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ABSTRACT

Through Virtual Machine technology(VM), VMs can be packed into much fewer number of physical servers
than that of VMs. Since even an idle physical server wastes more than 60% of max power consumption, it has
been considered as one of energy saving technologies to minimize the number of physical servers by using the
knapsack problem solution based on the computing resources. However, this paper shows that this tightly packed
consolidation may not achieve the efficient energy saving. Instead, a service pattern-based VM consolidation
algorithm is proposed. The proposed algorithm takes the service time of each VM into account, and consolidates
VMs to physical servers in the way to minimize energy consumption. The comprehensive simulation results show

that the proposed algorithm gains more than 30% power saving.
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. Energy-Aware Consolidation

3.1 Knapsack Problem
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Algorithm1. Knapsack problem algorithm
Output : K[n,C]

1: for i= 0 to n K[i, 0]= 0

2: for w= 0 to C KJ[0, w]= 0O

3 for i= 1 to n {

4 for w= 1 to C{

5: if(wi > w)

6: K[i, w]= K[i-1, w]

7 else

8 K[i, w]= max{K[i-1,w], K[i-1,w-wi]+vi}
9: }

10:  }

11:  return K[n, C]
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Table 1. Virtual Machine Consolidation element

Notation Description

i The i’th virtual machine

cpui Cpu capacity for the i’th virtual machine
memi Memory capacity for the i’th virtual machine
vi Value for the i’th virtual machine
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Algorithm2. VM deploy using the knapsack problem
Output : K[n,C,M]

1: fori=0ton KJi 0]=0

2:  for cpu= 0 to C K]0, cpu]= 0

3:  for mem= 0 to M K[0, mem]= 0

4 for i= 1 to n {

5 for cpu= 1 to C{

6: for mem= 1 to M{

7 if(cpui > cpu && memi > mem)

8 K[i, cpu, mem]= K[i-1, cpu, mem]

9 else

10: K[, cpu, mem]= max{K[i-1, cpu,

11: mem], K[i-1, cpu-cpui, mem-memi]+vi}
}

}

}
12: return K[n, C, M]
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Table 2. Resource requirements of the Virtual Machine

i cpu memory
1 200 200
2 200 600
3 200 200
4 200 250
5 200 200
6 200 200
7 250 250
8 600 100
9 600 500
10 200 600
11 250 300
12 600 150
13 350 600
14 400 500
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Table 3. Working hours and resource requirements of
the Virtual Machine;

Virtual Ti cpui memi
Machine;
1 16 200 200
2 16 200 600
3 24 200 200
4 24 200 250
5 24 200 200
6 24 200 200
7 24 250 250
8 16 600 100
9 16 600 500
10 16 200 600
11 16 250 300
12 24 600 150
13 16 350 600
14 16 400 500

7h E2A Aeiet 1] o] gl aElER EelA
AW 4= BT 2441705k SRIL B AW
_0,] Zy Az x%?c:lj iu]%l:—g Pwatt2} 2 7}A3}) &
24 Auje] A onjoff7t HHAMSERS 93l F
83 e polug AHE AL on AEI} off AE
o w2 okl wEsiAIFh HY Akl
Pwattql B2 Awe] & A4 A2 4 * Pwatt *
24hours 2 96PWh7} ¥t} 13 49] 232} A71-S 3}
o}slo] whE 74} M4l Consolidationd BH, & &2
Arle] A SR g FAIS o] 8% 71t v
Consolidation &372]&1c} 1) Fofdc) Ats}
S 24417} E2kel= 7P AL 3, 4, 5, 6, 7, 12
gk o] EulH Ao mop Euld AW g of
24717k FAEkAL U] AW e 16417 SRR
AE Zn|Eko] Pwattel B3 M| F ARE- of
U] S AksPd (1 * Pwatt * 24hours) + (4 * Pwatt
* 16hours) 2 88PWh7} Hret ofluA] Aok gl
il Ao TS FHaslehe ol EAIE o] 8%
7P wAl Consohdatlon»]- v wafjA] Algksls oo
glgo] o] 84 AL & 5 ook CAle] AAE
ulelo 2, ofqz] dok delA] 2 282 947 S
A 2F Bl Aol FEF At e 7k mal
Consolidation ¥o] Q3 71g B = glt}h

oo e >

2

3.4 Metshk= Lm2|E

Aekshe darelFe] FAVNES vl Ahdeicr.

ARSAIZE] HISRE 7 HAlES A CE alA]
3= Aotk olluA] deof dellx] o] 85 <
7] SJEiA E=AIzTe] 7 A1 7 wAl AwES 7

7Ne] A Auel] wix|ekas, vpA] 7 wAl Au
23o] A4S onfoff Fo2H i
Al g FY e slok 27 4 HIREE SlE), 7t
A wAl AWEL] Al AI7HE 04 ~ 16417 Ea= 24
A7FEE SABHAl Agiel e AAY 7 mAl
AHEE AEE A7 B A7) thE2 ] wiie] o
aE]Eel A28 F7Rige] Fasieh 7P w4l A
He] FApATte] Al glok 71 WAl A F
2R 7he] 71 21 71 mAl A g BrlE Al -
Al mA|8tas, 94 wiRE 7P male] SR8k AlzE
et FEAZe] AAE el E5 22 =24 A
ol wix|slH 1§ 49} 72 7P mAlY FelA 4]
W mAE 71 5 glok

7 MAlS A7klEle] we} Consolidationd}”]
AaAs i A dare]Es o835k oA <A

=
Consolidation®] Z 835

shet 13 %Z]"}FP— ofL4%]
414] Consolidation®] 52} =4
Eo|t}l. F25 AES] ARk 7]’”3} HAlS ARSAIZE
o] Z1 <A1t = Sorting3tek. 71 ARE-A17te] 21 714
wals A Ael] 94 wix]Eka, o] 71wl
FAE= Ate] A4E T 7 #Ale] Value s
=A gk A wiRE PAE wAls AlLlEE 179
7HE wAlell Valuegke] AsiAH, 7] oilvd Al &
E|EE Edl ool W MAlE EEA Afeel] wl
g} = Al wiH =R -2 7 #AlS
(-n)7i7F ok S e & e 7Y wale] 0
7} =", Consolidation ¥4-S Eich

s == [

g o U

a7l 4. &= A7kl w2 7} w4l Consolidation
Fig. 4. Virtual Machine Consolidation according to the
service pattern

[o5

V. AlZzfold Zxt

W FAS o]83 7 mAl Consolidation ]
I Z2F A17}el] u}E 714 w41 Consolidation <
C++2 73| H2EE 3}‘:} Hj2=Eo] ’\]*9‘5] 7t =
2]4 A#2] CPU 45k 3GHZ, vixe] 432 8GB

= 43t 7 by uw A1) CPU 8743 10
0~800MHZ Alo|¢] ko= Az, wme] 87-8F
65

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-01 Vol.40 No.01

Time =zorting about

the VM

Determine the first
VM that has a
longest operating
time and batch on
the physical
machine

.

Set the VM's value

uszing the
overlapping time

l

Censolidation feor

knapsack algorithm

I

Complete one

physical server

O3 5. Algkske daEls w2 41
Fig. b. The proposed algorithm action sequence

< 100~800MByte Alo]2] 1oje] gho = =g} 7}
2f MA18] SR AT 04 ~124] Ale]o] Fk
olar, 37 Bt FARkE AR 5A~ 12417k R
el

v 248 95 74} =4l Consolidation® 2
Z2F AZbel wE 7P WAl Consolidation ] 2.2
WHEoR] = ZF ERiA ] Aol Y AMEERS vl

o} daE]E 3-2 A= 7 %Al Consolidation
o duE|E 25 HE3le] =2 g Aol &
Z 32| 9|5 matrix[200][3000][8000]& &
Z29] K[i, cpu, mem]2} -2 WMol wid &
daE]FollA Valuedt®] Hizhs A o AR-
vl F=olA matrix ¥l A WA U243l 200>
7R wxle] Fo A5l nltems S 2] v]ska, S+ WA
#1422l 3000 CPU®] FHi-8-2k2l 3GHZ#S! cpu,
Al A a2l 8000 Hl ]2l 82kl 8GBal
memS YeERIt Fel odwe|E 29] Exbyl e

2

66

Algorithm3. The proposed VM Consolidation Algorithm
1:  int matrix[200][3000][8000]

for i = 1; i <= nltems; i++){
for G = 1;j <= cpu; j+){
for (k = 0; k <= mem; k++){
if((vm[i].cpu_use > j) &&
(vm[i].mem_use > k)){
matrix[i][jl[k] = matrix[i-1][j]1[k];

}
else

matrix[i][j][k] = max(matrix[i-1][j][k],

R A A

10: vm[i-1].value + matrix[i-1][j-vm[i-1].cp

11: u][k-vm[i-1].mem]);

}
}

12:  return matrix[nltems][cpu][mem];
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Algorithm4. Algorithm for the VM’s value set

1: first = VM that has a longest operating time
2: start_time = start time of the VM
3: end_time = end time of the VM
4: i = for each VM

5. for(i = 1~n)

6: if(i.start_time < first.start_time)
7. start = first.start_time

8: else

9: start = i.start_time

10:  if(i.end_time < first.end_time)
11: end = i.end_time

12:  else

13: end = first.end_time

14: Overlapping time = end - start
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