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The question of energy savings is a matter of concern since a long time in the mobile distributed systems.
However, for the large-scale non-mobile distributed systems, which nowadays reach impressive sizes,
the energy dimension just starts to be taken into account. We focus on the utilization and the energy
analysis of experimental Grids by relying on the case study of Grid5000 [1],a french experimental Grid.
Based on this analysis, we propose the GREEN-NET software framework which allows energy savings
at large scale [2]. The GREEN-NET framework (Fig. 1) contains three components : 1) an Energy Aware
Resource Infrastructure (EARI) which collects energy logs from distributed autonomic energy sensors.
EARI enforces green decisions to the scheduler and requests some network presence decisions to the
Network Presence Proxies. Moreover, EARI proposes some ’Green advices’ to the Grid end users ; 2)
an adapted Resource Management System (OAR) which provides a specific module for automatic node
shut down during cluster ’under-utilization’ periods and a new PowerSaving type of jobs for device
energy conservation ; 3) a trust delegation component : when some nodes are switched OFF for energy
reduction choices, this component allows the migration of basic services to some Network Presence
Proxies which need to be trusted on different sites.

1. EARI : an ON / OFF model for benefiting of gaps in usage
To reduce electric consumption, we have designed an Energy-Aware Reservation Infrastructure (EARI),
which is detailed in [3]. The main idea is to design an infrastructure that switches off the unused nodes,
and switches them on again when a user needs them. Our infrastructure is based on three ideas : to
switch off the unused resources, to predict the next reservation and to aggregate the reservations.

FIG. 1 – The GREEN-NET framework FIG. 2 – Results of EARI for 4 sites

We predict the next reservation in order not to switch off resources that will be used in a really near
future. Indeed, such a behavior would consume more energy than keeping the resources powered on.We
aggregate reservations in order to avoid frequent switching between off and on. Aggregate means that
we try to “glue” the reservations in terms of time and resources. So, when a reservation arrives, we try
to place it after or before (in terms of time) a reservation which is in the agenda. In order to do that and
by assuming that the user gives a wished start time, we have defined different green oriented policies 2.
To evaluate our model, we conduct experiments based on a replay of the Grid5000 traces over 2 years.
Figure 2 presents our results for 4 different sites, so 4 different workloads. These diagrams show the
percentages of energy consumed with EARI compared to the present consumption (when all nodes are
always fully powered on). We see that our fully-green policy is always the best and could lead to huge
energy savings (almost 44% on average for these four examples).



2. Adapting a Resource Management System for energy efficiency
An approach to deal with the management of energy upon a cluster or a grid is to provide a solution
through the main software that is in charge of resources and their allocation upon the different jobs ; the
Resource Management System (RMS). OAR is an open source RMS developed with a certain ’versatili-
ty’. It provides a robust solution, used as a production system in various cases (Grid5000 [1], CIMENT)
To adapt OAR with energy efficient functionalities we decided to treat the problem with two comple-
mentary approaches. Our initial implementation is based on the following idea : if a node is not utilized
during a specific time period and no reservation has been scheduled for the near future then it can be
shut down until a job is scheduled upon it. The two time values are both defined by the administrator.
Our experiments are executed upon Grid5000 platform and make use of real-life workload traces, ex-
tracted from DAS2 grid. Our first results show an important reduction in energy consumption followed
by an increase on job waiting time. The gain varies depending the workloads.In parallel, we want to
deal with energy conscious users and clever applications that are aware of which devices are going to
be in use during the computation. Hence, OAR provides a way to specify the usage of specific node
devices per job, so as to consume less energy. Until now the method functions only with the CPU of the
node. Users can choose the CPU frequency depending their application. Experiments shown that the
increase of CPU frequency produces an increase on energy consumption but does not always result on
a better job turnaround time. Our experiments show that depending on applications a reduction of CPU
frequency can be gainfull on energy as well as turnaround time.

3. Trust delegation to support network presence
The On/Off model described in the previous section deals with computing nodes. Such strategy can be
adapted for infrastructure services too. Depending on the current usage of the grid, site services such
as the scheduler, the resource manager, visualization tools, etc. may need each a whole dedicated server
or can be moved around and share a node with other services in order to shut down a server. Before
moving a service, it is important to choose carefully the new server. For instance, some servers can have
an history of regular crashes and should be avoided. Due to the complexity of the structure of large scale
grids, it is difficult to know where a service can be moved as each site does not always have information
on all other sites composing the grid. Reducing the possible migration hosts to only directly known and
trusted servers would reduce the achievable energy gains. In [4] we define the Chameleon architecture
that allows to provide nomadic users access to local resources, based on the trust path that can be es-
tablished between the home domain of the user and the domain where the local resources resides. We
adapted this work to match the Green-Net architecture requirements. In our context, domains are indi-
vidual nodes that may accept some migrating services : 1) It sets the trust values of a neighboring nodes
logical set. This setting is automated to ease the production of the neighborhood ; 2) It manages requests
and answers about trust values and trust chains in X316 certificates.

4. Conclusion and future works
The GREEN-NET framework proposes methods and energy-aware tools to reduce the energy consump-
tion upon large-scale distributed systems. We are currently monitoring the energy consumption of one
entire site and a number of nodes on two more sites of Grid5000, but our long-term goal is to monitor
the whole platform. So we will have an entirely monitored grid and thus we will be able to conduct
power experiment at a large scale Grid.
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