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Tracing requirements

e Tracing Is a structured form of simulation
output

 Example (from ns-2):

+ 1.84375 0 2 cbr 210 - ———-——- 0 0.0 3.1 225 610
- 1.84375 0 2 cbr 210 —————-- 0 0.0 3.1 225 610
r 1.84471 2 1 cbr 210 ---———- 1 3.0 1.0 195 600
r 1.84566 2 0 ack 40 --———-- 2 3.2 0.1 82 602

+ 1.84566 0 2 tcp 1000 —-——---- 2 0.1 3.2 102 611

Problem: Tracing needs vary widely

—would like to change tracing output without
editing the core

—would like to support multiple outputs
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Tracing in ns-3

* ns-3 configures multiple "'TraceSource' objects
(TracedValue, TracedCallback)

* Multiple types of "TraceSink' objects can be hooked to
these sources

* A special configuration namespace helps to manage
access to trace sources
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ns-3

NETWORK SIMULATOR

‘ Config::Connect ("/path/to/traced/value', callbackl);

) ‘ Config::Connect (*/path/to/trace/source', callback?);

unattached
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NetDevice trace hooks

« Example: CsmaNetDevice  netpevice::

CsmaNetDevice::Send () RecerveCallback

l MacTx MacRx
MacDrop
- queue Sniffer
. PromiscSniffer

MacTxBackoff
PhyTxBegin l PhyRxEnd
PhyTxDr
PhyTxEnd _y RUTop PhyRxDrop
CsmaNetDevice:: CsmaNetDevice::
TransmitStart() Receive()
( CsmaChannel O
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Enabling tracing in your code

e examples/tutorial/third.cc

PointToPointHelper pointToPoint; =---------------------------737=°-77°777°°7° DeVICe hel perS
pointToPoint.SetDeviceAttribute ("DataRate", Stringvalue ("5Mbps")); - F)r()\/i(jEB common

pointToPoint.SetChannelAttribute ("Delay", StringValue ("2ms")); _ )
. . . API for enabling
MetDeviceContainer p2pDevices; -

p2pDevices = pointToPoint.Install (p2pMNodes); _-- pcap traces

NodeContainer csmaMNodes; .-
csmaNodes.Add (p2pNodes.Get (1)); -
csmaNodes.Create (nCsma); -7

-

-
-

CsmaHelper csma; -
csma.SetChannelAttribute ("DataRate", Stringvalue ("100Mbps"));
csma.SetChannelAttribute ("Delay", TimeValue (NanoSeconds (6560)));

------------ Global pcap tracing

pointToPoint.EnablePcapAll ("third"); ----------""""""""
phy.EnablePcap ("third", apDevices.Get (8));
csma.EnablePcap ("third", csmaDevices.Get (0), true); - ___

Per-device pcap tracing
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External pcap tools

tcp-large-transfer-0-0.pcap - Graph Analysis

Time 10.1.3.1
10.1.2.2

0.000 [49153}1—5:‘:“—-:[50000}
0.040 | (ag153): '(50000)
0.040 | (s9153); \(50000)
0.040 [49153}: = : :[50000}
0.081  aay53)i 1(50000)
0.081 | (agi5yrACK=LeN: 23§, 5,
0.082 (a9153)¢ ~Len (50000}
0123 | (sysy+—BCE 5500
0.123 | agq53) OBl 220,00
0.123 [49153}: -Len :[5uuuu}
0.124 | (49153); -Len: (50000}
0.164 | (ag153); '(50000)
0164 (39953 ALB=LOM 2300 000,
0.165 [49153}: = : :[snnnn}
0.165  (aay53)i =LEM: 238 <5000)
0.205 [49153}: :[suuuu}
0.205 (49153)F -Len (50000)
0206 | (5153 ACK-LEN-53Q.,,,)
0.206 | (ag1s3)+—BCK—ticinng)
0.206 [49153}: -Len :[5uuuu}
0.206 | (4a153)F : (50000}
0.207 | (ag53ACK=LONI 236, 5,
0.207 | (s91s3); L23Q < gq0)
0.247 [49153}: :[snnnn}
0.247 | (aa153)i =Len: 238 <5000)
0.247 | (ag53ACK=LONI33G, 05
0.247 | (g9153); (50000)
0247 | jassayACk= '(50000)

| SaveAs |

ns-3

NETWORK SIMULATOR

wireshark graph analysis

Comment

5eq=4294967255
Seq=4294967295 Ack=10
Seq=0Ack=0
Seq=0Ack=0
Seq=10Ack=536
Seq=536 Ack=0
Seq=1072 Ack=0
Seq=0Ack= 1608
Seq=1608 Ack=0
Seq=2144 Ack=0
Seq= 2680 Ack=0
Seq=0 Ack= 2680
Seq=3216 Ack=0
Seq=3752 Ack=0
Seq=4288 Ack=0
Seq=0Ack=3752
Seq=4824 Ack=0
Seq=5360 Ack=0
Seq=0 Ack= 4824
Seq=5896 Ack=0
Seq=6432 Ack=0
Seq=6968 Ack=0
Seq=7504 Ack=0
Seq =0 Ack = 5896
Seq= 8040 Ack=0
Seq=8576 Ack=0
Seq =0 Ack = 6968
Seq=9112 Ack=0

Close

Dstermann’

L arg remaining, starting with 'tcp-large-transfer-1-0.pcap'

s tcptrace -- version 6.6.7 -- Thu Nov 4, 2004

F604 packets seen, 5604 TCP packets traced

¢ FPlapsed wallclock time: 0:00:10.388284, 539 pkts/sec analyzed

krace file elapsed time: 0:00:02.173805

FCP connection info:

L TCP connection traced:

FCP connection 1:
host a:
host b:
complete conn: yes
first packet:
last packet:
elapsed time:
total packets: 5604

10.1.3.1:49153
10.1.2.2:50000

Wed Dec 31 16:00:00.010033 1969
Wed Dec 31 16:00:02.183839 1969
0:00:02.173805

filename: tcp-large-transfer-1-0.pcap
a-=b: b-=a:
total packets: 3735 total packets: 1869
ack pkts sent: 3734 ack pkts sent: 1869
; pure acks sent: 2 pure acks sent: 1867
sack pkts sent: 0 sack pkts sent: G}
dsack pkts sent: ] dsack pkts sent: 0
max sack blksjack: ] max sack blks/ack: 6}
unique bytes sent: 2000000 unique bytes sent: 6}
actual data pkts: 3732 actual data pkts: 6}
actual data bytes: 2000000 actual data bytes: 0
rexmt data pkts: ] rexmt data pkts: 6}
rexmt data bytes: ] rexmt data bytes: 6}
zwnd probe pkts: ] zwnd probe pkts: 6}
zwnd probe bytes: ] zwnd probe bytes: 6}
outoforder pkts: 0 outoforder pkts: 6}
pushed data pkts: 0 pushed data pkts: G}
SYN/FIN pkts sent: 1/1 SYN/FIN pkts sent: 1/1

Shawn Ostermann's tcptrace tool
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Gnuplot

 src/tools/gnuplot.{cc,h}
o C++ wrapper around gnuplot

e classes:
—Gnuplot

—GnuplotDataset
 Ghuplot2dDataset, Gnuplot2dFunction
 Ghuplot3dDataset, Gnuplot3dFunction

\er O!lﬁLATOBR NS-3 Consortium Meeting
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Enabling gnuplot for your code

« examples/wireless/wifti-clear-channel-cmu.cc

CommandLine cmd:
cmd.Parse (argc, argv);

Gnuplot gnuplot = Gnuplot ("clear-channel.eps");  ------}---- produce a p|0t file that
for (uint32_t 1 = 0; 1 < modes.size (); i++) will generate an EPS flgure
{
std::cout << modes[i] << std::endl;
Gnuplot2dDataset dataset (modes[i]);-----------------F---- one dataset per mode

uint32_t pktsRecvd = experiment.Run (wifi, wifiPhy, wifiMac, wifiChannel);
dataset.Add (rss, pktsRecvd);

Yo T e Add data to dataset
gnuplot.AddDataset (dataset); ---.____ |

—= =
-
-
-
-
-
-~
-
-
-
-~
-

Add dataset to plot
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Matplotlib

« Matplotlib or other Python plotting programs can be used
o example: src/core/examples/sample-rng-plot.py

ns-3 histogram

B Demonstrate use of ns-3 as a random number generator integrated with
plotting tools; adapted from Gustavo Carneiro's ns-3 tutorial 0.030

import numpy as np
import matplotlib.pyplot as plt
import ns.core

0.025 =100, 2 =15

b mu, var = 100, 225 0020

rng = ns.core.Normalvariable(100.8, 225.0)

x = [rng.Getvalue() for t in range(10000)] s

the histogram of the data :
n, bins, patches = plt.hist(x, 50, normed=1, facecolor="g', alpha=0.75) 0.010f

plt.title('ns-3 histogram')
plt.text(60, .025, r'$\mu=100,\ \sigma=15%"') (0] S R
plt.axis([40, 160, 8, 0.03])
plt.grid(True) :
plt.show() 0.000,~ 60

200+« &l

- : : 11
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FlowMonitor

* Network monitoring framework found in
src/fTlow-monitor/

e Goals:
—detect all flows passing through network

—stores metrics for analysis such as bitrates,
duration, delays, packet sizes, packet loss
ratios

G. Carneiro, P. Fortuna, M. Ricardo, "FlowMonitor-- a network monitoring framework
for the Network Simulator ns-3," Proceedings of NSTools 20009.

NETwo!?sﬁ;mBR NS-3 Consortium Meeting
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FlowMonitor architecture

e Basic classes

- FIOWMonItor HE’Per E:El*-.. FlowMonitor : core

— FlowProbe 0

— FlowClassifier 1 | o 2
FlowMonitorHelper : : FlowProbe ——=>|FlowClassifier

— FlowMonitorHelper |

O N {I‘-\ ___________ 0N y
| | #+ -7~~~ ~"~"—~"~"Q|—"—~"~"—~—— -
- "IPv4"

I
==greate==|

* Ipv4 only

e

Figure credit: G. Carneiro, P. Fortuna, M. Ricardo, "FlowMonitor-- a network monitoring
framework for the Network Simulator ns-3," Proceedings of NSTools 2009.
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FlowMonitor statistics

 Statistics gathered

FlowMonitor FlowProbe

litfﬂfj liE?ﬂd

W1 Wi
FlowMonitor::FlowStats FlowProbe::FlowStats
+timeFirstTxPacket: Time +delayFromFirstProbeSum: Time
+#timeFirstRxPacket: Time +bytes: uinted_t
+timelastTxPacket: Time tpackets: uint32_t
+timelLastRxPacket: Time +packetsDropped: std::wector<uint32_t=
+delaysum: Time +bytesDropped: std::vector=uinted t=

+#jittersum: Time
+txBytes: uinted _t

+rxBytes: uintéd t Histogram

+txPackets: wint3Z2_t
+rxPackets: uint3z_t
+lostPackets: uwint3z_t

+Histogram{binWidth:double)
+GetMEins(): uint32_t const
+GetBinStart{index:uint32_t): double const

+tinesF?rwardEd: u%nt32_j +GetBinEnd(): double const
+delayHistogram: Histogram +GetBinWidth{indexruint32 t): double const
+]itterHistogram: Histogram +SetDefaul tBinWidth(width: double)
+packetSizeHistogram: Histogram

) +hetBinCount {index:uint32_t): wini3iz_t
+packetsDropped: std::vectorsuint32_ti> +hddValue{value: double)

+bytesDropped: ﬁtd:;uFrto’<uiﬂt54 >

NETWO!;ISR;\TO"-’R NS-3 Consortium Meeting
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FlowMonitor configuration

« example/wireless/wifti-hidden-terminal.cc

// 8. Install FlowMonitor on all nodes
FlowMonitorHelper flowmon;
Ptr<FlowMonitor= moniteor = flowmon.Installall ();

// 9. Run simulation for 1@ seconds
Simulator::Stop (Seconds (10));
Simulator::Run ();

// 10. Print per flow statistics
monitor->CheckForLostPackets ();
Ptr<Ipv4FlowClassifier> classifier = DynamicCast<Ipv4FlowClassifier> (flowmon.GetClassifier ());
std::map<FlowId, FlowMenitor::FlowStats> stats = moniter-=GetFlowStats ();
for (std::map<Flowld, FlowMonitor::FlowStats=::const_iterator i = stats.begin (); 1 != stats.end (); ++1)
{
// first 2 Flowlds are for ECHO apps, we don't want to display them
if (i-=first = 2)
{

Ipv4FlowClassifier::FiveTuple t = classifier-=FindFlow (i->first);

std::cout << "Flow " << i->first - 2 << " (" << t.sourceAddress << -> " << t.destinationAddress << ")\n";
std::cout << " Tx Bytes: " << i-=»second.txBytes << "\n";
std::cout << " Rx Bytes: " << i-»second.rxBytes << "\n";
std::cout << " Throughput: " << i-»second.rxBytes * 8.8 / 10.8 / 1024 [/ 1024 << " Mbps\n";
}
}
NETwo!lﬁLAmBR NS-3 Consortium Meeting
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FlowMonitor output

e This program exports statistics to stdout
e Other examples integrate with PyViz

Hidden station experiment with RTS/CTS disabled:
Flow 1 (10.0.0.1 -> 10.0.0.2)

Tx Bytes: 3847500

Rx Bytes: 316464

Throughput: ©.241443 Mbps
Flow 2 (10.0.0.3 -> 10.0.0.2)

Tx Bytes: 3848412

Rx Bytes: 336756

Throughput: ©.256924 Mbps
Hidden station experiment with RTS/CTS enabled:
Flow 1 (10.0.0.1 -> 10.0.0.2)

Tx Bytes: 3847500

Rx Bytes: 306660

Throughput: ©.233963 Mbps
Flow 2 (10.0.0.3 -> 10.0.0.2)

Tx Bytes: 3848412

Rx Bytes: 274740

Throughput: ©.20961 Mbps

ns-3

NETWORK SIMULATOR
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PyViz overview

* Developed by Gustavo Carneiro
 Live simulation visualizer (no trace files)

e Useful for debugging
—mobility model behavior
—where are packets being dropped?

* Built-in interactive Python console to
debug the state of running objects

* Works with Python and C++ programs

NETWO!lﬁLmBR NS-3 Consortium Meeting
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Pyviz screenshot (Graphviz layout)
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Pyviz and FlowMonitor

 src/flow-monitor/examples/wifi-olsr-flowmon.py

= wifi-olsr-flowmon.py == G
sl o s N no K
Node 3
Mobility Model: ns3.:ConstantPositionMabilityModel
MNetDevice O:
. Type:! ns3::LoopbackNetDevice

IPv4d Addresses: 127.0.0.1/255.0.0.0
MAC Address: 05-06-00:00:00:00:00:00

i i NetDevice 1: 1
8 5 Type: ns3::WifiNetDevice |
A i IPv4 Addresses: 10.0.0.4/255.255.255.0
1 00 MAC Address: 05-06-00:00:00:00:00:04
=150 @ Qo g
0 50 100 I 1 200 250 B! L] | |
1 [ [ g 1 [ F 1~
(l | n | |)]
Zoom: (0.800 Speed: |0.500 Time: 23.036000 s @ Snapshot  [@&Shell  [> Simulate (F3)
b Advanced

ns-3
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Enabling PyViz in your simulations

 Make sure PyViz is enabled in the build

sQlite stats data output : not enabled (library 'sqlite3' not found)

Tap Bridge : enabled

PyViz wvisualizer : enabled

Use sudo to set suid bit : not enabled (option --enable-sudo not selected)

e If program supports CommandLine

parsing, pass the option
—-SimulatorimplementationType=
ns3::VisualSimulatorimpl

 Alternatively, pass the "--vis" option

\er O!lﬁmmsﬂ NS-3 Consortium Meeting

March 2013



Outline

[Getting visualization and raw data from ns-3 }

e Packet traces
e Gnuplot and Matplotlib
e Flow Monitor

e PyViz
e NetAnim
e Statistics

e Data Collection Framework

o O!lﬁg\m% NS-3 Consortium Meeting
March 2013

23



NetAnim

« "NetAnim" by George Riley and John Abraham

— —_ m—
1 ST ELACTH S : el
l..l'l;'.l J ol T MUOCATOn SERALT teell ol " ﬁﬁ‘ :l_: l:-r
T i i = -
e T A T = - "-._"'-
DD T AT el I B 2N Ol ‘E
Fwua ifn i X e
= N ) wl T ATH B B I Ol 4
ki i
Al | T A T Ly
aDEmIAIA N AR BN IR DN Om e nri
comiL e AN R BC IO IR 0N e o
- Dumbbell &
Packet Statistics - - B
Mode Trajectory

Wifi Beacon o Wifi Ass0cC ) th-] TCF flags
ns-3 NS-3 Consortium Meeting
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NetAnim key features

 Animate packets over wired-links and wireless-
links

— limited support for LTE traces

« Packet timeline with regex filter on packet meta-
data.

* Node position statistics with node trajectory
plotting (path of a mobile node).

 Print brief packet-meta data on packets

\er O!lﬁLATOBR NS-3 Consortium Meeting
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NetAnim 3.104 overview

e Forthcoming release
— More details in packet animation
— Smoother mobility

— Plotting the routing path from a source node to a
destination IP address

— Print routing tables at various times
— Flow monitor output parsing

— Packet timelines

— IP/MAC display

— Change color during animation

— Designer

NETWO!;lsﬁL-Ag NS-3 Consortium Meeting
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Statistics

 Statistics module contributed by Joe Kopena
early in the project
— src/stats directory

* |nitial Implementation of an experiment controller

Simidatinn Instance {frial or ol

Simul ation Instance (trial or nun)
53 Traces
Core [T
: Collected )
i Data Analysis Scripts,
Signals 1 Y q * Graphing Tools, ete
(termination) Data
Collectio Persiste nt
I— Stor
User age
Simuation —.. _’h
Program Traces & -
Direct Calls -
Basic Statistics
Instance Spawring,
Distribution
Experiment Control
ns-3 NS-3 C ium Meeti
NETWORK SIMULATOR - onsortium Meeting
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Statistics module features

 Metadata
— experiment: name of experiment
— strategy: description of what is being tested
— runiID: allows user to identify the trial

o Data output in either 'omnetpp' or 'sglite’' format
 Provides a basic statistical data calculator

WiFi Defaults ——
100

80

example "wifi-example-sim"
(packet loss vs distance for
default wifi settings)

60

erage of 5 trials per distance

40t

% Packet Loss --- avi

20

D L L 1
0 50 100 150 200

Dist: (m)
NETwo!?sﬁLAmBR NS-3 Consortium Meeting
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Data Collection Framework

e under review for future ns-3 inclusion

o part of the SAFE project development led
by Bucknell University
—Integrates with visualization module
—Integrates with steady-state detector

\er O!lﬁmmsﬁ NS-3 Consortium Meeting
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Data Collection Framework

ns-3 data published  Probe: wrap Collector: data Aggregator:
as trace source trace source reduction marshal data
e controls e examples: e gnuplot \
to enable/ averaging, time e postgresq|
disable series, etc. * other... .
e named e can be files
within chained

configuration together
Static method for
instrumenting code

(Stat::Put() of Leverages prototype developed by Pavel Boyko and Kirill Andreev
ns2measure) Leverages ns2measure project (CNG at University of Pisa)
NETWO!:'Sﬁ;WBR NS-3 Consortium Meeting
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Data Collection Framework example

« "manet-safe.cc” examplein ns-3-dcfT repository

e Trace source: "/NodeList/*/ApplicationList/0/$ns3: :PacketSink/Rx"

MAMNET SAFE Paclket Aggregator
BOD T T T T
w=Packet Count ——
Total Paclket Byte Count ¥
700 Mean Packet Byte Count =
D
600
5[:”:] | BT R I
E S =
8 400 ¢ y
&)
300 ¢
200 ¢
100
E ]
0 - Mt
0 20 40 &0 80 100 120 140 160 180 200
Time (Seconds)

NETWORK SIMULATOR

NS-3 Consortium Meeting
March 2013

Probe packet sink
receptions between
time 120-150 seconds

Set periodicity to
0.5 seconds

Plot packet count,
total packet byte count
(during interval) and
mean packet byte
count (within interval)



Data Collection Framework

PacketSink Probe Collector Aggregator
trace source
e filter trace * compute * gnuplot
source data statistics on * postgresq|
within time packet and * SAFE
window byte counts e other...

Introduce helper to manage configuration
complexity

NETWO!:'SﬁJWBR NS-3 Consortium Meeting
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Gnuplot data collection example

« src/data-collection/examples/manet-safe.cc

// Configure the plot.

packetPlotHelper.ConfigurePlot ("manet-safe-packet-byte-count”,
"MANET SAFE Packet Aggregator",
"Time (Seconds)",
"Count",

"pﬁg" );

// Add a probe to the gnuplot helper.
packetPlotHelper.AddProbe ("ns3::ApplicationPacketProbe”,
"PacketSinkRxProbe",
" /NodelList/*/ApplicationList/@/5ns3::PacketSink/Rx");

// Get a pointer to the helper's probe so that it can be configured.
Ptr<Probe> packetProbe = packetPlotHelper.GetProbe ("PacketSinkRxProbe");
packetProbe->=SetAttribute ("Start", TimeValue (Seconds (120.0)));
packetProbe-=SetAttribute ("Stop", TimeValue (Seconds (158.8)));

J// Add a collector to the gnuplot helper.

packetPlotHelper.AddCollector ("ns3::BasicStatsCollector”,
"PacketSinkRxCollector",
"PacketSinkRxProbe",
"OutputBytes");

// Get a pointer to the helper's collector so that it can be configured.
Ptr<Collector> packetCollector = packetPlotHelper.GetCollector ("PacketSinkRxCollector");
packetCollector->SetPeriodic (Seconds (0.5));

// Get a pointer to the helper's aggregator so that it can be configured.
Ptr<GnuplotAggregator> packetAggregator = packetPlotHelper.GetAggregator ();
packetAggregator->Set2dDatasetDefaultStyle (Gnuplot2dDataset::POINTS);

NETWO!:'SﬁJWBR NS-3 Consortium Meeting
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Gnuplot data collection example (2)

« src/data-collection/examples/manet-safe.cc

// Add some datasets to the plot. MNote that the dataset context

// strings, which are the third arguments in these function calls,

// must be unique

packetPlotHelper.Add2dDataset ("PacketSinkRxCollector”,
"SampleCount”,
"PacketSinkRxCollector/SampleCount”,
"Packet Count");

packetPlotHelper.Add2dDataset ("PacketSinkRxCollector”,
"SampleSum”,
"PacketSinkRxCollector/SampleSum",
"Total Packet Byte Count");

packetPlotHelper.Add2dDataset ("PacketSinkRxCollector”,
"SampleMean”,
"PacketSinkRxCollector/SampleMean",
"Mean Packet Byte Count");

// Set this dataset's sytyle.
packetAggregator-=Set2dDatasetStyle ("PacketSinkRxCollector/SampleCount",
Gnuplot2dDataset::LINES_POINTS);

NETWO!:'SﬁJWBR NS-3 Consortium Meeting
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Under construction:
steady-state collector

Built upon steady-state detector classes
Recelves samples

Applies steady-state detection algorithm
One pass-through trace source (all samples)

One filtered trace source (post-transient
sample)

MSER-5 and possibly other methods

\er O!lﬁmmsﬁ NS-3 Consortium Meeting
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Under construction: in-browser
visualization

Time series support:
nearly completed

Iy

1
00:01:00  00:02:00 00:03 :04:00 00:05:00 DD!U 0:15.00 M1EDD

MMMMMMMMMWMMAW mmwm«m L *’ .-JHMMM

I Packet Loss

O Response Time

[Selection buttons for metrics collected ]
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Under construction: from browser to file

8N Mozilla Firefox

i few T
| -_: :,. | & safe.bucknell.edu/expr/4351 (&

\

o

0030 OUINE COODEOS OOCA00 CODMD SOOSD0 000600 OCCTO0 O0OAD0 OUROO CONGO0 SO1ID0 G01200 SOMA00 OOA00 OXISDO0 DX MS0
y i i ol bt b
’ Sk AT T 4 G WET Y Fial - ‘i = i lud il
MI0E5E COCIGS COGAO: MMM LOCATD SOCHOD ONOAG0 OESTS0 OJOESS OURG0 COISEE SOTIDE MOIRO) SOOI 6400 08 IAT0 O3 PRS0
Frrm (LS
W Pacest Losa

W Qusse San
1 Resporsa Tire

—_—

Plot is built interactively, through browser, and
converted to static file (PDF)

;gv'v!)!lﬁ;m% NS-3 Consortium Meeting
March 2013



Next priority for in-browser visualization

50,000

G—=e 10 scurces

aasac -~ oaeel || “Estimation” support:

wo] v\ in early design

’g‘ss.m;ﬁ ]

‘§30,000'- “ ] . .
Do T . [Selectlon buttons for data senes}
i

E

/[ Confidence intervals J

Figure source: Broch et al. “A Performance Comparison of Multi-Hop Wireless
Ad Hoc Routing Protocols”

ns-3
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Later priority for in-browser visualization

4,500,000

L} L) T
- 1 m/s acenarios [
20 m's scenarios

4soouof * - “Distribution” support:
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