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2. ¥ B ap Mg

2.1 Session Initiataion Protocol (SIP)

€ 754" 413k (Session Initial Protocolfi & SIP) > & d ™8 fe it 1 42 T 43| &
(Internet Engineer Task Force, |IETf}_s4%-48 ¢ sk L 32 2o SIP 8- fa g4tk
(Peer to Peetjid 12 2> i% 1 Uniform Resource Identifier (URR é & = ht 87 @ * %
PFEORARNGEAL LRI IR - BB EEHORBA A oRE D
i sfeis kg wh(sessiongii— fEHRIE 15 T o SIP Ap B enie Bk i LA -
PIRES B R SRS ® I (User Agent, i - UA) - v 2 4 G R H
2% = = (User Agent Client,jj = UAC) 12 & % & it I e PR F 24 (User Agent Server,
{AEUAS) > & ¥ i nl i UAC #42- B SIP s a & &> @ UAS Jci| SIP i3t
ERpEs gw R g o

PR E =4 B3 IR PR E (Proxy Server) # 1t PR % (Redirect Serve n) ;3¢ &
PR % (Registrar Server) # ¢ 2 A3 PPREE G E & o NI HIRBEIFRE P A
4 FURIE P HDEEG R R E R G R SIPHREE T P .
@ & 2= * Proxy Servert * € 3518 0 £ B3 RTP# ¢ R FEF LM o ¥ o
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SIP Proxy Sever

1. INVITE——
—2. 100 Trying
3. INVITE——

—4. 100 Trying

<—5. 180 Ringing

«—6. 180 Ringing
<—7. 200 OK:

+— 8. 200 OK:

9. ACK———

«— 2. BYE

13. 200 OK———»
14. 2000K———»

W 1: - 84nSIPFF R i

AR 1Y APRE - BLAGHSIPES BT EH - 3 Alice (UAC)% {- Bob
(UAS)ie (735§ i s pF » H ¢ 35 2 il iR 4™ !
1. 7+ - Alice & #3- Bob & {7 ;2P » Alice § £ 11 INVITE 3% SIP Proxy
Servere
2. SIP Proxy Serveg w i - i 100 Tryingit 4 % Alice » £ &t & &2 INVITE 3
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3. SIP Proxy Servejc 3| Alice #74 2! INVITE #%1 » ¢ #:% % Bob e

4. Bob iz 3] INVITE #H & > ¥ § w - B 100 Tryingzt A % SIP Proxy Server £ v
e 5L A ok

5. Bob Z22 % INVITE ;ﬁ-)‘»té v ¢ B Fes > Fw i - B 180 Ringingit & % SIP
Proxy Server

6. % SIP Proxy Servejz 3| 180 Ringingit £ s ¢ #& % & Alice -

7. % BObRAsi R R ¥ LB j 4 0 B 200 OK: L % SIP Proxy
Servere

8. % SIP Proxy Servefc3]* 200 OKzt & {5 ¢ #& % & Alice -

9. Alice Jz 3] 200 OKz 4 2 & - # 4vh = & 2 & >0 28 1 ACK 2 4 & SIP Proxy

Serverit & {4 FEid °

10. SIP Proxy Servetz 3] ACK . 4 & € # % % Bob > § Bob ¥ {2 ACK duxzn
(8 2T el o 2 {5 Alice 22 Bob # 3 i i SIP Proxy Server ¥ &
fiE = RTP i o

11. # Bob & % & &% » I 1 - @ BYE ;%% SIP Proxy Server

12. SIP Proxy Servejz 7] BYE #$1s # ¥ % Alice -

13. Alice 43| BYE # &P » B ¢ 3 1 200 OKz £ % SIP Proxy Server

14. SIP Proxy Servefz 7] {s # 1% % Bob’ % BobJz 3] 200 OK:u & 14 = 2 Rl & o
2.2 Real-time Transport Protocol (RTP)

?Pfﬁféﬁig?]f:ag‘ii(Real-time Transport Protocofi - RTP)E_Z 7 2 & 5 T pFir s
ER A T BT KA A P R RS lﬁﬂiﬁ“ﬁfﬁ?#i » P e
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g ;i %2 7 4% Network Address Translator (NAT)[1%]:% 4% - RTP @ﬁig, MR LG T

5HREIN G o Blde t 5 23% (Audio-on-Demand) 224R2L3% (Video-on-Demand) %
i % 3% (Internet Telephony) % 4R € & (Video conferencing)

RTP £ g e+ | §_12 bytes 4rB] 2> v ¢ 7 RTP =7k ~ Timestamp Sequence
Numberiz 2 Payload Types - TimestampiE_r J& ! RTP Ffldt e % - B =~ Bk
g o ¥ % k3 kow pFRF (round trip time) £ & pF R i 45 (jitter) - Sequence Number
e 4 B A e & X 0 - B RTP 4t ¢ pF > Sequence Numbef v — > & jzzi+ v
i 5 Sequence Numbek %78 _% 5 i 4 4t ¢ 35 - Synchronization Source (SSRC)

pl* ktgr & - B RTP 8 /ided - & - 3% 7 -Payload Type (PT) % 2% F
B4 Pt L =R R S Thitsy Fp T 44 128467 kAl 0 8 PCM
(A-law andp-law) ~ G.729%2 GSM- 7|1 ¥ & 1 Payload Type # ] % 3% : Payload Type
2 00 5 PCMu-law =% %45 » Payload Type: 18R] 2 G.7293F % %fh o 5 1 it P
ex R 598 ] e A B 3L(audio)F A I AR enfEA o Bt AT AL oo oA 2B
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0 1 2 3
01234567890123456789012345678901

VerP|X| CC M| PT Sequence Number

Timestamp

Synchronization Source (SSRC)

W 2: RTP 45



4% 1: RTP Payload Typegr Codec¥tp %

PT Codec
0 PCMU
3 GSM
8 PCMA
18 G.729

2.3 Session Description Protocol (SDP)

20 X EFEN Fnf e oip b Sl SIP R 7 1 SDP kdy i AP B K R A

R T o SDPET SIP— 6 152 F 8 5 A A M R ¢ Ky 5 ALe

¢ 3=(multimedia sessiofy# # 275 e g 5441t f3k 5 R £ SDP & ¥ 3 2§ 45 2
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S e
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mo e e B e
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2.4 RTP Proxy

d 3 Pkt p F 7 & FIP I Feanes e d L s ¥ Network Address Translator
(NAT) o NAT %% & RFC 1631[11] v i & ¢hw it £ & % 54} § 7 (private)IP =
BT M k- % (public) 1P ixak T i@ 4R PO tE R 1 iR IPVA a R 4 e
325 o % VOIP enig Flﬂ‘if’” wawmghigr SIPR 422 29 “INVITE” &

“2000K 124 ¢ %% SDP{ = oSDPHf =¥ 5 & & chE_ &3 23 P ot 27 483
Wi BEREZHFEDES R R % Py > RTP#t# #-ix R SDP a3 3 g3
BLeni@iE s ¥ 7 g N DRI LAY U HET Bt B NAT (86 > SDP
PlF 4 A% 93 IP 7 ik - RTP4te £ i SDP% S chf @i » %
B REBRR R QRT3 NAT T * & -

Flo > RTP Proxyie> i f # e & o § NAT (36 i » FRie il 8% 0 2R
SIP+% 2 £ 12 INVITE” &2 “200 OK' 4 2 & @t e IP i=ht - SIP Proxyyz ¥
“INVITE” & “200 OK' L pr> Rl ¢ iz:c ¢ SDPev “c” & "m” i B4 5
RTP Proxy: IP =4t 22 45830 35 - - A BE3tEhoni i % d RTP Proxy#l 1= &
# o il EauE > iEf2Y > SIP Proxy Servef z & gJ2 5 £ (signalyti> » m RTP
Proxy Servel| & 4% 4§ &2 RTP 3 it 2 7% & i 3 v* 4= SIP Proxy ServerRTP

Proxy Servernf jmip e » & £ h#hv L BB FRA PIEE R o
2.5 MOS Value and E-Model
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Woh o~ G S fRAE B BB E R L F R DR
A el sk T & TJLM: 2w EBAIRIE ST B9t 3t o E-Model 41 %
ik Ry & B /3t 0% 1000 2 ;% 2 R=Ro-Is-le-Id+A » # ¥ Ro % 5352
T oIS EER BERFAL S T T FF o le 3 iz (low bit rate}E 3 ¥hb A

moEdte FATF L FHTFF 0 ld 233508330 TR T FF A LA
FETFF-REE MOS EAPH L f4rd 3 md F2 FFlcEffE ;s IMOS
= 1+0.035*R+7*10°%*R*(R-60)*(100-R) * & VOIP sk @ » 2 Id 2 le % #. i & 3558
VOIP #-3 5% chgfic - 2 44[12]5¢ #* fj 1 E-Model 2 5% 5 R=94.2-le-Id> ¥ & d #
SEE AT I AR leShgthan(14hge) Ay B IR RAE B b 4 R gl A
Bl Ss T TR R AT HR SR e e B A F o P IE LN EL SRR
b3 mES 3 b if 2 At E S ko @ & 4 3 [12][13]E s h 4 G711
¥ G.729% fE3E 3 b 4 S8k -

% 3: REZ MOS et k%R 4

R value MOS value =
90 — 100 4.34 — 450 X
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% 4: G711# G795 FH § %%

Codec M v A3

G.711 0 30.00 15

G.729 10 | 47.82 18
¥oob o ot o3 o e oz B 1d o4 [12] ¢ #F

E]

|
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3. JMhAP| B ifEs 1

3.1 Socket Programming

Socketd — fEi M) > AT REEEF AN E TR L R AWMT o B 2
;P i e? socket iG> B E 3 TCP/IP (Transmission Control Protocol/Internet
Protocolj it 5 it 2 s * > B AP F B F A 2 sk e L oo Client fo Servergic 4 o

d %> DIST-V PRSI G A P P8 iT A SRR T FI 3 & - SR %% 07

1y (Master)y v f 1 4p4EiRIE T T *a(Slave Sendegr Slave Receiverf ¥ Jciflz# =

)

2 enlg S o Tt L fJE 04 socket i A B R @ iEdp £ o 0T AR FY > socketE g
S I Sl e 5 T

® socket () : i socket

® bind() : 3k Z_socketitig * chh s IP x4 % i R

® |isten() : kT socketsF(listen) Clientig &K

® accept() :#% p Clienteig %3 £ 5% + socketi 2

® connect () : ¥ Serversisocketit 7 ¢ &

® wite() @ @i¥: 4 3 ¥ - =3ss0cket

® read() :#EJckp ¥ - =esocket @i g

% = = fj ¥ o Client-Servers 1> Serverd < & = — i sockett: ? f1* bi nd()
R R g A S P i g £ 1 listen() kdieEed kaE 2 - BiFA)
% iz Clienti2 % ; » Client» & > — % socket¥ ¥ i * connect () £ Serveri
# > Serverg i * accept () &= Clientgug gipf > 2& 2 Fa i i};? g

FREAGL e TR & @Y kst UAC JT 1T B 4 UAS -
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3.2 0SIP2~ eXosip2

57 497 MSIPaF i o 2 4 * 0SIP2[14][14F: eXosip2(eXtended 0SIP2)[15]
& B3 SIPip b R * 4258 - 0SIP2E eXosipZ{i§ IAGPLE: & e 2o 42 5¢ B > d 32 0SIP2
Lo A2 R 4 (signal) v i 4 e i 0 g i £ R B - ¢ GiSIP
message APk = = » F|pt jiT i d1eXosip2, et i@ * FRAE EFEISBITT 2N

rreXosip2 # @ cVolP 7§ i34 § e % » 4olinphone- STSipUA% - @ i * eXosip2
k2> - BHEAVOIPUAS 4% HHE » 28 7% (N [16][17]4c T ¢

® eXosip_init() : 441 eXosip2

® eXosip_ listen_addr() : i * gk 2 2B FL e R

® eXosip_event wait() : @ SIP: 4 Bz

® eXosip_call _build initial _invite() 2z INVITE 2

® eXosip_call _send_initial _invite() @ @i INVITE 2

® eXosip_call _build answer() : &> - Bw R4

® eXosip_call _send answer () @ @i o = gw B4

® eXosip_get _sdp_info() : B SDPH = » 83 € :&e4p M Sdic

R LS g T SRR e B SIPAR L e LR LR v

$-4F SIP S Bieenf2 3N 78 5 B AT A aHEs A 0 ] sy R Fauz 2 SIP UA-
3.3 oRTP

ORTP[18][18} i f GPL fa3k e %cf23¢ &L » i} RFC3550[6] i¢ * C 3%
SoBoH = 1 RTPApM 1 AP 3o & * % 7 12 & Unix-like & Windowsf]* oRTP API
it = RTP}A 2@ 4 o ¥ T— B ] B chORTPAZN #1F & * P|ehfh & & N[19]40T

® ortp_init () : 44>t ORTP
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® ortp_ exit() :Zg&L=i* choRTP

® rtp_session_new) :#Z*- B RTP ¢ 3%

® rtp _session_set_ssrc() :# % SSRCE (Astipsrktenfei? »
I F & E ¥ SSRCiAGK T)

® rtp_session_set_payload_type() : % =1t * 7 Payload Type

® rtp _session_set local _addr() @ A3 IP =4 2 i 203%

® rtp _session_set _renote_addr() : & TP i en|P Za % IR

® rtp_session_recv_wth_ts () : 133 TimestampiE RTP § /w3 B~
$e

® rtp_session_send wWth_ts() : &% #rzft (bufferyg » RTP 3t~
I 2k Z_Timestamp

i\lrﬂ‘é’}} Fd’rﬂ ll}ﬁr‘\"qp?}:@:i RT

w
LN
Gy

R E R EE Y

3.4 fping

P

fping(fast pingydk iF R 12 40 f 24 P 8 4o a0 ping o v AL A3 B A 4B R
ICMP(Internet Control Message Protocol)[20F T4l R:Echw %o o BliE ot 2 B e
KA T b2 i fping vt Az ping 44 (7 { oS RF A ERREEN LA B
ping & 7 i B iRl3EF 3R A 480 A fping b — PFRY € 3% 01U ICMP 4 ¢ TR3E 095 148
23 v BT o0 B fplngf g FCRIGRHE P ﬁ%“,f v BE R T N AR
w0 Bl E 25 %r 5 # ¥ 1% i eh(unreachable) fping 4p B Sodicie & 5

% 5: fping M %
v | B R A

|

‘E\

-u | Bt & = #:iE en(unreachabley IP i

-a | B o iR g s (alive) IP gk
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e | 57 ICMP 4t & % w chps &

-n | Bt IP mhb e Ay +a

# 7 DIST-V pliEfc# @ ¢ 12 fping < FILENAME €352 > 2 8224780 % ¢ #r4
* e P iyt B F g (alive) e TR EFRRIGIP hk ik e r H Y 5 [T - =R
FhE P e IP gk o 4okl g @ % fping P end %] > 1§ Sudhping - =t R a2 H)

- 5 a%&%’fé’ﬁﬂ?ﬁgﬁi.&; ) qﬂ%@?u%;f%qr R F IR oo

3.5 Time Synchronization

B RATG ANRET TR - PFREFES B X2 KT RTP4te H e
it Y& & ¥ (one way delay) F]y* # 72 :& * ntpd(network time protocol daemon)[24 ]z
BT OGEFEFRF R g T

ntpd E_iz % NTP(Network Time Protocol)[22} & 3 ch— 24258 > v # 0 * 3t 4 33
Hu o NTP PPRE » ¥ el X8 cnpdF ntpd 2 7 @ 38 (7 ¢ ez 8 X 3|8 O
FenB B 37 % PriEen™ NA KRR > A S0 N A A R o

g3 NTP RPRE A N ERSBREERBE L - - BLAN MG 5 2 E
ZEBF AR 0 F - 5o w2 Bk f e stratum 1R PR B (P A BTE K ehiR IR
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8 1%

i A. Code of master.c

//G.711 Codec //
void e_model(float one_way_delay, float packebss _rate) {
float le,ld,R;
le = 1+15*packet_loss_rate;
le = 30*log(le);
Id = 0.024*one_way_delay;
if(lone_way_delay>177.3)

Id =1Id + 0.11*(one_way_delay - 177.3);

R=94.2-Id-le;
printf("Packet loss rate : %f\n",packet_loss_rate);
printf("ld value : %f\n",1d);
printf("le value : %f\n",le);
printf("The R value : %f\n"|R);
if(R<=0)
R=1;
if(R>=100)
R=4.5;
i f(R>0 && R<100)
R=1+0.035*R+R*(R-60)*(100-R)*7*0.000001;
printf("MOS value : %f\n",R);

}

int main(void){
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int account = 70000;4E & receiver #4£_70000/ a3y
int accountl;

int sockfd;

int len;

int result_server; /2] %@ 3% € *& socket_serverj #& gxi-
intt_conl; /B ftekHRFTHE

int nstream,nstream_ch;

int i=0, k=0, h=0,I=0, m=0,j=0,z;

int totalpacket =0,t_totalpacket=0, total_sq =0y_total _sq =0;
float total_avg =0, t_total_avg=0;

floaty;// £ 2| RTP 3¢ #&

struct sockaddr_in address;

struct tm *tm_ptr;

time_t the_time;

char cs[150][16];

char ¢s1[150][16]; /# % * 150 i# Slave Sender

char cr1[150][16]; /F % *%x 150 B Slave Receiver
char cr[150][16];

char *co[150]; //slave online

char *cro[150]; //Receiver online

char ch_t;

struct sockaddr_in client_address;

struct sockaddr_in server_address;

int server_sockfd, client_sockfd;

int server_len, client_len;

FILE *fp;

[* ipliE Slave Server®_Z B % */

32



printf("Test slave online or not?\n");
system(“fping < sender_ip.txt");

printf("\nCannot reach the slave(s) with IP address\n");

fp=fopen("ping_fail.txt","r");
while(fgets(cs1][i],40,fp)!'=NULL)Y
if(csl]i][strlen(cs1[i])-1]=="n")
csl[i][strlen(cs1[i])-1] = O;

i+

h++;

}

fclose(fp);
if(h ==0)
printf("None");
for(i=0;i<h;i++)
printf("%s\n",cs1][i]);
printf("\n\nTest whether the function dist_slave of Slave is working\n");
h=0;
fp=fopen("ping_successful.txt","r"); // B33 fping = 7P =4k » X5 slavesy #2355 & ki
while(fgets(cs[Kk],40,fp)!'=NULL){
if(cs[K][strlen(cs[K])-1]=="\n")

cs[K][strlen(cs[k])-1] = 0O;

k++;
h++;
}
fclose(fp);

[* il Slave Sendery #& kx# & < slave_senderfgs¢ */

for(k=0;k<h;k++){
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sockfd = socket(AF_INET, SOCK_STREAM, 0);
address.sin_family = AF_INET,;

address.sin_addr.s_addr = inet_addr(cs[K]);

address.sin_port =9000;

len = sizeof(address);

result_server = connect(sockfd, (struct sockldr *)&address, len);

close(sockfd);

if(result_server == -1){
printf("%s is not working\n",cs[K]);
[++;

}

if(result_server == 0){
printf("%s working\n",cs[k]);
co[m]=cs[K];

m++,  //m Z 3 g slave_senderii#ic P

}

printf("\n%d slave IP address cannot reach",i);
printf("\n%d slave IP address are not working",I);
printf("\n%d slave IP address working",m);

I*ip] Slave Receivees 1 %o & s>/
i=0;h=0;k=0;1=0;

printf("\n\n --\n");

printf("Test Receiver online or not?\n");

system("fping < receiver_ip.txt");

printf("\nCannot reach the Receiver(s) with IP address\n");
fp=fopen("ping_fail.txt","r");

while(fgets(crl[i],40,fp)!=NULL){
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if(cra[il[strlen(cri[i)-1]=="n")
crifil[strlen(cri[i})-1] = O;
i++:
h++:
}
fclose(fp);

if(h ==0)

printf("None");

for(i=0;i<h:i++)

printf("%s\n",crl[i]);

printf("\n\nTest whether the function dist_receiver of Slave is working\n");

h=0;

fp=fopen("ping_successful.txt","r");

while(fgets(cr[k],40,fp)!=NULL){
if(cr[K][strlen(cr[k])-1]=="n")

crK][strlen(cr[k])-1] = O;

k++;
h++;
}
fclose(fp);

Il pl# 3 & Slave Receivers 7 & slave_receiverfg ;¢
for(k=0;k<h;k++){
sockfd = socket(AF_INET, SOCK_STREAM, 0);

address.sin_family = AF_INET,;
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address.sin_addr.s_addr = inet_addr(cr[K]);

address.sin_port =9000;

len = sizeof(address);

result_server = connect(sockfd, (struct sockdr *)&address, len);

close(sockfd);

if(result_server == -1)}{
printf("%s is not working\n",cr[K]);
[++;

}

if(result_server == 0){
printf("%s working\n",cr[K]);
cro[j]=cr[K];

jtt;

}

printf("\n%d Receiver IP address cannot reach",i);
printf("\n%d Receiver IP address are not working",l);

printf("\n%d Receiver IP address are working\n", j);

PH~ RTP $& @i cnph 112 § 328P ¥/
printf("\nPlease input how many streams you wan®\n");
scanf(" %d",&nstream);
printf("The slaves will start 20 seconds later,ad do you want to change?(y/n)\n");

scanf(" %c",&ch_t);
while(ch_t!='n" && ch_t!="y"){
printf("Please enter \'y\' or \'n\'\n");

scanf(" %c",&ch_t);
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}

if(ch_t=="n")
t _conl=20;
if(ch_t=="y"){

printf("Please enter when you want?(sec)\n");
scanf("%d",&t_conl);

}

time(&the_time);

tm_ptr=localtime(&the_time);

printf(" \n");

printf("present time (h/m/s): %02d:%02d:%02d\n" ,
tm_ptr->tm_hour,tm_ptr->tm_min,tm_ptr->t m_sec);

t_conl=t_conl+the_time;

tm_ptr=localtime(&t_conl);

printf("executive time(h/m/s): %02d:%02d:%02d\n",

tm_ptr->tm_hour,tm_ptr->tm_min,tm_ptr->t m_sec);

printf(" \n");

[* & ge& B Slave Sender? Receiver#r & i * e § # 8/
accountl = account;
for(i=0;i<j;i++){
nstream_ch=nstream/m; //mis number of slave
I=nstream%m;
z=m-j;

printf("Receiver %s will setup %d session\n',cro[i],nstream_ch);

sockfd = socket(AF_INET, SOCK_STREAM, 0);
address.sin_family = AF_INET,;

address.sin_addr.s_addr = inet_addr(cro[i]);
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address.sin_port =9000;
len = sizeof(address);
result_server = connect(sockfd, (struct sockdr *)&address, len);
write(sockfd, &t_conl,sizeof(int));
write(sockfd, &nstream_ch,sizeof(int));
write(sockfd, &accountl,sizeof(int));
accountl = account1+1000;
close(sockfd);
}
for(i=0;i<m;i++){
I* nstream_ch=nstream/m; //mis number of slave
[=nstream%m;
z=m-j;
*
ifl==0&&i<m)
printf("Slave %s will setup %d session\n"¢sJi],nstream_ch);
if(1 '= 0 && i < m){
if(i<l){
nstream_ch = nstream_ch + 1;
printf("Slave %s will setup %d sessiom",cs[i],nstream_ch);
}
else
printf("Slave %s will setup %d sessiom",cs[i],nstream_ch);
}
sockfd = socket(AF_INET, SOCK_STREAM, 0);
address.sin_family = AF_INET,;
address.sin_addr.s_addr = inet_addr(cs]i]);
address.sin_port =9000;

len = sizeof(address);
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result_server = connect(sockfd, (struct sockdr *)&address, len);

write(sockfd, &t_conl,sizeof(int));
write(sockfd, &nstream_ch,sizeof(int));
write(sockfd, &account,sizeof(int));
account = account + 1000;

close(sockfd);

[* #z Slave Receiverr i% 7 RTP & */
server_sockfd = socket(AF_INET, SOCK_STREAM, 0);
server_address.sin_family = AF_INET;
server_address.sin_addr.s_addr =htonl(INADDR_ANY,
server_address.sin_port =4000;
server_len = sizeof(server_address);

bind(server_sockfd, (struct sockaddr *)&server_adress, server_len);

listen(server_sockfd,5);

signal(SIGCHLD, SIG_IGN);

for(i=0;i<j;i++){
client_len = sizeof(client_address);
client_sockfd = accept(server_sockfd,

(struct sockaddr *)&client_address, &clier_len);
read(client_sockfd,&totalpacket,sizeof(int));
read(client_sockfd,&total_avg,sizeof(float));
read(client_sockfd,&total_sq,sizeof(int));
t_totalpacket=totalpacket+t_totalpacket;

t total avg = total_avg+t_total_avg;
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n_total_sq = total_sqg+n_total_sq;
usleep(200000);

}

t total_avg =t _total avg/n_total sq;

printf("\nAverage one way delay %g ms\n",t_total avg);

printf("Total RTP packets of Slaves sent:%d\n",nstream*220);
printf("Total RTP packets of Receiver received:%d\n",t_totalpacket);
y=nstream*220;

y=1-(t_totalpacket/y);

e_model(t_total_avg,y);

return O;

%+ B. Code of slave_sender.c

#define SIP_BIND_PORT 5070

#define SIP_S_ACCOUNT 35000 # 1% =5 7¢_3500 F# 431

#define SIP_LOCAL_IP "10.10.59.64" [tk =4 IP ixpt

#define RTP_PORT 20000

#define ch_command S5/l ortgp £ & R

#define proxy "sip:163.22.21.82:5060"
inti,m,id,j,n;

int SIP_ACCOUNT_ADD;
int SIP_S_ACCOUNT_ADD;

osip_message_t *sip = NULL;
osip_message_t *invite = NULL;
osip_message_t *ack = NULL;
osip_message_t *answer = NULL;
eXosip_event_t *event;
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char *d_port = NULL;

char *d_address = NULL
char *s_address = NULL
char *s_port = NULL;
char *username = NULL;
sdp_message_t *sdp = NULL;
sdp_message_t *s_sdp = NULL;

int initial_exosip(nstream,account){

osip_message_t *reg = NULL;
int id;

i = eXosip_init();

if(i'=0){

printf("Couldn't initialize eXosip!\n");

return -1;

for(n=0;n<nstream;n++){

i = eXosip_listen_addr(IPPROTO_UDP,NULL,SIP_BND_PORT+n,AF_INET,0);
usleep(100000);

char d1[40] = "sip:";

char d2[40];

char d3[40] = "@163.22.21.82";
char s1[40] = "sip:";

char s2[40];

SIP_ACCOUNT_ADD = account + n;
sprintf(d2,"% d",SIP_ACCOUNT_ADD);
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strcat(d2,d3);
strcat(d1,d2);

printf("destination %s\n",d1);

SIP_S ACCOUNT _ADD =SIP_S ACCOUNT +n;
sprintf(s2,"%d",SIP_S_ACCOUNT_ADD);
strcat(s2,d3);

strcat(s1,s2);

printf("source %s\n",s1);

[* register */

id = eXosip_register_build_initial_register(4,proxy,NULL,1800,&req);

usleep(100000);

if(id<0){

eXosip_unlock();

printf("Error\n");

return -1;

eXosip_lock();
i=eXosip_register_send_register(id, req);

eXosip_unlock();

if (i1=0)

printf("Register Error\n™);

i=eXosip_call_build_initial_invite(&invite,d1,s1,NULL,"This is a call for a conversation™);

usleep(100000);

if(i!=0){
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printf("Error\n");

return -1;

osip_message_set_supported(invite, "100rel");
{
char tmp[4096];

char localip[128];

eXosip_guess_localip (AF_INET, localip, 82;

snprintf (tmp, 4096,
"v=0\r\n"
"o=josua 0 O IN IP4 %s\r\n"
"s=conversation\r\n"
"c=IN IP4 %s\r\n"
"t=0 O\r\n"
"m=audio %d RTP/AVP 0 8 18 101\n"
"a=rtpmap:0 PCMU/8000\r\n",

SIP_LOCAL_IP,SIP_LOCAL_IP,RTP PORT+2*n);

osip_message_set_body (invite, tmp, stri@mp));

osip_message_set_content_type (invite, ‘fdigation/sdp™);

eXosip_lock ();
i = eXosip_call_send_initial_invite (invite);
eXosip_unlock ();

}

return O;

int session_setup(nstream,t_conl){
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FILE *fp;
time_t the_time;
int result;
intq=0;

char command[ch_command];

while(1){

event = eXosip_event_wait(200,0);

if(levent == NULL){
eXosip_quit ();
printf("End of session\n");

return -1;

switch(event ->type){
case EXOSIP_CALL_REINVITE:
printf("A new invite reveived\n");

break;

case EXOSIP_CALL_PROCEEDING:
/I printf("Proceeding\n");

break;

case EXOSIP_CALL_RINGING:
printf("Ringing'\n");

break;

case EXOSIP_CALL_ANSWERED:
/lusleep(100000);
printf("Connected\n");

s_sdp = eXosip_get_sdp_info(event->ressi);

44



s_address = sdp_message_o_addr_get(p);sd

s_port = sdp_message_m_port_get(s_sdp,0

printf("local %s : %s\n",s_address,s_pat);

sdp = eXosip_get_sdp_info(event->respx®);
d_address = sdp_message_c_addr_get(stj®);
d_port = sdp_message_m_port_get(sdp,0);

printf("RTP packets will send to %s : %s\n",d_address,d_port);

eXosip_call_build_ack(event->did,&ack);

eXosip_call_send_ack(event->did,ack);

sprintf(command,"./rtpsend l.wma %s %s %s %s
%d&\n",d_address,d_port,SIP_LOCAL_IP,s_port,t_conl);

system(command);
g++;
printf("session :  %d\n",q);

usleep(100000);

if(q == nstream){
/leXosip_call_terminate(event->cidvent->did); //send BYE message
eXosip_quit();
return -1,

}

break;

case EXOSIP_CALL_ACK:
printf("ACK received\n");

break;

case EXOSIP_CALL_CLOSED:

printf("Callee close the session\n");
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i = eXosip_call_build_answer (event-xj 200, &answer);

if (i 1= 0){
printf ("This request msg is invalidCann't response!\n");

eXosip_call_send_answer (event->ti#l)0, NULL);

}
else{
eXosip_call_send_answer (event->t200, answer);
printf("Send 200 OK\n");
eXosip_quit ();
return -1,
}
break;
}
}
}
int main(){

int server_sockfd, client_sockfd;
int server_len, client_len;

int sockfd;

int len,k=0;

int nstream, t_conl, account;
time_t the_time;

FILE *fp;

struct sockaddr_in address;

struct sockaddr_in server_address;

struct sockaddr_in client_address;

system("ntpdate 10.10.59.61");

[* socket */
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server_sockfd = socket(AF_INET, SOCK_STREAM, 0);
server_address.sin_family = AF_INET;
server_address.sin_addr.s_addr =htonl(INADDR_ANY;,
server_address.sin_port =9000;

server_len = sizeof(server_address);

bind(server_sockfd, (struct sockaddr *)&server_aldress, server_len);

for(;;{
listen(server_sockfd,5 );
printf("Slave waiting\n");

client_len = sizeof(client_address); IIreter *| ¥4+ s ch port § & kb > FE ik slave_sender

client_sockfd = accept(server_sockfd,

(struct sockaddr *)&client_address, &clier_len);

client_len = sizeof(client_address);  #icdp 4
client_sockfd = accept(server_sockfd,

(struct sockaddr *)&client_address, &clierh_len);

read(client_sockfd,&t_conl,sizeof(int));
read(client_sockfd,&nstream,sizeof(int));

read(client_sockfd,&account,sizeof(int));

usleep(1000000);
initial_exosip(nstream,account);
session_setup(nstream,t_conl);
eXosip_quit ();

}

return O;
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%+ C. Code of slave receiver.c

#define SIP_BIND_PORT 5066

#define SIP_PROXY_ADDRESS "163.22.21.82"

#define proxy "sip:163.22.21.82:506

#define RTP_PORT 60000

#define SIP_LOCAL_IP "10.10.59.61" K& #_local IP address

int do_register(j,account){

osip_message_t *reg = NULL;

int id;

int i;

int SIP_ACCOUNT_ADD;

char s1[40] = "sip:";
char s2[40];

char s3[40] = "@163.22.21.82";

SIP_ACCOUNT_ADD = account+j ;
sprintf(s2,"%d",SIP_ACCOUNT_ADD);
strcat(s2,s3);

strcat(s1,s2);

printf("%s\n",s1);
id = eXosip_register_build_initial_register(s1,poxy,NULL,1800,&reg);
usleep(100000);

if(id<0){
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eXosip_unlock();
printf("Error\n");

return -1;

eXosip_lock();
i=eXosip_register_send_register(id, reg);
eXosip_unlock();

if (i!=0)

printf("Register Error\n™);

int recv_rtp_packet(nstream,t_conl){

FILE *fp;

struct tm *tm_ptr;

char command[40]="./mrtprecv 1 ";

char command1[21];

sprintf(commandl,"%d %d %d",RTP_PORT,nstream,t_c onl);
strcat(command,command1l);

[lprintf("%s\n", command);

system(command);
return O;

}

int main(){
int i,j,n=0,m=0;
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int nstream,account;

char tmp[4096];
char *m_port = NULL;
char *c_address = NULL;

eXosip_event_t *event;
osip_message_t *answer = NULL;

sdp_message t *sdp = NULL;

int server_sockfd, client_sockfd;

int server_len, client_len;

intlen, t_conl,

struct sockaddr_in address;

struct sockaddr_in server_address;

struct sockaddr_in client_address;

[* socket */

server_sockfd = socket(AF_INET, SOCK_STREAM, 0);
server_address.sin_family = AF_INET;
server_address.sin_addr.s_addr = htonl(INADDR_AN);
server_address.sin_port =9000;

server_len = sizeof(server_address);

bind(server_sockfd, (struct sockaddr *)&server_aldress, server_len);

for(;; X
listen(server_sockfd,5);
printf("Receiver waiting\n");

client_len = sizeof(client_address);
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client_sockfd = accept(server_sockfd,

(struct sockaddr *)&client_address, &clier_len);

client_len = sizeof(client_address);
client_sockfd = accept(server_sockfd,

(struct sockaddr *)&client_address, &clier_len);
read(client_sockfd,&t conl,sizeof(int));
read(client_sockfd,&nstream,sizeof(int));

read(client_sockfd,&account,sizeof(int));

i = eXosip_init();

if(il=0){
printf("Couldn't initialize eXosip\n™);

return -1;

for(j=0;j<nstream;j++){
i = eXosip_listen_addr(IPPROTO_UDP,NULL,SP_BIND_PORT+j,AF_INET,0);
/lusleep(100000);
do_register(j,account);
}
for(;;){
event = eXosip_event_wait(50,0);
eXosip_lock ();
eXosip_default_action (event);
eXosip_automatic_refresh ();

eXosip_unlock ();
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if(levent==NULL)

continue;

switch(event->type){
case EXOSIP_MESSAGE_NEW:
printf("EXOSIP_MESSAGE_NEWN\n");

break;

case EXOSIP_CALL_INVITE:
usleep(100000);

printf("Invite %s user\n",event->request->req_uri->username);

sdp = eXosip_get_sdp_info(event->ngept);
C_address = sdp_message_c_addr_ght(<l,0);

m_port = sdp_message_m_port_get(sdp,

eXosip_lock ();
/leXosip_call_send_answer (eventktil80, NULL);

eXosip_call_build_answer (event->tji@00, &answer);

snprintf (tmp, 4096,
"v=0\r\n"
"o=josua 0 0 IN IP4 %s\rth
"s=SIP Call\r\n"
"c=IN IP4 %s\r\n"
"t=0 O\r\n"
"m=audio %d RTP/AVP 0 8 1801\r\n"
"a=rtpmap:0 PCMU/8000/1\r\",

SIP_LOCAL_IP,SIP_LOCALIP,RTP_PORT+2*n);
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n++;

osip_message_set_body (answer, tsiplen(tmp));
osip_message_set_content_type (answapplication/sdp");
eXosip_call_send_answer (event->t@00, answer);

eXosip_unlock();

/lprintf("Send 200 OK\n");

printf("RTP packets will send from:n%s : %s\n\n",c_address,m_port);

break;

case EXOSIP_CALL_ACK:
Ilprintf("ACK received\n");
usleep(100000);
m++;
if(m == nstream){

recv_rtp_packet(nstream,t_conl);

break;

case EXOSIP_CALL_CLOSED: /Ireceived BE message

printf("Caller close the session\n};

i = eXosip_call_build_answer (evenitid, 200, &answer);

if (i 1= 0){
printf ("This request msg is invid!Cann't response\n");
eXosip_call_send_answer (evenie;t400, NULL);

}

else{
eXosip_call_send_answer (eveniezt200, answer);

printf("Send 200 OK\n");
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return -1;

break;

case EXOSIP_CALL_ANSWERED:
printf("Received 200 OK\n");
break;
if(m == nstream)
break;
}
if(m == nstream)
break;
}
eXosip_register_remove(1);

eXosip_quit();
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