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ABSTRACT

We examined and installed real-time system adopting RT-Linux as well as implementing

a serial port communication program and modeling process communication via IPC. We observed

performance analysis statistically of the system behavior through experiment of running the real-

time process over a system with certain load.
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pthread wait np();

rt_com_write{ 0, &mp , 1 );
rt_com_read(0, buf, sizcof{buf));
time(NULL);

rtf put{ DATA_FIFO, &data, sizeot(data) );

rtl_print{("round : >> %d << and data is >> %s\n",i,buf);

® pthread wait_np(void);
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® tf put(unsigned int fifo, char * buf, int count);
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®  printk(const char *tmt, );
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MsTRaFUMIMNUBULEINNUYN (Round-Robin Scheduling)
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AFmssaddumsiinunneu lénau (First-Come, First-Served Scheduling)
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Time statistic of cube program
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Time of cube program in ipc
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Time of muitiplication matrix with ipc
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Cuba with FIFQ in IPC
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SD with FIFQ Scheduling SD with RR Scheduling
Non IPC IPC Non IPC IPC

Cube program 0.72 66.95 0 125.62
Matrix program 0.38 3.34 0 1.65
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11

13
14
15
16

23
24
25
26

27

Cube.c

#include <time.h>
main{int arge,char *arg[])
{
double a;
clock 1 start,end;
int ¢; double t[40];
int 1,1.k,m; deuble temp = 1,
forlm = 1:m<=40;m +)

i
1

lemp = §;
start = time{NULL):

for (i=0;i<1000;1++)

{
for {j=0;j<1000;j | +)
{
for (k=0:kc<1000:k++)
¢
temp++;
a=i**k;
;
}
b

end =time(NULL);
tfm-1] = (double }{cnd-start)/1000);

prinff{"round = >> %d << and time >> %f <<iAn",m,t[m-1])

——

3

43
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10
11
12
13
14
15
16
17
18
19

Matrix.c

#include <time.h>
int m.n,p,q.k;
int ijint j;
double A[1600][1000],B[1000]] 1000];
double Ans[1000][1000];
clock tstart,end;
doubie [40];
main (int arge, char *arg[])
{
m = 1000; // row ol A
n = 1000: // coloumn ot A
p = 1000, / row of B
g = 1000; // coloumn of B
nt r;

for {r=1;r <= 40;c 1)

{

fori=1,i<=m:itt)

§
for(j=1;)<=nij*+)
d

Ali-1lj-1] = 10;

}

H

for(i=1;i<=p;it+)

{
for (= 11j<=q;j+4)
{_
Bli-1]lj-1) = 10;
1
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

47

——

L
|

return 0;

45

Matrix.c (f19)

start = time(NULL):

for{i=0;i<m;i++)

{
for (j=0;j<q;j++)
{
for (k=0:k < nk++)
{
Anslillil = Ans{illj) + (A )[K)D*(BIKILGTN:;
H
i
b

end =time{NULL);
t[r-1]=(double)((cnd-start}/1000);

printf{"round = >> %d << and time >> %f <<\n"r{[r-1]);
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Sent.c

#include <rtl.h:>

#include <time.h>

#include <pthread.h>

#include "/usr/sre/m com/rt_com.h"
pthread t thread;

void * start_routine{void *arg)

{
mnt n;
char buf]1);
struct sched param p;
p.sched priority = 1;
pthread_setschedparam (pthread_self(), SCHED RR, &p);
pthread_make_periodic np (pthread_self(), gethrtime(), 100000000);
int i=0;
char hello[] = "hello";char tmp:;
while (1} {
pthread wait np ();
I+t
tmp = hellofi % 5];
rt_com write( 0, &tmp , 1 );
rtl_printf{ ">> %e << sent. and round is >> %d <<\n",tmp,(int}i);
t
return 0
h

it init_medule(void) |
rt_com_setup(0, 38400, RT COM PARITY NONE, 1, 8):
return pthread_create (&thread, NULL, start routine, 0);

b

void cleanup module{void) {

pthread delete_np (thread);

46



47

Sent.c (Gif))

31 printk("finish sent task.\n");
32 rt_com_setup(0, -1, 0,0, Q);
33 i
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Makefile(sent.c)

include /usr/rthnux/rtl.mk
all: sent.c

$(CC) "rtl-config --cflags’ -Wall -¢ sent.c -o sent.o

48



49

Makefile(receive.c)

include fusr/rtlinux/rtl.mk
all: receive.c

$(CC) "rtl-config --ctlags’ -Wall -¢ reccive.c -o receive.o



Malkefile(rtfifo.c)

include /usr/rtlinux/rtl.mk
CC=gce
all: rififo.c rtfifo.o
batch: batch.¢ common.h
S{CC} “rtl-config --include’ -Wall -O2 batch.c -0 batch
rthifo.o: rtfifo.c common.h

${CC} “rtl-config --cflags® - rififo.c -o rtfifo.o
4
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11

13
i4

16
17
18
19

Receive.c

#include <rtl.h>

#include <time.h>

#include <pthread.h>

#include "fusr/sre/rt_com/rt_com.h"
pthread_t thread;

char buf[1];

void * start_routine(void *arg)

d
struct sched _param p;
p - sched priority = 1;
pthread setschedparam {pthread_sclf(), SCHED FIFQ, &p);
pthread_makc_periodic_np (pthread sclfi), gethrtime(), 100000000);
int 1= 0;
do {
int n;
pthread wait np();
n=rt com read(0, buf, sizcof{buf));
if(n>0){
1++;
rtl_printf{"round : »> %d << and data is >> %s\n",i,buf);
;
+ while (1}
return 0
}

nt init._module(void) {
rt_com_setup(0, 38400, RT COM_PARITY NONE, 1, 8);
return pthread create (&thread, NULL, start routine, 0);

!

void cleanup module{void) {

pthread delete np (thread);

31



1
Receive.c (A0)

31 printk("finish sent task.\n");
12 rt_com_sctup(0, -1, 0, 0, 0);
33 !
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Batch.c

#include <stdio.b>
¥include <fenil. h>
#include <unistd.h>
#include <rtl time.h>
#include "common.h"
#include <time.h>
int main{ void }
{
int fd data, 1
double tlo;
struet timeStamp data;
if (fd data = open("/dey/rifl", O RDONLY)) < 0) {
printf{"Error opening /dev/rtfl 'n");
retum 0;
¢
for (i = 0: 1 < 500000 ; i—) {
read(fd data, &data, sizeof(data));
to = time(NULL);
t = to-data.timeS;
printf{*data.time$ = %l ‘tdifferent = %f. \t round =
%d\n" data.timeS,t.i );
!
close{ fd data);

return 0

—

53



Commen.h

#detfine DATA FIFO 1
#define DATA_FIFO_SIZE 4000
struct limeStamp{

double timeS;

5
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Rtfifo.c

#include <rtl.h>

#include <pthread.h>

#include <rtl fifo.h>

#include "common.”

#include <time.h>

#include "/usr/sre/rt com/rt_com.h"
char bull1];

struct imeStamp data;

pthread t periodic_thread;

void * periedicfunction( voeid * arg )

!
struct sched param p;
p . sched priority = 1;
pthread_sctschedparam (pthread sclf(), SCHED FIFO, &p);
pthread make periodic np (pthread sell(), gethriime(), 100000000);
inti-0; intn;
do {
pthread wait np();
n=rt_com read(Q, buf, sizcoflbuf});
data.timeS = time(NULL);
itn>0) ¢
1+
it putl DATA FIFO, &data, sizcof(data) );
rtl printf{"round : >> %d << and data is >> %s'\n" i.buf):
h
} while(1);
return 0;
h

int init_module(void)

{

55



31
32
33
34
35
36
37
I8
39
40
41

1
§

Rtfifo.c (A1)

ntf_create{ DATA FIFO, DATA FIFO SIZE )
rt_com_sctup(0, 38400, RT COM PARITY NONE, 1, 8):

return pthread create( &periodic_thread, NULL, periodic_function, 0)

void cleanup module{void)

{

rtf” destroy( DATA_FIFO );
pthread delete np( periodic_thread J;
it com setup(@, -1, 0,0, 0):

printk("Byein");

L]

56
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Arx RTOS Seoul National University

AvSYS Avocet Systems

CMX RTOS CMX Systems

Chorus Jaluna S A.

EROS U Penn
Harmony National Rescarch Council
[ntergrity Green Hills Software

iRMX TenAsys
LynxOS Lynuxworks

Maruti University of Maryland
Nuelcus Mentor Graphies

0s-9 Microwave

Oncore 08 Oneore Systems Corporation
On Time RTOS-32 On Time
OSE RTOS ENEA

PDOS EYRING corporation

pSOSysiem 3 Wind River

QNX Neutrino RTOS

ONX Software System Ltd

Precise/MQX RTOS
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1. rtlinux-3.1.tar.gz 910 hup://www.fsmlabs.com/

2. linux-2.4.20.tar.gz 910 hip://www kernel.org/ ihunesd mn'ﬁ rtlinux 3.1
aiuayu

18 IHdanmdng milnllé”ﬂHﬂ1ﬂ1iﬂﬂﬁﬂﬂllﬂﬂﬂll$ﬂﬂﬂ /usr/src,fuﬁmdmmmllﬂu

1 | /usr/src > tar zxvf linux-2.4.20.tar.gz AQ1EN1g Pusa’lnd linux-2.4.20.tar.gz

2 | fusr/sre > In s linux-2.4.20 linux a %"Nﬁxiﬁ‘llﬁ]ﬂulﬂlgﬂﬁﬂ? linux-2.4.20

3 | fusr/stc > tar zxjf rthnux-3.1.tar.gz ﬂﬁ‘lﬂﬂﬁﬁuﬁﬁulﬂﬁ rilinux-3.1.1ar.gz

4 | fusr/sre > cd linux mﬁ'flﬂﬂlu‘]m?ﬂﬂﬂ? linux

. ) 4 o o

5 | just/sre/linux > patch ~pl < ../rilinux-3.1 llmﬂmﬂiﬁiﬂﬂvﬂdlﬂﬂimﬁﬁm patch 11
/kernel_patch-2.4.20-t! rlinux-3.1 mion 1319

6 | fusr/sre/linux > make xconfig ﬁ1ﬁdal'uﬂﬁﬂ?ﬂﬁ“ﬂ'ﬁ]ﬁﬂﬁﬂﬂﬁﬁﬂgﬂﬁ kN
Code matirity level options | ATAMDEMPMIRLL support | utmesia devices |
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f Mti-devica support, (RAID and LvM) | " oM CD-ROM drivers (not 8C3, MIDE)J Quit Withourt Saving |
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“Load Configuration from File”

7 | fusr/ste/linux > make dep WIMsAsmaeuATURg NIt Iaas Td
8 | /ustfsre/linux > make bzImage aa lwddmsums ua
. ) = A v g
9 | /usr/sre/linux > make modules fﬁNmmmmﬁmmmaaﬂimﬂuT‘uﬂa
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15 | root = idev/hda2 (Wl uamumiasuveunieafldaq)

'
o o

o L ¢ Lo Y e a . 4 P < = & a q’j
W’]ﬂ']'illuT]ﬂllﬂﬁ lilo.conf LUAIMINITTUATN /shindlilo VIFDDLAT TYAATOINAININUY

-

a ¢ o ¢ dota 7 Voo o o4 Ve ¢
'ﬂuﬂﬁiﬁﬁﬂlﬂﬂﬁl§1ﬂ$§ﬂulﬂ'€]'§LuaﬁJENﬂ"li“ﬂﬂ‘lgﬂ“‘lfﬂlﬁ'lulﬂﬂ'lﬂ'ﬁﬂﬂ‘ﬂﬁiﬁﬂ’]ﬂ?'ﬂﬂﬂﬂ AL

¥

Lo |

e ¢ A 2 13 9y o = q’: oo 9/
DUBIDITNDY DY Lnﬂﬂuﬁlﬂﬁﬂﬂﬂlulﬂlm'f]‘li"Ii]g“lfﬂﬂﬁﬂﬂﬂxﬂhﬂﬂ‘vﬂﬂ'ﬂ'lﬁ ﬁlalﬂGﬁLWElﬂchluﬂﬁ

J
a

A weg Y 4 El =4 9/ a6 Y & o a dy
quﬂmﬁhﬂﬂiﬁkﬂE]‘iLuﬂﬂ”liﬂﬁE]TlNTl«lliEJﬂthliﬂﬂIﬂﬂlﬂﬂ‘W‘MWfW’C’Nﬂﬂu

16 | ed /ust/sre/rtlinux Lﬁillﬂﬁllﬂﬁﬂﬂ@? rtlinux

. . . = oo =1 \ )
17 | /usr/sre/rtlinux > In -5 .J/linux linux a%’wamﬂﬂmﬂﬂﬁﬂm“f linux

v
=4

. . =4 s 4 @
18 | /ust/sre/rtlinux > make xconfig Fupnithaenisdiunesua lddesli a-4

'




63

FTL sy Copnd g ation

51l a4 wiwemislFunesivaveseiiiiayna

Tdimsidenade “Support options” nazihinislFusdsg il -5 dievhimstiuaae

¥ - o g . a 4 4 s ' o o et o

udr l¥insfienitade Drivers A931W A-6 ¥998 790 Drivers @199 R mTeufue1snayna

Tad fifo (a2 shared memory 22 1¥dmFudeinudoyaszninTugafisanusvanliegly
o a = = o " o :?

wesiuamiley fuldsupsuiiinuvuiyndegdlugmsesials) anwaansotivedy

sz Teniatnmide 1 Tusuasuiiszduiea lnid ideidenaidreyg ud Idnady

“Save and Exit” ‘ﬁ'ﬂﬁ MAan

314 a-s mslSudiadenlu Support options



Dravsr =

51l n-6 MalSumidadeniu Drivers

@ z - ' G‘( s J
HAINMTURUAA T IR 9
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