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ABSTRACT

As a way of augmenting consfrained resources of mobile devices such as CPU and memory, many works on mobile cloud
computing (MCC), where mobile devices utilize remote resources of cloud services or PCs, /have been proposed. A typical approach
to resolving resource problems of mobile nodes in MCC is to offload functional components to other resource-rich nodes. However,
most of the current woks do not consider a characteristic of dynamically changed MCC environment and propose offloading
mechanisms in a conceptual level. In this paper, in order to ensure performance of highly complex mobile applications, we propose
four different types of offloading mechanisms which can be applied to diverse situations of MCC. And, the proposed offloading
mechanisms are practically designed so that they can be implemented with current technologies. Moreover, we define cost models
to derive the most sufilable situation of applying each offloading mechanism and prove the performance enhancement through
offloadings in a quantitative manner.
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(List 1) Code Snippet for Creating NodeManager
Instances

1. public static Object newInstance (Object obj){

2. return java.lang.reflect.Proxy.newProxylnstance(obj.getClass().getClassLoader(),
obj.getClass().getInterfaces(), new NodeM: obj));
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(List 2) Code Snippet for Dynamically Installing
Classes with URLClassLoader

1 public void DynamicBinding() throws Throwable {

2 URL classURL = new URL("jar:" + file.toURI().toURL() + "1/");

3 URLClassLoader classLoader = new URLClassLoader(new URL [] {classURL});
4. Class class = classLoader.loadClass("com.example.firstpgm. multiplymatrix ");
5
6.
7

Object obj = class.newlnstance();
Method setSize = class.getMethod("setSize", new Class[] {int.class});
setSize.invoke(obj, new Object[] {receiveData.getSize()}); }
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(55 3) apkmts Mx|sl7| 28t installer £& 2=
(List 3) Code Snippet for Dynamically Installing APK
Files with Intent

1 public void ApkInstaller(){

2 File apkFile = new File(NodeManager.URL);

3. Intent intent = new Intent(Intent. ACTION_VIEW);

4 intent.setDataAndType( Uri.fromFile(apkFile), “application/vnd.android.package-
archive");

5. startActivity(intent); }
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(List 4) A Method for Transferring a Data Instance
on Mobile Node

public class NodeManager implements Runnable, InvocationHandler {
private Data data;
Public void sendData(){
ObjectOutputStream oos = new ObjectOr
0os.writeObject(data); } }

A= AL
£ &

p )

(socket.getO

i S

wE wjUA A Dan A S AT AH mEo] A4
sfoiFo B AR JPeks RES W Ak
;\]o] o].],],-q. 249,]%]- SIE= hﬂ"oﬂ th:l—z‘s}ﬁ Data”ﬂ]
£ vk Aol Ao M, dEND ovldES
U 5 =S AN

T Android 2.1 7]5te] 443 A A] 1, CPU

80

2013. 4



la
[y
e
ujy
o
o
n
o
=
om
mjo
o
rok
>

gxol omzg |y § big 2Y

1 GHz, W=2] 512 MB

« ¥ X:Z: Windows 7 7]4ke] PC, CPU <€ i5
3GHz, | 2.2] 4GB

cUEYA: 3G EE Wifi

H2AE 220389 2/ 4743 540 AAH vlEY
S Mo g ARt

s o ZA 1A AA D F Wrora(d.1.274)
¢ Wrotar 5 LEET7L HA] o} Butdd tinjo] 2

A A EE ADF Wit

— Wrnea(HA 2EZ2Y ZAYPE) = W.Viewyopie
4.1273)

— Wrirea(F-7 LZZ2Y ZAH) = W.Viewyopie
(4.127) + W.Controlfxed (42.278)+
W.Modellxed (42.274)

*Wrotar & SLEZETL Hof B ToA A=

ZAF Worrtoad

— Worfloaa(RA 2229 22 =
W. Controlserper(4.1.28) + W. Modelserper(4.1.278)

— Worptoaa(F2 2ZRY A =

W. Controlg/f1o*% ™42 24) +
W. Model/F10%4ePe(4 2 2 4))
2okl 2 A Lt 7H) EYAE FEf A
£5)= dlo|H 3k Size (InputData)(4.1.27)
AEE= 22 T139] F7): Size (0f fPackage)(5.1.273)
B e I ER I3
Bandwidth (Mobile, Server)(4.1.27)

, A4 240 49 229 A F
Wrotar = VVfixed + Woffloadolﬂ EH‘E‘Oﬂ,

Wrizea®t Worfioaa L5 2 FrolAY BF 22 349l A%
I

lo tob
o
N

2

gL o (& I 2.

PGMi ™ PGMunum o Z217A1014 2 2hd %
o] F& ZE2IHo] ARSHMY, Fol7 YE}E T3 1
s A §, Tz MR P FREE
O A4S 7SS A4 38k= Graph Coloring Z2I13H-&
Abggt, Ot £ Z209e 0 z2dg 98 ddEHe
Z23e] A7]9 EYA o9 Z(Highe Wifi, Lows
3G)°] T2tk

PGMuun® PGMummm e AW EIZolA+ Matrix
Multiplication ZZ10] ARE-H™, EHlY EEoAE
A A3 wjE-E JEshe Sort ZEIHS AR
T}, Matrix Multiplication®] 7]%5-% $=33517] S18f 3] 7t
I 49 7 949 Age Bukd L2 RE AT W
oF 7S Sl 4¥t o2 AHT & Atk PGMuumin
2 Tud R &2 22 93] Bubble Sort7h A
5™, PGMumm EHHY S AdEE A8
Quick Sort7} AH§-Eth 4 vlo]H 9 7% PGMuwan
AME 10x102] ¥l E S, PCMys o141 E 1,000x1,0002]
HES AEsty, VEYA d9ZS 2 A4S

PGMiimmn 2F POMum < NZ8] A o)A AA 2
o] Y& a2 Idg AAsoH, A & F5ko 2
H7+S 714 2 = Matrix Multiplication T & 133 A12-3}
o} 3o gk Eeof gk a7a A4l Huns gdEgeE
AR 4 glom, A HolEe At s AA 3

H o
wEe)

7 67FA Q.20 Tl gro] 2 AS9) Ao Aoz W 71 9814 Ak Bl Mediangt 3t 7HA &) O F =
(£ 1) 671X 24F {6t =27 R
(Table 1) Types of Test Programs by Considering Six Elements
L4 Wrotal Wiiked Woffioad Size(InputData) | Size(OffPackage) Bandwidth
ZZ2 7% D (Mobile,Server)
PGMhLHHH High High Low High High High
PGMuHLL High High Low High Low Low
PGMhuhix High Low High Low Low High
PGMusiuL Low High Low High High Low
PGMy i Low Low High Low High High
PGMyhu Low Low ngh Low Low Low
gk QlEYl HEEHS| (14723) 81
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(Table 2) Experiment Result (Response Time in ms)
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(Figure 11) Comparing Response Time by Offloading
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PGMpHLHLL 21.61 O(Error) 32.53 28.34 37.34 34.27
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(Table 3) Differences in Response Time between Static Offloading and Dynamic Offloading (Unit: ms)
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(Table 4) Differences in Response Time between Full Offloading and Partial Offloading (Unit: ms)
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