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Energy—-aware Dalvik Bytecode List Scheduling Technique for
Mobile Applications
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ABSTRACT

An energy of applications had consumed through the complexed inter-action with operating systems, run-time environments, compiler,
and applications on various mobile devices. In these days, challenged researches are studying to reduce of energy consumptions that uses
energy-oriented high-level and low-level compiler techniques on mobile devices. In this paper, we intented to reduce an energy
consumption of Java mobile applications that applied a list instruction scheduling for energy dissipation from dalvik bytecode which
extracted Android dex files. Through this works, we can construct the optimized power and energy environment on mobile devices with

the limited power supply.
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public static long sumArray(int[] arr) {
long sum = 0;
for(int i : arr) {
sum += i
}

return sumy

0007:  if-ge v0, v2, 0010

0009:  aget vl1, v8, v0

000b:  int-to-long v5, vl

000c:  add-long/2addr v3, v5
000d:  add-int/1it8 v0, v0, #int 1
000f:  goto 0007

Fig. 2. Dalvik DEX File

//Energy-oriented instruction schedulingl6]
schld = @
while can-sch = @ do
if schld = & then
n = can-sch[1]
else
min-energy = +o0
for each j € can-sch do
if energynst; < min-energy then
min-energy = energyiast;

n=j
last = n
schld @= [n]

can-sch -= {n}
for each i € succ(n) do
if Vm € pred(i) 3j such that schld[j] = m then
can-sch U= {i}
return (schld)

Fig. 3. Energy-aware Instruction Scheduling Algorithm
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public class Quick {
public static void main(String[] args) { //BB1
int[1000] array = new int();
quickSort(array, 0, array.length - 1);
for (int i = 0; i < array.length; i++) {
System.out.print(array[i] + " ");

I

class QuickSort
.super java/lang/Object
method public static quickSort([III)V
limit registers 7
line 3 sub-int  v0,v6,v5
if-gtz v0,1356

1356:

line 6 aget v2,v4,v6

line 7 add-int/lit8 v0,v5,255
move v1,v0
move v0,v6

1362:

Jine 10 add-int/lit8 vlvl1l
aget v3,v4,v1
if-1t v3,v2,1362

136e:

line 11 if-le v0,v5,137e
add-int/1it8 v0,v0,255
aget v3,v4,v0
if-gt v3,v2,136e

137e:

line 12 if-lt v1,v0,13%

line 17

line 18
add-int/1it8 v0,v1,255

.end method

.method static swap([III)V
limit registers 5
parameter[2] : v4 (D)

line 24 aget v0,v2,v3
line 25 aget v1,v2,v4

aput v1,v2,v3
Jine 26 aput v0,v2,v4

Jine 27 return-void
.end method

Fig. 4. Energy-aware Dalvik Bytecode List Scheduling



154 JEHNMEIG2=K/BFE R S48 AIAH M3 M55(2014. 5)

WA Java o1ZF Aol oA xH T&AYES HF) Reference
a1 BX387] 93] Swapjava®t Quicksortjavaol] thal o
HleTE1E 10,0007, 100,0007H, 1,000,00070 ehal W= A [1] A. Parikh, Soontae Kim, M. Kandemir, N. Vijaykrishnan, M.
stol 19 5 (a), (st 22 A3ks AEssle AA <y J. Irwin, “Instruction Scheduling for Low Power”, Journal of
A 2 BeAe uEd 2AEYS T 5~11% H= VLSI Signal Processing, Vol.37, pp.129-149, 2004.
(RS R | R B =l e ko e = [2] Kyuwon Choi, Abhijit Chatterjee, “Efficient Instruction-Level
Optimization Methodology for Low Power Embedded Systems”,
102 ISSS 2001, 2001.
I [3] R. Leaupers, “Compiler Design Issues for Embedded Processors”,
= Energy scheduing IEEE Design & Test of Computers, pp.2-9, 2002.

[4] Timothy M. Jones et al., “Energy-Efficient Register Caching
with Compiler Assistance”, ACM Transactions on Architecture
and Code Optimization, Vol.6, No.4, Article 13, 2009.

[5] Meikang Qiu et al, “Energy—aware Loop Scheduling and
Assignment for Multi-core, Multi-functional Unit Architecture”,

Sueplioom) Sweplio0e0) Swept?.c00.0%0) Journal of Signal Processing System, Vol.57, pp.363-379, 2009.

Fig. 5(a). Swap: Enzperimental Results of Energy Consumption

W Non-scheduling

B Energy-scheduling

oz oot

e-mail : kwangman ko@gmail.com
1991 2¢ AFoista 7 55E 38t

(Z3HAh)
QuickSort(10,000) QuickSort{100,000) Quicksert(1,000,000) - -
19939 29 st 7 5E et
Fig. 5(b). Quicksort: Enzperimental Results of Energy Consumption (Z3HA A}
1998 29 Fosha 74 E 3ot
4.8 =2 (- 8HarAL)

19084 39~20014) 89 AFolAbejstL e ekat A
001 99 ~A A AAUetE AFEARFEY 05

A oA o HAst 4 #Ee 2hd 77E 99
ollElH AAGAN Eod BEAolth webd wAS, A #AHoF: Energy-aware Compiler Technology, Eco-Mobile
op7lElA o] AAE 9l 2xzZEgOIAA AY, A - ey Computing
A v HA skl o theks V) Al H7E wRie]l 4
asith, H27HA AUA-AFHQ g B AFFEY A
Tdy 7Ees AEste] oA duyA LHlE =
ol7] 91¢t AFEA AUA-AF 1FE, AFEe HAHRY

2 HHs A47F JAFE A gl

o] =& Butdd 7]719 A AHE HAgsr] 9g
SEZEJAHQ HIATFREA], QtERoj= dulofA] ey
T dexZHEH @Y Hlo]EIEE FE3 § Z2E JXE
gA 2AEHS AEsto] ofEF AN YA aME
Zole= AT ZAIZA Swapjava?}t Quicksortjavaol] thaf 4
A odA] ¥ g8A4S 19 2AEHE S8 5~11%
ALl dquyA &M 43S EIsAh o e dFe F
£ AT 9lE ot=Rols ]“} of Fgl Aol o]l A
g Fao] AgAQl mutd g HAgE Y - oy
A AHE g Qe BES FEEe d &8 5 Utk





