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1. M=

Ns-3= C++2 Python@2 FoE MO0, C++ AOE ALETO| T2t 24| 2|&e| &S 7t
ZICh Ns-3= 7|29| ns-22t= CHE HEHE 7HA|7| ME0| M& &ste AMEAt= Simulation |
20| oj2ige 7t = UCh 0| 25 O ZA0|ME= nsnam [1]0|A A|ZSH= Tutorial,
Manual, Testing 2AM2| W&0|| CHsl 2t2F5| 7|=5t=S St

2.  Ns-3 Tutorial &AM

Ns-3&= Otcl?t C++2 PHE ns-29H= 22| Pythondt C++2 TFE 0] QOO ns-29| T4
20| Ofl A2 simulator2A AHZH0| Z|Q7| TR0 7|20 ns-20{A AIREZ|QE 2E Z@l

2| YBR[ = 251A|2F ns-20(|A Z|HE|R| UUT Multiple interface, IP addressing S8 2
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Ns-39| resource= http:/www.nsnam.org [1]0|A CIREFS %4 QUCt Ns-3& Linux
Linux-like 2Z0|AMOF S2t0| 7t5310{ C++, Python S & 72| 47|22 H2|3 &O00F it

Lash 7|2l 910 ¥ HORo)A BHol & 4 QUct.

HE2 o2 ns-30{= Node, Application, Channel, NetDevice, Helper?t QICt. 8l Node0f| E&

7|58 712! applicationE 20 EEHSt nodeE THE1D, NICQ| 9&tS Sl= NetDeviceS Node
of 20iFct. 2|2 40| ARZ2E Channel2 /gl 2t NetDeviceO| HZASHH L=E7H0| THZ!
&0 7hsstA ECh ORR|HS 2 Helpere= 2f 7HE2| HdA| H2ot =46t WE 40| 2
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DEZ MM 3 MHE & 4 QICE Ns-32| sampleZE = SHLIQ! firse.cc(point-to-point link,
T & AMO[OM HY i =[E0)E Soll /el HEES ATEZCH

NodeContainer nodes;
nodes.Create (2);

PointToPointHelper pointToPoint;
pointToPoint.SetDeviceAttribute ("DataRate", StringValue ("5Mbps"));
pointToPoint.SetChannelAttribute ("Delay", StringValue ("2ms"));

NetDeviceContainer devices;
devices = pointToPoint.Install (nodes);

FE 1. node, channel, device A1 3! M



NodeContainerS O|&dli NodeE “45t1l, PointToPointHelperS O|&dli Channels ‘445t
Of 2ol 2tS MBIt 12|2 NetdeviceContainer®2 NetDeviceE AA45t1 Install HH
842 £35l node?l NetdeviceS HZA.

InternetStackHelper stack;
stack.Install (nodes);

3L 2. Internet stack A L M
InternetStackHelperS O|- €310 internet stacke 44445t11, nodeS stackOi| ‘g=Ct.

Ipv4AddressHelper address;
address.SetBase ("10.1.1.8", "255.255.255.8");

Ipv4InterfaceContainer interfaces = address.Assign (devices);
ZLE 3. Address MM 2 MA

Ipv4AddressHelperE O|&3df Ipvd FAE MAHSLD, Gateway 2! SubnetmaskE A5t

= =2 =20
deviceO| siid QUEH|O|AS S=EICE

Ipv4InterfaceContainer interfaces = address.Assign (devices);

UdpEchoServerHelper echoServer (9);

ApplicationContainer serverApps = echoServer.Install (nodes.Get (1));
serverApps.Start (Seconds (1.8));
serverfpps.Stop (Seconds (10.8));

UdpEchoClientHelper echoClient (interfaces.GetAddress (1), 9);
echoClient.SetAttribute ("MaxPackets", UintegervValue (1));
echoClient.SetAttribute ("Interval®, TimeValue (Seconds (1.)));
echoClient.SetAttribute ("PacketSize", UintegerValue (1824));

ApplicationContainer clientApps = echoClient.Install (nodes.Get (8));
clientApps.Start (Seconds (2.0));
clientApps.Stop (Seconds (10.8));

AL 4. Interface 4 LU Client, Server M
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of & Helsitt. ddE MAS .pcap YAE 72|
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3. NS-3 Manual &A

High-level wrappers
for everything else

Aimed at scripting

Node class
NetDevice ABC rest K
Address types helper 5
(IPv4, MAC, etc.) routing | internet-stac] devices | applications MOb'_“ty models
Queues —_— node | mobility € | (static, random
Socket ABC Tommon I Simolator walk, etc)
k3 o
IPv4/IPv6 ABCs ¥ ¥
Packet sockets /1' \< \
Smart pointers Callbacks, Tracing Packets Events
Dynamic type system Logging Packet Tags Schedulers
Attributes Random Variables Packet Headers Time arithmetic

Pcap/Ascii file writing

12l 1. Software organization of ns-3

Ns-3&= simulation core?} modelO| C+HZ FHEY QU= HERXA AIE20|6{Z2 0] Z0Me=

elol oM otor o F20f tishiAM 2THEUCH

3.1 Core

Core E&0|M attribute, tracing, real time, distributed, packet, helperOf CHa{iA] LOLEZICE.

Attributes= & 02 £M4E LIEIYH ns-39| classS2 27| 02 719| attributeS 7}RICT.

EHsH M2 AddAttributeE O|EdH classOf QUAH2Z attributeE F7te 4~ QUCH= AO|CL

—

Typeld DropTailQueue::GetTypeld (void)

{
static TypelId tid = Typeld ("ns3::DropTailQueue")

.SetParent<Queue> ()
.AddConstructor<DropTailQueue> ()

.AddAttribute ("MaxPackets",
"The maximum number of packets accepted by this DropTailQueue.",

UintegerValue (100),
MakeUintegerAccessor (&DropTailQueue::m_maxPackets),

MakeUintegerChecker<uint32_t> ())

return tid;

T E 5. AddAttribute AF2
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Real time2 HA| HEST AEM0| A|Z20|HES 75ist7| 2lah 2+ &H|S0| &2 AlE2{0|4
clock€ 7t =& StE0] clock@2 1NFAF|= AS YBtCH 27|10l AlE20|d HZoIM A
HEl AZH0] ZItE|= 248 EHYQ UO|lA 3{7t5t= BestEffort ZEQF 2ZIHA| A|B20|ME
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Distributed= multiple processor0jjA{ = A|22|0|H T 20| S23tz|= A Ust= A0|
Ct. 0|2 2IaHA= logical process?tOfl Df{A|ZX| m&t0| LRSI O] w30 = Message Passing
Interface(MPI)7} Q/0{OF Bt} 342 Distributed= Point-to-Point LinkOi|M2t S20| 753t
C}.

Packet2 Byte buffer, Byte tags, Packet tags, metadata® 4|0 QCt. Byte buffer= of|H

2t Egj¥eiol HEE 71X 11, Byte tage packet byte buffer®| byte subsetd] tagE £0]|
7| floll AHEO| =™, Packet tage packet AHA|2| tagS @laH AFEECL DFA[H2Z metadata
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Helper= low-level APIE AM2310 1S S0 ZEJ HE Zn o{#H7] &0 sig API
=2 20 ALBAPL & g2 APIE AEE & UEE ZAFEE ns-30|M A|Fst= 40|

3.2 Node and NetDevices

o

2 o= NetDevice, protocol, applications 7|5t £4

Ns-30{|A| node= Bl Z2uiq}
Ct. Ns-30{| M= CISt net device2}l frameworkS Z|&SIC}.

’IsE st €t

Point-to-Point NetDeviceES £df| Point-to-Point linkE O|2& 4 20, CSMA NetDeviceES
E£35l bus network linkE O|&3t1, Wifi NetDeviceS E3l 802.11 7|89 infrastructure®}
ad hoc networkES 0|25}, Wimax NetDeviceE E5{ 802.16 7|8t9| network modelS 0| &
StCh 3 LTE Moduleg £33 3GPP E-UTRAN infrastructure?t LTE(Long Term

Evolution) 222 #|&5t12, UAN FrameworkE £l £ HEQIAE AIES 4 QUCH

3.3 Emulation

Ns-3£ testbed?t 7H4 2tH9| S8E 2Is Emu NetDevice@t Tap NetDeviceE Al&8tct.
Emu NetDeviceE Solf M4 HEL A0 Packet2 EY 4 QU1D, Tap NetDeviceE S|
Aol =EF HA| HEXHI Ue| SAETL ==& & £ QUL O] & NetDeviceS Salf &4l
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3.4 Sockets APIs

Ns-30{= Native ns-3 APIQ} POSIX-like API O|ZH £ 7t2| socket API7} QUCt. POSIX-like
APIE= O3l S| R| QUQFR|OF Native ns-3 API= C++2 3E|UCH 2 2F9| transport
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ns-30|M= buffer variantE E35l| application HHO|A] S8%t HAEE packetO]| encode & %=
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Cptions:
—h, —help show this help message and exit
—c KIND, —--constrain=KIND
constrain the test-runner by kind of test
—e EXAMPLE, ——exXample=EXAMPLE
specify a single example To run
-g, ——grind run the test suites and examples using valgrind
-k, —kinds print the kinds of tests available
-1, ——1list print the list of known tests
-m, ——multiple report multiple failures from test suites and test
cases
-n, ——-nowarf do not run waf before starting testing
—s TEST-SUITE, ——suite=TEST-SUITE
specify a single test suite to run
-v, ——verbose print progress and informational messages
—W HTML-FILE, ——web=HTML-FILE, ——-html=HIML-FILE
write detailed test results into HIML-FILE.html
-r, ——retain retain all temporary files (which are normally
deleted)
—t TEXT-FILE, ——text-TEXT-FILE
write detailed test results into TEXT-FILE.txt
—-¥X XML-FILE, —-xXml=XML-FILE

write detailed test results into XML-FILE.xml

a2 2. test.py M U
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[1] The ns-3 network simulator, http://nsnam.org/
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