for {seti O} {$i <=$nmax} {incri} {
set n($i) [$ns node]

}

$n(1) color "red"

# Creating The Links
for {seti 1} {$i <= $nmax} {incri} {

$ns duplex-link $n($i) $n(0) 1.5Mb 10ms DropTail
}

# Orienting The Links

$ns duplex-link-op $n(0) $n(1) orient right

$ns duplex-link-op $n(0) $n(2) orient right-up
$ns duplex-link-op $n(0) $n(3) orient up

$ns duplex-link-op $n(0) $n(4) orient left-up
$ns duplex-link-op $n(0) $n(5) orient left

$ns duplex-link-op $n(0) $n(6) orient left-down
$ns duplex-link-op $n(0) $n(7) orient down
$ns duplex-link-op $n(0) $n(8) orient right-down
set group 0x8000

set cmc [$ns mrtproto CtrMcast {}]

$ns at 0.3 "$cmc switch-treetype $group”

#SRM TRACE EVENTS

set srmStats [open srmStats.tr w]

set srmEvents [open srmEvents.tr w]

setfidO

for {seti 1} {$i <= $nmax} {incri} {
set srm($i) [new Agent/SRM/$srmSimType]
$srm($i) set dst_ $group
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$srm($i) set fid_[incr fid]

$srm($i) log $srmStats

$srm($i) trace $srmEvents

$nsat 0.5 "$srm($i) start"

$ns attach-agent $n($i) $srm($i)
}

# Attach a CBR Agent to srm(1)
set packetSize 800
set s[new Application/Traffic/CBR]
Ps set packet_size $packetSize
$sset interval  0.02
$s attach-agent $srm(1)
$srm(1) set tg_ Ps
$srm(1) set app_fid 0
$srm(1) set packetSize $packetSize
$nsat 2.0 "$srm(1) start-source"
set loss_module [new SRMErrorModel]
$loss module drop-packet 2 10 1
$loss module drop-target [$ns set nullAgent_]
$nsat 0.75 "$ns lossmodel $loss module $n(1) $n(0)"
$nsat 4.0 "finish $s" proc distDump interval {
globa nssrm
foreach i [array names srm] {
set dist [$srm($i) distances?]
if {$dist!=""} {
puts "[format %7.4f [$ns now]] distances $dist"
}
}
$ns at [expr [$ns now] + Sinterval] "distDump S$interval™
}
proc finish src {
global prog ns env srmStats srmEvents srm nmax
$src stop
$ns flush-trace
close $srmStats
close $srmEvents
puts "converting output to nam format..."
If [info exists env(DISPLAY)] {
puts "running nam..."
exec ham out.nam &
} else{
exec cat srmStats.tr >@stdout
}

exit 0
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$nsrun
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Computer Science

NS@WPI FAQ

1. Istherean NStutorial somplace?

Try: http://www.isi.edu/nsnam/ng/tutorial/

2. How do setup to use NS on nile?

Add/ user s/ ns/ bi nisinyour path:

set path=(/users/ns/bin $path) # for csh/tcsh
Make aworking directory for your scripts:

cd /users/cl aypool

nkdir my-sim

Then, make ssms and run normally.

3. How do setup to modify NS (edit the simulator) on nile?
Check that you are part of the "ns" group:

groups (if you don't see "ns" send email to claypool @s)

Set your CVSROOT variable (for tcsh):

setenv CVSROOT /users/cvsroot (put in your .tcshrc)
Make aworking directory:

cd /users/cl aypool

nkdir ny-ns
Check out ns-2:

cd /users/claypool / ny-ns

CVS CO ns-2

Link in supporting directories:
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cd /users/claypool / ny-ns
In -s /users/ns/*
(wll give error for ns-2 link, but that's ok)

Compilens:

cd /users/cl aypool / ny-ns/ ns-2
make

Make sure your scripts now use your NEW nsunder / user s/ cl aypool / ny- ns/ ns- 2/ ns! Then, make
sims and run normally.

To edit afile:

cd /users/cl aypool / ny- ns/ ns- 2

(edit file)

(conpil e, debug, test, conpile, debug test...)

( MAKE SURE YOUR CODE COWPI LES AND WORKS BEFORE SUBM TTI NG)
cvs conm t

To add afile:

cd /users/cl aypool / ny-ns/ ns- 2

(edit new file)

(conpil e, debug, test, conpile, debug test...)

( MAKE SURE YOUR CODE COVWPI LES AND WORKS BEFORE SUBM TTI NG
cvs add

cvs comm t

4. Where are some sample scripts| can start from?

Many sample scripts can be found in the NS distributionin/ user s/ ns- 2/ ns- 2/ tcl / ex and
/users/ns/ns-2/tcl/test.Youmightalsotry/users/ns/ns-2/tcl/ns-tutoriall/.

5. Entering flows by hand isa pain. How do you " generate", say, 200 flows automatically?

Y ou can do so with afor loop. Here is an example:

HHHRAHHHHHHHH BB H B HHHAHH
# Creat Network Topol ogy #
HHRRHHHHHHHH BB R B HHRBHH

#Set number of TCP connecti ons
set tcp_num 50

#Maki ng two networ k nodes
set n(1l) [$ns node]
set n(2) [$ns node]

#Maki ng edge nodes
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for {set i 1} {$i <= $tcp_nunm {incr i} {
set s($i) [$ns node]
set r($i) [$ns node]

}

#Creating the network Iink
$ns dupl ex-link $n(1) $n(2) 20Mo 20ns DropTai l

#Creating edge |inks

for {set i 1} {$i <= $tcp_nunt {incr i} {
$ns duplex-l1ink $s($i) $n(1) 20M> 5nms DropTail
$ns duplex-link $n(2) $r($i) 20M 5ns DropTai

HAHHBHHHH R AR R ]
# Setup FTP-TCP connections #
HAHHAHHH TR R

#Setup TCP
for {set i 1} {$i <= $tcp_nunm {incr i} {
set tcp($i) [new Agent/ TCP/ Reno]
set sink($i) [new Agent/TCPSi nk]
$ns attach-agent $s($i) $tcp($i)
$ns attach-agent $r($i) $sink($i)
$ns connect S$tcp($i) $sink($i)

$tcp($i) set ecn_ true
$Stcp($i) set fid_  $i

$tcp($i) set window_ 20
$tcp($i) set packetSize 1000

}

#Setup FTP Applications

for {set i 1} {$i <= $tcp_nunt {incr i} {
set ftp($i) [new Application/FTP]
$ftp($i) attach-agent $tcp($i)
$ftp(P$i) set type FTP

}

HHHH B HHHH B R RHHH BB HAH R
# Start FTP Applications #
HHHHHHHHH B R HHH BB HHH BRI
for {set i 1} {$i <= $tcp_nunt {incr i} {
$ns at 0 "$ftp($i) start”
$ns at 80 "$ftp(Pi) stop"
}

$ns run

6. How do | measurethingslike packet loss, throughput, etc?
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Y ou pull datayou need from the trace file NS produces. That file isin text format, so you can parse it by
whatever tools you would like. For example, to calculate throughput you'd ook for how many packets arrived
per second at a node coming from another node maybe with the protocol TCP.

7. Where arethe defaultskept for the NS objects?

fusers/ns/ns-2/tcl/lib

8. Arethere sometools somewhere that do somethings| would like?

Not as many aswe'd like. But thereisastartin: / user s/ ns/ t ool s

9. DoesNS simulate the 3-way TCP handshake?

Yes. You setthesyn_ variableto TRUE in Agent / TCP in order to simulate the 3-way handshake. In
ns-2.1b7a, syn isset to FALSE by default. However since ns-2.1b8, the default setting for syn has been
changed to TRUE.

10. | get the exact same dropsevery timewith my RED router. Isthereaway to " seed" the NSrandom
number generator ?

You do it with the RNG class from OTcl. For example, anew RNG is created and seeded with:
set rng [ new RNG

$rng seed 0 # seeds the RNG heuristically;
$rng seed n # seeds the RNG with val ue n;

Other uses could be:
$rng next-random# return the next random nunber;
$rng uniforma b # return a nunber uniformy distributed on [a, b];
$rng integer k # return an integer uniformy distributed on [0, (k-1)];

$rng exponential # return a nunber from an exponential distribution
# with average 1.;

Currently there is no way to select predefined seeds from OTcl.
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Hot Links

« Congestion Control Research Group: http://perform.wpi.edu/cc/

o VINT Project Home Page: http://www.is.edu/nsham/vint/

« NSHomePage: http://www.isi.edu/nsnam/ns/

o NSinstalation: http://www.isi.edu/nsham/ns/ns-build.html

o NS Documentation: http://www.isi.edu/nsnam/ns/ns-documentation.html

o NS Manua Page (very out of date): http://www.is.edu/nsnam/ns/ns-man.html
o NS CVShistory (directory structure): http://www.isi.edu/cgi-bin/nsnam/cvsweb
o NSClassHierarchy: http://www-sop.inria.fr/rodeo/personnel/Antoine.Clerget/ns

o 5th VINT/NS Simulator Tutorial/Workshop:
http://www.is .edu/nsnam/ns/ns-tutorial/ucb-tutoria .html

o Tcl/Tk Quick Reference Guide: http://www.slac.stanford.edu/~raines/tkref.html
e OTcl Tutoria (Berkeley Version): http://bmrc.berkeley.edu/research/cmt/cmtdoc/otcl

e OTcl Tutorial (MIT Version): ftp://ftp.tns.Ics.mit.edu/pub/otcl/README.htm
o Guideto awk: http://www.canberra.edu.au/~sam/whp/awk-guide.html

o GNU Plot: http://shazam.econ.ubc.ca/gnuplot.html

o XGraph: http://jean-luc.ncsa.uiuc.edu/Codes/xgraph

o Network Animator (NAM): http://www.isl.edu/nsnam/nam/
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http://www.isi.edu/nsnam/ns/ns-documentation.html
http://www.isi.edu/nsnam/ns/ns-man.html
http://www.isi.edu/cgi-bin/nsnam/cvsweb
http://www-sop.inria.fr/rodeo/personnel/Antoine.Clerget/ns
http://www.isi.edu/nsnam/ns/ns-tutorial/ucb-tutorial.html
http://www.slac.stanford.edu/~raines/tkref.html
http://bmrc.berkeley.edu/research/cmt/cmtdoc/otcl
ftp://ftp.tns.lcs.mit.edu/pub/otcl/README.html
http://www.canberra.edu.au/~sam/whp/awk-guide.html
http://shazam.econ.ubc.ca/gnuplot.html
http://jean-luc.ncsa.uiuc.edu/Codes/xgraph
http://www.isi.edu/nsnam/nam/
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