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Chapter 7: Tracing

Source material: ‘

= Online tutorial:
http://www.nsnam.org/docs/release/3.14/tutorial/singlehtml/index.html#traci

ng
= T.Predojev (2012): http://wikienergy.cttc.es/images/2/2d/Ns-3-tutorial-
complete.pdf

= M. Lacage (2009): http://www.nsnam.org/tutorials/ns-3-tutorial-tunis-
apr09.pdf

= G. Riley (2008): http://www.wns2.org/docs/wns_tutorial-handout.pdf

= S. Kristiansen (2010):
http://www.uio.no/studier/emner/matnat/ifi/INF5090/v11/undervisningsmateri
ale/INF5090-NS-3-Tutorial-2011-Oslo-slides.pdf
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http://www.nsnam.org/docs/release/3.14/tutorial/singlehtml/index.html#tracing
http://wikienergy.cttc.es/images/2/2d/Ns-3-tutorial-complete.pdf
http://www.nsnam.org/tutorials/ns-3-tutorial-tunis-apr09.pdf
http://www.wns2.org/docs/wns_tutorial-handout.pdf
http://www.uio.no/studier/emner/matnat/ifi/INF5090/v11/undervisningsmateriale/INF5090-NS-3-Tutorial-2011-Oslo-slides.pdf

More advanced tracing with NS3

= You can use ascii, pcap tracing or logging to get info from your sim

* Need to write code to parse output

 The info you want may not be obtainable by pre-defined mechanisms
= There is another way in NS3

 Add your own traces to events you care about

* Produce output in a convenient form

« Add hooks to the core that can be accessed by other users later
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You could use print statements, but | wouldn’t recommend it

= You may have to dig deep inside the NS3 core to find the info you want
= More print statements = need way to enable/disable specific ones
 Congratulations! You've just re-invented the NS3 logging system!
= You could add logging statements to the core
- Remember: NS3 is open-source, evolving system
— Core will bloat to include all possible log messages
— Unwieldy gigantic log files = effectively useless
— No guarantee specific log messages will survive releases

Logging # Tracing
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The basic idea: trace sources and sinks

= You need:
1. Trace source: signals sim event and provides access to the data
2. Trace sink: consumes the trace info, do something useful with it
3. Mechanism to connect trace source to trace sink

= Note: there can be many sinks connected to the same trace source

Trace source Trace sink
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A simple low-level example: callbacks

= This is the key to the way tracing works
= |n C/C++ you can pass a pointer to a function: callback mechanism

Ex: a function to float myFunction(float x)
integrate functions {

| return x*x;

float Integrate(float (*func)(float), float lo, float hi)
{

}...

Integrate(&myFunction,0,1);

= Trace source maintains a list of callback functions added by the sinks
=  When an event of interest happens
« Trace source passes data to the callback functions

il Callback functions are executed
ysical; g

Life Sciences

LLNL-PRES-641412 L £



A simple low-level example: fourth.cc

#include "ns3/object.h"
#include "ns3/uinteger.h"
#include "ns3/traced-value.h"

#include "ns3/trace-source-accessor.h" Goal trace_ ChangeS made tO a Variable
* i.e., notify user whenever

« 4, ++, =, etc.

#include <iostream>

using namespace ns3;

class MyObject : public Object
{
public:
static Typeld GetTypeld (void)
{
static Typeld tid = Typeld ("MyObject")
.SetParent (Object::GetTypeld ()
.AddConstructor<MyObject> ()
.AddTraceSource ("Myinteger”, < Trace source
"An integer value to trace.",
MakeTraceSourceAccessor (&MyObject::m_mylnt));
return tid;

}

MyObject () {}
TracedValue<int32_t> m_mylnt;

b

void IntTrace (int32_t oldValue, int32_t newValue)

{ .
std::cout << "Traced " << oldValue << " to " << newValue << std::endl; Trace Sl nk

}

int main (int argc, char *argv[])

{ - - - -

< > = < > () -

myObject->TraceConnectWithoutContext (“"Mylnteger"”, MakeCallback (&IntTrace));I Con neCt|0n

myObject->m_myint = 1234;
}
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A simple-low level example: the trace source

MyObject is derived from Object, inherits public members

e

class MyObiject : public Object P

{
public:

static Typeld GetTypeld (void) \
{

static Typeld tid = Typeld ("MyObject")
.SetParent (Object::GetTypeld ())
.AddConstructor<MyObiject> ()
AddTraceSource ("Mylnteger",
"An integer value to trace.",
MakeTraceSourceAccessor (&MyObject::m_myint));
return tid,;

}

MyObject () {}
TracedValue<int32_t> m_myint;

I3

Physical, g

always need GetTypeld method

for an object

* provides run-time info on type

« allows objects to located via
path (more on this later)

« provides objects with
attributes

« provides objects with trace
sources
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A simple-low level example: the trace source

Typeld class records meta-
information about MyObject

class MyObiject : public Object

{
public:
static Typeld GetTypeld £v0id)

{

static Typeld 4d = Typeld ("MyObject")
.SetParent (Object::GetTypeld ())
.AddConstructor<MyObiject> ()

AddTraceSource ("Mylnteger",
"An integer value to trace.",
MakeTraceSourceAccessor (&MyObject::m_myint));

<t

return tid;

}

MyObject () {}

L1

Provides unique identifier

—1

Record Typeld of base class

Default constructor is accessible

Provides hook to connect to
trace source:

* Name of source

* Help string

* Accessor = pointer to connect

Provides infrastructure to

TracedValue<int32_t>m_myint; <

I3

* Overload operators
» Drive callback process

Physical, g

Life Sciences

LLNL-PRES-641412 L .




A simple low-level example: the trace sink

void IntTrace (int32_t oldValue, int32_t newValue)

{
std::cout << "Traced " << oldValue << " to " << newValue << std::endl;

}
A simple void function
 Takes in the old and new values of the traced variable

*  Will be supplied by the trace source
* Prints them to the screen
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A low-level example: the main function

NS3 smart pointers provide garbage collection via reference counting
« Track number of pointers to an object
» Helps avoid memory leaks when you forget to delete an object

-

Wrapper for C++ “new”

{

}

int main (|nt argc, char *argvl])

Ptr<I\/IyObJect> myObject = CreateObject<I\/IyObject> 0;
myObject->TraceConnectWithoutContext (""Mylnteger", MakeCallback (&IntTrace));

myObject->m_myint = 1234,

|

If all goes as planned:
should trigger callback

Physical
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T~

Connecting source to sink

+  “Mylinteger” = name of source

» Callback made from our sink function
+ We’ll talk about “Context” next...
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A low-level example: running fourth.cc

cp examples/tutorial/fourth.cc scratch/myfourth.cc
Jwaf --run scratch/myfourth

U

Traced 0 to 1234 <

Assignment in: myObject->m_myint = 1234;
triggers callback

Seems almost anticlimactic, but we’ve illustrated the main steps in tracing
 Define trace source

* Define trace sink

 Connect trace source to trace sink
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Using Config to connect to trace sources

= TraceConnectWithoutContext is not typical way to connect source to sink
= Normally done via the Config subsystem in ns3, by using a config path
A string that looks like a file path

» Represents chain of objects leading to the desired event (or attribute)
=  We encountered this in third.cc

”INodeList/7/$ns3::MobilityModel/CourseChange"

|

Provides a path to the “CourseChange” attribute for node index 7

Let’s dissect this config path
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Dissecting the Config path in third.cc

”INodeList/7/$ns3::MobilityModel/CourseChange™

= “NodeList” = predefined namespace in Config, lists all the nodes in the sim
= "NodeList/7" = node 7 (i.e., the eigth node)

= "$" = what follows designates an aggregated object

Let’s take a short detour to discuss aggregated objects in NS3
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Object aggregation in NS3

= Makes it possible for objects to access each other, and for users to easily
access objects in an aggregation
= Avoids need to modify a base class to provide pointers to all possible
connected objects
» Class definitions would bloat uncontrollably
 Solution: separate functionality belongs to separate classes

Node->AggregateObject(mobility);

7Y

CORER . RCORCT
)

Retrieving an aggregated object:

Ptr<MobilityModel> mob = node->GetObject<MobilityModel> ();

Physical, L
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Dissecting the Config path in third.cc

”INodeList/7/$ns3::MobilityModel/CourseChange™
= “NodeList” = predefined namespace in Config, lists all the nodes in the sim
= "NodeList/7" = node 7 (i.e., the eigth node)

= "$" = what follows designates an aggregated object

= "/NodeList/7/$ns3::MobilityModel" = get the mobility model object
aggregated to node 7 in the sim

= "CourseChange" = attribute of MobilityModel we are interested in
= Config will follow the chain of pointers to the attribute you specified

Config::Connect(”/NodeList/7/$ns3::MobilityModel/CourseChange”,MakeCallback(&CourseChange))

Ties the trace source to the trace sink callback function
Passes the context (= config path) to the callback function
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How to Find and Connect Trace Sources, and Discover Callback
Signatures

=  What trace sources are available (besides CourseChange)?
= How do | figure out the config path | need to connect to this source?
= What are the return type and arguments of my callback function?

void CourseChange(std::string context,Ptr<const MobilityModel> model)

Void IntTrace (int32_t oldValue, int32_t newValue)

Doxygen and a little detective work will go a long way here
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What trace sources are available?

= Doxygen has the answer!

* Trace sources:
http://www.nsnam.org/docs/release/3.16/doxygen/qroup  trace sourc
e list.html

» Attributes:
http://www.nsnam.org/docs/release/3.16/doxygen/qroup  attribute list
html

« Global values:
http://www.nsnam.org/docs/release/3.16/doxygen/qroup  qlobal value
list.html
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What trace sources are available?

800 ns-3: The list of all trace sources.
ns-3: The list of all trace sources. | + |

@ |w www.nsnam.org/docs/release/3.16/doxygen/group__trace_source_list.html

' I n S _3 A Discrete-Event Network Simulator
[ ] ' ' ns-3.16

Main Page | Related Pages ‘ Modules Namespaces Classes i Files J Q- Search
FLollaporation aiagram 1er ine nst or ces..

Il race sou
¥ ns-3
ns-3 Documentation ns3:Queve
Todo List » Engueue: Engueue a packet in the queue.

« Dequeue: Dequeue a packet from the queue.

Bug List + Drop: Drop a packet stored in the queue.
¥ Modules
» AODV Routing ns3:PacketSocket
» Applications « Drop: Drop packet due to receive buffer overflow
» Bridge Device ns3:SimpleNetDevice

¥ C++ Constructs Used by All Modules « PhyRxDrop: Trace source indicating a packet has been dropped by the device during reception

» Debugging
M ns3:EmuNetDevice
The list of all attributes.

The list of all global values. * MacTx: Trace source indicating a packet has arrived for transmission by this device

MacTxDrap: Trace source indicating a packet has been dropped by the device befare transmission
The list of all trace source:

MacPromiscRx: A packet has been received by this device, has been passed up from the physical layer and is being forwarded up the local

..

» CSMA Layout Helpers protocol stack. This is a promiscuous trace,
» Click Routing = MacRx: A packet has been received by this device, has been passed up from the physical layer and is being forwarded up the local protocol
stack. This is a non-promiscuous trace,
» Config-Store « Sniffer: Trace source simulating a non-promiscuous packet sniffer attached to the device
» Constants * PromiscSniffer: Trace source simulating a promiscuous packet sniffer attached to the device 3 “ h | 'T_ “ d |
ns3:MobilityMode
» Core ns3:MobilityModel ?
» CsmaNetDevice . ;
CourseChange: The value of the position and/or velocity vector changed . i i
b FREETIn * 9 P 4 i 9 « CourseChange: The value of the position and/or velocity vector changed
3:WifiPh:

» DSR Routing ne ! ¥ __._'_
» EmuNetDevice = PhyTxBegin: Trace source indicating a packet has begun transmitting over the channel medium

= PhyTxEnd: Trace source indicating a packet has been completely transmitted over the channel. NOTE: the only official WifiPhy
» Energy Models implementation available to this date (YansWifiPhy) never fires this trace source.

FfMacCschedSap + PhyTxDrop: Trace source indicating a packet has been dropped by the device during transmission

> IETh + PhyRxBegin: Trace source indicating a packet has begun being received from the channel medium by the device

« PhyRxEnd: Trace source indicating a packet has been completely received from the channel medium by the device
» LTE Models = PhyRxDrop: Trace source indicating a packet has been dropped by the device during reception
» MPI Distributed Simulation = MonitorSnifferRx: Trace source simulating a wifi device in monitor mode sniffing all received frames

= MonitorSnifferTx: Trace source simulating the capability of a wifi device in monitor mode to sniff all frames being transmitted
» Mesh Device
» Mobility ns3:WifiPhyStateHelper
» Netanim State: The state of the PHY layer
» Network

RxError: A packet has been received unsuccessfully.

.
+ RxOk: A packet has been received successfully.
.
= Tx: Packet transmission is starting.

Nix-Vector Routing
OLSR Routing

" ns3:WifiMac
» OpenFlow Switch Device
b A R RIS = MacTx: A packet has been received from higher layers and is being processed in preparation for queueing for transmission.
+ MacTxDrop: A packet has been dropped in the MAC layer before being queued for transmission.
» PointToPointNetDevice + MacPromiscRx: A packet has been received by this device, has been passed up from the physical layer and is being forwarded up the local
» Propagation Models protocol stack. This is a promiscuous trace,
* MacRx: A packet has been received by this device, has been passed up from the physical layer and is being forwarded up the local protocol
b Spectrum Models stack. This is a non-promiscuous trace,
P Statistics =« MacRxDrap: A packet has been dropped in the MAC layer after it has been passed up from the physical layer.

Generated on Fri Dec 21 2012 19:01:00 for ns-3 by d@xy‘g [ 1812
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What string do | use to connect?

= method 1: look for config path in someone else’s code
- find -name "*.cc” | xargs grep CourseChange | grep Connect

Isrc/mobility/examples/main-random-walk.cc: Config::Connect
("/NodeList/*/$ns3::MobilityModel/CourseChange™,

« Config path = "/NodeList/*/$ns3::MobilityModel/CourseChange”
— you can use regular expressions in the path, so "*" = any node
— "INodeList/[3-5]|8][0-1]" would match node indices 0,1,3,4,5,8
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What string do | use to connect?

= method 2: Doxygen

800 ns-3: ns-3 Documentation e

ns-3: ns-3 Documentation [

(2]
' l n S _3 A Discrete-Event Network Simulator
[ ] ' I ns-3.16

& www.nsnam.org/docs/release/3.16/doxygen/index.html (& 1 (2§~ Google

Main Page Related Pages | Modules | Namespaces | Classes | ‘ Q- Search Ran d (o) mWaI k2d M (o) bi I ityM Od el

ns-3 Documentation
ns-3 Documentation

Todo List
Bug List Introduction

» Modules ns-3 documentation is maintained using Doxygen. Doxygen is typically used for APl documentation, and organizes such documentation across

» Namespaces different modules. This project uses Doxygen for building the definitive maintained APl documentation. Additional ns-3 project documentation can
.. be found at the project web site.
» Classes
EgElies Building the Documentation
ns-3 requires Doxygen version 1.5.4 or greater to fully build all items, although earlier versions of Doxygen will mostly work.

Type “./waf &ndash;doxygen” or "./waf &ndash;doxygen-no-build" to build the documentation. The doc/ directory contains configuration for
Doxygen (doxygen.conf) and main.h. The Doxygen build process puts html files into the doc/html/ directory, and latex filex into the doc/latex/
directory.

Module overview

The ns-3 library is split across many medules organized under the Modules tab.

aodv
applications
bridge

click
config-store

csma-layout
dsdv

emu

energy
flow-monitor
internet

Ite

mesh

mobility

mpi

netanim
network
nix-vector-routing
ns3tcp

ns3wifi

olsr

openflow
point-to-point
point-to-point-layout
propagation
spectrum

stats
tap-bridge
test

tools
topology-read

Generated on Fri Dec 21 2012 19:02:43 for ns-3 by EL@..Xﬁylge 1.8.1.2
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What string do | use to connect?

8 oo
|J 111 ns-3: ns3:RandomWalk2dMobil...

Ll

method 2: Doxygen

ns-3: ns3::RandomWalk2dMobilityModel Class Refe;

rence "

oD

\ & www.nsnam.org/docs/release/3.16/doxygen/classns3_1_1 random_walk2d_mability_model.htm|

c | (*8-~ Google

.llllnS'B

Main Page ‘

ns-3.16

Related Pages ‘

Class List Class Index Class Hierarchy

RadiotapHeader
Radvd

RadvdPrefix
RandomBoxPositionAllocator
RandomBuildingPositionAllocator
RandomDirection2dMobilityModel

onAllocator

RandompP:

gationDelayMode!

RandomPropagationLossMode!
RandomRectanglePositionAllocator
RandomRoomPositionAllocator

RandomRoomPositionAllocatorTest

mVariableStreamHelper
Randomvariablevalue

» RandomWalk2dMobilityModel

RandomWaypointMabilityMode!

RangePropagationLossMaode!
RateErrorModel
Ratelnfo
RawTextConfiglLoad
RawTextConfigSave
RealRandomStream
RealtimeSimulatorimpl
ReceiveListErrorMode
Rectangle

levalue

Rectal

RedQueue
RefCountBase
RegularWifiMac
RemSpectrumPhy
Reservation
Resolver

ns3

/

RandomWalk2dMabilityModel

/

Modules

A Discrete-Event Network Simulator

‘ Namespaces Classes Files ‘

Class Members

DoStartPrivate (void)
DoWalk (Time timeLeft)
Rebound (Time timeLeft)

void
void
void

Private Attributes
Rectangle
Ptr< RandomVvariableStream >
Eventid

ConstantVelocityHelper
enum Mode

m_bounds
m_direction
m_event
m_helper
m_mode

double m_modeDistance

Time m_modeTime
Ptr< RandomVariableStream > m_speed

Additional Inherited Members

Remember: before, we used:

Q- Search

"NodelList/7/$ns3::MobilityModel/CourseChange™

We’re almost there! We found:

F Public Member Functions inherited from ns3:MobilityModel

» Protected Member Functions inherited from ns3:MobilityModel

Detailed Description

/NodeList/[i]/$ns3::MobilityModel/ $ns3::RandomWalk2 dMobilityModel
A

2D random walk mobility model.
Each instance moves with a speed and direction choosen a

walked or until a fixed amount of time. If we hit one of {
reflexive angle and speed. This model is often identifj ian m
Config Paths

ns3:RandomWalk2dMobilityModel is accessil

« /NodeList/[i}/ $ns3::MobilityModel /$ns3::RandomWalk2dMobilityModel

Attributes

= Bounds: Bounds of the area to cruise.
o Set with class: RectangleValue
o Underlying type: Rectangle
o Initial value: 0|0/ 100|100
o Flags:

« Time: Change current direction and speed after moving for this delay.

© Set with class: TimeValue
o Underlying type: Time
o Initial value: +1000000000.0ns
o Flags:
» Distance: Change current directien and speed after moving for thi
o Set with class: ns3:DoubleValue
o Underlying type: double -1.79769e+308:1.7976%e+308
o Initial value: 1
o Flags

s Mode: The mode indicates the condition used to change the current speed and direction

© Ser with class: ns3zEnumValue
o Underlvina tvoe: DistancelTime

s (specified by a rectangle), of the model, we rebound on the boundary with a

the following paths with Config:Set and Config=Connect:

the user-provided random variables until either a fixed distance has been

otion model.

But what’s this bit?

s distance.

Scroll further down

Generated on Fri Dec 21 2012 19:01:37 for ns-3 by EL@..Xﬁylge 1.8.1.2
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What string do | use to connect?

= method 2: Doxygen

[:NsNs) ns-3: ns3::RandomWalk2dMobilityModel Class Reference ")
J 11l ns-3: ns3:RandomWalk2dMobil... | + | |

«)r
' l n S _3 A Discrete-Event Network Simulator
[ ] I ns-3.16

\ & www.nsnam.org/docs/release/3.16/doxygen/classns3_1_1 random_walk2d_mability_model.htm|

Main Page ‘ Related Pages ‘ Modules ‘ Namespaces Classes Files Q- Search

Class List Class Index Class Hierarchy Class Members

R EARPHE O « Direction: A random variable used to -
Radvd o secwih cass: nezronerva| My TraceSources are defined for this WDE .
Radvdinterface o Underlying type: ns3zPtr< ns3:

o Initial value: ns3::UniformRand
RadvdPrefix o Flags:
RandomBoxPositionAllocator « Speed: A random variable used to pic! . .

i : ns3-Pointerv. 1

RandomBulldingPoshionAlioator s e o TraceSources defined in parent class ns3:MobilityModel
RandomDirectionzdMobilityMode| o Initial value: ns3:UniformRand|
o Flags:

RandomDiscPositionAllocator

wosgationDeibodel | | Aecibuees delnd I purat close a3t » CourseChange: The value of the position and/or velocity vector changed

opagationLossMode « Position: The current position of the
RandomRectang|lePositionAllocator o Set with class: Vector3DV.

Random

Random

o Underlyin:
o Flags:
RandomRoomPositionAllocatorTest = Velocity: The current vel obility model.

RandomRoomPositionAllocator

No Taceources ar defve for 10 . This tells you to access the

e TraceSources defined in parent class ns3:MobilityModel
ariableStreamHelper

ariablevalue » CourseChange: The value of the position and/ar velocity vector changed “Cou rSeChange” attribute

Definition at line 46 of file random-walk-2d-mobility-modeLh. o
Rando ‘aypointMobilityMode! ) B from the pare nt C I aSS, SO -

Member Enumeration Documentation
RangePropagationLossMaode!

RaterrorModel enum ns3:RandomWalk2dMobilityModel:Mode
Ratelnfa
RawTextConfigLoad Enumerator:
RawTextConfigSave MODE_DISTANCE
R MODE_TIME IIN d H . 1h "
odeList/7/$ns3::MobilityModel/CourseChange
RealtimeSimulatorimpl Definition at line 51 of file random-walk-2d-mobility-modelh. ot
ReceiveListErrorMode —F""-—
Rectangle Member Function Documentation

Rectanglevalue

RedQueue int64_t d 1k ilityModel: igl (int64_t stream ) [ private [ virua |

RefCountBase

RegularWifiMac Definition at line 179 of file random-walk-2d-mobility-model.cc.
RemSpectrumPhy References m_direction, m_speed, and ns3:RandomVariableStream:SetStream().
Reservation

¥ Here is the call graph for this function:
Resolver

ns3 RandomWalk2dMobilityModel Generated on Fri Dec 21 2012 19:01:37 for ns-3 by 1.8.1.2
) . ywodel ) 2doxy.g
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What are the return value and arguments for the callback
function?

= The easy way: copy someone else’s answer
- find -name "*.cc” | xargs grep CourseChange | grep Connect

Isrc/mobility/examples/main-random-walk.cc: Config::Connect
("/NodeList/*/$ns3::MobilityModel/CourseChange”,

* Inside “./src/mobility/examples/main-random-walk.cc”:

Config::Connect ("/NodeList/*/$ns3::MobilityModel/CourseChange™,
MakeCallback (&CourseChange));

 And we then find the header of the “CourseChange” function:

static void CourseChange (std::string foo, Ptr<const MobilityModel> mobility)

But what if you can’t find what you need in someone else’s code?

Physical
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What return value and arguments for the callback function?

= The somewhat easy way
* The return value is always “void”
 To get the list of formal arguments, look in the ".h" file for the model
— Find the "TracedCallback" declaration
— For ex,in "src/mobility/model/mobility-model.h”

TracedCallback<Ptr<const M(A)bilityModeI> > m_courseChangeTrace;

This is the argument we need!

— So for callback using Config::ConnectWithoutContext

void CourseChange(Ptr<const MobilityModel> model)

— And for callback using Config::Connect

void CourseChange(std::striAng path,Ptr<const MobilityModel> model)

Context (= config path) gets passed here
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Life Scier'?cré%

LLNL-PRES-641412 L 25



What about TracedValue?

= Remember we used the callback function

void IntTrace(int32_t oldValue, int32_t newValue)

= How did we guess the right formal arguments to use?

= Find "TracedCallback" declaration in "src/core/model/traced-value.h”
template <typename T> class TracedValue

{
public:
Template class = you
private: get to choose its type
Tm_v;

TracedCallback<T,T> m_cb;
|3

= Infourth.cc, inside the MyObject class, we declared

TracedValue<int32_t> m_myint;
= T =int32_t
= Two arguments in the callback, both of type T (i.e., int32_t)
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A real example

From W. Richard Stevens, “TCP/IP lllustrated, Vol. I: The Protocols”, Addison-Wesley (1994)

%] Congestion window

a2
301 *'
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Figure 21.10 Value of cwnd and send sequence number while data 1s being transmitted.

Goal: simulate a TCP congestion window and look at the effect of dropped packets
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Congestion windows 101 (from Wikipedia)

= Congestion collapse occurs at choke points in the network
»  Wherever total incoming traffic to a node > outgoing bandwidth
* e.g., connection points between LAN and WAN
= TCP uses network congestion avoidance algorithm
= Congestion window is part of TCP strategy to avoid congestion collapse
- Limits total number of unacknowledged packets that may be in transit
 The size of the window is adjusted dynamically by the sender
— Based on how much congestion between sender and receiver

— If all segments are received and the acks reach the sender on time
— Add a constant to the window (typically 1 MSS = Max Segment Size)
— Otherwise

— Scale back by a set factor (typically 1/2)

Explains “sawtooth” shape of congestion window over time
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Are there trace sources available?

= From Doxygen’s

800

ns-3: The list of all trace sources.

L=l

ns-3: The list of all trace sources.

'The list of all trace sources

Main Page Related Pages

ns-3

ns-3 Documentation
Todo List

Deprecated List

Bug List
Modules

AODV Routing

Applications

Bridge Device

C++ Constructs Used by All M,

The list of all attributes.

obal values.

CSMA Layout Helpers
Click Routing

Config-Store

Constants

Core
CsmaNetDevice
DSDV Routing
DSR Routir
EmuNetDevice
Energy Models
FdBetFfMacScheduler
FdNetDevice

Internet
LTE Models
MPI Distributed Simulation

Mesh Device

Mobility
Netanim

OLSR Routing
OpenFlow S

tch Device

Poin

o-Point Layout Helpers

PointToPointNetDevice

o

The list of all trace sources.

‘ Modules ‘

e e e e

ns3::PointToPointChannel

dules
.

ns3:ipv4L3Protocol

.
.
.
.
.
.

n:

.

H

3:TcpNewReno

nsnam.org/docs/release/3.17/doxygen/group__trace_source_list.html

(< I (49~ Google Ql @

“ I n S _3 A Discrete-Event Network Smator
.

Namespaces Classes Files

Mac I xUrop: Irace source indicating a packet has been dropped by the device berore transmission
MacPromiscRx: A packet has been received by this device, has been passed up from the physical layer and is being forwarded up the local

protocol stack. This is a promiscuous trace,

Look for “congestion”:

MacRx: A packet has been received by this device, has been passed u|
stack. This is a non-promiscuous trace,

PhyTxBegin: Trace source indicating a packet has begun transmitting
PhyTxEnd: Trace source indicating a packet has been completely trans
PhyTxDrop: Trace source indicating a packet has been dropped by the
PhyRxEnd: Trace source indicating a packet has been completely recer
PhyRxDrop: Trace source indicating a packet has been dropped by the
Sniffer: Trace source simulating a non-promiscuous packet sniffer att;
PromiscSniffer: Trace source simulating a promiscuous packet sniffer

ns3:TcpNewReno

s CongestionWindow: The TCP connection’s congestion window

TxRxPointToPoint: Trace source indicating transmission of p;

Tx: Send ipv4 packet to outgoing interface.

Rx: Receive ipv4 packet from incoming interface,
Drop: Drop ipv4 packet

SendOutgoing: A newly-generated packet
UnicastForward: A unicast IPv4 packet w;
LocalDeliver: An IPv4 packet was rec

CongestionWindow: The TCP connection's congestion window

3:TcpSocketBase

RTO: Retransmission timeout

RTT: Last RTT sample

NextTxSequence: Next sequence number to send (SND.NXT)
HighestSequence: Highest sequence number ever sent in socket's life time
State: TCP state

RWND: Remote side’s flow control window

ns3:ArpCache

Drop: Packet dropped due to ArpCache entry in WaitReply expiring.

ns3:ArpL3Protocol

the PointToPointChannel, used by the Animation interface.

Is about to be gueued for transmission
by this node and is being forwarded to another node
this node, and it is being forward up the stack

« Drop: Packet dropped because not enough reom in pending gueue for a specific cache entry.

ns3:udpSocketimpl

Drop: Drop UDP packet due to receive buffer overflow

ns3:lpv6L3Protocol

Tx: Send IPv6 packet to outgoing interface.
Rx: Receive IPv6 packet from incoming interface.
Drop: Drop IPv6 packet

ns3:lpv6Extension

—

% Find: (Q congestion

ysical;yqd

Next | Previous

" Highlightall | [ | Match case

We have our trace source:
CongestionWindow

Click on “ns3::TcpNewReno”
to access class info

L
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Are there trace sources available?

= From Doxygen’s

800

: ns3:TepNewReno Class R... [ + l

'The list of all trace sources

ns-3: ns3::TcpNewReno Class Reference

¥ www.nsnam.org/docs/release/3.17 /doxygen/classns3_1_1_tcp_new_reno.html

| l n S _3 A Discrete-Event Network Simulator
ol Release
Main Page | Related Pages ‘ Modules ‘ Namespaces

» SystemConditionPrivate
» SystemMutex
» SystemMutexPrivate
» SystemThread
» SystemWallClockMs
» SystemWallClockMsPrivate
» Tag

» TagBuffer
» Tap

» TapBridge
» TapBridgeFdReader

» TapBridgeHelper

» TapFdNetDeviceHelper

» Thbid_t

» thinfo_t

» TbStats_t

» TcpHeader

» TcplL4Protocol

TcpReno

TcpRfc793

TcpRxBuffer

TepSocket

TcpSocketBase

TcpSocketFactory
TcpSocketFactorylmpl

TcpTahoe

TcpTxBuffer

TcpWestwood
TdBetFfMacScheduler
TdBetSchedulerMemberCschedSaph
TdBetSchedulerMemberSchedSapPr
tdbetsFlowPerf_t
TdMtFfMacScheduler
TdMtSchedulerMemberCschedSapP

= TdMiSchadularMambarSchadSanBre

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>

ns3 } TcpNewReno }
/ /

Class List ‘ Class Index | Class Hierarchy

| Class Members |

ns3:TcpNewReno Class Reference

Socket | Tep

An implementation of a stream socket using TCP. Mor:

_

‘TcpNewReno:

#include <tcp-newreno.b>

¥ Inheritance diagram for ns3:.

» Collaboration diagram for ns3::TcpNewReno:

Public Member Functions

virtual
wvirtual int
virtual int

¥ Public Member Functions inherited from ns3:

} Public Member Functions inherited from ns3:

TcpNewReno (void)

TcpNewReno (const TcpNewReno &sock)
~TcpNewReno (void)

Connect (const Add
Listen {void)

ress &address)

} Public Member Functions inherited from ns3::

» Public Member Functions inherited from ns3::
Plr< T> GetObject (void) const

Ptr< T> GetObject (Typeld tid) const

» Public Member Functions inherited from ns3::

» Public Member Functions inherited from ns3::

Static Public Member Functions

static Typeld GetTypeld (void)

Protected Member Functions

virtual void

virtual Ptr< TcpSocketBase >

» Protected Member Functions inherited from ns3:TecpSocketBase

virtual uint32_t
virtual uint32_t
virtual void
virtual void
virtual void
virtual void
virtual void
virtual uint32_t

Protected Attributes

:TcpSocketBase
:TcpSocket

Socket
Object

Q- Search

Public Member Functions | Static Public Member Functions |
Protected Member Functions | Protected Attributes | Private Member Functions |
List of all members

SimpleRefCount< Object, ObjectBase, ObjectDeleter >

ObjectBase

DupAck (const TcpHeader &t, uint32_t count)

Fork (void)

GetlnitialCwnd (void) const
GetS5Thresh (void) const
NewAck (SequenceNumber32 const &seq)

Retransmit (void)
SetinitialCwnd (u
SetSegSize (uint3

int32_t cwnd)
2_t size)

Set5SThresh (uint32_t threshold)

Window (void)

% Find: (Q congestion ) ( Next | Previous | ( O Highlightall | [ | Match case

Click on link to header
file “tcp-newreno.h”
Look for keyword
“congestion”
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Are there trace sources available?

= From Doxygen’s

800

ns-3: src/internet/model/tcp-n.

L=l

'The list of all trace sources

ns-3: src/internet/model/tcp-newreno.h Source File i

Main Page | Related Pages ‘
File List. | File Members |
nsc-sysctl.h

sc-tcp-socket-fac

sc-tcp-socket-fac
sc-tcp-socket-impl.cc
nsc-tcp-socket-impl.h
pending-data.cc
pending-data.h

e
e

sim_interface.h
tcp-header.cc
tcp-header.h
tep-14-protocol.cc
tcp-14-protocol.h

1Ep-Newrene.cc

tep-rfc793.h

tep-rx-buffer.cc

tep-rx-buffer.h
tep-socket-base.cc
base.h

tep-socke

factory-impl.cc

tep-socke!

actory-impl.h

tep-socke!

actory.cc

tep-socke

actory.h

tep-socket.cc

tep-socket.h

Modules

% www.nsnam.org/docs/release/3.17/doxygen/tcp-newreno_gh_source.html

‘ Namespaces | Classes Files
8| *
9| # This program is distributed in the hope that it will be useful,
10| +* but WITHOUT ANY WARRANTY; without even the implied warranty of
11| +* MERCHANTABILITY or FITNESS FOR A PARTICULAR PURFOSE. See the
12 * GNU General Public License for more details.
13 *
14 * You should have received a copy of the GNU General Public
15| +* along with this program; if not, write to the Free Softwai
16| * Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA
17| +
18 * huthor: Adrian Sai-wah Tam <adrian.sw.tam@gmail.com>
19| */
20
21| #ifndef TCP NEWRENO H
22 | #define TCP NEWRENO H
23
24 | #include "tcp-socket-base.h"
25
26 | namespace ns3 {
27
36 | class : public k
37| {
38 | public:
39 static TypeId GetTypeld (void);
43 TcpNewReno (void);
44 (const sock);
45 virtual ~TcpNewReno (void);
46
47 // From TepSocketBase
48 virtual int Connect (const Address &addres
49 virtnal int Listen (void);
50
51| protected:
52 virtual uint32_t Window (void); // the max possible number of unacked bytes
53 virtual Ptr<TcpSocketBase> Fork (v // Call CopyObject<TcpNewReno> to clone me
54 virtual void MewhAck (Sequencel const& seq); // Inc cwnd and call NewAck() of parent
55 virtual void Duphck (const Tcpl t, uint32 t count); // Halving cwnd and reset nextTxSequence
56 virtual void Retransmit (void Exit fast recovery upon retransmit timeout
57
58 // Implementing ns3::TcpSo; =- Attribute get/set
59 virtual voi SetSegSi int32_t size);
60 virtual void Setss (uint32_t threshold);
61 virtual uint32_t Gets h (void) const;
62 virtnal veid Se: alCwnd (uint32_t cwnd);
63 virtual uint32_t ialCwnd (void) const;
64 | private:
65 void Imitiali (void); // set m_cWnd when connection starts
66
67| protected:
68 TracedValue<uint32_t> m_cWndj //< Congestion window
69 uint32_t m_ssThresh; f/< Slow Start Threshold
70 uint32 t m_initialCWnd; //< Initial cWnd value
71 SequenceNumber32 m_recover; //< Previous highest Tx seqnum for fast recovery
72 uint32 t m_retxThresh; //< Fast Retransmit threshold
73 bool m_inPastRec; //< currently in fast recovery
T4 bool m_limitedTx; f/< perform limited transmit
75| }:
76
77| } // namespace ns3
78
79 | #endif /* TCP_NEWRENO H */

www.nsnam.org/docs/release/3.17 /doxygen/classns3_1_1_tcp_new_reno.html#af4f4778f724{72a8a44 Lac0af4cddBfe

TracedValue<uint32_t> m_cWnd; //< Congestion window

\F-—

this looks a lot like our
fourth.cc example

we'll need a callback
function of the form

void CwndTrace(uint32_t oldValue,uint32_t newValue)

\l'-'-—

Find: (Q congestion

Next | Previous

Highlight all | [_] Match case
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How do we get started writing our script?

= The time-honored way: steal from someone else’s code
* find . -name “*.cc” | xargs grep CongestionWindow
* Look, e.g., in “./src/test/ns3tcp/ns3tcp-cwnd-test-suite.cc”
* The connection between trace and source is done by

ns3TcpSocket->TraceConnectWithoutContext ("CongestionWindow",
MakeCallback (&Ns3TcpCwndTestCasel::CwndChange, this));

This is the callback function

void CwndChange (uint32_t oldCwnd, uint32_t newCwnd)

«  We can also copy code from the function
void Ns3TcpCwndTestCasel::DoRun (void)

This is how fifth.cc was put together

Physical, g u—
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Avoiding a common mistake in NS3

NS3 scripts execute in three separate stages
 Configuration time

 Simulation time (i.e., Simulator::Run)
» Teardown time
= TCP uses sockets to connect nodes
« Sockets are created dynamically during simulation time

— Want to hook the CongestionWindow on the socket of the sender

 Connection to trace sources is established during configuration time
« Can’t put the cart before the horse!
= Solution:

1. Create socket at configuration time
2. Hook trace source then

3. Pass this socket object to system during simulation time

Physical Next: fifth.cc walkthrough
Life Sciences
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Overview of fifth.cc

= Dumbbell topology, point-to-point network, like first.cc

®—@®

Sender Receiver

=  We will create our own application and socket
» So we can access socket at configuration time
* No helper, so we’'ll have to do the work manually
« Connect to CongestionWindow trace source in sender socket
= Introduce errors into the channel between nodes
» Dropped packets = interesting behavior in congestion window

Physical
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Creating our own application: the MyApp class

class MyApp : public Application

{
public:

MyApp ();
virtual ~MyApp();

void Setup (Ptr<Socket> socket, Address address, uint32_t packetSize, uint32_t nPackets, DataRate dataRate);
private:

virtual void StartApplication (void);
virtual void StopApplication (void);

void ScheduleTx (void); Initializes member variables
void SendPacket (void);

PUESOEGE  MILS0E GiE But this is the important bit: we will be able to

Address m_peer;
uint32_t m_packetSize; * Create socket
uint32_t m_nPackets; * Hook its CongestionWindow trace source
DataRate m_dataRate; + Pass the socket to the application
Eventld m_sendEvent; All this at configuration time!
bool m_running;
uint32_t m_packetsSent;
I
RIS
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Creating our own application: the MyApp class

class MyApp : public Application

{
public:

MyApp ();
virtual ~MyApp();

void Setup (Ptr<Socket> socket, Address address, uint32_t packetSize, uint32_t nPackets, DataRate dataRate);

private: . .
virtual void StartApplication (void); We also need to override these with our

virtual void StopApplication (void): own imp_lementations that will be called
by the simulator to start and stop

void ScheduleTx (void);
void SendPacket (void);

Ptr<Socket> m_socket;

Address m_peer;

uint32_t m_packetSize;

uint32_t m_nPackets;

DataRate m_dataRate;

Eventld m_sendEvent;

bool m_running;

uint32_t m_packetsSent;

5
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Creating our own application: the MyApp class

class MyApp : public Application

{
public:

MyApp ();
virtual ~MyApp();

void Setup (Ptr<Socket> socket, Address address, uint32_t packetSize, uint32_t nPackets, DataRate dataRate);

private:
virtual void StartApplication (void);

virtual void StopApplication (void);
2 @ 1. StartApplication calls SendPacket
void ScheduleTx (void); 2. SendPacket calls ScheduleTx
void SendPacket (void); >® 3. ScheduleTx set up next SendPacket call
Ptr<Socket> m_socket; . . .
Address m_peer: 1. Until StopApplication
uint32_t m_packetSize;
uint32_t m_nPackets;
DataRate m_dataRate;
Eventld m_sendEvent;
bool m_running;
uint32_t m_packetsSent;
5
[ dsannd
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The trace sinks

=  We want to trace 2 types of events
 Updates to the congestion window:

static void CwndChange (uint32_t oldCwnd, uint32_t newCwnd)
{

}

NS LOG_UNCOND (Simulator::Now ().GetSeconds () << "\t" << newCwnd);

* Dropped packets

static void RxDrop (Ptr<const Packet> p)

{
}

NS LOG_UNCOND ("RxDrop at " << Simulator::Now ().GetSeconds ());

Physical, g u_
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Introducing errors in the channel

Determines which packets are errored corresponding to underlying
* Distribution = random variable

* Rate —~ mean duration between errors

* Unit = per-bit, per-byte, or per-packet

/

v

Ptr<RateErrorModel> em = CreateObjectWithAttributes<RateErrorModel> (
"RanVar", RandomVariableValue (UniformVariable (0., 1.)),
"ErrorRate", DoubleValue (0.00001));

devices.Get (1)->SetAttribute ("ReceiveErrorModel”, PointerValue (em));

|

Will cause randomly dropped packets in the receiver device

Physical, L
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Setting the application on the receiver node

uintl6_t sinkPort = 8080;
Address sinkAddress (InetSocketAddress (interfaces.GetAddress (1), sinkPort));
PacketSinkHelper packetSinkHelper ('ns3::TcpSocketFactory",
InetSocketAddress (Ipv4Address::GetAny (), sinkPort));
ApplicationContainer sinkApps # packetSinkHelper.Install (nodes.Get (1));
sinkApps.Start (Seconds (0.));
sinkApps.Stop (Seconds (20.));

+ PacketSink receives and consumes traffic generated to an IP address and port
+ PacketSinkHelper creates sockets using an “object factory”
* Object factories are used to mass produce similarly configured objects
* Factory method doesn’t require you to know the type of the objects created

Physical, g u—
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Connecting the sender’s socket, and connecting the trace source

Another way of creating a socket using a socket factory

A/

Ptr<Socket> ns3TcpSocket = Socket::CreateSockét (nodes.Get (0), TcpSocketFactory::GetTypeld ());

ns3TcpSocket->TraceConnectWithoutContext ("CongestionWindow™, MakeCallback (&CwndChange));

This should look familiar by now

Because we created our own app and socket at configuration time
we can hook into its CongestionWindow trace source

Physical,q L
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Setting up the application on the sender node

Socket object

Address to connect to
Data per send event
Number of send events
Send data rate
|
v v

Ptr<MyApp> app QgreateObjectNyApp> b‘ax

app->Setup (ns3TcpSocket, sinkAddress, 1040, 1000, DataRate ("1Mbps™"));
nodes.Get (0)->AddApplication (app);

app->SetStartTime (Seconds (1.));

app->SetStopTime (Seconds (20.));

Physical, g u_
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Running fifth.cc: text output

Jwaf —run scratch/myfifth > cwnd.dat 2>&1

Waf: Entering directory ‘/mypath/ns-3-dev/build’
Waf: Leaving directory /mypath/ns-3-dev/build’
'‘build’ finished successfully (1m58.520s)

1 536

1.00919 1072

1.01511 1608

1.02163 2144

1.02995 2680

1.03827 3216

1.04659 3752

1.05491 4288 o
1.06323 4824 Eliminate
1.07155 5360

1.07987 5896

1.08819 6432

1.09651 6968

1.10483 7504

1.11315 8040

1.12147 8576

1.12979 9112

RxDrop at 1.13692

1.13811 9648

1.15475 2900

1.15563 3436

N

these lines by hand
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Running fifth.cc: plotting the results

Original by W. Richard Stevens Our result, using gnuplot
36 - 3 16868 ' Congestlion Hindow ——
3] 3
a2 e 14888 |
80 30
2] ;”
2] % 12088 |
24 ]
pequence 2 o 2
mumber 20 :m i1aee8
o 2
amd 16+ L6 _
(100 bytex) 14 14 8000 |-
124 12
10 10
o S 6608
6_
41 sequence rumber 4 4080
23 2
] T T T T ] T LI T o r
0 5 10 15 o] 5 E k4 2800 |
serud time {geconds)
Figure 21.10 Value of cwnd and send sequence number while data 1s being transmitted. ol .
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That’s nice, but...

= Remember after

Jwaf —run scratch/myfifth > cwnd.dat 2>&1

=  We had to edit the file by hand to remove “junk” lines...

= But we said tracing gives you control over output format
= s there a cleaner way to produce the output we need?
= Yes! Use trace helpers

Let’s tweak fifth.cc to produce cleaner output = sixth.cc

Physical
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A sixth.cc walkthrough: CwndChange callback

Modify the callback function:

static void CwndChange (Ptr<OutputStreamWrapper> stream, uint32_t oldCwnd, uint32_t newCwnd)
{
NS _LOG_UNCOND (Simulator::Now ().GetSeconds () << "\t" << newCwnd);
*stream->GetStream () << Simulator::Now ().G&tSeconds () << "\t" << oldCwnd << "\t" << newCwnd << std::endl;

}

\ \
Added to fifth.cc Formatted output to the stream

Add lines in the main to create stream:

Filename attached to stream
|

AsciiTraceHelper asciiTraceHelper;
Ptr<OutputStreamWrapper> stream = asciiTraceHelper.CreateFileStream ("'sixth.cwnd");
ns3TcpSocket->TraceConnectWithoutContext (“"CongestionWindow", MakeBoundCallback (&CwndChange, stream));

—

Causes the stream argument to be added to the function callback

Physical, g u—
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A sixth.cc walkthrough: RxDrop callback

Modify the callback function:

static void RxDrop (Ptr<PcapFileWrapper> file, Ptr<const Packet> p)
{

NS _LOG_UNCOND ("RxDrop’at "' << Simulator::Now ().GetSeconds ());
file->Write (Simulator::Now/(), p);

N
Added to fifth.cc Formatted output to the pcap file

Add lines in the main to create stream:

Filename attached to file
|

PcapHelper pcapHelper; i/
Ptr<PcapFileWrapper> file = pcapHelper.CreateFile ("sixth.pcap™, std::ios::out, PcapHelper::DLT_PPP);
devices.Get (1)->TraceConnectWithoutContext ("PhyRxDrop", MakeBoundCallback (&RxDrop, file));

Al

/

Causes the file argument to be added to the function callback

Physical, g u—
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Running sixth.cc

Jwaf —run scratch/mysixth

Console

Waf: Entering directory "...

Waf: Leaving directory "...

'build’ finished successfully (6.002s)
1 536

1.00919 1072
1.01511 1608
1.02163 2144
1.02995 2680
1.03827 3216
1.04659 3752
1.05491 4288
1.06323 4824
1.07155 5360
1.07987 5896
1.08819 6432
1.09651 6968
1.10483 7504
1.11315 8040
1.12147 8576
1.12979 9112

RxDrop at 1.13692

1.13811 9648
1.15475 2900
1.15563 3436

sixth.pcap

ey

sixth.cwnd

1 0 536
1.00919 536
1.01511 1072
1.02163 1608
1.02995 2144
1.03827 2680
1.04659 3216
1.05491 3752
1.06323 4288
1.07155 4824
1.07987 5360
1.08819 5896

1072
1608
2144
2680
3216
3752
4288
4824
5360
5896
6432

1.09651 6432 6968
1.10483 6968 7504
1.11315 7504 8040
1.12147 8040 8576
1.12979 8576 9112
1.138119112 9648

reading from file sixth.pcap, link-type PPP (PPP)

1.136918 IP 10.1.1.1.49153 > 10.1.1.2.8080:
1.403158 IP 10.1.1.1.49153 > 10.1.1.2.8080:
1.440505 1P 10.1.1.1.49153 > 10.1.1.2.8080:
2.525484 1P 10.1.1.1.49153 > 10.1.1.2.8080:
2.534678 IP 10.1.1.1.49153 > 10.1.1.2.8080:
2977574 1P 10.1.1.1.49153 > 10.1.1.2.8080:
5.796117 IP 10.1.1.1.49153 > 10.1.1.2.8080:
6.445077 1P 10.1.1.1.49153 > 10.1.1.2.8080:
7.359404 1P 10.1.1.1.49153 > 10.1.1.2.8080:
7.389304 IP 10.1.1.1.49153 > 10.1.1.2.8080:
8.141483 1P 10.1.1.1.49153 > 10.1.1.2.8080:

Flags [.], seq 17177:17681, ack 1, win 65535, length 504

Flags [.], seq 33280:33784, ack 1, win 65535, length 504

Flags [.], seq 37440:37944, ack 1, win 65535, length 504

Flags [.], seq 173144:173680, ack 1, win 65535, length 536
Flags [.], seq 174720:175224, ack 1, win 65535, length 504
Flags [.], seq 180552:181088, ack 1, win 65535, length 536
Flags [.], seq 582400:582904, ack 1, win 65535, length 504
Flags [.], seq 663520:664024, ack 1, win 65535, length 504
Flags [.], seq 777384:777920, ack 1, win 65535, length 536
Flags [.], seq 781040:781544, ack 1, win 65535, length 504
Flags [.], seq 875144:875680, ack 1, win 65535, length 536
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Just for fun: what happens to uncorrupted packets?

PhyRxEnd: Trace source indicating a packet has been completely received by the device

Congestion window
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Using trace helpers

=  We’ve encountered trace helpers before

pointToPoint.EnablePcapAll ("second");

pointToPoint.EnablePcap ("second", p2pNodes.Get (0)->Getld (), 0);
csma.EnablePcap ("third", csmaDevices.Get (0), true);
pointToPoint.EnableAsciiAll (ascii.CreateFileStream ("'myfirst.tr"));

=  What other trace helpers are available?
= How do we use them?
=  What do they have in common?
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Two categories of trace helpers

= Device helpers
 Trace is enabled for node/device pair(s)
« Both pcap and ascii traces provided
 Conventional filenames: <prefix>-<node id>-<device id>
= Protocol helpers
 Trace is enabled for protocol/interface pair(s)
« Both pcap and ascii traces provided
 Conventional filenames: <prefix>-n<node id>-i<interface id>
— “n” and “i” to avoid filename collisions with node/device traces
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NS3 uses “mixin” classes to ensure tracing works the same way
across all devices or interfaces

= Mixin classes in NS3 (see Doxygen for more info):

| PoaP ASC

Device Helper PcapHelperForDevice AsciiTraceHelperForDevice
Protocol Helper PcapHelperForlpv4 AsciiTraceHelperForlpv4

= These mixin classes each provide a single virtual method to enable trace
 All device or protocols must implement this method
« All other methods of the mixin class call this one method
 Provides consistent functionality across different devices & interfaces
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The PcapHelperForDevice mixin class

= Every device must implement
Pcap filename prefix

virtual void EnablePcaplinternal (std::string prefixe— | ——— Device to trace
Ptr<NetDevice> ndj

bool promiscuous; Type of trace
bool explicitFilenamey=Q;_|
"~ Override prefix

= All other methods of PcapHelperForDevice call this one

= Consistency across devices
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Pcap Tracing Device Helper: EnablePcap methods

= EnablePcap for various node/device pair(s)
* Provide Ptr<NetDevice>
 Provide device name using the NS3 object name service

Names::Add ("server" ...);
Names::Add ("'server/eth0" ...);

helper.EnablePcap ("prefix", "server/ath0");

 Provide a NetDeviceContainer
* Provide a NodeContainer
 Provide integer node and device ids
= Enable pcap tracing for all devices in the simulation

helper.EnablePcapAll (*prefix");
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Pcap Tracing Device Helper: filename selection

= By convention: <prefix>-<node id>-<device id>.pcap
= (Can use the NS3 object name service to replace ids with meaningful names
e.g.,

prefix-21-1.pcap

L

Names::Add(“server”,serverNode);
Names::Add(“server/eth0”,serverDevice);

&

prefix-server-ethO.pcap

= You can override the naming convention, e.g.

void EnablePcap(std::string prefix, Ptr<NetDevice> nd, bool promiscuous, bool explicitFilename);

/I
Set this to true
» prefix becomes filename
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Ascii Tracing Device Helpers

The mixin class is AsciiTraceHelperForDevice
 All device implement virtual EnableAsciilnternal method
 All other methods of AsciiTraceHelperForDevice will call this one

= Can provide EnableAscii with Ptr<NetDevice>, string from name service,
NetDeviceContainer, NodeContainer, integer node/device ids

= Or helper.EnableAsciiAll(“prefix”);
= (Can also dump ascii traces to a single common file, e.g.,

Ptr<NetDevice> nd1;
Ptr<NetDevice> nd2;

Ptr<OutputStreamWrapper> stream = asciiTraceHelper.CreateFileStream ("trace-file-name.tr");

helper.EnableAscii (stream, ndl);
helper.EnableAscii (stream, nd2);

= So there are twice as many trace methods as for pcap
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Ascii Tracing Device Helpers: filename selection

= By convention: <prefix>-<node id>-<device id>.tr

= Using NS3 object name service, can assign names to the id, then e.g.
« "prefix-21-1.tr” — "prefix-server-eth0.tr”

= Many EnableAscii methods offer a explicitFilename option
- set to true = override naming convention, use your own file name
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Pcap Tracing Protocol Helpers

The mixin class is PcapHelperForlpv4
 All device implement virtual EnablePcaplpv4internal method
« All other methods of PcapHelperForlpv4 will call this one

= Can provide EnablePcaplpv4 with Ptr<lpv4>, string from name service,
IpvdinterfaceContainer, NodeContainer, integer node/device ids

= Or helper.EnablePcaplpv4All(“prefix”);
= Filename selection
= Convention is <prefix>-n<node id>-i<interface id>.pcap
= (Can also use the NS3 object name service clarity
= explicitFilename parameter lets you impose your own filenames
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Ascii Tracing Protocol Helpers

The mixin class is AsciiTraceHelperForlpv4
« All device implement virtual EnableAsciilpv4internal method
 All other methods of AsciiTraceHelperForlpv4 will call this one

= Can provide EnableAsciilpv4 with Ptr<lpv4>, string from name service,
IpvdinterfaceContainer, NodeContainer, integer node/device ids

= Or helper.EnableAsciilpv4All(“prefix”);
= (Can also dump ascii traces to a single common file
= So there are twice as many trace methods as for pcap
= Filename selection
= Convention is <prefix>-n<node id>-i<interface id>.pcap
= (Can also use the NS3 object name service clarity
= explicitFilename parameter lets you impose your own filenames
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Conclusion

= NS3is very powerful/comprehensive
= Lots of tools for you to use

* Helpers

 Containers

* Logging

 Tracing

* Models
= Doxygen is your friend!

Practice! Practice! Practice!
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