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Abstract

The energy consumption is one of the most important factors in the virtual machines
deployment in the current data centres. Various studies proved that the energy aware
management of the virtual machines can reduce the total energy consumption about tens
of percents. We developed the new approach, based on the distributed algorithm, which is
able to consolidate the virtual machines between various virtualization nodes without the
central coordinator. The input data for this algorithm is collected online from the
electronic wattmeters, which are placed before the energy input of each virtualization
node.
Keywords: consolidation, virtual machine, distributed, energy aware, heterogeneous
computing system

1. Introduction
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The distributed virtualization systems, in principle depicted in the Figure 1, are today
used in all commercial data centres in the world. The main blocks of such systems are the
virtualization nodes (VN), network area storages (NASes) and management nodes, which
are interconnected via the high throughput communication network. The virtualization
nodes are the high performance computers on which are the virtual machines executed.
Network area storages serve for storing of the virtual machines hard disk drives images.
The separated storing of the virtual images from the virtualization nodes is a necessary
aspect for their efficient live migration [1]. The management node(s) serves as the central
coordinator of all actions in such distributed system. The poor simultaneous coordinated
execution or stopping of various virtual machines can cause that some virtualization
nodes can contain many running virtual machines and can be overloaded. On the other
hand, there can exist some virtualization nodes, which contain only a small amount of the
running virtual machines and can be underloaded. The running of such virtual machines is
much more expensive than it has to be, because they can run on the other not overloaded
virtualization nodes and the underloaded nodes can be further hibernated or switched off
after the latest virtual machine migration. The high energy consumption of the
virtualization nodes has the direct impact on the amount of heat, which is produced. The
heat production further also affects the activity of the data centre air condition system,
which fundamentally participates on the total energy consumption [2].
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Figure 1. Common Architecture of the Distributed System for Virtualization,
N = Max Count of the Virtualization Nodes, M = Max Count of the Nases and
L = Max Count of the Management Nodes

Contribution of the proposed solution
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We studied various factors [3] which can indicate the computer system state. The CPU
utilization is often elected as the prime utilization indication factor, but its power
consumption function can oscillate and has many step changes. The total energy
consumption is a more proper indicator, does not influence the measurement, its function
shape is much smooth and takes in care more aspects. We created a measurement system,
which is able to read the energy consumption of all virtualization nodes and cooperates
directly with the virtualization nodes hypervisors. This system uses the online measured
data for the virtual machines consolidation. The next aspect is the heterogeneity of the
virtualization nodes. It is possible, that some virtualization nodes can be older or not so
energy efficient than others. We created the classification function for a real computing
system, which can evaluate its energy efficiency according to its utilization level. This
value is further used as the metrics in the new proposed algorithm. To avoid the central
node failure, we tried to develop the fully distributed solution.
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2. Related Work Overview
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There have been published many papers about this topic in the last years. The first
work about this topic was introduced by Nathui and Schwan [4], who proposed the virtual
power management approach, which allows settings the various power management
policies. Stoess [5] introduced the framework for the energy management for the modular
operating systems, which contains another model for the virtual machines consolidation.
Verma [6] proposed architecture of the power-aware application consolidation framework
– pMapper. This framework allows setting the various scenarios for the virtual machines
in use. The main goal of this framework stands in the power minimization by a fixed
performance requirement. The relations between the energy consumption and resources
utilization was studied by Shrikantaiah [7]. The direct relation between the power
consumption and CPU utilization was in detail studied by Fan [9] and more specified by
Beloglazov [10]. Beloglazov further created the complex classification and overview of
the various virtual machines consolidation algorithms [11] and provided their comparison.
Farahnakian [12] applied the reinforcement learning technique to improve the virtual
machines consolidation efficiency. Cao [13] introduced a framework with the specific
heuristics for the minimum power and maximum utilization policy, which cares about the
service level agreement (SLA) for the specific virtual machine deployment. Another
similar solution was proposed by Dupont [14]. The optimization for the virtual machine
consolidation based on the improved genetic algorithm was published by Xu [15], another
approach based on the ant colony optimization algorithm proposed Feller in [16], similar
works were presented by Mills [17], Bobroff [18] and Borgetto [19]. Kansal [20] used the
firefly optimization algorithm and introduced the novel migration technique. The real
implementations of some algorithms exist today for the Xen hypervisor – EnaCloud [21],
the implementation for the hypervisor KVM is described in [22].

3. Distributed Virtual Machine Consolidation Algorithm (DVMCA)
3.1. Virtualization Nodes Consumption Suitability Metrics
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The novel proposed mechanism takes into account the heterogeneity of the
virtualization nodes. The requirement for this feature is logical, because often happens,
that some group of the virtualization nodes has another hardware than the other groups.
That means, some virtualization nodes are more energy aware than the others. The main
factor in the energy consumption is the global CPU utilization which is associated with
the air condition system activity [10]. We introduced new metrics, which characterizes
the node energy consumption efficiency. The total energy (TC) consumption value can be
calculated as follows. The variable u is from the interval of 0-1 (0 means idle, 1 means
fully utilized) and P(u) is the global power consumption value for the concrete utilization.
∫

(1)
The efficiency (E) of the virtualization node N, which has total K physical CPU cores,
can be calculated as follows.
∫

(2)
The function P(u) for the specific virtualization node is typically unknown. This can be
experimentally measured and completed by the linear approximation. The CPU utilization
can be increased between 0 and 100% by the 10% step. The equation (1) can be
retransformed into this shape.
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∑

(3)
The consumption model is created for each virtualization node in the distributed
system. The virtualization nodes (V) are then descendent sorted via their computed
efficiency value. The system utilization stress can be reached by using [23] or [24].
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Problems in virtual machines consolidation
1) Underloaded virtualization node detection – means the indication of the low
utilized node
2) Overloaded virtualization node detection – means the indication of the high
utilized node
3) Virtual machine placement - means the finding of the best node for the virtual
machine execution
Tools for virtual machines consolidation
1) Virtualization node switching on/off
2) Virtualization node hibernation/wake up
3) Virtual machine live migration – means the transfer of some virtual machine to
another virtualization node without stopping the virtual machine
3.2. The Distributed Algorithm Principle
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The main goal of this idea is depicted in the Figure 2 below. All nodes are sorted via
their efficiency. Every node contains the virtual machines consolidator (VMC). VMC is a
module, which directly cooperates with the local hypervisor and remote hypervisors. The
next device, which is interconnected to the VMC, is an electronic wattmeter. VMC reads
periodically the current value of the power and knows its energy power consumption
function course for its node. The value will be further used for the node state detection.
The next algorithm steps are done simultaneously on all virtualization nodes.

Figure 2. Distributed System Virtual Machines Consolidation Principle

Every virtualization node N knows its power consumption efficiency E value and
knows all virtualization nodes, which have worse E value than it. The connection to these
nodes is depicted with the lines with arrows between the virtualization nodes. If some
node N with better E value is not overloaded, it can offer its resources to another node M
with worse E value. The offer from N to M contains the specification of N free resources the number of free CPU cores and size of free operating memory. If M has some virtual
machines, which can be run under the offered resources of N, all these machines are
migrated from M to N. N selects the M node, which has the worst possible E value.
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3.3. Nodes States Detection Policies
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During the migration phase of the virtual machines N and M mustn't accept offers from
other virtualization nodes. If M further contains no running virtual machines, then it can
be switched off or hibernated.
The solution can be further optimized as follows. After the consolidation finishing, it
can happen, that some nodes with high E value, but with low number of CPU cores are
fully utilized and other nodes with high number of CPU cores and lower E value are not
fully utilized. N therefore asks all other computing nodes M (with worse E value and
sufficient computing resources) to migrate all its virtual machines to M. M is selected
from all nodes with the worse E value, but first are asked the nodes with better E value. If
M has enough free resources, all virtual machines from N are migrated to M and N can be
switched off. During the migration phase of the virtual machines N and M mustn't accept
offers from other virtualization nodes. This case can happen only if there are the great
resource differences between the virtualization nodes.
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The main aspect for the virtualization node state detection is the energy power
consumption, which is measured by the locally connected wattmeter. The proper absolute
power consumption value (for the state detection) is for each virtualization node different
and depends on its hardware configuration. The data is collected continuously and is
evaluated in the periodic intervals. The absolute under/over load power consumption
value (for the state detection) must be measured experimentally and depends on the
specific system utilization. There [25] were published 4 various evaluation metrics –
MAD, IQR, LR and LRR for the node state detection. The next possible policy is MEAN
– the mean of all values in the last monitored time interval.
3.4. Virtual Machine Selection Policy for Migration

The best-fit (BF) selection policy was selected for the virtual machines selection. That
means, the group of virtual machines, which can maximally utilize the offered free
resources, is selected.

4. Measurements and Results Evaluation
4.1. Measurements Specification

ok

The system measurements were realized by the using of the university virtualization
system. The system consists of four various groups of the virtualization nodes. All servers
contain the Microsoft Windows Server 2012 R2 operating system with the Hyper-V
hypervisor.

Bo

Server categories:

1) SuperServers – 2 physical CPUs Intel Xeon v2, with 20 CPU physical CPU
cores, 128 GBs RAM, 10 Gbit/s ethernet LAN connection, 2x Xeon Phi 5110P
computing card, based on SuperMicro technology
2) Servers – 2 physical CPU Intel Xeon v3, 12 CPU cores, 32 GB RAM, , 10 Gbit/s
ethernet LAN connection, 2x Xeon Phi 5110P computing card, based on SuperMicro
technology
3) Old Servers – 2 physical CPU Intel Xeon v1, 8 CPU cores, 16 GB RAM, Asus
technology, 1 Gbit/s ethernet LAN connection
4) Swap Servers – 1 physical Intel i5 CPU, 16 GB RAM, assembled from the parts
of the various manufactures
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The images of all virtual machines were stored on the network area storage, with the 10
Gb/s LAN connection. The power consumption data were measured by the EnerGenie
PWM-LAN electronic wattmeters and the data collection was realized by the using of the
in-house developed application EnergyMeter, which can be downloaded from its GitHub
directory [26] .
4.2. Energy Consumption Efficiency Measurements
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The energy consumption model was experimentally measured for all virtualization
nodes in our system. The measurement results were consistent in all server categories and
can be very good reproduced. The Figures 3-6, show the energy consumption of every
server group. The system idle interval determines the minimum consumption power of the
system without the stress. The virtualization nodes with the Xeon Phi computing cards
have the higher idle power consumption value and this can handicap these nodes by their
efficiency value computation. This can be solved in the equation (3) by the K variable
substitution to K+L, where is the L the count of additional CPU cores.
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Figure 3. Super Server Consumption Evaluation Model

Figure 4. Server Consumption Evaluation Model
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Figure 5. Old Server Consumption Evaluation Model

Figure 6. Swap Server Consumption Evaluation Model
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The performance models showed the differences between all virtualization nodes. The
Old Server nodes ha the same CPU cores count as the Server Nodes. The Server Nodes
contains extra two additional Xeon Phi computing cards and the power consumption is
similar. The air condition system by the Old Server has the similar power consumption as
its physical CPUs. The comparison of all energy consumptions between all virtualization
nodes groups is depicted in the Figure 7. The minimum idle states consumptions were
between 70 – 260 Watts.
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Figure 7. Power Consumptions Comparison (All Server Groups)

4.3. Experimental Algorithm Evaluation
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The testing evaluation scenario was performed as follows. We prepared the group of
hundreds of virtual machines (with exactly the same virtual hardware configuration, 2
CPU cores and 4 GBs RAM with the same 64bit operating system Windows 10
Education). The total energy consumption was computed as the sum of values, which
were measured by the standalone electronic wattmeter. Every virtualization node energy
input was monitored by its own device. One additional device was connected to the
central network switch. All virtual machines were 6x automatically executed or stopped
in the specific order by the virtualization system. One measurement batch took about
one-hour time. The virtual machines were placed equally between all running
virtualization nodes. The reference energy consumption value was the total power
consumption of the not coordinated system – that means, the virtual machines ran still on
the same virtualization nodes and no virtualization node was switched off by its idle time.
The next measurement was similar, but the idle nodes were switched off. The last four
measurements were performed by the using of the proposed algorithm. That means, the
virtual machines were consolidated and idle nodes were switched off. The each
virtualization node state evaluation was performed periodically every 5 minutes. The data
was processed by the using of the MEAN, MAD, IQR and LR evaluation metrics. The
results are depicted in the Figures 8 and 9. It is necessary to say, that our results are
relevant to our specific system configuration and depend on the virtual machines state
changes count.
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Figure 8. System Energy Consumption by the Specific Consolidation
Algorithm Selection

The total consumption of the not coordinated system (total 15 virtualization nodes) was
about 1.92 KWh, which means the 40% global average utilization of all nodes. The idle
state nodes switching optimization reduced the energy consumption about 12%. This
value is dependent on the virtual machines on/off switching changes count. The MEAN
or MAD metrics optimization saved 27.2 or 29.4% of energy in comparison to the not
coordinated system. The IQR metrics saved only 21.7% of energy. The best metrics was
the LR metrics, which saved 34.8% of energy.
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Figure 9. Energy Consumption Saving By the Specific Consolidation
Algorithm Selection
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5. Conclusion
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We introduced the new fully distributed virtual machine consolidation algorithm,
which is able to consolidate the virtual machines by the using of the real measurements
obtained from the electronic wattmeters. The power consumption value seems to be the
more suitable factor than the CPU utilization, which is used in other consolidation
algorithms, because it has the smoother shape and does not step change. The real energy
consumption measurements respect the various hidden additional aspects like the
additional expanding cards, air condition system etc., which further participate on the
global system consumption. The testing was realized on the real distributed virtualization
system and verified the abilities of the proposed solution.
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