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Abstract of Bachelor’'s Thesis Academic Year 2004

SBAM: A Socket-level Bandwidth Aggregation
Mechanism

Summary

Recent growth of communication technology has caused the appearance of various wireless
communication standards and computers with several devices which comply to such standards.
Development of wireless communication technology also causes the increase of users who
exploit network when they move. Moreover, growth of broadband network and widening of
bandwidth gap between wired and wireless networks led to increase of network services which
are not exploitable when using wireless networks. This thesis aims to aggergate bandwidth of
multiple wireless communication devices on a computer.

Most of existing bandwidth aggregation mechanisms are implemented in network stacks.
Transport layer or data link layer are commonly used for the aggregation, however there are
problems such as a need for changes to existing software or unexploitability of different net-
works. In this thesis, we designed, implemented and and evaluated A Socket-level Bandwidth
Aggregation Mechanism(SBAM). Bandwidth aggregation of different networks and unneces-
sity of changes to existing software are achieved exploiting the socket layer for bandwidth
aggregation mechanism.

We measured the aggregated throughput of a computer which have two wireless communi-
cation devices, 1.6 times increase is confirmed compared to a computer which use only one
wireless communication device. We also confirmed efficient bandwidth use for different links
with bandwidths using packet train available bandwidth measurement technic.

Keywords :
Bandwidth AggregationMobile Networking Algorithm, Design Performance

Faculty of Environmental Information, Keio University

Hiroshi Sakakibara
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0000000000 BOOODOODOOOONICODODOODODODOtgdvipOO0O0O
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4 "
struct session_data {

char ipaddr[20]; /* sbam_server IP address */

int  nic_num; /* nic_num on sbam_client */

[* list of struct dev_ip */

TAILQ_HEAD(tghead_dvip, dev_ip) tg_dvip;

[* for making linked-list */

TAILQ _ENTRY(session_data) f_link;

I3
TAILQ_HEAD(tghead, session_data) tq;

0 4.4:sessiondata{} O 0O O

0000000000000 000000000000000000000 00 Oddouble
smoothedcapacityl double smoothedtt 00000000000 OO0OO0O0O0O0OO0O
00000000 RTTOOOOOOOOOO0OO0O0O0O00O 42300000000int
bandwidthratioD 0 0 0000000000000 O0OO000O00ODOOOOOOO0ODOO
0000000000 bo0ooooobOo0oooonoD 4240000000000
00000 ebufDOO00000DODOO0O00OODODOOOOODODODO

ebuf 000 000000000000 DODO0O0O0DODODODOO0O0O0shOO0O0O char
*ouf O0OO0O0 SBAMOOOOOOODO0OD0DO00DOO00DOO00DOO0OO0OSBAMOOOO
socketheadell 0 OO0 0000 OO0OOO uint32.t socksequence u_int32.t datalength
00000 SBAMOOODOOOODOODOODOOO0O ebuf000O0O0OD0DO bufOOOODOO
godd

423 OJU00ODOOOO0ObOOOOoboDOd

00000000000 00D00 shamserver 00000000 O3.6000000
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struct dev_ip {
[* device name */
char devname[lF_NAMESIZE],
[* ip address of wireless NIC on host B */
struct sockaddr_in ip_addr;
[* wait port on sbam_client */
int port_to_probe;
[* wait port on sbam_server */
int port_to_ack;
double smoothed_capacity;
double smoothed_rtt;
int bandwidth_ratio;
[* for making linked-list */
TAILQ_ENTRY(dev_ip) f_link;
[* receive buffer on sbam_client */
TAILQ_HEAD(tghead, ebuf) tq;

0 4.5:devip{} 000

gobbooogn

O0000000000 packetpail DO 0000 Opackettrain2D 0000000
0000000000000 000000O0packetpald D OOO0O0OO0OO0OOOO 20
OO00000000000000000Opackettraind 30000000000 O0O0O
ooooooooooodooooooooboooooonogooooooooon
0000000000000 000 packettraiM OO0 OO0 O000O0OO0OOOOOO0O
O000D00D0000000000D0OOpackettrain OO0 O0O0O00OOOOOO
00000000000 b00b0o00obboo0oo0oo0bO0o0oboobooooobOOg ubkPO
0000000000000 ImsO 3msOOO00O0O0O0O0OoOO0oO00oooooooon

struct socket_header { h
u_int32_t sock_sequence;
u_int32_t data_length;

%

struct ebuf {
struct socket _header sh;
char *buf;
TAILQ_ENTRY (ebuf) f_link;

%

N\ J

0 4.6:ebuf{} 000
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000 smoothedcapacityl] 0000000500000 0 00O Osmoothedcapacity [
000000000000 000000D000O0O smoothedcapacityll 1.5000000
RTTOODODOOOODODDODOOO0ODDODOOOO00O0OODDOO 1%00000000

~
struct dev_ip *dip; )
if (first probing) {
dip->smoothed_capacity = 0;
} else if (second probing) {
dip->smoothed_capacity = probed_capacity;
} else if (until 4th probing) {
dip->smoothed_capacity
= (dip->smoothed_capacity + probed_capacity) / 2;
} else {
if (probed_capacity < smoothed_capacity * 1.5) {
smoothing same as RTT
} else {
dip->smoothed_capacity
= dip->smoothed_capacity * 0.99
+ probed_capacity * 0.01,;
}
\} J

O47:00000000000000

424 OJ0O0O0OOO0OODOOOOO

oooooooooboooooodoooodooooooooonooooood
doooooooooobobbooodoooooooodooooooooooooon
00000000000 Odevipd0O00O0ODOOODO smoothedcapacityll smoothedrtt
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a . N
int bdp, big_bdp;
struct dev_ip *dip;
TAILQ_FOREACH(dip, tqp_dvip, f_link) {
bdp = (dip->smoothed_capacity*1000/8)
* (dip->smoothed_rtt);
if (big_bdp < bdp) {
big_bdp = bdp;
break;
}
}
for(i=0; i<big_bdp/packet_size+28; i++)
send data to dip->ip_addr,; y
\_
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0o0o0oooooooooooooooooonoooooooooooodgo
doooooooobooooooooooooooooooooobooooooon
000000000000 nD 200000000000 49000000000 O0O00O0
0o

O00OdevipOOO0OOODO double smoothedapacityd 0O OO0 OO0 O0O0O0O0O0O0O0O
00000000 intgedvalueO OO OO0 OO OO OO smoothedcapacitydd gedvalue
000000000 bOoooobOooooooooooOo 100000 ooooon
doooooooooooooo 10000000 ooooooooooooa
000000000000 DO0O 270000000000 O00000O0O0DOO0OO0O0O

28



-
redo: h

smoothed_capacities are rounded in int;

gcd_value = gcd(smoothed_capacityl, smoothed capacity?2);
link_proportion1 smoothed_capacityl/gcd_value;
link_proportion2 = smoothed_capacity2/gcd_value;

if (link_proportionl == link_proportion2)
proportion is 1:1;

if (not yet redone) {
tmp = (int)(((float)link_proportionl
/ link_proportion2) + 0.5);
tmp = tmp * link_proportion2;
link_proportionl = tmp;
goto redo;
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APP1O0OOO0OOON

ListA.1l: APPIOOODOOOO

#include <sys/socket.b
#include <sys/time .h
#include <sys/types.b

#include <net/route .
#include <netinet/in.h

#include <arpal/inet.b

#include <errno .h>
#include <fcntl.h>
#include <netdb .h
#include <stdio .h>
#include <stdlib .h>
#include <string .h>
#include <unistd .

struct link_scheddata {
char xlink_ip;
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int bandwidth;

int bandwidthexp; // value for experiment
int mtu;

int mtuexp; // value for experiment

int sendcount;

int ref_count; // used by sched();

int bandwidth.delay_product;

int pkts_.to_send;

float delay;

int nobufs;

b

/[« function declaration x/

struct rt_msghdr x rtm_alloc (char %, int);

void hex(FILE %, char %, int);

int print_.route_to(int , char x);

int changeroute (int , char x);

void usage {oid);

struct rt_msghdr x get.default.gw(int);

int experimentint , char %, char %, char %, int, int, char x);
int init_udp(int);

int log_start(struct timeval x);

int log_end(struct timeval x);

int log_sub(struct timeval %, struct timeval %, struct timeval x);
int sched(nt , struct link_scheddata xx);

I+ global variable x/
int seq; // sequence for query
int opt;

[+ definition x/

#define CHANGE 0x01
#define PRINT 0x02
#define EXPERIMENT 0x04
#define PORT 0x08
#define TIMES 0x10

#define FILENAME 0x20
#define DSTADDR 0x40
#define SEQ 0x80
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#define D(statement)

int

main(argc , argv)
int argc;
char xxargv;

int c;

int route.sock;

int port;

int times;

extern char xoptarg;

char addr[BUFSIZ], addrl[BUFSIZ];
char dst.addr[BUFSIZ];

char filename [BUFSIZ];

[+ some initalization */
if (argc < 2) {

usage ();
exit(1);
}
while ((c = getopt(argc, argv, "c:p:el:2:P:t:f:d:sh”)) I=1){
switch (c){
case 'c’:

/+ change default gatewayx/
opt |= CHANGE;
strncpy (addr, optarg, strlen(optarg));
break;
case 'p’:
/I« print info to addr x/
opt |= PRINT;
strncpy (addr , optarg, strlen(optarg));
break;
case 'e’:
I+ experiment x/
opt |= EXPERIMENT;
break;
case '1":

52



strncpy (addr, optarg, strlen(optarg));
break;
case '2’:
strncpy (addrl , optarg, strlen(optarg));
break;
case 'd’:
I+ experiment x/
opt |= DSTADDR;
strncpy (dstaddr , optarg, strlen(optarg));
break ;
case 'P’:
I« experiment x/
opt |= PORT,;
port = atoi(optarg);
break;
case 't’:
opt |= TIMES;
times = atoi(optarg);
break;
case 'f’:
opt |= FILENAME;
strncpy (filename , optarg, strlen(optarg));
break;
case 's’:
opt [= SEQ;
break;
case 'h’:
usage ();
exit (0);
default:
usage ();
break;
¥

}
if (!(opt & (EXPERIMENT|PORT| TIMES|FILENAME |DSTADDR))) {

fprintf(stderr ,
"—e,.—t,.—f,_.—d_and.—P_must.be_”
"specified_.simultaneouslyn\n”);

usage ();

exit(1);
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seq = 0;
route_.sock = socket(PROUTE, SOCKRAW, 0);

switch(opt){
case CHANGE:
if (getuid () !'= 0) {
fprintf(stderr , c.mode.should_.be_.run_as.root\n");
exit(1);
¥
if (changeroute(routesock , addr)< 0)
exit(1);
printf ("route_.changedto_%s\n”, addr);
break;
case PRINT:
print_route_to(route.sock , addr);
break;
case EXPERIMENT|PORT| TIMES | FILENAME | DSTADDR:
case EXPERIMENT| PORT| TIMES | FILENAME | DSTADDR| SEQ:
if (experiment(routesock ,
addr ,
addrl ,
dst.addr ,
port ,
times ,
filename) < 0) {
fprintf (stderr , "#ERROR. experiment ()} n”);
exit(1);
¥
break;
default:
I/« show all routing table information;
x not yet implementedsx/

close(routesock);

54



return (0);

}

[ *
x experiment(int routesock , charxaddr);
x experiment for SBAM
x/
int
experiment(routesock , gwaddr, gwaddrl, dstaddr, port, times, file)
int route_sock;
char xgw_addr;
char xgw_addrl;
char xdst.addr;
int port;
int times;
char * file;

int i, j;

int sock; // for udp socket

int file_fd;

int readnum:;

int retry_count = 0;

int link_num;

char buf[BUFSIZx2];

struct sockaddrin sin;

struct hostentxhp;

struct link_scheddata linkl, link2;
struct link_scheddata xlink_data[2];

[+« prepare udp socketx/

sock = initudp (port);

if (sock <=0){
fprintf (stderr , "init_udp ()oerror\n”);
exit(1);

}

I« file to send x/
file _fd = open(file , ORDONLY);
if (file_fd < 0) {
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perror ("#ERROR . experiment ()_.open()”);
return (—1);

}

I+ sockaddrin for destination hostx/

if ((hp = gethostbyname (dsaddr)) == NULL){
fprintf(stderr , "%s _unknown.host\n”, dst.addr);
return (—1);

}

memset(&sin, 0 ,sizeof(sin));

sin.sinfamily = AF_INET;

sin.sin_port = htons(port);
memcpy(&(sin.sinaddr), hp—>h_addr, hp=>h_length);
inet_aton (dstaddr, &sin.sinaddr);

/[« set network informaitonsx/
memset(&linkl , 0, sizeof(linkl));
memset(&link2 , 0, sizeof(link2));
linkl.link_ip = gw_addr;
linkl.delay = 0.001;
linkl.bandwidth = 5910000;// bps (11Mbps)
linkl.bandwidthexp = 3;
linkl.mtu = 1400;

/1 linkl.mtuexp = 3;
linkl.mtuexp = 1;
linkl.pkts.to_.send = 3;

link2.link_ip = gw_addrl;

link2.delay = 0.05;

link2 .bandwidth = 2640000;// bps (5.5Mbps)
link2 . bandwidthexp = 2; //3;

[ink2 .mtu = 1400;

/] link2 .mtu = 1000;

/1 link2 . mtuexp = 2;

link2 . mtuexp = 1;

link2 . pkts_.to_send = 2;

link_.num = 2;
link _data[0] = &link1;
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link_data[l] = &link2;

if (linkl.delay x link1l.bandwidth
< link2 .delay « link2 .bandwidth){
linkl.bandwidthdelay product
= (linkl.delay * linkl.bandwidth
— link2 .delay x link2.bandwidth)
/ (8 % link2.mtu);
link2.sendcount = link2.bandwidthdelay_product;
link2 .ref_count ++;
} else if (link2.delay x link2.bandwidth
< link1l.delay « linkl.bandwidth){
linkl.bandwidthdelay_product
= (linkl.delay % linkl.bandwidth
— link2 .delay x link2.bandwidth)
/ (8 % link2.mtu);
linkl.sendcount = linkl.bandwidthdelay_product;
linkl.ref_count++;

¥
for (i=0;i<times;i++){
int k;
int packetsequence;
reread:

packetsequence =0;

if (Iseek(file.fd, 0, SEEKSET) < 0) {
perror(”lseek”);
return (—1);

}
for (;;) {

I« if number of packets to send is not specified,

if (link_data[0l->sendcount ==0 &&
link _data[l}->sendcount == 0){
sched (linknum , link_data);
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while (k < link_num) {
if (link_data[0}->sendcount
link_data[l}->sendcount
break;

if (link_data[kl->sendcount
if (k== link.num — 1) {
k = 0;
continue;
} else {
k++;:
continue;

/+ data send procedurex/
if (changeroute(routesock ,

== 0 &&

0)

0){

link_-data [k}->link_ip) < 0) {

fprintf (stderr , "#ERROR. experiment.changeroute ()\n");

return (—1);

}

memset(buf, 0,sizeof(buf))
if (opt & SEQ) {

memcpy (buf, & packetsequence ,sizeof(int));

link _data [kl->mtu—sizeof(int));

readnum = read(filefd ,
&buf[ sizeof(int)],
} else{
readnum = read(filefd , buf,

}

if (readnum < 0) {

link_data [k}l->mtu);

perror ("#ERORR.experiment_read ()");

continue;
} else if (readnum
goto reread;

0)

D(printf ("#DEBUG:._sock=%d\n"

retry :
retry_count++;
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if (sendto(sock,
buf,
readnum,
0,
(struct sockaddrx)&sin,
sizeof(sin)) < 0) {
if (errno == ENOBUFS){
link _data[kl->nobufs ++;
printf ("#DEBUG:_ENOBUFS_%s ,.count:.%d\n",
link _data [kK}->link_ip ,
link _data[kl->nobufs);
goto retry;
} else{
perror ("#DEBUG..experiment (). sendto ()");
return (—1);
}
h

retry_.count = 0;
D(fprintf(stderr , "#DEBUG._ sent\n"););
packetsequence ++;

link _data [k}->sendcount——;

K++;
}
}

¥
close(file_fd);

close (sock);

return (0);

}

[ %
x sched ()
x set sendcount according to bandwidth, mtu, delay
x/
int
sched(linkschednum , data)
int link_schednum;
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struct link_scheddata sxdata;
int i:

/[« find which data’s refcount is the smallestx/
for (i=0; i<link_schednum ; i++)
data[il->sendcount = data[i}>bandwidthexp / data[i}>mtu_exp;

return (0);

[ *
x log family
x log execution time between start and end.
x/
int
log_start(starttv)
struct timeval = start_tv;
{
memset(starttv , 0, sizeof(struct timeval));
if (gettimeofday(starttv , NULL) < 0) {
perror(”log_start”);
return (—1);

}

return (0);

}

int
log_end (endtv)
struct timeval xend.tv;
{
memset(endtv, 0, sizeof(struct timeval));
if (gettimeofday (endtv , NULL) < 0) {
perror(”log_start”);
return (—1);

}

return (0);
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int

log_sub (from, to, result)
struct timeval xfrom;
struct timeval xto;
struct timeval xresult;

{
int usec;
int sec;
memset(result , 0 ,sizeof(struct timeval))
usec = to>tv_usec — from—>tv_usec;
sec = to>tv_sec — from—tv_sec;
if (usec < 0) {
sec——;
usec = usec + 1000000;
}
result—>tv_sec = sec;
result—>tv_usec = usec;
return (0);
}
[ *

x get.defaultgw ();
x get current default gateway address; return pointer of_mtsghdr{}.
*
x/
struct rt_msghdr x
get.defaultgw (route.sock)
int route_sock;

char xbuf;
struct rt_msghdr xrtm;

rtrm = rtm_alloc(”1.0.1.0”, RTMGET);

if (rtm == NULL) {
fprintf (stderr , "#ERROR:. get.defaultgw ():-rtm_alloc ()\n");
return (NULL);
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}

if (write(routesock , (char x)rtm, rtm—rtm_msglen) < 0) {
perror(”write”);
return (NULL);

}

free(rtm);

buf = (char %) malloc (BUFSIZ); /+ XXX x/

memset(buf, 0, BUFSIZ);

if (read(routesock , buf, BUFSIZ) < 0) {
perror ("#ERROR get_default.gw ():_read”);
return (NULL);

}

return (rtm);

[ *
x print_route_to(int route.sock , struct sockaddin xdstaddr);
x print routing information to the dstaddr.
*/
int
print_route_to(routesock , dstaddr)
int route_sock;
char xdst.addr;

int readnum,;

char buf[BUFSIZ];

struct sockaddrx«rti_info;
struct sockaddrin xsin;
struct rt_msghdr xrtm;

rtm = NULL;

if ((rtm = rtm_alloc(dstaddr , RTMGET)) == NULL){
fprintf (stderr , "#ERROR.rtm_alloc ()\n");
return (—1);

}
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if (write(routesock , (char x)rtm, rtm—rtm_msglen) < 0) {
perror(”print.route_to ()_write”);
return (—1);

}

/I« free malloced data in rtmalloc () =/
free(rtm);

[+ read buffer from kernelx/
memset(buf, 0,sizeof(buf));

readnum = read(routesock , buf, BUFSIZ);
rtm = (struct rt_msghdr x) buf;

printf ("#DEBUG:_read.-done\n");

printf ("#DEBUG:_RTA DST: .%d ,_rtm—rtm_addrs .%d\n",
RTADST, rtm—rtm_addrs);

printf ("#DEBUG:_RTM_GET: .%d ,_rtm—rtm_type: %d\n",
RTM_GET, rtm—rtm_type);

printf ("#DEBUG:_ getpid ():.%d ,_rtm—rtm_pid:.%d\n",
getpid (), rtm—=rtm_pid);

printf ("#DEBUG:_read num:.%d\n” , read.num);

printf ("#DEBUG:_sizeof (structrt_-msghdr).%d\n",
sizeof(struct rt_msghdr));

printf ("#DEBUG:_sizeof(structsockaddrin):_%d\n",
sizeof(struct sockaddrin));

printf ("#DEBUG: _RTAX MAX: .%d\n” ,RTAX_MAX) ;

sin = (struct sockaddrin x)(rtm + 1);
rti_info = (struct sockaddrx)(rtm + 1);
if ((rtm—rtm_addrs & RTADST) != 0) {
printf ("#DEBUG:_RTA_DST\n");
printf(”_._.sa—>salen:%d\n”, (rti_info+RTAXDST)->sa len);
printf(”_..dest_.%s\n",
inet_.ntoa (((struct sockaddrin x)
(rti_info+RTAX_DST))—>sin_addr));
¥
if ((rtm—rtm_addrs & RTAGATEWAY) != 0) {
printf ("#DEBUG:_RTA GATEWAY\n”");
printf (”..sa—>salen:.%d\n”, (rti_info+RTAX.GATEWAY)—>sa len);
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}
if

}
if

}
if

printf(”_._gateway.%s\n",
inet_.ntoa (((struct sockaddrin x)
(rti_info+RTAX_.GATEWAY))—>sin_addr));

((rtm—rtm_addrs & RTANETMASK) != 0) {
u_char c;
u_char % ptr;
char buf[BUFSIZ];
printf ("#DEBUG: _RTANETMASK\n");
c = (rti_info+RTAXNETMASK)—>sa len;
printf (”_..(rti_info+RTAXNETMASK)—>sa len:.%d\n”, c);
printf (" ..(rti_info+RTAXNETMASK)—>sa family:.%d\n",
(rti_info+RTAX NETMASK)—>sa family);
if (c == 5)
printf("5\n”);
else if (¢ == 6)
printf("6\n”);
else if (¢ ==7)
printf("7\n");
else if (¢ == 8)
printf("8\n”);

ptr = &(rti_info+RTAXNETMASK)—>sa data[2];
snprintf(buf, sizeof(buf), "%d.%d.%d.%d”,

xptr, x(ptr+1) x(ptr+2) x(ptr+3));
printf (”_.netmask.%s\n”, buf);

((rtm—rtm_addrs & RTAGENMASK) != 0) {
printf ("#DEBUG:_RTA GENMASK\n”");
printf (" ..(rti_info+RTAX.GATEWAY)—>sa len:.%d\n",
(rti_info+RTAX_.GENMASK)—>sa len);
printf (”_..genmask:%s\n",
inet_ntoa (((struct sockaddrin x)
(rti_info+RTAX_GENMASK))—>sin_addr));

((rtm—rtm_addrs & RTAIFP) != 0) {
printf ("#DEBUG:_RTA_IFP\n");

((rtm—rtm_addrs & RTAIFA) != 0) {
printf ("#DEBUG:.RTA_IFA\n");
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}
if ((rtm—rtm_addrs & RTAAUTHOR) != 0) {

printf ("#DEBUG:_RTA AUTHOR\n");

¥

if ((rtm—rtm_addrs & RTABRD) != 0) {
printf ("#DEBUG:_RTA BRD\n");

}

return (0);

[ *
x changeroute(int routesock , struct sockaddin xdefaultaddr);
x change default route to defauladdr.
x/
int
changeroute (routesock , defaultaddr)
int route_sock;
char xdefaultaddr;

struct rt_msghdr xrtm, xgw_rtm;

if ((gw.rtm = getdefaultgw(routesock)) == NULL) {
fprintf(stderr , "changeroute () . get.defaultgw\n");
return (—1);

}

if ((rtm = rtm_alloc(defaultaddr , RTMCHANGE)) == NULL) {
fprintf (stderr , "#ERROR. changeroute ():.rtm_alloc ()\n");
return (—1);
¥
D(printf ("#DEBUG:_.changeroute ():. defaultaddr._%s\n”, default.addr););
if (write(routesock , (char x)rtm, rtm—rtm_msglen) < 0) {
perror ("#ERROR. changeroute ():-write ()”);
return (—1);

}

free(rtm);
free (gw.rtm);
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return (0);

¥

[ *

x rtm_alloc (char %=, int);

x allocate rt.msghdr{} for querying to routing table
x valid type are below:

* RTMADD, RTMCHANGE, RTMDELETE, RTMGET, RTMLOCK
x If type is 0, RTMGET is used as default

x/

struct rt_msghdr x
rtm_alloc (addr, type)
char xaddr;

int type;

char xbuf;
struct sockaddrin *sin;
struct rt_msghdr xrtm;

buf = malloc (BUFSIZ);

if (buf == NULL) {
perror(”malloc”);
return (NULL);

}

memset(buf, 0, BUFSIZ);
rtm = (struct rt_msghdr x) buf;
sin = (struct sockaddrin x)(rtm + 1);

if (type == 0)
type = RTMGET,;

if (type == RTMGET) {
rtm—rtm_msglen

= sizeof(struct rt_msghdr) + sizeof(struct sockaddrin);
rtm—rtm_flags = RTEUP | RTFEGATEWAY | RTF.STATIC;
rtm—rtm_addrs = RTADST;
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sin—sin_len = sizeof(struct sockaddrin);
sin—sin_family = AF_INET;
inet_pton (AFINET, addr, &sin—sin_addr);

} else if (type == RTMCHANGE) {
struct sockaddrin *xsinl;

rtm—rtm_msglen

= sizeof(struct rt_msghdr) + sizeof(struct sockaddrin) x 2;
rtm—rtm_flags = RTEUP | RTFEGATEWAY | RTF.STATIC;
rtm—>rtm_addrs = RTADST | RTAGATEWAY | RTANETMASK;

sin—sin_len = sizeof(struct sockaddrin);
sin—sin_family = AF_INET;

sinl = sin + RTAXGATEWAY;
sinl—sin_len = sizeof(struct sockaddrin);
sinl—sin_family = AF_INET;
inet_pton (AFINET, addr, &sinl—sin_addr);

sinl = sin + RTAXNETMASK;
sinl—sin_len = sizeof(struct sockaddrin);
sinl—sin_family = AF_INET,;

}

rtm—>rtm_version = RTMVERSION;
rtm—rtm_type = type;
rtm—rtm_pid = getpid ();
rtm—rtm_seq = seq++;

return (rtm);

}
int
init_udp (port)
int port;
{
int sock;

int one = 1;
struct sockaddrin serversa;
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if ( (sock = socket(AHNET, SOCKDGRAM, 0)) < 0 ) {
perror(”socket()”);
return (—1);

}

if (setsockopt(sock, SOBOCKET,
SOREUSEADDR, (void x)&one, sizeof(int)) <
0){
perror(”setsockopt”);
return (—1);

}

memset(&serversa , 0, sizeof(serversa));
serversa.sinfamily = AF_INET;
serversa.sinaddr.saddr htonl (INADDRANY ) ;
serversa.sinport htons (port);

if ( bind(sock,
(struct sockaddrx)&server.sa, sizeof(serversa)) < 0 ) {
perror(”bind”);
return (—1);

}

return (sock);

}

[ *
x Print buffer 'buf’ of length
x 'len’ bytes in hex format to file ’out’.

x/
void hex(FILE xout, char xbuf, int len)
{
int i;
for (i =0; i < len; i++){
fprintf (out, "%02x” , (unsigned char)buf[i]);
¥
} I« hex =/
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[ *
x usage ()
x/

void
usage ()
{

fprintf(stderr ,

"This_program.is_similar_.to_route_.command)n”

"But_is_for_evaluation.of_application_.level_bandwidth.aggregationn”

"\n”

"./route_sock.changedefault.”
..—C.<ip.address>;.change. default.gatewayn”
" _.—p-<ip.address>;_print_routing_table_.info_to_addr\n”
..—e;.experimentmodée\n”
" _.—t_<times>;_how.many_times_.do_you.send.datagram?®n”
—.—P_.<port_number>;_for_experiment; port_.number.to_send.datagramn”
"_.—f.<file _name>;_for_experiment . file _.to_send.\n”
..—d_<destination.addr>;_.for_experiment, destination.IP_address\n”
"..—l.<default.route_addrl>;_for_experiment, destinationIP_address\n”
..—2.<default.route_addr2>;_for_experiment, destination.IP_address\n”
"_.—s.for_experiment;add.sequencenumber.\n”
"_.—h;_print_this_help\n”);
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0 OB

APP21 00T 0OOON

ListB.1: APP200 00000

#include <sys/types.b
#include <sys/socket.b
#include <sys/sysctl.b
#include <sys/time .
#include <sys/uio.h

#include <netinet/in.h>
#include <arpal/inet.b

#include <fcntl.h>
#include <netdb .
#include <stdio .h>
#include <stdio .h>
#include <stdlib .h>
#include <string .h>
#include <unistd .
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[+« fuction declaration x/
void usage {oid);

long get freq(void);

int udp_recv_init(int);

I« definition x/

[+ x should be long long intx/

#define RDTSC(x) __asm __volatile (”.byte.Ox0f,0x31” : "=A" (x))
#define OUTPUTBUF 8192

/+ global variables x/
int argo;

int

main(argc , argv)
int argc;
char xxargv;

int c;
int port;
int sock;
int recvsize = 0;
int i, n;
int outputnum;
int rcvbuf_-num;
socklent sizeofrcvbuf_-num;
long long int now; // for pentium counter
socklent client_size;
char xbuf;
/1 char outputbuf[OUTPUTBUF2];
extern char xoptarg;
struct sockaddrin client_sa;

/I« check variable x/

if (argec < 2){
usage ();
exit(1);

argo = 0;
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while ((c = getopt(argc, argv, "s:p:oh”)) I=—1){

switch (c){
case 'p’:
port = atoi(optarg);
break;
case 's’:
recvsize = atoi(optarg);
break;
case '0’:
argo = 1;
break;
case 'h’:
usage ();
exit (0);
default:
usage ();
break;
ki
¥
if (recvsize !'=0)
buf = (char %) malloc(recvsize);
else

buf = (char x) malloc (BUFSIZ);
if (buf == NULL) {

perror("malloc”);

exit (0);
}

if ((sock = udprecv_init(port)) < 0) {
fprintf(stderr , "udp.recv_init\n");
exit(1);

}

rcvbuf_-num = 262144,

rcvbuf_-num —= 35000;

sizeofrcvbuf_-num = sizeof(rcvbuf_-num);

if (setsockopt(sock, SOBOCKET, SORCVBUF,
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(void x)&rcvbuf_.num , sizeofrcvbuf_-num) < 0) {
perror(”setsockopt”);
exit(1);

/[« main routine x/

i = 0;
outputnum = 0;
while (1) {
memset(&clientsa , 0, sizeof(client.sa));
client_.size = sizeof(client_sa);
if ( (n = recvfrom(sock,
buf,
recvsize ,
0,
(struct sockaddrx)&client_sa ,
&client_size)) < 0 ) {
perror(”"recvfrom”);
continue;
}
memset(&now, 0 ,sizeof(now));
if (argo == 0){
RDTSC(now) ;
} else if (argo == 1 ){
if (write(1l, buf, n) < 0){
perror("write”);
exit(1);
}
memset(buf, 0, n);
}
}
exit(0);
}
int

udp_recv_init(port)
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int port;

{
int sock;
struct sockaddrin serversa;
memset(&serversa , 0, sizeof(serversa));
serversa.sinfamily = AF_INET;
serversa.sinaddr.saddr = htonl (INADDRANY);
serversa.sinport = htons(port);
if ( (sock = socket(AHNET, SOCKDGRAM, 0)) < 0 ) {
perror(”socket()”);
return (—1);
¥
if ( bind(sock,
(struct sockaddrx)&server.sa,
sizeof(serversa)) < 0 ) {
perror(”bind”);
return (—1);
h
return (sock);
¥
[ *

x long getfreq(void);

x Description:

* get CPU frequency of the system.
* Return value:

* frequency in hz.

x/

long

get_freq ()

{
long hz;
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size_.t hzsize =sizeof(hz);

if (sysctlbyname (”"machdep.tséreq”,
&hz,
&hzsize , NULL, 0)) { // get Hz
perror(”cannotget.Hz");
return (—1);

}
return (hz);
}
void
usage ()
{
fprintf(stderr ,
"Description:.\n”
"_This_.program.recieves.data.on_specified.port\n”
"\n”
".ludpinput..”
" oo—po<port.number-\n”
"...—sS.<datagram.size.to_recieve.for_1l_read>\n"
"...—o0._(if _specified ,output.received.data.to_stdout)\n”
"oee—ho(show.this_usage)n”
"\n");
}
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