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Energy Component Library for Power Consumption Analysis
of Embedded Software

Doo-Hwan Kim' -

Jang-Eui Hong™

ABSTRACT

Along with the complexity and size growth of embedded software, it is critical to meet the nonfunctional requirements such as power

consumption as well as

functional requirements such as correctness. This paper, apart from the existing studies of source code-based

power analysis, proposes an approach of model-based power analvsis using UML 2.0. Specially, we focus on the development of energy
library to analyze the power consumption of embedded software. Our energy library supports model-based power analysis, and also

supports the easy adaption for the change of embedded application.

Keywords : Embedded Software, Power Consumption Analysis, Energy Library
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Bk (2" 3ol AANFE A Zo] ol FA
EEC® VI, 28] % o5 9 ujg HeolE2 7A€

O EEC(Elementary Energy Component)

EECE UML B9 8489 3¢ #4& T3 =3¢ A
g AR 2HEe 712 d9jolth. UML 20 Superstructure{14]ell
Aeg SDe IOD, 28n ALS TFAstE 2Y 8488

HAse P9 FE 84F AEEa, o]5S EECE A9
gt =29 EECY S22 <& 1> oy, o5 g
AR & AL 4240 Fostqt.

(E 1) HolE EEC S5

Diagram EEC
Message(send, receive), MessageSort(SynchCall,
SD AsynchCall, Signal), InteractionOperator(alt, opt,
loop, par)
10D Fork, Join{wait), Invocation(Create),

InterruptableActivityRegion

ExecutionOccurrence, ValueSpecification, Constraint
Soll ZEEAY 2de) M HRE 7]Ed7] A4
AHgEE @5 A3 (+ - % /L %, << L L =S
&&, >= 5)8 A2 read, write, malloc, 5).

AL

0o 7H¢ 9 #o](Virtual Instruction)

7 BEelEe AZEY Bzt A o =9 o
8 Szt e AR JUAE ZAsY] S Fed A3t
€ "Hdolse AgezM VPI(Virtual Primitive Instruction)
9} VSF(Virtual System Function)2 A% VPIe
ARM Z2AMA AdlA ALS A=Y & 2} 4449 7]
Aols #A=std sy, VSFE gHidE 25264
A 2ate A" F5EL F2E9 Fosd

oy gteolB ]| EFH VPIE Load, Add, Store T

o 712 gdo] 16718 TFsn glon, VSFE wait(),

fork() 55

Ege A28 B4 24T L¥ST Aok o

g 279 3yoige 4 4 2239 g 2ed, ol
< Public Domainolq 28532 & EMSIM 2.0 A&
BI5)E A8l ZAsTh ool e AR AHge 42
LR LY

O vl eeolE

UML 2d2%H 48" EECE VIE F43ste VPIg
VSFZ EdE F o). 48 &9, UML Sequence diagram
o YeluEs fAlx #Ae VSFE FA8HE msgsnd()
¢ msgrev() F2 oiBEHI, “alt”? 22 Sequence
diagram®] Combined fragment load, compare, branch}
Ze VPIY z#oz @AY o2d =§e] A7} o
glo] &l A #]Eoh

42 o4 x| 2loj2gi2| FEHX

2 =744 AAlgtE oA golBee], ENELE 7%
371 g Aae (2" 49 2ol 2A (1) EEC 44 ¢
A, 2) VI A Z23ddy v, 283 3) 4z 2d
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Generating EECs Define Virtual
from Instruction Set (VIS)
UML Model Elements & Energy Profiling

v

EECs Energy Values |

Energy Modeling
with the mapping of EECs and VIS's energy values

!

Energy Library
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o= Aot} (2 5)= UML Sequence diagrame|
B} 2d[14]& Rd Erh
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toBefore * | toAfter InteractionOperand
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Interaction Statelnvanant ExecutionQOccurrence :ﬁfﬁéfgc ﬁ?‘llgg EventOccurrence fi’:::’;ii’g;i’:;:;‘:
Ll oL | Lin i
’ ’ 0. 1] 1 I =
Val
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argument v i alt
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geSort | racafeEvent complete synchCall neg
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Gate consider
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it} 5= 89 °E‘-J 24 Messge ¥olv, YrAl= AHE
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InteractionOccurrence X Abstract Class 2% A InteractionFragmentE2¢] EYog Aol 7] uj
Interaction X Abstract Class ol &4 Zde] velvds AHAH] 247 ofvr wfe}
Message 0 Behavior Exec. A Z2]2 CombinedFragmente] WEl}= alt, opt, loop 5
Statelnvariant X None Behavior 9] InteractionOperator &4 W7F 3¢ f 247 fch
ExecutionOccurrence 0 Action Language olglA &8 e HEHEE: 9 2 2452 AR A
EventOccurrence X Abstract Class e BAEr] 93k 7|2 o<l EEC7F )

Continuation X Abstract Class Aot 2 wie oste IODEFH FEF 39 fFu
InteractionOperand X Abstract Class 8.4-+= ForkNode, JoinNode, InvocationNode, Interruptable-
CombinedFragment X Abstract Class ActivityRegion, Constraint & 27} |95, o5

MessageSort 0] Behavior Exec. How AlA®l &40 s Ael® 4= gt} EECe 4d
InteractionOperator O Control Structure A= <H 1> A st B =% A #AEE EEC

Lifefine X Abstract Class < SDell tiste] 97§, 10D A 470, 22l AL Z%-E 32

ValueSpecification (0] Action Language M7E Aelslglct B2 AL 2o E71H¢] ¢ ¢lo] 7]uk
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4.2.2 VI olyx] =2 o

oAUz Zzsdy eAdAE Fod 7Hg Bl
@ A% A" 248 o)F A8 WA M 9o
Belsha, o|& ABeolHs £E AHFS HF B

M £

() VI 3 dHdoirt 4428 o, sl F2of
e AR dHE S5 Y8 Hod Yutstd HHols
o Age=24, Bammill6]7F AAIF 744 WHoje] AEE
VPIgt VSF2 8343 Zejdt, & ATE F3 4¥d /M
"ol HUg =gl JELS Fol7] A Yitsie
om, o] 3% md FFo|M WA JYL Fol=v
I E3o| g Ao® VI BE22 <& >3 2.

(2) <E 3> AAE VIS gt ouvx] 22%E F3
37 918)A Tano) 7lEst = 7|vte] Ay AL 24 &
¢! EMSIM 20[15] Al &elolElE AH&-3teich

EMSIM 202 o|&3 H3E AT #2 24 g 43L&
Stz st T2y z=F AAso, EMSIM 209
AY 423 o4 2oy Z=2 AF G olg, FoF
e £4¢ gste 9Holy Al2d E57t UE 2oy
Ao o 43S vz GEE HiFe V|FAHL AEE
TFH3) FoloF grhi= Ble|ch

TFHo| gad E2a¥ IF=E fA%E A23=9 4
ARM iz} 73} (cross compile)#}3& A RAM d£3a
olu] A2 ZAE F, ROM o|u|AE A3t AlEwo]st
A €tk AlEHolde]l gEsW, EMSIM 202 A £4
T8 A% g9 FE Y] fA8 AHEE B
a9z ¥y o AlEdoldo] FEHAU Y ATolA
248 na o waHoy A2y Fo] dig AR HY
ARG FEI o AL uif g THE
&2 FEE 208 o4 ¥WHES L, o|59 HTEUE FHSHA
gt

(3) EMSIM 20¢ %3 7t4 HHosd dd 2234
Z2RAFNE <H 4> 9L <E 559 g}

(E 3) Heokste 7t HEo 58

T ® ol

load, store, add, sub, call divide, call modulo, mult,
VPI compare, convertType, branch, bitNOT, bitAND,
hitOR, bitXOR, bitShiftLeft, bitShiftRight

Process

fork(), waitpid(), wait(), signal()
Manager

msgsnd(), msgrev(), msgget(), msgetl(),
[PC semget(), semctlt), semopl), pipel), pipe
open(), pipe write()

VSF
I File open(), File close(), File read(),
File Svstem File writeQ)
Memory shmget(), shmat(), shmdt(), shmetl()
Manager

(E 4) VPIOf| CHE M3 2SN ZHAN

VPI Type Energy (n))_ Pl Type Ener
load char 14 0362 call modulo |char 2425
short 280724 short 313863
int 13016 int
float 130157 float N/A
double 137019 double
store char 131765 mult char 11515
short 263530 short
int 124897 int
e ot float 130358
double 131638 double 13.0354
add char 108652 compare char 10,1905
short shoet
int it
ot TP float 130162
dostis |19 convertType ::“ ?:Lou 115184
b :::; e int -> double |11.658
double, float |12 2281
int ->int
float 10977 branch N/A 191309
double  |1131% bitNOT only int 11.209
call char 267458 bitAND only int 105258
divide | ohort 296097 bitOR only int 11.2089
int bitXOR only int 108691
float 25 4667 bitShiftLeft |onlyint 118885
double 25 4665 bitShiftRight |onlyint 122282

(E 5) VSFO| ChEE M3 225 £-EY

VSF Parameters | Meacro-models(h) VSF Paramelers | Macro-models(hJ)
[fork() - IE = 1322026 msgget() - IE = 435101417
Iwaitpid() [E = 250773 megetl() | IPC_SET |E=33347
i) 3 E - 249866 IPC_STAT [E=3835.7

0 & Py IPC_RMID [E=36036
31 - = 9460,
_Sm get() = [E= 45572
File open() E=178866 0 S E=25734
File close() E= 82622 GETALL [E=25380
File read() | cbytes |[E=51c+4%3085 GETZCNT [E= 27955
File write{)| cbytes [E=56c+320223 IPC_SET [E=27B44
lshmget() = IE = 126358 83 IPC_STAT [E=40214
ehemat() N E=115099 IPC_RMID [E = 3924 2
lshendt() = E = 146032 SET_ALL [E-20764
SETVAL [E=26608
lshmnetl) IPC_SET [E=32115
IPC_STAT [E=40101 B ek Pt
= . unlock [E=36881
IPC_RMID [E=177603 Pipe0 = Spperyr
msgend() cbytes [E=40c+45540 |foipe read() | cbytes E‘.‘?c.,mg
msgrew() | cbytes [E=44c+48180 |pipe write()] cbytes [E=28c+ 147200

4.2.3 dyz 243 oA

ouix meYe EECY 44 AALHES $H AFse
VPISH VSFES wB3he agolch v e e 2
& Aol weh Wy,

(1) EEC$ VI¢ #3& S8t o|53e] A4 vla
(mark)3tE= lEZ 2 HolE&& Aot EECS VI 4
BA4e shvte] EECY shel VI 3302 sfisE e ddid
A9 shvbe] EEC7) th9] VIZ ol &8t ddith 24171
ZA%th <F 6>& EECS VI9 vl9 nlElYAE RAF
o} ojg vjE A Z+ A(cel)ol vtA8L7] 3= EEC
of thg 39 A3z o] 8 €k

(2) EECSt VI9] ddich oig #AE Zohlir] fiskd
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(E 6) EEC2 VI OHE DHEZA

VI EEG ‘-2?:1 ?;f Svne Asyn Signal Alt par Fork >> read
load v
store v
add
compare v
brench v v v
bitAND
bitShiftRight v
fork( ) v v v
wait( )
signal( ) v
msgsnd( ) v v
msgrevl ) v v
file re:ad! ) v
shmetl( )
EECol di@t 443t %o Hgsjry, EECE 4Al3}a}7] 2k
AslM= 94 EECO dgss B 94F Z2afes calt ¢ FAYMSE RZE she @9 + vluske g9 o+
TEE Fo FAAY AFE AH 54 Z=F P45 A 718k B9
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ool B4 L o3 2o o5 <H 6>9 WE A+ U5 A8 S5 (Action languageol] <JF EH)] *
Y2(5Y Fa)ol it HHE 3l
* SynchCall : WA & At g9 + 718k 39 oj¢t & HAE AA +F4E oA golHeie9 3}

- AsynchCall : "WAAE HEde P9 + ZRALE < (29 6% 2o
Aate 89 + 2718 @9 + WAAE FAEGE
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5. OILiZl 2tojE=E2] XHE

744 golBeg, ENELS H438le 7hghgk UML 29
7leke] 22 AE B dig dPE FYsAch 24¥Le
WA UML tholojaoz ZAddE guit= LZEG o9
AARIZRE EECE F%3 1, o] & o] &3 oy g
ojlHelglE B¢ 4AF HIAL AFFGAG oA Ay
TK. Tan®] AF[15)e01M AA g 22 ZE7|8e] LAY
¥4 =79 EMSIM 2002 o83 Zxet vl 4354
ot ALEE oA Al2ge (2 DI 2ol zAFAE vHlA
ol ATZEg oM o] AlLE I 3t Dikstrad Hd
A2 A3 dangFold.
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o QE%E FyE oz golHejez2RE A Z EEC
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ded, Tand] ATF2HH 4EF = 7|Hke 42548
22 136982.1117(nJ)8 e ¥k =F Yeids 8
A gel AbgEE g HE d3eFe] o zd sy
9] £2RHY BHOERE <E >3 2L ARE I

<E 7>2EE Tand AAFE 7]8 243 B dFoA
AAse UML 292 714 479 4847 HAE 1.15%,
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HE A& (Bubble_Sort) €2 FolMe =29 (YUY d
olE| g F)o dE AR AFHFY Hm 2HZe (21 99
Fig=
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