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Software Development Support for Multicore Processors
in Embedded Systems

KIivyoTAKA TAKAHASHINT and ETSUYA SHIBAYAMA t

In recent years, there has been rapidly growing demand for feature-rich applications (e.g.,
full browser, multimedia player) and general purpose OSes (e.g., Linux) even on mobile ter-
minals, such as mobile phones and PDAs. To meet the demand, embedded processors that
are not only high performance but also low power consumption are indispensable. Processor
venders have been shifting to multicore processors, which combine general and special purpose
processor cores in a single package. Such heterogeneous multicore processors, however, makes
software development cumbersome and complicated, and requires skills in cross-platform de-
velopment, both cores, and low-level inter-core communication. Exemplifying challenges for
the embedded software development, this paper describes software development for OMAP
processors, which include ARM and TI DSP cores and have gained widespread adoption from
mobile terminal manufacturers. To address those challenges and let average programmers de-
velop embedded software easily on heterogeneous multicore processors, we propose a runtime
environment that enables a unified description of source codes for different processor cores
and supports transparent inter-core communication. We also report results of comparison be-
tween our prototype environment and a today’s standard development environment through
evaluation experiments. In a small FIR program example, the prototype reduces the source
code size to about one third and its runtime overhead is about 1%.
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///' int main(int argc, char *argvl[]) \\\
{
char *fin = "in.dat";
char *fcoef = "coef.dat";
char *fout = "dsp_out.dat";
float *inbuf;
float *coef;
float *outbuf;
int num = 200;
int tap = 15;
int £d;

fd = open("/dev/dsptask/fir", O_RDWR);

inbuf = (float *)mmap ((void *)O0,
MMAP_BUFFER_SIZE*sizeof (float),
PROT READ | PROT_WRITE,
MAP_SHARED,
fq4,
0);

coef = inbuf + num;

outbuf = coef + tap;

/* Set number of input data */
ioctl(fd, FIR_NUM DATA, num);

/* Set number of coefficient constants */
ioctl(fd, FIR_NUM TAPS, tap);

/* Read input data */
read data_ array(fin, inbuf, num);

/* Read coefficient constants */
read _data array(fcoef, coef, tap);

/* Apply the FIR filter */
ioctl(fd, FIR_EXEC) ;

/* Write calculation results */
write_data_array(fout, outbuf, num);

close(£d) ;

return 0;
N %
04 ARMOOOO0OOOO0OOO0O FIRODOOOOOOOOO

ooo
Fig.4 A piece of source code of FIR filter program devel-

oped using the existing development environment
for ARM.
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/ #pragma DATA_SECTION(fir_ socket_node, "dspgw_task") \
struct dsptask fir socket node = {
TID_MAGIC, // Task ID

(String) "£ir", // Task Name
// Task type: Active Block Send
// Passive Block Receive

MBCMD_TTYP BKDM |

MBCMD_TTYP_BKMD |

MBCMD_TTYP_ASND,

fir bksnd,

NULL,

fir_tctl,

&fir attr,

&fir mmap_ info,

NULL

// Handler definition for ioctl() system call
static Uns fir tctl(struct dsptask *task,
Uns ctlemd, Uns *ret, Uns arg)

switch(ctlemd) {

case FIR_NUM DATA:
num_of data = arg;
break;

case FIR_NUM TAPS:
num_of coef = arg;
break;

case FIR_EXEC:
fir exec(num of_coef, num of_ data);
*ret = 0;
break;

default:
break;

return 0;

. Y,
05 DSPO0OOODOOOOOO FIROODOODODOOODOODO
oo

Fig.5 A piece of source code of FIR filter program devel-

oped using the existing development environment
for DSP.
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K // Internal function calling DSP library \
void fir exec(int tap, int num)
{
DATA *pingl5;
DATA *pcoefql5;
DATA *poutql5;
DATA *pdbuf;
float *coef;
float *inbuf;
float *outbuf;
inbuf = fir mmap buffer;
coef = inbuf + num;
outbuf = coef + tap;
/* Allocate working memory in DSP internal memory */
pingl5 = malloc(sizeof (float) * num) ;
poutqgl5 = malloc(sizeof(float) * num);
pcoefqgl5 = malloc(sizeof (float) * tap);
pdbuf = malloc(sizeof (float) * (tap + 2));
/* Adjust arrangement on input data */
byteorder conversion(coef, coef, tap):
byteorder conversion (inbuf, inbuf, num) ;
/* Convert float format into Q15 format */
fltoql5 (coef, pcoefql5, tap);
fltoql5 (inbuf, pingl5, num);
/* Invoke the FIR library function */
fir2 (pingl5, pcoefql5, poutql5, pdbuf, num, tap);
/* Convert Q15 format into float format */
ql5tofl (poutql5, outbuf, num);
/* Adjust arrangement on output data */
byteorder conversion(outbuf, outbuf, num);
free (pingl5) ;
free (poutql5) ;
free (pcoefqls) ;
free (pdbuf) ;
return;
\ : /
06 DSPOOOOODOOODOOD DSPOOOOOOOOOO
oo

Fig.6 Source code of a function calling DSP library devel-
oped using the existing development environment
for DSP.
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extern __DSP__ int codec2(int);
int codec2(int n)

{
/I DSPRISAT3) %
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-
int codec1(int n) DSPfllza—

I ARMBIS AT 5% i

/I Linux®D A7 La—)UIFH LS
void main(void)
intn=3;

codec1(n);
codec2(n);

L
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Fig.8 Conceptual diagram of the proposed unified
programming style.
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Table 1 Comparison of implementation methods for the proposed environment.
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Fig.9 Conceptual model of the proposed execution
environment.
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Table 2 OMAP5912 OSK features.

CPU | ARM90 192 MHz0O

DSP C55x0 192 MHzD

DDR SDRAM 32 [MB]
NOR Flash 16 [MB] x 2
RS232C

Ethernet RJ45 connector

Processor

Memory

Storage

Interfaces
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Table 3 List of software used in the prototype system.

OS | ARM | Linux 2.6.12
Cb5x DSP/BIOS
Middleware DSP Gateway 3.3




40 goooooooooooooooo

U00muwtexOOO0OOOOOOOOOCOOOO

DSpPOO0OO0OO00 0000000000 externO

oO0o0ooooOoooooOobSpOOOODOOOO
oobooooooooon

e.g. extern __DSP__ int dspfunc(void);

000000000 ARMOOOOOOOOOOO

000 dlopen() D00 APIODDO0OODOOODO
gobooooooooobooooboooooon
0000000000 ARMOOOOO0O0000
ooo000000000ooooooooDbDSP O
OO0 DSP Gateway DO OO OOOOOOO DSP
goooooooooboobooooboooooono
O0ODO0OD0OD0ODODSP GatewayOOOOOOOO
000000000000 bSsp00O0O0O0O0OO
ooboooooooobooooobooboocooooon
goobooooooooooooooboooooo
oooobspOOOCO0OO0OOOOOOODOOOO
gobooooooobooooood

oooo ooooboooooobooooooooon

00000 ARMO DSPOOOOOOOOOOO
goboooooooooooooooocooooo
goboboooooooobooobooooooooo
goobooooobooooboooooooooooon
ooooooooooobooooooooooo
gobooooooooooooooooboooooo
gooooooooooooooobooooooo
gooooooboobobooooooooooboo
4000000000D00O0O00O0O00O00O0O0O
ooooboobo JavaOOoobooooD400000O
goboboooooooobooboooooooooo
goboooooooooooocooooooooo
gobooboooooooooooocooooooo
gobooooooooooooon
osbb00ooooooboooooobooooo
goooobooooooooooboooooooo
gobooooooooboooooooo
Oed000DODODODOOOOOOOOOOODDODO
gobooooooooobooooboobooooon
gooooooooooobooooooooooon
gobooboooooooooooocooooooo
oooooboooooooobooooooooo
goboooooooooooooboooooooo
gbooooooboooooooboooboooooo
oooooooooooo 20000000000
o30000o0oo0
g70000000DOO0OOOOO0O000O0000O

Mar. 2007

04 0OO0O0O0OO0O0OOOCOCOOO

Table 4 Instructions for stack operation.
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const_5

bipush 10000000000000000
sipush 20000000000000000

store gooooooooobDooooD
store_0
store_1
store_2
store_3
putfield go0oo0ooOoooOoooooooooo
ooooo

getfield goo0o0o0oOooooooooooooo
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Table 5 Instructions for arithmetical and logical
operation.
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Table 6 Instructions for branch operation.
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" if_complt |

if_compge

if_compgt
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NULL OODOO
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NULL OOOOOO0D

ifnonnull
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Table 7 Instructions for function invocation.
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ARM 000 DSpOO0OoOooooOo
gooooooooooo

void 00000

goooooa

invokestatic
invokeremote
invokelibrary
return

ireturn
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Table 8 The amount of source code in the prototype.

oo 0000000 [SLOC]
000000ARMO 1,198
0000000ARMO 2,826
0000000DSPO 1,761

0000doO0oooooooooo 4000000
e Decode-and-Dispatch Interpretation

Indirect Threaded Interpreter

Direct Threaded Interpreter with Predecoding
e DBinary Translation
0000ooooooooO0oooooooooooo
oo0ooooooooooooooooooooo
ooooooooooopooogoooooooo
oooopoOooooooDOoooUoOoooooooo
oooopoOooooooDOoooUoOoooooooo
0 00 Decode-and-Dispatch Interpretation 0O O
00o0oOooooooooooooooooooo
O0000oU0oooooooooo soooon
OO0 ARMOO DSPOOOOOOODOOOOOO
0o0ooooooooooo

gooooooobooooooooooOooOoOobOoOoOoooooooOoboooOog 41

' a—/NLEHSEE

S4751) 54k
O—h)L B %kiESR

T REE

ARy EE

E—JtEs

0 10 OD00O000oopoOopbopbopoooo
Fig.10 Memory map used by the prototyped interpreter.
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/ /* Definition of ARM/DSP shared data */ \
float inbuf[200];
float coef[15];
float outbuf[200];

// FIR filter part executed on DSP
int fir(int tap, int num)
{

float *pingl5;

float *poutql5;

float *pcoefql5;

float *pdbuf;

/* Allocate working memory in DSP internal memory */
pingl5 = malloc(sizeof (float) * num) ;

poutql5 = malloc(sizeof (float) * num);

pcoefql5 = malloc(sizeof(float) * tap);

pdbuf = malloc(sizeof (float) * (tap + 2));

/* Adjust arrangement on input data */
byteorder_ conversion(coef, coef, tap):;
byteorder_ conversion (inbuf, inbuf, num) ;

/* Convert float format into Q15 format */
fltoql5 (coef, pcoefql5, tap) ;
fltogl5 (inbuf, pingl5, num);

/* Invoke the FIR library function */
fir2 (pingl5, pcoefql5, poutql5, pdbuf, num, tap);

/* Convert Q15 format into float format */
ql5tofl (poutqgl5, outbuf, num);

/* Adjust arrangement on output data */
byteorder_conversion (outbuf, outbuf, num);

free (pingl5) ;
free (poutqls) ;
free (pcoefql5) ;
free (pdbuf) ;

}

// Main function executed on ARM
int main(void)

char *fin = "in.dat";
char *fcoef = "coef.dat";
char *fout = "out.dat";

int num = 200;
int tap = 15;

/* Read input data */
read data array(fin, inbuf, num);

/* Read coefficient constants */
read_data_array(fcoef, coef, tap):

/* Apply the FIR filter */
fir(tap, num);

/* Write calculation results */
write data_array(fout, outbuf, num);

return 0;

2 J
011 000000000 FIRODODODODODOOODOOoOOO

Fig.11 A piece of source code of FIR filter program de-

veloped using the proposed development environ-
ment.
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Fig.12 Conceptual diagram of the proposed software

development environment.
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Table 9 Sizes of FIR filter modules on ARM side.

SEEGEELE ooo text 000
0000 | FIROOOOO 14 [KB] 1,436 [bytes]
0000 | FIRODOOOO | 631 [bytes] | 190 [bytes]
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Table 10 Sizes of FIR filter modules on DSP side.

SEEEEERRIEEE
FIROOOO | 3[KB]

text 00O
494 [bytes]

oooo

011 0000O000O0oo0oDoooooooo
Table 11 The amount of intermediate codes generated
using the existing environment.
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Table 12 The amount of intermediate codes generated
using the proposed environment.
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Table 13 Comparison of intermediate codes generated
using the compilers.
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Table 14 Execution cost of each instruction in the
generated intermediate code.

oo OOD0DDARMOO | OODOODSP OO
bipush 18 13
getfield 40 25
add 25 13
const_0 13 10
const_2 13 10
const_4 13 10
load 23 14
load-0 15 10
load-1 17 11
load-2 17 11
load-3 17 11
mul 25 12
invokelibrary 22 12
invokeremote * 242 n/a
ireturn 161 92
store 23 13
store_1 17 9
store_2 17 9
sotre_3 17 9
return 9 n/a

invokeremote 0000 20000000000
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Table 15 Execution cost of the fetch and dispatch

routines.
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Table 16 Execution time of the FIR filter programs.
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Table 17 The detail of preparation time in the proposed

environment.
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Table 18 The detail of preparation time in the existing
environment.
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Fig. 13 Detailed list of execution time of the FIR filter
routines.
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