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Abstract: Mobile devices with 3G/4G networking often waste energy in the so-called “tail time” during which the radio is kept on even
though no communication is occurring. Prior work has developed policies to reduce this energy waste by batching network requests.
However, it is challenging to apply such policies to existing apps in practice due to lack of mechanisms. This paper proposes an automatic
program transformation approach for scheduling network requests in Android apps. The core of the approach is bytecode transformation
for existing Android apps. Addressing the technical challenges in automatic transformation, the paper implements a transformation system
named DelayDroid. Comparing to previous work, DelayDroid has two major characteristics. First, transformation is carried out
automatically. Second, DelayDroid is designed to be a practicable tool, as it can transform Android apps with only dex bytecode.
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Fig.1 Radio resource control state machine
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Fig.3 Source structure of an Android application that sending network request

and the target structure it held after transformation
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Fig.4 Transformation steps for batching network requests in Android apps
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Fig.5 Transforming short-lived network call
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1 public class LongLivedWorker extends Thread {

2 BufferedOutputStream bos;

3 public void LongLivedWorker (SocketAddressaddr){

4 V4lk

5 bos = new BufferedOutputStream(

6 - socket.getOutputStream()

7 + NetworkStub.getOutputStream(socket)
8 )i

9 }

10 public void sendData(String data){
11 bos.write(data);

12 }

13 /1

14}

(a) WIERAEF Fe o Bl

1 public class NStreamProxy{

2 public static getOutputStream(Socket s){

3 DelayController.sleep() ;

4 OutputStream out = s.getOutputStream();
5 out = new DelayedOutputStream(out);

6 DelayController.wakeUp();

7 return out;

8

9

1

0}

(b) NStreamProxy H i) getOutputStream J; 1

1 public class DelayedOutputStream extends OutputStream {
2 private OutputStream out;

3 public DelayedOutputStream(OutputStream out) {

4 this.out = out;

5 }

6 public void write(int paramInt) throws IOException {
7 DelayController.sleep();

8 this.out.write(paramInt);

9 DelayController.wakeUp();

10 }

11 /1.

12}

(c) DelayedOutputStream ' Fywrite 7 1%

Fig.6 Transforming long-lived network call
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Fig.8 Runtime architecture
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Table 1 12 off-the-shelf apps from google app store and wandoujia app store
FT 1 GGG N T R 12 AN R I e e
A5 RN 1 e 3 I S i 5 I FH 7 P B N

N 44 gl e i N 44 gl R
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Amazon 4 50 000 000+ —5)5 1aL7] 5000 000+
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Fig.10 The time consumed in tranformation using DelayDroid
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Table 2 Classification of the network calls currently handled by DelayDroid
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Table 4 Parameters of network energy model

R4 SRR

ZH LI
CELL_DCH Ih#E 1 950.0mW
CELL_FACH Zh}E 1 060.0mW

J2 I (] 11 576.0ms

4.2.1 SN IR 2% BERE

AR L3R 1R BB AU P 1 P A 0 2 e A2 DM BT LR B R B A N L FRATT I SR T 1 4 Bl A
JEI:0s(RIANZERF)« 308y 60s Al 1208, BEAN A A HIAREAT 24 /N B I 18] A5 DKo 7 o, T LB 8 DR A R
P FRAT A B30 v 8 o s D0 0% 335 SRR S SR IS ) RS N (] 45 SRR TR) AT 3R B9 286 BRSO ) SRR [19]
(¥ 75 BEAU T SRR I FH 1 199 2% AR H



3380 Journal of Software ¥ 4k Vol.28, No.12, December 2017

B AR 12 Fros. B BT LR 4 3R R A [F) S5 A5 TR 10 099 285 136 s AR 8 9 9 7% I 485 A5 B (1) i i IR
B BAT I BF IR L — RN R (1 R D) ) B 3R AT 4328, 43 S AT /N T 308 30s~60s. 60s~120s il 120s 1X 4 K.
i, an AR R e i SRR IR N T 30s, I FRATI EVEE SR AW B 30s DL b B Al & 0 7 TR e il
SEPLNT A P 2% REFEN H IR R I 12 ] R BT OR R P RTINS A R Y, e AT 2 ) o 32 ) 4% 43 SR SR K
2909 1 /NI — A 10 43— IR R Bk, 243X 95 S B 43 53138 4T I, Delay Droid AN g £ I I 4% 1 3K . 24 26 £ 8 1)
h 1208 IS 3K T AN 8 FH 11 06 2 B30 IS 0 1 B (R 25 IR 2R 24 IR ER 303 IR B 28 287 IR), 3 2 R 4 B 2
WA A P20 SR, B TR A W 451 SR AN G 1 T 1 20 B, S BUE AT R 3% I G T R e i AT TR T
ot T3 AICH 15, B % S 1R 26 38 50 B8 O 52 4%, DRI I P 4% e R VR B0 % NS AR I Os (8 BF, K2
P I R VB g 549 YA A KL 180 Y W IFT B /N T 30s A, IX 3 WA A 24— 043 W0 404 175 SR 0 2 AT & JF 0.
of P AT [ v 4545 RIS 30s L5 4545 A Os (M350 v] LUK I AE 854 B 110 30s B e B VR B F% ol 357 IR,
F PR VR 5 1) 5% BT 7 /N T 308 099 U000 02 9k 20 24 S5 5 JRL T — 2D 38 n 1) 120 B, e VKB 239 IR, LS5 1
JAIAR 0s B9 T3 50%.

S 5
1}

300 400
! !

Occurance of Tails
200
L

l B <30s <60s 0O <i20s O >:1205]

T T 1
4000 6000 8000

2000

100.00%  101.85%

99.35% 99.52%
1252.59 1275.71 1244.45 1246.54
(e R .
100.00% 104.00% 96.00% 96.00%
25 26 24 24
Lo
0s 30s 60s 120s
360Weather

Energy (J)

l B <30s <60s O <t20s O >:|205]

00.00%

400
1

100.00%
303

300
1

Occurance of Tails
200
1

100
1

1
7094.83
O e

99.45%
705571

101.98%
309

95.72%
93.67%

6790.98
9L ooigar

95.38%
289

94.72%
287

Sy
A

1208

1
8000

T
6000

T
4000
Energy (J)

200 300 400
1 1 1

Occurance of Tails

100
1

l B <30s <60s 0O <120s O >:|205]

100.00%  g6.99%
3077.19

99%

317266 307 301383  88.70%

100.00% 507 o 2613.99
95.80%  93.01% 5

143 137 133 84.62%
121

0s 30s 60s 1208

TouTiao

Fig.12 The radio energy consumption in each individual app and the occurrence of tails
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Fig.13 Number of network requests in different apps with different batching window size
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