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Abstract

The necessity and significance of improving the energy efficiency of cloud
implementations have increased due to the rapid growth and proliferation of cloud
computing services around the world. This paper has concentrated on consolidation and
migration technology in virtualized cloud datacenters as a solution to deal with this high
energy consumption problem. We propose VMPA strategy as a novel energy-efficient
virtual machine (VM) placement procedure in cloud datacenters. VMPA could reduce the
number of active servers in cloud datacenters. Besides, we introduce the central
importance of optimizing different targets in cloud datacenters at the same time including
total energy consumption, SLA violation and number of VM migration. We present a
novel two-threshold method along with VM migration selection algorithm VMMSA as a
solution of solving this multi-criteria problem. Two-threshold method can lead to less
active servers and VMMSA can generate least number of VM migration. Experimental
results show VMPA-VMMSA can improve energy consumption in cloud datacenters,
reduce SLA violation and number of VM migration respectively in comparison with state
of the arts.

Keywords: cloud computing, datacenter, energy consumption, SLA violation, VM
migration

1. Introduction

Cloud computing has recently been brought into focus in both academic and industrial
communities due to the increasing pervasive applications and the economy of scale that
cloud computing provides [1,2]. As a direct result of cloud computing’s increasing
popularity, cloud computing service providers such as Amazon, Google, IBM and
Microsoft have begun to establish increasing numbers of energy hungry data centers for
satisfying the growing customers resource demands [3]. Continuous increase in energy
consumption of such huge data centers raises a great concern for both governments and
service providers to consume energy more effectively. Apart from the overwhelming
operating costs and the total cost of acquisition (TCA) caused by high energy
consumption, another rising concern is the environmental impact in terms of carbon
dioxide (CO-) emissions [4]. Since hardware devices consume their near maximum power
level when they are idle, not fully utilizing them leads to enormous energy wastage.
Research states that servers use nearly 30% of their peak power consumption while sitting
idle 70% of time [5]. So, the basic reason of energy waste in data centers’ infrastructure is
underutilization.

Server consolidation using virtualization is an effective approach to achieve better
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energy efficiency of cloud data center. The reason is that at times of low load, VMs are
consolidated on a limited subset of the available physical resources, so that the remaining
(idle) computing nodes can be switched to low power consumption modes or turned off.

In related works, for optimizing VM placement, ref.[6] has investigated power
management techniques in the context of large-scale virtualized systems for the first time.
In addition to the hardware scaling and VMs consolidation, they have proposed a new
power management method for virtualized systems. In [7], the live migration of VMs is
defined as an optimization problem. The optimization objective is to minimize the energy
consumption of physical hosts in clouds. But, the above works do not consider the
performance and SLA violation from the view of user’s applications. Ref.[8] has proposed
efficient consolidation algorithms which can reduce energy consumption and at the same
time the SLA violations in some cases. They have introduced an efficient SLA-aware
resource allocation algorithm that considers the trade-off between energy consumption
and performance. Their allocation algorithm takes into account both host utilization and
correlation between the resources of a VM with the VMs present on the host. Ref.[9] has
investigated the problem of power and performance-efficient resource management in
virtualized data center environments. The goal of this paper is to maximize the resource
provider’s revenue by minimizing power consumption and SLA violation simultaneously.
Ref.[10] has improved Bin-Packing algorithm considering a threshold to avoid
inopportune VM migration. To this end, if the sum of VMs of a server goes below this
threshold value, the VMs of this server are migrated to other servers with enough
resources to turn off this server. This approach does not consider the cost of frequently
swapping and VMs migration.

Obviously, the VM placement problem in cloud computing environment mainly
involves only a single or two targets optimization at present [6-10]. For example, the
physical host used is least, or minimizing SLA violations and guaranteeing QoS
performance of applications, or reducing the total energy consumption of data center and
VM migration number. However, these optimized targets may be in conflict with each
other. In order to reduce the number of hosts used, the VMs need to be deployed
reasonably to less hosts in bin-packing mode. But this needs multiple VMs migrations to
achieve. To reduce SLA violation, VMs have to be consolidated and migrated in many
times, which can turn on more hosts. Meanwhile, the energy consumption is associated
with the specific resource utilization of physical hosts, so the least used hosts can not
always bring the minimum energy consumption. Different from the current works, which
mainly focus on the optimization of a single or two objects, our work would consider the
energy consumption of physical servers in clouds, SLA violation and the number of VM
migration at the same time.

2. Model of VM Placement and Power

Figure 1 gives the framework of energy-efficient virtual machines placement in cloud
datacenter in our paper. Under the framework, we can design energy-efficient VMs
palcement strategy to allocate VMs to physical servers. The framework consists of two
main modules:

1. VMs analysis module. This module determines the requested MIPS and memory of
each VM arrived and VMs running on the system in each time interval based on the
number of VM requests from the users calculated by the front-end server.

2. VM placement strategy module. This module deals with two parameters: 1) the
resource demands calculated by the VMs analysis module; 2) the current status
(turned on/off) of cloud datacenter equipment and available resources of each turned
on server.

The second module tries to find the minimum number of servers and racks required to
fulfill the resource demands by VMs and manage to power on the minimum number of
switches and cooling devices.
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Figure 1. Model of Energy-efficient Virtual Machines Placement in Cloud
Datacenter

Power consumption by computing nodes in cloud data centers is mainly determined by
CPU, memory, disk storage and network interfaces. Comparing with other cloud system
resources, the CPU consumes the main part of energy. Hence, we will focus on the power
consumption of CPU and the power management in this paper. The CPU utilization is
often proportional to the overall system load, for simplifying the model, a linear
power-to-frequency relationship for a computing node in cloud data centers is applied.

The studies show that an idle server consumes approximately 70% of the power
consumed by the server running at the full CPU speed on average, which justifies the
technique of switching idle servers to the sleep mode to reduce the total power
consumption. We apply the following the power model in this paper,

Pu)=kxP_, +@-K)xP_, xu (1)
Where Pnax is the maximum power consumed when the server is fully utilized, k is the
fraction of power consumed by the idle server and u is the CPU utilization. We can set
different Pmax according to the type of physical server in our simulation experiments.

In a general way, due to the variability of the workload, the CPU utilization may
change over time. Therefore, the CPU utilization u is a function of time and is represented
as u(t). Then, the total energy consumption of a physical node E can be defined as an
integral of the power consumption function over a period of time, as the following
equation.

E= L: P(u(t))dt )

3. SLA Violation Metric

QoS requirements are commonly formalized in the formof SLAs, which can be
determined in terms of such characteristics as minimum throughput or maximum response
time delivered by the deployed system. As these characteristics can vary for different
applications, it is necessary to define a workload independent metric that can be used to
evaluate the SLA delivered to any VM deployed in an laaS such as OTF (Overload Time
Fraction) metric. In this study, we use the SLA Violation (SLAV) metric which is
composed of multiplication of two metrics: the SLA violation time per active host
(SLATAH) and performance degradation due to migration (PDM).

SLAV =SLATAH x PDM (3)
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where Ts; is the total time during which the host i has experienced the utilization of 100%;
Tai is the total time during which the host i has been in the active state; N is the number of
PMs; Cg is the estimate of the performance degradation of the VM j caused by migrations
which is estimated as 10% of the average CPU utilization in MIPS during all migrations
of the VMJ; C,; is the total CPU capacity requested by the VM j during its lifetime; and M
is the number of VMs.

4. VM Placement Strategy

VM consolidation technology in clouds has become a key meaning to reduce energy
consumption. The prior works use maximum CPU load of each VM as the criteria to sort
and consolidate VMSs. But, due to the metric changes with the computing power of the
physical processor core, this method could lead to high energy consumption in cloud
datacenter. The follows we will use a numerical example to illustrate the effect of this
problem.

It is assumed that a cloud resource provider has three physical servers, named S1, S2
and S3. Each server has one CPU core with performance equivalent to 1000 Million
Instructions Per Second (MIPS). There are five VMs, called VM1, VM2, VM3, VM4 and
VM5, which have with the maximum performance of 250MIPS, 500MIPS, 1000MIPS,
750MIPS and 500MIPS respectively. Then, it is assumed that all physical servers are
initially idel and the first incoming user’s requirements need 100MIPS, 200MIPS,
600MIPS, 300MIPS and 200MIPS of each VM to run. If the method based on the static
maximum CPU load of VM is employed to consolidate VMs, the allocation results is
showed in Figure 2.

Therefore, it uses three physical servers with actual utilization of 40%, 40% and 60%
respectively.

We design an assignment based on request to consolidate VMSs based on the actural
MIPS each VM is requested to serve. Then the final assignment result is showed in Figure
3. Hence, this assignment only employs two physical servers with actual utilization of
70% each.
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Figure 2. VM Placement based on CPU Load
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Figure 3. VM Placement based on Request

For reducing energy consumption in cloud datacneter, a VMs placement heuristic based
on power-aware (VMPA) is presented to solve the placement of virtual machines. In
VMPA, we first sort the VMs in decreasing order of their dynamic requested MIPS. After
sorting VMs, we try to find the best server for each VM that provides the least increase of
the power consumption caused by the placement. The algorithm takes full advantage of
the nodes heterogeneity by selecting the most power-efficient ones first. In this step, we
first find the best server among all non-underutilized and non-empty servers, if no server
can be found for assigning the VM, the algorithm tries to find the best server among all
underutilized servers. Finally, if it could not find among all on servers, the algorithm turns
on a server from the empty-servers list to place VM on it. The pseudo-code of VMPA is
showed in Algorithm 1.

The complexity of VMPA is O(nxm), where n is the number of physical servers that
have to be deployed and m is the number of physical servers in cloud datacenter.

Algotihm 1: VMPA
1. Input: ServerList H={hs,ho,...,h,}, VMList V={v1,v2,...,Vin}
2. Output: Solution of VMs placement

3. Initialize EmptyServerList E, UnderutilizedServerList U

4. SortVMslInDecreasingMIPS

5 ForviinV

6 Initialize Ppin—MAX

7 Initialize HV—NULL

8

9

For hjin H
If hj has no placed VMs

10. EmptyServerList E<h;
11. Else if h;j is an underutilized server
12. UnderutilizedServerList U«h;
13. Else if h; has enough resources
14. P(U)=kxPmax+(1-K)X Pmaxxu
15. If P<Pmin
16. HV«h;
17. Pumin—P

18. If HY=NULL
19. Foruiin E

20. Return 13-17

21. If HY=NULL

22. ForegjinE

23. Return 13-17
24. If HVANULL

25. HV—HV(vi)
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26. Else
217. Return infeasible placement
28. Return VMs placement solution

5. Selection of VM migration

For VM migration, we consider two thresholds comprising lower and upper bounds of
CPU utilization for servers so that the utilization of CPUs is kept between these
thresholds. If the CPU utilization goes below this lower threshold, the server is called
underutilized and all VMs have to be migrated from this host, and consequently, the host
is switched to sleep mode in order to eliminate the idle power consumption. If the
utilization exceeds the upper threshold, the server is called overloaded and some VMs
have to be migrated from the host to reduce the utilization. This latter move leaves some
headroom in the servers so that temporary spikes in the CPU usage of VMs can be
accommodated without SLA violation. Two-threshold method is showed in Figure 4 and
Figure 5.

Low uP Low upP
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Figure 4. Upper Threshold for Overloaded Server
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Figure 5. Lower Threshold for Underutilized Server

For choosing the best VM to migrate from an overloaded host, we present a VM
migration selection algorithm called as VMMSA, which could gain minimum nuber of
VMs migration. In VMMSA, two conditions are considered: first, the VMs which have
utilization higher than the difference between the host utilization and the upper threshold
are chosen; second, if a VM needs to be migrated from the host, we choose the VM that
leaves the highest utilization (although below the upper threshold) on the host server. The
algorithm continues until the utilization of the host becomes less than the upper utilization
threshold. This policy leads to the minimum number of VMs migration in order to reduce
the migration overhead.

Let V; be a set of virtual machines currently allocated to the node j, Q(V;) is the power
set of V; (include null set and all subset of universal set). The set R of migrated virtual
machines searched by VMMSA satisfies,

Minimize:

IR|

Subject to:
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REQ(VJ)
stau; =D U, (v)<T,
Q) ={UU cVv;}

Where, u; is the current CPU utilization of the node j, ua(v) is the fraction of the CPU
utilization allocated to the virtual machine v. The pseudo-code of VMMSA is showed in
Algorithm 2.

Algorithm 2: VMMSA

1. Input: ServerList H={hy,h,,...,hn}

2. Output: MigratedVMList M

3. ForhjinH

4. Receive VMList deployed on h;

5. VMListSortDecreasingCpuUtilization

6. Receive R_Cpu in h;

7. Initialize Ratio—MAX

8. While R_Cpu>Upper

9. For v in VMList

10. If VM.cpu>R_Cpu-Upper
11. r—VM.cpu-(R_CPU-Upper)
12. if r<Ratio

13. Ratio—r

14. BestVM«—vn,

15. Else if Ratio==MAX

16. BestVM«—vn,

17. Break

18. Update R_cpu=R_cpu-BestVM.cpu
19. M«—Vn

20. Delete BestVM from VML.ist

21. If R_Cpu<Lower
22, M «all VMs on h;
23. Return M

6. Flow and Complexity of our Algorithm

In our algorithm design, we first only deal with the VMs on overloaded physical
servers and the newly arrived VMSs, and after placing them on physical servers, we
relocate VMs from underutilized physical servers to turn them off. Then, we select some
appropriate VMs from overloaded servers and consolidate them with newly arrived VMs
as inputs for VMs placement algorithm block at the first step. Finally, we find all VMs of
underutilized servers to migrate into the best other servers using VM placement algorithm,
which would lead to switch idle servers to sleep mode to reduce the total power
consumption of cloud datacenter. Figure 6 shows the flow of our algorithm.

About the complexity of our proposed algorithm, it is assumed that N denote the
number of all physical servers, M denotes the number of VMs deployed on the physical
servers, the number of newly arrived VMs is H, the number of overloaded servers is L, the
number of underutilized servers is K, the complexity of VMPA is Nx M, the complexity of
VMMSA is N. Therefore, the complexity of our algorithm is 2N+H+Nx (M+H)+
Nx M+K+ Nx M, that is O(3 Nx M +N).
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Figure 6. Flow of our Strategy

7. Simulation Experiments and Analysis

For evaluating the performance of our proposed algorithm, we will delevop some
simulation experiments of employing our VM placement strategy in toolkit CloudSim [11]
in this section. The cloud environment includes a data center, which consists of N
heterogeneous physical nodes. According to different process power of CPU, these
physical nodes are divided equally into two types, represented by (1800MIPS,
2600MIPS). Two types of physical nodes both include two process elements (CPU core),
4G RAM and 1GB/s network bandwidth. Each virtual machine requires one CPU core
with 2500, 2000, 1500, 500MIPS, 0.8, 1.7, 1.5, 0.6BG of RAM and 100MB of bandwidth.
Each virtual machine runs a web-application or any kind of application with variable
workload, which is modeled to generate the utilization of CPU according to a uniformly
distributed random variable. The application runs for 150000MI that is equal to 10 min of
the execution on 250 MIPS CPU with 100% utilization. Initially, all virtual machines are
allocated according to the requested characteristics assuming 100% CPU utilization. Four
different VM placement strategies are tested in our simulation experiments as below:

STA: Single Threshold Algorithm

DVFS: Dynamic Voltage and Frequency Scaling [12]

MPA: Maximum Power Algorithm

VMPA-VMMSA: Our algorithm proposed in this paper
Experimental results will be showed from the following four metrics:

TEC: Total Energy Consumption

SLAV: SLA Violations

VMMN: VM Migration Number

ANAS: Average Number of Active Servers
And, to evaluate the two-threshold setting policy in VM migration, we have conducted
serveral experiments with different values of the two thresholds.

Experiment 1 we observe the performance of the above four metrics in Figure 7,
Figure 8, Figure 9 and Figure 10. Figure 7 shows total energy consumption of four
algorithms. MPA consumes most energy due to keep 100% CPU utilization of all physical
servers regardless of deploying VMs on servers. DVFS can dynamically adjust the
voltage and frequency of CPU according to the CPU utilization for decreasing the power
consumption of physical nodes, which coud reduce some energy consumption. STA is
based on the idea of setting the upper utilization threshold for servers and placing VMs,
while keeping the total utilization of servers below this threshold. However, STA could
lead to some underutilized servers that placing less number of VMs. Different from STA,
our algorithm VMPA-VMMSA employs two-threshold method including lower and upper
threshold for consolidating VMs. When the utilization of the server is lower than the
lower threshold, all VMs on the server will be migrated to other servers and the server
will be turn off, which could lead to less total energy consumption in cloud datacenter. In
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Figure 7, DVFS and MPA have less SLA violation since amount of requested resource
equals to the amount of allocated resource in two algorithms. VMPA-VMMSA has less
SLA violation then STA due to two-threshold method. Since two-threshold method would
activate less physical servers, VMPA-VMMSA make most VM migration as showed in
Figure 9. Based on similar reasons, our algorithm can use least number of actived
physical servers, as showed in Figure 10.

100 2.5¢
80 2F
F40 ® 1t
20 0. 5f
0 STA DVFS MPA VMPA- 0 STA DVFS MPA VMPA-
VMMSA VMMSA
VM Placement Algorithm VM Placement Algorithm
Figure 7. Total Energy Consumption Figure 8. SLA Violation
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VMMSA VMMSA
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Figure 9. Number of VM Migration Figure 10. Average Number of
Active Sservers

Experiment 2 we observe the two thresholds impact on the performance of algorithm
in Figure 11-Figure 12. As the upper threshold increases, the total energy consumption
will reduce since less servers will be activated. And, this will lead to more VMs
consolidation and more SLAV, as shwed in Figure 12. The lower threshold impacts on the
performance with a smaller degree, but the trend will be same as the upper threshold.

1001 2.5
80 2
60 1.5
2 <
= 40 @ 1
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Figure 11. Increasing Lower Threshold Impacts on the Performance
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Figure 12. Increasing Upper Threshold Impacts on the Performance

Experiment 3 we compare single threshold with two-threshold method in Figure 13.
Because single threshold method only sets the upper threshold to ensure servers not
overload, which would lead to some underutilized servers and more energy consumption.
Two-threshold can consolidate VMs to less servers via VM migration by setting lower
threshold, which reduce the energy consumption. Meanwhile, two-threshold method can
more reduce SLA vioaltion than single-threshold method.
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Figure 13. Single Threshold vs Two Thresholds

Experiment 4 we observe the interval between lower and upper threshold in
two-threshold impacts on the performance of our algorithm. Figure 14 shows that an
increase of the lower threshold leads to an increase of SLA violation and a decrease for all
intervals. And, for the same lower threshold, the high the upper threshold, the less the
energy consumption and the more the SLA violation, this is because the bigger interval
between thresholds could consolidate more VMSs to less servers via VM migration.
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Figure 14. Interval between Lower and Upper Threshold in Two-threshold
Method

8. Conclusion

Dynamic consolidation of virtual machines using live migration and switching idle
nodes to the sleep mode allows cloud resource providers to optimize resource usage and
reduce energy consumption. But, the obligation of providing high reliable QoS to users
leads to the necessity in dealing with the energy-performance trade-off, because some
aggressive consolidation can bring about performance degradation. Aiming at solving this
problem, an adaptive VM placement algorithm VMPA-VMMSA is proposed in this paper.
The new algorithm can carry out dynamic consolidation and migration of virtual
machines and greatly reduce energy consumption, while ensuring a high level of
adherence to the SLA and reducing the number of VM migration. The results of
simulation experiments show that the algorithm is feasible and efficient.
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