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14.2 NS
14.2.1 OTdl
14.1 NS
NS Orcl
Ordl
# Writing a procedure called "test"
proc test {} {
set a 43
set b 27
set ¢ [expr $a + $b]
set d [expr [expr $a - $b] * Sc]
for {set k 0} {$k < 10} {incr k} {
if {$k < 5} {
puts "k < 5, pow = [expr pow($d, $k)1"
} else {
puts "k >= 5, mod = [expr $d % $k]"
}
}
}
# Calling the "test" procedure created above
test
14.2.1 Tcl
14.2.1 Tcl
Orcl Tdl
Tcl Orcl C C++
ex-tcl. tcl shell
ex-tcl. tcl” NS tcl8. 0
ex-tcl. tcl”
Tcl proc
set expr
$ puts
14.2.1
k <5 pow =10
k <5 pow = 1120.0
k <5 pow = 1254400.0
k <5 pow = 1404928000. 0

OTcl

ns
tcl
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5 pow = 1573519360000. 0

OTdl

1
(262 &) IS INe |

2.2

14.2.2

mom

mod = 0
mod = 4

=0

mod = 0
mod = 4

OTdl
NS
NS C++

Tcl OTcl OTdl

# Create a class call "mom" and
# add a member function call "greet"
Class mom
mom instproc greet {} {
$self instvar age
puts "Sage years old mom say:

How are you doing?"

# Create a child class of "mom" called "kid"
# and overide the member function "greet"
Class kid -superclass mom
kid instproc greet {} {

$self instvar age

puts "Sage vyears old kid say:

What's up, dude?"

# Create a mom and a kid object set each age
set a [nhew mom]
$a set age_ 45
set b [new kid]
$b set age_ 15

# Calling member function "greet" of each object

$a greet

$b greet
14.2.2 OTdl
OTdl “ mom” “ kid”

greet
age 45 15 oreet



14 NS2
class instproc -superclass
$ df C++ “ this”
Instvar
new ex-atcl. tcl
“ ns ex-otcl. tcl”
45 year old mom say
How are you doing
15 year dd kid say
What s up dude
14.2.2
NS
14.2.3 Qord 14.2.1
O node — link
> waffic souce [ agent
_ 2Mbps,10 ms
1.7 Mbps,20 ms .
#" Mbps,10 ms
pkt size:1 kByte, rate:1 Mbps
cbr
ftp
61 1.0 | 4.0 4.5 |
IR /s
14.2.1
4 14.2. 1 n n2nl n2
2Mbps 10ms n2 n3 1. 7Mbps
20ms DropTail 10 no tep
n3 tcp sink Tcp tcp
1KB Tcp sink ACK tep tcp
nl udp n3 null Null
ACK ftp cbr
tcp udp cbr 1Mbps 1KB Cbr
0.1s 4.5s ftp 1.0s 4.0s
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#Create a simulator object
set ns [hew Simulator]

#Define different colors for data flows (for NAM)
$ns color 1 Blue
$Sns color 2 Red

#0pen the NAM trace file
set nf [open out.nam w]
$ns namtrace-all $nf

#Define a 'finish' procedure
proc finish {} {
global ns nf
$Sns flush-trace
#Close the NAM trace file
close S$nf
#Execute NAM on the trace file
exec nam out.nam &
exit 0

#Create four nodes
set n0 [$ns node]
set nl [$ns node]
set n2 [$ns node]
set n3 [$ns node]

#Create links between the nodes

$ns duplex-link $n0 $n2 2Mb 10ms DropTail
$ns duplex-link $nl $n2 2Mb 10ms DropTail
$ns duplex-link $n2 $n3 1.7Mb 20ms DropTail

#Set Queue Size of link (n2-n3) to 10
$ns queue-limit $n2 $n3 10

#Give node position (for NAM)

$ns duplex-link-op $n0 $n2 orient right-down
$ns duplex-link-op $nl $n2 orient right-up
$ns duplex-link-op $n2 $n3 orient right

#Monitor the queue for link (n2-n3). (for NAM)
$ns duplex-link-op $n2 $n3 queuePos 0.5

#Setup a TCP connection
set tcp [new Agent/TCP]
$tcp set class_2

$ns attach-agent $n0 $tcp

14.2.3 NS
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set sink [new Agent/TCPSink]
$ns attach-agent $n3 $sink
$ns connect S$tcp $sink

S$tcp set fid 1

#Setup a FTP over TCP connection
set ftp [new Application/FTP]
$ftp attach-agent $tcp

$ftp set type FTP

#Setup a UDP connection
set udp [new Agent/UDP]
$ns attach-agent $nl Sudp
set null [new Agent/Null]
$ns attach-agent $n3 $null
$ns connect S$udp $null
Sudp set fid 2

#Setup a CBR over UDP connection

set cbr [new Application/Traffic/CBR]
Scbr attach-agent $udp

$cbr set type CBR

$cbr set packet size 1000

$cbr set rate_ 1mb

$cbr set random false

#Schedule events for the CBR and FTP agents

Sns at 0.1 "Scbr start"”
$ns at 1.0 "S$ftp start”
$ns at 4.0 "S$ftp stop”
$ns at 4.5 "S$cbr stop”

#Detach tcp and sink agents (not really necessary)

$ns at 4.5 "$ns detach-agent $n0 $tcp ; $ns detach-agent $n3 $sink”

#Call the finish procedure after 5 seconds of simulation
$ns at 5.0 "finish"

#Print CBR packet size and interval
puts "CBR packet size = [$cbr set packet size 1"
puts "CBR interval = [$cbr set interval 1"

#Run the simulation
$ns run

14.2.3

NS2

time
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NS
e set ns new Smulator ns
> packet
>
>
e Smulator”
> node link
> attach-agent
>
> tcp  snk
>
>
NAM
e $nscdor fid color fid NAM
e $ns namtrace-all file-descriptor NAM
$ ns flush-trace trace-all
e proc finish $nsat 5 0 finish”
e = n0 $nsnode NS
e $nsduplex-link nodel node2 bandwidth dday queue-type
NS link
link
DropTail RED DropTail RED
node link
node
e $ns queue-limit nodel node2 number nodel  node2
e $nsduplex-link-op nodel node? . . . NAM
traffic agent
TCP  UDP traffic source FTP  CBR
node agent
o settop new Agent/ TCP TCP

C++
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OrTdl
Agent/ TCP  Agnet/TCPSink
Application/FTP
e $ns attach-agent node agent attach-agent agent
node attach
$n0 attach $tep
attach-agent
e $ns connect agentl agent2
e S$nsattim¢ dring” scheduler_
new Scheduler
“ dring” $nsat 0.1 $dor dart” CBR
start CBR NS
packet
[}
$nsrun
14.2.3
NS
14.2.2
snd Packet + p targe - >recv p
'r'-l"il"li"fl
g time uld nest hondler | "'.:.|1|II1|:||'.'F ,"-_
p— ol | - -
/ 4 AN R TE
_."Ill:rq.l - T 1 N
= S |
L1 e LR i
3 imsen { Ihondier 17
il |_vime_uid_next_handler :---—I'__E-ﬂ'.‘.ll'r
o g

Rt |
'

14.2.2
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recv Packg * Handle = h =0
NS

NS Lis Heap Caendar

set ns new Smulator
$ ns use-scheduler Heap

FTP
a time¢  dring”
time AtEvent AtEvent
Event gring
Event AtEvent
“ AtEvent handler” “ AtEvent handler” AtEvent
AtEvent gring
set ns  new Smulator
$ ns use-scheduler Heap
$ns at 300. 5 "complete_sim"
proc complete_sim
at tim¢ dring” set ns new Simulator
e Smulator instproc now # return scheduler s notion of current time
e Smulator instproc at args # schedule execution of code at specified time
e Smulator instproc at-now args # schedule execution of code at now
e Smulator instproc after n args # schedule execution of code after n secs
e Smulator instproc run args # start scheduler
e Smulator instproc halt # stop pause scheduler
14.2.4

NS 14.2.3 NS OrTd
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TelObject

NsObject

Classifier

Connector

‘ SnoopQucuc H Queuc H Delay H Agent H Trace ‘ | AddrClassifier H MecastClassifier

‘ Out HDrp H Edrp ‘ ‘ DropTaiIH RED ‘ ‘ TCP H uDP H Eng HDeqHDropH Recv|

Reno || SACK

14.2.3 NS OTd

TclObject Ord
NAM TclObject NsObject
node
link
Connector Classifier
Connector switch
Classifier
1.
node entry classifiers
14.2. 4 NS unicast multicast

classifier

Application Application
i .

L

Port
Addr Classifier
Classifier

Port
Classifier

Entry \Classificr Link

Entry Multicast

Classifier
BB E2 iR

14.2.4
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NS

e Unicast
- $nsrtproto type
- type Satic Sesson DB cost multi-path

o Multicast

- $nsmulticast right after st $ns new Scheduler
- $ ns mrtprato type

- type CtrMcast DM ST BST

2.
link NS duplex-link
14.2.5
S/ Simplex Link ‘\
— ‘ Qucuc |——‘ Dclay |——| TTL }———
Link: :
entry drop
14.2.5
delay
Null Agent TTL Time To
Live TTL
1 tracing
NS
$ ns trace-all file $ ns namtrace-all file link
14.2.6 create-trace typefile sc d¢
gc dd¢ type EngT DeqT DrpT
RecvT

2 queue monitor
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PR BB A B HERR

= |Ean }—>| Queue F‘ DeqT P—| Delay }——‘ TTL }—»‘ ReevT }—»
Link: |

entry drop DrpT H Agent/Null ‘
14.2.6
RED RED
queue monitor SNoop queue
objects 14.2.7

HEBATIERIT R AR

SnoopQ/In }——‘ Queue H SnoopQ/Out }——‘ Delay I——‘ TTL }———

‘ SnoopQ/Drop I—L>‘ Agent/Null |

\ dro
\\ L] /
\\ //
*~
14.2.7
14.2.5
NS 14.2.8
common IP TCP RTP ubP
trace
Packet emn header t— e nique id
header ip header ptype_: pkitype
. ten head sizc_ : simulated pkt size
data{optional) cp header ts : time stamp
rtp header -

trace header

14.2.8 NS

null
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14.3

14.3.1

14.3.1 14.2.3

#Open the NAM trace file
set nf open out.namw

Sns namtrace-all $nf

#Open the Trace file
set tf openout.trw
Sns trace-all $tf

#Define a "finish' procedure
proc finish { } {
global ns nf tf
$ns flush-trace
#Close the NAM trace file
close Stf
#Execute NAM on the trace file

exec nam out.nam &

exit 0
}
14.3.1
14.3.1 14.2.3
NAM NAM
out. tr 14.3.1 out. tr
+ - dr
NS ECN explicit congestion natification
IPv6  fid flowid Orcl fid
NAM fid
“ node. port”
UDP NS

flag

UDP



14 N
; from to pkt pkt ) src dst | seq | pkt
event | time node | node | LtYPE | size flags | £d addr | addr | num | id
r:receive (at to_node)
+:engueue (at queue) arc addr:node.port (3.0)
-:dequeue (at gqueue) arc_addr:node.port (0.0)
d:drop (at queue)
r 1.355¢6 3 2 ack 40------- 1 3.0 0.0. 15 201
+ 1.3556 2 0 ack 40------- 1 3.0 0.0. 15 201
- 1.3556 3 2 ack 40------- 13.00.0. 15 201
r 1.35576 0 2 tep 1000------- 1 0.0 3.0. 29 199
+ 1.35576 2 3 tcp 1000------- 1 0.0 3.0. 29 199
d 1.35576 2 3 tcp 1000------- 1 0.0 3.0. 29 199
+ 1.356 1 2 cbr 1000------- 21.0 3.1. 157 207
- 1.356 1 2 cbr 1000------- 2 1.0 3.1. 157 207
14.3.1
“ column”
perl shell
“out. trr n3 CBR
“ Jitter. txt”
caout.tr | gep"23cbhr” | grep r| cdumn110 | awk dif = $2-dd2 if dif =
=0 dif =1 if dif >0 printf "%dh%fm" $2 $1-ddl /df oddl = $1
dd2 = $2 > jitter. txt
shell n3 “ CBR packet receive” coumn 1
coumn 10
14.3.2 gnuplot X Y
14.3.2
14.3.2 14.3.3
RED
r1~r2 25
RED
Create-
connection TCP RED
trace curg_ avg_
13 aIII q))

atime avg q size
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0.020
CBR Jitter at n3——
0.015F
0.010
0.005
0 100 200 300 400 500
14.3.2 n3 CBR
ftpl
tepl(max win=15) sink1
fipl
ftp2
(size=25)
10Mb
3ms > s L
tep2(max_win=15) 0 . N 10
WA /s

fip2

14.3.3 RED

$ns duplex-link $ node_ (rl) $ node_(r2)1.5Mb 20ms RED

set tcpl [$ns create-connection TCP/Renc $node (sl)
$tcpl set window 15

set tcp2 [$ns create-connection TCP/Renc $node (s2)
ftcp2 set window 15

set ftpl [$tcpl attach-source FTP]

set ftp2 [$tcpl2 attach-source FTP]

# Tracing a queue

set redq [[$ns link Snode (rl) S$node (r2)] queue]
set tchan_ [open all.q w]

$redq trace curq

fredq trace ave_

tredq attach Stchan_

$ns at 0.0 "sftpl start”
$ns at 3.0 "$ftp2 start”
$ns at 10 "finish"

14.3.2 RED

TCPSink $node (s3)

TCPSink $node (s3)

0]

1]



14 NS2

# Define 'finish' procedure (include post-simulation processes)
proc finish {} {
global tchan
set awkCode {
{
if ($1 == "Q" && NF>2) {
print $2, $3 >> "temp.q";
set end $2
}
else 1if (31 == "a" && NF>2)
print $2, $3 >> "temp.a";
}
}

set f [open temp.queue w]
puts S$f "TitleText: red”

puts $f "Device: Postscript"”

if { [info exists tchan ] } {
close $tchan

}

exec rm -f temp.q temp.a

exec touch temp.a temp.q
exec awk S$awkCode all.q

puts $f \"queue

exec cat temp.q >Q@ $f

puts $f \n\"ave queue

exec cat temp.a >Q@ $f

close $f

exec xgraph -bb -tk -x time -y queue temp.queue &

exit 0

}

$Sns run
14.3.2

Qtimecrnt_qg size

ank Xgraph
14.3.4

301



302

QoS

|I:'|||-|: | Hals Py ” A himai || Al || Repilin | [ |
Hp roil
i e
| '\-_I Hye |.|II|!I||.'
14, )
I
| '4
LARLEATL | | "
II |' ||l|$"rh -',ni
| |
= ] || |
LR [_—___ F ‘ \ll \l L lI|
(LR 2N 4, CHNE RN EANAE] (IR ] (L1114
14.3.4 RED
14.4 NS
14.4.1 NS
NS
14.4.1 ns-alinone-2. 1b
ns-allinone-2.1b
‘ tclbox | ‘tkbox‘ | OTel | | telel | | ns-2 | |nam-1|- .
Lo ]
ex H test H lib ‘
validation test OTcl source
14.4.1 NS
ns-alinone-2. 1b ns-2 C++ Ord
OTdl
tcl C++
UDP “
2.1b/ns2” “ udp. h” “ udp. cc” UDP

OTcl

VWY
ns-allinone-



14 N
14.2.3
ns-allinone-2. 1b
tcl lib NS agent
node link packet address routing OfTcl
LAN Web  Multicast OTdl
tcl “ ns2/tcl/lib”
e nsib. tcl LAN Web  Multicast
e ns-default. tcl
C++ C++ OTdl
bind C ++ _variable_ name OTcl_variable_name Ord
C++ QOTdl
e ns-packet. tcl
e other OTcl files Oord
C++ FTP OTcl
ns-source. tcl
tcl ex test
NS
14.4.2 Tdl
NS
C++ C++ OTdl
C+~ Ord linkage
13 MyAw]t”
14.4.2~ 14.4.5 “ MyAgent”
3
1. C ++ OTd
C++ “ MyAgent” “ Agent”
Orcl
“ MyAgentClass” “ TclClass”
“ Agent/MyAgentOTcl” Otdl OfTcl C++ “ MyAgent”
“ create’ 14.4.2 “ MyAgent”
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NS
“ MyAgentClass”
OTcl

C++

QoS

dass_my_agent
“ Agent/MyAgentOTcl”
OfTcl “ new Agent/MyAgentOTcl”
“ MyAgentClass create” “ MyAgent”
OTdl C++ OTdl
C++

public:

private:

class MyAgent: public Agent {

protected:

MyAgent () ;

int command (int argc,const char*const* argv};
int My_varl;
double My_var2;

void MyPrivFunc (void) ;

public:

static class MyAgentClass:public TclClass(

Class my agent;
_my_ag

MyAgentClass (): TclClass ("Agent/MyAgentotcl"®) {}
Tclobject* Create (int,const char*const*){
return (new MyAgent ());

}

14.4.2 * MyAgent”

2. C ++ OTdl
C++ “ MyAgent” “ my varl” “ my_var2” OTdl
C++ binding
binding OfTdl “ Agent/MyAgentOTcl”
OTd C++
14.4.3 14.4.2 “ my_varl” * my_var2”
binding “ MyAgent”
NS 5 4
- bind real or integer variables
- bind_time time variable
- bind_bw bandwidth variable
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MyAgent : :MyAgent () :Agent (PT_UDP) {
bind ("My varl otel",smy varl};
bind ("my var2 otel",s&my var2};

14.4. 3
- bind_bod boolean variable
OTdl C++
C++
“ ns-2/tcl/lib/ns-lib. tcl”
3. C ++ OTdl
C++ C ++ OTcl
C++
C++ “ command” OTdl
OTdl 14. 4. 4 14.4.2 * MyAgent”
“ command”

int MyAgent::Command (int argc,const char*const*argv) {
if (argo==2{
if (stremp(argv[l], "call-my-priv-unc")==0) {
MyPrivFunc () ;
return(TCL_OK}) ;
}
}

return (Agent : : command (argc,argv) ) ;

14.4.4 OTd

Ortcl “ MyAgent” OrTd et
myagent new Agent/MyAgentOTcl
$ myagent call-my-priv-func OTcl OTcl

“ MyAgent command” Otdl arge/
argv “ command”
“ command”
Ordl Orcl OrTd

C++
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4, C ++ OTdl

C++ OTdl C++ Ord
14.4.5 14.4.2 * MyAgent” “ MyPrivFunc”
OrTdl “ my varl” “ my var2”

void MyAgent: :MyPrivFunc (void) {
Tcl& tcl=Tcl::instance ();
tcl.eval ("puts\"Message From MyPrivFunc\""};

tcl.evalf ("puts\" my varl=%d\"",my varl};
tcl.evalf ("puts\" my var2=%£\"",my var2);
}
14.4.5 C ++ OTdl
C++ OTd “ Tcl instance 7
Otcl
“ MyPrivFunc” Otcl
5. “ MyAgent”
1 “ ex-linkage. ce” “ ns2”

ex-linkage.tcl

# Create MyAgent (Theis will give two warning messages that
# no default vaules exist for my varl otcl and my_ varz2 otcl)
set wmyagent [new Agent/MyvAgentotcl]

# Set configuable parameters of MyAgent
Smyagent set my_ varl_otcl 2
Smyagent set my var2 otcl 3.14

# Give a command to MyAgent
Smyagent call-my-priv-func

result

warning: no class variable Agent/MyAgentOtcl::my varl otcl
gee tcl-object.tecl in teclel for info about this warning.
warning: no class variable Agent/MyAgentOtcl::my var2 otcl

Message From MyPrivFunc
my_ varl=2
my_ var2=3.140000

14.4.6
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2 “ Makefile” “ ex-linkage. 0"

3 “ make” NS

4 “ MyAgent” “ ex-linkage. td” 14.4.6
5 “ ns ex-linkage. tcl” OfTdl

14.4.3

work with ns-2. 1b8a

1.
UDP five
level media scaling scale
2.
5
5 scale
“ ” 3:al e 0
scale
scale TTR
scale
scale 1

3.

UDP

UDP UDP UDP
IP
UDP IP
4.
CBR
“ MmApp” “ Application” Ortdl
“ Application/ MmApp” “ MmApp”
13 Mmppﬂ 1 Udermm,]t” 13 UdpAw,.'tll

Orcl “ Agent/UDP/UDPmm”
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e MmApp Header header
“ hdr_mm” “ hdr_mm”
“ UdpMmAgent” “ UdpMmAgent”
14. 4.7
“  MultimediaHeaderClass”
“  PacketHeaderClass” Orcl “  PacketHeader/
Multimedia”
bind_offset

//Multimedia Header Structure
stract hdx_nm{

int ack; //1is it ack packet?

int seq; //nm gequence number

int nbytes; //kytes for mm pkt

doukle time; //current time

int scale; //scale (u-4) associated with cata races

//Facket header access functions

static int offset_;

inline staeic int & offset() (return cffset ;}

inline staeic hdr mm* access(const packet* p){
recult (hdr mm*1l p->access{offset );

}

// Multimedia Header Class
staeic c¢lass MultimediaHeaderClass: public PacketHeaderClass{
public:
MultimediaHeaderClass () :packetHeaderClass ("PacketHeader/Multimedia®,
giteof (hde mm)) {
bind offset (shdr_mm::cffset );

}

}class mmhuk;

14.4.7 MM

il udp-mm. h” &‘ udp-mm. cc”

packets. h  ns-packet. tcl “ Multimedia”
14.4.8 a b

“ UdpMmAgent” hdr_mm access
e MmApp Sender

“ TimerHandler” “ SendTimer” “ expire "

“ MmApp” “ send_mm_pkt "
“ MmApp” “ end_timer_”
14.4.9 SendTimer

“ MrnAppn
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enum packet t {
PT-tcp,
PT Multimedia,
PT NITYPE//This MUST be the LAST one
¥
class p_info {
public:
p_info () {
name_[PT_TCP]="tcp";
name_ [PT Multimedia]l="Multimedia";
name [PT NTYPE]=}undefined";
}
bi
a “ packet. h” C++
foreach prot{
ACDV
Mﬁitimedia
H
add-packet-header S$prot
}
b “ ns-packet. tcl” OrTcl
14.4.8
scale
“ MmApp” ACK
scale
e MmApp Receiver “ ack_timer_”
ACK RRT
“ ack_timer_” “ MmApp” “ send_ack_pkt”
scale
scale ACK
e UdpMmAgent “ UdpMmAgent” “ UdpAgent”
@ “ MmApp” MM
MM 1 MrnAppu @
1 UdpAwnt” @ 1 Mmppu
IPv6 15
e Modify* agent. h”
" Aw]t" “ Mmpp" “ Cd.nm]d"
OoTd  “ attach-agent” ot “ MmApp”
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“

QoS
“ supportMM
“ enableMM 7
“ UdpMmAgnet” “ Agent”
Aw‘t”
" Awt”
14.4.10 a

class SendTimer : public TimerHandler {
public:
SendTimer (MmApp* c): TimerHandler (),t (t) (}
inline virtual void expire (Event* );
protected:
MaApp* t ;
b

void SendTimer: :expire (Event* )
{

t - >send mm pkt();
}

class MnApp:public Application{

public:
MnApp () ;
private;
ééAdTimer snd_timer ;
b
MnApp : :MmApp () : running (0), and timer (this), ack |

timer (this)
{
bind bw ("rate0 ",&rate[0]};

bind("rated4 ", &rate(4d]);
bind ("pktsize ", &pktsize );
bind bool ("random ", &random ) ;

}

void MmApp: :send mm_pkt ()
(
hdr mm mh buf;

if (running ) {

agent - >sendmsg (pktsize , (char* ) * mh buf);//
send to UDP

// Reschedule the send pkt timer

do uble next time =next sand time();

if (next time >0) snd timer .resched(next time );

}

}

14.4.9 SendTimer

”
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NS2

class Agent:public Connector {
public:
Agent (int pktType);

virtual int supportMM () { return 0;}
virtual void enableMM () {}

virtual void sendmsg (int nbytes, const char *

flages =0);
virtual void send (int nbytes) {
(nbytes); }

sendmsg

a “ Agent”

class Application : public Process {
public:
Application ()
virtual void send (int nbytes);
virtual void recv {int nbytes);

msg =0) {};
virtual void resume () ;

virtual void recv _msg (int nbytes, const char *

b “ Application”
14.4.10
e Modify* app.h”
«+msg " “ Application” 14.4.10 b
e “ ns-default. tcl”
“ ns-default. tcl”
14.4. 11

Application/MmApp set rate0 _
0.3mb
Application/MmApp set ratel _
0.6mb
Application/MmApp set rate0 _
0.7mb
Application/MmApp set rate0 _
1.2mb
Application/MmApp set rate0 _
1.5mb

Application/MmApp set pktsize
~1000

Application/MmApp set random
_false

14.4.11

“ recv_msg int nbytes const char
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5.
NS
1 “ mm-app. " mm-app. cc” “ udp-mm. h” “ udp-mm.cc” “ ns2”
2 “ packet. h” “ ns-packet. tcl”
14.4.8 a b
3 “ agent. h” supportMM enableMM “ Agent”
14.4.10 a
4 “ app. h” recv_msg “ Application” 14.4.10 b
5 “ ns-default. tcl” 14.4.11
“ Makefile” “ mm-app. 0" “ udp-mm.
(o} NS “ Makefile”
“ make depend”
6.
14.4.12 “ MmApp” 14.4. 13
MmApp § MmApp R
UDPmm UDPmm
[tp
MmApp S
RED
(sizc=20)
5Mb 3ms
0 1 7
tep(max_ win=15) sink .
fip ) /s
14.4.12
14.4.4
1.
drop-tail 15
* UDPmm” “ MmApp” round-rabin

15
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set ns [hew Simulator]

$ns duplex-link S$node (rl) S$node (r2) 2Mb 10ms RE

#Setup RED queue parameter

$ns queue-limit S$node (rl) S$node (r2) 20
Queue/RED set thresh 5

Queue/RED set maxthresh 10

Queue/RED set g weight 0.002

Queue/RED set a;e_ 0 a

#Setup a MM UDP connection

set udp_s [new Agent/UDP/UDPmm]
set udp_r [new Agent/UDP/UDPmm]
$ns attach-agent $node (sl) Sudp_ s
$ns attach-agent $node (s3) Sudp r
$ns connect Sudp s Sudp r

$udp_s set packetSize 1000

14.4.13 * MmApp”

Sudp_r set packetSize 1000
Sudp_s set fid 1
Sudp_r set fid 1

#Setup a MM Application

set mmapp s [new Application/MmApp]
set mmapp r [new Application/MmApp]
S$mmapp s attach-agent Sudp_s
$mmapp r attach-agent S$udp r
S$mmapp s set pktsize 1000

$mmapp s set random false

#Simulation Scenario

$ns at 0.0 "S$ftp start”

$ns at 1.0 "Smmapp s start"”
$ns at 7.0 "finish"

$Sns run

14.4.13

FIFO Ll LQ2
PQ LQL + L2 = PQ drop-tail
LOL + LQ2 PQ
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round-robin
1.1
3.
C++ “ DtRrQueue drop-tail round-robin queue ”
“ Queue” oTcl “ Queue/DTRR” “ Queue”
i queue. cc” “recv”
link link
“ DtRrQueue”
14. 4. 14 “ DtRrQueue’
class DtRrQueue: public Queue {
public:
DtRrQueue () {
gl =new PacketQueue;
g2 =new PacketQueue;
pg_=ql_;
deq turn =1;
}
protected:
void enque (Pgcket* );
packet* deque () ;
packetQueue * gl ; // First FIFO queue
packetQueue * g2 ; // Second FIFO queue
int deq_turn ; // 1 for First queue 2
for Second
}i
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void DtRrQueue: :enque (Packet* p)

{
hdr ip* iph=hdr ip::access (p);

// if IPv6 priority =15 enqueue to queuel
if (iph - >prio ==15){
gl - >enque (p);
if ((gl_->length() +g2 - >length()) >glim ) (

gl - >remove (p);
drop (p) ;

}
}
else(

g2 - >enque (p);

if((gql_ - >1length() +g2 - >length()) >glim ) {
g2 - >remove (p);

drop (p) ;

}

14.4.14 tRrQueue

Packet* DtRrQueue::deque ()
{

Packet * p;

if (deqg turn ==1) {
p=qgql - >deque();
if (p==0){

p =92 - >deque ();
deq turn =1;
}
else
deq turn =2;
}

else {
p =92 - >deque ();
if (p==0){
p=qgql_- >deque();
deq turn =2;
}
else

deq turn =1;
}
return (p) ;

}

14.4.14

@ UDPfT]m" “ MrnAppu

rl ~r2
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RED

QoS

DTRR 14.4.15

Set ns [new Simulator]

$ns duplex - link Snode _ (sl) $node _ (rl) 5Mb

3ms DropTail
$ns duplex - link S$node _ (s2) $node _ (rl) 5Mb

3ms DropTail
$ns duplex -link $node (rl) S$node (r2) 2Mb 10ms DTRR

$ns duplex - link Snode _ (s3) $node  (r2) 5Mb
3ms DropTail
$ns duplex - link Snode _ (s4) $node  (r2) 5Mb

3ms DropTail

# Set DTRR queue size to 20
$ns queue -limit $node (rl) Snode (r2) 20

#Simulation Scenario

Sns at 0.0 " $ftp start"

$ns at 1.0 " $mmapp_s start"
$ns at 7.0 "finish"

Sns run

14.4.15 “ DtRrQueue”
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15.1.1
DWDM °® 12
18
IP
9
IP low or micro level CRC table
lookup IP IP level IP DRR NAT application level MD5
SS. URL
@
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@ ®
1
multi-core 10
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4 CO-Processors
12
5
Intel 1XP1200 4
PC IBM PowerNP
Intel IXP1200 IXP1200
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exchange architecture
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2K SrongArm  SA
Core StrongArm
StrongArm SrongArm 8KB
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I XP1200 HASH FIFO
MAC IXP1200 SORAM SRAM PCI
256MB SDRAM 8MB  SRAM
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Tilman Wolf
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PE PE
PE
PE
PLP
PE PLP
PE
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1.
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1
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2
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TCP

1 RISC
ILP
PLP
tradeoff PE
PE PE
IPP ILP PE
13
PE
PE
PE PP
PLP
PLP
QoS
PE PE
PP
PE
6 17
PE
EHDA enhanced hash-based distribution algorithm
UDP PE



15 323

PE
4
DiffServ
class based scheduling per-flow scheduling
WRR 9 1 2. 4Gbps DiffServ
WRR 15.1.2
WRR
3 O f -0 /ey
W AL, PR T
oL R
WA L
& Lo
_.E -
Bl
= |
|‘| —
iR rl e kR e
i3z W dH
15.1.2
2 SoC
Gigabit SoC
SoC
Intel  IXP1200 2KB
15 20
SoC
Cache /0 5
SoC SoC

Cache /0



324 QoS

3. latency hiding
Gigabit SRAM
10ns
Intel  IXP1200 SRAM 30 FIFO
40
15.1.3
TR IT HEEG . THIR SR IERT
SEZ% . SEFRGFRRT]
o SERT IS
ko
15.1.3
Intel  IXP1200 4 IBM  PowerNP
PE 4
6
15.1.3
15.1.3.1

? %2  OPENARCH 2002



15
INFOCOM
1.
QoS
Princeton
Cdumbia Genesis V' Princeton VERA
15.1.4
classifier F forward
scheduler
15.1.5 Intel 1XP1200
SrongArm  PC
23
QoS
IXP1200
m@»m\

15.1.4 VERA

=

15.1.5 VERA

14 15

VERA °
DiffServ
VERA
C

Intel IXP1200

VERA

VERA
15.1.3

S
PC

325



326

QoS
15.1.3
SRAM Byte
TCP dlicing 24 45 7
ACK monitor 12 15 4
SYN monitor 4 5 0
Smart dropper 8 28 4
VERA
Columbia Genesis NetBind *
VERA QoS
2 QoS
QoS
QoS
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7
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a

random mapping Hash-Based = HRW
faults tolerance
2
3
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DiffServ
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B
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CommBench NetBench EEMBC NPF-BWG
8 9 34
NPF-BWG
CommBench 8 4
4 3.1
CommBench
Intel  IXP1200 NetBench 9 9
IP NetBench
micro-architecture heterogeneous
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Patrick Cromey ©

5.

1
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2 VPN

3 Ad Hoc 3G

4

Empirix Matorda C5

64



15 331

6.

1

Columbia Genesis
Intel 1XP1200
17
2
RISC
3
Intel IXP 2K
15.1.3.2
2. 5Gbps 10Gbps
40Gbps
1.
oS
Web URL TCP
HTTP
peer to peer
IPv6 IP
300
288 10 IPv6
IPv6 IPSec

IPv6



332 QoS
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64 MAC-Packet
MP MOP
15.2.2.1
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TH, Jass i-1 T, TL;
Class-1 Class-n T, T,
9
15.2.2.2

1 skip

2 MP EOP

@ MP @
SOP

PQ priority queueing RR round robin
WRR weighted round robin DRR deficit round robin ~ PQ

RR
WRR RR
DRR IP
DRR
WRR
10
15.2.3
15.2.3.1
1.
1 IXP1200
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3
2.
3.
1
2
1
read_lock
unlock
2
1
0
1
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15.2.3.3

SRAM

SRAM

MP TFIFO
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write_unlock

ScratchPad
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access contral

active queue management AQM

adaptation

adaptive-random early detection

adaptive virtual queue AVQ

additive increase and multiplicative decrease AIMD
admission contra

aggregate

anycast

application integrated specific circuit ASC
application specific instruction processor ASP
assured service AS

asynchronous transfer mode ATM

ATM adaptation layer ATM
authentication

autonomous system AS

available bit rate ABR

average call acceptance rate ACAR
average call setup time ACST

average cost AC

average routing distance ARD

backbone

backoff

backward explicit congestion natification BECN
bandwidth broker BB

best-effort

border gateway protoco BGP

buffer management

burst tolerance

caching
call admission control CAC
cell delay variation CDV
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cell transfer delay

cell loss rate CLR

center-based trees CBT

class-based queueing CBQ

classifier

cluster

combined input-output queued CIOQ
common gateway interface CGlI
conditioner

congestion avoidance

congestion contral

constant bit rate CBR

Consultative Committee on International Telephone and Telegraph CCITT

context-switching

controlled-load service

CO-processors

core stateless fair queueing CSFQ
core stateless jitter virtual clock CIVC
cost of service CoS

credit-based flow control

cut-off

deficit round robin DRR

delay differentiation parameter DDP
delay fairness parameters DFP

delta estimation

differentiated services DiffServ
differentiated services codepoint DSCP
dispatcher

distance based priority DBP

distance vector multicast routing protocd DVMRP
domain name server DNS

drop-tail

dynamic packet state DPS

dynamic partia buffer sharing DPBS
dynamic partition

dynamic threshad

earliest effective deadline first EEDF
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earliest deadline first EDF

earliest due date EDD

early random drop ERD

enabling predicate

explicit congestion natification ECN
exponential estimation

extensible markup language XML

fairness index

fair queueing FQ

fast recovery

faults tolerance

feedback flow contral

firing

firing probability

first come first served FCFS
firgt-in-first-out FIFO

fixed capacity

flooding

flow

flow-based fair queueing FBFQ

fork

forward explicit congestion indication FECI
forward explicit congestion natification FECN
frame-based fair queueing FFQ

generalized processor sharing GPS
general purpose processor GPP
genetic agorithm

goodput

guaranteed service

hard real-time

Hash function

hierarchical fair service curve HFSC
hierarchical packet fair queueing H-PFQ
hierarchical round robin HRR

historical date priority HDP
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hop-by-hop

host group model

HTTP redirection HTTP

hybrid proportional delay HPD
hypertext markup language HTML
hypertext transfer protocol HTTP

identity

immediate transition

input queued 1Q

integrated services IntServ

integrated services model

interior gateway routing protoco IGRP
intermediate system- intermediate system 1SS
Internet Engineering Task Force IETF  Internet
internet service provider ISP

inter-process communication 1PC

J
joint of buffer management and scheduling JoBS
L

latency rate server LRS

leaky bucket algorithm

level of service LoS

listen socket

link constraint

load balancing

loss rate differentiation parameter LDP
loss rate fairness parameters LFP

macro-flow

marking

Markov chain MC
maximum burst size MBS
master process

metering

metric

micro-flow
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middleware

minimum cell rate MCR
minimum laxity threshold MLT
multicast

multicast open shortest path firss MOSPF
multifield MF

multiprocessor system

multiprotocol label switching MPLS
multiserver multiqueue MSMQ
multiserver multiqueue network MSMIQN

network access point NAP

network address trandation NAT

network intrusion detection systems NIDS
network processor NP

network smulator NS

nonreal -time variable bit rate nrt-VBR

Olympic service
open shortest path first OSPF
output queued OQ

packet

packet classification
packet fair queueing PFQ
packet forwarding

packet rewriting

path constraint

partia buffer sharing PBS
peak cell rate PCR
pending

per-hop-behavior PHB
pipe

place

Poisson process

policy control

preferred neighbor
premium service PS



355

priority queueing PQ

process-per-connection

process-per-request

proportional average delay PAD

proportional delay differentiation PDD

proportional integral Pl

proportional loss ratio PLR

protocal independent multicast dense mode PIMDM

proxy
Q
quality of service QoS
QoSrouting QoS
gueue length threshold QLT
gueueing network
R

random early detection RED
random early detection with In/Qut bit RIO In/Out
random exponential marking REM
rate-based flow control
rate-controlled service RCS

rate spaced timestamp scheduler RST
ready queue

real-time variable bit rate rt-VBR
reference implementation framework
relative differentiated services
relaying front-end

rendezvous point

request dispatching

request specification RSpec
residence time

resource container

resource principals

resource reservation protocd RSVP
response time

retransmission timer RTO

reverse path forwarding RPF

root locus

round-robin RR

round trip time RTT
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routing
routing information protocol RIP

scheduling

self-clocked fair queueing SCFQ
service curve-based earliest deadline SCED
service fairness index SHI

service layer specification SLS
service level agreement SLA

session

session layer

session management

shaping

shared capacity

shared tree ST

shortest connection first

shortest path tree SPT

shortest remaining processing time SRPT
dave process

sow-start

smallest eligible virtual finished time first SEFF
smallest virtua finished time first SFF
smallest virtual started time first SSF
soft real-time

soft state

software performance units SPU
source routing

space complexity

split horizon

starting potential fair queueing SPFQ
state-space explasion

dtatistical multiplexing

stochastic fair queueing SFQ
stochastic high-level Petri nets SHLPN
stream aggregate

strict priority

surplus round robin SRR

sustained cell rate SCR

system identification

system on chip SoC
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TCP handoff TCP

TCP splicing TCP

threshold

throughput

time complexity

timed transition

token

token bucket agorithm

traffic conditioning agreement TCA
traffic contra

traffic shaping

traffic specification TSpec
transactions

transmission contra protocd TCP
type of service ToS

unicast

unspecified bit rate UBR
urgency-based round robin URR
user network interface UNI

variable bit rate VBR

video on demand

virtual channel identifier VCI
virtual clock VC

virtual connection VC
virtual path identifier VPI
virtual partition VP

virtua private network VPN

waiting time priority WTP

weighted fair queueing WFQ

weighted priority

weighted random early detection WRED
weighted round-robin WRR
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worker process
worst-case fairness index WFI
worst-case fair weighted fair queueing WF2Q

zone routing protocol  ZRP



