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Minimum-cost Based Data Replication Strategy in Cloud Computing Environment
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(Schoo! of Management Science and Engineering, Shandong University of Finance and Economics, Jinan 250014, China)

Abstract Data replica management is an important component in cloud storage system, which is important for impro-
ving the system reliability and high performance. In general, if the number of replicas increase, the transfer cost will be
declined because of the data can transfer more effectively; but the storage cost is becoming large because of the existence
of additional replicas. Aimed to reduce the cost of data management, this paper proposed a minimum-cost based data
replication strategy in balancing storage cost and transfer cost,including the data management cost model, the necessity
of adding data replica and an approximate algorithm that can automatically decide the number and their store places.
Both the theoretical analysis and simulations conducted on general (random) data sets as well as specific real world ap-
plications with Amazon’s cost model show that the minimum-cost replica strategy is close to or even the same as the
minimum cost benchmark and the efficiency is very high for practical runtime utilization in the cloud. On the other side,

this research can promote the enterprise (user) actively using cloud computing platform and the harmonious develop-

ment of cloud computing environment.
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i :d,, ; configurations of data centers;
A pair set CSet={(dc,,Cs>| dc, is identifier of data center;and
C, is cost value} ;
#i B : The necessity of creating a replicate;
The replica storage location dey if needed
1. Set CSet=0Q);
2. Calculate the storage cost Coststorage based on Definition 4;
3. Calculate the single cost of transfer data set d,, between each two
data centers with direct connection using Definition 5;
4, Calculate the minimum cost Costirnster between any two data center
using Dijkstra algorithm;
5. Calculate the total transfer cost Costynster Of data set d,
6. Calculate the sum cost of data set d,, including storage cost and
transfer cost using Definition 6:
Costi = Costsotrage + COStiransfer

7. For each data center dc;(except data center i)

8, Begin

9. Create a temporary replica and store it on data center dc;;
10. Calculate the storage cost Costsom,gedcj using Definition 4;
11. Modify the minimum transfer cost Oostmragej between any

two data center using Definiton 5;

Calculate the sum of cost Cost';

12. Cost';= (Costoorragede; -i—(?ost'swmgedCj ~+ Cost’ ramsfer)
13. If Cost;>> Cost'; Then

14, " If (dei. v8:>>dm. s Then

15. Set CSet=CSet |J{(dc;,Cost';)}

16. EndIf

17. EndIf

18. EndFor

19. If CSet! =0 Then

20.  d¢;=min(Costy| Costy € CSet. C,)
21.  Print “Replica store place”+dc;;
22. End
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% .Graph G'=(V',E',w',f;', f;') with edge-weighed and node
weighted as(dc;»¢;)

1. Initialize an edge-weighed graph G”,by setting V'=V,and f,"=1;,

2. For each (v;,v;) €E,do Assign the weight of this edge as

3. W v =wlvi, v +max(f; (v)+H, (v )+ ()

fg(Vi)+f2 (Vj))?

4, End For

5. Initialize an edge-weighed graph G', by setting V'=V",and f,’ =
f‘ ";

6. For each v;€ V’,do

7.  Assign the weight of edge from v; to v,
w"(vi",vj")=Dijkstra(vi »Vi);

8. Output G',
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¥ A :Graph G'=(V', E', w', f;',1,") with edge-nodes weighted as

(de;, ¢
¥t : The nodes for store replica

1. Generate a minimum-cost spanning tree from G’ using Kruskal

Algorithm;
2.  vi=node with maximum degree;
3.  While deg (v;) >=2do
4. Begin
5. v;=node with maximum degree;
6. Print v;;
7. For v;€V and i#j do
8. If e(v;,v)EE
9. Begin
10. Delete e(v;sv);
11 I deg(v;) =0 Delete v;;
12. EndIF
13. Delete v;;
14, v;=node with maximum degree;
15. EndWhile

16. End.
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Data centers doy de;  des  dey  des  deg dcy
data center size (TB) 60 80 40 80 40 60 100
ke 11 1 1 1 1 1

User numbers m;(10000) 1 0.6 0.8 1.1 0.6 0.7 1
Access frequency n(1/1000) 2 3 3 5 4 6 4

#3 RO REMER R

Index de; dez des3 dey dcs deg der

dey 2 4 3 5

de; 2 3 5 2

des 4 3 4 4

dey 3 5 4 2 4 5

des 2 2 3 5
, deg 4 4 3 5

des 5 5 5 5
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Cost gorage =¢i X TXdp. 5, = )

1 —
ey < 10%2=1.2910
FUAE S5 AT LIRS R 0 doy (R BI R ES SR
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F4 HEEDPL do FRBAERE S LHERRA

Data center dez  deg  dey  des  deg  der Total Cost

Cost in duration T 0.36 0.96 1.656 0.96 2,94 3.2 10. 07

I, FERRIAE O TR 4. WREEMRAR.
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Storage cost on

Total storage
Data Center €

dey others cost
dey 1. 2910 0 1. 2910
dcy 1. 2910 1. 1180 2. 4090
dc 1. 2910 1. 5811 2. 8721
dey 1. 2910 1.1180 2, 4090
des 1. 2910 1. 5811 2. 8721
dcg 1. 2910 1. 2910 2.5820
dey 1. 2910 1. 0000 2. 2910

#6 WAIE 4, B AR CHEREE

BlAME da de diz du des  dos  do BRAA
deg 0 0.36 0.96 1.65 0.96 2,94 3.2 10, 07

deg 0 0 072 1.65 0.48 2.1 2 6. 95
des 0 0.3 0 1.65 096 1.68 2 6. 65
dey 0 0.3 0.9 0 048 1.68 2 5. 48
des 0 0.3 09 1.1 0 L2 2 5. 68
deg 0 0.3 0.96 1.65 0.72 0 2 5. 69
dey 0 0.36 0,96 1.65 0.96 2.1 0 6.03
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Storage Cost
1. 2910
2. 4090
2.8721
2. 4090
2.8721
2. 5820
2. 2910

Total Cost
11. 3610
9. 3590
9.5221
7. 8890
8. 5521
8. 2720
8. 3210

Replica place Transfer cost
dC] 10, 07
dcg 6. 95
dez 6. 65
dC4 5.48
dcs 5. 68
dc6 5. 69
dey 6.03
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