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Analysis of Power Consumption for Embedded Software using
UML State Machine Diagram

Jae-Wuk Lee' - Jang-Eui Hong™

ABSTRACT

A wide variety of smartphone applications is increasing the usage time of smartphone. Due to the increased time, it becomes difficult
to providing stable services to users with limited battery capacity. The past works have been performed the power management of
mobile device toward long-lasting batterv development or low-power electric devices. However as the complexity of software embedded
into system are increased, the research interests of the software power analysis is also increased. Among these studies on the software
power analysis, model-based analysis technique is one of major interests because it can be able to analyze the power consumption before
the development of source codes, then the analysis result can be used in the development of the software system, This paper suggests a
model-based power analysis technique using UML state machine diagram. Our proposed technique estimates the power consumption by the
simulation of Perti-net which is transformed from the state machine diagram,
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o nlsh n2el gkt QAbA op% Woldl op @tol w ALY
AES g FA%E A91F volFT 19 5 19
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2doft},

[op=="+Y/z=x+y

fop=="Yz=xy

op [x and y exst)/ op==")/z=xty

T 4. AFE[ALEAL Al 21| Clolo a2
Fig. 4. State machine diagram of arithmetic operators

T2 5 AE[ALEAS] CPN 29
Fig. 5. CPN model of arithmetic operators
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el shuE Adss C o] ZR2aye A4sa, o8
o4z etolHeiy] 75& A8 AHEY EMSIM 20 =+
[B]& AHEse] ARAHE Aol shlch A&l
A= AHHANF add dite] A$E AMdEge o),

R r2
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Table 7. Energy calculation of arithmetic operators

’ Energy Con-
Step Operation Instructions surption: ()
1 I's set 13.016
9 I'nl load nl 13.016
store nl 12.489
load nl 13.016
3 x=nl mave nl 12.489
store X 12.489
W load n2 13.016
4 I'n2 :
store n2 12489
load n2 13.016
5 y=n2 move n? 12.489
store v 12.489
6 i'op load op 14.036
store op 13.176
compare X,y 10.191
2 load op 14.036
! oplx.y) move op 13.176
store op 13.176
load op 14.036
8 [op="+"] compare op 10.191
branch 01.914
load x 13.016
load v 13.016
9 Y add x, v 10.869
: move result 12.489
store z 12.489
branch 01.914
load 0 13.016
10 return store 12.489
branch 01.914
Sum of Energy Consumption 335.158




288 A=ZMe|=P=2X D M19-DE M4=(2012. 8)

506.06791nJ2] gk AUk ey EMSIM 20% o] 43
Algdoldg #as8t] feMe g 22 g8 49
stAl H=dl, o] EMSIM AlEelolHE Al#sta FiA
7171 918 A 29 Faolt
o] &7t AR AR AHFE AAs] 9lso
sall(_terminate() ¥7F A&shs Age 43 A
17191757nJ8] @& Ao, AxHos &5t add ¢
A7 ARshe dgEe 50606791 - 17191757 =
334.15048nJ¢] S AUtk F 8L o9 A#E wlwd A
Sll=
void sal10__terminate()
{

/ printf("Terminating\n”)
#ifndef HOST
_asm___ _ volatile_ (

‘mov 16, #0\n
‘mov  pe, r6\n°
)i
. fendif
oo

H 8, ARG} ADX B0 MEtT H|D
Table 8. Energy comparison of arithmetic operators

EMSIM 2.0 CPN7|ut
b AR 2249 #
add(+) 334.150 335,158 0.3%
subtract(-) 333.158 335498 0.7%
multiply(#) 335,752 335.804 0.2%
divide(/) 364.078 353.898 27%

% 802 RE CPN RdZRE o35 48 Ao ghe
AszE 7Nk Ande o3 gy uadte] @i 09%
el WA uA ol WS ved ARANS AW
xzagoniy 249 oz sl

7. 88 H AR B4

71 AE &

WA AY T2 AL CPN 58 dink29] Aarhus o
g3} Meta Software Co,ol4 7]%d Design/CPN £< o
gaAck o B2 oA Alxwgle] figh e 74 RdS
CPNog ®lgg & AlgdoladE F38| CPN e 47}
doke AL Asty] 98 Agstdd. 23S SlEAE
Open Source Ale| ERHE] st wEAHHE ALgEseic)

Aol AL 918t oA Alzgld g C Ao 7
Hho] Z2a9E EMSIM 202 7|¥Fe 2 3§l AR A A
BHlolHE o] 43l AAs. EMSIM 20 ¥4 &3
JEe R RE T 4 gt da geld 224y BAE

Tolv, 2 R C o] BAo Wo] ALgHL} o] B
= StrongARM Alge] SAI0 ZRAXA FHo]E zH= 3=
dlo] EREL swtow AwAAS EAsy B A4
AN A dolndeE SAR AA9 sedlel F
JEAN EHE 2udY 2o JBE o gile] AY

39k

72 MY g
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9l HEZH (Bubble Sort) datel&Eel] g Ael7|A o
olojzigle] djAlo|t}, wEH A dmuE]Fe] wel Fr9
HHEE-S 4=dleks Aol dlolEle] A4S HHEE swapl)
s Ui 9w ztw® e g9} swap() 4=

o1y 69 (b)gk #o] Action Description®.2 # 2| &}sic).

li<n-i] compare
fermp(ml, m2)
M

Iml<=m2]fj=j+1
<>

[r1>m2)

fswap(ml, m2) <
(a) Bubble Sort AFE{ 7| A| CHO| O] 124

Action Description

swapinl, n2) {

var ternp;

ternp = nl; nl=n2; n2 = temp;
|

(b) Swap B2| Action Description

O3 6. HEXNY YmaEe| M7
Fig. 6. State machine of bubble sort
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v Color Set
wvvaln=10;
vvalcnt = 17 (23)
vval enargy=1"(0)
¥colset I = INT;
vcolset 1 = INT;
vcolset E = INT;
¥ colset ExI = product E*I;
¥ colset COLOR = product E*I*];

¥Variable Set
¥ var e:INT;
wvari:INT;
¥var j:INT;
wvar jdx:INT;
wyvar idx:INT;
wvar inp:INT;
vvar data:INT;
wvar datal:INT;

¥ Func Set
» fun addNum
= fun subNum
»fun assign
»fun cmp
»fun swap
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10
QI ?ﬁtjarqv ;
input (inp, idx, jdx);
. L i [idx=n-idx- l}gl-ltpoﬁt(e i)
Ei;:tug?gi;m - (inp+addNum(}, idx+1);
on Exl
(inp); (inp, idx) (inp, idx, jdx) : _
- . [jdxen-idx-1]
(e, i) (inp, idx, jdx)
E nput (inp, idx);
output (e, i, j);
cti -
L] ?inp?ri]dx, 0); (e,i,1)

(2,0,

_/'\ (inp, idx, jdx) .|

L

input (inp, idx, jdx, data)
output (e, i, j, datal)

action

(inp+swapl(), idx, 1dx, data-1)

e
cmp(nl, n2) |j

(inp, idx, jdx)

COLOR nput (inp, idx, jdx);
output (e, i, j);
action

(1np+subNurn(). idx, jdx+1);

Y

)

COLOR

712! 8, Bubble Sorte| CPN 24l
Fig. 8. CPN model of bubble sort
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Table 9. Energy consumption analysis resilts for bubble sort

# inputs EMSIM CPN L2k

best case 1266.335 1152.855 896

5 mean case 1642.937 1527.525 7.03
worst case 1924.005 1902.195 113

best case 3669612 3227994 12.03

10 mean case 5114.272 4827.276 561
worst case 6294.757 6357.024 -0.99

best case 29103.058 26515.665 8.89

30 mean case 41003447 41604.543 -147
worst case 53651.505 56762.955 -5.80

best case 79589.709 72399.294 9.03

50 mean case 114256.602 114954.102 -0.61
worst case 148546.893 157578.444 -6.08

best case 315533.374 287060.895 902

100 mean case 454982403 459157545 -092
worst case 593886.189 631254.195 -6.29
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600000 —dr— be st case CPN

—riean case EMSIM

i =—t=—mean case CPN
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b
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|
200000
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Fig. 9. Energy consumption graph for bubble sort
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