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Abstract of Master’s Thesis

Academic Year 2005

Design of synchronous reproduction system

for multi streams on the Internet

In this research, absorption of the playback delay occured by environmented differences
in recording, transporting, and receiving multiple synchronized contents stream via In-
ternet is designed. Live video streaming and video relay activities using the Internet are
becoming popular. Traditional real time streaming is either transporting singular streams
in unicast or in multicast directions. Transporting multiple set of streams with real time
relations, to designated locations is the new demand for streaming activities.

To analyze the playback delay occured by the stream transport applications, system was
divided into 3 methods. 1) Input method from Sender terminal to the receiver terminal, 2)
transformation method which devodes or transforms the contents format, and 3) Output
method which sends receiver output to the user system whcih plabacks and/or records
the streams. Each delay occured by transactions differs by the media format, recording
equipment, and network environment.

To establish synchronization mechanism for multiple stream, absorption of each stream’s
delay consumed by transaction are summarized. Time line absorption mechanism is
adapted to absorb synchronization. 3 module is developed to synchronize the multiple
streams. 1) Negotiation module collaborates in terminal basis to synchronizes the play-
back timing by receiving the time stamp of the stream. 2) Average counter calculates the
jitter within the transport delay. and 3) Buffering module absorbs the delay occured in
input method by collaborating to the bandwidth control system dedicated to recording/
playback system. Mechnism is implemented into DV'TS to evaluate the delay absorption.

This research realizes the multiple stream transport by using various contents format.
By using video and audio format, this mechanism allows to realize real time contents
streaming such as broadcast relay, digital cinema onstruction, multi-vision system and
program zapping.

Keywords :

1. real-time streaing, 2. contents format, 3. synchronization,

4. distributed environment, 5. Internet

Keio University Graduate School of Media and Governance

Tsuyoshi Hisamatsu
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00 Average Counter Module 0 00000000000 avg.cent_loop() O Negotiation
Module 000000000 0OO0O negotiation_loop() D00 O0O00O0O00O0O
00000000 fork()DO OO0 dvrtp_loop() 00 00O ieeel394dv_write_loop() O O
gooooobbobooboobbbobtbdddoooooobbbbouoobboboobooo
OO0dvrtploop() 0000000000000 ODOCODOO0OODDO avgcentloop()d OO
goddoobodddooboooboboboobobboooooooonobobobbooooo
0000000000000 00D000D00D0ODOO negotiation-loopd 00O 0OOO
000000000000 Z4000000 LANODOOOOOOoooooooooo
gobboobobbbbbooooobooonboobooboooooaobbooboooooond
gogooooddoooobobbobobbooobboooooobobbbbooobooo
00000000 0OD0OBuffering Module DD OO DOOODOOOOOOOOOO

INTy b5 f% dvrtp_loop() .
BED rrmml( )
DVTS(dvrecv)
V| F—4EE A iecel 304dv_write_loop() —
fork()
T A FEERAR) AENVERAR
INGT v BB drip_loop)
. . [ ave_ent_loop() \
main()
A 2AFA —I\ negotiation_read()
wA%O ‘l/ ) negotation_write(){ Master(D#+) /
DVTS(dvrecv) : V e
F—% % = i&%ﬂ-reeeﬁwdr_wrrre_loapf J :_;}
|
fork() |
t

053 0000DVISOO00OD0O0O0ODOODODOO

goggoooooobobbbbbbbbbbbbboboooooooooooogd
O00000000D00000000000 multi_stream_param() 0000000000
godg

000000000 ModuleDOODODOODO O OO multistream_param() 000000
goobog
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5.4.3 Average Counter Module

Average Counter Module 0 00 0000 00 40 0O OO Average Counter Module [
dvrtp_loop() 0000000000 R300000O0OOOODVISOOOOOOOODOO
RTPOOODODOOODOODODOO100000000DOO0O00ODODOOAverage Counter
ModuleO RTPOOOODOODOODOOOOOOOOOODOODOODLOODOODODODOO
goodoooooon

e B

void
dvrtp_read_loop (struct dvrecv_param *dvrecv_param){
(oo
/x 000000000000 *x/
while (1) {
(oo
seq = (ntohl(recvbuf [(sizeof (rtp_hdr_t)+80%i)/4]) >> 24) & Oxf;
(oo
else if (rtphdr->ts != rtp_ts_prev) {/x10000000*/
/x 000000000000 00 %%/
multi_stream_param.own_seq = seq;
/*x Average Counter Module I O[O O[O x*x/
avg_cnt_loop(&multi_stream_param) ;
(oo
rtp_ts_prev = rtphdr->ts;
(oo

0 5.4: Average Counter Module 0 O 0O 0O O

00 Average Counter Module 0 0 0 0 0O O O multi_stream_param() 0000000
OB0000000D0DOO0ODDOAverage Counter Module 00000 O0O0O0ODO
(own_avg_delay) D000 0000000000

Average Counter Module 0 0 0 0000000000000 ODOOOOOOOOOO
O0o0o00ooooooooooo00U0oRE00OoOoO0OoooDE3lICOOOO
goooooooobbbbbooooogoa

dvrtp_loop() 000000000 OOODOODODODOOOO avgent_loop()O O gettime-
ofday()0000000000DODOOCOODODOOOOO0O0O0OODOOOOOOOODO
(additional delay) D000 000000000000 000O0O000O0OO (own_avg_delay)
O0000000000000D0D0D0000000 (recv_timeprev) 0000000000
000000000 (recvtime) 0000000000000 OOODO

own_avg_delay = recv_time_prev — recv_time
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4 N

struct multi_stream_param{
(unp
/**kxxkx%kkx Average Counter ks xkkxkkxk/
int avg_init_time; /x OODOO0ODOOOO =*/
int avg_accept_jitter_percent; /* DO UOOOO (4) */
int avg_accept_packet; /0000000 */
int init_loop_count;/*loop U O */
int threshold_shift_count;/*00 00 O %/
int tmp_time; /x DO OOO =/
int own_avg_delay; /* ODOOOOO =/
int avg_loop_seq_term; /x0 0000 */
(0o

}
\_ /

O 5.5: multi_stream_param [0 0 0 Average Counter Module 0 0 00 O

goobooobooooboobooooboboooboooooobooooooon
(tmp_threshold) D 000000 (own_avg_time) D 000000 (%)(avg_accept._jitter_percent)
goodoooobobbboooooooooo

tmp_threshold = own_avg_titme *x avg_accept_jitter_percent

O000000000DbO0o0o0obOO0o0o0ooOo00o0obDbOoOooDboOoOoobooooooDGg
O0000ooRa0O 00000000000 0DO00D0O0O000DODDOO00DOOO00O00n
0000000000000 000000 (threshold-shift.count) 0000000000
goboobobuoooboboobbuoooboooboboobDboobboobboOoo
gobodoboOodboobobOoobobooobuooobooobbooboooboboooo
ooobobboobooouoobobooboboooooboboboboooDoobUobo
(tmp_time) DO OOOOOOOOOOODOOOOODOOOOOOOOOOOOOOOO
gbobdoboboboooooooooobobobobooooDooooobooboD
ooooog

0000000000 (avgloopseq_term) D 0000000000 ODOODOOOOO
0 O Negotiation Module D D OO OOODOOODOOOOOOOODOOODOOONegotiation
ModuleOODOUODODOODOODOOODO

5.4.4 Negotiation Module

Negotiation Module [0 Average Counter U 00D 0000000 O0OOO0OOONO Ne-
gotiation Module 0 0 0 0 O 0O O multi_stream_param()0 0000 000 (80 O OO Ne-
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4 N

int avg_cnt_loop(struct multi_stream_param *multi_stream_param){

oo

Jxxkkx QO OO0O0OO0O skkkkx/

gettimeofday (&tv,0);

multi_stream_param->recv_time =
(tv.tv_sec%60) * 1000 + tv.tv_usec / 1000;

o)

Jxexkx O OOOO0OO0O *xkx/

multi_stream_param->own_avg_delay =
multi_stream_param->recv_time_prev -
multi_stream_param->recv_time;

oo

/+ 00ooooog =/

tmp_threshold = multi_stream_param->own_avg_time *
(multi_stream_param->avg_accept_jitter_percent/100);

oo

}
N J

0 5.6: Average Counter Module: 000000

gotiation Module OO OO OO OOMasterd Slave 0O O0OO0O0O0OO0ODOOODOOO
gobooo

Master O O

Master U0 H440000000000000DOOOOOO0ODOO0ODOOOOOOO
00000000000 Negotiation Module 0000000000000 DOEBIO00OO0O
0000000000 (version) 0000000 (HA00DO0DO00O0O0O0O0O0OOOOOOO
O00000000000000 (ts)D000000Slaved0OMaster 000000000
00000000000000000000000000000000 (rits)00000O

gooo
Master OO0 DO00O0O00OO0OO0OOO0400000000

l.ogobobooooboboooobbouoooooboobo
2.000000b0b0buoo0oboboboooobon

3. SlaveU 0 O00OO0O0OODOODOODOOOOODOODODODOO

gbobboooobbbuoooobn
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int avg_cnt_loop(struct multi_stream_param *multi_stream_param){
oo
/xx 00000000000 =*x/
if (tmp_min_threshold <
tmp_recv_time < tmp_max_threshold){
/ OO0 00000000 noooooooog =/
multi_stream_param->threshold_shift_count = O;
Yelse{
/¥xx 0000000000000 **x/
if (multi_stream_param->threshold_shift_count >
multi_stream_param->avg_accept_packet){
/* 000000 (own_avg_time) DO DO OO x/
multi_stream_param->own_avg_time =
multi_stream_param->tmp_time;
/ D0000000000b0o0oooog =/
multi_stream_param->threshold_shift_count=0;
Yelse{
/x* 0000000000000 0000000Db0b00000nog =/
multi_stream_param->tmp_time =
(multi_stream_param->own_avg_delay +
(multi_stream_param->recv_time -
multi_stream_param->recv_time_prev))/2;
/000000000000000=/
multi_stream_param->threshold_shift_count++;
oo
elseq{
if (multi_stream_param->init_loop_count ==
multi_stream_param->avg_init_time){
/* (Master: Negotiation Module U U D OI) */

(oo
N /

0 5.7: Average Counter Module: 000000

Master 00 000000000000 O0O00O0OOO (negotiation-write) 000000
O0000000000000000000000000RBI00 OO Osigaction()00O0O
O negotiation_-write()D 0000000000000 Osetitimer()0 000000000
0000000000 negotiation_time_term 0 0000000000000

O00000000000000000000RITIIO0O0O000000000000
godooooboodoobooooboobooooooobobodooooooooogooan
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-~

-

struct multi_stream_param{
(unp
/**kxx*xxx*% Negotiation Module sk xxkkxx/
int read_bsock; /0000000 *x/
int write_bsock; /0000000 x/
int bcast_port; /00000 */
char *broadcast_addr;/*00000000000O0O*/
int broadcast_freq; / OO00O0O0ooogog =/
unsigned int additional_delay;/* U0 UODOUO0OOO0OO0OOOO %/
struct sockaddr_storage in_addr;/x 0O 0O0DO0ODODODOOOOO =/
struct sockaddr_storage out_addr;/x JUOOUODOOOOOOOOOO %/
unsigned int result_delay; / OO0D0O0O0o0 */
unsigned int rts;/* DO00OO0OO0OO0O0OOOOOODOO0O =/
int negotiation_flag;/* DO UODOOUODOODOODODOOOO =/

/*¥%x Master DO O DO0OOOOOO %%/

int master_negotiation_flag; /+ DUOOOO0OOOOOOO %/
int negotiation_seq_term;/x DO DODOOOOOOO =/

int master_time; / 000000 =/

int recv_seq; /x DUO0ODOO0ODOO0ODODODOOO =/

int recv_seq_prev; /x JUDOUOOOOODOOOOOOO =/

/* time stamp and seq number */

int recv_time; /000000000 =%/

int recv_time_prev; /O00000000000x*/
int own_seq; 0000000000000 x*/

/* reserve factor */
float reserve_factor;/x00 000000 : 100 %/

/* packet structure */
negotiation_pkt_t *negotiation_pkt;
/ OO0 0O00O0oooooooo =/
oo
}

~

O 5.8: multi_stream_param O 0 O Negotiation Module O O O O
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4 N

/** Negotiation Header x*x/
typedef struct {

unsigned int version:1; /x DUOO0OOODOOOO =*/

unsigned int r:1; /x OO0 %/
unsigned int p:30; /x OOOgd =/
unsigned int ts:32; /x 0000 =/

unsigned int rts:32; /x UOOOOO =/

} negotiation_hdr_t;
N v

0 5.9: Negotiation ModuleD 0O OO OO O

O00000000000000 (requestseq) DO0O0O0D0OO0O0O0O0OOOOOO0O (re-
quest_time) D OMaster 000 00000000000 (recv_time) 000000000
(own_avg_delay) D0 0000000000 OODODO (negotiation_seq_term) 0 00 00O
goooooo

request_time = recv_time + (own_avg_delay x negotiation_seq_term);

OO00O0DbO00o0O0bOOob0obooboSlavedb0bOo0ObOO0oOoOobOObDOODbOODO
gboooboobobobobbooboobuooboobo4b00000d

o [1[]
Master OO0 000000000000 flagO0O0O0OOODOOODOODOOOOOO
O00000000O0OMaster 0000000000000 O0OO0O0OO (seq)OO
00000000000 (ts) 0000

o JUJOOOO
Slave DO 0O0OOMaster D0 D O0000O0O0O0ODOODOODODOODOODOOOOO
0000000000000 000 (ts)D0000000O0O000Ooooooo
0000000000000 000 (rts) 0000000000000 0O0O00ODOO
O0000000OMaster UO0DOOOO0DOOO0ODOOOODOOOODODOO Slaved O
gbooboooon

o [JOOU
O00000D0O0O0 Masterd SlaveDOO00OD0OOOO0OO0ODOOOOODODOOOO
OSlaveD 0000000 0ODOODOODODOOOOODOODOODODO

e UODOODO
OobooobobOooboobooboobbobboobboobboboboobbUlogd
obooooboon
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4 N

int init_negotiation_write
(struct multi_stream_param *multi_stream_param){
struct sigaction sa_alarm,;

struct itimerval itimer;
multi_stream_param->master_negotiation_flag=NEG_DEFAULT;

memset (&sa_alarm, O, sizeof(sa_alarm));
sa_alarm.sa_handler=negotiation_write; /00000000 %/
sa_alarm.sa_flags=0;

if (sigaction(SIGALRM, &sa_alarm, NULL) < 0){
perror("sigaction");

b

/¥« OO00000000000000000 *x/
itimer.it_value.tv_sec =
itimer.it_interval.tv_sec =
multi_stream_param->negotiation_time_term;
oo
/** negotiation_write OO ODODOODOOO *x/
if (setitimer (ITIMER_REAL, &itimer, NULL) < 0){
perror("setitimer");
exit(1);

return 1;

0 5.10: Negotiation Module:Master: 0000000 0OOO0OOOOOOOOONO

0000000000000 0ODO0000DOO0000BIIDODODOOO0OO NEG_.DEFAULT
O000000Slave0 0000000000000 0O0O0O0ODOOO (request_time) 0 O
Slave 00 0000000000000 0OO000O0OOO0O0O0ODO (its)0000O00OOOO
000000 (reserve_factor) 00 0000000000000 OOO

request_time = request_time + (rts * reserve_factor)

O0oooooooooobobooobbobob0obO0o0ggO NEGAALL.RESETOOGOOO
O0DOO00000ooOoDOOoDOoDObOO0000b0ob0DO NEG.START_STREAM_SYNC
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gobboboooobobbbooogbboboooobboboooobobbod

4 N

void negotiation_write(){
oo
/ OO0000ogoog =/
if (multi_stream_param.delay_time == 0){
multi_stream_param.delay_time = multi_stream_param.own_avg_delay;
i
oo
Jxskkkskorskokskokkk [ [ 0 OO skkskokskokkokokskok /
/ Q0000 0oooooogd =/
if (multi_stream_param.negotiation_flag==3){
multi_stream_param.master_negotiation_flag=NEG_START_STREAM_SYNC;
i
/¥ SlaveU DO UOOOOODOODOO =%/
else if (multi_stream_param.master_negotiation_flag==NEG_RESET_REQ){
multi_stream_param.delay_time =
multi_stream_param.negotiation_pkt->ts +
(multi_stream_param.negotiation_pkt->rts *
multi_stream_param.reserve_factor); /x0 00O */
/¥ O SlaveODOOOOODOODO =/
multi_stream_param.master_negotiation_flag=NEG_ALL_RESET;
+
else{
/¥ 000 %/
multi_stream_param.master_negotiation_flag=NEG_DEFAULT;
+
oo

+
N J

0 5.11: Negotiation Module: Master: 0 0000000000000 ODOO0O

OoOoOoO0OO0o0O00dooooboOoDOobOOoOboboOoODDOOOORI200000000
00000000000 (negotiation lag) 00 000000000000 (request_seq) O
00000000 (request_time) 0000000000000 (negotiation_pkt) 0 00O 0O
0000000000000 0000D0O0000O000000000 (NEG-ALL_RESET)
O00000000000D0000 (NEG.DEFAULT)DOQOQOoOoooO
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void negotiation_write(){
oo
/**xx negotiation_pkt UL O OO OO *k*x/
negotiation_pkt->f = multi_stream_param.negotiation_flag; /* flag */
negotiation_pkt->seq = request_seq;
negotiation_pkt->ts = request_time;
negotiation_pkt->rts = O;
/**x%x*x broadcast sxkxx/
if ((ret = sendto(multi_stream_param.write_bsock,
(char *)&negotiation_pkt, sizeof (negotiation_pkt), O,
(struct sockaddr *)&multi_stream_param.out_addr,
length)) < 1){
perror("negotiation_write sendto");

/* after broadcast */

if (multi_stream_param.master_negotiation_flag==NEG_ALL_RESET){
/* reset flag */
multi_stream_param.master_negotiation_flag=NEG_DEFAULT;

+

oo

O 5.12: Negotiation Module: Master: OO0 000000 0O0OOOOOO

Slave [0 O
Slave 0 044400 00000000D000DODOO0ODOOOOOOO400000000
e Master DD O0DDODDODOODOOODOODOO
e JID0IDODODOUODOUODODODODOOODODODODOO

e OO ODUOUODLDOUUOOUODLDLUOUODLDLDLOUOUOLDbDUOUOLDLDOO
gbobboooobobboooobbn

e Buffering Module OO OODOOOOONO

O00040000000000 (negotiationflag) 0000000000 Slaved 00O
0000 300000000 Buffering Module O 0 O O O Negotiation Module 0 0O 0O O
O00000000O000O000D0O0 Negotiation Module DO OO ODOOOOO
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e Average Counter Module 0 [
OO00D000000D00oo0oooooooooooooooooooooonog
oooooo

e Negotiation Module 0 00 00 O
O00000000D00ODO0OBuffering ModuleOODDODOOOODOODOODOOO
Oooo

e Negotiation Module 0 00 00 O
Negotiation Module D 0 OO OO0 OOOO

gbooobobbooboooboobuoobon

Master 0000000000000 ODOOCOOOOO00O0O0ORBI3OOODODOOO
000000000 (negotiation.pkt) 0000000000000 OOOOOOOOOO
gbooobbooobboobobobbooobboobboo3bbooobboo
god

e Master 1000000000 ODDOOOODOOOOODODO (NEG.DEFAULT)
e J0DOOMaster DO DUODOOSlavel DO ODOOOOODOOOODOODODOO
o JOJOOU

000000000000 (caldiff-.time) 000 00BEIZI0 00 OMaster 0000000
000000 (ts)D0000000000000000000000 (result_delay) D OO
00 00000Average Counter Module 0 0000000000000 (own_avg_delay)d
Master 0000000000000 (ts)J0000000000OO00OOOOOOOOO
00 (delay dih 0000000000000 O0OOOO

delay_dif f = ts — own_avg_delay

O000000000000000000000000000A0 (result_delay) D000
gdbogbuooboobobbobod MasterUODOobooooooooooog
000000000 (rts) 00000000000 00D0O00O0O0O (send_reset_request) O
guooooood

000000 (send-reset-request) 0000 GBINO 00000000000 O0OOO
00000 NEG.RESET REQUDUDUDODOODOODOOOOOODO (seq)DOOODOO
00 (¢s)000000000000000000000000O00O0O0O0O0O0O0O0 (rts)
goodooooobbbobboooooooouoobooboobbbooo

O O O Buffering Module 0 0 0 0 0 O Negotiation Module D OO0 00000 O0ODOO
(broadcast_freq) D 00 00 00 0O OO ONegotiation Module 0 O 0 O O Buffering Mod-
ule0 000000000 0RIEO OO OBuffering Module O 0 000 O (connect_buffering_module())
O0000Osigaction()0000000CC0CCOOODOODOOOOOOOsetitimer()0D0O0OO0OO
gbooobgn
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g /**xx* Cal Negotiation Time from recv time stamp ****x/ h
memset (buf, 0, sizeof (buf));
negotiation_pkt = (negotiation_pkt_t *)buf;
if(( n = recvfrom(multi_stream_param->read_bsock,
buf, sizeof(buf),O,
(struct sockaddr *)&from, &length)) < 0){
oo
/ 0000000000 0000000000000000000 */
oo
switch(negotiation_pkt->f){
case NEG_DEFAULT: /[0 00O */
/*Master DO OO OO0O0O=*/
cal_diff_time(multi_stream_param) ;
break;
case NEG_RESET_REQ: /+Slave 00000000000 *x/
if (multi_stream_param->master == 1){
/*x Master OO OO0O0O0OOOO #*x/
multi_stream_param->master_negotiation_flag=NEG_RESET_REQ;
}
/*x Slave 0O O OOOODODOOO *x/
break;
case NEG_ALL_RESET: /00000 */
/000000000x*/
multi_stream_param->result_delay = O;
break;
oo
N )

[0 5.13: Negotiation Module: DO 000000000 DOOO0O

5.4.5 Buffering Module 0O [J

Buffering Module 0 0 0 00 000 OO connect_buffering_module() 0 0 0O 0 0O EI70
0 O O Buffering Module O Negotiation Module 00000000 OO (result_delay) O
000000000000 0ODOO Buffering Module D OO OO OO dummynet 00 OO
O00000000dummynet 00000 IPODOODO (dummynet_addr) 000000
(dummynet_pipe_id) 000000000 ipfiwd 0000 rshOOD0O0O sshOOOODODOO

gobobooodgobbdpopendddnoon
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void cal_diff_time(struct multi_stream_param *multi_stream_param){
(oo
delay_diff =
multi_stream_param->negotiation_pkt->ts -

multi_stream_param—->own_avg_delay;

if( delay_diff > 0){
/¥ Master 00O ODO0OOO0O0OO0OO0OOOO0O =*x/
multi_stream_param->result_delay = delay_diff;

}

elseq{
/¥ Master 0000000000 O0OO0OOO0O0O =*x/
multi_stream_param->rts = delay_diff * (-1);

oo
/ 000000000000 */
if( send_reset_request( multi_stream_param) < 0 ){

printf("send reset request Failed!\n");

}
oo

[0 5.14: Negotiation Module: Master U0 OO OO O0OO

5.5 Buffering Module

O0000000000000000 dummynet[29] 00 0 0 Odummynet 000 000
ooboooobooobooobooobobobooboo0ooboobibbbU dummynet O
oobooboobobooon

e ipfiwODIDODO0ODOODOOODOODOODODOODO
e msUUUO0OOOOOOOOODOO
e NUUIOODODOOOODO

e UnixJOODOOODOOODOOOpenSource 0 0 O0OOOOO

gbbooobobobuooobbboobobbuooobuoodbbmstggnbnbooOog
0000 dimmynet OO0 O0O0O00O0O0O0OOO0OOOODOOOO
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4 N
int send_reset_request
(struct multi_stream_param *multi_stream_param){
(ooH
/**x*x negotiation_pkt U O OO OO *k*x/
negotiation_pkt.f = NEG_RESET_REQ; /x 000D ODOOOO */
/000000000 recv_seqU recv_time 00O OO O %/
negotiation_pkt.seq = multi_stream_param->recv_seq;
negotiation_pkt.ts = multi_stream_param->recv_time;
/* 000000 */
negotiation_pkt.rts = multi_stream_param->rts;
/**x*x%x broadcast sxkxxx/
if ((ret = sendto(multi_stream_param->write_bsock,
(char *)&negotiation_pkt, sizeof (negotiation_pkt), O,
(struct sockaddr *)&multi_stream_param->out_addr,
length)) < 1){
perror("negotiation_write sendto");
+
(oo
N /
[0 5.15: Negotiation Module: O OO O0OOOOO
5.6 OO0

oooooodoooooooboodooooboooooobooobooooDboobooo

gobobooooobod
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\_

int negotiation_read(struct multi_stream_param *multi_stream_param){
if (multi_stream_param->negotiation_flag == 1){
struct sigaction sa_alarm;
struct itimerval itimer;
oo
/** Buffering Module DO OO OOOODOOO *x/
memset (&sa_alarm, O, sizeof(sa_alarm));
sa_alarm.sa_handler=connect_buffering module;
sa_alarm.sa_flags=0;
if (sigaction(SIGALRM, &sa_alarm, NULL) < 0){
perror("sigaction");
}
/xx 000000000 *x/
itimer.it_value.tv_sec =
itimer.it_interval.tv_sec =
multi_stream_param->broadcast_freq;
itimer.it_value.tv_usec =
itimer.it_interval.tv_usec = 0;
/xx 00000000 *x/
if (setitimer (ITIMER_REAL, &itimer, NULL) < 0){
perror("setitimer");
exit(1);
}
(oo

O 5.16: Buffering ModuleO O O OO OOOO0O
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void connect_buffering module(){
oo
/*Buffering Module(dummynet) DO O OO OODOO*/
snprintf (cmd, sizeof(cmd),
"rsh root@s ipfw pipe %d config delay %d",
multi_stream_param.dummynet_addr,
multi_stream_param.dummynet_pipe_id,
multi_stream_param.result_delay);

if ((bm = popen(cmd, "r")) == NULL){
perror("connect buffering module popen:");
exit(-1);
}
o)

O 5.17: Buffering Module: Buffering Module 0 O O
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el UUUOUOUOOOOOOOOOOO
HRERERERN

O00000RODODO0O0O0OO000000DDOOOO00OUoooDoOoOoOoOOO

6.1 OUOOOOOOOOO

gboogbbooobooboobogboobobooboobooboobboooba
gbooobobobobboo4b0000

e I DODODODODODODLOOLOOLDOLUODDLO DILODODODODLDOO
gobbouoogogn

e HUUOUODOUOOODLDOUOODLOULOOODDLDLDOOUOODLDLDOOUOOODLDDOOD
gobobobboooobbboooobbboooobobboo

e HUUOOODLDDUOOUODLDLDUOOODLOLDDOUUOOODLO

e OO DODOUOOUOLDOUUOOLDLDULOUOLDLOLUOUODLDbLUOOUOLDLDbOOO
gbobboooooboo

gbogobodbooobuoobboobuogbbooboobboboogoboo
O000000oDO0000ooDO000ooDO0o0oooooooooooooooEZ4ooo
O0b0o0obO0o0ooO0obOoobD0oboooOoboooboooDOobOoOOoboOoooobooDbVTS
gbboogbuogbodobobuoobbuoobboobboouoobboobbooboo
gooo

6.2 0O0OOO

0000000000 DEI0O00000O0O0O000O0O0O00O0O00O0O0O Buffering Mod-
e OOODODOOOOOOOOODOODODOOOODOOODOODODOD

gooobObO00o0oooobobobbOo0ouo NTPODODDODDOODDOOOOODODO
NTPOOOOOOOOEB2O0O0OD00D0D000000000000O0OO0O0O0O0OOO0O0O0O
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