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Abstract Software simulations have been widely used for the design and application development
of a wireless sensor network that is an infrastructure of ubiquitous computing. In this study, we
develop a sensor network §imulator that can verify the behavior of sensor network applications,
estimate execution time and power consumption, and simulate a large-scale sensor network. To
implement the simulator, we use an instruction-level parallel discrete-event simulation method.
Instruction-level simulation uses executable images loaded into a real sensor board as workload, such
that it results in the high degree of details. Parallel simulation makes simulation of a large-scale
sensor network possible by distributing workload into multiple computers. The simulator can predict
the amount of power consumption based on operating time of modules in a sensor node and counting
the number of executed instructions by kind. Also it can simulate ubiquitous applications with various
scenarios and debug programs. Instruction traces used as workload for simulations are executable
images produced by the cross-compiler for ATmegal28l. microcontroller.
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ATmegal28L2 MCU9 Z=Z9°] 16 MklA Ho 16
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WENE #57F AAE B¢ode Ae=9] 57 £34
Al elE F= QA7) W&ol olHF At Fge W
% Fosth =3 diEe] WON 822030 Ay
ARE Ha3Er) st BF AT B% ool &
k2

A7 FEE Y] Wi, HHost dYEA
2= &9 A= Abfde] EAEHA 9%— o2+ AbA
N EH ol HHae ALgEE AEE o)A EES =Y
T Utk

18 62 ATmegal28L MCU®] 23t g#Eo] 43,
JEYHE Az, Brelm F2, EEPROM 227], SPI %,
a8z SPI 3o wE CC2420 RF EHAIHL] RF
B4 5 AEYH0A 3 9T AR FEHE Aol
2AZY BAG Xz BAFT Qioh oiEEe AA
E2 VTE S7M7E FAEE Asn, o] Al F
e B exdd wet 4§ Akl AlZHevent

Aog AP e 2AEY A Aok 27

&9 @ s ]7} 2ol 3 0} fé}’iﬂ A el AR

aE 2 Az el S|

oF 3t &, Az i“éi el 7 VJ e AARE AA

Hol AFHEd, Ve 2 Aoz A"tk 8 2

7HR Al RIS diste] £ o] AAAE] d9sid o
<7 2ok

« INSTRUCTION_START £#®l

MCU7 B38olE &3l 43e Fusie

e =80
24, 71 Aese EdA dEdel A5 Qe



364 HRANIN=FA AF

EEPROM_WR
START

EEPROM_WR
END

INSTRUCTION
START

Execution
Time

A
INSTRUCTION
END

\

SLEEP
START

L

4 Cycle

SLEEP INERRUPT

END END
[ :Event RF_RX_CAL
—p : Scheduling ET A_RT
Symbol : 16us 12 Symbol
SHR : Synchronization header
PHR : Physical header RF_RX_CAL
PSDU : Physical service data unit "END

1% 6 PASENSHA AlAE 7te] 2A1E9

APo|u o X PC7t 7Hel7le AX Y HHo s
oA 53t T HH o Y Ak Fo) INST-
RUCTION_END ARl #8552 2AZ @ gof
MCUS| A2 22o] 8 Wolx, BHo7t 18 4¢)
“ADD” B#olg}d 125 ns o] INSTRUCTION_END
Atde] FYEHEE 2FAE Fct
«INSTRUCTION_END %8
HHole] Ago] AA FAHE FH
Hojo] A3 Ao we} HAR AHE 7]"% Al ﬂv‘T—E
9o 7+ FRA2E yggt o] FHAME BH
A3 A} AAM == o] gl E}E]'*i o4 7}7<] o
AHES 2AF gt A HAT “sleep” BHAZ}
APHE Fole AM=EE €8 HHZE AT 9
8] SLEEP_START Alz& 2A% &t 7 dxe #
Hojol A3 AFEA EEPROM 277} @& 7399
& EEPROM_WR_START AMAS 2AE 3t A A
HEole] d3) AFHZ A EoH/7h-E Ao HA
2E(timer/counter control register: TCCR)¢] E7§ H]
E7 WAHIJE Aol ®HelmE BRAI7] A3
TIMER_START Atzl& 2AF gl ) ﬂ’ﬂﬂ% 5
o7} AEe T AHAES TAACE JHHPE
F8-g 4337 Y34 INTERRUPT_START A4S
2AE Jh 9A HRE BEol d3 A}z A RF
EE& ©o]83}l7] 93] SPIE T3 dlolele] Ao @

nL rlm m
-{oi' il

A=

K

o

2o A4 g HE Al 13 A A 6 £(2007.11)

THRES|PSDU
Rx Time

Remainder

vy RxTime
RF_RX
8 SPI Clock END
A
SPI RF_TX
END START
12 Symbol +
PHR Tx Time
A 4 A
RF_ACK RF_TX
START SFD
PHR&PSDU
i 12 Symbol W TxTime
RF_ACK RF_TX
END END

[

i
X

AsA 5W SPLSTART AMlE 2AE ok wiA%

o2 PCE F7HA71 ¥ INSTRUCTION_START
AR 27% ol the PR AP 5 U=E
A,

+RF_TX_START ¢

RF £41& AN#sle FEoZA 8 AMH(128 us) =
= 12 AH192 us) A7 AA7 SHR(synchronization
header, preamble) A4 A1t Fol RF_TX_SFD A}
o] BABlEE AAZE Fv} CC2420004 thEFL2 250
Kbpse|7l W&o 1 HIE] Hg AR 4 wsolth
*RF_TX_SFD ¥l

%4 =EoA SHRZA 4% Fo APH= F
22, PASENSOAE o] AldA F4Al == F
e e AR WES FA =29 £ WAz &
AFgHE a9 7oA B uke) o] #izle] Ujgo] £
e A7 wet $4 =29 CC2420 ol WHaEs}
A8t7] wEo), o] wW RF 4 528 $3437] 9354
44 x=Z¢ RF_RX_START A13& 2#AE 3} o]
9} BAlA £ xzde £4 25 F3FE FYsh]
915t RF_TX_END Apdo] 441 #719] PHR(physical
header)®} PSDU(physical service data unit)9] A%:9]
Bis A7 Fol BABEE 2AF gk ek dsE
vlolete] =717} 10 Byteshd 320 ps At ol RF_
TX_END Apzo] @Aightt, 524 k=ofd SFD A=



SHlFHE S8 AL AT AN dESZ AEHlY 365
& &
of '\‘v&d\ <)°o°
O ,f & \’?\gf
£ W i
Data recoived over RF | Preamble | sFD {Length) MAC Protocol Data Unit (MPDU) with comact address
::g:::ﬁon ok  SFDPIn I
FIFO Pin
FIFOP Pin, if threshold —
higher than frame length
FIFOP Pin, if threshald [
Tower than frame length
Data raceived over RF [ Praamble [sro Length MAC Protocol Data Unit (MPDU) with wrong address
rA:;:ir::'sﬂou fails  SFOPin
FIFO Pin
FIFOP Pin
2™ 7 CC24204 RF #41 &
RF WAIAE 41298 el FIFOP A%+ RF LVT7} &4 A7)
$418 MCUS A 2Ele JHYE 432 AMgdn ## F714 PDES Hhde HA sPIAIRKglobal
*RF_RX_START %% virtual time: ©)3} GVTE $HE #ASHAN B Al%
RF 4 =M s71¢ SHRZAA 418 3ol doldg AAdez Aojshe shte] Ao ==

HAshs 38 AlEHOIA 3 FHelth o] AlFd
MCUZ g8=+e CC24209] SFD(start-of-frame deli-
miter) ¥} o] 1= wp¥A HI, ojwFH
o] MCUE #Fle] #Asdke RE & & Atk 52
TR v HYE 93k PHRo| FalHe }‘]7801]
RF_RX_LEN Apzio] RAsl=E 2% vt

3.5 WE 0j&t AjH AlZEI0IM

PDEST ¢4t ARzd AlE#oldeA AlEdE ol Azt
2 @A77 Y3t A" PDESOIA AMAES
] ZZAMX(logical process: ©l3l LPEF $HhEZ U
FolA Ag=Hed, 7 LPe VT S7RI71WA A2
o] A Fol @9E AAEE Alggold o ek
Zh LPell #AdEo] AlEgold He ARIEC] st
LPoA AEdeld He A9 5d8 AL £4U=z
A=A Fdvid, A3 Q2 F(causality error)7t 2
Agcial otk PDESY 4wt wgdle 714 Al
E# o) A(synchronous simulation)® BF2 AlEF o)
s YA AlEY o]
A(optimistic simulation)c'] Aok BHeF AlE o)A
@3 AlEYelde HE7d AE o) H(asynchro-
nous simulation) ““ﬂoﬁ/ﬂ ZIZAME The] 7‘1“ 7t
JFA1ZHlocal virtual time: ©]8F LVTEF §)o] dX|3HA|
2= WhEe, B AlEHo AT Z2AME 71

FA e

—

rorr

A(conservative simulation),

(control process: ©]&t CPz} hHet AM=E=ES H%]’
st AlEHolAE Fse A3 A LPER 749
th o] WL CPS z+ LPE olth¥le® 948 #4%
o] AFEH ) Yy @rstd AHEse FHAEY T
Zojth ]94' Zo] oltyld] AAY PCES A3
AFE §74e HF F7)4) PDES ¥HE AHE HE
oz 44 ?v@ 5 QA Pk

#z %7)4 PDES W& 5714 AlE#ol
& FAw HE7)Y AEgoldy EAR A
Wt} 714 AlEd) e 7¥s E olfe
o] Algg ool B4 AEHOIHE FE AMESE
32 A& o] A(ogic simulation)X 718 ALY &9
74w Feola ARY F2E AHEshs Alzbe] Wiy
#7) g Eolth gy 3z AEHoAdds g8 WSN
AEHoldL RF 54 53 fdle AMx== ¥E =
HHRog A3 WEd AAx=s DHE A £
o] Rolalrt EF o'l QA=A RF $4le] AR
F 3RE 02 AMRZoM RF 44 g F&o)
AT griAs 48T A1 Ao %Zﬂﬂ"f]‘. wehA
## %74 PDES e 1 AQ A L k=
5712 *1%31] 14¢ ZAdsta, 1 ARk ol A
Tl 1A
A o] whAg

N

o, ¥0
i' o rf &

L}

1



366 R85 = A

/* At Atime interval of GVT
End_Time : End of simulated time */

GVT=90;
do{
GVT += 4¢;

if (GVT > End_Time)
GVT = End_Time;
Broadcast GVT to all LPs;
Wait until receiving completion messages from all LPs;
} while (GVT < End_Time);

(a) CP

/*E,:ith event
LVT,: The occurrence time of E; */
while (1) |
Wait for an GVT from CP;
while (1} {
Remove an event E; with the earliest LVT, from the event queue;
LVT=LVT;
if (LVT > GVT) {
Insert E; into an event queue;
LVT = GVT;
break;

Execute the event routine of E;
if (RF transmission occurs by E))
Broadcast the RF message to other LPs;

Insert an event to process the received message into the event queue;
Send a completion message to CP;

(b) LP
19 8 d3 F7|%4 PDES ¢ug&

e ARAE 2AFE G2, EulE BE Atdo] 4]
EMYE FRAEHER f ddoz HE FU)4
1%31 o] d WEe QA AES AT UA A
7 HFez GVTE S/MIFIEA 5714 Algdolie
F3tARE 1 A 1F ddlAe Z LP7t LVTE
Z7I71W A WlE7]4 AEEe)lAE 83kAl Ak
#2 %7)2 PDESOA CPe Higo] 713 WS
ol&3te] GVTE FASHAA LPES Aojste] WE A
EoldE Sk Al o|Mde]l ANFHEY CPe A
EHol4do] ERHE VIZHR ABA AotE WEAF)
£ 93 A7k F3@Anes GVTE ZF7/MAT o
GVTE “E*E]aﬂA S A3l Al EdolAd AHF=
EE LPEINA JEDh GVTE &2 LPES GVTH
A LVTE éﬂﬂﬂﬂw Zzr AlEH oINS APtk
LPE A oA 713 we] 2dE Alde Az, 2
AbAo] A EE AIZte =z LVTE 74l ALA 9
2 AW A9l LVTZE GVT olstd Agole AFd F
€8 Agsiny, 48 Fo| RF $Alo] #Asd T
LPE4A RF WAIAE HEF|=" gk RF HARE
e LPE o] HAAE AT A% AE 2AE
g wReF AL FelA A AR A" LVTUL
GVTRET Zgd, 7AWl AdE oAl AR Fol 4998t
3 LVTE GVTE 7%tk a3 LP= GVTZHA
ANEY NS FEHPTE WAXE ALF Fo oL
GVTE 4% 971 7|3t CP= € LPEEYR
B AlE#Hold &8 WAANE FAHE GVTE 7
7tk 19 8& CP¢ LPY #& %74 PDES &g

<

Nf“l

CFE A4 g dE Al 13 E A 6 3Q007.11)

B asd 2
[Msg) ID of created made =
5 load GntToRfn.srec
(Msg) (CntToRfm.srec> loaded in node @'s flash memory.
£ nch 1
fMsg} Current node is changed : @ => 1
[ load RfmToLeds.srec
{Msg3 (RfnToLeds.srec> loaded in node 1’s flash memory.
k¢ siminit
{Magl Environment values is loaded from ’pasens.cfy’
fMsgl Initialize simulation parameter.
B sierun 60898
tMsg? Node-B : RP-Tx. Time= 249.371474 ms, TxCnt=td, FREQ=2485
[HsgT Rode-1 : RP-Rx <1 <- 8), Time= 249.755474 ms
Packet : @f 01 B8 81 £f Ff £f £F 04 2d 81 80 @1 09
(Meg] Node~1 : LED = _R. Time= 249.958118 ms
[Mzg] Mods—8 : RP-Tx, Time= 489.128825 mu, TxCnt=14. PREQ-2485
[Msg) Mode-1 : RF-Rx (4 <= @), Time= 4§9.512825 ms
Packet : @f O 68 82 £f £f £f £f @4 74 92 60 61 08
[Meg] Node—1 = LED = __, Time= 489.715733 me
[Msgl Node-1 : LED = _G_. Time= 449.717767 as
Msg] Node-8 : RE-Tx. Time= 732.683716 ms. TxCnt-14, PREQ-2405 .
TMsg) Node-1 ¢ RF-Bx <1 <- B). Time= ?32.387716 ms
Packet : Bf 81 0 @3 £f £f £f £f 94 7d 03 09 61 80
iMsg? Node-1 : LED = _GR. Time= 732.590353 ms
tMsgl Node-@ : RF-Tx, Time= 974.564345 ms, IxCnt=14, FREQ=2485 =l

a3 9 YAt A5 4

& BYZEeh
4.4 8

A AP PASENSY A3PAzt & AHihwF
9] o& F%E AF3Y) A%k, F Y AMzE=d
TinyOS[3] 11791 EZ=HS de= AAEQ “CntTo-
Rfm"9} “RfmToleds”E 2zt AA)Ear 6028 VT 5
ot A B o)A AYsgth “CntToRfm™ 4 Hz 7H4
o2 Z719 FH$H g RF FAog Afsis oA
olz, “RfmTolLeds”= RF %"]Oi 29 7HeE g
o] 3¢ A BEE LEDE £33t oAlclth o] AF
M AEH A U] AAx=E=E MICAz E4E 7}
A& CrossBow AFe] MPR2400 R=[22]2 dAs9e
], o] AMEES] MCU A28 §52 7.37 Mot Al
B ol 433 PCo Z2AME 1.7 th FEY 40)
T, F71RAX e &FL 256 MBo|H, £HAA= MS
w9z XPpo|t}
a9 99 A¥dze of 0252 HACE 0 AAx
oA 1M AMe=Z 7 %,H A4=HD, A$5H
7R %9 59 3WE kel 1M AlNx==¢ LEDZ
HAHE AL BojFrl o] A= PASENS7 WSN
SezzaAe FAS FHI) AEHe|dsal, A4
L—% A& § Qe AL ugith. AREHAA A
LA% mso]d, “LED = " ﬂoﬂ de Y, ‘G, Re
7+ A = A 1ED9 F%5E vehlz, “RF-Rx”
Hoﬂ Ae WL F4E A9 £ AM== D9
&L H9FEth “FREQ= ” Hol Yo+ 2 RF +
2 Fu42 Jepla, zle] Ulg o 1194 HlolE
o] 7HeH %ME}. 1% 99 o] PASENSE tia
A2 Tz 4 gHo 93 F3s, “help” B
ol AMgEH AYU=EE A HHod TR AHEH
oZFh dREe] AEHe|HL “add”, “load”,
“siminit”, 2831 “simrun” W#Ho12] &Ae] A <]

P
N'ri

\I

FUIO ot
H: LT ]
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[ report

T Simulation Reports 1
(Tine>
« Sinulated time =  600GN.000D0A n
» Simulation time = 8765.000008 ne
CPouer Concumption : Average)
» MGy = 9.908833446 mA-hr

— Retive = 8.908667335 mA—hr
- Idle = 09.000166111 mA-hr
= RF = 8.611826994 mA—hr
= Rx Mode 9.328189912 mA—hr
— Tx Mode ©.282829453 mA—hr

- ldle = B.0BEBLE62Y mA-hr
* Logger Memory =  8.880833333 mft-hr

+# Board = 8.808361112 mA—hr
= Active = 9.898278956 mA-hr
- idie = 9.6809883855 wA-hr

= Battery Loss =  B.@BB114155 mA~hr

» Ratio of idle = 99.67 %

<Total Power Gopsumption> =  8.612369041 mA-hr

<Remaining Battary Capacity) = 1999.387638959 mA-hr (99.9694>
<Remaining Battary Life> = 2.27 days

(a)

£ report

[ Simlation Reports 1
Crime>

* Sinulated time =  68060.820080 ns

* Sinulation time =  617782.080080 me
(Power Consunption : Average)

- Hey - 8.200820808 rA-hr
©.260208088 ~A-hr
0.800090080 nA-hr
8.611683346 mA—hr
8.320333346 ~A-hr
£.283333333 mA-hr

- ldle 8.889016667 aA-hr
* Logger Memory ©.899833333 nf-hr
» Board ©.883333333 ~A—hr

- fotive - ©.883333333 mAhr

- idle - 0.29P8969ED nA-hr
* Battery Loss -  0.8@8114155 eA-hr
* Ratio of idle - ©.08 x
(Total Powor Consumption> =  0.895164168 mi-hr
<Remaining Battary Capacity> = 1999.184835832 mA-hr (99.95522>
___ {Renaining Battary Life> = 1.55 days

(b)
23 10 AYAEF gF

-~ Active
- ldle

* RF
~ Rx Mode
- Tx Mods

RN

oA & M AMREE A48T, 448 wso)
Aol AE A Fo 2719 AL FAIL A

EHolde gt

I8 10@e A A AgdA AMxE YR F
ZAIZEE 7N R HE AHAEHFS 45T AnE
BoFn 7|F A% AYFL CrossBowAldll A Alz-3}
= HAFAL2HP22]e AbgstAnt “MCU”, “RE”, “Log-
ger Memory”& AARZ9] 7z} BEqN LEH HY
e e, “Board’E I 9o Ard AFLL
Bl ™, “Battery Loss™& ZAAX M AdFoz A
Hol ARHE AHFS Yedth o] AEL HPA
7ol 99.67%7F €9 dejoln, A& HAANAHES H-poll
2000 mA-hr8] AAA=Z 2274 < 5% 7Bs3ich
e ad 10b)e €98 AH7E (=S dAS 4
sl BL3 Wgoez AEHOlA 3PS W AHA
EZHE BAFT e, o] Avde ¥oF 15Y F
ok F2bo] 7lesith o] A WSN S48z dd
w2} WSNe| $90] oj= FxdXR| <& ufol] PAS-
ENS7} f&sitts Ae vehdch

MCU Apo]E ©9je] AlEdoa FURE ze
PASENStE 19 113 o] IS $£22 WSN &
frzods Oiid 4 Atk 53 MCUS RF 2§
o W3l YRAH FF9 AT HRE AMEANA

X3
Btart : Tine=2320.8087S8, PC-8xB1%a, IR = BRAE @xB195 <@xf7d1)>

fEnd 1 Time=2329.001888, 8 of Instruction = 1

PC = Bx@195 $P = OxiBef ITHSUNZC = 108208008

h@P-R0 »01-880 »B82-00 »43=88 r04=00 rB5:00 10600 rO?=08 rO8-00 rOY-00
hiB-B2 »11=00 r12-00 ri3=88 r14=680 ri5=00 r16=086 »r17=66 118767 r19-68
h20-67 »21-D8 »22721 r23=81 r24=de r25=60 r26=16 12?784 r28-Ff1 ¥29-18
30=1f r31=P4 X=B416 Y=10f1 Z=B41f

I/0Rg. © 1 2 3 4 5 6 2 8 9 A B C P EF
Bx80(Bx28> : 2@ 63 @3 B3 29 B VO 0D 48 6B @0 20 88 58 81 42
Bx18<Bx3B> : cc a4 co BA 88 B 31 £7 31 @9 @0 6D @0 83 8O 09
Bx20<Bx48> : B4 @ ©¢ BB 9 BB 62 00 §8 B2 FF P? 19 A1 <9 @9
Bx36<Bx50> : 66 Gk @8 @D B9 @0 B8 30 01 G B3 00 B0 ef 12 80

# el

KTATUS=Bx42  FSMSTATE=14 CCA=t CS=1 SFD=B FIFO<B FIFOP~8

ADR_DECODE=1 PAN_COORDI =1 BCN_ACCEPT=0 RSSI_UAL=8x82 AUTORCK=D AUTOCRC=1

PANID=0x1225 SHORTADR=Bx1175 1EEEADR~0x@088084722958919 FIFOP_THR-003

Configuration Registers)
a4ssvs9ancn£yj

(£980 122 BSBE 080 a78F ABEF 12¢5 BaS6 4lab WOAA 0PEG 0@4P 203 0RO 233 3886 -

Ra94 £££5 bE?f 763 3649 9854 012a 8210 5082 B628 8244 09GP 886c 4h52 9668 BO1G

PGan 0PEC KOS 0D@G 00V BE0D 0RO VRSP BRBE BOGS 0DBE 86eD 0eSA DEOD

Merory> @ 1 2 3 4 5 6 ? 8 9 A B C D E F
98 00 00 BV G0 B2 G4 VO 20 6D 20 V3 VO 0V €9 6O
10 : 99 90 09 90 08 0P @B 0P B0 BP G VD BV VD @9 B _5'

N
3

1 WSN &gz o7 3pd

% #Z2ds WSN AlEdog2 @A PASENS7)
fdsit}, Agspde MCU Alz"l 5] 8 MRl Octa-
commAle] NANO-24 B.E=[23]01A FA=ZAHAAFAGT
Q(ETRDSY NANO-Q+[28]d1 Egso] S ‘detect_
netd AAE A S BAFa [k o714
A" “n” #HHEole § NAWHAE AP Fo
MCU W% dA2HEY WEE HAFT “ci” FHof
B CC2420 Y B AA2EEY &3 RF 289 @
HAREL wARTh “CCA”, “CS”, “SFD", “FIFO”,
“FIFOP"& CC2420 &% HE9 AA UL vehiz,
“PANID”, “SHORTADR”’, “IEEEADR"S IEEE 802.
1549 WEHZ F2Z Jepdck Uwad 482 PCHY
0x019a WAL o, PC7} 7te)dle A 7198A9
XA 71AEE] “Oxf7dl"E 2A&F] “brne 0x
0195 HHE dHste] A AL Vepdth 2392
T2 A PCE 0x01952 W7e] How, VIE 2 Ale]
o] MCU =9 "= 250 ns7k JYHAAEE ¢
2= 9le}. whek & /O dALE Y WES B gt
W “xior” 4 WHOE ALY 4 glon, WY Ex 9
2 SRAMY W4< 27 dgtd ‘m” 4 WHoE
A& 4= gl

PASENSE 4 ®HolEL ¥Fshe Y Y(batch
file)g AMgsled ex W} A= 3R 2L o
oFst Al}E] 9] WSNe 528 AlEdHA & F A
o} 28 12 NANO-Q-+dl 3] & ‘temper-
ature’ o) AS AMEsle] 40% 9] VTEeH &5 w3t} Al
A 314 2 B2E ‘etri_temp.sh’ 4EHLZ AlE
dolAa 3 AAE BAFT} ‘temperature = ¥E LED
2 A & Zo 10 Aoz 25 E &4 44
FUE (serial monitor)E I & E#HI= diAoth
‘etri_temp.sh’ &AL VT7F 1029 ool 2%=7}
31552 WAL, 20249 W AM==rt nige] &
A, 30%Y "ol AA=srt BrEe] thal 528t
' AUELE £330 19 129 FAAAA B, VT
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5 b oetri_temp

#t ETRI Example : Temperature

- nodetype NANOZ4

[Msg]l Current mote type is HANO24.
add

1
(Msg) ID of created node :
]

- load temperature.rom

[Meq) (temperature.rom> loaded in node @'s Flash memory.
b sininit

[Msg) Environment values is loaded from ’pasens.cfg’
[Negl Initialize simulation parameter.

F simrun 18820

(Msg? Node-@ : LED = .. R. Time= 158.885132 ms
[Msg) Node-@ : LED = _GR. Time= 256.087637 ms
(Msg] Node-8 : LED = YGR, Time= 358.898142 ns
[Msg] Node-8 : LED = ¥G_, Time= 450.892646 ns
tMsg1 Node-@ : LED =~ ¥.., Time= 55@.@95151 ms
(Msg1 Node-8 = LED = . Time= 650.897656 ns
tMsg] Node-8 : LED = .C_. Time= 2750.175131 ms
Current Temperaturs : 20.9

I enuch 8 31.5 -1

(Msg1 Enviroment is changed.

F simrun 10800

[Msgl Node~® : LED = . Time=12751.715356 ms
Current Temperature @ 31.5

I nfail B

(Msg1 Node—® is failed.

 simvun 18000

I nfailback @

(Hsg1 Node-@ is failback.

L sinrun 16600

(Msg) Node-B : LEP = _R, Time=30150.885132 ns
iMsg) Node-@ : LED = _GR. Time-30258.887637 ns
(Msg] Node-@ : LED = YGR, Time=30350.898142 ms
(Msg] Node-8 : LED = YG_. Time-30450.892646 ms
[Nsg) Node-@ : LED = ¥__, Time=38550.695151 ms
[Msg] Node-@ : LED = ___, Time=38650.89%656 ns
[Msg] Node-® : LED = _G_, Time=32750.175131 ns

KCurrent Temperature : 31.5 pd]

a9 12 4B2FHAE AT A A& elA

F report i
(Simulation Reports] Executed Instructians
ADC = 174 ADY = 72 ADIW = 39 ANp = 2
ANDI = 293 BLD =~ 2 BREQ - 256  BRGE - 2
BRLO = 96  BRLT 15 BRNE = 9998823  BRPL - 22
BRSH = 35 BST = 2 CALL = 248 cBf - 4
cL = 22 CLR 4 COM = 11 <P 123
CRC = 314 cPl - 2e8  CPSE = 2 DEC = a8t
ELPM = 28 EOR = 1 1M - 11 N =~ 64
Jnp - 26 b - 813 1L 757 s = 78
LSL = 206 109 nov - 98 MoUW = 273
L 18 NOP = 39993456 Ok = 148 ORI = 43
oUT = 89 POP = 4 PUSH 85 RET = 239
RJHP = 346 ROL = 951 ROR = 333 SBC = 157
SBCI = % SBI = 11 SBIS = 2 SBI¥ - 9998418
$BRC = 19 8BRS = 166 SEC = 65 SEI - 1
SER = 3 ST = 585 §T1S = 7 S8 = 39
SUBI = 181 TST = 235 -fJ..J

Iy 13 AR BH s &
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