#1323 FAEEEE3] =24 Vol. 32, No. 2(I)

JIHEE -l Ol&-AtH AEdI0OIEE 0| S8t

AN UERI AIE2d 0l e

349’ A48 A A5
AAdsta ALkstat
sofe21 @gmail.com’, legnamai@chol.com, windery@Kkorea.com, jhkim@dragon.yonsei.ac.kr -

Development of Sensor Network Simulator
using Machine Instruction-level Discrete~-Event Simulation

Yong-Doc ]ung0 Bang-Hyun Kim Tae-Kyu Kim Jong-Hyun Kim
Dept. of Computer Science, Yonsei University

2 o
KUIAEA HEES J|g SHIQ A WERKIE 42 £9 M LEEE FLHEHM, 2 UH =52
SIEHNE R =2 FZ0ICH 8t 2Aste MY ADE A5IH UM LS8 SH2Z MASEHN,

LCE 29 SHE 248 WERIE S80 0IRNACH M UWERIE *& SHO O UESI &E
EZX 9 o2 90l ZHCOO0 8t1, 0l CIB0 UM 2o SE/0Y ATEAOE QM T
2t CHuat BIBS0I0F BIC Math dA WERSI 28| o A28 SHY 458 HEE =
AL ATEYN N AT MBMHT= ASOIEI AR IIsstUE, A2 JHY I8 3N &=

AlZ £ AS A0ICH
JIES WA HWEKD ASUOIEIES S SE2 98 ST J|ue stEA0Y 2SI Sets

Of HEERI M0 CHEst dA WERI XS XASHII0E A U200, A UERAIT €AY
o =R RAQ MY AQZ BHO| EECIX HUCH Ut 2 AJ0NAHE ST SS0ILE 2SHH
Hee 29X USHA CIsHH dAH WERD 32 &) L 2SE £+ UD M 428 FHE Jis
8t AISYOIEHE NYsls NS SHZ IR0 2 SHP0A M AMZ220es= JIHYEH-ae
{machine instruction—level)2 Ol&t-At2t AIE&ll0l 4 (discrete-event simulation) JIES OCIEE22ZM &

B dA cSof Z2IE A8 X oY SNES

oTrTEs

Hsxez discis O MS2

+ UAZE GIAUCH A8

dlolde meissHworkload)?! &0 Ed0IA(instruction trace)2= ATmegai28L OI0|IAZHEEHE
oz IZA FOIYE g HA-Y IS al(hex) £ S-UIES Eal(srec)d TS ABECH

L Ag

u|5¢] 'Business Week'Xl= ul#| 8] 7]&olzte 3 7]A
A Bl2UA FAAA FESoF & ol 74X slge] AA UE
9l A(sensor network)E I A|Z (1], MIT? 'Technology
Review'2l& A4S wtE 10744 v¥ 7]¢€ 39 U=
"Brain-Wireless Sensor Networks"& #|A|sH71x &R TH2).
ol9} Fol] mY Fg 7|&R FEEL Ye A UEAI
E, A2 A" AT ALES B3 ool HA AR
o oz g wel 933 AFE B AEE] F714
o2 dAHe ohsn W M2 MH|2E AFH FE
S8 A e~ AFE (ubiquitous computing)?] A =T} d
Aoz oY= Ut

A HEYAs ATE A9FE 717 g2 79
REEE FAEHN @, MM xE=F 9 AL FHoE
o] Fo)Ar}, o] MIEYAE +F B wet UEHI EZR
A 9 2ed whlo] AR ojof 3, 19 plEo] A ==
o st=gojot AT EOiE Heo wet thdiAl WAR ok
2oh. weEd AN WEYISE FEEY] Aol A" R

HEE 458 ¢ U1 ATEY AL FFE AFAFE Al
)

Ed o7t AVE heEtthd, A" R 7| 3A 94
4 F A& Aotk
AR EYI AEdoled &Y AT2+= Berkeley

Z2)e] NEST(network embedded software technology) X
2AE[3]AM 7ig® TOSSIM(TinyOS simulator), Prowler
(probabilistic wireless network simulator), Siesta(simple
NEST
application simulation environment), 12|32 Ashut(acoustic
simulator for urban terrain) o] %12, °o]5& NEST =
2ZHEA ALE Tiny0S7t BAHA & st=dol TAE
(mote = sensor node) 7|WtelA Fasl= A B olE S|
o}, TOSSIME AA xEo} A€ Tiny0Se &4Z2R9)
&1 43782 AEHoH e EAAMA AEoHoln,
Prowlere 4 WEHa ¢ndEFE J7Hg ¢ s UEY
A A E# o], Siestat NEST &8 T2 92 v|59
o8] 715 L A3Y F dv vlEY] AlEdHEolth el
Rmase: UESA X2z @ 24 AUZes Qs A
A dEHQAY 299 71%& Hree Prowler 719 b

application simulator), Rmase(routing modeling

769



A|323] A& ¢R3] =87 Vol. 32, No.2(I)

g AE#HolEH oM, Ashute zy
S%3 v} AgHE S%9 =& ARE AT F e Al
EHo]Elo]tH4].

gy o] A EHOJEEL Tiny0S Aot EF3in, 1Y
22 e BEE nEsA gtk 53] TOSSIME TF
3171 1A= TinyOSolA] TOSSIMEo= Hudd 2 Es
7} We3l:, Prowlerd 74ole MATLAB 4£XE4oj7} 3
a3t} T Siestax ¥4 LT Egjol7} ABHIHE AT
£4 APl 71% € XTEA o4& APl AlEdHolAol 43
57 @&ed. »

mets] & dFAME §F LHAA &stA] FouA
A 2¥F FF 71eE IFde, ZIAEHEA-dE] AN
YENZ A8 olE(machine instruction-level sensor
network: ©]& MISSEt $HE FAsIAt 53] o]a-A1d A
Byold 7NEE 8oz N AN = UE EEY E x5
E e AL 5787 MEEA d93, JAEHE - E
NE#M AYRIE ALEdte] AEEHNEY AYEE Fo
= B A9 22% FA0] 7HEatA A

A /Ady MISS7E X Qshe A REE MICAz 348
24, CrossBow A9l MPR2400 R=9 SElE  Al9
NAND-24 XE=o|t}, AN RBEEL Atmel AHY
ATmegal28L vlo]a2AEE2 (5] ChipCon A9 CC2420
RF ERAH7H6] Farsoidth

ol

2. ABeolgs] 44 2 74

MISSY T2 23 1oA BHE uie} Zo] A WEHI
AEY ol e Fste Al BdolA A (Simulation Engine)s}
A o]~ HEL e GUIE FAHEDH AEHoR d3L
ANSI CE FEHYUD, GUIE JavaZ TEHAUGY zlm A
ol AANA olit-A1 AlFEH )AL ¥ colrER
= 3 AZEY smpl{7]& AHEEA

Stmmlaton Englne

MISS Engine Agent
(MEA)

TCPAP |-

Virtnat Network

Virtual Sensor Node #1
v EITSOT IS UBE

“

Y 1 MISS9| #+&

MISS7} Ag3le AlEdlold &Y Hite A AA =
A= A8 oluA(hex HY FL srec FA)olct. A EH
o] Z o] A onlXE Y 17 T2 MY AAM xE=d 3
A chsoll, 2% 29 Fol 71AEZE 43 FHol wet 5

PFozH o]FoAn. F, AEHolAL AA A4 k=N
st o} 7bd ZHA viEddA EA Z2a3 JkREsL s
7ie AAY 71AERAE &) AYFLEA o] Foirt

Virtaal Memory

0x0000

- Application

Executabi

1
mage aC
Instruction |Simulation

I
g

=1
[1aterrupe] |3

ad 2 71Ao- 49 NEHIA

HHoly] AFEH HPL o] i-Al AEHA VEHE o %
le) Al (event) ©HE AHdEd 2¥ 32 ATmegal28L
utolaRAEE Y CPU Zole] o B A3, elojni/st
28 2 /0 £E 5§37, 1gi JEHYE F& A EHH
71 $% Al RYEE Aloly 2AEY FAY ANE HAYF3
dth o Al RREL FF9 ¢ uret FAG AMA A
IHevent time) FFo2 FA APE 2AFY A 0 =
AZzY @ AHAEL AT 2®WI(time stamp)9t F4 A2 B
2E(event list)oll AFHA, ¢AFH o2 &5 FPA}
s

lsscx

L& ]

INERRUPT TIMER#
START START [ START
4Cyce Tick
4Cycle Time
SLEEP INERRUPT TIMER#
END END END

a3 3 A(event)E o) 2AFH FA At

3. A EdolE Y AL o

MISSE Adste HAHL HA AA =8 P4 ¥, +&
Z2aRL HASA "ok AN =2=F ARV Q3 a0
F9 AN EES FAY o8 7] 44T ¢ don, ¥F
e g == AA 8 Fx U9 AYRI=ER=
ATmegal28Lgo2 AZX: MY E ‘hex 2
‘srec’ 29 Ay olnjAg =9 T WiRd HAs
H, & xEdEe M2 e A3 ouXE HAY 4 Ut Al
Edolde ANt AYEE ms G F%

-
=

770



#3238 AU RS) =83 Vol. 32, No. 2(I)

aidset 1
Jtnsy} Curvent node ID is changed : B «> 1
¥ load Rfmloleds.erec

B siminit

[Ny} Node—8 © RP-Tx, Time» 249.511564 me

1iMzg) Node-1 : RP-Rx From @ <BF B1 B8 81 £F fF £f ¢f 84 7d 81 68 81 99 PCY)
(M) Node-1 : LED « __R, Time= 258474848 s

|Mag) Node~8 : HP-Ix, Timee 489.266991 as

Jitsg Modo-1 ¢ RP-Rx from B CBF @1 €8 B2 Ff ££ £F £f B4 7d 62 00 81 B FCD)
Jtheg) Node-1 : LED = ., Time~ 489.732123 ms

JiMeg] Node-1 : LED = G_, Time= 489.734158 ws

Jiftayl Node~8 + RF-Tx, Time= 732.152820 ne H
[M3y) Node—1 : RP-Rx From © (Bf 81 B9 U3 £F £f £f £f ©4 7d 83 98 @1 82 PCS) |

|iMeg) Node-1 : LED = _GR, Times 732.895915 me i
iMsg] Node-8 : RP-Tx, Timew 974.712649 ms

{iMzgl Node-1 : RP-Rx from @ (B @1 68 B4 €F £F £ £ B4 7d 04 80 B1 09 FCS)
t LED = G.. Time= 975.803(86 me

{iMog} Node-1 = LED » ___, Time= 975.885720 ne

Mag) Nodo-1 ¢ LED - ¥, Tine- 975087464 m o000 o

oo

g 4 MISS 23 ¢

3% 48 MISSY oA APFAozA, F MY AN =
E& MICAz B o2 AT Fof, O xdE JEE e
RF E41& o]gs8led FH w»x2 A$de Zzadd
"CntToRfm.srec"& FAsd 2l 18 AN xc=ddE
RF EAo2 449 78 g9 39 A WEZ LEDE H
Zgo] sl Tz A "RimToleds.srec's AAT hgol,
= A ==o 28 1000ms ¢ Al EdolA AT 2d
49] Aol Aol BW, “Node-0 : RF-Tx, Time=
489.268991 ms"& 1W A xTojA 489.268991ms® RF
A%< AFIUDGE AL s, "Node-1 @ RF-Rx,
from0Q <Of 01 08 02 ff ff ff ff ~>"& 19 reoA 0¥ x
zzxg dolHE $Asdce AL Uehid. £4€ de]
oA A9 o Wix e 0 =28y £Ad 718y ghol
t}. “Node-1 : LED = _G_, Time=489.734158"& 14 ==
A 0l ==2RE A% JLE R 9 A vE HF
e @& LEDe EASGtte RE Jehdd, o] «9 A4,
48 2 02(Z, 0000 0010)°)E=Z greent] AT A
< #9% + 3tk

2% 5% 29 49 dAY FYF §4 ZE2aEL 29 A
2 A% Ao B AT AY 22FE 45 2
3}g RAgFE FYXE FPolth, ¥ 514  “Simulated
time=60000ms"& A4 *= H/W7F $4¢ Z218S
60000ms ¢ AFFcreE AL Yeldlx, “Simulation time
= 52970.0000"0]% ©) Al g ojiE st AA PCe CPU
7} 28§ AJzke] 52.97sec Avhe AL st AYLARF
2 7}28]7]%= "Power Consumption" H®olME MCU% RF
24 2ol A8 (active) A8 E& ulEAs(dle) FH
A4o) 27 2xste AGFY AdHoz 2AE HEYFO
2 U ®HdFm g M AN xE=e 7] AHFL
2000mA-hrz AAsPgen, 2% AHFL CrossBowrtol A
AFote Y L22FL o] &sto] ANsATH(8] Af wWE
o] AL PA A2g AYFH ALE o] jdtd B
Fol AEFo] SA3] ARIRNE ANG ot o] ZAA:
AN HEAIY £HE dSss o A8E 5 AT

H - oiwe rtent Jap Widss Wikt g

B simrun 68008 ; ’;‘

{ g8imulation Raparts 1 e
CTima)

« Gimulated time =  62000.000000 ws <0.000890 ~ CODG.BABONAE) hyed
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- Rx Mode = 9.328072324 mA-hr
- Tx Mads - 8.293228977 wA-hr
- ldle =  9.888816647 mA-hr
# Logger Memory = ©0.882833333 mA-hr
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= Battery Loss =  0.B89114155 mA-hr :

» Ratic of idle = 99.66 ¥

<Total Power Consumption> =  0.612669384 mA-hr

CRemaining Battary Capacity> = 1992.387330616 mA-hr (99.97x)
<Remaining Battary Life> = 2.2? days
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