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Abstract. A virtual machine (VM) placement module is a compo-
nent/part of a cloud (computing) infrastructure, which chooses the best
host(s) to allocate the requested VMs. In the literature, skewed or biased
criteria are often used to determine the correctness of a placement mod-
ule. Therefore, the quality of existing placement solutions is not always
assessed adequately. In this paper, we propose a distance function that
estimates the quality of the placement by comparing it with an optimal
solution. We show how this distance function is utilized for testing and
monitoring the behavior of VM placement implementations. To validate
our approach a simulator has been developed and used for estimating
the quality of different placement modules running under various sce-
narios. Preliminary experimental results on VM placement algorithms
implemented in widely used platforms, such as OpenStack show that
very often VMs are placed very far from the optimal solutions.
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1 Introduction

Cloud computing is a computer paradigm, which is based on sharing physical
resources. Physical resource sharing enables flexibility, robustness, fast provision-
ing, fast resource (re-)allocation, etc. Corresponding applications have grown in
usage and in demand in recent years; state-of-the-art applications must guaran-
tee fast provisioning (see, for example [17]), and cloud computing aids to achieve
such goals. Essentially all planning concerning the resource distribution and vir-
tualization is performed by a corresponding cloud manager, which needs to be
thoroughly tested and verified. One of the principal tasks of a cloud manager
is the proper placement of VMs, i.e., choosing the best host for a given VM. In
the literature, many placement algorithms have been proposed (see, for example
[11]); in particular, Masdari et al. presented a comprehensive survey on these
algorithms [15].

As VM placement is one of the main tasks of cloud managers, it is critical to
properly test the implementations of the corresponding placement algorithms.
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Currently, researchers mainly focus on evaluating the placement algorithms with
respect to specific criteria rather than testing/monitoring their implementations.
Some algorithms are shown to have better performance than others, i.e., they
are known to find a corresponding list of hosts for a given set of virtual machines
faster. However, such evaluations can be subjective, and moreover optimization
criteria can contradict each other. It is arguable if the allocation speed can be
considered as a good way to assess the overall correctness of a given placement
algorithm. Therefore, the question arises: what is the correct way to assess a
virtual machine placement algorithm and corresponding implementation? As
mentioned above, in the literature, little attention is paid to this problem. The
latter motivates us to propose novel techniques for the placement algorithm
assessment as well as for testing its implementation under the assumptions that
(i) placement requests are sequentially applied, (ii) the total number of VMs
remains unknown, and (iii) limits of the physical resources are finite and known
in advance. Assuming a good assessment technique can be found, yet another
important question that arises is the following: How to properly verify and mon-
itor the implementation correctness and how to generate good test suites for
checking the behavior of a given virtual machine placement module?

Therefore, the problem statement is as follows: Given a VM environment,
i.e., physical resource limits and VM configurations, and a VM initial place-
ment algorithm to manage the VM placement on this VM environment together
with its implementation, one has to (i) assess the correctness/efficiency of the
algorithm, (ii) provide methods for the run-time monitoring of the placement
implementation, and (iii) derive test suites for the effective assessment of the
optimality of the placement implementation. Note that the scope of this work
focuses on the initial placement problem, and not in re-allocation/migration
or other placement-related problems, such as the selection of the correct
overcommit ratio.

To tackle the stated problems, we present a distance function in order to
assess the quality of the virtual machine placement algorithm by calculating the
distance of the algorithm’s solution to the optimal one. The introduced distance
or metric is further utilized for effective test generation. In fact, we propose
to generate the input data for placing so that the VM environment’s resource
utilization is maximal. To obtain this configuration a proper Integer Linear Pro-
gramming (ILP) [20] problem is formally stated and solved. Namely, the VM
environment information is used to describe an Integer Linear Program that
maximizes the VM resource utilization given the cloud infrastructure and VM
configuration setup; this can be considered a boundary testing approach [16]. We
discuss the use of the distance function to statically verify that a given placement
algorithm always returns a result close enough to the optimal one. Likewise, we
analyze the use of this function to monitor placement implementations with lim-
ited controllability. Finally, in order to show the validity of our approach, we
present experimental results that follow a simulation process for different VM
environments and placement algorithms.
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