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Dynamic Clustering based Optimization Technique and
Quality Assessment Model of Mobile Cloud Computing

Dae Young Kim' - Hyun Jung La™ - Soo Dong Kim™

ABSTRACT

As a way of augmenting constrained 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. Typically, in MCC, many nodes with
different operating systems and platform and diverse mobile applications or services are located, and a central manager autonomously
performs several management tasks to maintain a consistent level of MCC overall quality. However, as there are a larger number of
nodes, mobile applications, and services subscribed by the mobile applications and their interactions are extremely increased, a traditional
management method of MCC reveals a fundamental problem of degrading its overall performance due to overloaded management tasks to
the central manager, ie. a bottle neck phenomenon. Therefore, in this paper, we propose a clustering—based optimization method to solve
performance-related problems on large-scaled MCC and to stabilize its overall quality. With our proposed method, we can ensure to

minimize the management overloads and stabilize the quality of MCC in an active and autonomous way.

Keywords : Mobile Cloud Computing, Clustering, Logical Nearness, k-means Algorithm, Optimization
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¢ Measured QoS Data
* Invocation Logs btw. Mobile Applications and Server
* Information on Current MCE Configuration

N

Quality Assurance
Process

- To measure quality data
for Node, Application and Service

- To detect faults on
the current MCC configuration

- To make quality enhancement plan
and to execute quality remedy actions

Dynamic
Clustering Process

v - To check the necessity of re-clustering

- To perform re-clustering

* Result of Re-Clustering

Fig. 3. Relationships between Two Processes in MCE
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Table 4. Code Snippet for Clustering Nodes

1 private static void clusterNodes(int nodelD, Node
nodes[], DF DFTable[][], HashMap<Integer,
ArrayList<Node>> clusters) throws
CloneNotSupportedException {

2 ArrayList<Node> list = null;

3 DF df = null;

4 Node currentNode = null;

5 currentNode = (Node) nodes[nodelD].clone();
6 Object[] key = clusters.keySet().toArray();

7 DF dfList[] = new DF[clusters.size()];

8 for (int i = 0; i < clusters.size(); i++) {

9 df = DFTable[nodelD][(Integer)keyli]];

10 dfList[i] = DFTable[nodelD][(Integer)keyli]];
11 }

12 // Search an optimal centroid

13 DF minDF = findClosestCluster(dfList);
14 // Set a cluster and add a node

15 list = clusters.get(minDF.getClusterManager
Node().getld());

16 if(df.getDf() != null) {

17 currentNode.setDf(minDF.getDf());

18 list.add(currentNode);

19 }

Table 5. Code Snippet for Measuring DF

Ju—

public DF evaluateNodes(DF DFTable[][], Node
nodes[]) {
DF minDF = null;
DF dfList[] = new DF[DFTable.length];
// Calculate average of DF
for (int i = 0; i < nodes.length; i++) {
DF df = new DF();
df.setDf(calculateAVGDF(i, DFTable));
df.setClusterManagerNode(nodes]il);
dfList[i] = df;
}
// Update a centroid to optimal one
minDF = updateCentroid(dfList);
return minDF;

}
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Table 6. Initial Values for Experiments
Experiments MCE #1 MCE #2
Factors Case 1 Case 2 Case 3 Case 1 Case 2
NumNodes 20 20 20 100 100
NumClusters 1 3 3 3 10
Initial Centroids 7 1,3 15 10, 15, 19 1, 5 10 jO, lf%y 2;5,359,232
[01| (1] 12 [3] [4] [5] [6] [7 [8] [91 | [10] | [11] | [12] | [13] | [14] | [15] | [16] | [17] | [18] | [19]

[0] | null | 081] 011 | 053 | 068 | 006 099 01 | 093 | 041 | 058 | 082 | 091 | 037 | 006 | 018 | 037 | 073 | 036 | 049

(1] null | 095 | 069 | 0.85 | 078 | 091 | 066 | 036 034 | 008 | 074 | 049 | 012 | 088 096 036 | 088 | 047 | 078

(2] nal | 072 | 024 | 064 | 025 | 052 | 053 | 081 | 098 | 028 | 074 | 017 | 0.64 048 | 046 086 | 082 | 042

(3] nal | 079 | 033 | 072 | 026 | 087 | 082 | 082 | 054 | 054 | 04 | 084 | 049 07 | 098 | 039 | 057

[4] nal | 022 | 09 | 021 | 065 | 084 | 052 | 072 | 083 | 042 | 038 | 042 | 079 079 | 071 | 006

[5] nal | 026 | 002 | 086 | 082 | 066 | 065 | 079 | 031 | 051 | 061 011 | 09 | 003 | 053

L6] nul | 048 | 092 | 065 | 027 | 039 | 068 | 086 | 029 004 | 084 094 | 03 | 025

(7] nul | 078 | 054 | 067 | 003 | 029 | 021 | 064 1 | 016 | 08 068 | 056

8] null | 046 | 041 | 051 | 036 | 033 | 08 | 062 | 021 | 028 | 064 03

[9] nal | 096 | 029 | 012 | 067 | 017 | 053 | 003 071 | 092 | 092

[10] nal | 061 | 075 | 006 | 042 | 057 | 039 | 076 | 095 | 082

[11] nul | 024 | 046 | 04 | 084 | 055 | 028 | 014 | 082

[12] nal | 058 | 022 | 057 | 007 005 | 02 | 054

[13] nal | 075 | 081 | 021 | 008 | 017 | 066

[14] nul | 049 | 013 | 047 | 054 | 057

[15] nul | 011 | 087 | 079 | 094

[16] nul | 087 | 019 | 079

7] nul | 065 | 058

[18] nl | 017

[19] null

Fig. 6. DF Table



SN SHAHE 7Y ZHlY SeRE AREo NG VY K FE TV 29 391
Cluster ID | Centroid SetNodes (CLUSTER;) SizeCluster (CLUSTER;) QoCluster (CLUSTER;)
CLUSTER; 1 {1,89,10,12,13} 6 0.23
CLUSTER: 3 {3,5,7,11,18 19} 6 0.23
CLUSTER; 15 {0,2,4,6,14,15,16,17} 8 0.31
QoMCE 0.26
Cluster ID Centroid SetNodes (CLUSTER;) SizeCluster (CLUSTER;) QoCluster (CLUSTER;)
CLUSTER; 1 {1,3,10,13} 4 0.13
CLUSTER; 18 {3,5,11,12,18,19} 6 0.16
CLUSTER; 14 {0,2,4,6,79,14,15,16,17} 10 0.33
QoMCE 0.20
Cluster ID Centroid SetNodes (CLUSTER;) SizeCluster (CLUSTER;) QoCluster (CLUSTER;)
CLUSTER; 13 {1,2,78,10,13,17} 7 0.16
CLUSTER: 18 {3,5,11,12,18 19} 6 0.14
CLUSTER;3 14 {0,4,6,9,14,15,16} 7 0.12
QoMCE 0.17
15HE 7lEoR e 22 FH2HY 2t 2E2H d2 Tadrh Al 9ol Tterations A3 Ze2HY Ay
th AA MCE®] #H#3E Uehls QoMCEE 0269% 33t Fig. 77 2k
A= ST 3 29 1, 2, 3 Iteration HEE YEhY, 37 =&
A WA FH2EHY ZRE e AZE 379 HAAs AEE Yedot, F 288 Iteration 1, 2, 3&
Centroid =22 {1, 18, 14}7} 24 =1, + WA Iteration 026, 02, 0179 «=MZ ZS0), A4 &L o FA4H
o] AgEgon 1 ARE e 7ED} QoMCE= 0202 Aes AYT = A
24 A Iterat1on“ﬂv4 0261‘%_3} o183, o= EYLH Zt7te] QoCluster?} Tteration vwhth Z718hA Y g &
ol o HAAg HAAes e e QAT AEHo2 QMCEE Iteration o] 2a ol
Fowd gdsdd A MeE Aze 39 meb] HA 0ol e e BJoER Tl P4
Centroide {13, 18, 14}= <ulo]E =Homw A WA T 9leS ob 2 ol
IterationS A-&3d 1, A #A Z2gYe A= s
3 2t 83 Mg Z1 ¥ "ot
°| BAS Pt M2 R CentroidE THIAL, 71E Table 6914 5579 A¥E 27 03 +98 2%e

13, 18, 14 ¥t} Hyr DF/F 92 =27} §lorng F#2H

QoMCE
0.35

0.3
0.25 Z5

QoCluster(CLUSTER1)
0.2 QoCluster(CLUSTER:2)
0.17
0.15 QoCluster(CLUSTERs)
= QoMCE

0.1

0.05
0 Iteration #

1 2 3

Fig. 7. Results of Clustering with 3 Iterations

45 Table 79 2k,
¥ oA Table 69 U3 3
A AolA Brha

o ZH2HY A8 ool mE QoMCE Al

AE 10A 2 EH"E A8ehA g SYAEIE sy
d B5E S5t AY 20M= FeaEPE A8 A
5 A7 245 vy Fig. 8% 2& ZAE Ak 7t
252 AF 3¢, A25S QoMCES oV g

FYaHES oA @ A 19 4% QoMCE7F
0277041744 A= e, FeAHEs 483 48 29

9 QoMCE+x 0117024744 &4 5 At
B9 A oo webd QuMCE Aol e oF 4]

o A3 Fej

KIPS Tr. Software and Data Eng.



392 ZEMEIES=E2A/AZERN R

2 HI0IH 3% M2 X6=(2013. 6)

Table 7. Experiment Results

Experiments MCE #1 MCE #2
Factors Case 1 Case 2 Case 3 Case 4 Case 5
NumNodes 20 20 20 100 100
NumClusters 1 3 3 3 10
L0 Siom VTR 0.35 0.17 0.18 023 0.08
executed 20 times
Standard Deviation 0.033 0.039 0.038 0.018 0.005
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