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HIGHLIGHTS

o Afirst proposal for a complex laaS environment for VMP problems considering service elasticity, including both vertical and horizontal scaling of cloud
services, as well as overbooking of physical resources, including server (CPU and RAM) as well as networking resources (Ortigoza et al., 2016).

e A two-phase optimization scheme for VMP problems, combining advantages of both online and offline VMP formulations in the proposed [aaS
environment, introducing a prediction-based VMPr Triggering method to decide when to trigger a placement reconfiguration (Research Question 1) as
well as an update-based VMPr Recovering method to decide what to do with VMs requested during placement recalculation times (Research Question
2).

e A first scenario-based uncertainty approach for modeling the following relevant uncertain parameters of the proposed complex laaS environment: (i)
virtual resources capacities (vertical elasticity), (ii) number of VMs that compose cloud services (horizontal elasticity), (iii) utilization of CPU and RAM
memory virtual resources (relevant for overbooking) and (iv) utilization of networking virtual resources (also relevant for overbooking).

o A first formulation of a VMP problem considering the above mentioned contributions, for the optimization of the following four objective functions:
(i) power consumption, (ii) economical revenue, (iii) resource utilization, as well as (iv) placement reconfiguration time.

e An experimental evaluation of the presented two-phase optimization scheme against state-of-the-art alternatives for VMP problems, considering 400
different scenarios.
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(VMP) problems should be formulated under uncertainty. This work presents a novel two-phase opti-
mization scheme for the resolution of VMP problems for cloud computing under uncertainty of several
relevant parameters, combining advantages of online and offline formulations in dynamic environments

Keywords: considering service elasticity and overbooking of physical resources. In this context, a formulation of
Virtual machine placement a VMP problem is presented, considering the optimization of the following four objective functions:
Cloud computing (i) power consumption, (ii) economical revenue, (iii) resource utilization and (iv) reconfiguration time.
Overbooking The proposed two-phase optimization scheme includes novel methods to decide when to trigger a
Elasticity placement reconfiguration through migration of virtual machines (VMs) between physical machines

Uncertainty

(PMs) and what to do with VMs requested during the placement recalculation time. An experimental
Incremental VMP

evaluation against state-of-the-art alternative approaches for VMP problems was performed considering

VMP reconfiguration 400 scenarios. Experimental results indicate that the proposed methods outperform other evaluated
alternatives, improving the quality of solutions in a scenario-based uncertainty model considering the
following evaluation criteria: (i) average, (ii) maximum and (iii) minimum objective function costs.
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one of the most studied problems for resource allocation in cloud
computing datacenters: the process of selecting which requested
virtual machines (VMs) should be hosted at each available physical
machine (PM) of a cloud computing infrastructure, commonly
known as Virtual Machine Placement (VMP). This work proposes
a complex Infrastructure as a Service (IaaS) environment for VMP
problems, considering both service elasticity [2] and overbooking
of physical resources [3].

To the best of the authors’ knowledge, there is no published
work simultaneously taking into account elasticity and overbook-
ing, directly related to the most relevant dynamic parameters
in the literature on uncertain VMP problem considering multi-
objective optimization. In order to model this complex laaS envi-
ronment for VMP problems, cloud services (i.e., inter-related VMs)
are considered instead of isolated VMs [4].

It is worth remembering that VMP is a NP-Hard combinatorial
optimization problem [5]. From an laaS provider perspective, the
VMP problem is mostly formulated as an online problem and must
be solved with short time constraints [6].

Online decisions made along the operation of a dynamic cloud
computing infrastructure negatively affects the quality of ob-
tained solutions in VMP problems when comparing to offline
decisions [7]. In this context, offline algorithms present a sub-
stantial advantage over online alternatives. Unfortunately, offline
formulations are not appropriate for highly dynamic environments
for real-world IaaS providers, where cloud services are requested
dynamically according to current demand.

This work presents a two-phase optimization scheme, decom-
posing the VMP problem into two different sub-problems, combin-
ing advantages of online and offline VMP formulations considering
a complex laaS environment. The presented optimization scheme
for the VMP problem introduces novel methods to decide when
to trigger placement reconfigurations with migration of VMs be-
tween PMs (defined as VMPr Triggering) and what to do with cloud
services requested during placement recalculation times (defined
as VMPr Recovering).

For laaS customers, cloud computing resources often appear
to be unlimited and can be provisioned in any quantity at any
required time [8]. Consequently, this work considers a basic
federated-cloud deployment architecture for the VMP problem.

It is important to consider that more than 60 different objec-
tive functions have been proposed for VMP problems [6]. In this
context, the number of considered objective functions may rapidly
increase once a complete understanding of the VMP problem is
accomplished for practical problems, where several different pa-
rameters should be ideally taken into account. Consequently, a
renewed formulation of the VMP problem is presented, consider-
ing the optimization of the following four objective functions: (i)
power consumption, (ii) economical revenue, (iii) resource utiliza-
tion and (iv) reconfiguration time.

Due to the randomness of customer requests, VMP problems
should be formulated under uncertainty [9]. This work presents a
scenario-based uncertainty approach for modeling uncertain pa-
rameters, considering a two-phase optimization scheme for VMP
problems in the proposed complex IaaS environments.

An experimental evaluation against state-of-the-art alternative
approaches for VMP problems was performed considering 80 dif-
ferent workloads in 5 different CPU load scenarios, totalizing 400
experimental scenarios. Experimental results indicate that the pro-
posed VMPr Triggering and Recovering methods of the presented
two-phase optimization scheme outperform other evaluated alter-
natives, improving the quality of solutions.

In summary, the main contributions of this paper are:

e A first proposal for a complex [aaS environment for VMP
problems considering service elasticity, including both ver-
tical and horizontal scaling of cloud services, as well as

overbooking of physical resources, including server (CPU
and RAM) as well as networking resources [4].

e A two-phase optimization scheme for VMP problems, com-
bining advantages of both online and offline VMP formu-
lations in the proposed laaS environment, introducing a
prediction-based VMPr Triggering method to decide when
to trigger a placement reconfiguration (Research Question
1) as well as an update-based VMPr Recovering method to
decide what to do with VMs requested during placement
recalculation times (Research Question 2).

e A first scenario-based uncertainty approach for modeling
the following relevant uncertain parameters of the proposed
complex laaS environment: (i) virtual resources capacities
(vertical elasticity), (ii) number of VMs that compose cloud
services (horizontal elasticity), (iii) utilization of CPU and
RAM memory virtual resources (relevant for overbooking)
and (iv) utilization of networking virtual resources (also
relevant for overbooking).

o A first formulation of a VMP problem considering the above
mentioned contributions, for the optimization of the fol-
lowing four objective functions: (i) power consumption, (ii)
economical revenue, (iii) resource utilization, as well as (iv)
placement reconfiguration time.

e An experimental evaluation of the presented two-phase op-
timization scheme against state-of-the-art alternatives for
VMP problems, considering 400 different scenarios.

The remainder of this paper is structured in the following way:
preliminary concepts and research challenges addressed in this
work are introduced in Section 2, while related works and motiva-
tion of this work are summarized in Section 3. Section 4 presents
the proposed uncertain VMP problem formulation considering four
objectives, while Section 5 presents details on the design and
implementation of evaluated alternatives to solve the proposed
renewed formulation of the VMP problem. Experimental results
are summarized in Section 6. Finally, conclusions and future work
are left to Section 7.

2. Preliminary concepts and research challenges

The following sub-sections introduce relevant concepts related
to the considered laaS environments for VMP problems, a brief
motivation for decomposing the VMP problem into two differ-
ent sub-problems in a two-phase optimization scheme as well
as uncertainty issues related to resource allocation in cloud com-
puting. Additionally, the main challenges and research questions
addressed in this work are also briefly introduced.

2.1. IaaS environments for VMP problems

In real-world environments, [aaS providers dynamically re-
ceive requests for the placement of cloud services with different
characteristics according to different dynamic parameters. In this
context, preliminary results of the authors identified that the most
relevant dynamic parameters in the VMP literature are [4]: (i)
resource capacities of VMs (associated to vertical elasticity) [10],
(ii) number of VMs of a cloud service (associated to horizontal
elasticity) [11] and (iii) utilization of resources of VMs (relevant for
overbooking) [ 12]. Considering the above mentioned dynamic pa-
rameters, environments for laaS formulations of provider-oriented
VMP problems could be classified by one or more of the following
classification criteria: (i) service elasticity and (ii) overbooking of
physical resources [4]. A cloud service may represent virtual infras-
tructures for basic services such as Domain Name Service (DNS),
web applications or even elastic applications such as MapReduce
programs [4].
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