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Abstract. Nested virtualization is a key technology for next-generation cloud
computing, and is one of the ways to realize common cloud computing
technology. In a nested virtualization environment, an increase of the VM layer
causes additional overhead for resource management, and thus, an efficient
nested cloud system configuration method is required. In this paper, we propose
a nested cloud system configuration method by using user VM performance
prediction model. Experimental results show that the proposed method can
provide optimal nested cloud system configuration (i.e., physical number of
servers and processor speed) by using performance prediction model with
HostVM and NestedVM increased.
Keywords: Nested cloud computing, Public cloud computing, Cloud
computing, Performance analysis.
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Introduction

Nested virtualization is one of the key technologies for next-generation cloud
computing, and is one of the ways to realize public cloud computing technology. In
order to overcome the degradation of performance due to overhead of resource
management according to increase of VM layer, Hardware (i.e., Intel and AMD) and
software based technologies (i.e., IBM, VMware, and KVM) have been reported in
[1,2]. Nested virtualization environments (i.e., two layer hypervisors) have the
important problem that occurred complex overhead for resource utilization compared
to typical virtualization environments (i.e., one layer hypervisor). The key idea to
reduce the overhead is that accessing hardware resources directly through an
application VM without going through the middle layer. For this reason,
Paravirtualization-based KVM is widely used to implement nested virtualization
technology [2].
Meanwhile, to efficiently construct the nested virtualization environment, optimal
resource allocation is required considering the requirements of the user and the
overhead occurring in the nested virtualization [3]. Furthermore, the recent
development of multicore and GPU technology enables reliable cloud-based virtual
desktop services [4-6]. In a nested virtualization system, resources consist of virtual

resources and physical resources. Several studies have been reported that efficiently
utilize these virtual resources [7]. There are some techniques to allocate VMs for
equal load balancing, and migration techniques that transfer resources to a lower
resource utilization rate while the system is being used [8]. Note that, optimization of
physical resources is an important issue for an efficient nested virtualization system
configuration. That is, although achieve high efficiency is required, the low-cost
system should be constructed.
In this paper, we propose a method to optimize the allocation of physical resources
based on the measured data by constructing a nested virtualization environment, and
measuring the processor performance according to the number of HostVM and
NestedVM in each layer. In nested virtualization environment, resource problems can
be divided into processor, memory, and I/O overhead. In particular, special
instructions such as interrupts are affected by the hardware, and thus processors are
more impact than other resources in VMs running at the software level. Therefore,
this paper focuses on the processor and performs optimal server resource
configuration.
Based on experimental results, we confirm that the proposed method can provide
optimal nested cloud system configuration (i.e., physical number of servers and
processor speed) by using performance prediction model with HostVM and
NestedVM increased.
The composition of this paper is as follows. Section 2 describes the public cloud
computing environment. In Section 3.1, we describe the nested virtual environment
settings. In Section 3.2, we propose a performance prediction model using
interpolation analysis based on measured values. Section 3.3 describes the collective
performance model to configure the optimal physical resource. Finally, Section 4 and
Section 5 explain the experiment and the results, respectively.

2 PUBLIC CLOUD COMPUTING ENVIRONMENT
The nested virtualization system realizes public cloud computing technology by
adding a VM layer to service the hypervisor. In this case, the virtual hypervisor
hierarchy is added into the public cloud system. The hypervisor of the existing private
cloud system is called the “host hypervisor” i.e., physical machine, and the additional
layer of the hypervisor is called the “guest hypervisor” i.e., HostVM. That is, the
public cloud system can provide the various quality services by providing the
HostVM to the user. The public cloud computing environment consists of physical
machine (i.e., L0), HostVM (i.e., L1) and NestedVM (i.e., L2). Therefore, the
HostVM increases the overhead for resource management, which causes a problem of
performance degradation than general cloud computing environments. In 2010, IBM
introduced guidelines for overhead reduction technology in nested virtualization
environment through the Turtle project [1].
That is, an application program of the user VM is managed by the virtual
operating system of the L2 level (i.e., NestedVM), and is managed by the virtual
hypervisor of the L1 level (i.e., the HostVM) in order to access the physical
processors. Finally, the L0 level (i.e., Physical machine) manages each HostVM. For

example, when a program is executed in one NestedVM, the processor is managed at
L1 and L0 levels in order to use the physical processors. Therefore, the nested
virtualization system inherits the overhead of the cloud computing system, and there
is a problem that the overhead increases due to the increase of the additional layer.

3. Optimal resource placement in nested virtual environments
3.1 Building a nested virtual environment and predicting its
performance
In this paper, we propose a method to optimize the configuration of physical
resources based on the measured data by constructing a nested virtualization
environment, and measuring the processor performance according to the number of
HostVMs and NestedVMs in each layer. In order to observe inter-layer overhead in a
nested virtual environment, we constructed a KVM based experimental environment.
Table 1 shows the specifications of physical machine(i.e., L0), HostVM (i.e., L1), and
NestedVM (i.e., L2) in a nested virtual environment. In the specification of physical
resources, the CPU speed is 2.10 GHz and the number of cores is 8. RAM has a
capacity of 64GB. In addition, the hypervisor is used as KVM. The vCPU for the
HostVM uses 16 cores. Also, the RAM is 16GB, and the type of hypervisor also is
KVM. Finally, the NestedVM uses 2 cores for the vCPU and 2GB for the RAM. OS
uses windoes7. The physical machine, HostVM, and NestedVM specifications are set
as follows.
Table 2 Nested virtualization environments for L0, L1, and L2
Physical (L0)
HostVM (L1)
CPU
8-cores, 2.10GHz
16-cores, 2.10GHz
RAM
64GB
16GB
SSD
1000GB
200GB
OS
CentOS 7.0
CentOS 7.0
Hypervisor
KVM
KVM
# of machines
1
4

NestedVM (L2)
2-cores, 2.10GHz
2GB
40GB
Windows7
4

3.2 Performance observation
To measure the inter-layer overhead of nested virtualization, we measure the
execution time with increasing the number of HostVM and NestedVM. We also use
OpenSSL benchmark program [9] to measure performance. OpenSSL is a
cryptographic library which requires a large number of iterations to be computed. We
first compare execution times according to the hierarchy. In order to compare the
execution time according to the hierarchy, we perform the one HostVM and

NestedVM. Figure 1 (a) shows the performance degradation of each layer. As a
results, we observe that the performances of HostVM and the NestedVM are degraded
5% and 79% compared to the physical machine, respectively. Note that, to design the
collective performance prediction model, we set the baseline as the performance of
the physical machine.
To observe the performance degradation of HostVM, we measure performance
with increasing number of HostVM. In this case, it is assumed that the HostVM has
one NestedVM. Figure 1 (b) shows a comparison of performance when the number of
HostVM is increased from one to four. As a result, we confirmed that the
performance degradation is about 5% per oen HostVM.
Also, the performance according to the increase in the number of NestedVM is
measured. In this case, the number of HostVM is assumed to be maximum (i.e., four).
Figure 1 (c) shows a comparison of execution time when the number of NestedVM is
increased from one to four. As a result, the performance degradation is about 3%
when the number of NestedVM is increased by one.
Finally, we analyze performance degradation through combination of the number
of HostVM and NestedVM. In this case, the range of the number of the HostVMs and
the NestedVMs are from one to four, respectively. Also, the NestedVMs are assigned
into the HostVMs by using FCFS (First-Come-First-Served) scheduling method.

(a) Inter-layer

(b) Increased HostVMs

(c) Increased NestedVMs
Figure 1. Nested virtualization average performance degradation.

3.3 Performance prediction with regression analysis
Based on the pre-experimental results, we design a performance prediction model
with the number of HostVM and NestedVM. To design the collective performance
prediction model, we first use single interpolation analysis for each result. In other

words, we design a performance prediction model according to inter-layer, increased
HostVM, NestedVM by using single interpolation analysis. Finally, the collective
performance (i.e., CP(·))with the increasing of the number of HostVM and NestedVM
is represented by Equation (1), which is the product of the predicted models f1(L),
f2(M), f3(N) and B (i.e., speed at L0.by benchmark program), where L is layer, and M
and N is number of HostVM and NestedVM, respectively.
CP(B, L, M, N) = Bⅹf1(L)ⅹf2(M)ⅹf3(N)

(1)

4. Experimental Results
In order to verify the validity of the proposed method, we first compare the
measured performance with the estimated performance, and the average difference
was 0.15. Figure 2 shows an example of comparison of measured and estimaged
performance by benchmark program (i.e., OpenSSL : RSA) with increasing HostVM
and NestedVM. Based on the experimental result, we confirmed that prediction model
can calculate the specifications of the physical server and CPUs for the optimal
configuration in the nested virtualization environment.

(a) Measured
(b) Estimated
Figure 8. Example of comparison of measured and predicted performance
Finally, the optimal configuration of the required physical resources (i.e.,
processor) according to the number of HostVM and NestedVM is shown in Table 3.
Note that, the NestedVMs are assigned into the HostVM by using FCFS (First-ComeFirst-Served) scheduling method. Experimental results show that the number of
HostVM is more influential in terms of overhead than the NestedVM. If a large
number of HostVMs are required in the nested virtualization environment, the
performance will be greatly reduced. Therefore, in the nested virtualization
environment, it is possible to increase the number of cores and allocate optimal
resources to avoid performance degradation.
Table 3. Efficient configuration of the required physical resources
User requirements
Physical processor requirement
(8cores, 2.1GHz)
# of HostVM
# of Nested VM
2
2
5% : (8cores, 2.2GHz)
3
3
18% : (8cores, 3.0GHz)
4
4
75% : (16cores, 2.1GHz)

5. Conclusion
Nested virtualization is a key technology for next-generation cloud computing, and
is one of the ways to realize common cloud computing technology. In this paper, we
proposed a method for predicting the NestedVM performance to configure efficient
nested cloud system. We will be studying how to improve KVM performance
degradation in the future.
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