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An Implementation of Single Stack Multi-threading for Small Embedded

Systems

Yong-Seok Kim*

Abstract

In small embedded systems including IoT devices, memory size is very small and it is important to

reduce memory amount for execution of application programs. For multi-threaded applications, stack

may consume a large amount of memory because each thread has its own stack of sufficiently large

size for worst case. This paper presents an implementation of single stack multi-threading, called

SSThread (Single Stack Thread), by sharing a stack for all threads to reduce stack memory size. By

using SSThread, multi-threaded applications can be programmed based on normal C language

environment and there is no requirement of transporting multi-threading operating systems. It

consists of several library functions and various C macro definitions. Even though some functional

restrictions in comparison to operating systems supporting complete multi-thread functionalities, it is

very useful for small embedded systems with tiny memory size and it is simple to setup programming

environment for multi—thread applications.

» Keyword : Multi-threading, Stack sharing, C preprocessor, 0T
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[1l. Implementation of SSThread

1. Basic Operation Principle

SSThread® 7]## <1 A= W3Fo 24 ProtoThread?] "
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#include "ssthread.h"
SST THREAD Blink (int led)
{
SST BEGIN();
while (1) {
ledToggle (led) ;
SST YIELD();
}
SST_END() ;
}
int main ()

{

SST_INIT();
SST CREATE (Blink, 1);
SST CREATE (Blink, 2);
SST_START () ;

Fig. 1. An Example of SSThread Application
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#define SST BEGIN() \
if ((SST_MYSELF->cont) != NULL) \
goto *(SST MYSELF->cont)

#define SST YIELD() { \
__label  r; SST MYSELF->cont = &&r; \
return SST STAT READY; \
r: SST MYSELF->cont = NULL; }

#define SST END() return SST STAT END

Fig. 2. A Part of SSThread Macro Definitions
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index = 0;
while (1) {
if (index >= MAX THREAD) index = 0;
thread = &SSThreadTab[index++];
if (thread->stat == SST STAT READY) ({
SST MYSELF = thread;
thread->stat =
(* (thread->func) ) (thread->arqg) ;

Fig. 3. Simple Thread Scheduling of SSThread

2. Sharing a Single Stack
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3. Primitives for Periodic Threads
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SST_PERIOD SET (100);
while (1) {
SST PERIOD WAIT () ;
ActionForEachPeriod() ;

Fig. 4. Periodic Thread of 100msec Period

SST_PERIOD_SET &= dA ~d=e F7)5 delx ¢
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SST_MYSELF->cont = &
SST MYSELF->wsec S
msec += t; \

SST MYSELF->wsec +=
SST MYSELF->wmsec =

r: SST MYSELF->cont

SST MYSELF->perio 5

SST GET TIME (&SST

~ label r; SST MYS

SST MYSELF->psec +=

SST MYSELF->wsec = S
SST MYSELF->wmsec =

SST MYSELF->psec = \
~MYSELF->pmsec)

#define SST PERIOD WAIT ()

#define SST SLEEP MSEC(t) { \

ci \
&ri \

ST GET TIME (&msec) ;

msec / 1000; \

msec % 1000; \

return SST STAT WAIT; \

= NULL; }

#define SST PERIOD SET(t) \

\

{\

ELF->cont = &&r; \

SST MYSELF->pmsec += SST MYSELF->period;\

\

SST MYSELF->pmsec / 1000; \
SST MYSELF->pmsec %= 1000; \

ST MYSELF->psec; \
SST MYSELF->pmsec;

return SST STAT WAIT; \
r: SST MYSELF->cont = NULL; }

\

\

Fig. 5. Macro Definitions of SSThread
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3. Memory Size
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Table 3. Memory Size of SSThread (bytes)
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Table 4. Memory Size for Blink Example (bytes)

s it = A
UnstackedC/TinyOS | 3760 152 3912
ProtoThread/Contiki 3186 66 3252
SSThread 1658 70 1728

V. Conclusions
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