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Improving energy efficiency and network performance 

in IaaS cloud with virtual machine placement 

DONG Jian-kang, WANG Hong-bo, LI Yang-yang, CHENG Shi-duan 

(State Key Laboratory of Networking and Switching Technology, Beijing University of Posts and Telecommunications, Beijing 100876, China) 

Abstract: The existing virtual machine(VM) placement schemes mostly reduce energy consumption by optimizing utili-

zation of physical server or network element. However, the aggressive consolidation of these resources may lead to net-

work performance degradation. In view of this, a VM placement scheme was proposed to achieve two objectives. One is 

to minimize the number of activating physical machines and network elements to reduce the energy consumption, and the 

other is to minimize the maximum link utilization to improve the network performance. This scheme is able to reduce the 

energy consumption caused by physical servers and network equipment while optimizing the network performance, 

making a trade off between energy efficiency and network performance. A novel two-stage heuristic algorithm for a solu-

tion was designed. Firstly, the hierarchical clustering algorithm based on minimum cut and best fit algorithm was used to 

optimize energy efficiency, and then, local search algorithm was used to minimize the maximum link utilization. The 

simulations show that this solution achieves good results. 
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1) )*: PM

list

(NO$�P�Q-R)LT(,-456) 

2) )1: X("#$STNO$�./) 

3) Initial VM

list

 

4) UVWX6 T:�Y;ZH@A[	%* VM

list

: 

5) For each VM

i

 in VM

list

 do 

6)     Foreach PM

m

 in PM

list

 do 

7)         If (isAllocable(VM

i

,PM

m

) and  

8)             PM

m

.spare < PM

best

.spare 

9)             Best�m 

10)         Endif 

11)     Endfor 

12)     VM

i,best

 �1  

13)     Allocation (VM

i

,PM

best

) 

14) Endfor 

15) Output X 
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8)���� ����cd�j�$��Û%�

78�BF-HC-LS78�78ÜÝ9±5¨º$��

�`cd���xy	��YZ[��[�ÊÎêë 

 

1) )*: X+"#$JNO$ST./0̀ A+,-./0̀ TP

+� ab0̀ N

max

+�cdef0 

2) )1: X

best

 

3) Initial  X, A, TP 

4) While s=1 to N

max

 do 

5)    Bghijk�L,-c�"#$ 

6)    JGIlmn8$�"#n8 

7)    opq� X ' 

8)    D�MLU ' 

9)    If MLU '<MLU

best

 

10)       X�X ' and  MLU�MLU ' 

11)    Else 

12)       r>st�uv X '`MLU '  

13)    Endif 

14) Endwhile 

15) Output X

best

 

� 5  wxyz{|�cjk}~� 

 

� 3  �� BF�"#$%&�
 



(78( �  �  �  � � 35� 

¡¢[g�YZ[¡¢�P7�����	���

� � �·����$9K����Í}
�Ï

��An¡¢�9��}~�§�ø/N����$

ûnÌ��Ö�� ßON�!"n�J#$ 

4.4  	
�� 

�Ý�YZ[\]*+u,��[��
�

�)�$%�&'*+�u��[$%�'Ë�Y

Z[$%��($,-�
L/�YZ[��ß�


L����[��þÞ¨���[���	~$

¾)�DYZ[\]^_��ã�� CPU<*C<

C+<��,-<�j,-?.�B/
��0#�

1A�uAB*+$%�(
�0#�&'*+$ 

2¨34�&'*+� NP.*+

[11]

$í�EF�

56� ( )

n

O n �s/78���ab��#���

abxy�stab
��)��YZ[\]*+

��$%�¬n­®*+�	
�abÔÕxy�

þÞxyÔ^abO©��y}~)�ab
�

��$¬n­®*+§� NP.*+

[12]

$í�EF

�56� ( )

n

O n $u�|���
)�*+$%�

&'*+#¬n­®*+�Jq$¸,abG��

9s�� 	
�	���� �³��äxy:

_�;6rç�%§� NP .*+$%�*+�&

'�(���q)�*+�¸12AB*+�.·

�9<=>EF�56#9<þÞJK?�@	

)2$��OPTUVAB7812A*+�HC

82°Q%TD�F�EF$ 

k-	
l�mnoB78�EF�56�

3

( )O n �k- BF�YZ[\]78�EF�56�

2

( )O n �2°YZ[\]78���EF�56�

3

( )O n $ 

5  ��������	 

�� C++ù5Q BF-HC78<BF-HC-LS7

8�GH_à�2°&'*+�	�I@J78�

NFD(next fit decreasing)78<FFD(first fit decreas-

ing)78<BFD78?

[19]

$1� BF-HC# BF-HC-LS

78�øKxyo²�é�3 	ö÷¦
BF��

\]L8�¨��M��£3 øYZ[�
èà

BF\]� BFD78stNH$¾)�O�Mxy

­PH�EQ��[78stNH$ 

�|��3 mn���J��9({É

[7]

<

VL2

[20]

<Fat-tree

[21]

?���� ���|���	

�I�É/�����	r�|���� ß�

Fat-tree��$ 

GH�k���hãRS��­�YZ[
�

�y�<��[
��y�<YZ[�F�xyT

U$,-YZ[
��y��Amazon EC2

[22]

iV

QWX���L�YZ[�³Y�
rZ[L�

�¦ �1�\��M Amazon EC2¨ij�YZ

[�
#®]$,-YZ[xyTU����³]

\K�^[10,23]�xy«�$Ô^íõ�_y#`

7�xyDHa�FbcF*�p,MN�$ 

�
�P7L8k-�(1)$�-YZ[dq�

eX���[�(� �Hf�gtDfÅh�

efg$�Qi-P7#³]�u��[�
\

�j��fÅh�k
$abO©�k
§3 

�£�l�L�$,-��[#abO©�m�

k
\����{|O©�k
óôrnN$D

�³]����[�k
� 750 W$Â�¡¢[�

k
� 80 W$ab,-��y� 1 000 M�¡¢[

��m¡¢[$ 

5.1  ������� 

9Kab�´cd5`����Lohã��

�)��
�h�gt BF-HC 78}~�|��

��
��pãgt BF-HC-LS78$GH³]{

|�|��qr¨,¦YZ[���s«L���

MQ 100<200<300�YZ[.�/�³Y�íõ

�L�� CPU �
<*C�y<tuvF<,-

?�DµN�/w��[
��
p��efg�

,% 3 wYZ[�1­xD Tree ��<Fat-tree �

�g .B78P7�|���
#ab	��

�� �$ 

D Fat-tree��g�± 6yºQ BF-HC 78<

BFD 78���[78,�|���
�NHJ

K���çjL��YZ[���[���v�,

�|����
z{�L/£�$�-�[78¨

��eX��[��#abO©���NH(�¨

��|�����
�	��$BF-HC78¨�


����	~��BFD78n�$%¯�BF-HC7

8� BFD 78¨����[���IL(�$

BF-HC 78��
�¨�)- BFD 78�D-

BF-HC 78,-ab�xy�)�þÞ�¨��

eXabO©���H~$± 7 |jQD Fat-tree

��g�% 3R78,�|��ab�xy)��

JK�BF-HC 78,-ab�xy�)�pNH



� 1� �����IaaS�	
��
�������
�������� �79� 

BFD78#�[78�ôy�)}$BF-HC78E

QN BFD 78}~abxy 29%�N�[78}

~ 41%$̧ D Tree��g�BF-HC78EQN BFD

78}~abxy 65% �N�[78}~ 81%$ 

BF-HC78~K?ôy��-��¨��%¯��

|j Tree���GHJK$ 

 

� 6  � !"#

$%& 

 

� 7  � !"#
��'()*+%& 

± 8 yºQD Fat-tree ��g�% 3 B78,

ab	���� ��z{$��çj�[78�

-xy­PH�EQ�	���� �H>$¸

BF-HC 78N BFD 78�	���� �>�E

Qg=Q 12%ÊÎ$ 

 

� 8  � !"#
,-./01�%& 

D�¶�GH³]��pNHBFD78�BF-HC

78D)�ab�xy#	���� ���ôy

�)}�¸Ø)�Q�|������
$ 

5.2  ������� 

9K�cd5`��Dhã���)�abG

��h�D¤¥abG���ig�	
��|�

��
$3 BF-HC-LS78st)�$� �·

���
HLN, hotspot link number�q�abG�

�Fy\�$ 

± 9~± 11 ­xyºQD Fat-tree ��g�

BF-HC-LS78<BF-HC78<BFD78#�[7

8,�
<ab�xy<HLN���NHJK$5.1

¶ý&NHQ BF-HC 78<BFD 78#�[78

,�
<�xy�z{��¶hãNH BF-HC-LS

78# BF-HC78$D± 9��,-�
�)��

BF-HC-LS 78N BF-HC78ãI/¼�EQ�

!Q 6%�@IïL��ôy$�£�D± 10��

,-�xy�)��BF-HC-LS 78N BF-HC7

8§ãI/¼�EQ�!Q 8%$%��-

BF-HC-LS 78�Q)�ab��� ��þÞ

YZ[�F�xy­P?�EQ�þ Q?(�

��[#¡¢[$ 

 

� 9  2 !"#

$%& 

 

� 10  2 !"#
��'()*+%&  



�80� '  (  3  4 � 355 

�¸�D± 11��D)� HLNLå�BF-HC-LS 

78ôym�)}�Y9�D 200�YZ[�ef

g�pNH BF-HC 78�BF-HC-LS 78� HLN

}~Q 8Ã$�� BF-HC-LS78L�����c

d�@�~8}~Qcd�$ 

 

� 11  2 !"#
67./8%& 

ä%�GH��çj�pNH BF-HC 78< 

BFD78<�[78�BF-HC-LS 78D�
��

�!�(��ig�)�QabG���y��Q

abcd�DYZ[\]^_��HC8³�Q�


�abG��EF$ 

6  �
� 

YZ[\]*+�����|��YZ��

�����·$��ijQ/RYZ[D��[�

�\]L8�D��[�
#ab���y�0#

g�)���[�abO©�
�� �#�
�

����þÞabxy­PQF�}~abcd$

ijQ/RS�¬UV45�78$WX�9K�

��`cd�78�)��
�h�� 	
l�

mnoB78� BFD 78pJqr)���[#

abO©��
$�¬�9K5`abcd��)

�abG��h$� ����78r	
�	�

��� ��}~cd����$GH³]¹ô�

pNH BFD 78<�[78�D�
��L��

efg�¨i78)�Qabxy­P�=>Qa

b�cd��$ 

��hã����� YZ[\]���þ

Þ�P7�|��abG���
�ßEF$¸

�P7�|���YZ[\]��é��ÓÅh

����YZ[�
��YZ[���[���

v�§��5`���%Àã��YZ[���

*+$DLz{r�G���ig�9<	
�

YZ[��"�³�YZ[����d�g/7

���:q$ 

����� 

[1] BARHAM P, DRAGOVIC B, FRASER K, et al. Xen and the art of 

virtualization[J]. ACM SIGOPS Operating Systems Review, 2003, 37(5): 

164-177. 

[2] Amazon EC2[EB/OL]. http://aws.amazon.com/ec2. 

[3] VERMA A, AHUJA P, NEOGI A. PMapper: Power and Migration 

Cost Aware Application Placement in Virtualized Systems[M]. 

Springer, 2008. 

[4] BOBROFF N, KOCHUT A, BEATY K. Dynamic placement of virtual 

machines for managing sla violations[A]. Proc Integrated Network 

Management, IEEE[C]. Munish,Germany, 2007.119-128. 

[5] CARDOSA M, KORUPOLU M R, SINGH A. Shares and utilities 

based power consolidation in virtualized server environments[A]. Proc In-

tegrated Network Management,IEEE[C]. New York, USA, 2009. 327-334. 

[6] WANG M, MENG X, ZHANG L. Consolidating virtual machines with 

dynamic bandwidth demand in data centers[A]. INFOCOM 2011, 

IEEE[C]. Shanghai, China,2011.71-75. 

[7] AL-FARES M, LOUKISSAS A, VAHDAT A. A scalable, commodity 

data center network architecture[J]. ACM SIGCOMM Computer 

Communication Review, 2008,38(4):63-74. 

[8] MANN V, KUMAR A, DUTTA P, et al. VMFlow: Leveraging VM 

Mobility to Reduce Network Power Costs in Data Centers[M]. Springer: 

Berlin Heidelberg, 2011. 198-211. 

[9] FANG W, LIANG X, LI S, et al. VMPlanner: optimizing virtual ma-

chine placement and traffic flow routing to reduce network power costs 

in cloud data centers[J]. Computer Networks, 2013,57(1):179-196. 

[10] MENG X, PAPPAS V, ZHANG L. Improving the scalability of data 

center networks with traffic-aware virtual machine placement[A]. 

INFOCOM 2010,IEEE[C]. San Diego,CA,USA,2010. 1-9. 

[11] MAN JR E C, GAREY M R, JOHNSON D S. Approximation Algo-

rithms for Bin Packing: A Survey[M]. Approximation Algorithms for 

NP-Hard Problems, 1996.46-93. 

[12] WOEGINGER G J. Exact Algorithms for NP-Hard Problems: A Sur-

vey[M]. Springer: Combinatorial Optimization-Eureka, 2003. 

[13] DEB K. Multi-Objective Optimization[M]. Springer: Multi-Objective 

Optimization Using Evolutionary Algorithms, 2001.13-46. 

[14] JIANG J W, LAN T, HA S, et al. Joint VM placement and routing for 

data center traffic engineering[A]. INFOCOM 2012, IEEE[C].Orlando, 

Florida,USA, 2012. 2876-2880. 

[15] GUPTA A, KALÉ L V, MILOJICIC D, et al. HPC-aware VM place-

ment in infrastructure clouds[A]. IEEE Intl Conf on Cloud Engineer-



� 1� �����IaaS�	
��
�������
�������� �81� 

ing[C]. San Francisco,California,USA, 2013. 11-20. 

[16] BELOGLAZOV A, BUYYA R. Optimal online deterministic algo-

rithms and adaptive heuristics for energy and performance efficient 

dynamic consolidation of virtual machines in cloud data centers[J]. 

Concurrency and Computation: Practice and Experience, 2012, 24(13): 

1397-1420. 

[17] BIENKOWSKI M, FELDMANN A, JURCA D, et al. Competitive 

analysis for service migration in vnets[A]. Proceedings of the Second 

ACM SIGCOMM Workshop on Virtualized Infrastructure Systems 

and Architectures[C]. New Delhi, India, 2010.17-24. 

[18] HELLER B, SEETHARAMAN S, MAHADEVAN P, et al. Elastic-

Tree: saving energy in data center networks[A]. Proceedings of the 7th 

USENIX Conference on Networked Systems Design and Implementa-

tion[C]. San Jose, California, USA, 2010.19-21. 

[19] JOHNSON D S, DEMERS A, ULLMAN J D, et al. Worst-case per-

formance bounds for simple one-dimensional packing algorithms[J]. 

SIAM Journal on Computing, 1974, 3(4): 299-325. 

[20] GREENBERG A, HAMILTON J R, JAIN N, et al. VL2: a scalable 

and flexible data center network[J]. ACM SIGCOMM Computer 

Communication Review, 2009,39(4):51-62. 

[21] NIRANJAN MYSORE R, PAMBORIS A, FARRINGTON N, et al. 

PortLand: a scalable fault-tolerant layer 2 data center network fabric[J]. 

ACM SIGCOMM Computer Communication Review, 2009,39(4):39-50. 

[22] Amazon EC2[EB/OL]. http://aws.amazon.com/ec2/instance-types/. 

[23] BENSON T, AKELLA A, MALTZ D A. Network traffic characteristics 

of data centers in the wild[A]. Proceedings of the 10th ACM SIG-

COMM Conference on Internet Measurement[C]. Melbourne, Austra-

lia,2010.267-280. 

 

����� 

 

 

 

 

 

 

 

����1975-��������	�


����
������������

������� !"#$%&'#()

*+,%-./&'#0123�4567

	
��1940-��8�9:	���


�����%
�;<=������

��-./&'#>?%&'# QoS>?%

� !"#$7 

�

�1987-����@ABC	�

��
���
�;���������

 !"#$DE+,�FG7 

����1973-����HIJK	�

��
���������������

��%� !"#$7 


