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EXECUTIVE SUMMARY
Position of the Deliverable within OPERA Project
To demonstrate that OPERA outcomes could be useful in real-life situations, the Consortium identified
three different contexts where OPERA can intervene to improve operating conditions, and for each one
the Consortium will set up a Use Case:
•
•
•

Task 7.1 - Traffic Monitoring
Task 7.2 - Truck
Task 7.3 - Virtual Desktop

The purpose of each Use Case, in order to demonstrate OPERA outcomes, are:
•
•

the integration of the hardware solutions along with the software developed and provided by
OPERA partners;
the validation of the set-up solution.

To achieve these goals properly, it is essential to define very well two aspects. The first one is the scope
of each Use Case, to determine unequivocally the boundaries of the integration. The second aspect is the
definition of a baseline, to describe the current situation and the OPERA target for each Use Case.
These two elements are provided by deliverable D2.1 – Use Cases and Requirements, where we defined
clearly the solutions that we intend to implement, and how each solution can improve with regard to the
baseline.
The strategy to provide integration and validation for these Use Cases consists of three cycles (M20, M28
and M36). In the first and the second cycle, we want to reduce as much as possible the gap between
results achieved with validated solutions and what expected as the final goal (to be achieved by the end
of the project). In order to improve the outcomes of the second and third cycle, at the end of the first and
second cycle we record the gap between the expected values and measured values (i.e., for each use case
we monitor specific parameters that we intend to improve through the OPERA solution. Such parameters
provide the measured values to compare with the expected ones). These values will be an input for
deliverables D2.9 Lesson Learned and Track Changes 1 and D2.10 Lesson Learned and Track Changes 2, to
define where WP3, WP4, WP5, WP6 could intervene to enhance the results.

Figure 1 - Relationship between WP7 and OPERA Project

This specific deliverable (D7.7 Virtual Desktop Use Case 1) is a report regarding the Virtual Desktop Use
Case (first validation cycle). In this document, it is possible to find a summary of the inputs received by
D2.1 to start and to drive this Use Case, and the evolution of the solution during the three cycles, with
particular attention for the first validation cycle. In addition, we dedicated a section about the results to
define the inputs for D2.9.
D7.7 | Virtual Desktop Use Case 1
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Description of the Deliverable
Aiming at guaranteeing coherence and consistency with the other tasks and deliverables strictly related
to D7.7, we chose these structure:
•
•
•
•

Inputs – Starting points, i.e., information that can be used as an initial point for writing the
deliverable;
Vision – Evolution of the Use Case during the project;
Outcomes – Results of the Use Case during the first phase of integration and validation;
Output – Use Cases information that can be used as an input for preparing the lesson learned.

The main and most important inputs for deliverable D7.7 are contained in the chapter 3.3 Virtual Desktop
Use of D2.1. They are summarized in the following:
-

The general architecture, to describe graphically the technologies involved and the guidelines
about how to integrate them into the OPERA solution;
The baseline, to define which parameters are important for the VDI Use Case, as well as related
measurements about the current situation and the target values we intend to achieve with the
OPERA solution.

These inputs take into account also the technological outcomes and results of WP4, WP5 and WP6.
To manage the VDI Use Case during the project from M11 to M36, the Consortium chose to break down
the period in three parts referred to as cycles. In this document, we describe the improvements from the
technological point of view and the related baseline for each of these cycles, in order to show the
evolution of the Use Case during the project and also how to achieve the specified targets.
Concerning the first cycle (i.e., this deliverable mainly target the analysis of this first integration and
validation cycle), we provided details about the planning, the activities completed to achieve the current
solution, the current technological results, and measurements regarding the specific VDI Use Case.
Regarding the measurements, we considered different environment from the application point of view
(RDS and SaaS), but also from the hardware point of view (Moonshot Cartridges and servers close to the
baseline system) in order to achieve information and guidelines to drive future Use Case activities.
Measurements and the carried out activities have produced some outputs than can be used as lesson
learned to improve the quality of VDI Use Case during the project.
List of Actions and Roles

CSI

HPE

IBM

ISMB

Description of the current state of VDI Use Case

I

P

I

P

P

Description of the evolution of VDI Use Case

I

P

I

P

P

Setting up of VDI Use Case – I° Cycle

I

P

P

P

P

ACTIVITIES LIST AND PARTNERS ROLES
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Roles
Activities regarding D7.7 involve only some partners of the OPERA Consortium, whose skills, knowledge
and capabilities can support the aim of VDI Use Case.
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Measurements about VDI Use Case – I° Cycle

R

P

P

R

R

Structure and writing of D7.7

R

P

I

I

I

Deliverable Review

•
•
•

P

P

P

P = Participating (includes I & R)
I = Input delivery (Includes R)
R = review

ISMB. Technical coordination; it leaded the integration of TOSCA descriptor into the adopted cloud stack
solution;; it contributed in defining the mechanism to trigger (also in relation to power consumption
aspects) and manage the allocation of application components in the cloud stack; it contributed in the
design of the main architecture for setting up the testbed and OPERA Infrastructure.
CERTIOS. It leaded the study about the definition of the baseline system according to the aim of the
project, and it provided a substantial contribution about all aspects concerning power consumption.
HPE. It developed and provided the hardware to host the cloud stack software, the TOSCA descriptor and
the container migration software; it contributed to set up the hardware, defining the tool for collecting
measurements and targets.
IBM. It leaded the development of the software for container migration; it contributed to integrate the
TOSCA descriptor; it contributed in the design of the architecture to set up testbed and OPERA
infrastructure.
CSI. Task leader; it coordinated activities to set up the OPERA solution with the support of the other
partners. It contributed in integrating the TOSCA descriptor, and in taking measurements.
Actions
In this section, we report a list of the meeting calls (with their short minutes) and F2F meetings, which is
useful to describe the partners’ activities:
Meeting Call 10-11-2016 – How to set up Testbed (Intermediate Step)
Attendees (8): CSI: Luca Scanavino;HPE: Gallig Renaud; IBM: Joel Nider; IBM: Michael Rapoport;
CERTIOS: Dirk Harryvan; ISMB: Olivier Terzo; ISMB: Pietro Ruiu; ISMB: Alberto Scionti;
Summary: discussion about how to set up the Testbed specifically type of server, number of server and
technologies.
Meeting Call 24-11-2016 – Testbed ready
Attendees (8): CSI: Luca Scanavino; HPE: Gallig Renaud; IBM: Joel Nider; IBM: Michael Rapoport;
CERTIOS: Dirk Harryvan; ISMB: Pietro Ruiu; ISMB: Alberto Scionti; STM: Giulio Urlini.
Summary: Testbed is ready, discussion about how to access to Testbed. Discussion about how to
proceed about Tosca Descriptor and Containers Migration.
Meeting Call 06-12-2016 – Configuration Testbed
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Attendees (8): CSI: Luca Scanavino; HPE Gallig Renaud; IBM: Joel Nider; IBM: Michael Rapoport;
CERTIOS: Dirk Harryvan; ISMB: Olivier Terzo; ISMB: Pietro Ruiu; ISMB: Alberto Scionti.
Summary: Discussion about the configuration of the Testbed, we decided to focus our attention on LXC
and Docker but not KVM, because in this moment it’s not possible to move VM among different hardware
architectures.
Meeting Call 22-12-2016 – Configuration Testbed
Attendees (3): CSI: Luca Scanavino; CERTIOS: Dirk Harryvan; ISMB: Alberto Scionti.
Summary: CSI added another server for Testbed to host LXC environment. Description of the seminar
about Tosca. CERTIOS required information about the strategy for measurements, CSI will provide it.
Meeting Call 19-01-2017 – Configuration Testbed
Attendees (5): CSI: Luca Scanavino; HPE Gallig Renaud; IBM: Joel Nider; CERTIOS: Frank Verhagen; ISMB:
Alberto Scionti.
Summary: CSI installed OwnCloud service in Testbed infrastructure; ISMB and CSI will organize a specific
meeting to define strategy about SaaS application; CSI fulfilled CERTIOS request about measurements.
F2F 26-01-2017 – Hardware Delivery and Installation
Attendees (3): CSI: Luca Scanavino; CSI: Ignazio Cassano; HPE: Gallig Renaud
Summary: For this Use Case HPE delivers one Moonshot with with two M300, two M710, two M700P, two
M400 cartridges. CSI and HPE installed the operating system in two cartridges (M710).
F2F 31-01-2017 – Strategy about SaaS applications
Attendees (5): CSI: Luca Scanavino; CSI: Pasquale Lepera, CSI: Roberto D’Albano; ISMB: Pietro Ruiu;
ISMB: Alberto Scionti.
Summary: Summary: CSI and ISMB defined the strategy about SaaS applications, specifically (1) not
consider Docker because OpenStack can’t control it, (2) we’ll consider SaaS applications in this order
OwnCloud, Libre Office and Unified Communications, (3) CSI will prepare the recipe to deploy
OwnCloud, (4) CSI will support ISMB about Tosca Descriptor.
Meeting Call 02-02-2017 – Configuration Testbed and set up OPERA Infrastructure
Attendees (5): CSI: Luca Scanavino; HPE Gallig Renaud; IBM: Joel Nider; CERTIOS: Dirk Harryvan; ISMB:
Alberto Scionti.
Summary: HPE delivered one Moonshot and CSI started to set up RDS environment. CSI and ISMB defined
the strategy about SaaS applications, specifically we don’t take care about Docker because OpenStack
can’t control it. CSI will prepare the recipe to deploy OwnCloud
Meeting Call 16-02-2017 – Configuration OPERA Infrastructure and Strategy about SaaS applications
Attendees (3): CSI: Luca Scanavino; HPE Gallig Renaud; CERTIOS: Dirk Harryvan.
Summary: CSI complete the setting up of RDS environment; CSI provides the recipe for deploying
OwnCloud.
F2F 02-03-2017 – Hardware Delivery and Installation. Measurements.
Attendees (3): CSI: Luca Scanavino; CSI: Ignazio Cassano; HPE: Gallig Renaud
Summary: HPE delivers eight cartridges M510. CSI and HPE installed the operating system in two
cartridges (M510). HPE describes how to take measurements for each cartridges
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F2F Meeting 16/17-03-2017 – Evolution of the VDI Use Case
Attendees (): all
Summary: description of the evolution throughout the three Cycles about technological outcomes and
baseline.
Meeting Call 30/31-03-2017 – Open Points and OPERA Infrastructure
Attendees (5): CSI: Luca Scanavino; HPE: Gallig Renaud; IBM: Joel Nider; ISMB: Alberto Scionti; STM: Giulio
Urlini.
Summary: CSI completes the setting up of RDS environment on Moonshot. Discussion about open points,
specifically (1) Activities deadlines (2) how to manage the demonstrator (3) Script to take measurements.
HPE provides the script about measurements.
Meeting Call 13-04-2017 – Activities for Microservices migration
Attendees (3): CSI: Luca Scanavino; HPE: Gallig Renaud; CERTIOS: Dirk Harryvan.
Summary: CSI set up three cartridge to host activities about microservices migration and organized a
meeting with ISMB to discuss about Tosca descriptor.
Meeting Call 11-05-2017 – Discussion about Microservices migration
Attendees (6): CSI: Luca Scanavino; HPE: Gallig Renaud; CERTIOS: Dirk Harryvan, IBM: Michael Rapoport;
ISMB: Pietro Ruiu; ISMB: Alberto Scionti.
Summary: Discussion about the way to manage Tosca, Heat and CRIU. Tosca Descriptor gives input to
OpenStack (HEAT) to deploy containers (thanks to NOVA - ISMB checked that) in order to provide a specific
service (f.i. OwnCloud), after the deploy CRIU can migrate microservices.
Meeting Call 25-05-2017 – Preliminary Stress Test
Attendees (3): Luca Scanavino; IBM: Joel Nider; ISMB: Alberto Scionti.
Summary: CSI shows the preliminary stress test about RDS and SaaS, after that the planning to complete
the activity.
F2F Meeting 29-05-2017 – Script for measurments
Attendees (3): CSI: Luca Scanavino; CSI: Ignazio Cassano; CSI: Davide De Santis; HPE: Gallig Renaud
Summary: HPE shows how to use the script to collect information from ILO with a higher frequency.
F2F Meeting 14/15-06-2017
Attendees: all
Summary: CSI shows the results about the stress test of RDS and SaaS environments.

D7.7 | Virtual Desktop Use Case 1
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1 VDI USE CASE SCOPE
In this section, we describe the main elements that define the perimeter of this Use Case as reported in
deliverable D2.1:
1. General architecture to describe graphically the involved technologies;
2. Baseline to define the starting parameters to measure and their current value, and the desired
values for the selected parameters.
Thanks to these elements we have the guidelines to drive, manage and implement the OPERA solution,
as required by this Use Case.
1.1

GENERAL ARCHITECTURE

We chose to involve two different technologies, RDS and SaaS, to define the best one of them in terms of
energy consumption point of view (we are not interested in finding the best technology from a pure
performance viewpoint). For both the technologies, we selected a specific list of applications that can be
used to test this aspect.
In the following table, we can see the list of applications selected for both RDS and SaaS, with a short
description (Name, Type and Notes):
ID

NAME

TYPE

NOTES

Technology

1

APS - Anagrafe Associazioni
di Promozione Sociale

Client/Server

Application for Social Services, it
requires Calc and Acrobat Reader

RDS

2

ANSWEB - Modello Asili nido
On-line Scheda Rilevazione

Client/Server

Application for manage day care, it
requires Calc and Acrobat Reader

RDS

3

COPWEB - Albo delle
Cooperative Sociali

Client/Server

Application for Social Services, it
requires Calc and Acrobat Reader

RDS

4

GRMED - Graduatorie
regionale medici

Client/Server

Management of doctors’ rankings,
it requires MS C# .NET

RDS

5

EDISAN - Componente
EDISAN

Client/Server

Application for managing Building
Procedures, it requires MS C# .NET

RDS

6

MEDSPO - Medicina dello
sport

Client/Server

Application Sport Medicine, it
requires MS C# .NET

RDS

7

UC
(Unified Communication)

Browser
Application

E-mail service, It’s a customization
of an open source product: Open
xChange:

SaaS

https://www.openxchange.com/en/home
Client Server,
8

ownCloud

DOCUI/ACTA
9

Browser
Application

Browser
Application

It’s a service of File Sharing like
Dropbox, but in a private context
and not public one.

SaaS

The application manages the
registry of documents. It’s a
customization of an open source
product:
Alfresco.
https://www.alfresco.com

SaaS

Table 1 - List of Applications

D7.7 | Virtual Desktop Use Case 1
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After that, we designed the general architecture, that reports the technological involved elements from
the hardware and software perspective:

FPGA

Figure 2 – General architecture

In particular, it is possible to see in figure 2 such elements:
1. Two different server node architectures: one IBM S812LC (equipped with the POWER8 CPU
technology) and one HPE Moonshot (equipped with X86 CPU technology and ARM CPU
technology);
2. We installed applications according to these hardware architectures, taking into account that IBM
S812LC can host only SaaS applications because of hardware limitations;
3. SaaS applications can be installed on both IBM S812LC and Moonshot;
4. We installed OpenStack (our selected solution to manage the cloud stack) on Moonshot;
5. Moonshot is used to host the RDS Farm and RDS Clients.
Each cartridge of the Moonshot can be considered as a physical server and each of them could host a
different operating system and software.
For this Use Case, we dedicate the Cartridge 1 to host SaaS applications and we replicated the same
environment in IBM S812LC. The target is to move the applications between different hardware
architectures in order to optimize power consumption, taking into account the number of active endusers and the type of hardware involved.
To achieve this aim, we will develop specific software modules (WP5) starting from the modules of
OpenStack, that is the environment hosted in Cartridge 2.
We want to test the migration feature using different technologies (KVM, LXC and Docker) to find out
which of them better adapts to the purposes of this use case.
D7.7 | Virtual Desktop Use Case 1
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On the other hand, Cartridge 3 and Cartridge 4 host RDS applications. Specifically, Cartridge 3 hosts RDS
Clients (i.e., a virtual remote desktop) used by end users to connect and access the RDS applications using
their physical thin clients (i.e., small machines with low power processors). RDS clients manage the access
to RDS applications. Cartridge 4 hosts services to provide and manage the RDS environment (Data Base,
Controller, Active Directory).
During the three cycles, we will refine this general architecture thanks to an in-depth analysis with the
aim of defining the right number of cartridges and the right technologies that fit with OPERA targets.
1.2

BASELINE

The measurements are the way to validate the technological improvements achieved with OPERA project.
To this end, we have to consider two aspects to comply with the project proposal. The first one is
represented by the parameters to be taken into consideration. The second one is a frame of reference to
compare it with OPERA infrastructure.
We defined these elements in the deliverable D2.1 “Use Case Requirements”. Specifically, we took into
account the CSI Citrix Environment as frame of reference.
In particular, we selected four applications (RAP-COTO; SIO ASLB; FEC – Flussi Economici Finanziari; RRD
Registro Regionale Diabetici) that are very similar and close to ones involved in our project. In fact, we
chose them for the following reasons:
• They are the client component of applications that are client-server;
• They are back-office applications to consult information (working time and booking examinations).
In addition, it is very strategic to take into account this environment because it is a real situation and we
can appreciate a natural and voluntary behaviour. Finally, the environment is very close to that defined
and targeted by the project (to reduce of energy consumption of servers by 2 orders of magnitude as
compared to state of the art in 2013), in fact the processors of this environment were released in 1Q 2014.
After the selection, we migrated the four virtual machines (one for each of the four applications) on a
dedicated physical server, in this way it was simpler to take measurements.
Physical Server
Xen-Blade-04
HP Blade Proliant BL660c Gen8
n°4 x Intel® X®(R) CPU E5-4610 v2 @ 2.30GHz
256 GB ECC
XenServer 6.5
Virtual Machines
RAM RAM: it changes dynamically between 4GB and 10 GB
vCPU vCPU: 4–CPUs - 4 sockets with 1 core per socket
OS
OS: Windows Server 2008 R2 standard
Name
Model
CPU
RAM
OS

Table 2 - Citrix Environment

In terms of parameters we considered the following ones:
•
•
•
•

Power consumption;
Logged end-users;
Average CPU utilization;
Usage of RAM.

The trend about power consumption is reported in Figure 3:

D7.7 | Virtual Desktop Use Case 1
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Figure 3 - Citrix Baseline

Analysing the Figure, we have peaks of power consumption (about 240 W) during working period
(indicated in the figure as “Active”) when there are about 240 endusers who are using services. But the
most of the time (about 64%) we have a no-working period (indicated in the figure as “Idle”), where there
aren’t endusers connected but nevertheless there are power consumption (about 180 W), it means that
during a week we have this situation:
Current Infrastructure, average power consumption: (0,64 * 180W) + (0,36 * 240W) = 201,6W
More details about the VDI baseline are available in D2.1 – Use Case Requirements - Annex 3.
OPERA purpose is to reduce power consumption not only during the working period (to guarantee 240
simultaneous end users), but also during no-working period. The OPERA target is described graphically in
Figure 4:
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Figure 4 – VDI Target Baseline

The goal is to reduce drastically power consumption (about 30W in reduction) when the system is in idle
(meaning that there are no end users connected to the systems), and also during the working period (also
called active period) of about 90 W when there are 240 simultaneous end users. In chapter 4 Methodology
for Stress Test and How to measure it is described the methodology to simulate the workload (it means
to recreate the behaviour of several end users simultaneously connected to the system) to test the OPERA
solution.
OPERA Infrastructure, average power consumption: (0,64 * 20W) + (0,36 * 34W) = 25W
We established this target taking into account the current knowledge about every hardware (FPGA and
HPE hardware) and software (OpenStack, Tosca etc..) element, over the project we’ll gain experience not
only about each one of them but also about their capability to cooperate. For this reason, it may be that
in the future this target could be changed.
As discussed in deliverable D4.1, to quantify the differences in terms of efficiency, the following energy
efficiency metric will be used:
1
1

Application of this formula to baseline and target yields:

Baseline : 7 users / kWh per week
Target: 57 users / kWh per week
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2 EVOLUTION DURING OPERA PROJECT
OPERA project validation phase consists of three cycles used to assess if the expected outcomes have
been achieved, with regards to the baseline system previously described. At the end of each validation
cycle we expect to achieve technological results that are able to decrease the power consumption (and
thus energy consumption). In this chapter, we want to focus on the evolution of the technologies
developed (hardware and software) and how we intend to integrate them each other. The technological
pillars are the following:
-

-

-

Hardware. We involve one HPE Moonshot with X86 and one IBM S812LC equipped with POWER8
processing technology. In addition, we have also one FPGA card (ARM architecture) to support
container migration between different servers;
TOSCA descriptor. We want to decompose the SaaS applications into microservices (each running
on a container) and deploy them in the best available hardware to reduce power consumption. To
do that, WP5 develops specific software that takes into account, the current workload of each
server and the application description provided by developers, which contains the indication of
the best hardware (the hardware with the best affinity) to host the service;
Containers migration. We want to be able to move microservices among different hardware
architectures (i.e., different servers with different technologies) to reduce power consumption
also during the operational period of the applications, and not only during the deployment
according the stating situation. WP5 develops code for realizing this functionality with the aim to
move containers among X86, ARM and POWER8 environment.

We’ll decrease the power consumption gradually during the project thanks to the technological progress,
specifically we think to realize the trend showed in Figure 5 during the three cycles:
100%
90%
80%
70%
60%
50%
40%
30%
20%
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0%
Currently

I

II

III

Figure 5 – Power drawn during the project

The goal is to serve at the end of the OPERA project, the same workload (240 concurrent end-users) as
did in the current solution, but consuming only about 10% of the energy with respect to the current
systems in use (current situation). In the following paragraphs, we describe the technological
improvements that we want to introduce for each cycle and the related power consumption.
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2.1

I° CYCLE – TECHNOLOGICAL OUTCOMES AND BASELINE

During the first cycle the pillars of the VDI Use Case have a low level of integration, but according to our
planning this level will increase progressively during the rest of project. In particular, at the end of the first
phase we have this situation:
-

Hardware. We involve one HPE Moonshot with X86 cartridges;
TOSCA descriptor. OwnCloud is installed with a microservice decomposition;
Container migration. Microservices can migrate between systems equipped with the same
processor architecture (X86).

It means that during this validation cycle our progress regarding the TOSCA descriptor, the energy aware
resource allocation software module, and the container migration cannot influence measurements and
cannot reduce power consumption, but they are the basis for the future results. According to that the
expected measurements are showed in the following figure:

Figure 6 – SaaS I° Cycle Target

These values refer to a simulated workload of 240 concurrent end-users (more details about Stess Test
are available in chapter 4) taking into account a period of a week. In this condition, the expected power
consumption is the one reported in the following:
Average Power Consumption = (0,36 * 58W) + (0,64 * 30W) = 40 W
EEvdi = 35 users / kWh per week
2.2

II° CYCLE – TECHNICAL OUTCOMES AND BASELINE

During the second validation cycle we foresee some progress about the integration of the VDI Use Case
pillars, in fact the situation will be the following:
-

Hardware. We involve one HPE EL4000 chassis with X86 cartridges and another processing
technology (POWER8). During this cycle, we’ll involve cartridges with less cores (no longer 16 but
8 cores). Thanks to one FPGA card (ARM) we can move containers among the three different
hardware technologies;
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-

-

TOSCA descriptor. Unified Communication and LibreOffice will be installed after decomposition
into microservices; in addition, we will organize information regarding power consumption and
workload, so that it will be possible to use these data during the last validation cycle to experiment
containers migration for reducing power consumption;
Container migration. Microservices running on containers can be migrated between systems
belonging to the same platform but also having different CPU architectures (X86 and POWER8).

During the second validation cycle, the system will have the ability to migrate containers between systems
belonging to the same platform but having different CPU types. This capability relies on the container
migration mechanism being developed as part of the CRIU project, as well as its integration into
OpenStack. The purpose of the migration is to move the workload associated to a specific microservice
toward a machine with computing resources that are the closest fitting with the demand, and which
provides the lowest as possible power (energy) consumption. For instance, we can think the OwnCloud
application database as a single component. The database must be able to serve a certain number of
requests per second, according to the current load on the application coming from the users. If the
demand cannot be served by the current machine, the clients will experience delays in the form of lag
(unresponsive application). In order to minimize the lag, and keep high the responsiveness of the
application, the database should be migrated to a larger machine that is able to handle the load without
incurring penalties.
The following figure describes the macro architecture about II° Cycle:

Figure 7 II° Cycle Macro Architecture

Thanks to these progress, we think that it will be possible to reduce the power consumption during the
active period, thus consolidating the basis for the last cycle. Expected results are described in Figure 7:
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Figure 8 – SaaS II° Cycle Target

These values refer to a simulated workload of 240 concurrent end-users, taking into account a period of
a week. In this condition the expected power consumption is the following one:
Average Power Consumption = (0,36 * 39 W) + (0,64 * 25 W) = 30 W
EEvdi = 48 users / kWh per week
2.3

III° CYCLE – TECHNICAL OUTCOMES AND BASELINE

During the last validation cycle, we will achieve the expected goal from the technological point of view,
and consequently we will able to generate a drastic reduction in terms of power consumption. The
situation will be the following:
-

-

Hardware. We will involve one HPE EL4000 chassis equipped with X86 architecture and one IBM
S812LC equipped with POWER8 architecture. Thanks to one FPGA card providing also embedded
ARM-based processors, we will be able to migrate containers among the three different types of
hardware.
TOSCA descriptor and containers migration. Thanks to a specific software module developed by
WP5, it will be possible to deploy the microservices composing each application on different
machines (both using the same processing technology and a different architecture) to optimize
power (energy) consumption. Such placement will take care of the status of the machines (the
actual CPU and memory usage, and the average power consumption), the current workload and
the platform affinity suggested by developers. The situation in terms of available hardware and
workload could change over the time, for this reason the software developed will migrate
containers also during the operational period among the three different hardware architectures
(i.e., X86, ARM, and POWER8). To this purpose, a global optimization strategy will be completely
integrated in the management system, in order to periodically schedule such migrations (if
needed).

The mechanism required to migrate containers between machines of different platforms will be available
during the 3rd cycle. This requires compiler support which is planned to be ready for the 3rd cycle. In order
to support cross-platform migration, the microservices that run inside the containers must be compiled
D7.7 | Virtual Desktop Use Case 1

21

OPERA: LOw Power Heterogeneous Architecture for Next Generation of SmaRt Infrastructure
and Platform in Industrial and Societal Applications

with the special version of the compiler that is able to produce executables capable of running on the
various hardware systems without further modification or intervention.
The following figure describes the macro architecture about III° Cycle:

Figure 9 - III° Cycle Macro Architecture

This will allow us to achieve the full integration of the technological pillars and achieve the expected
outcomes concerning power consumption reduction, as described in figure 4.
Average Power Consumption = (0,36 * 34 W) + (0,64 * 20 W) = 25 W
EEvdi = 57 users / kWh per week
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3 FIRST VALIDATION CYCLE DETAILS
In this chapter, it is described what we implemented during the first validation cycle; specifically, the
description of the setup environments to follow the general architecture, why we selected a specific type
of hardware, and the technical outcomes provided by the other work packages.
In particular, during this cycle we took into consideration two different application environments:
1. RDS;
2. SaaS.
We involved these two different types of technology (RDS and SaaS) because we want to find out in which
conditions it is possible to maximize OPERA outcomes in terms of power (energy) consumption reduction.
In addition, for SaaS application we want to take measurements not only with OPERA infrastructure, but
also with hardware close to that one involved for define the baseline. The latter kind of measurement is
necessary since we are considering different (multiple) applications to assess the capability of OPERA to
reduce power consumption of the infrastructure. In fact, by running such set of applications both on the
OPERA-aware infrastructure and the baseline infrastructure, we are able to verify that the solutions
provided by OPERA are not negatively affected (and in turn also the results) by the selected set of
applications. This is necessary to demonstrate the effectiveness of OPERA solutions irrespective of the set
of applications used in the experiments. This is described also in deliverable D2.1.
For each environment, we designed the macro architecture in order to provide a better technological
description than the general architecture, and to highlight details about hardware (model and quantity)
and software (operating systems and main applications).
3.1

RDS ENVIRONMENT

Applications belonging to the RDS class require specific tools or services to be present in the end-user
terminal device to correctly run. Such components communicate and cooperate with the portion of the
application that is running on the server. OPERA project takes into account only the end users side (as
described in deliverable 2.1). The RDS Environment consists of two elements. The first one is the cluster
of virtual machines that are the end users’ terminals (Session Hosts); while the second one is the group of
virtual machines to manage end users’ terminals (RDS Management).
To implement such environment, we involve four Moonshot Cartridges with the following configuration:
-

Two M700P cartridges to host eight virtual machines running Windows 2012 (end-user terminals),
called Session Hosts;
Two M710 cartridges for RDS Management, that means four virtual machines (two Domain
Controllers, a connection broker, and a File&License Server). They guarantee not only the
management of licenses but also that users credentials, access and file systems are managed
properly.

We selected these cartridges because they have enough resource to host the envisioned setup; the details
about the hardware configuration of the cartridges are available in table 3:

Model

CPU

RAM

M710

Intel Xeon E3-1284L v3, 1.8GHz to
3.2GHz, (4) x86 cores

32 GB

M700P

AMD Opteron™ X2170 APU, 2.4GHz,
(4) x86 cores

64 GB

Table 3 - RDS Hardware Environment
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The following figure summarizes the configuration of RDS Environment:

Figure 10 – RDS Environment – Macro Architecture

In figure 10 we have the complete macro architecture in which there are the client side and management
component (OPERA Moonshot) and also the servers called CSI Test Environment. Since the latter is not
part of the OPERA solution, it is possible to use the already existing infrastructure dedicated for testing
purposes. We take measurements regarding the session hosts, because we follow the same strategy
adopted for defining the current baseline using Citrix environment. We took into account only the client
side of the applications and we excluded both the server side and the management component.
3.2

SAAS ENVIRONMENT

Applications belonging to the SaaS class require only the usage of a web browser to be used by the endusers, without the need for any specific tool or service. In addition, these types of applications can be
decomposed into microservices, in order to move them among different hardware architectures as
devised by the OPERA solution.

Figure 11 - SaaS Environment - Macro Architecture

The SaaS environment consists of three servers:
-

OpenStack Modules to host all the modules useful for the OPERA project (Magnum, Glance,
Keystone, Cinder, Ceilometer, Neutron, Heat, Nova-Ctrl); in this way, it is possible to manage the
compute-nodes.
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-

KVM Driver Node-1 and KVM Driver Node-2 are the compute node-1 and node-2 where it is
possible to host SaaS applications that are split into microservices (running on VMs in this case).
The two nodes differ from the server hardware capability viewpoint.

We selected these servers because Compute node-1 is closed to CSI Citrix Environment and Compute
node-2 has enough resources to sustain a load of 240 concurrent end-users. The details about the
configurations are reported in the following table:
Role

Model

CPU

RAM

OpenStack Modules

HP Proliant
DL380 G9

2 CPU Intel E5-2660 v3 2,66Ghz

64 GB

Compute Node 1

HP Proliant
DL380 G9

2 CPU Intel E5-2660 v3 2,66Ghz

64 GB

M510

Intel Xeon D-1587, 1.7 GHz (16) x86
cores

64 GB

Compute Node 2

Table 4 – SaaS Hardware Environment

The first two servers have a configuration and a technology very close to that exploited by CSI Citrix
environment. We refer to them as the Testbed; conversely the last one is based on a M510 Cartridge
placed in the Moonshot.
According to the first cycle activities, we focus our attention on OwnCloud, i.e., a web storage service for
files and documents. OwnCloud is composed of two main modules in a basic installation: a web server
which provides the front-end for managing the application, and a database to store and manage data
stored on the platform. The following figure shows the topology of the application as available thorugh
the TOSCA descriptor. We set up two virtual machines, each hosting one of the two modules (i.e., one VM
for running the Web Server and a second one to run the database).

Figure 12 – OwnCloud Architecture Diagram

Also for SaaS technology, we take measurement without considering the management component (i.e.,
OpenStack modules) because we follow the same pattern introduced for CSI Citrix and RDS Environment.
Thus, we focus our attention on Compute-nodes.
We chose to set up the infrastructure in this way to guarantee:
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-

Having the same OpenStack configuration when we take measurements regarding compute node1 and compute-node2;
Comparing the power consumption for two different hardware configurations, the first one with
a server similar to CSI Citrix environment and the second one with one M510 cartridge;

During the first validation cycle we consider only OwnCloud application, as described in Chapter 2 –
Evolution During Opera Project.
3.3

TECHNICAL RESULTS

One of the main contribution to the VDI Use Case regards the development of the specific software
module (this module is part of the outcomes of the WP5), which is responsible of migrating containers (or
VMs) on the hardware platform that better fits with the application requirements and which provides the
minimal power consumption. To this end, in the first validation cycle such module will provide the
capability of initially allocating application components (microservices running as containers or eventually
as VMs) on the infrastructure node that provides the best trade-off between capabilities and energy
efficiency. To do that, this software module will take into account a basic hardware affinity provided by
the developers of the application (e.g., for a certain application the developer could suggest to run the
database on a X86 machine equipped with a large amount of memory). Then, all the nodes in the
infrastructure exposing such affinity will be ranked based on their actual load and the average power
consumption. Such ranking constitutes the selection parameter of the destination node: the machine with
the lowest rank (lowest power consumption weighted by the current machine load in terms of CPU and
memory usage) will be selected. On a small (synthetic) set of experiments, the module has been able to
provide a better (more energy efficient) allocation of the services on the available machines, when
compared with a strategy based on the selection of the lowest loaded machine only. From this
perspective, we see the progress of this activity in line with the expected outcomes.
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4 METHODOLOGY FOR STRESS TEST AND HOW TO MEASURE
In this section, it is described the tools, the software and the strategy that we chose to create the workload
and to take measurements.
During the first validation cycle, we involved two different technologies (SaaS and RDS) that require
different software to simulate a specific number of concurrent end-users with the purpose to replicate
the situation observed for the Citrix Baseline.
In addition, it is important to highlight that each environment has different hardware (OPERA
infrastructure or testbed), thus we involved different tools to take measurements.
4.1

STRESS TEST

4.1.1 Testing Strategies
The goal of the testing activity is to measure energy consumption in Microsoft RDS and SaaS environments
(VDI) of software under certain load conditions.
During the risk analysis, we have identified one critical issue in the selection of tools to perform the
simulation of concurrent activities in the RDS environment.
While SaaS can be easily tested with our proprietary software solution Micro Focus Silk Performer, we
have no tool for performance testing on Microsoft RDS.
Indeed, an overview on performance software tools (open source and commercial) showed that neither
total reliability nor fully meeting performance requirements can be satisfied on Microsoft RDS (VDI)
infrastructure.
To this end, we adopted automation tools blended with shell scripting along with our on-premises test
solutions to obtain right result: running scripts (reiteration) with useful generic code that could be useful
for other scripts in this project.
The tools used for VDI MS RDS Testing are:
•

RDCMan

•

RDS Client

•

Dos Script

•

Selenium IDE

•

Selenium WebDrive

•

Eclipse + JDK 1.8

•

Junit

•

AutoHotKey

•

Silk Performer

•

Silk Test

4.1.2 MS RDS VDI Testing
4.1.2.1 Environment setup
On the RDS subnet we have installed one virtual machine called “controller” both to inject load on
infrastructure and at the same time to monitoring energy consumption (Watt).
In addition, we used a shared disk connected to the controller and to every image of RDS user.
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In this disk exists a common area with a CMD script. This script is loaded at the user RDS session login as
first operation (post bootstrap and authentication), then the test is started simulating the behavior of a
human end user
Thus, the RDS Infrastructure is composed by:
•
•
•
•

#2 Domain Controller
#1 File System
#1 Connection Broker
#8 Terminal Service Session Hosts

Figure 13 – MS RDS VDI Environment setup

4.1.2.2 Recording, Customizing and Replaying Test Scripts
All the scripts used in web based application testing was made by the same method. To this purpose,
every tool has a particular role to obtain the goal.
The CSI approach uses the following tools:
•
•
•
•
•
•
•
•
•
•

Selenium IDE to capture navigation steps (recording). All steps are identified by our analysts’ team;
Selenium WebDriver library to generate script in Java from the navigations above;
Eclipse IDE to verify, customize and compile the code script (with Selenium WebDriver library
loaded as interpreter of not-JAVA commands);
Junit run the compiled java file as a test to verify the correct navigation and generation of java test
script;
Eclipse IDE to transform Junit test in a standalone executable file (.jar with all the necessary
libraries inside);
MS-DOS bash script to execute jar file by RDS user in the session hosts environment;
RDCMan to create RDS session (and groups of those), authentication roles, shared disks path
configuration and launching single or multiples RDS Sessions;
RDS Client to launch the single session (used by RDCMan) who load the MS-Dos Bash script;
Silk Performer to run ramp up of users and obtain user concurrency piloting Silk Test;
Silk Test to “drive the clicks” on RDCMan (user-by-user or group-by group) and launch RDS
sessions.

4.1.3 SaaS VDI Testing
We have been conduct 2 measurements of energy consumption on 2 different HPE servers:
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1. Moonshot M510
2. DL380Gen9
4.1.3.1 Environment setup
On the SaaS subnet we have installed one virtual machine called “controller” to inject load on
infrastructure and limited to DL380Gen9 to monitoring energy consumption (Watt).
4.1.3.2 SaaS Moonshot M510 Testing
The Micro Focus Silk Performer tool is used for all aspects of testing (recording, defining scenario,
execution of testing and to rump up users). The metrics are collected directly on ILO in text mode.

Figure 14 - SaaS VDI Environment setup on M510

4.1.3.3 SaaS DL380Gen9 Testing
Similar to previous SaaS Testing, Micro Focus Silk Performer tool is used for all aspect of testing (recording,
defining scenario, execution of testing and to rump up users). The metrics are collected by ILO, but in this
case the collection is showed in a web interface (not only numerical) because the server offers that.
The ILO is connected to the controller.

Figure 15 - SaaS VDI Environment setup on DL380Gen9

4.2

HOW TO MEASURE

All the servers involved in OPERA have a specific technology called ILO (Integrated Lights-Out), it is an HPE
proprietary server management tool.
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For Testbed environment, thanks to an Ethernet connection it is possible to access the ILO interface and
remotely perform activities such reset the server, power-up the server, and run the management console.
This management console allows to monitor graphically the status of the server, extracting several
parameters. One we are interested to monitor is the power consumption. Thanks to a graphical
visualization, it is possible to plot the power consumption trend over the time. To evaluate the % usage
CPU we used the command top.
Instead, for the cartridges installed in the Moonshot, HPE developed a specific script to redirect in a file
the values regarding the power consumption and the CPU percentage used by the workload, to have more
accurate measurements than graphs.

D7.7 | Virtual Desktop Use Case 1

30

OPERA: LOw Power Heterogeneous Architecture for Next Generation of SmaRt Infrastructure
and Platform in Industrial and Societal Applications

5 OUTPUTS
At the end of the first validation cycle we obtained some output results that are described in this chapter.
The main outcomes are the results regarding the measurements, because they allow us to compare, from
the power consumption point of view, different hardware and software technologies.
The analysis of these values and the experience gained with these activities provided elements that are
used as inputs for the lesson learned.
5.1

MEASUREMENTS

5.1.1 RDS Environment
We created a workload with 240 concurrent end-users distributed among the eight Session Hosts (four
Session Hosts for each M700P cartridge). In this condition, we collected information (see Annex – RDS
Measurements) regarding power consumption and % CPU usage, and we recorded the following trends:

Figure 16 – RDS - % CPU Usage

In this figure, we have the % CPU usage trend which is quite similar for both the cartridges. At the
beginning, there are some peaks, because every time a new end-user accesses the Session Host, the latter
requests to the management component the configuration description of the specific end-user. That
happens one time each day. When achieved a stable condition, we measured 53% in CPU usage.
Regarding the power consumption, the outcomes are described in the following figure:

Figure 17 – RDS – Power Consumption

We acquired the values thanks to a specific script written by HPE, in Annex – 6.1 RDS Measurements there
are the collected values.
The power consumption is about 18 W in idle condition, but it increases progressively over the time,
according the number of concurrent end-users. When there are 240 concurrent end-users, the power
consumption is around 73 W (active condition value). The behaviour is similar for both the cartridges.
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Now, we know the power consumption during both idle and active conditions, and we can evaluate the
average power consumption over a week:

Figure 18 – RDS Average Power Consumpion

Average Power consumption = (18 * 0,64) + (73 * 0,36) = 37,8 W for each cartridge.
Average Power consumption = (37,8 * 2) = 75,6 W sum of the two cartridges.
5.1.2 SaaS – Testbed
We created a workload with 240 concurrent end-users on the Compute node 1 In this condition we
collected information (see Annex – 6.2 SaaS Testbed Measurements) for power consumption and % CPU
usage. We recorded the following trends, thanks to ILO and top command. Regarding the CPU usage, we
can see the trend in the following figure:

Figure 19 – SaaS – Compute node 1 - % usage CPU

In the idle condition, we have 20% of CPU usage, and the value increases according the number of
concurrent end-users. With a peak of 240 end-users connected, the CPU usage rose up to 70%.
The power consumption is described in the following figure:
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Figure 20 – SaaS – Compute Node-1 – Power consumption

In the idle condition the power consumption is 120 W. However, when we reached the maximum number
of concurrent end-users, the power consumption rose up to 185 W. Thanks to these values, it is possible
to evaluate the average power consumption over a week:

Figure 21 – SaaS Testbed Average Power Consumption

Average Power consumption = (120 * 0,64) + (185 * 0,36) = 143 W
5.1.3 SaaS – Moonshot
We repeated the same stress test (240 concurrent end users) also for Compute Node-2, in this case we
could use the script to collect information from the ILO (see Annex – 6.3 SaaS Moonshot Measurements).
Regarding the CPU usage, we have the situation described in the following figure:
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Figure 22 – SaaS - Moonshot - % Usage CPU

In the idle condition the percentage of CPU usage is very low (near 1%). When we reached 240
concurrently connected end-users the CPU usage of the cartridge increased up to 11%.
If we consider the power consumption, we obtain the situation showed by the following figure:

Figure 23 – SaaS - Moonshot - Power Consumption

During the idle condition we observed a power consumption of 26 W and when we reached the workload
peak, the power consumption increased up to 46 W. Thanks to these values, it is possible to calculate the
average power consumption over a week:

D7.7 | Virtual Desktop Use Case 1

34

OPERA: LOw Power Heterogeneous Architecture for Next Generation of SmaRt Infrastructure
and Platform in Industrial and Societal Applications

Figure 24 – SaaS Moonshot Average Power Consumption

Average Power consumption = (26 * 0,64) + (46 * 0,36) = 33,2 W
EEvdi = 43 users / kWh per week
5.2

INPUT FOR LESSON LEARNED

5.2.1 Comparison between RDS and SaaS
During the first validation cycle, we stressed the two technologies with the same workload (240
concurrent end-users), and we have seen different outcomes in terms of power consumption. This result
is due to the fact that RDS requires more computational power to guarantee a virtual desktop
environment for each end-user. In the following figure we can see the difference over a week:

Figure 25 – Comparison between RDS and SaaS

In terms of average power consumption, the situation is better with SaaS applications:
•
•

RDS Average Power consumption = 75,6 W
SaaS Average Power consumption = 32,3 W

For this reason, in the second and third validation cycles, we will focus our attention only on SaaS
applications, because they are better from the power consumption point of view.
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5.2.2 Comparison between Citrix and SaaS Testbed
During the first validation cycle, we collected measurements also about SaaS on the Testbed
infrastructure, that consists of servers close to CSI Citrix Environment.
The purpose of this comparison is the evaluation of the gap between the active and idle states for both
environments. The following figure highlights this aspect:

Figure 26 – Comparison between Citrix and Testbed

We can see that in both environments we have a gap of about 60 W. In both conditions, this value is due
to the workload, that is similar. Besides the technologies, there is just one more element that
differentiates both conditions: the cluster of applications.
We involved different applications but they generated a similar power consumption profile (i.e., the gap
between idle and active states), meaning that the selected applications do not influence the
measurements.
This represents a good result, because it means that the improvements that we can achieve within the
OPERA project, will be ascribed to the new technologies that we are developing.
5.2.3 Target Review
At the end of the first validation cycle we reviewed the target established in D2.1. In fact, we initially
considered as a goal an power consumption in idle state of 30 W, and an active power consumption of 90
W, thus meaning an average power consumption over a week equal to:
Old Average Power Consumption Target: (30 * 0,64) + (90 * 0,36) = 51,6 W
After measurements about SaaS Moonshot power consumption, we observed that the idle power
consumption was 26 W while the active one was 46 W, leading to the following situation over a week:
Average Power consumption: (26 * 0,64) + (46 * 0,36) = 33,2 W
The current value is lower than the old target, thus we changed the target as described in the first chapter
VDI Use Case Scope:
New Average Power Consumption Target: (20 * 0,64) + (34 * 0,36) = 25 W
At the end of this validation cycle, thanks to the experience gained about measurements of OwnCloud on
Moonshot, we think that it will be possible to achieve such result, since we can intervene in two ways for
further improvements, and by the fact that CPU usage is very low with SaaS applications. In particular, in
the next validation cycle we will reduce the number of core in the cartridge from 16 cores to 8 cores, and
during the last validation cycle we will also intervene on the core and un-core frequencies of the
Moonshot system.
More details about these aspects will be provided in the next deliverables about VDI Use Case.
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5.3

RESULTS

Thanks to the activities carried out in the first validation cycle, we gathered good outcomes from different
points of view, that can help us to lead the VDI Use Case in the future.
The most important aspect is the review of the target: now, our goal is to further reduce the average
power consumption over a week, since the stress test showed us that we can reduce the computational
resource (from 16 to 8 cores) with SaaS applications.
In addition, we gained also outputs about the comparison between RDS and SaaS in terms of average
power consumption, specifically in the last two cycles we will focus our attention only on SaaS
applications, because they are able to consume less energy.
Finally, the last element is the comparison between CSI Citrix and SaaS Testbed environments, in particular
we saw that the applications do not influence the power consumption gap between the idle and active
state when we use similar hardware and workload. It means that the improvement, that we achieved, are
due to the OPERA solution.
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6 ANNEX
6.1

RDS MEASUREMENTS

First M700P Cartridge
P (W)
31/05/17-16:11:18
31/05/17-16:11:48
31/05/17-16:12:18
31/05/17-16:13:00
31/05/17-16:13:40
31/05/17-16:14:18
31/05/17-16:15:07
31/05/17-16:16:46
31/05/17-16:17:38
31/05/17-16:18:03
31/05/17-16:18:57
31/05/17-16:19:36
31/05/17-16:20:12
31/05/17-16:20:42
31/05/17-16:21:17
31/05/17-16:21:48
31/05/17-16:22:17
31/05/17-16:23:06
31/05/17-16:24:04
31/05/17-16:25:03

17,8
18,2
23,1
29,1
35,2
42,9
46,8
50,4
55,7
60,1
64,7
67,1
69,6
71,2
73
72,6
71
72,9
73,2
71,8

% CPU
7,90%
8,00%
15,60%
32,00%
45,80%
65,20%
87,30%
98,20%
85,00%
72,00%
88,00%
96,10%
83,40%
64,00%
52,00%
51,20%
53,70%
52,80%
52,00%
52,60%

Second M700P Cartridge
P (W)
31/05/17-16:11:25
31/05/17-16:11:56
31/05/17-16:12:27
31/05/17-16:13:12
31/05/17-16:13:53
31/05/17-16:14:32
31/05/17-16:15:16
31/05/17-16:17:01
31/05/17-16:17:55
31/05/17-16:18:32
31/05/17-16:19:17
31/05/17-16:19:46
31/05/17-16:20:25
31/05/17-16:21:29
31/05/17-16:22:07
31/05/17-16:22:44
31/05/17-16:23:17
31/05/17-16:23:46
31/05/17-16:24:29
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18,3
18
22,7
28,9
34,8
42,6
45,8
50,1
55,2
59,4
64
68,3
70,2
71,2
73
72,6
71
72,9
73,2

% CPU
8,40%
8,30%
17,90%
33,20%
44,00%
67,90%
85,80%
96,10%
87,20%
73,80%
83,10%
94,60%
82,10%
69,30%
53,20%
52,30%
51,20%
52,10%
51,80%
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31/05/17-16:25:14

6.2

50,90%

SAAS TESTBED MEASUREMENTS

08/06/17-16:42:24
08/06/17-16:43:52
08/06/17-16:44:21
08/06/17-16:44:49
08/06/17-16:45:17
08/06/17-16:46:38
08/06/17-16:46:59
08/06/17-16:47:22
08/06/17-16:47:44
08/06/17-16:48:04
08/06/17-16:48:29
08/06/17-16:48:51
08/06/17-16:49:14
08/06/17-16:49:33
08/06/17-16:49:58
08/06/17-16:50:14
08/06/17-16:50:32
08/06/17-16:50:56
08/06/17-16:51:15

6.3

71,8

% CPU
19,20%
20,40%
25,30%
29,70%
34,40%
39,80%
44,60%
48,90%
52,70%
56,90%
60,30%
63,70%
67,80%
70,60%
70,00%
71,10%
70,50%
70,90%
71,30%

SAAS MOONSHOT MEASUREMENTS

08/06/17-15:43:16
08/06/17-15:43:37
08/06/17-15:43:59
08/06/17-15:44:20
08/06/17-15:44:42
08/06/17-15:45:04
08/06/17-15:45:26
08/06/17-15:45:48
08/06/17-15:46:09
08/06/17-15:46:31
08/06/17-15:46:52
08/06/17-15:47:14
08/06/17-15:47:36
08/06/17-15:47:57
08/06/17-15:48:19
08/06/17-15:48:41
08/06/17-15:49:04
08/06/17-15:49:25
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P (W)
26,3
28,4
29,7
31
32,9
34,5
36,8
38,3
39,9
41,3
42,9
44,5
46,4
45,8
45,9
46
46,2
45,7

% CPU
0,80%
1,60%
2,70%
3,50%
4,40%
5,80%
6,30%
7,20%
8,00%
8,90%
9,60%
10,40%
11,20%
10,90%
10,90%
11,00%
11,30%
10,80%
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