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Approach to Estimating Energy Consumption for Mobile Software Based on AADL Language

DU Xin, WANG Xiao-Hong, NI You-Cong, LUO Zeng

(Faculty of Software, Fujian Normal University, Fuzhou 350000, China)

Abstract:  Mobile software is often deployed on processors with limited energy. Energy consumption has been an important quality
attribute to evaluate such software. Compared with the code level and instruction level assessment, energy consumption assessment at
design level has the advantages of low time consumption and low cost. In recent years, it has become a research focus in academic and
industrial fields of software engineering. Currently, most of the methods on energy consumption evaluation did not evaluate the energy
consumption of internal behavioral elements of software components, resulting in the problem of low precision. To tackle this problem,
this study builds a model of energy consumption evaluation for mobile software based on AADL language and the StrongARM processor.
Further, a process for evaluating energy consumption of mobile software is defined based on AADL language. In addition, a tool for
evaluating energy consumption is developed. Lastly, a method for evaluating the energy consumption of mobile software is proposed
based on AADL language. The experimental results show that the proposed method improves precision compared with existing evaluation
method of energy consumption based on AADL.
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MBI 83, R BT 55 2 SUB AN R AR G0 6 VLN Web [ BS 2)) I 444 350 28 4 L i
Z BRI AL P A b BEFEAE A VPN X AR A 18 — AN T S vk, Ok TP e ANl P A B [ — AN R S
p

HAT AT AR TR A 9, B g BV R 40 Wi SR i T — SRR B AR I VP4 7 3. th T R BT 2
(¥ REFE VP4l 7 VR AT WA R IR /D o FE I AR AN (R PR 2, 3 40k Bk — AN T R UL X - R G )
AEFEVPAS 73, X5 N T — ORI ] BP 4 48 190 4% 45 4 8 45400 J2 00 S 001 e B OB RL 1% BB AR A 7R ) A
BARRBAT . MAEEE . PR O R 2 PSR E R PRGBS AR R 4R AE R
A7 B 12, 0 I BP #2819 45 100 & H 1R iE 12 5 1 BB RE 10 AR 2 2 BR B00C R 12 0 VI 1 Ak 2R 445 0 11 &5 A0
P AL HH B AR AT N0 P RERE R R ) Kim 25 NP T — RS+ UML 47 8 BE X 5l B 1 REREEA T VP45 (1
JIEZ ST UML S T B R AE 55547 ) T6 2,40 T ReRETo 3 100 7 1k, 6 R I 700 e LI e
FEAEIR VP AL 3 AR R AR R S8 0 BEREAEL B XA R 45 M @ B85 = AADLU",Senn 26 AMHEH T — R B 5))
B (1) BEAFE VA 7 25 12 7 VAR AT AL BHAE 18 AN 5 R4 2 55 LA R Ak B0 25 1) w0 8 P, A A S 2 e 1) e FE EAT
PEAL, JEJE T PowerPC405 #5112 77 vk 1) L AA S bt ied e 122 7 ¥ F, A 0 17 el A RN 1 0% 2 ) o o 1 L
1) REFE 15 ) AHL 1w R 78 90 % PR SRR A4 P B AT kg G 35 55 R R 14D 2 1), 3 A7 70 RS 55 AR A v 179 1) AL

B I ) L, AR SCHEF T ik R A5 HT B H i = AADL A1 Tan 25 AU 43 45 4 S REFEAEL Y
StrongARM AbFEZS M T — P s A REFE VP AS 152 EEM4AADL, 3 — 25 LT AADL #5528 GEE VAl i F%
EEP4AADL, 7F I 2 il FAF & — 2K fig #69F 45 T B EET4AADL, 8k M 42 1 T — &b % 3 % 4 g K6 YF A% 7 1
EE4MS-BA.

AH 1 5 A EEM4AADL REFEVP AL IBEEL. 5 2 545 tH EEPAAADL REFEVEAL L FEMUAZ 0o 20 B8 56 3 i
A BEFEVPA T EET4AADL f A B TH. 58 4 A5 45 H S BUIIF 50 0 S 56 48 SR R0 0 A ot i i 5 4 3L

1 EEMA4AADL BEFEIE(AIEEY

EEM4AADL HEFELPAL R I DL Strong ARM Ak 3 28 U 2Ry e 4l 96 4 Ko H: BE B AR AE D i, 38 i 7 4 42 P9 3
1T A AADL i F(AADL behavior annex)!"* iR 5l tH 8 64T 4 76 % (energy behavior element, (i ¥ EBE), 1R
P52 X AADL 5 e #6147 W T £ 5 Strong ARM Ab F1 2% 2 ULHE 2 1 i 5 5C 2 T ) 2 1.

1.1 StrongARMLCIEZERIERIIES REREFRE

Kim %5 NP 2 4R 4 40 b BB IR 15 4 (VP R LR G5 2 (VSF). VP #5402 ) LI 446 4,10 VSF
TR HE RS TIRET 2 Kim 55 A\TESCHR[4]H MAS T &4 M8 1048 20 MY I R R A, W3R 1 fl4e 4
LT StrongARM AL ERZE (19, 7] FH T8 AT 76 % A B 2% 8 s R AR M BEFE VP4 . 65 B i RE AR T R UL 45 & REFE
{HFNES B A BEFEVPAL B AT 3R I R4 EBE ¥ REFEAA.

F 1 StrongARM Ab#1 25 1) jE FLHE 2 T 5 Y. 1) REFEAH

VPI Type Energy (nJ) VSF Parameters Macro-Model (nJ)
load char 14.1 fork() - 132 202.6
short 28.1 waitpid() - 25077.3
int 13.0 wait() - 24 986.6
float 13.0 signal() - 9 460.6
double 13.7 fopen() - 17 886.6
store char 13.2 fclose() - 8262.2
short 26.4 fread() X byte 5.1x+49308.5
int 12.5 fwrite() x byte 5.6x+32022.3
float 12.8 shmget() - 126 358.8
double 13.2 shmat() - 11 599.9

12 AADLIESITAM G RIEEREITATE
AEFEAT HIUE EBE M AADL 47y BHE SR R4 R () FH 91 Ak B 50 1k 1 B RE 1) B AR BA 0 3 iad 6
AADL 17 N Bt SR ) 43 745 Y AADL 1 REREAT S G 22, L3R 2 4R35 AADL 47y BAE S 5 vh 2R 57 1)
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AR BIAEE 5 ARG AT AT B4, 75 W4 1 55) kR 2 75 4 EBE.

WRAE R 2 AT O M oo A g

TR K HREFEAT A T HE IR I E 3,30 AL(action
language) ) AADL 17 4 4 Je A58 20 v s U AT AT 915 5 BA(behavior action)h B ARFAT (14T ,CS(contronl

structure) &y AADL 47 4 Bt A TO A1 v 5 SCIR 43 45 4.
% 2 U Behavior Annex JLIEE! H ) EBE

JuRsiAY ! EBE?
Assignment Action Action Language Y
If/Else Statement Control Structure A
Loop Statement Control Structure Y
Dispatch Condition Behavior Action exec V'
Subprogram Call Action Behavior Action exec Y
Parameter Label Non-Behavior Action N
Data Holder Interface N
Port Send Action Behavior Action exec Y
Binary Adding Operators Action Language Y
Multiplying Operators Action Language Y
Logical Operators Action Language Y
Relational Operator Action Language Y
Behavior State Interface N
F 3 BEIATATTRIIE
e EBEs
AL Bit operator(+,-,*,/,%,&,!,==>=,<=,mod .etc );
Function operator(data read, write .etc)
BA sub program call, port queue , port freeze, port send
dispatch, port fresh, sub program access .etc
CS (if ,else, end ,while or until ,loop, switch .etc)statement

1.3 AADLIES 81T A T E 5 StrongARMAL IR 28 FEHI4E S YRR ST X &

S HEFEAT 0 T3 EBE H e i LI 4t 2 K Hy & EBE 5 IS % 2 RIS R 11, AL o3l A7
I S EE load B AR 5 BEAT add 18 FLIFHGAZ 5745 A store e K TRIIL -+ W] ST A 3 4% HE U4 4,43 il 4 load,
store fl add. % 4 45111 T AADL ReFE1T o3 5 HEAUSR & Z LA ¢ R AL A

F 4 REHEAT NG 5 R LR S 2 MW X R

75% ForOrForA

B binaryAddingO
£ A 1IStatement
54

perators: +

SharedDa
taAction

EventData
PortHolder

relationlOp
arator: <=

Subprogram
CallAction

logicalOpe
rators: and

DispatchC
ondition

load J J J N

store J ) J J
add J

compare
branch J J J

bitAND J .

fork() J J

signal() J J
msgsnd()

msgrev J J
fread() J

<
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R
2
2

2 EEP4AADL fEFEIT(H TR

AEFEVTAl I A2 EEP4AADL [0 S AR A B 1 o %0 PR il i #5 #e 2% STG ¥ AADL 47 4 4 T 4 4 SR 25
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AADL behavior Eneray
model » STG Converter & || | Energy assessment report
generator

STG Energy value

Energy behavior
element identifier Evaluation

nergy assessment
¥ 1 EEP4AADL HE¥EiTAhHESE

2.1 AADLITH#EBIZISTGHER B4R

AADL 17 15 25 & AADL FEA 4 {F 15 5 Fl AADL Behavior Annex A4 # ff Fi T3k R4 3B LA K R 45
Z R4S A HAT Jy ¥ iH 8% AADL Behavior Annex i 7 SCIR Ax(states) F1AFT (transition) SR Hi ik 2 48 &4
PEBIAT A AR EE T DA XA % 4% 1 (condition) & 48 3T (11 8 1F (action). AADL 47 Jg #55 BRI 4T A 4R 2 22 1) 9 A% 3 7]
DL — AN BRARAS B S WU B, e i
FEX 1. HARRE QPR AADL 17 A 88 % 75 4 BM=(BS,BE,TR,IBS,FBS), H. 1,
(1) BS 2T RAEMES ,BS={bs,,bsy,bs;,...,bsn};
(2) BE AT FHF R &, B R IT il R 44 MR IT 3 /8245 . BE=BE, U BE., 1T (N3 1E BEas-{bea;,beq,
beas,...,0ea}, 2R XL [P fil K 55 A BE - {bec1,becs,becs, .. .,bE} ;
(3) TR EFHARASART I A IRE HH &2 TR: BSXBE—BS, TR(bs;,bej)=bey
(4) 1BS BT AIRAELE, AADL 47 4 Bt b ¥E A B RAG — DM HRAT IR B X N EA R — 47t
#, 00 1BS={bs|bs £ HILHAT IR},
(5) FBS &7 MIREHES.
STG MERY ™Y miy JRANARIT 4 B, BT 8 T 19 s BB 18 5 1 5K b5 U7 3 NARAT I8 4 R4 AR AN AR AT JiS
T BEHAT 2 E.STG 8L A] LU — A FLoe AT R &R, I e L R
EX 2. M5 6 R STG #E% 0 SM=(N,T,F,C,A), L,
(1) N 2T EESN={n,n,Ns,...,0};
Q) TRABIEEET={t,tut,.. )
(3) F 2INIEE A F=F o UF, FaeNXT 1518 T 1 B8 TE (526 Fen=Tx N, A8 A AZE 235 AR &
(4) C RAWREKMIA IR N SEIBIT MA R A& MH,C={C1,2,Cs,-..,Cn};
(5) A RPATINMELR G Flik WA IT BT UG AT 31 A={a,,as,a5,....n} -
HRAE & S 1 e X 2,bb# AADL 47 W28 5 STG LAY fFAHLL I, 5530 AADL 47 A #8475 % 3 STG Fi Ay
JCE M K3 BM_SM AT R84
FEX 3. AADL AT AT H B STG #5288 70 3 (¥ 4%
(1) BM_SM(bs)=n,BM_SM(BS)=N, 58l AADL 17 AR STG 7 55 I #4 #t;
(2) BM_SM(be,)=c,BM_SM(BE.)=C,323l T AADL 53T il & £ E 3 STG 4B 1) 240 o 45 11 i i e
(3) BM_SM(be,)=a,BM_SM(BE,)=A, 528 T AADL Z83E AT SIER] STG A5 3 i 7 ZAT 1 Bl 3% e
(4) BM_SM(TR)=F,Hl BM_SM(TR)=Fn U Fy,SEBI T AADL AT AR A& Z A AT ¥4 h STG w4
BRORE N SR (AS T 145 5 R H IR s 2283,
Kl 225 T AADL AT A1 5 STG BB 1 4 e AR5+ 18] 2(a)Hh o LT 2044 Component] 1 Component2

process

X 15 55 start Fl exe, Bl BM_SM(start)=start, BM_SM(exe)=exe;filli & 4} bec=x>1 and y<10,5%# il STG H 14
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WA ¢ =x>1,y<10,E1 BM_SM(be¢,)=c ;25T J5 (K 51} be,=exe_action ## 1f STG H () HE N1 a,=exe_action,
B BM_SM(be,,)= a,.Component2 [f]%% #e [7] ¥t A% s X 3 Friad % ¥ pf 4.

Component1
[]

tart -[ x>1 and y<10]-> exe {...}|

I.]

Component2

[.]
standy -[ on dispatch]-> exe {...}

standy -[ z>0]-> loop {...};
L]

(a) AADL behavior model

start
x>1,y<10

| exe_action

(b) STG model

K 2 AADL 1T A4 ) STG ALY

2.2 BEREIT ARSI
AEFEAT AT RN SR I R WAL LA S n AN AR STG AT Hr R0 5 I BEFEAT R ot

Z 84 EBEs[.7E 7% 1 11, EM s REFEPEA Y, Successor Node 2R 7 J5 4271 . — /N7 5 O 5 £L715 AT RE

ZA X FE R T AN R 1 388 D) B% 452, AT 4 B AR R 4 B AR AT W DT, B SR 1S BT W A B R REAT A

JLH.

BiE 1 s uRPUINEE.
AT n AR STG KLY,
it U9 R BEREAT A JUF 3R EBES[];

1
2

O 0 9 AN W B

10

12
13
14
15
16
17
18

for each i in (1,n) do

if ( N;jis the Start Node) then
Identify EBE from EM(N;);
PIREEN KT AN
if (the Successor_Node of Ni>1) then
select Ny is one join node, K for all
Successor Nodes;
for each k in (1,K) do
Identify EBE_from_EM(Ny);
N¢= Successor Node;
else
Identify EBE_from_ EM(N));
Ni= Successor Node;
end if;
else
N;j = Successor_Node;
end if;
end for;
return EBEs[];
P REFE T 2% bR KLY/
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19 Identify EBE from EM(N);

20  for each jin (1,m) do
21 compare the Node_Type with eje EM;
22 if the Node_Type correspond to g; then
23 add e; into EBESs[];
24 end if;
25  end for;

2.3 REREMITE

FR 490 1 3 ) STG M RL {43415 55, 15 B BT A W REREAT A e 2 G, ml B A (DR R R RER B RE
#E Eqorar. H 7, Evpi FI Evsf 4350l £ o8 IR A 82 (VPDRUE I R G484 (VSF) I REFE(H.

Eu = Y EBE, (Y, Evpi +>, Evsf, ) (1)
i=1

3 EET4AADL i TR

EET4AADL feFEVEAl T H A T 3248 E— 54 B PP i 72, 2L B R 3844 4 25 UL Domain Fl Resource —
2, 3 .

ulil
View | Model
B eeams BA
Control E O RE B
% RetransmissionService.aaxl2 &3 rBiockNameljstSewioemxIZ 22 [ Step (|»
Domainl BETE it -y EFEEN)
TRSTEETTTETT TOaU, STUTE, CUTTIEre Or |37 0T -
ParseAAXLFile AADL2STG \AssignmentAction load, store] 125.505 —
EnergyEvaluate AssignmentAction load, store] [25.505
FT— TAADLZSTG() | relationalOperator= load, store, compare] 35.696
+getTransitions( +aadIState2STGNode() +evaluate() (Assignmentaction load, store 125.505
) +aad|Condition2STGArc() +generateReports AssignmentAction l0ad, store] 125.505
+getCondition() +aad|Trans2STGConstrain \AssignmentAction load, store 125.505
+getActions() t() (WhileOrDoUntilStaternent ([load, store, compare, br... |37.61
| (WhileOrDoUntilStaternent ([load, store, compare, br... |37.61
Resourcel PortDequeueAction msgget, msgctl, semget.. |173858.9
. EventDataPortHolder msarcy, semge] 71094 6
Energy DataComponentReferen.. |@eread] 14934085
DAO Energy
asseszmlent assessment report DathubcompqnemHolder fileread] 4934085
gelBehaviorAnnex() mode! IAssignmentAction load, store] 25505
+getEnergyModel() | DL binaryAddingOperators:+ |[load, store, add] 36.374
+getAADLBehavModel( behavior § relationalOperator= load, store, compare] 35.696
) mod STGFile relationalCperator= load, store, compare] 35.696
+interactSTG() logicalOperators:or Inad, store, bitOR] 36.714 r
Moo P r—— =

[ 3 EET4AADL REAETFAL T H S ARZEH 4 EET4AADL feAEVEAN T HIYE 51

Ul 2R MVC B 32 32 S0 5 AR VR4 1K AADL 47 8080 . % PP Al 45 S S o e LT, I 4 45 T
EET4AADL T H ()% 1 511 ;Domain JZ £ 8528 AADL 17 W #A 2] STG BRI He . fEFELT N 0 2 - MIAN
PEAGHR 15 26 e 2k 45 D i 1T Resource J2 3 434 T X AADL 17 AL BEFEVEASBIAL . STGFile AVEAGIR
S8 SO 5 A ) RV

4 ZH=HITR

4.1 E=HIEN

AR ST I B A9 Ay — i A S RE V0 B0 R D P BLE-Step!'*LBLE-Step 18 - %40 £if 4% fii 45
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(retransmission service, fij FX RS), #E T 25 $4i B (5 B 51 )il 45 (block name list service, @i #% BS), 3k H 4y & B i1
L H R 45 (step data by block service, R #% SS)3 A& 7, 11X 3 Fi il 45 v LASEEL TR 20 ik 5 B GETF-HL 2 (Al 1
IR P HAR AL AT LA A8 T XX 3 R A4 5 ik 45 ¥ AADL @25, un ¥l 5 745 i T BLE-Step
ff) AADL #7118 6 2yt T HA% 55 (¥) AADL A7 24 $ili s[RI, oAl T CL 2845 10S [z Android - 5 FR58 R 1) 37 5
WIt i 1 Fsebrti H o B oe, v LU %t BLE-Step B iSCIEAT U5 FE 7> 0 R 22 48 ¥ v 20 10 B ARG VT Aty RN s
I XT .

synPhone

§ Peqblockinfelise

[ Sendleq

5 BLE-Step fij/
42 FIHHR

h B R AR VAR 7V B AT PR AR SO T R ) B 3 A S 6 T YRR I 4 (¥ BEFE VT AR 7 2 VAl BLE-Step 1)
HEFEZ> ) 5 A SCHR HU ) EEAMS-BA J7VEVEAE IR AEAEAT Senn 25 NG 05 S 0R 45 (R BEREREAT HL AL, TSR 22 A
SCR A R FL Y 2 REAE VP AL - 609 EMSIM BFED BT 6,1 J — 348 2 Y ks [ A% 81 R G e Bl g2,

AR SR VRS T B 7 LA 1) AADL 47 0 570 45 41 (1 B 65 R, 955 EMSIM A1 Senn %5 A M7 (9
15 45 AT LB B 36 5 FI3R 6 HOSZI 45 5L Horh EE4MS-BA 42T AADL iE 35 BB 5 B4 g A VR Ak T AT
i (R 45 J 56T AL RS FHYSFE 7 8 o 20 V-l T2 EMSIM VA5 45 R4 6 875 636.561nd, 3% T 2%
EE4MS-BA [{REFE Pl T H AP K45 50 6 588 879.826 nJ, Wi Fh T H [K)1% %5 (EEAMS-BA # it 2t 5 EMSIM 1t
b2 LI W08 22) K 4.17%, 00 FH 28 T3 1T 42 Senn 55 A (W BEREPRAL T B PPAL 145 58 6 537 962.847 n, I Ff T A
(135 2% (Senn 3144 5 EMSIM AR 15 4% LL A5 (K135 22) A 4.91%.

EE4MS-BA it 45 EMSIM RS 4% LEBGREUUH S HAR P B AR RS BS FERBURR & Pevt 45 Bt IR 55
SS ARZES BN 8.79%F1 8.18%, 1 Senn B2 5 EMSIM 4CH5 4% b B3R B vH A5 Bl P fi B4 K R 45 BS M
SRIPURE 2 B 25 506 I 45 SS IR 2 435l 8.85%F1 8.21%.

SRECE P HE SfE B AR RS BS FEREUR & Yk B HER IR %5 SS MR Z M 8K T EAL RS RS R %,
X E T TR FAE MRS AT O B R AN 5T A% 9 S R REREAT S T 3 L BORS 40, BRI I 1% 2= 5 /N Rtk Tl AADL
AT N A5 2R R (AT A EAT R I, I 2R 0 1 N 04T 0 IR R R DL R AT W H R RS AR e T & )i
X AADL AT A0 2Y (1) REFE VIl 158 22 . TR AF, 3K 3 o IR 45 1) DAy 45 SR ) U HR AR VP4l ik (R P 3R 22/ T 10%,
HA AT .

DRt AR SCHR HR (R R FEVR A5 57 EE4MS-BA PPASG I AEFER Senn 25 AUy b5 5 - Y50 R% e 4 1O BEFE VA 7
VRIS VPG B N el AR WA A SO iR MRS TS 8 Senn 48 A AT BT R .
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annex behavior_specification {**

variables
tl:base types::integer; t: DataType::timeoutdata;
m:base types::integer; ml:base types::integer;

finish:base types::boolean;
mCount:base_types::integer;

TimeOut_LostData:base types::boolean;
result:DataType::message_type;

states
init : initial complete state; com : complete state;
parse : state; fin: final state;

transitions

init -[on dispatch ]-> parse {
tl:=t * ReTransmitData.RTI.ReTransmitPageCount;
ml:=m * ReTransmitData.RTI.ReTransmitPageCount;
SendReq!(ReTransmitData.RTI) };
parse -[on dispatch ]-> com{ mCount:=1;
for(i:base_types::integer in
1..ReTransmitData.RTI.ReTransmitPageCount){
ReceiveRTDData?(ReTransmitData.RTD) I
if(TimeOut_LostData=true) finish:=false
else finish:=true
end if;
while(finish=false) {
do { SendReq!(ReTransmitData.RTI);
for(i:base_types::integer in
1..ReTransmitData.RTI.ReTransmitPageCount){
ReceiveRTDData?(ReTransmitData.RTD) };
mCount:=mCount+1  }
until (finish=true or mCount>m1)

} IS
parse-[]->fin{
if(finish=true) result:="Success"
else result:="Failure"
end if b

com -[on dispatch timeout ]-> init {result:="Failure" }; **};

Ko AL AT N Hlid

%5 EMSIM fll EE4AMS-BA (1) 5256 % Lt 45 5

Code-Level (n]) Model-Level (nJ) e S
=0l EMSIM EE4AMS-BA = (%)
RS 6 875 636.561 6 588 879.826 4.17
BS 3514 652.690 3205 573.868 8.79
SS 9595517.194 8 810 501.510 8.18
% 6 EMSIM Al Senn J % [ 52 56 6 Lt 45 5
) Code-Level (nJ Model-Level (nJ o o
eS| MMM() &mﬁg ) RE (%)
RS 6 875 636.561 6 537 962.847 491
BS 3514 652.690 3203 525.256 8.85
SS 9595 517.194 8 807 419.652 8.21

5 RESRE

FF AT A B T R REAE VP AL 75 12K 2 AR A4 P 16 P9 AT Ol 0 3 AT REFE VP A, 3 B80T RS L 1),
ASCHEH T — AT AADL i 5 B Sh BAFREREVPAN T 0, 0F ik T 07 0T & T — 30 TOP A R sh - g
F1 T T o g S PO AR R A S5 SRS Bl AP RERE VP A 1L R 5 % sl P R RE RE B 5, AR RIEAT R 3
BATREFERIIL AL BE T Ha.

B K AR 3 B R AT I A VR A 45 RN RS Bl AT (R BEFE DL AL B H A I 1 S
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