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Comprehensive Documents

e NS2 Manual

— http://www.Isl.edu/nsnam/ns/doc/ns_doc.pdf

 NS2 Class Hierarchy



NS-2 Built-In IP protocols

MAC
—  Multicasting, LAN

Router gueue management
—  DropTail, SFQ, RED, CBQ
Routing algorithms
—  Static shortest path, DV

Transport protocols
—~  TCP,UDP

Traffic sources
—  FTP, Telent, Web, CBR, VBR, Burst

See NS manual for the comprehensive list and their usage
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Why Two Languages (OTcl and C++)?

For efficiency reasons
— event scheduler and network component objects are written and
compiled using C++
For easy configuration
—  objects are configured by OTcl interpreter

—  For this, C++ objects are made available to the OTcl interpreter
through OTcl linkage

NS is basically an OTcl interpreter with network simulation object libraries




OTcl: The User Language

§ Friting a proosdurs oallsd "test®
proc tamt {} {
et & 43
et b 17
et o [mxpr fa + 1b]
et d [expr [mpr fa - Ib] T Mo]
for (set k 0} {ik < 10} {inor k} {
if (fx < B} {
puts "k < 5, pow = [eMpr powiid, Ix}]"
} olEm ¢
puts "k >= 5, mod = [expr id ¥ IX]"™
}
¥
¥

§ Calling ths "test" proosdnrs orsatsd abore
tant

Tcl script example

§ add & mamliar funotion oall "grast!
Class mom
mom instproo grast {} |
§3elf instrar age
puts "fags_ yaar old mom sayl
HEow ara you doing?”
}

§ Create a child oclass of "mon" ocalled "kid’
§ and overids the msmber funotion "gresst®
Class kid -superclass mom
kid instproo grast {} {

fuelf instvar ags

puts "{ags_ ysar old kxid sayl

That's up, dude?®
}

§ Croats 2 mom and & kid okject, sst sach age
S8t s [NOW mom]
fa sst aga_ 43
mst b [new kid]
b set age_ 15

§ Calling mamber fonotion "grest! of sach okjsoct
fa grasc
$b grast

OTcl script example




Let’s see NS simulation script again

#Craate a simmlator object
sat os [oaw Simulator]

JDafine difforsnt colors for data flows (for EXN)
fos color 1 Blue

@ O nods — link D agezt fos ocolor 2 Rad

O traffic souos

#0pen the EAN tracs Lile
smt nf [opan out.nam w]

$nos namtrecs-all $nf

#bafine a 'finish' proosdurs

proo finish ()} o
global ne nf

4 xbps, 10 2w

fzm flusk-trade
#Closs the EAM trace file
close inf

§bzscute EBM on the traces f£ils
aXe0 Dmm Out.oam &

pkt sizei 1 kBytae, rata1 1 nbpe ) axit O

chr #Create four nodes
sat 20 [fom nodal
sat ol [ias_noda]

ftp

} } — sate links betwsen the nodes
0l 1.0 4.0 4.5 fns duplax-link o0 §z2 2Eb 10me DropTail

os duplex-link a2 #2? 1.7Eb 20me DropTall

. . i \}ﬂﬂ:-l:i Sims of link (ni-n3) ta 10
Simulator object member functions: SF guiue-limic fa2 422 10

see ns-2/tcl/lib/ns-lib.tcl Non Guplas-1iaN cy 450 ful oniszs £ight-down

ios duplex-link-op fnl in2 orieant right-up
ins duplax=link-op #n2 fnd orisnt right

Jonitor the gueus for link {n2-n3). (for HEN)

ins duplax=link-op #n2 fnd quausaFos 0.5

Agent object: to check what network

objects are available, see ns- [ —lmstm 4 rop comsction
2/tcl/lib/ns-default.tcl Vas. aveachoaget 120 t5op

sat sink [naw Lgent/TCP8ink]

inm atranh=—ament. Inl Imink



What to do in OTcl script?

Create Simulator object
Specify output trace files and finish{}

Network topology configuration
Create Node objects
Create Agents and attach them to nodes
Connect agents: build logical connections by setting the destination
address to each others’ network and port address pair
Create “application” traffic sources and attach them to agents

Write simulation scenario
Specify times when to start and stop traffic sources
$ns run



How the scheduler works internally?

Network components issue events for simulating packet-
handling delay and timer
The scheduler invokes the appropriate objects at the specified

times
The scheduler itself has a member function to issue an event
at time “$cbr start”

Data Fath $




Network Components

components, timers, etc) T~

superclass of all Otcl library superclass of all basic network component
objects (scheduler, network | objects, which may compose compound
network objects like nodes and links

TclOgect /
A —

Comygotind Objects NsObject

(J"'n %ﬁ’ 'l.'.;:ts //c::;/ one \

Cornector |output data

multiple

Clagsifier | output data

path path
snoopCuene || Queue || Delay & gifier || MrasiTlazsfinr
AT N —

1o || out || Drp ||Eérp || DropTail|| RED | ITGgﬂIUDPI | Exq||Ceql| Drop |Recv]

1f:"t.u:r:u:t




wo Major Components (Compound Objects):

lAaAA AnA 2
Node ana Li

Uneast Mode Default Multicast Node
$ns rtproto type $ns multicast (right after set $ns [new Scheduler]

(Static, Session, DV,

cost, multi-path) $ns mrtproto type (CtrMcast, DM, ST, BST)

@ 2l one duplex-link =
TWO simplex-link

Ju
Link Stoegley Lk

%T—(Qm —=| Delay [—| TTL [—=
L,W—ﬂhmmm




Packet Flow

Packets are handed from one object to another using
send(Packet* p){target->recv(p)}: method of sender

recv(Packet*, Handler* h =0): method of receiver



Packet (We will revisit this later)

A NS packet is composed of

— astack of headers for all the registered protocols (regardless whether
any protocol is used or not)
— anoptional data space

A network object can access any header of a packet using the
corresponding offset value

gl . | mbader uid  : unique id
header ip header :::::' : El::u:::d pkt sixe
datn (ogtiomaD tep hoadsr Es_ 1 tinm stanxp
rtp headar
trace hender

How to make a packet carry user-defined data?

—  modify the agent such that it can allocate the optional data space or
—  create new header and make the agent to use it as user-defined data




Analyzing the trace output

. node.port
formAs/a{rA]k \
asvant | £ims from to pkt pkt flags | £id arc dat | seqg | pkt
node | nod= |cype | 8lze addr |eaddr | noum | 1d
¥ ! receiwe (at to node)
+ : engueus [at gqueus) aru:_m:l:lr : node.port (3.0)
= ! degueus [(at gueu=s) dst addr : node.port (0.0)
d : drop [at gquaus=)
r 1L.3556 3 2 ack 40 -————=— - 1 3.0 0.0 15 201
+ lL.Jda86 & 0 ack 40 —————- - 1 3.0 0.0 15 201
- 1.3586 2 0 ack 40 —————- - 13%.00.0 15 201
r 1.355%6 0 2 tep 1000 —————— 1 0.03.0 29 188
+ 1.355%6 2 3 tecp 1000 ——————— 1 0.03.0 29 199
d 1.355%6 2 3 tep 1000 ——————— 1 0.03.0 29 199
+ 1.4da6 1 € cbr 1000 —————- 4 1.0 3.1 157 207
- 1.356 1 2 cbr 1000 ——————— 2 1.0 3.1 157 207




Homework 7

« Simulate the following network

- - o
-
-
-

ftp TCP [ 1Mbps, 50ms, DropTail ;
default settin ./
| sink0
1Mbps, 100ms, DropTail
1Mb s, Dro

o 1Mbps, 100ms, DropTail J
packetSize = 1000bytes,- -~ _________ 2 <Mops, 200ms, Drop g - =
---------------------------------------- EXP
rate = 0.7Mbps
ubP Fratfic

random = false »
packetSize = 200 bytes,
__--"burst period = 2 sec
idle period = 1 sec
rate = 500kbps

chr. | {UDP | 1

—1sink1

1Mbps, 100ms, PropTail

-
-
-
-
-
-

sink3

« Each application traffic source starts at 10 sec and
stops at 20 sec.

* Plot the received bytes at each sink at every 0.5 sec
period.



