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Memory and Network Aware Scheduling of Virtual Machine

Migrations*

Vincent Kherbache! Eric Madelaine?

Live-migration has become a common operation on
virtualized infrastructures. Indeed, it is widely used
by resource management algorithms to distribute the
load between servers and to reduce energy consump-
tion [1, 2]. Operators rely also on migrations to pre-
pare production servers for critical maintenance by
relocating their running VMs elsewhere.

To apply new VM placement decisions, live-
migrations must be scheduled by selecting for each
migration the moment to start and the bandwidth to
allocate. Long migrations violate SLAs and reduce
the practical benefits of placement algorithms. The
VMs should then be migrated as fast as possible. To
do so, the migration scheduler must be able to pre-
dict accurately the migration durations and schedule
them accordingly.

Dynamic VM placement algorithms focus exten-
sively on computing a placement of quality. Their
practical reactivity is however lowered by restrictive
assumptions that under-estimate the migration dura-
tions [2]. For example, Entropy [1] supposes a non-
blocking homogeneous network coupled with a null
dirty page rate and we already demonstrated that the
network topology but also the workload live memory
usage are dominating factors [3]. Recently, some mi-
gration models have been developed and integrated
into simulators to evaluate VM placement algorithms
properly [4]. While these models reproduce migra-
tions finely, they are only devoted to simulation pur-
pose and not used to compute scheduling decisions.

We propose here a migration scheduler that con-
siders the network topology, the migration routes,
the VM memory usage and the dirty page rates, to
compute precise migration durations and infer bet-
ter schedules. We implemented our scheduler on top
of BtrPlace [5], an extensible version of Entropy [1]
that allows to enrich the scheduling decision capabil-
ities through plug-ins. To assess the flexibility of our

*This work has been carried out within the European
Project DC4Cities (FP7- ICT-2013.6.2).

TPhd. student

fINRIA Sophia Antipolis, firstname.lastnameQinria.fr

8Univ. Nice Sophia Antipolis, CNRS, I3S, UMR 7271,
fabien.hermenier@Qunice.fr

Fabien Hermenier®

scheduler, we also implemented constraints to syn-
chronize migrations, to establish precedence rules, to
respect power budgets and an objective that mini-
mizes energy consumption.

We evaluated our model accuracy and its result-
ing benefits by executing migration scenarios on a
real testbed including a blocking network, mixed VM
memory workloads and collocation settings. Owur
model predicted the migration durations with a 94%
accuracy at minimum and an absolute error of 1 sec-
ond while BtrPlace vanilla was only 30% accurate.
This gain of precision led to wiser scheduling deci-
sions. In practice, the migrations completed on aver-
age 3.5 time faster as compared to an execution based
on BtrPlace vanilla. Thanks to a better control of mi-
grations and power-switching actions we also reduced
the power consumption of a server decommissioning
scenario according to different power budgets.
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The benefits of live-migration scheduling

Bad migration scheduling leads to SLA violations

Live-migrations enact the efficient VM placements computed by
load balancing and consolidation algorithms. They also allow to
prepare production nodes for critical maintenance by relocating
their running VMs elsewhere.

When several live-migrations must be executed, they should be
scheduled by selecting for each migration, the best moment to
start and the amount of bandwidth to allocate.

A good schedule will allow to migrate all the VMs as fast as
possible by minimizing their effective duration and reducing the
side effects due to the migration process itself.

Current migration models are too theoretical. They tend to over-
simplify the complexity of the underlying infrastructure as well
as the behavior of the live-migration algorithm.

These simplifications lead to under-estimate the duration of
such performance-costly operations, thereby resulting in SLA
violations and uncontrolable migration actions. Thus making
current placement algorithms less interesting than in theory.

To Improve the benefits of new VM placements but also to
control the actions, e.g. to address energy awareness, we need
to design finer migration models to take better decisions.

Our scheduler embeds a realistic migration and network model|
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Implementation on top of &BtrPlace

A VM manager where scheduling decisions
can be enhanced through plugins using
constraint programming

New adhoc constraints intended
to tune the scheduling:

sync(vm[1-4]);

Nodes - seg(vm[5,8]);

 before(vml,vm7);

 powerBudget (500 Watts, [23:00-06:301);

A wiser intra- and inter-node migration parallelism

Use-case: Energy adaptive node decommissioning
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Migrations terminate 3.5 times faster

Migrations and power-switching actions
are synchronized or delayed to fit a power budget
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