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Abstract

The Autonomous Cooperative data Transfer Protocol (ACT protocol) is one of the data transfer
protocols based on UDP/IP developed for the Metropolitan Seismic Observation network (MeSO-
net). It has a robust re-send function to prevent data from being lost in the Internet route.
Moreover, it also has a function to adjust the data transmission rate considering the quality of the
Internet route and the load on the data-receiving system. If the Internet route is too busy to send
all data, the transmission rate from the observation station is decreased automatically to ease the
Internet traffic jam, and data that cannot be sent because of the limitation on the transmission rate
are stored at each station. After conditions recover, the stored data are sent automatically at an
increasing transmission rate and gradually catch up with real-time data. The transmission rate is
decided by data transmission equipment at the station using pre-loaded algorithms, not at the data
center. Therefore, the load at data center equipment is not so high even if the equipment receives
data from hundreds of stations. We describe an overview of the ACT protocol, flow charts, and data
format used in the protocol. We also demonstrate that the ACT protocol is very powerful for the
vast size of the seismograph network composed of several hundred stations. The ACT protocol is
generally applicable and can be used for data transmission systems in other scientific fields.
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Table 1. Data format using ACT protocol
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Table 2. Definition of data used in ACT protocol
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Table 3. Data format of ACK (Acknowledge) signal
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Fig. 1. Flow chart of data-sending system using ACT protocol.
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Fig. 2. Flow chart data-receiving system using ACT protocol.
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Fig. 3. Example of packet transmission based on ACT protocol.
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Fig. 5. Result packet loss test for ACT protocol.
(a) Time variation of given obstruction rate (green) and ACK return rate (orange). The ACK return rate is
defined as total sent packets and those successfully received.
(b) Time variation of upper limit transmission rate (blue) and effective transmission rate (red). ACT protocol
controls the upper limit of transmission rate well, and it is synchronized with ACK return rate in Fig. 5 (a).
(c) Time variation of the amount of data stored in the data sending system. If the data transmission rate is
smaller than data acquisition rate, some data cannot be sent to the data center and are is stored in the system.
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given for the test, Yellow: Amount of data stored in data-sending system.
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Appendix

The source code: the main part of data receiving process.

// This code is written for explaining the process to receive data packets using ACT protocol,
// but for using in real case. Only main parts are shown here, and some parts in the programs of
// the distributed versions are abbreviated in this list to help understanding the flow of the program.
// Anyone who wants to use ACT protocol should download the source code from the following URL.
// http://www. eri. u—tokyo. ac. jp/shuto/report/hokokusho. html

// All rights are reserved.

//

/TR ERT — T N

// BE-1 BZEFE LI nFEB O/ A, pblelli]. list[n-1]. indx_pbrec] TF7 7 A T& %

struct rel_cl_pb { long long seq; int indx_pbrec; int result_code; };

/] ZAB Ny NEHEEHR

struct clinfo {

unsigned char setflag; /) Tl a— KRz client WEEFRFED L& 1
unsigned long addr; // client ® IP 7 K1 A
unsigned short port; // client D CRAZSEE) A — b

struct rel_cl_pb list[ MAX_NUMPB_PER_CL]: // T client MHZ{E L7234 v b,
I3y bRy T 7 & OXRER

//
int cur_indx_per_cl; // LR ERERS O indx % BER
long long cur_max_seq: // EREREEIRIZEESEE LTz sequence D BB SR KME
//(BHASETHE, ACK AERRIZERT3)
long long cur_min_seq; // bERSERIZEESE: L7 sequence DIRER S B/ ME
/7 (EASE TR, ACK AT %)
long long ackseq; // ACK Ay FOBRE
b
ChSetupBox *chsetupbox;
static int sigflag=FALSE;
/ Main program /

int main(int argc, char **argv)
{
struct recvconf cf’;

int i ;

/R e R AT a VERATT D #/
getoption(arge, argv, &cf) ;
/k TV %/
signal ( SIGTERM, sig_close) ;
signal ( SIGINT, sig close) ;
signal ( SIGPIPE, SIG_IGN ) ;
/* T X ANAEBORANGEIERER & FRAATL */
chsetupbox = ( ChSetupBox*)malloc( sizeof ( ChSetupBox));
if ( readchconf( chsetupbox, &cf) ==-1) {
fprintf (stderr, “fail to read the channel file.¥n”);
return 1;
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/¥ ZEN—T BEILFEREZOT 17T A (orderrecv) MEIEL TV 5%/
orderrecv (&cf) ;
/% FET B %/
for (i =0 ; i < RELTYPE_MAX ; i ++) {
ui_udpclose (cf. reludp[ i]) ;
}
exit(1);

static void sig close(int sig)

{

/¥ =T EBRFTTTa T T LERTTHOOEHEDEY b */
sigflag=TRUE;

TG T 0 ST LARE

static void orderrecv(struct recvconf *cp)

{

UDP #*src ;

ORDEREDPACKET order ;

char buf[ 5000] ;

char *plbuf, *tmpstr = NULL ;

long long seq ;

fd_set fds ;

struct timeval tv ;

int sock, retval, srclen, payloadlen ;

int i, j, indx_cl = 0, cur_indx_pbrec ;

struct clinfo c1[ MAX_NUM_CLIENTS] ; /x @S5, ACKFET—7 1 */
/% MAX_NUM_CLIENTS (X271 7T AHVLEE T & 2 B ROBIIRE +/

struct pacbuf pb[ MAX_NUM_PBRECORD] ; /% F—X&HT—T /L */

void *ptr ;

long clock_per_sec ;

clock_t clock, pclock ;

int flag_do_write ;

int pb_max, cpb_max, pkt_stat ;

/* UDP R— R ZBAL */
src=udpopen (NULL, cp—>srcport, TRUE, TRUE) ;
if (src==NULL) {

perror (“udpopen”) ;

return;
}
udpsetbuffer (src, 65536%8) ;
sock=udpgetsocket (src) ;

if ( cp—>pacbufmax==0 ) {
pb_max=MAX_NUM_PBRECORD;
}
else {
pb_max=min (cp—>pacbufmax, MAX_NUM_PBRECORD) ;
}
cpb_max=min (MAX_NUMPB_PER_CL, pb_max) ;
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for (i=0;i<MAX_NUM_CLIENTS;i++) {
cl[i]. setflag=FALSE;

}

for (i=0;i<MAX_NUM_PBRECORD;i++) {
pb[i]. pp1=NULL;

cur_indx_pbrec=0;
flag_do_write=FALSE;
clock_per_sec=sysconf (_SC_CLK_TCK) ;
pclock=times (NULL) ;

while (1) {
again:
FD_ZERO (&fds) ;
FD_SET (sock, &fds) ;
tv. tv_sec=0;
tv. tv_usec=50000;
retval=select (sock+1, &fds, NULL, NULL, &tv) ;
if (retval==-1) {
if (errno==EINTR)
goto again;
perror (“select”) ;

return;

if ( retvall=0 && FD_ISSET (sock, &fds) ) {

srclen = udprecv( src, buf, sizeof (buf)) ;

/% ZAENT y NARDORE */
pkt_stat = chk_received_pkt ( buf, srclen) ;

for (i =0; i < MAX_NUM_CLIENTS ; i ++) {
if ( cl[ i].setflag == FALSE ) {

/x BRI TA T M EERGE x/
cl[ i]. setflag = TRUE;
cl[ il. addr
cl[ i]. port = ntohs (src—>dport) ;
cl[ i]. ackseq = OLL;
cl[ i]. cur_indx_per_cl = 0;

I

src—>addr;

cl[ i]. cur_max_seq = cl[ i].cur_min_seq = OLL;
// the array should be terminated by a record of list[].index_pbrec==-1
for ( j =0; j<MAX_NUMPB_PER_CL ; j ++ ) {
cl[ i]. list[ j].indx_pbrec = -1 ;
}
break;
}
else if ( cl[ i].addr == src—>addr && cl[ i].port == ntohs( src—>dport) ) {
/% BERF T TAT V M—B */
break;

}
if ( i<MAX_NUM_CLIENTS ) {
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/% 7 74T v MER EREBX TORWEE */
indx_cl = i; /% K& */ )}

else {
pkt_stat |= CHKRP_TOO_MANY CL ;

/% ACT N7y NDERZIY HT +/

memepy ( &order, buf, offsetof ( ORDEREDPACKET, mark)) ;
payloadlen = chtowd( order. payloadlen) ;

seq = chtollwd( order. seq) ;

plbuf = buf + offsetof ( ORDEREDPACKET, mark) ;

tmpstr = plbuf + offsetof( struct winftmt, datetime);

if ( ( pkt_stat & CHKRP_AO_NOT1SECxCH) !
|| ( pkt_stat & CHKRP_AO_NO_CHLIST)
|| ( pkt_stat & CHKRP_AO_F_INCONSIS) |
|| ( pkt_stat & CHKRP_AO_BAD_TS)
|| ( pkt_stat & CHKRP_AO_LEAPSEC)
/% A0 TZ, FAEATORWWT v |k */
irreg_a0_write( &fp_irreg_out, cp, ( unsigned char *)plbuf, payloadlen) ;
if ( ( pkt_stat & CHKRP_TOO_MANY CL) == 0 ) {
/% T TATV IBBGEINTOIUTACK Z2EFHT 5 */
flag_do_write = clbuf_register( cl+indx_cl, seq, pkt_stat, cpb_max) ;
} oelse { /% A0, FA */
if ( ( pkt_stat & CHKRP_TOO_MANY_CL) == 0 ) {
/% FAAN Y T 7RG D */
if ( (ptr = malloc( payloadlen)) == NULL ) {
perror ( “malloc”);
assert( ptr != NULL);

1}
S O O O O

)

}

/% pb iIZ_f u— K&y b */

memcpy ( ptr, plbuf, payloadlen);

pb[ cur_indx_pbrec].ppl = (unsigned char *)ptr;
pb[ cur_indx_pbrec].pllen = payloadlen;

cl[ indx_cl]. list[ cl[ indx_cl]. cur_indx_per_cl]. indx_pbrec = cur_indx_pbrec ;

[x AT YT ADA YT YA b x/
cur_indx_pbrec ++;
if ( cur_indx_pbrec >= pb_max ) flag_do_write = TRUE ;

/% I TATV PRBEESHTOIIT ACK 2 EHT 5 */

if ( clbuf_register( cl+indx_cl, seq, pkt_stat, cpb_max) ) {
flag_do_write = TRUE ;

} /% ZAEMBOKT */

clock = times( NULL) ;

/% BEIAHRT T T PSLON—ERRIBPRRBOLE, T —FN— T 4 AT ICHFIAS */
if ( flag_do_write

|| clock - pclock »= ( clock_per_sec( cp->tout_msec) / 1000) ) {

pclock = clock;
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[k TR hN—RT 4 AV ICEEIAD x/
hdwrite( pb, cur_indx_pbrec, &rep, cp);

/* ACKZIRIET % */

return_ack ( *src, cl, pb, cp) ;

/% INT A —Z O */
flag_do_write = FALSE;
init_pb_structs( pb, cur_indx_pbrec);
cur_indx_pbrec = 0;
for (i =0 ; i < MAX_NUM_CLIENTS ; i ++ ) {
if ( cl[ i].setflag == FALSE ) break;
for ( j =0 ; j < MAX_NUM_PBRECORD; j ++) {
if ( cl[ i].1list[ j].indx_pbrec == -1 ) break ;
cl[ il.list[ jl.result_code = 0 ;
cl[ i]. list[ jl.seq = OLL;
cl[ il.list[ jl.indx_pbrec = -1 ;
}
cl[ i].cur_indx_per_cl = 0;

cl[ il. cur_max_seq = cl[ i].cur_min_seq = OLL;

if ( fp_irreg_out != NULL ) {
if ( fclose( fp_irreg_out) != 0 ) perror(“fclose”) ;
fp_irreg_out = NULL ;

if ( sigflag != FALSE ) {
break;

} /% end of while loop */

return;
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