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Internet of Things (IoT) has become a popular expression. 

It indicates the network of physical objects or ñthingsò, each 

characterized by a number of capabilities that include 
communication, sensing, actuation and 

computation, designed to interact with the 

environment and with other things.  How different is 

this from a natural ecosystem? 

A natural ecosystem is an 

ensemble that includes all of 

the living things (plants, 

animals and organisms) in a 

given area, interacting with 

each other, and with the 

environment. In this perspective, 

the IoT presents itself as a hybrid 

ecosystem, i.e. the extension of 

this ensemble to the presence of 

mobile, autonomous, communicating devices. There is little 

doubt that in the near future we will  assist at the transformation 

of our natural ecosystems due to the increasing presence of 

artificial objects that will  coexist and interact with the living 

organisms in our present ecosystems. How is the device 

powering issue relevant to this perspective? In a parallel with natural 

ecosystems, we can envision a scenario where cooperation-competition 

mechanisms will  arise in order to secure the finite amount of energy 

available. How to deal with this? Let us think about ité (L.G.)  
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ENTRA project workshop on En ergy-Aware Softwa re Development   

Malaga, 6-7, May 2015 

 

The EU ENTRA project (http://entraproject.eu/) aims to promote energy -aware software development 

using program analysis and modelling of energy consumption in computers. ENTRA is one of the FET MINECC 

cluster of proje cts investigating how to achieve energy efficient ICT, and the ENTRA coordinator Roskilde 

University, Denmark, is a partner in the ICT -Energy Coordination Action (http://www.ict -energy.eu/), as is 

ENTRA partner the University of Bristol, UK.  

A workshop in the historic city of Malaga on 6 -7 May, sponsored by the ENTRA project, combined 

presentations of ENTRA project results with invited talks from outside speakers. There are many ICT 

applications where reduction of energy consumption is a critical design go al. The invited speakers covered 

some of these, including wearable bio -medical devices (Hossein Mamaghanian from EPFL, Switzerland), a 

topic targeted by the EU PHIDIAS project.  Other applications presented by invited speakers were data 

centres (José Manuel Moya from Universidad Politécnica de Madrid) and cloud computing in e -health (José 

Ayala from Universidad Complutense de Madrid). There were also presentations from Sudipta Chattopadhyay 

(Linköping University, Sweden) describing methods for statically id entifying energy hotspots in programs 

such as smartphone apps that drain the phone's battery, and from Maurizio Morisio (Politecnico di Torino, 

Italy) who presented an agenda for energy -efficient software in green computing.  

The overall challenge of energ y-aware software development requires tools to bridge a large gap: the gap is 

between hardware, where energy is consumed, and high -level programming languages and software 

abstractions used in modern software engineering, which in many ways hide resource u sage from the 

programmer.  The ENTRA project researchers presented recent progress in building such tools.  IMDEA 

Software researchers described recent advances in the CiaoPP resource analysis tools developed at IMDEA 

Software. Handling energy analysis of multi -threaded programs was dealt with by researchers from Roskilde 

University, Denmark and Bristol University, UK. Energy models derived from hardware, at different levels of 

detail and abstraction, were presented by Bristol University, and an approach fo r modelling energy directly 

from high -level source code was presented by Roskilde University.  IMDEA Software researchers described 

techniques for energy -optimal scheduling of tasks on multi -core computers using genetic algorithms, and 

Roskilde University researchers presented a framework for probabilistic analysis of resource usage.  

The ENTRA project cases studies are carried out using hardware produced by the industrial partner in the 

ENTRA project, XMOS Ltd, UK.  This hardware is used for embedded systems especially in automotive and 

digital media applications.  XMOS staff explained the energy -saving features of its latest chip and the 

associated compiling techniques.  

In summary, the combination of ENTRA research results along with invited talks stimul ated discussion both 

at the technical level and around the wider implications and applications of energy -efficient ICT and 

energy-aware software engineering.                 (J.P. Gallagher) 

 

The full workshop programme can be seen at  

http://entraproject.eu/programme -entra -workshop -malaga-6-7-may-2015 

 

http://entraproject.eu/programme-entra-workshop-malaga-6-7-may-2015
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Doctoral Symposium in Bristol on Sept. 16 th  2015 
 

The Barcelona Supercomputing Center is organizing a 

Doctoral Symposium to be held in Bristol, on Sept. 16th, 

2015. 

The Doctoral Symposium is a part of the ICT-Energy 

Clustering/Networking workshop 2015 ( www.ict -

energy.eu ). The event, organized in by the University of 

Bristol, will be held o n 14-16 September. 

 

This symposium is a great opportunity for PhD students to present their thesis work to a broad audience in 

the ICT community from both industry and academia. The forum may also help students to establish 

contacts for entering into resea rch related to minimization of energy from various layers. In addition, 

representatives from industry and academia get a glance of state -of-the-art in the energy minimization 

field.  

  

Topics of interest include, but are not limited to:  

- Power- and thermal -aware algorithms, software and hardware  

- Sensing and monitoring - Power and thermal behavior and control  

- Data centers optimization  

- Smart grid and microgrids  

- Low-power electronics and systems 

- Power-efficient multi/many -core chip design 

 

If you want to know more, please download the Symposium brochure here .  

 

 

LANDAUER Project consortium meeting in Paris  
 

A consortium meeting of the European project LANDAUER has been held in Paris on June 11-12.  

During the meeting the five laboratories that 

compose the consortium presented recent 

progresses and discussed the steps toward the 

end of the project in 2015.  

  

For latest news and information, please visit 

the LANDAUER proj ect website 

(www.landauer -project.eu ).  

 

 

  

http://www.ict-energy.eu/
http://www.ict-energy.eu/
http://www.ict-energy.eu/sites/ict-energy.eu/files/cfp-2015.pdf
http://www.landauer-project.eu/
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        The PROTEUS project launched  

 
PROTEUS is a project funded under 

the H2020 framework program for 

research of the European 

Commission.  

It investigates the smart integration 

of chemical sensors based on 

carbon nanotube, MEMS based 

physical sensors together  with a 

cognitive engine providing on the fly reconfigurability. Produced deviced will be tested in the context of 

water mon itoring.  

PROTEUS mix competences from integrated smart systems area, Internet of Things, cloud based computing, 

long range wireless sensors in the field of water utilities.  

 

NIPS Laboratory group is part of the 9 partners of the PROTEUS consortium, which met in IFSTTAR on 10th 

and 11th of February 2015 in Marne la Vallée, close to Paris , to kick -off the project.  

 

This meeting was the opportunity to present the sense city testbed to the consortium. This testbed will 

allow lab scale validation of PRO TEUS solutions before the deployment in te field.  

 

 

  

NiPS laboratory research group at Physics Department at University of Perugia, will carry out the 

important research work of design, study, prototyping ant validation of novel hybrid energy harvesting 

systems that will add full self -powering capability to wireless sensor network for water quality monitoring.   

 

PROTEUS will run during 36 months, until January 2018.       

http://www.proteus -sensor.eu/  

(F. Cott one) 

http://www.proteus-sensor.eu/
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Micro Energy Day 2015  

 Discover smart solutions for mobile electronic energy needs.  

  

Institutions from across Europe celebrated the  Micro-Energy Day, during the European Sustainable Energy 

Week, to raise awareness about energy use in mobile electronic devices.  The Micro-Energy Day, proposed 

since 2010 by NiPS Laboratory (www.nipslab.org ) at University of Perugia  to disseminate a new conceptual 

approach to renewable energies at microscales, has grown, involving a larger number of partners all over 

Europe and reaching students, families as well as politicians and media.  

The 2015 edition of the  Micro Energy Day , organized by the partners in the EU funded project ICT -Energy 

(www.ict -energy.eu ) coordinated by NiPS Lab, included several demonstrations in different European 

countries.  

In Perugia (Italy) a dissemination activity, held on 20th of 

June, made use of several demonstrative devices: from 

crystal radios, which can operate without power sources 

apart from the collected signals, to small radios operated 

by solar cells or thermoelectric generators, to wireless 

energy transmitters. T ogether with the NiPS group, the 

local amateur radio community and representatives of the 

Perugia Electronic Engineering Department discussed with 

the local audience and with the amateur community all 

around the world the relevance of the scientific resear ch 

on microenergies. 

Barcelona Supercomputing Center  (Spain) organized a Live Twitter Chat in the I CT-Energy Twitter channel 

on the 18th of June, using the hashtag #LessEnergyICT, while discussing with local visitors to the 

MareNostrum supercomputer energy issues and the solutions proposed to solve them. The chat was focused 

on the energy expenditures in Information and Comunication Technology (from small computing devices to 

the exascale supercomputers).  

In Cork (Ireland) school children from primary school took part 

in a number of fun and interactive demonstrations designed to 

encourage us all to become more energy aware, organized by 

researchers of the Tyndall  Institute .  Very rare to see kids asking 

so many questions at once!  

Moreover, on 18-19 in Heidelberg  (Germany), there were 

specific lessons introducing the microenergy approach and the 

theme ărenewable microenergies physicsò to secondary level 

pupils at the Ernst -Sigle-Gymnasium in Kornwestheim.  

According to the International Energy Agency, consu mer 

electronics and computer equipment represent 15% of global 

residential electricity consumption ð and this figure is set to 

triple if energy efficiency is not improved. Micro -Energy Day 

seeks to highlight this issue and showcase projects under the ICT 

Energy umbrella.  Youõre invited to be part of it!  

Further information is available in the Micro-Energy Day website 

(microenergyday.eu/ ) and ICT Energy website (www.ict -

energy.eu ).                                                        

                                                                             (S. Lombardi) 

http://microenergyday.eu/
http://www.eusew.eu/
http://www.eusew.eu/
http://www.nipslab.org/
http://www.ict-energy.eu/
http://microenergyday.eu/
http://www.ict-energy.eu/
http://www.ict-energy.eu/
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NiPS Summer School 2015  
 

ICT-Energy 

Energy consumption in future  ICT devices 

Fiuggi (Italy) ,  7-12 July 2015 

 

The sixth edition  of NiPS Summer School, organized by the Noise in Physical System Laboratory at University 

of Perugia as part  of the European FET Proactive Coordination Action ICT-Energy (www.ict-energy.eu),  was 

held in Fiuggi (www.nipslab.org/summerschool).   

The 40 participants  (graduate students,  post-docs and 

young researchers) attended  4 thematic  groups of 

lectures,  aimed at  teaching the bases of the science of 

efficient  ICT: 
 

1) Basic on the physics of energy transformations  at 

micro and nanoscales 

2) Introduction  to energy harvesting and distributed  

autonomous mobile devices 

3) Software and energy aware computing 

4) High performance computing and systems 

 

 

Participants  to the school had the opportunity  to widely  discuss with  teachers,  coming from the ICT-Energy 

project  Consortium, and colleagues, and to illustrate  their  research results during a evening Poster Session.  

For more inform ation  and the slides of the lectures,  please visit  www.nipslab.org/summerschool2015.   

 

Lectures and social events at NiPS2015 Summer School on ICT-Energy. 
 

 

Organized by:                           Supported  by:   

 

 

 

http://www.ict-energy.eu/
http://www.nipslab.org/summerschool
http://www.nipslab.org/summerschool2014
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ICT 2015 Innovate, Connect, Transform  
 

The EC event  dedicated  to  ICT ð Lisbon 22-23 October,  2015  
 
 

European Commission from time  to time  promotes a 

large event dedicated  to the world  of ICT. The next 

one (entitled  with  little  fantasy ICT 2015) will  happen 

next October 22-23 in Lisbon, Portugal.  This is a good 

opportunity  to do networking  activities  with  other  

participants,  to interesting  debates in the associated 

conference,  to hear the latest  news on the European 

Commission's new policies and initiatives  with  regard 

to R&I in ICT and find  information  about funding 

opportunities  from the European Union.  

 

The ICT-Energy community  has submitted  a proposal 

for  organising a òNetworking Sessionó. Networking 

sessions are informal  discussion groups organised by 

stakeholders participating  in the ICT 2015 event.  Their 

goal is to enable a broad and multi -disciplinary  

dialogue, help participants  find  partners for  a 

collaborative  relationship  enlarge and enhance 

stakeholder communities and better  connect research 

to innovation  for  a Digital  Europe.  

 

 

 

 

ICT-Energy Networking  Session proposal  is entitled:  ICT-Energy:  decreasing  energy  consumption  toward  

zero -power  devices .   

 

The objective  of the proposed session is twofold:  

 

1) to bring together  people from the world  of research with  people form the world  of industry,  

interested  in lowering  energy consumption in ICT devices. They often  speak two different  languages 

and have different  perspectives. In this session we will  hear from both community  in short,  focused 

communications.  

 

2) to raise awareness in the ICT people (at  large) in the importance  of decreasing energy dissipation in 

the future  of ICT devices. This strategic  bottleneck  is often  overlooked when people think  at the 

future  of ICT. We need to put  under focus the connection between the need for  powering mobile 

devices (in the internet -of-things scenario) with  the need for  decreasing heat production  in future  

microprocessors. Both these aspects rely  on the science of energy transformation  at micro and nano 

scale. By addressing this very issue we will  open novel perspectives for  exascale computers and 

micro wireless autonomous sensors at the same time.  
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If  approved, the ICT-Energy Networking Session will  have 

the following  format:  

 

- Opening with  a 2 min video on the role on energy 

on the functioning  of ICT devices. 

 

- Then a speaker will  briefly  (5 min) introduce  the 

two sides of this topic:  excess heat production  in 

microprocessors and low battery  life  for  mobile 

micro devices. 

 

- Podium confrontat ion:  one representative  from industry  and one from research will  illustrate  in a 5 

min speech the 3 main òwishful thoughtsó (industry  rep) and the 3 main òthings we knowó (research 

rep).  

 

- Follows a question-and-answer session, much like  in a political  debate,  with  public,  moderated by a 

professional journalist/science  communicator.  

 

- During the session there  will  be a corner installation  with  video boot òspeak-up your viewó. Here 

everybody has a 3 min speech opportunity  for  recording a message on this topic.  The messages will  

be subsequently made available through the web site of the (FET Proactive) ICT-Energy coordination  

action  (www.ict-energy.eu).  

 

Who should attend  the  ICT-Energy Networking  Session? 

 

The main target  is represented by ICT people coming both from industry  and from research, generically  

interested  (or curious) about the problem of energy consumption in ICT devices and thus in their  powering 

problem.   

Specifically  we plan to involve people from the following  areas: 

 

- low-power microprocessor design 

- microprocessor heat dissipation and cooling 

- energy harvesting system design 

- wireless sensor networks 

- mobile communications 

- energy aware software  

- energy related  material  science 

- green ICT world  

 

ICT 2015 website:  https://ec.europa.eu/digital -agenda/en/ict2015 -innovate -connect -transform -lisbon -

20-22-october -2015  

For further  information  and updates on the ICT-Energy Networking Session stay tuned to the ICT-Energy 

project  website (www.ict -energy.eu ).   

 

 

  

http://www.ict-energy.eu/
https://ec.europa.eu/digital-agenda/en/ict2015-innovate-connect-transform-lisbon-20-22-october-2015
https://ec.europa.eu/digital-agenda/en/ict2015-innovate-connect-transform-lisbon-20-22-october-2015
http://www.ict-energy.eu/
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Towards super computers: EU project Exa2Green improves 

energy efficiency in high performance computing 
 

Engineering Mathematics and Computing Lab (EMCL), 

Interdisciplinary Center for Scientific Computing (IWR), Heidelberg University, Germany 

Steinbeis-Europa-Zentrum, Steinbeis Innovation gGmbh, Germany 

Scientific Computing Group, Department of Informatics, Hamburg University, Germany 

High Performance and Computing Architectures (HPCA), University Jaume I, Castellon, Spain 

Swiss National Supercomputing Centre (CSCS), ETH Zurich, Switzerland 

IBM Research ï Zurich, Foundations of Cognitive Solutions, Switzerland 

Institute for Meteorology and Climate Research, Karlsruhe Institute of Technology, Germany 

 

 
AbstractðThe FP7-funded Exa2Green project is paving the 

road to Exascale computing by improving energy efficiency in high 

performance computing (HPC). Slowly approaching the end of the 

project, the team can show quite remarkable results. 

I. INTRODUCTION 

EXASCALE computers, so-called supercomputers of our 

future, are machines that will  be capable of performing at least 

10
18

 floating point operations per second. The work rate at 

Exascale is inconceivably immense, offering the prospect of 

transformative progress in energy, national security, the 

environment, our economy, and fundamental scientific questions. 

However, the path to Exascale involves numerous complex 

challenges, with a key one being power consumption. The FP7-

funded Exa2Green project (www.exa2green-project.eu) has 

taken up this challenge and is developing a radically new energy-

aware computing paradigm and programming methodology for 

Exascale computing. The 3-year research project started in 

November 2012. 

 

Comprising an interdisciplinary research team of High 

Performance Computing (HPC) experts from Germany, 

Switzerland and Spain, the Exa2Green team focuses on three 

main activities: first, developing tools for measuring the 

performance and energy consumption of computations; second, 

analysing existing, widely used computational kernels and 

developing new energy-efficient algorithms; and finally, 

optimising a compute-intensive climate model to achieve a 

considerable reduction of energy consumption in climate 

simulations. For this third element, Exa2Green is using the 

COSMO-ART weather forecast model as an example of an 

intensive simulation, whose energy profile is currently far from 

optimal. In the following, we highlight some aspects of our 

research in the different fields of work. 

 

II.  DESIGN OF TOOLS FOR POWER- AND ENERGY 

ANALYSIS ON HPC SYSTEMS 

 

University of Hamburg focused on designing tools for power and 

energy analysis on HPC systems. A first goal was achieved with 

the design of an integrated power-performance analysis 

framework to trace and analyze the power and energy 

consumption made by parallel scientific applications. This 

framework comprises PMLib, a well-established package for 

investigating power usage in HPC applications [4]. Its 

implementation provides a general interface to utilize a wide 

range of wattmeters, including i) external devices, such as 

commercial  

PDUs, WattsUp? Pro .Net, ZES Zimmer LMG450, etc., ii)  

internal wattmeters, directly attached to the power lines leaving 

from PSU, iii)  commercial DAS from National Instruments (NI) 

and, iv) integrated power measurement interfaces such as Intel 

RAPL, NVIDIA  NVML,  IPMI, etc. The PMLib client side 

provides a C library with a set of routines in order to measure the 

application code. The traces obtained can be integrated into 

existing profiling and tracing frameworks such as 

Extrae+Paraver or VampirTrace+Vampir. On the top of this 

framework, we have incorporated two useful plug-ins: a module 

to detect power-related states and a tool to automatically detect 

power bottlenecks [5, 6]. 

 
Fig. 1: Graphical representation of the power-performance analysis framework. 

 
Additionally, we have desgined ArduPower a small, low-cost 

and accurate DC wattmeter, specifically designed for HPC 

infrastructures. ArduPower comprises of two basic hardware 

components: a shield of 16 current sensors and an Arduino Mega 

2560 processing board. This new wattmeter has been conceived 

as a low-cost DAS to measure the instantaneous DC power 

consumption of the internal components of computing systems, 

wherever the power lines are accessible. In general, it offers a 

spatially fine-grained power measurement by providing 16 

http://www.exa2green-project.eu/
http://www.exa2green-project.eu/
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channels to monitor power consumption of several parts, e.g., 

mainboard, HDD and GPU cards etc. simultaneously, with a 

sampling rate varying from 480 to 5,880 Sa/s. The total 

production cost of the wattmeter is approximately 100 ú, so it 

can be easily accommodated in moderate-/large-scale HPC 

platforms in order to investigate power consumption of scientific 

applications. 

 
Fig 2.: ArduPower wattmeter comprising an Arduino Mega 2560 board and a 
power sensing shield with 16 current sensros. 
 

III.  SETUP FOR INNOVATIVE  ENREGY EFFICIENT 

ALGORITHMIC KERNELS 

IBM Research ï Zurich investigated power consumption of 

several elementary computational kernels, the so-called 

computational dwarfs. The list of analysed kernels ranges from 

dense to sparse linear algebra like sparse matrix-vector 

multiplication (SpMV) and conjugate gradient (CG) method, as 

well as to spectral methods such as the fast Fourier transform [4, 

5, 6]. All  the kernels have been analyzed on modern HPC 

architectures, such as the IBM Blue Gene/Q, the IBM POWER7 

and the new IBM POWER8 system. 

As an example, in Figure 1 we report measurements and 

subsequent classification analysis for the SpMV, one of the most 

widely used kernels to solve PDEs and modern engineering 

problems. On top of these analysis, IBM Research - Zurich 

developed accurate models for the characterization and time-

power-energy prediction of the same kernels, tested on multicore 

architectures.  

 

 
 

 
 
Fig. 1: SpMV performance analysis and classification, for different sparse 
matrices on IBM POWER8. Each color corresponds to a different class of 

matrices. For more details see [4]. 
 

As an example, in Figure 2 we show a model of the power 

consumption of the most critical sub-kernels of the CG 

algorithm. These models represent not only a fundamental utility 

tool for cluster and cloud systems (e.g., to predict costs and 

optimize placement of jobs on the nodes), but also consist in a 

solid base for the subsequent optimization of the kernels. 
 

 
 
Fig. 2: Net power cost prediction of the main sub-kernels used during each 

iteration of the CG algorithm on IBM POWER7. For more details see [5] Left: 1 
thread per core. Right: 4 threads per core.  
 
 

IV.  DEVELOPMENT OF ENERGY-AWARE NUMERICAL 

LINEAR ALGEBRA LIBRARIES 

The researchers from the HPCA group (University Jaume I, 

Spain) focused on developing techniques for energy conservation 

in dense and sparse linear algebra problems. One of the primary 

goals of this work consisted in assessing the performance, power 

consumption and energy efficiency of the CG method on a large 

variety of architectures that form the landscape of high 

performance computing, such as general-purpose multicore 

processors, graphics processing units (GPUs), and low-power 

digital signal processors (DSPs) [8]. From this study, we 

observed that the performance-per-power unit of the many-core 

GPUs from NVIDIA can be matched by several low-power 

devices, such as those Intel (Atom), ARM (Cortex-A9) and 

Texas Instruments (C66); and even outperformed by more recent 

architectures from ARM (Cortex-A15). In addition, while GPUs 

deliver high energy efficiency with remarkable performance, the 

less power-demanding embedded processors exhibit a much 

lower dissipation and/or smaller memories. This reduces the 

appeal of these inexpensive architectures for general-purpose 


