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A7IA HEYA SEAE 7he] HolH % =Z(Data Path)& o|WE 7=}
tan. feoly AEE oMlEV Ay o]F UESA QLBAE <o 9]
= U 22 1Y Sl o) dzles g

o SAI2 wWn &= : send(Packet *p) { target_ —>recv(p) }

o =212 Wy 8F4= : recv(Packet*, Handler *h=0)
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set ns [new Simulator]
o oWlE 17 Ee

$ns at <time> <event>
<time> : A/F o] H&F A7}
<event> : JYg L=

o AE A A

$ns run

B

Ele] ™=  timer-handler.{h,cclol  Feol=of  9lom, 2.2+

TimerHandler Z2}2=2] #H k40|t

¥ 2.2 TimerHandler a2 Y &=

He & 7l
_ delay = ol Elo|H7} 2R (expire) I
void sched(double delay) ~
EE 2AHEE
_ sched() 2t H|x&, EIO|HII PENDING &t
void resched(double delay)
B == AS
void cancel() pending EtO|HE F| ATiCt,
virtual void expire(Event *e)=0 | AtEXtol| 2|slf YE=A| Fei (oo} 7
virtual void handler(Event *e) OHIEE AN

a9 24% gHeolwE AREste] oMIEE FEste d= 20x F9
“Timeout” °]gtE A7} EZ ¥} resched() $Hol s 2.0% 59
CppTimer7t #8% ™, CppTimer Wl expire() 37 &9,

NewCpp W9 timeout() &<+7F %5 o] "Timeout” ©] & ¥t}
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[* CppTimer */
class CppTimer : public TimerHandler {
public:
CppTimer(NewCpp *a) : TimerHandler() {a =a;}
virtual void expire(Event *e);
protected;
NewCpp *a_;
3
void CppTimer::expire(Event *e)
{
a ->timeout(); /* NewCpp->timeout() & & */
}
/* NewCpp */
class NewCpp
{
void timeout();
CppTimer timer_;
3
NewCpp::NewCpp : timer_(this)
{
timer_.resched(2.0); /* 2.0 Fof E}fo/r/+= expire & */
}
void NewCpp::timeout()
{
printf(" Timeout\n");
}

O8 2.4 Elo|H ALE offH|

U Y EYZ AXUE
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rir
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JE
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=
o
o
b
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f

= JdEZF
A E (Classifier object)® 1A ¥ i, FY7|~E(unicast) ==¢F HE

E (multicast) =27} .
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FUNEE == =g~ E5F7](Address Classifier)9t X E H77]

(Port Classifier) + 7H¢] TclObject®= A %™ 19 259 7t}

Port

agents_

NodeentryhrrL\
entry_\J i
classifier_
|
38 2.5 RUMAE ==
A= EF7le e HAS SHtE doJHE He AR Adsts

7% dth NS2olA &= GUMNEE wE

i
)
1l
[m
b
[r
fr
_,>L
ofo
QL'
E
%0,

th Tel 22 HE ATo|A =22 PAsE 48 ooy 2ok

set ns [new Simulator]

$ns node
(2) =28} 7
YAt wEg Adss MEDD PEUE oHAERA, 3% WFo

_13_



Tcl 23HE A=A JAE sk F42 ta3 2o

set ns [new Simulator]
$ns smplex-link <s'c_node> <dest_node> <bandwidth> <dday> <queue type>

<src_node> R

<dest_node> : FE&X =&

<bandwidth> : #=Z9] gfgE (H¢: Mbps)
<delay> c =29 XJH AlZF (9 m9)

<queue type> : 7Y E}YEL XF
Drop-Tail(First In First Out)
RED(Random Early Detected)
CBQ(Class Based Queueing)
WFQ(Weighted Fair Queueing)
SFQ(Stochastic Fair Queueing)

(3) do]AHE
do]dEx= TCP, UDP9 %2 HEF AT ZEEIEZA o] AREA
= = o Zlolth =28 Agstw HES
wEo gl7]
el ofH EfTE BAAIA] Feth wgebA do]HEE AAste =
Tof Fojokut gt} o] A& “Attachment”#}il g,

a2 deoldEE At 7 wtof attachste olAlE HoEth

R2EFO]

H
)
ol
N,
=
e
oX,
i}
=
2
of
L
ol
B
oo
ofo
)
ol
[H

o] AERI TCP, 41 dlo]dEQl TCPSinkE

Agget. A 2 o] EE =t n0% nlell ZZ attach ¥ th

set tcp [new Agent/TCP]

set tcpsink [new Agent/TCPSink]
$ns attach-agent $n0 $tcp

$ns attach-agent $nl $tcpsink
$ns connect $tcp $tepsink

2.3 NS2oA A Yste Z2EZF ooJdEe AR Z A OTcldl A

olgal ololdEe] olgg 77t vEpir,

_14_



¥ 23 Z2EZE Oo|ME BFR

T2EZE Moy
olo|ME
TCP “Tahoe" TCP sender
TCP/Reno fast recovery 7S£ X|&3t= "Reno" TCP sender
TCP/Sackl SACK TCP sender
TCP/Fack "forward" SACK sender TCP
TCP/FullTcp 2-way E2fEZ X5t 2ZE 7|Ss€ ZE TCP
TCP/Vegas "Vegas" TCP sender
TCP/Asym HICH& 3ol st A=Al Tahoe TCP
TCPSink Renolt Tahoe TCP receiver
UDP 7|22l UDP ofo|ME
RTP RTP(Real-time Transport Protocol)[27] sender2} receiver
RTCP RTCP(Real Time Control Protocol) sender®t receiver
LossMonitor Loss& AAtsH?| #eh miZ! sink
Message BEIAE MAXIE 2857 /st Z2EF
Null H7|== m{Zlol| tist &~ Agent

(4) o]Eg Al
AZg Ao AZ=L TCP/IP LZEZ HAEgia AL A= Yoa T+
ol olgldt o ZgAA AF

FTP, Telnet, NFS, DNS, SNMP(Simple Network Management Protocol)

TREEZ FARETH IR EZ =

o ojZ Aol S WAl ool E attach
, TCP ollo]dE9]| attach
g s Al zHs

set ftp [new Application/FTP]
$ftp attach-agent $tcp
$ns at 0.0 " $ftp start”

st o2 FTP
stoh, A E ftp o]

o

m
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223 NS2 4= AF 7%

NS2= OTcl JHZZHE AAe)7|= o] &stH, C++= 2Hdd AA A
g Al E#olEoltt. OTcl JIHZEH F= AFH C+ S AT
Atolol= ddid tHSH#HAAH EHH TclClassv = 7MY Fd =
C++ 2= AT 725 W3] SAdte] dHZHE d AFTS T
t}.

OTcl AZ Fx24Y C++ AT F=xo v 712 F(base class)E=
TclObject®= 19 263 Zth

ft

O:

Il
iy
e

TclObject

I
NsObject

Connector Classifier

/N/\

Queue | |Delay | | Agent Trace AddrClassifier || McastClasifier

AN / [

DropTail | | RED TCP Enqg||Deq| | Drop

Reno| |SACK

T8 2.6 NS2 2 A AS =

7}. OTcl linkage
a9 272 TCP dlo]dEE AT A5 OTcld C++ LB AECLS]
AE YelH, C++3=+ 19 287 Zth TclObjecte] U+ X
AE= AYHIZYE S o] &3ato] AFEAfol] ofafA A Hr o] ¢

%9 (shadow) LEAEE C++ LHAES} ufg st AA 7} 9l

Iz

o
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offl
ot
rot
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OTCL class hierarchy C++ class hierarchy
 m—) g—
TclObject TclObject

Agent/TCP

TcpAgent

1% 2.7 TCP OIO|ME |inkage

static class TcpClass : public TclClass {
public:
TepClass() : TclClass("Agent/TCP") {}
TclObject * create(int, const char*const* {
return(new TcpAgent());
}

}class tep;

J8 2.8 TCP MIO|ME |inkage ZE

TclClass & 54 7} ZFH9 A2, C++ Fd 2 AZ 22 bk a7y
slo] Sl ZYE ¥ AFS FE3H TclObjectES %7]3}3H AFEA1=
“Agent/TCP” o]E&90 % OTcl ZE=oA Fgh2E AHAsH OTcl linkage

.|_;

)

ol TcpClassell 298l TepAgent(C++)7F A H T TepAgent= TclObject
oA IAE AgentZHEH FAEHSAT. 19 29 TCP L EAETL AA
e JAS Hoeoh

i
AN
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OTCL
Agent/TCP Agent (OTCL)
constructor constructor

clObject (OTCL
constructor

Create OTCL
shadow object

Invoke parent Invoke parent

Complete Complete
initialization initialization

C++
TclObject (C++) Agent (C++) TcpAgent
constructor constructor constructor

Invoke parent

Invoke parent

Do nothing
Return

Bind variables Bind variables

T8 2.9 TCP RENE MM BHY

224 342 9

NS2el 48] sl 7 Z2EZ AFe st 28 dz 49T

S AR

&
rlo
N
aic)
0o
=
2
i
v

- |

Pack L cmn header
acket 7 uid : undigue id
. ptype : ©pkt type
ip header . —
header P size @ simulated pkt =size
ts ¢ time stamp
data (optional) |', tcp header
.
8
b rtp header

. trace header

8 2.10 NS2 =3l sl =of

_18_



NS2 #7le sl Ee] 283t Holy d9oz F4€dr. A sy =
e AlEY ol QB AE(Simulator Object)”} A9 Wl %7]3%H, IP
glt], TCP &ld, RTP 3ltl(UDP+ RTP 3ltl &S A, trace 3ttt 2&
% du7t 2718, o)Zlo] RojA dn AES FA T oe]HE
e RS sy dFed W TEE HA sy 2"e B2F s, v
EfA QEAEE 7 2o = Aol 3y offset o= AA X~
g otk #Zle HeolE FIhe A ofEZe Aol AE dHeolHE &
gt AFskA, AlEH el ol onrt e dHeldE ddesta 7]
Wil null o= FEHAUT AHRAE MRS ZrEZS Gt
d o7 ddE AR HEAAY 71 AR duE gFste] Abgstd

225 NEHClA 43 o

7 HEY A 74
AEFHIAS 3] fEAE WA HEST EZRAE FAH ol g
i, wE=dlA] o] g&t= TCP, UDP 5%
2o AF AF TREZS A O gL oz FTP, HTTP, Telnet

ZelAlold Mulx BlE AR miA e = Al o]
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Aske], wE 1WdE AAL FA87] % Null oo AES EA @)
CBR ©]%2#7]0] A& CBR #@ele] #AS AAste] UDP olo|dEES %
Ex

’ Node [ Iagent 1) Application

Null

Y= : 1Mbps
ME XA : 10ms

o

a8 2.11 CBR AlE8ole 7=
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A 3% P2P 2EFY A€ mds

31 P2P 2E&gY A" /8

JEU 2EYT A2HE 2EYY AXE FHSE HHo] At o
£ wiists 2ETY AMH, a2da 2eLY divsE FAEHY, V)&
o= stue] 2EZ AW v gtv|Ee] HFAoR AdEE W
2og Heta gt olgd WAle ¥ 313 o] 3 ~EgT AH ¢
Sl 2EgY G ANt AgE s GRS SEA R A S
=

Media | Streaming
Server Server
e :;::j,”fssi::::\\ ..

a8 3.1 2Bl AEE[Y AJAH
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Media N Streaming

Server Server

1

HZ 5ol JAEY 2EFY Al="d P2P UESAE o] &Fo2H o]
HE S sldsts dsol JAHAL U PeerCastl6]= P2P 4] €]
LZEY O ZA Gnutella ZZEFS A3}

AEEAT A= TV i s J43 5o, v B o5 2EH

. T. Hamal8] 5& P2P¢] ¥ o7} o]&gto] u}z}

k9l FojEe 2Ed ¥ d4e ddste dTFE Fdsden,
CoopNet[9]2 g Ao Egy ®HE d4S dsiAred 23S
g1 k. olE #3 o "xaygAd 9 (Multiple Description
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B =RoxE PP ~2EEY Alzdo] s thed o] AHosta 1

A

e 2 9 A W 5L /o AAs g,

PP ~E@ A2H : Se Ss, Sp, Proxy, PT, ST, S|, F, Al & 74% tuple©]|th

Se : a set of encoding servers

Ss : a set of streaming servers

Sp : a set of peers

Proxy : a proxy server

PT : a sat of protocols for connection between peers

ST : a set of gtreams, ie. video and/or audio

S : is a set of network link properties between peers

F : is a set of functions, i.e, arrival, departure, and reconfigure
Al : a set of algorithms, i.e, parent peer selection, etc.

T 338 PoP 2EHTY Axde @ AR PP 2EY Azde

AgzA, A2 2
4 sojgelAl £A% Adzs AdaEth 254 AuE vole miu
o A solels] ARE YE Mol WAl delFu, MENL EE

248 AT,
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Encoding | .. J Streaming | P PR

Server Server e, T

t’. 4. RTSP Session setup

2. Search Parent ™. 5. RTP Streaming

1. NEW:p10 K
Proxy |« ( p10
Server »

3. New Parent :p4

New Arrival Peer

a8 3.5 o EHod

(3) o] olg 2 AR
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A 4 & P2PStrearSim : P2P 2E@]™ A28 A[EFo]g]
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# Config.tcl

# Time unit = Second
# Bandwidth unit = Mbps
# Rate unit = Mbps

# Frame Rate unit= Fps

set cfg [new Agent/ConfigFile]
$cfg setConfigFile

# P2P Streaming System Model
$cfg set PeerBufferCount

$cfg set BufferWriteTime

$cfg set BufferReadTime

$cfg set DecodeTime

$cfg set ProxyProtocol StackTime
$cfg set PeerSearchTime

# Experiment Workload
# Network

set Bandwidth

set TransmissionDelay

# Encoding Server

set SimulationTime
$cfg set SimulationTime
set ES encodingType
set ES dataType

$cfg set ES BitRate
$cfg set ES FrameRate
$cfg set VariationRate
$cfg set Duration

# Peer

set Arrival PeerCount

$cfg set ArrivalPeerCount

set Arrivallnterval Distribution
$cfg set MeanArrivalinterval Time
$cfg set ExitPeerPercentage
set Exitlinterval Distribution
$cfg set MeanExitinterva Time
$cfg set ExitStartTime

$cfg set PeerCapability

$cfg set WaitExit

2
0.000001
0.000001
0.001
0.001
0.001

100Mbs
10ms

500
$SimulationTime
CBR

Video

71Kbps

30

100

5

100

$arrival PeerCount
Exponential

1.0

30

Exponential

10

200.0

5

0

12 4.2 Config.tcl AR E IZE
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source p2p/config.tcl
source p2p/AgentManager .tcl

# Create a simulator object
set ns [new Simulator]

# Node : nO(Encoding Server), nl(Streaming Server)

# n2(Proxy Server)

# Create nodes

for {set i O} {$i <= SArrivalPeerCount+2} {incr i} {
set n($i) [$ns node]

}

# Create network link
$ns duplex-link $n(0) $n(1) $Bandwidth $TransmissionDelay DropTail
for {set j 1} {$ < SArrivalPeerCount+2} {incr j} {
for {set k 2} {$k <= $ArrivalPeerCountr+2} {incr k} {
if {§ 1= Kk} {
$ns duplex-link (%) $n($k)
$TransmissionDelay DropTail

# Smulation start

# SmManager : 70/ Y, o]g /W EE 53} Cr+ FHY=
$ns at 0.0 "$simManager start"

$ns run

$Bandwidth

2 4.3 P2PSim.tcl A3EE IE=
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Y 449 455 AlEY oA AFRE A AT outnamI B =AM u}

2 A &3 P2PTracetxt 3o ujgo|c},

- 279.31003 1 56 udp 295 ------- 0 1.11 56.9 8380 601744

r 279.320049 1 48 udp 295 ------- 0 1.3 48.11 8380 601740

r 279.32005 1 50 udp 295 ------- 0 1.5 50.11 8380 601741

r 279.320051 1 52 udp 295 ------- 0 1.7 52.11 8380 601742

+ 279.320051 48 73 udp 295 ------- 0 48.12 73.7 8380 601745
- 279.320051 48 73 udp 295 ------- 0 48.12 73.7 8380 601745
r 279.320052 1 54 udp 295 ------- 0 1.9 54.11 8380 601743

+ 279.320052 50 75 udp 295 ------- 0 50.12 75.7 8380 601746
- 279.320052 50 75 udp 295 ------- 0 50.12 75.7 8380 601746

% 4.4 out.nam
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struct hdr_p2prtp {

int segNumber; [* A]FA B E x|
int nbytes; [* gz Hlo]E = %/

double timeStamp; [* RTP gloJE/7} #Zg] H R & *]

int marker; [x 23] H= B0 giel FHE A K|
static int offset_; [* &5 #2357 9/ dF offset */

inline static int& offset() { return offset ; }
inline static hdr_p2prtp* access(const Packet *p)
{ return (hdr_p2prtp*) p->access(offset ); }
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QIE{ Ho| & 715
CBR Ef2| RTP HIO|HE 44I5t0{ RTP OO|HER TE&
= AlZfetet.

stop() RTP CllolE{ o] H&S SXITtct.

start()

CBRTimer corTimer; /* RTP gjo]ElE W 8to] 4817 §/3F Efojn] *|

/* CBRT : CBR Timer */

void CBRTimer::expire(Event *e)

{
CBRApp </ sendData() & & 8/0/;

}

/* CBR Application */
void CBRApp::sendData()

{
RTP #/o]EHE ¥ et
RTP &5 FH(AH= WE, HY=H2Z 5)F JF,
RTP of o] EZ Ho]E & H4eth,;
[* interval Z-Fof Efo]r &= wFE(expire) E */
cbrTimer.resched(interval);

}

a8 4.9 CBR O{EE|70|E HdnE|F

435 2EZY A¥ +d&

2EYY Muls 2EYS BHists TR Jol2A, lad An i

218 RTP dlolHE AZ4E =2 gofoA desiert. 17 4109 2
o] ~Eg" AMB = RTSP Session, Buffer Manager, Relay Manager,

RTSP, RTP oo]dER FAEN 7t ooldEx Asd A7le] &<
el 7] 913k ElolHE 7HA| AL k. A28 Joj7t MAS 2T Fg
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o |
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e RTSP Session : RTSP AlAS AAsH] ¢ &34 == S5 HA
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SETUP o7t #2 mo{2 RTSP MM S RF sts HAIX
OK RTSP REE =I5t SE MAIX
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e Buffer Manager @ 218t #Z1-& W AAst7] gk do]HER

A daElEe a9 4119 2

;& B Tz 2702 TRy

rear=0; I* bjo]EE A Fe B3 B x|
buffer Count=2; Ix & BlPe %

I* WriteT : HZjo] K= A 7H& £R3}7] §/gF gfojn] *|
WriteTimer writeTimer;

Algorithm Buffer_Manager
input: RTP /37
output: none

{ TG RIP AR & w7 A&t
Ix flo]elE A g vE HoE ohe By HEE HFg ]
rear= (rear+1) % bufferCount;
I* bufferWriteTime o/ F¢f Efo/rl= 7FE H */
writeTimer.resched(bufferWriteTime);

}

% 4.11 Buffer Manager &112|&
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—

e Relay Manager : ¥ 3o A&H 7S shrt o] 4% =4 ¥
ool Al dEFF= olo]dE°|th Relay Manager~ WH¥ oA 3 F3l&
ool stute] Fojo Al dEsh= AIHE &85k SendTimers 7HA a2 Q)

2l

th. SendTimer= 2% A4 v|ojo] vba =9 AA S AE8H

off
=
-

436 Ho 74

sl P2P Y= ] Fofsts ALEA BEv]Z FAE RTP ol
2 AL AAE A4 Fojel A AasiFEe 17 4129 2ok

_46_



’: Player :‘

Proxy Con H K.

Manager *
PC_SessionT

Relay

PS_SessionT Manager
A A
RTSP H
Session

...’3.7."3.5..‘“.’.‘??.'.'?’:‘?.-‘!.....,} rrsp [n| RTe [H]

Node
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H 5.1. P2P AE2|Y A|AH ZH
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o] bufferAccessDelay I S47]/27] AlZt
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_ o7 MH|AE 2] f{s FollA
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algorithmTime £ omofe| EAH AIZH
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capability 5
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frameRate 30fps
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arrivallntervalDistribution Exponential
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ABSTRACT

NS2 based Simulator for Performance Evaluation
of P2P Streaming Systems

Kim, Hye Sun

Major in Computer Engineering
Dept. of Computer Engineering
Graduate School

Hansung University

An Internet streaming system consists of a media server, a
streaming server, and terminals. The media server delivers multimedia
contents such as video and/or audio to the streaming server, which
distributes the contents to terminals as well. Existing Internet
streaming systems have a bottleneck problem in the streaming server.
Also, the terminals can not be attached to a streaming server more
than any limit because of lack of the processing capacity of the
streaming server.

As a solution to this problem, P2P distributed architectures have
been proposed lately. P2P technologies enable contents to be exchanged
directly between terminals. Each terminal, called a peer, has roles as
both a client and a server in P2P systems. In P2P streaming systems,
each peer can be a parent peer of other peers and relays the
multimedia contents to its children peers from its parent peer.

Actually, however, there exist many difficulties in design and
implementation of PZ2P streaming systems, because it needs many

computers and various network topologies.
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In this thesis, an NS2 based PZ2P streaming system simulator, called
P2PStreamSim, has been proposed and implemented. And also a P2P
streaming system model such as architecture, timing model, behavior
model, and performance metrics has been analyzed and defined. Finally,
a test simulation has been run and the results have been analyzed.

We conclude that this thesis made great contributions in analysis
and modeling of PZ2P streaming system and implementation of PZ2P

streaming system simulator in detail.
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