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Abstract of Bachelor’s Thesis

Design and Implementation of Multi-threaded Operating
System for Sensor Nodes

This thesis presents a light-weight preemptive multi-thread operating system for sensor nodes.
By using this system, developers can easily develop applications for sensor nodes.

In ubiquitous computing environment, services that adapts to state and location of people and
objects within the environment will be provided. In order to provide such services, sensor nodes
will be pervasively available, and the information of the environment can be collected through
network.

Many applications for sensor nodes are written using light-weight operating system using
micro-thread or a simple library. In order to use these methods, developers need to be aware of
interrupts and scheduling, which is difficult for developers who are unexperienced with devel-
oping applications for sensor nodes.

Many developers experienced with preemptive multi-thread, which is provided by most op-
erating systems running on PC’s. But, sensor nodes have limited amount of CPU power and
memory to reduce size and energy consumption, and preemptive multi-thread is too costly to be
implemented on sensor nodes. The proposed system performs an application specific optimiza-
tion at compile time to optimize speed and memory usage of contex switch.

In this thesis, first, clarifies constraints of programming models for sensor nodes. It then
presents SNOS (Sensor Node Operating System), a preemptive multi-thread operating system,
and SNAO (Sensor Node Application Optimizer), a tool for optimizing context switch. Next, it
describes the design and implementation of SNOS and SNAO. Finally, it shows evaluation of
the system and concludes.

Yuji Sunouchi
Faculty of Environmental Information Keio University
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/*
/*

pop r28

ret
epilogue end (size=3) */
function main2 size 30 (23) */

.8ize main2, .-main2

.global main3

.type main3, @function

main3:

/*

/*

/*

/*
/*

prologue: frame size=0 */
push r28
push r29
in r28,__SP_1._
in r29,_ SP_H
prologue end (size=4) */
1di r22,108(98)
1di r24,108(43)
rcall sub2
1di r22,108(9)
1di r24,108(46)
rcall sub3
epilogue: frame size=0 */
pop r29
pop r28
ret
epilogue end (size=3) */
function main3 size 13 (6) */

.8ize main3, .-main3

.global maini4

.type main4, @function

maind:

/*

prologue: frame size=0 */
push r28

5.7: avr-gec ICE > TEKRINAZT > T Fa—R
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B b—o vk

oo tyk BT HL—o 0ty
r24 |:| rcall||func1

X 58 a—ROEF)I

=2
FARATIIC & > THRS N RNBRL. b—2 D3 b —2 >ty b UIBEIER
ML h—2 >ty Mot ns.

b=ty b
WMWY 2 b= 2 O8ED. b=2r >ty b OGO ISR ST 5 @R
IN5.

B#FYEL b=ty b
c—=2>ty hD55, BEENEUCHBLEZITD b= >ty b £oT, IO L—
27 FT call P reall TH 5.

B#k—2o> oty b
=2ty b EBEBIEORNHL b= >ty hEBEBOBEMNTEEDZHD. h—
7 2 EREERRFT S 2 3.

ETFIIVAEREBIZEAREE N —2 >y FNRNOBEEFOIHL h—2 >ty FZ2EH LD
B h—27 >ty MTRUODIF A 2 &ETa—IV T o7 24T 5.

524 miE{LER

s 4.3 TR 7= FE(LE21TS. atmegal28L 13 8bit DILH L P A% 10 05 131
BFED. VLIAYBBIZE > THRAFIENRRD, L PAYBEESMZFENEDS. LT
IZZENENOBESHZ HEITDONTHRS.

ro,r1
atmegal 28L [I/E DFER Z 10,11 ITHMNT D, E/z, avr-gee 1310 72 —RERYITE 2 4%
ML ALY ELTHY, rl ZENFEIZODL VALY ELTHWS. RELORR
W30l L P AZ 3@ EHZ 730,

r2~rl5s
2~125 13RI AT E > TWRWHHAL DAY TH 5. HiE(lbOBRIZIE 2~
rISOL P AXIER~31 DO L PAFICESHZ 51 5.
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r16~r25
—HOMFNLr16~131 DL P AY DAMIRT D HDNH 5. 126~131 13 5125
RHAEND D, mElbDHENRERS. RELOBIIr16~25 DL P A X3 rl6~
BlLICESHZ S5N5S.

r26~r31
R26~31 137 — ¥ ZEHOBETY RLw > D ZIZHNSENS 16bit DRA > ELT
oD, 26~31 DL AFE_DITDEMEEY N F8EY MELTHY, &
NENXY,Z VDAY EREINS. REILOBERICIEIX~Z DL P AZIEX~Z DH
DL AFITEEHZSNS.

5.2.5 avr-geelCKBT7TVT—2 3 DHH

atmegal 28L 1IFRE M T 2R/ 720z, avr-gee ISRRERBEMIEOH L TRAT %, R
ZRBIEN UICEMT 220D 5. 26 ORI avr-gcc DT 75U Tt
TW%. SNAOIZT 1 7TV DL EITAIRNWED, 77U r— a Y idENTEO L
WZI3AREEBE L divide,multiply Z FII 9 5.

53 AEDFXED

AETIL, SNOS KUNSNAO OEEIZONTIRRZ, KETIE, SNOS KUNSNAO DFE
= R e OVE TR RE 217 .
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AETIE, UL TT 4 TIINFAL Y RAXRL—F 4 2T
A7 SNOS & SNOS Y 7)) r—< a > OgwfkY —JL SNAO
IZDWTEMEMRHE, EE&FHMEiE1TD.
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6.1 TEEHRIFHE

AEHTIETIVL T4 TINF ALYy REAXL—F 4 > A5 A SNOS & &i#flk
v —) SNAO D FE &G Z21TS.

6.1.1 SNOS DEATEEE

SNOS DA FTFAMAA Y FIE250 70w 7T 79 5. Atmegal28L I 4MHz THj
BT 570, 6251 7ahhnsd. WAL DAY OREE, Exi3 128 70y 7 hving.
SNAO Dbz kD, aA2FTF AR AA v T OUMZERK 120 7 0w 7 FEfE R TdH 5.

AWFETIZFHI /O E L TUSART O A EY 2 — )V Z2FEE L=, SNOS DI— RHYA
ZV3KI2400 N1 R TH D, FED 2a—INDPBEETHAE)H A XE2K6IICEEDS.
INSDEDa—INHEETDZATVIIMA, 77U —2a >DFHATIEECAY v
BN E LD,

#£6.1: SNOS HEEZ 2 — )L DIHEATY

| EVa-) | Y4 X |
2Ly R 3+ (7% AL RO byte
T3 4* T DI byte
USART {7 4 byte

6.1.2 SNAO DEE{LERE

K6.11ZR_RTI—RE2712TTICEHL, SNAO TRiElLZfT\Y, 7/ 7y
AIVERRIZIND o o] 2 time O < > RTRIAIL 2. 7z, SNAO IC XS &iE{bZE1TH
THEBEF T T 7 AIIVEERT DO > R 2L 72, £621CHEZE
ED5. WEIZA L I/STIVT BDITEN, SNAO IC X Bk 21T5 &) 2.5 5 ORI
Mm%, SNAOR LT FUlr—2aESNOS 2 > 795 EERIEERDT, T\
TR EIESNAO ZRIFA LW &C, @RI /NTILDNHEETH S.

6.1.3 SNAO DO ExE{LzhE

B 6112779 0— K% SNAO Tk L, wiEbiERZ 72> 753 —ROT 7 1I)LY
AKX, TPz T7ANDT v IV A X, B#ETHL OAZETLERLZ. %63
IRE R 2R T

B LICE > TREET D L D AN Iao72l, B oE-HIC LA TPV b7y
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/* ALY R1OIZRURA N */
void threadl (void) {

char 1i;

i=1;

i=subl (i) ;

i=sub2 (i) ;

/* ALY R2OIZRURA N */
void thread2 (void) {

char 1i;

i=2;

i=subl (1) ;

i=sub3 (i) ;

char subl (char 1) {

return i+1;

char sub2 (char 1) {

return i+subd (i) ;

char sub3 (char 1) {

return i-subi4 (i);

char subd (char 1) {

return i+i;

X 6.1: ke 53— R
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% 6.2: SNAO D i b E

‘ H user(msec) H sys(msec) H real(msec) ‘

gcc(.c —.0) 12 10 86.8
gcc(.c —.8) 12 7 70.6
SNAO 103 25 109.5
gce(.s —.0) 12 9 38.5

7 6.3: SNAO D b il 5

\ I5H H BBl \ R \
7t>T75a—RKOHYA X 1974 byte | 2640 byte
FT 7 N T 74 DYA X || 988 byte | 1068 byte
HELZL DAY 3A 04

AN DY A X80 byte ML 7z. LML 80byte DA — RH A XIF—47 vy DO — R#
B 128KB & HARIUT/NE .

6.2 JEHEHIFFHE

A TIESNOS DEMRFHMEEL T, YUY TT4 TIVF ALY RICKOBEENE
PllzolzhE ALy ReEfWEZd—RER—-U 7 EHNWEd— RTlHEET 5. flEl
TSPRBRTRELZ, TR TRELZERTEET S I —RERT. FA—U 2 TZ2HWN
ad—RzEK62I1Z, ALy FEAWEI—RZK63I1ZRT.

K62DLDIC, A=V TEHWEZa—RiZ, REICEDSI—FR, EEICEHEI—
R, A5 2a—) > TICEHAT—RN—DOOBEKICADIELCSTHBD, DDz,
K63DkDic, AL v REHWEZI— R, BEICEDSI—R, BEICEHDS 31— R,
AT a—1) IO 53— RREBEA TN THD, BELEODEENII->E0D &
fTObnTns.

6.3 AXEDFXLED

ARETITEETME LT SNOS OEAMHEZFTM L, SNAO Ol E & kit R
EEMELZ. F2, EMRHMEE LU TRFBORS SOFME LTIV F ALy RER—1 >
ZOaA—RZEE LUz, RETIISHROREZ BN, RBICAGXEZELDS.
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int main(void) {
char i;
for (;;) {
for (i=0;i<35;i++) {

1 1
: temperature=getTemperature () ; 1
! rf_send (temperature) ; 1
1 1

it %7==0)]{
humidity=getHumidity () ;

rf_send (humidity) ; I
] L _1BEICEbhZa—F

sleep (1000) ; b ‘
} i HRECEHZI—R

} [ xrva—uosizmnza—r

6.2: R—1 > 7z X Bk

void temperatureThread (void) {
char temperature;
for ;) {
temperature=getTemperature () ;
rf_send (temperature) ;
sleep (5000) ;

void humidityThread (void) {
char temp;
for G3) {
humidity=getHumidity () ;
rf_send (humidity) ;
sleep (7000) ;
}
}

char stackarea[128];
int main(void) {
snos_initialize();

createThread ( -=
temperatureThread, | _BEICEbZa—K
stackarea, G .
sizeof (stackarea)) ; i LBREICEhA IR
}MMdHﬂm%dO: []X7§1—U>7K¥bé:—P

6.3: AL v Ricksaib
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RL—=F4 27T AT SNOS &7 7V r— 3 >y —)b
SNAO ZiZat LFEEL 2. AETIISROMEEZRET, HRICAK
MY EEEDD,
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71 S1&DRE

SNOS D4 #H DML U TERT /NA ANDORIREN— R =7 O L% 55, £
72, SNAO D4 #%DFEE L TNA F1U 7 7 A )L ORI & RHEBIEIT O U 5% & 2
F5.

o &LfET INA ANt

ARF T SNOS 35 is L T 557N ZIXLED & USART TH 5. K0DEZL D7
Vr—23 ICRT @I D=DI7, FEOTINA ANOMIGNEENS.

o N— R 7 D%

HIR D SNOS 13 Mica2 mote FHICENN TS, XDEZLDN\N—RT7IZHHIRNT 3
7D DEEINZ B HEIND 5.

e N1 FYUT 71 )LDOXt
AR XTIET S r—a otz 7t> 7)) d— RTirozizn, 77075 —
a3 oA T IV Ty AN EERHATE Mo L0FFHALEVWESIZ, O
SN TITHARDD, T2 N7 7T T U —a 2 NA ) B2EE
EBXMMZLINETH 5.

o MHEBEEITF UM L DRI

BIED SNAO MBI NH L 2 L —ATERW=e, Be&hd—I 75 7%
R TE 0.

72 L

AL T, o/ —RHAAXRL—F 4 2T ATALSNOS E7 U r—a Uik
ik —)l SNAO Zikat, FEEEL, ML /.

AEFH 2L Ea—F ¢ D7BETIE, IT—9RBORICEIL 23— A2
o s, Y—EAERBEDEZHIZ, EMHRAOERERE T HHEEZFEOE Y/ — RK)
BEL, v NT—0%NT 25 ETEMROEREMMNCIET 5. BHEL O Y
J—RHA7 7 =23 >d—REXAM 70X Ly REEALEZBRERAXL—F 4 27
AT LAMBHIR AT IV EFHLTEMTWS., ZOXDRTIETRHEKFET 21T,
EOABRAT P a—) 2T REDN— R 7 ICETHHHBNVLETHD, oY /) —
REA7 70— a VHABOPARBOBEFEEITIZHL W, Z<OREFEEIIPCOF XL —
TA T AT LD T T )L T TINF ALy REFRARRNHZ. Ll
T8 — RIINEULEBEIMEDTZDIZCPURCATEY R EDU Y —ANESNTHO,
TULYT T4 TRIVFALy REBEERT 213> TFANAA v FICLBAEY
AL R OEE DK EZ 0.
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AWFETIET T r—a b U iEfbic kD, 3> FF A NAA v FOUEZE
OIS IVIFICHIE T RE T > T4 TRIVF AL Y RARL—F 4 2T AT L
SNOS K Ui Y —) SNAO Z#EEE L 7=, A7V L 7540 TXIVF AL v RD
Rk, Lo —RAT7 TU T —a VRN RBRROBEFEE CTHEDICHIE 2T
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