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1 Description of the deliverable  

This report describes the field of the energy efficiency of ICT systems, called ICT Energy, and 
presents a survey of current activities in the field.  
 
Section 2 introduces the background to the field and its relation to the ICT-Energy Coordination 
Action. Section 3 presents the strategic background to the field, drawing on the Strategic Research 
Agenda (deliverable D3.2). ICT Energy concerns the whole system stack, which is presented in 
Section 4, while Sections 5 and 6 outline the main techniques, methods and application areas for 
ICT Energy research. 
 
Section 7 contains a list (broken down geographically) of research groups around the world 
involved in ICT-energy research.  The lists are intended to give an impression of the coverage of 
research topics, rather than an exhaustive directory. Some comparisons and trends are identified 
in the section. 
 
Finally in Section 8, other relevant research communities are identified.  ICT Energy is a field that 
draws on many other research fields, but it is not subsumed by any of them. 
 

 
 

2 Energy-Efficient ICT and the ICT-Energy Coordination Action 
 
In this document we survey the field of energy-efficiency in ICT systems, hereafter simply called 
“ICT Energy”. The ICT-Energy Coordination Action aims to promote the topic of ICT Energy and 
build a community bringing together researchers and users involved in ICT Energy. The 
Coordination Action brought together two existing initiatives: 
 

o Toward Zero-Power ICT: organized within the ZEROPOWER coordination action; 
o MINECC (Minimising energy consumption of computing to the limit): a cluster of projects 

funded under the FET Proactive Call 8 (FP7-ICT-2011-8) Objective 9.8. 
 
These initiatives already span a very wide range of topics relevant to ICT energy, ranging from 
physics to application software. Some idea of the breadth of topics in the field can be seen from 
the titles of the seven MINECC projects (which also incorporate some of the topics of 
ZEROPOWER), all of which are represented in the ICT-Energy consortium. 
 

o ENTRA: Whole-Systems Energy Transparency.  
o http://entraproject.eu 
o EXA2GREEN: Energy-Aware Sustainable Computing on Future Technology – Paving the 

Road to Exascale Computing.  
o http://exa2green-project.eu 
o LANDAUER: Operating ICT Basic Switches Below the Landauer Limit.  
o http://www.landauer-project.eu 
o PARADIME: Parallel Distributed Infrastructure for Minimization of energy.  
o http://www.paradime-project.eu 
o PHIDIAS: Ultra-low-power Holistic Design for Smart Bio-signals Computing Platforms.  
o http://www.phidiasproject.eu 
o SENSATION: Self Energy Supporting Autonomous Computation.  
o http://www.sensation-project.eu 
o TOLOP: Towards Low Power ICT.  

http://entraproject.eu/
http://exa2green-project.eu/
http://www.landauer-project.eu/
http://www.paradime-project.eu/
http://www.phidiasproject.eu/
http://www.sensation-project.eu/
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o http://www.tolop.eu 
 
The first observation in understanding the field of ICT Energy is that it cannot be characterised as 
a sub-field of any existing field, and is not restricted to any specific class of applications. While it 
intersects with several areas of computer science, computer systems engineering and physics of 
materials and physics of energy, it is not subsumed by any of them. It applies to application areas 
as diverse as high-performance computing, mobile computing and embedded systems.  
 
As a consequence, a field survey such as this is a challenging task. It faces the following two 
challenges: 
 

o How to identify research activities where ICT energy is the main focus, though it may be 
approached from some particular perspective in another field? 

o How to characterise the many research communities that are relevant, in one way or 
another, to ICT energy? 

 
The previous version of this deliverable (November 2014) contained an attempt to summarise all 
the activities relevant to ICT Energy. This was an ambitious goal, which involved the very difficult 
task of categorising all the activities simultaneously along various axes such as applications, 
techniques and position in the system stack. In addition, the result of such an attempt to construct 
such a long list of activities was inevitably incomplete.   
 
In the current document, by contrast, we present a more qualitative study. Its aim is to give 
understanding both of the variety of topics that are relevant for ICT Energy, and to identify those 
groups whose primary focus is ICT Energy, to the best knowledge of the ICT-Energy consortium.  
The field of ICT Energy will thus be understood as consisting, in its current state, of a relatively 
small, highly focussed core, which is still in an embryonic state but which draws on a broad range 
of existing research fields.  These other fields should not be confused with the core field.  
 
The survey is aligned with the Strategic Research Agenda (Deliverable D3.2) in its description of 
the field. In this introduction, we examine the background to the field of ICT Energy, drawing where 
appropriate from material that is also presented in the Strategic Research Agenda. 
 

3 Strategic Background to the Field of ICT Energy 

3.1 ICT as a contributor to global energy consumption 

The Europe 2020 Agenda includes a goal to reduce greenhouse gas emissions by at least 20% 
compared to 1990 levels or by 30%, if the conditions are right (provided that other developed 
countries commit themselves to comparable emission reductions and that developing countries 
contribute adequately according to their responsibilities and respective capabilities). Furthermore 
the goal is to increase the share of renewable energy sources in our total energy consumption to 
20% and achieve a 20% increase in energy efficiency. 
 
The energy consumed by ICT is growing both in absolute terms and as a proportion of the total 
energy consumption and thus plays an important role in meeting the 2020 targets. The use of 
Information Communication Technology (ICT) systems is now ubiquitous and ranges from small 
autonomous sensor systems operating at the mW level to high performance computing (HPC) 
systems and data centres requiring tens of MWs for operation. In between these power levels lie a 
large number of devices including embedded sensors, mobile phones, smart phones, tablets, 
personal computers, servers and cloud computing storage systems. The annual sales of many of 
these consumer systems are now at the 100 million to 1 billion level per annum and every device 
consumes a certain amount of energy which will results in the emission of CO2.  

http://www.tolop.eu/
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A number of studies have been looking at the energy consumption of ICT devices and systems. As 
discussed in the Strategic Research Agenda (Deliverable 3.2), there is not consistency in deciding 
what exactly counts as ICT; for instance media and telecommunications are sometimes not 
counted as ICT. One estimate showed that in 2015 around 4% of the electricity generated 
worldwide is consumed by ICT devices which results in 1 billion tonnes CO2 equivalent which is 
about 2.3% of the global emission of CO2, but these studies do not include TV and media uses of 
ICT systems nor the CO2 produced from the manufacture of the ICT devices and systems. As 
media is now being transferred to ICT media, a realistic assessment of ICT energy usage has to 
include a large part of media energy consumption in the total ICT consumption and emission.  In 
any case, whichever classification is used, it is clear that increased energy efficiency of ICT 
systems and devices would have a spin-off effect in the efficiency of several other areas. 
 

3.2 ICT Energy, Energy Harvesting and the Internet of Things 

The energy-efficiency of ICT systems also plays a critical role in realising the full vision of the so-
called Internet of Things. Presently there is an increasing demand for ambient intelligence devices, 
various kinds of sensor networks for safety and environmental monitoring and for monitoring of 
health. Such devices are components in the Internet of Things. These all require distributed 
powering systems, batteries or RF-sources for operation. Wiring is expensive, batteries have to be 
replaced and operation distance for RF-powered devices is short, not to mention the pick-up coils 
with non-negligible dimensions. The current CMOS-based ubiquitous devices can operate at 
minimum power levels ranging from 1 µW to 10 µW at around 100 kHz frequencies. Radio 
transmitters usually need 1 mW of power, but by using burst transmission with low duty cycle the 
average power level can be substantially reduced.  
 
If one can realize an energy harvester with a capacity to deliver power of a few µW into battery or 
capacitor storage, it would open ways to large number of applications. Also, the availability of this 
kind of power sources would boost the development of even lower power devices, leading to the 
vastness of autonomous nanoscale ICT systems for implants and in vivo health monitoring, 
environmental warning and hazard preventing networks and for other safety measures. This is the 
present domain of what is sometime called energy harvesting or energy scavenging approaches.  
 
Standard solutions, namely batteries, cannot always be employed for a number of reasons. 
Although it is true that the research in battery technology is very active and the situation might 
improve in the future, for the foreseeable future we have no viable solution to the demand for 
cheap, reliable, high-density portable power sources. On top of such difficulties there is a problem 
related to the battery finite lifetime: indeed the Internet-of-Things dream of “wireless sensors 
everywhere” is accompanied by the nightmare of battery replacement and disposal. For such 
reasons, a new approach based on the exploitation of energy harvested where and when available 
has attracted considerable attention in recent years.   
 
Indeed, it can be stated that the goal of the Internet of Things can only be realised by making 
substantial progress in both energy-efficiency of ICT systems and the development of energy 
harvesting, enabling ICT devices to be indefinitely sustainable. 
 

4 ICT Energy and the System Stack 
 
The system stack provides a complete view of a whole system. Whilst one might expect cloud high 
performance computers and autonomous sensors to have completely different systems, the 
system stacks are very similar in many areas and provide an opportunity to learn how to improve 
each from the experience of the other. Fig. 1 provides a general overview of the system stacks for 
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both high performance computers and an autonomous sensor. It also suggests that there is an 
opportunity to try to use common solutions at different levels of the system stack to reduce power 
requirements. 
 

 
Figure 1: A schematic diagram of the system stacks for a supercomputer and an autonomous sensor. 

 
Research on energy aspects of ICT typically focusses on one part of the stack; however ICT 
Energy research cannot concern only a single part of the stack in isolation from the rest. For 
instance, hardware energy-saving features are designed with specific use scenarios in mind, while 
energy-efficient application software can only be developed by understanding the effect of 
hardware energy usage at the software level. 
 

5 Methods and Techniques in the Field of ICT Energy Research 

The previous sections have shown that ICT Energy involves many topics in both hardware to 
software, from the fundamentals physics of energy to abstract models of energy consumption 
through the system layers, manifested in devices, architectures, energy harvesters, system 
software, application software and communication infrastructure.  
 
With each aspect of energy consumption, there is research into different dimensions such as 
design, modelling, monitoring, analysing and optimising energy consumption. The following list of 
topics covers many of the techniques and methods applied in ICT Energy research.  Each of these 
methods and techniques is not exclusive to ICT Research, and therefore any group using such 
methods and techniques does not automatically qualify as doing ICT Energy research.  However 
the list is indicative of the importance of certain topics in the field. 
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Algorithms: energy-efficient algorithms for specific applications and architectures. 
Energy modelling: a key topic in ICT energy is the modelling of energy usage at different levels of 
abstraction, with the aim of making energy usage “transparent” throughout the system stack. 
Energy optimisation: the study of transforming system design or implementation to improve 
energy efficiency. 
Static energy analysis and verification: derivation of estimates of energy usage and other 
energy-related properties from formal models of ICT systems. 
Low-voltage design: design of low-energy components enabling low-power operation. 
Architectural design: design of ICT system architecture, including parallel and distributed system, 
in order to reduce energy consumption. 
Energy harvesting: techniques for converting ambient energy into electrical power for ICT 
systems. 
Fundamental modelling: research into understanding the fundamental energetic limits of ICT 
systems via non-equilibrium statistical mechanics. 
Self-tuning: the study of systems that have the ability to sense and adapt their energy usage. 
 

6 Key Application Areas in the Field of ICT Energy 

Energy usage is becoming critical in many application areas. Some ICT Energy research groups 
focus on particular application areas – taking into account the complete ICT system.  Among the 
application areas in the field of ICT Energy, the following are especially relevant. 
 
High performance computing: As power consumption of super-computers is measured in 
Megawatts, even small percentage savings may have a large impact, with knock-on effects in 
reduced cooling. 
Embedded systems: low-power is increasingly a vital design goal in many embedded systems, 
especially those powered by batteries or where cooling is needed. 
Sensor networks: Vital components in the Internet of Things, sensor networks will often rely on 
energy harvesting and thus low-power is critical. 
Mobile: Smartphones, tablets, smart watches, and all kinds of wearable computing devices run on 
batteries.  Consumer pressure for less frequent charging, while maintaining high performance, is a 
major driver for low energy systems. 
Cloud computing: the energy tradeoffs of cloud computing are not yet well understood. However, 
as in high performance computing, large data centres consume massive amounts of energy and 
require further energy for cooling. 
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7 Research groups focussing on ICT Energy 

In this section, we survey groups involved in ICT Energy research. As discussed in the 
introduction, we cover only groups whose main focus is the energy efficiency of ICT, rather than 
the many groups whose research is relevant in some way to ICT Energy.  
 
Groups focussing on ICT Energy can do so from various perpectives, for example studying the 
topic mainly from the perspective of one part of the system stack in Fig. 1.  However, such a 
perspective in ICT Energy research views one part of the system stack in the context of the whole 
ICT system.  Optimal energy efficiency of a system cannot be achieved by focussing exclusively 
on one aspect such as hardware, software or energy harvesting. 
 
In the following pages we summarise: 
 

o Groups associated directly with the ICT-energy consortium 
o Other groups in Europe 
o ICT-energy groups in the United States 
o ICT-energy groups in Asia and the Middle East 

 
Disclaimer:  The survey of groups is certainly not complete and may contain information that 
is inaccurate or out of date.  The project does not have resources to check every group. However 
the purpose is to survey the field rather than provide a directory, giving an overall impression of 
the distribution of research effort, both in the different areas of ICT-Energy and geographically.  In 
this aspect we believe that the survey gives a realistic overview. 

7.1 Overview of the survey 

The activity in the listed groups is summarised in Figure 2 to Figure 5. For each of the areas 
(methods and techniques) mentioned in Section 5, the number of ICT Energy groups active in 
each area is counted. This gives a rough indication of the relative level of activity in each area. 
Some observations as as follows.   
 

¶ The areas of low-power devices and architectures are well represented among the 
research groups in all geographical areas, particularly in the USA and Asia.  

¶ There are many groups active in ICT Energy in the USA, though there is a strong focus on 
focus on research on low-power and architectures compared to other areas. 

¶ There is less activity generally in the areas of energy analysis and verification, harvesting, 
fundamental physics and self-tuning systems. These are more strongly represented in 
Europe than other areas. 

¶ Modelling, energy-efficient algorithms and energy optimisation are also covered in many 
research groups in Europe.  
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Figure 2: ICT Energy activities - ICT-Energy Coordination Action 

 

 
Figure 3: ICT Energy activities in other European research groups (44 groups) 
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Figure 4: ICT Energy activities in USA research groups (52 groups) 

 

 
Figure 5: ICT Energy activities in Asia research groups (17 groups) 

  

0 5 10 15 20 25 30

Algorithms

Modelling

Optimisation

Analysis

Low-power

Architecture

Harvesting

Physics

Self-tuning

ICT Energy groups - USA

ICT Energy groups - USA

0 2 4 6 8 10 12

Algorithms

Modelling

Optimisation

Analysis

Low-power

Architecture

Harvesting

Physics

Self-tuning

ICT Energy groups - Asia

ICT Energy groups - Asia



 
 

ICT-Energy (GA n. 611004) – D3.1    12 

 

7.2 ICT Energy Research Groups associated with the ICT-Energy 

consortium 

7.2.1 NiPS Laboratory, Department of Physics, University of Perugia, Italy  

o http://www.nipslab.org 
o Country: Italy 
o Research Laboratory 
o Field: Physics 

Noise 
Non-equilibrium Statistical Mechanics 

o Methods:  
Energy Harvesting 
Energy modeling 

o Focus of activity:  
Research on zero-power computation. Energy dissipation in physical systems. 
Nonlinear stochastic dynamics. 

o Brief description:  
The laboratory has a long-standing tradition in studying physical systems in the 
presence of noise. Main interests range from stochastic nonlinear dynamics 
modelling to thermal noise measurements. Both theoretical and experimental 
aspects of the research activity are addressed. 

o Prominent researchers: Luca Gammaitoni (Director), Helios Vocca, Francesco Cottone, 
Francesco Orfei, Igor Neri, Miquel Lopez-Suarez, Cristina Diamantini. 

 

7.2.2 School of Engineering, University of Glasgow, UK 

http://www.gla.ac.uk/schools/engineering/ 
http://userweb.eng.gla.ac.uk/douglas.paul/index.html 

 
o Field: Engineering, Devices, Physics 
o Focus of activities: Micro / nanofabrication, Energy harvesting (thermoelectrics and 

thermal photovoltaics), Ultra-low power nanoelectronics, Efficient power electronics (GaN 
on Si) 

o Method:  Energy harvesting 
o Application areas: Embedded systems, Sensor networks, Single device, Medical 
o Prominent Researchers:  Douglas J. Paul, Andrew Knox, Iain Thayne, David C.S. 

Cumming, Jonathan Weaver 

  

7.2.3 Ecole Polytechnique Fédérale de Lausanne (EPFL) 

 
o The PHIDIAS project (http://www.phidiasproject.eu/activities/, @FET_PHIDIAS) aims at 

unlocking the development of ultra-low power bio-sensing WBSNs by tackling the following 
key technological breakthroughs: 

o The development of new signal processing models and methods based on the new 

Compressive Sampling paradigm and optimized for low power computational 

http://realvibrations.nipslab.org/
http://www.gla.ac.uk/schools/engineering/
http://userweb.eng.gla.ac.uk/douglas.paul/index.html
http://www.phidiasproject.eu/activities/
https://twitter.com/fet_phidias
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architectures that will generate the necessary front-end but will necessitate to 

depart from the traditional Shannon sampling methodologies, 

o The efficient hardware implementation of components, both analog and digital, 

building upon the new ultra-low-power signal processing front-end, 

o The joint architecture optimization and integration of those components using novel 

ultra compact heterogeneous 3D architectures, 

o The evaluation of the global power reduction using a system wide integration of 

hardware and software components focused on compressed sensing based bio-

signals analysis, 

 
o Key researchers: Prof. Pierre Vandergheynst, Prof. David Atienza, Hossein Mamaghanian 

 

7.2.4 Roskilde University, Computer Science 

o http://plis.ruc.dk 
o Country: Denmark 
o Academic group 
o Field:  Static analysis of energy usage of software 
o Focus of activity: EU ENTRA project (entraproject.eu) 
o Brief description:  

Use of techniques based on abstract interpretation and model checking to analyse 
and verify energy usage. 

o Methods:  
Energy modelling 
Energy optimization 
Static analysis 

o Application areas:  
Embedded systems 
Generic 

o Key researchers: John Gallagher, Mads Rosendahl, Morten Rhiger 
 

7.2.5 CISS, Center for Embedded Software Systems, Aalborg University, 
Denmark 

o http://www.ciss.dk 
o Country: Denmark 
o Research group 
o Field: Embedded Systems, 

Model-driven development 
Energy- and Resource-aware Modeling 
Model Checking 
Static Analysis 
Sensor Networks 
Highlevel Programming 
Model-based Testing 
HW/SW Codesign 
Optimal Scheduling  

o Focus of activity: 
Energy and Resource modeling 
Timing analysis 
Energy and Performance Analysis 

http://plis.ruc.dk/
http://www.ciss.dk/
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o Brief Description: 
CISS (opened in 2002) is the Centre for Embedded Software Systems, is a Danish 
national ICT competence centre focusing on embedded system and committed to 
collaborative projects between research and industry. The center is located at 
Aalborg University (AAU), internationally leading in the area of model-driven 
development and tools for and their application to industrial embedded systems. 
CISS spans CS and EE research groups with 2 full professors, 15 associate 
professors, and at any given moment 15-20 PhD students. In addition, the center 
conducts a Elite Master education within embedded systems granted by the Danish 
Ministry of Research. 

o Prominent researchers:  
Kim Guldstrand Larsen, Anders P Ravn, Brian Nielsen, Jiri Srba, René R Hansen 

o Methods: 
Algorithms 
Energy modeling 
Energy optimization 
Static analysis 
Fundamental modeling 

o Application areas:  
Embedded systems 
Sensor networks 
Single devices 

 

7.2.6 University of Bristol, Department of Computer Science and 
Department of Electronic Engineering  

o http://www.cs.bris.ac.uk/Research/Micro/eaco.jsp 
o Country: UK 
o Academic group 
o Field:  

Energy Aware COmputing (EACO), ranging from energy efficient algorithms and 
software, via energy efficient compilers to energy efficient hardware design 
Application software 
System software 
Architecture 
Devices 

o Focus of activity:  
Research in Energy Aware COmputing at Bristol spans the entire system stack from 
algorithms and software via compilers and operating systems to hardware design, 
with special focus on:  
Á energy measurement and characterization, 
Á energy modelling and static analysis to enable energy transparency through 

the layers in the system stack (http://entraproject.eu/), 
Á intelligent techniques to enable energy efficient compilation 

(http://mageec.org/), 
Á multi- and many-core system designs for low power computing 

(http://www.cs.bris.ac.uk/Research/Micro/swallow.jsp), 
Á superoptimization for energy efficient code, 
Á benchmarks for embedded systems (https://github.com/mageec/beebs). 
Á Pulse quietening at source. Aims to identify high frequency switching 

features in power circuits, and provide techniques for eliminating them. 

http://www.cs.bris.ac.uk/Research/Micro/eaco.jsp
http://mageec.org/
https://github.com/mageec/beebs
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Á Elastic and Nonstationary power. This project studies techniques to allow 
automatic configuration of FPGA parameters that affect energy 
consumption, for energy control and efficiency. 

o Brief description:  
Research in Energy Aware COmputing at Bristol spans the entire system stack from 
algorithms and software via compilers and operating systems to hardware design. 
The EACO initiative at Bristol brings together researchers and engineers with 
interests in energy-aware computing for discussions to identify intellectual 
challenges that can be addressed in collaborative research projects. 

o Methods: 
Energy modelling 
Energy optimization 
Static analysis 
Architectural design 
Energy harvesting 
Self-Tuning 

o Application areas: 
Supercomputers 
Embedded systems 
Single device 
Mobile 

o Prominent researchers: Kerstin Eder, David May, Simon Hollis, Jose Nunez-Yanez,  
Simon McIntosh-Smith, Steve Kerrison, Kyriakos Georgiou, Jeremy Morse, James 
Pallister 

 

7.2.7 Barcelona Supercomputing Center  

o http://www.bsc.es/about-bsc 
o Country: Spain 
o Academic group, Research institute 
o Field: Application software 

System software 
Architecture 
Devices 

o Focus of activity:  
Computer Sciences 
Life Sciences 
Earth Sciences 
Computational Applications in Science and Engineering. 

o Brief description:  
BSC-CNS (Barcelona Supercomputing Center – Centro Nacional de 
Supercomputación) is the National Supercomputing Facility in Spain and was 
officially constituted in April 2005. BSC-CNS manages MareNostrum, one of the 
most powerful supercomputers in Europe, located at the Torre Girona chapel. The 
mission of BSC-CNS is to investigate, develop and manage information technology 
in order to facilitate scientific progress. With this aim, special dedication has been 
taken to areas such as Computer Sciences, Life Sciences, Earth Sciences and 
Computational Applications in Science and Engineering. 

o Methods: 
Algorithms 
Energy modelling 
Energy optimization 
Self-Tuning, 

http://www.bsc.es/about-bsc
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Power modeling,  
Power estimation,  
Low power system-level architectures 

o Application areas: 
Supercomputers 
Embedded systems 
Cloud 
Medical 

o Prominent researchers: Mateo Vallero, Adrian Cristal, Osman Unsal, Santhosh Kumar 
Rethinagiri 

 

7.2.8 Engineering Mathematics and Computing Lab (EMCL), 
Interdisciplinary Center for Scientific Computing (IWR), Heidelberg 
University 

o http://emcl.iwr.uni-heidelberg.de 
o http://exa2green-project.eu/ 
o Countries: Germany, International 
o Academic group 
o Field:  Application software 
o Focus of activity:  

To improve the energy consumption for linear system solvers, we aim for hardware-
aware implementations that manage the number of active nodes with respect to the 
size of the linear equation system. Especially in multi-grid methods, the sequence of 
decreasing problem sizes allows to decrease the number of active nodes until the 
lowest grid level is reached. Once the system is solved on the lowest grid level, the 
number of active nodes is increased again, simultaneously to the prolongation of the 
solution approximation. The energy improvement then stems from the fact, that for 
each multi-grid level, the optimal hardware configuration is chosen. For the linear 
system solvers themselves, we will develop routines and solver libraries that are 
dedicated to reduce the energy consumption of the solving process. This can often 
be achieved by leveraging the power-saving techniques provided by the hardware. 
While especially GPU-accelerated systems demand for adapted algorithms, 
introducing asynchronism usually improves the performance as well as the energy 
consumption 

o Brief description:  
Coordinator of EU FET Proactive MINECC collaborative project "Exa2Green" 
Project no. 318793 
Full project title: "Exa2Green: Energy-Aware Sustainable Computing on Future 
Technology - Paving the Road to Exascale Computing" 

o Methods: 
Algorithms 

o Application areas: 
Supercomputers 
Generic 

o Key researchers: Prof. Dr. Vincent Heuveline, Martin Wlotzka 
 

7.2.9 ICT for Energy Efficiency Group, Tyndall National Institute 

o https://www.tyndall.ie/content/energy 

o ICT for Energy Efficiency Group, Tyndall National Institute 

http://emcl.iwr.uni-heidelberg.de/
http://exa2green-project.eu/
https://www.tyndall.ie/content/energy
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Lee Maltings, Dyke Parade 

o Country: Ireland 

o Academic group 

o Field:  ICT for energy efficiency 

Green Energy  

WSN Embedded System 

o Focus of activity:  

Energy Harvesting 

WSN 

Conditional monitoring 

Factories of the future (efficiency) 
Microgrids (loads, generation, storage) 
3D packaging 
PSOC (power supply on chip) 

PSiP (power supply in package) 

o Brief description:  
Developing hardware and firmware and related models to improve energy efficiency 
in buildings (commerical and factories) and microgrids though the ue of ICT. Many 
platforms are WSN based to enable retrofit. Also develping miniaurised power 
electroncis solutions such as magnetics on silicon and power supply in package and 
on chip.  
Integrate commercial and Tyndall developed platforms into smart systems. 
Develop energy harvesting modelling tools to determine feasible for applications. 
Enable optimisation of energy usage through supporting energy demand 
management platforms. 
Innovative applications driven energy harvesting circuits and models. 
Irish government funded research group. 

o Methods:  

Energy modelling 

Energy optimization 

Energy Harvesting 

o Application areas:  

Embedded systems 

Sensor networks 

Conditional monitoring 

o Prominent researcher: Mike Hayes, Senior Program Manager ICT4E 
 
 

7.2.10 Hitachi Cambridge Laboratory (HCL) 

o http://www.hitachi.eu/erd/research/nanoelectronics/ 
o Country: UK 
o Industry group 
o Field:  Engineering,  

Devices,  
Physics 

o Focus of activities:  
Micro / nanofabrication 

http://www.hitachi.eu/erd/research/nanoelectronics/
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Device architecture 
Ultra-low power nanoelectronics 

o Method:  Device-level architecture 
o Application areas:  Microprocessors 

Embedded systems,  
Sensor networks,  
Single device 

o Prominent Researchers:  David Williams (Director) 
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7.3 Other ICT Energy Research Groups in Europe 

 

7.3.1 ARM Research 

 
o Field: Architecture, System software 
o Industry 
o Methods: energy modelling, energy optimisation, ISA and architecture design 
o Leading researchers. Stephan Diestelhorst, Matt Horsnell 

 
 

7.3.2 IMEC-NL 

o http://www.imec-nl.nl/ 
o Industry, Academic group, Network activity 
o Field: Nanoelectronics 

ICT 
Healthcare and energy 
Devices 

o Methods: 
Energy optimization 
Low-Voltage design 
Fundamental modelling 

o Application areas: Single device 
o Prominent researchers: Thobias Gemmeke, Firat Yazicioglu 

 

7.3.3 IMDEA Software Institute 

o http://www.software.imdea.org/ 
o Country: Spain 
o Academic group 
o Field:  Static resource analysis 

Application software 
o Focus of activity: CiaoPP program analysis system 
o Brief description:  

CiaoPP is an analysis tool for constraint logic programs, and has been applied to 
analysis of other languages such as Java and Java bytecode.. 

o Methods:  
Energy optimizations 
Static analysis 
Verification of energy budgets 

o Application areas: Generic 
o Prominent researchers: Manuel Hermenegildo, Pedro López García 

 

7.3.4 Complutense University of Madrid, Facultad de Informática 

o  http://costa.ls.fi.upm.es/web/ 
o Country: Spain 

http://www.imec-nl.nl/
http://www.software.imdea.org/
http://costa.ls.fi.upm.es/web/
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o Academic group 
o Field:  Resource analysis of software 

Application software 
o Focus of activity: Program resource analysis and verification 
o Methods:  

Energy optimization 
Static analysis 

o Application areas: Generic 
o Prominent researchers: Elvira Albert, Samir Genaim,  

Puri Arenas, Damiano Zanardini 

7.3.5 Department for Computer Architecture and Automation, University 
Complutense Madrid 

o http://www.ucm.es/dacya 
o Country: Spain 
o Academic group 
o Field: Measurement devices and tools 

System software 
Architecture 
Devices 

o Focus of activity:  
Power measurement environment for PCIe accelerators,  
application to the Intel Xeon Phi 

o Methods: 
Algorithms 
Energy modelling 

o Application areas:  
Supercomputers 
Single device 
Heterogeneous systems 
Accelerators 

o Prominent researchers: Francisco D. Igual 

 

7.3.6 University of Neuchatel  

o Key researchers: Pascal Felber 
o Description of activities, methods, application areas: Power metering in Virtual Machines 

 

7.3.7 Université de Bretagne Sud, member of the Lab-STICC laboratory 

o Key researchers: Eric Senn 
o Description of activities, methods, application areas: Power modeling, Power estimation, 

Low power system-level architectures 

 

7.3.8 Université des Sciences et Technologies de Lille (USTL), France, 
Team-Project DaRT - LIFL Laboratory  

o Key researchers: Jean-luc Dekeyser, PR (CE1) 
o Description of activities, methods, application areas: Low power architectures 

 

http://www.ucm.es/dacya
http://www.univ-lille1.fr/
http://www.inria.fr/recherche/equipes_ur/dart.en.html
http://www.lifl.fr/
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7.3.9 University of Nice-Sophia Antipolis 

o Key researchers: Cécile Belleudy, Sébastien Bilavarn 
o Description of activities, methods, application areas: OS power optimization 

 

7.3.10 Micrel Lab @ DEIS - Dipartimento di Elettronica, Informatica e 
Sistemistica - Facoltà di Ingegneria - Università di Bologna 
 

o Key researchers: Prof. Luca Benini 
o Description of activities, methods, application areas: design of systems for ambient 

intelligence, from multi-processor systems-on-chip/networks on chip to energy-efficient 
smart sensors and sensor networks 

 

7.3.11 University of Trento  

o Key researchers: Davide Brunelli 
o Description of activities, methods, application areas: Development of new techniques of 

Energy Scavenging for embedded electronic systems 
 

7.3.12 Embedded Systems CES, Karlsruhe Institute of Technology (KIT), 
Germany 

o Key researchers: Prof. Dr. Jörg Henkel  
o Description of activities, methods, application areas: Low power embedded systems 

 
 

7.3.13 EDA (Electronic Design Automation) Group is at the Department 
of Control and Computer Engineering of Politecnico di Torino  

o Key researchers: Enrico Macii 
o Description of activities, methods, application areas: design and development of automated 

techniques for complex systems 

 
 

7.3.14 Computer Architecture and VLSI systems Lab (CARV), Institute of 
Computer Science (ICS) Foundation for Research and Technology -- 
Hellas (FORTH) 

o Key researchers: Dionisios N. Pnevmatikatos 
o Description of activities, methods, application areas: Design and Implementation of High-

Performance and Cost-Effective Systems, Reconfigurable Computing, Application 
Acceleration, Reliable System Design, Custom and Application-Specific Architectures, 
Hardware Acceleration of Bioinformatics Algorithms 

 
 

7.3.15 Electrical and Computer Engineering Department (DEEC) of 
Instituto Superior Técnico (IST), Universidade de Lisboa, in Portugal 

o Key researchers: Leonel Sousa 

http://www.researchgate.net/profile/Cecile_Belleudy
http://www.researchgate.net/profile/Sebastien_Bilavarn
http://disi.unitn.it/~brunelli/index.html
http://www.ics.forth.gr/carv
http://www.forth.gr/
http://www.forth.gr/
http://sips.inesc-id.pt/las/
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o Description of activities, methods, application areas: high performance and parallel 
computing, micro-architectures for general purpose and specialized processors, and 
multimedia systems 

 

7.3.16 Embedded System Architectures, Eindhoven University of 
Technology, Faculty of Electrical Engineering   

o Key researchers: Henk Corporaal 
o Description of activities, methods, application areas:  Network-on-Chip targeted towards 

FPGAs 

 

7.3.17 Computer Engineering division, Department of Computer Science 
and Engineering  

o Key researchers: Georgi Gaydadjiev, and Maxeler Technologies Ltd in London, UK 
o Description of activities, methods, application areas: computer systems design, advanced 

computer architecture and micro-architecture, reconfigurable computing, hardware/software 
co-design, Embedded Systems, VLSI design, and computer systems testing.  

 

7.3.18 Dept. Ingegneria dell'Informazione, Università di Siena, ITALY 

o Key researchers: Roberto Giorgi 
o Description of activities, methods, application areas: Computer Architecture themes such 

as Embedded Systems, Multiprocessors, Memory System Performance, Workload 
Characterization. 

 

7.3.19 EPCC Edinburgh Parallel Computing Centre, Edinburgh 

o https://www.epcc.ed.ac.uk/ 
o Country: UK 
o Academic group 
o Field: Application software 

System software 
o Focus of activity: Performance characterization and benchmarking 
o Methods:  

Algorithms 
Performance characterization and benchmarking 

o Application areas: Supercomputers 

 

7.3.20 School of Computer Science, University of St Andrews  

o http://www.cs.st-andrews.ac.uk/ 
http://www.cs.st-andrews.ac.uk/~kh 
http://www.paraphrase-ict.eu 

o Country: UK 
o Project 
o Field: Computer science  

Compilation 
Programming Language Design 
Parallel Programming 

https://www.epcc.ed.ac.uk/
http://www.cs.st-andrews.ac.uk/
http://www.cs.st-andrews.ac.uk/~kh
http://www.paraphrase-ict.eu/
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Application software 
o Focus of activity:  

Parallelism, multicore, manycore, resource usage modelling, worst-case execution 
time, parallel patterns, energy analysis 

o Brief description:  
Code level analysis for real-time and energy efficient programming, with a focus on 
multicore/manycore parallelism. 
The EU ParaPhrase project involves 13 partners in 8 countries focusing on new 
pattern-based programming models for heterogeneous parallel systems 

o Methods: Algorithms 
o Application areas: Supercomputers 
o Prominent researchers: Kevin Hammond, Chris Brown, Vladimir Janjic,  

  John Thomson, Susmit Sarkar, Edwin Brady, Adam Barwell, David Castro,  
Joe Nash, Chris Schwaab 

 

7.3.21 VERIMAG  

o http://www-verimag.imag.fr/ 
o Country: France 
o Academic group 
o Field:  Application software 

Theoretical and technical means for developing embedded systems 
o Focus of activity:  

Embedded systems specification and verification. 
o Brief description:  

VERIMAG is a leading research center in embedded systems, which are at the 
heart of a wide area of applications, including avionics/aeronautics, space, 
transport, automotive, telecommunications, smart cards, consumer electronics. The 
center has a balance between fundamental, experimental and applied research. 

o Methods:  
Static analysis 
Verification 
Modelling 

o Application areas:  
Embedded systems real time applications 
Generic applications 

o Prominent researchers: Nicolas Halbwachs, Joseph Sifakis, David Monniaux, Oded Maler 

 
 

7.3.22 WISEPOWER srl  

o http://www.wisepower.it 
o Country: IT 
o Industry, SME 
o Field:  Energy harvesting 

Autonomous sensors 
o Focus of activity:  

Development of battery free devices 
o Brief description:  

Battery free wireless sensors.  
Mechanical vibration harvesting with nonlinear proprietary technology. 

o Methods:  

http://www-verimag.imag.fr/
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Piezoelectric energy conversion 
Electrostatic and inductive vibration conversion 
Nonlinear dynamics 

o Application areas:  
Automotive embedded sensors 
Human and object monitoring 
Brindge and structure monitoring 

o Prominent researchers: Valentina Bacchettini (CEO), Filippo Ambroglini 

 

7.3.23 Atrenta  

o http://www.atrenta.com/products/spyglass-power.htm5  
o Country: International 
o Industry 
o Field: System software 

Architecture 
o Focus of activity:  
o Brief description:  

Atrenta's Spyglass Power Platform allows the designer to reduce SoC power at the 
RT level. Spyglass detects fine-grain power saving opportunities to reduce register 
and memory power consumption and automatically modifies the original RTL to 
include the newly identified power saving opportunities. In addition, the tool detects 
potential coarse grain power optimization in the SoC and guide the designer to 
explore power consumption of their SoC Spyglass employs formal verification 
techniques to explore the design space for power saving opportunities and prove 
that the proposed opportunities don't modify the design functionality.  

o Prominent researchers: Fahim Rahim 

7.3.24 Bull 

o Industry 
o International 
o Field: Application software 

System software 
o Focus of activity: High Definition Energy Efficiency Monitoring 
o Brief description: Hardware vendor for compute clusters and data centers 
o Methods: 

Energy modelling 
Monitoring 

7.3.25 Technical University of Dresden, Dresden 

o http://tu-dresden.de/die_tu_dresden/zentrale_einrichtungen/zih 
o Country: Germany 
o Academic group 
o Field: Application software 

System software 
o Focus of activity:  

Performance and energy efficiency analysis for innovative computer architectures: 
- Low-level performance analysis of processor microarcitectures and memory 
subsystems 
- Energy-efficiency measurements and optimization on HPC systems 
- Performance tuning for hardware accelerators 

o Low-power runtime 

http://www.atrenta.com/products/spyglass-power.htm5
http://tu-dresden.de/die_tu_dresden/zentrale_einrichtungen/zih
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o Methods: 

Algorithms 
Energy modelling 
Energy optimization 
Monitoring 

o Application areas: Supercomputers 

o Key researchers: Prof. Dr. Wolfgang Nagel, Christof Fetzer 
 

7.3.26 Distributed and Parallel Systems Group at University of Innsbruck 

o http://www.dps.uibk.ac.at/en/index.html 
o Country: Austria 
o Academic group 
o Field: Application software 

System software 
Devices  

o Methods:  
Algorithms 
Energy modelling 
Scheduling 
Resource management 

o Application areas:  
Super computers 
Single device 
Distributed, parallel systems 
 
 

7.3.27 Division Networks and Systems, Department for Computer 
Science and Engineering, Chalmers University of Technology 

o http://www.chalmers.se/en/departments/cse/organisation/ns/Pages/default.aspx 
o Country: Sweden 
o Academic group 
o Field: System software 
o Focus of activity:  

Performance and Power Consumption Evaluation of Concurrent Queue 
Implementations in Embedded Systems 

o Methods: Algorithms 
o Application areas: Embedded systems 

 

7.3.28 Embecosm 

o http://www.embecosm.com/ 
o Country: UK 
o Industry 
o Field: Compiler design and hardware modelling 

System software 
o Focus of activity: Compilation of embedded software for low energy 
o Brief description:  

http://www.dps.uibk.ac.at/en/index.html
http://www.chalmers.se/en/departments/cse/organisation/ns/Pages/default.aspx
http://www.embecosm.com/
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Embecosm are collaborating with the University of Bristol on several projects 
investigating how embedded software (for microcontrollers) can be compiled to 
optimise for energy consumption. 

o Methods: 
Energy modelling 
Energy optimization 
Static analysis 

o Application areas: Embedded systems 
o Key researchers: Jeremy Bennett, James Pallister 

 

7.3.29 University of Ghent, The Systems Software Lab  

o http://syslab.elis.ugent.be/ 
o Country: Belgium 
o Academic group 
o Field: System software 

Code optimization including energy optimization 
o Focus of activity: Systems software, computer architecture, binary code 
o Brief description:  

The Software Systems Lab is part of the Computing Systems Lab (CSL) at the 
University of Ghent 

o Methods: 
Compilation techniques and design space exploration, code analysis and 
transformation 

o Application areas: 
System software 

o Prominent researchers: Koen De Bosschere, Bjorn De Sutter, Jan Van Campenhout, Erik 
D’Hollander 

 

7.3.30 IBM Research – Zürich,  

o http://www.research.ibm.com/labs/zurich/ 
o http://exa2green-project.eu/ 
o Countries: International (based in Switzerland) 
o Industry 
o Field:  Application software  

System software 
Architecture 
Setup for innovative energy efficient algorithmic kernels 

o Focus of activity:  
- Investigation of power consumption of elementary kernels on modern HPC 
architectures (Berkeley dwarfs approach) 
- Development of new energy-aware performance metrics 
- Development of auto-tuned energy-aware kernels 
- Nanoscale Electronics 
- ultra low power nanowires for switching, PV and thermoelectric applications 

o Methods: 
Algorithms 
Energy modelling 
Energy optimization 
Architectural design 
Fundamental modelling 

http://syslab.elis.ugent.be/
http://www.research.ibm.com/labs/zurich/
http://exa2green-project.eu/
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Self-tuning 
o Application areas: 

Supercomputers 
Embedded systems 
Mobile 
Cloud 
Generic 

o Prominent researchers: Costas Bekas, Alessandro Curioni, Cristiano Malossi, Heike Riel 

 

7.3.31 DIKU, Copenhagen University 

o http://www.diku.dk/english/ 
o Country: Denmark 
o Academic group 
o Field:  Reversible computing 

Architecture 
Devices 
Physics 

o Focus of activity:  
Methods of reducing loss or dissipation of information and thereby energy 
consumption 

o Brief description:  
See article in http://ercim-news.ercim.eu/en79/special/micropower-towards-low-
power-microprocessors-with-reversible-computing 

o Methods:  
Energy modelling 
Energy optimization 
Reversible computing 

o Application areas:  
Generic 

o Prominent researchers: Robert Glück 

 

7.3.32 Integrated Systems Laboratory, ETH-Zurich 

o URL: http://www.iis.ee.ethz.ch/index.en.html 
o Country: Switzerland 
o Academic group 
o Field:  Microelectronics 

Optoelectronics 
Nanotechnologies 
System software 
Architecture 

o Methods: 
Energy modelling 
Low-Voltage design 
Architectural design 
Self-Tuning 

o Application areas: Embedded systems 
o Prominent researchers: Luca Benini, Andrea Bartolini 

 

http://www.diku.dk/english/
http://ercim-news.ercim.eu/en79/special/micropower-towards-low-power-microprocessors-with-reversible-computing
http://ercim-news.ercim.eu/en79/special/micropower-towards-low-power-microprocessors-with-reversible-computing
http://www.iis.ee.ethz.ch/index.en.html
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7.3.33 Intel Exascale Center Belgium  

o Key researchers: Ibrahim Hur 
o Description of activities, methods, application areas: Low power DRAM and threading 

 
 

7.3.34 LESS: Low energy sustainable systems  

o http://less.ecs.soton.ac.uk 
o Pervasive systems center, University of Southampton, UK 
o Academic group 
o Field: Low power systems design+management 

System software 
Architecture 

o Focus of activity: Next Generation Energy-Harvesting Electronics: Holistic Approach, 
VIBES, and TRIADE, energy management, and low-power design 

o Methods: 
Low-Voltage design 
Energy harvesting 

o Application areas: 
Embedded systems 
Sensor networks 

o Prominent researchers: Steve Beeby, Bashir M Al-Hashimi, Mark Zwolinski 

 

7.3.35 XMOS Ltd.  

o http://www.xmos.com/ 
o Country: UK 
o Industry 
o Field:  Configurable multicire microcontrollers 

Low power embedded software 
Architecture 
Devices 

o Focus of activity:  
xCORE architecture. 
Modelling energy consumption of microcontrollers as part of the ENTRA project. 

o Brief description:  
A configurable microcontroller.  
Meets precise timing requirements.  
A multicore microcontroller that allows integration of multiple functions. 

o Methods:  
Algorithms 
Energy modelling 
Energy optimization 
Static analysis 
Low-Voltage design 

o Application areas:  
Embedded systems 

o Prominent researchers: Henk Muller, David May 

 

http://less.ecs.soton.ac.uk/
http://www.xmos.com/
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7.3.36 Centre Suisse d'Electronique et de Microtechnique (CSEM) 

o http://www.csem.ch/ 
o Country: Switzerland 
o Industry, Academic group 
o Field: Architecture 

Devices 
o Focus of activity: Microelectronics 
o Methods: 

Energy modelling 
Energy optimization 
Low-Voltage design 
Architectural design 

o Application areas: 
Embedded systems 
Sensor networks 
Mobile 

 
 

7.3.37 EPFL Nanolab - EPFL, Lausanne, Switzerland 

 
o Steep subthreshold slope transistors for low energy switching  
o Prominent researcher: Adrian Ionescu  

 

7.3.38 Lund Nano Lab - Lund University, Sweden 

 
o Nanowires, steep subthreshold slope transistors for low energy switching, thermoelectric 

nanowires, PV nanowires 
o Prominent researcher:  Heiner Linke  

 

7.3.39 Forschungszentrum Jülich 

 
o Steep subthreshold slope transistors 
o Prominent researcher: Siegfried Mantel 

 

7.3.40 Leuphana University Lueneburg, Lueneburg, Germany 

 
o Green software engineering, energy-aware software engineering, sustainable software 
o Prominent researcher: Eva Kern 

 

7.3.41 University of Catania, Italy 

 
o Vibration energy harvesting with nonlinear oscillators. 
o Prominent researcher: Salvatore Baglio 
o Application areas: 

Embedded systems 

http://www.csem.ch/


 
 

ICT-Energy (GA n. 611004) – D3.1    30 

Sensor networks 
Mobile 

 

7.3.42 University of Brescia, Italy 

 
o Vibration energy harvesting with nonlinear oscillators. 
o Prominent researcher: Vittorio Ferrari 
o Application areas: 

Embedded systems 
Sensor networks 
Mobile 

 

7.3.43 GHOST group at the University of Perugia, Italy 

 
o Nanomagnetic switches for novel computer architecture. 
o Prominent researcher: Giovanni Carlotti, Gianluca Gubbiotti, Marco Madami. 
o Application areas: 

Zero-power computing 
Memory devices 

 

7.3.44 Laboratoire de Physique de l'ENS de Lyon, France 

 
o Nanomechanical systems. Non equilibrium statistical mechanics. 
o Prominent researcher: Sergio Ciliberto 
o Application areas: 

Zero-power computing 
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7.4 ICT Energy Research Groups in the United States  

 

7.4.1 Google, Information Technology and Services 

o Key researchers: Norm Jouppi 
o Description of activities, methods, application areas:  

 
o CACTI tool for architectural power analysis 

 

7.4.2 Harvard, School of Engineering and Applied Sciences 

o Key researchers: David Brooks  
o Description of activities, methods, application areas:  

 
o Wattch power simulator  

 

7.4.3 Intel Collaborative Research Center for Computational Intelligence at 
Intel Corporation  

o Key researchers: Ronny Ronen, Ed Grochowski 
o Description of activities, methods, application areas: Low-power architecture 

 

7.4.4 School of Electrical and Computer Engineering, College of 
Engineering, Cornell University 

o Key researchers: Christopher Batten, David Albonesi 
o Description of activities, methods, application areas: Low-power architecture 

 
 

7.4.5 Electrical and Computer Engineering Department at the University of 
Illinois at Urbana Champaign 

o Key researchers: Rakesh Kumar 
o Description of activities, methods, application areas:Low-power fault tolerant architecture 

 
 

7.4.6 Computer Science Division, EECS Department, University of 
California, Berkeley 

 
o ASPIRE: Algorithms and Specializers for Provably-optimal Implementations with Resiliency 

and Efficiency. University of California Berkeley 
o Field: System software 

Architecture 
o Brief description:  

https://www.linkedin.com/vsearch/p?f_I=96&trk=prof-0-ovw-industry
http://www.ece.cornell.edu/
http://www.engineering.cornell.edu/
http://www.engineering.cornell.edu/
http://www.cornell.edu/
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A 5-year research project that recognizes the shift from transistor-scaling-driven 
performance improvements to a new post-scaling world where whole-stack co-
design is the key to improved efficiency. Building on the success of the soon to be 
completed Par Lab project, it uses deep hardware and software co-tuning to achieve 
the highest possible performance and energy efficiency for future mobile and rack 
computing systems. 

o Methods: 
Algorithms 
Specialization 
Hardware-Software co-tuning 

o Application areas: 
Embedded systems 

o Prominent researchers: Krste Asanovic 

 
 

7.4.7 Carnegie Mellon University Electrical and Computer Engineering 
Department  

o Key researchers: Onur Mutlu 
o Description of activities, methods, application areas: Low-power architecture 

 
 

7.4.8 Electrical and Computer Engineering, Purdue University, School of 
Electrical and Computer Engineering 

o Key researchers: Vijay Raghunathan 
o Description of activities, methods, application areas: Hardware and software architectures 

for embedded computing systems, system-on-chip design, and wireless sensor networks 
with an emphasis on low-power design, reliable system design, and environmental energy 
harvesting. 

 

7.4.9  VLSI Architecture, Synthesis, and Technology (VAST) Laboratory, 
University of California, Los Angeles  

o Key researchers: Jason Cong 
o Description of activities, methods, application areas: electronic design automation, energy-

efficient computing, and highly scalable algorithms 

 

7.4.10 University of Illinois 

o http://cs.illinois.edu/research 
http://cs.illinois.edu/news/torrellas-receives-funding-phase-2-darpa-perfect-project 

o Country: USA 
o Academic group. Parameter Variation at Near Threshold Voltage: The Power Efficiency 

verses Resilience Tradeoff 
o Field: Devices 
o Prominent researchers: Josep Torrellas 

 

http://www.cmu.edu/
http://www.ece.cmu.edu/
http://www.ece.cmu.edu/
http://vast.cs.ucla.edu/
http://cs.illinois.edu/research
http://cs.illinois.edu/news/torrellas-receives-funding-phase-2-darpa-perfect-project
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7.4.11 Electrical and Computer Engineering University of Illinois at Urbana-
Champaign Systems on Nanoscale Information fabriCs (SONIC) 

o Key researchers: Naresh R. Shanbhag 
o Description of activities, methods, application areas: design of robust and energy-efficient 

information processing systems in nanoscale process technologies with applications 
involving machine learning, communications, signal processing. 

 

7.4.12 Microarchitecture Research department at Intel in Hudson, 
Massachusetts and Computer Science and Electrical Engineering 
department at MIT.  

o Key researchers: Joel Emer 
o Description of activities, methods, application areas: Low power processor 

microarchitecture for a variety of VAX and Alpha processors and developing performance 
modeling and evaluation techniques 

 

7.4.13 Electrical and Computer Engineering, University of Pittsburgh 

o Key researchers: Prof. Yiran Chen 
o Description of activities, methods, application areas:  VLSI design/CAD for nano-scale 

Silicon and non-Silicon technologies, low-power circuit design and computer architecture, 
emerging memory technologies and nano-scale reconfigurable computing system and 
sensor system.  

 

7.4.14 Department of Electrical and Computer Engineering University of 
Illinois, Urbana-Champaign 

o Key researchers: Deming Chen 
o Description of activities, methods, application areas: Circuits - Computer aided design of 

integrated circuits 
 

7.4.15 Electrical Engineering, Pennsylvania State University 

o Key researchers: Sumeet Kumar Gupta 
o Description of activities, methods, application areas:  Exploration of novel devices and 

circuits for low power high performance variation-aware VLSI design in Si and non-Si 
technologies, with an emphasis on co-design between different levels of abstraction 

 

7.4.16 VLSI Systems and Digital Design at Georgia Tech  

o Key researchers: Abhijit Chatterjee, David Bader 
o Description of activities, methods, application areas: VLSI and mixed-signal testing, Fault 

tolerant computing, Low power circuit design, Computer algorithms, Digital automation, 
System software 

o GRATEFUL: Graph Analysis Tackling power-Efficiency, Uncertainty, Locality (was 
AMPERES: Algorithms Made for Power-Efficiency, Resiliency, and Easy Scalability)  

 

http://www.ece.illinois.edu/
http://www.illinois.edu/
http://www.illinois.edu/
http://www.sonic-center.org/
http://www.ece.uiuc.edu/
http://www.uiuc.edu/
http://www.uiuc.edu/
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7.4.17 School of Electrical and Computer Engineering, College of 
Engineering, Georgia Institute of Technology 

o Key researchers: Saibal Mukhopadhyay 
o Description of activities, methods, application areas: Energy-efficiency and reliability 

challenges of digital and mixed-signal systems. 

 

7.4.18 Department of Electrical and Computer Engineering, Computer Science 
Department, The University of Texas at Austin 

o Key researchers: David Z. Pan, PhD 
o Description of activities, methods, application areas: cross-layer nanometer IC design for 

manufacturability/reliability, new frontiers of physical design, and CAD for emerging 
technologies such as 3D-IC, bio, and Nano photonics. 

 

7.4.19 Electrical Engineering, School of Engineering and Applied 
Science at Columbia University 

o Key researchers: Mingoo Seok, Luca Carloni  
o Description of activities, methods, application areas: Energy-efficient and high performance 

VLSI circuit and system design, cyber physical systems, ubiquitous sensing and computing, 
and system on chip design, architecture, embedded systems. 

o http://www.cs.columbia.edu 
 

 

7.4.20 Electrical and computer engineering, Engineering Center, 
University of Colorado at Boulder 

o Key researchers: Li Shang 
o Description of activities, methods, application areas: High-performance Computer 

architecture, Mobile Computing, Design for Nanotechnologies, Power/thermal analysis and 
optimization, embedded system design and synthesis, Computer-aided design 

 

7.4.21 ASIC & VLSI Research group in NVIDIA 

o Key researchers: Rangharajan Venkatesan, 
o Description of activities, methods, application areas: Variation-tolerant design 

methodologies, low power circuits and logic for SoCs, spintronic memories, neural 
networks, and approximate computing 

 

7.4.22 School of Computing, Informatics and Decision Engineering 
Systems, Arizona State University 

o Key researchers: Sarma Vrudhula 
o Description of activities, methods, application areas: Low Power And Energy Efficient 

Circuits And Systems 
 

http://www.ece.gatech.edu/
http://www.coe.gatech.edu/
http://www.coe.gatech.edu/
http://www.gatech.edu/
http://www.ece.utexas.edu/
http://www.cs.utexas.edu/
http://www.cs.utexas.edu/
http://www.utexas.edu/
http://engineering.asu.edu/cidse
http://engineering.asu.edu/cidse
http://www.asu.edu/
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7.4.23  Electrical Engineering and Computer Science Department, the 
University of Michigan, Ann Arbor 

o Key researchers: David D. Wentzloff 
o Description of activities, methods, application areas: RF integrated circuits, with an 

emphasis on ultra-low power design 
 

7.4.24 Department of Electrical and Computer Engineering, Polytechnic 
Institute of New York University 

o Key researchers: Ramesh Karri 
o Description of activities, methods, application areas: Trusted hardware design, Side-

channel attacks and side-channel resistant architectures Interaction between security and 
reliability, Fault tolerance, Nanoscale architectures  

 

7.4.25 Arizona State University's Electrical Engineering Department  

o Key researchers: Sule Ozev 
o Description of activities, methods, application areas: Self-test and Self-calibration for 

wireless transceivers, analysis and mitigation of process variations for mixed-signal and 
digital circuits, fault-tolerant and reconfigurable heterogeneous systems, mixed-signal 
circuit testing. 

 

7.4.26 System-Level Design Group. Department of Computer Science Columbia 
University in the City of New York 

o Key researchers: Luca Carloni 
o Description of activities, methods, application areas: methodologies and tools for multi-core 

system-on-chip platforms with emphasis on system-level design and communication 
synthesis, design and optimization of networks-on-chip, embedded software and distributed 
embedded systems 

 

7.4.27 Nanocomputing research laboratory in the Department of 
Electrical Engineering and Computer Science (EECS) at Case 
Western Reserve University 

o Key researchers: Dr. Swarup Bhunia, T. and A. Schroeder  
o Description of activities, methods, application areas:  low power and robust design, 

hardware security and trust, adaptive nanocomputing and novel test methodologies 
 

7.4.28 Department of Electrical & Computer Engineering,  University of 
Massachusetts 

o Key researchers: Sandip Kundu 
o Description of activities, methods, application areas:  VLSI Circuit Design, VLSI 

Testing, CAD algorithms, Microarchitecture and Information and Coding Theory 

 

http://sld.cs.columbia.edu/
http://www.cs.columbia.edu/
http://www.columbia.edu/
http://www.columbia.edu/
http://engineering.case.edu/eecs/
http://engineering.case.edu/eecs/
http://www.case.edu/
http://www.case.edu/
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7.4.29 University of Michigan 
 

o Key researchers: Todd Austin 
o Description of activities, methods, application areas: computer architecture, robust and 

secure system design, hardware and software verification, and performance analysis tools 
and techniques 

 

7.4.30 Power efficient microarchitectures. Thomas J. Watson Research 
Center, Yorktown Heights, NY USA 

 
o Key researchers: Hans Jacobson 
o Description of activities, methods, application areas:  power modeling, design, and 

verification of several IBM microprocessors and test chips 
 

7.4.31 IBM T. J. Watson Research Center, Software Defined 
Infrastructure 

o Key researchers: Hubertus Franke 
o Description of activities, methods, application areas: MPI and task scheduler of the IBM 

SP1/2 scalable cluster, K42 scalable operating system, Linux operating system with focus 
on cluster and enterprise services, Memory management in virtualized environments, Multi-
core architectures, Network applications, Cloud Computing 

 

7.4.32 IBM T.J. Watson Research Center: Efficient Resilience in 
Embedded Computing  

o http://www.research.ibm.com/labs/watson/ 
http://researcher.ibm.com/researcher/view.php?person=us-pbose 

o Country: USA 
o Industry 
o Field: Architecture 
o Focus of activity: Efficient Resilience in Embedded Computing 
o Application areas: 

Embedded systems 
o Prominent researchers: Pradip Bose 

 
 

7.4.33 Department of Electrical and Computer Engineering, The George 
Washington University  

o Key researchers: Guru Prasadh Venkataramani 
o Description of activities, methods, application areas: Performance, power, application 

debugging and security. 

 

7.4.34 Computer architecture lab, which is part of the future 
technologies group (FTG), Lawrence Berkeley National Laboratory 

o Key researchers: George Michelogiannakis 

http://www.umich.edu/
http://www.umich.edu/
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o Description of activities, methods, application areas:  power efficiency architectures and 
software/hardware co-design. 

 

7.4.35 Department of Electrical Engineering and Computer Science, 
Computer Science and Artificial Intelligence Laboratory, 
Massachusetts Institute of Technology 

o http://www.csail.mit.edu/ 
o Country: USA 
o Academic group 
o Field:  Parallel and distributed computing 

Programming languages 
Program analysis 
Program verification 
Poftware engineering 
Computer systems 
Application software 

o Focus of activity:  
Trade-offs of energy and performance 

o Methods:  
Energy optimization 
Self tuning 

o Application areas:  
Generic 

o Prominent researchers: Martin Rinard 

 

7.4.36 Green High Performance Computing Initiative, Rutgers University, 
New Jersey 

o http://nsfcac.rutgers.edu/GreenHPC/research.php 
o Country: USA 
o Project 
o Field: Application software 
o Focus of activity:  

- Application-aware cross-layer power management for High Performance 
Computing systems 
- Energy efficiency for scientific data analysis pipelines at large scales 
- In-situ data analytics and co-processing at extreme scales 

o Brief description:  
The GreenHPC initiative at Rutgers is a research and educational initiative aiming at 
addressing several efforts in the intersection of energy efficiency, scalable 
computing and high performance computing. 
GreenHPC also acts as a forum for researchers and the educational community to 
exchange ideas and experiences on energy efficiency by disseminating research 
results, educational activities at different levels (PhD, MS, undergraduate) and 
organizing events and editorial activities of related topics. 

o Methods: 
Algorithms 
Energy modelling 

o Application areas: Supercomputers 
o Prominent researchers: Ivan Rodero, Ph.D. 

http://www.csail.mit.edu/
http://nsfcac.rutgers.edu/GreenHPC/research.php
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o Errore. L'origine riferimento non è stata trovata. 
 

7.4.37 University of Illinois: Parameter Variation at Near Threshold 
Voltage: The Power Efficiency verses Resilience Tradeoff  

o http://cs.illinois.edu/research 
http://cs.illinois.edu/news/torrellas-receives-funding-phase-2-darpa-perfect-project 

o Country: USA 
o Academic group 
o Field: Devices 
o Prominent researchers: Josep Torrellas 

 

7.4.38 CMU: Energy Efficient High Performance through Application-
Specific Processor/Program Co-Synthesis  

o http://users.ece.cmu.edu/~franzf/perfect.htm 
o Country: USA 
o Academic project 
o Field: System software 

Architecture 
Devices 

o Focus of activity: Algorithm/architecture co-synthesis that leverages 3D chip stacking 
technology 

o Prominent researchers: Franz Franchetti 
 

7.4.39 HP  

o Industry 
o International 
o Field: Application software 

System software 
Architecture 
Infrastructure 

o Focus of activity:  
Datacenter Sustainability 

o Methods: 
Cooling of servers 
Energy modelling 
Low-Voltage design 
Architectural design 

 

7.4.40 Cray 

o Industry 
o International 
o Field: Application software 

System software 
Architecture 

o Focus of activity:  
Monitoring and controlling of power usage on large-scale machines 

http://users.ece.cmu.edu/~franzf/perfect.htm
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o Brief description: 
Computer hardware and infrastructure vendor, service provider, esp. large-scale 
clusters/supercomputers/data centers 

o Methods: 
Energy modelling 
Low-Voltage design 
Architectural design 

o Application areas: 
Fast networks 
Cooling 

 

7.4.41 UCSB The institute of energy efficiency, Computing solution 
group  

o http://iee.ucsb.edu/research/computing/projects  
o Country: USA 
o University of California Santa Barbara 
o Academic group 
o Field: System software 

Devices 
o Focus of activity:  

Energy-proportional computation 
Cloud computing 
Wireless networks 
Cooling technologies 
Energy efficiency of datacenters and computing 

o Prominent researchers: Frederich Chong 

7.4.42 UCSD System Energy efficiency Lab  

o http://seelab.ucsd.edu/virtualefficiency/overview.shtml 
o Country: USA 
o University of California, San Diego 
o Academic group 
o Field: System software 
o Focus of activity:  

Energy efficiency in data centers 
Dynamic scheduling 
Peak power management 
Optical Circuit Switching (OCS) in datacenter 

o Brief description:  
We develop a dynamic scheduling mechanism, called vGreen, that leverages this 
variability of different VMs and schedules them across different servers to save 
energy without affecting their performance. It gets feedback from the clients and 
monitors the individual VMs to make sure that the scheduling decisions do not 
violate the quality of service (QoS) requirements of any individual job. We extend 
the idea of dynamically allocating computing resources to save energy to the data 
center interconnect network. 
Next, we modify our scheduling mechanism to support renewable energy 
integration. 

o Prominent researchers: Tajana Simunic Rosing 

http://iee.ucsb.edu/research/computing/projects
http://seelab.ucsd.edu/virtualefficiency/overview.shtml
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7.4.43 University of Chicago: 10x10  

o https://sites.google.com/site/uchicagolssg/lssg/research/10x10 
o Country: USA 
o 10x10: Systematic Software-Hardware Heterogeneity for Power-efficient Embedded 

Computing  
o Academic project 
o Field: System software 

Architecture 
o Brief description:  

Heterogeneous architectures promise as much as 100-fold energy benefits, but 
significant software, programmability, and algorithm challenges must be solved in 
co-design with these heterogeneous architectures.  The 10x10 paradigm, a 
principled, systematic approach to heterogeneity in computer architecture. A 10x10 
architecture exploits deep workload analysis to drive co-design of a federated 
heterogeneous architecture that exploits customization for energy efficiency, but 
federates a set of customized engines to achieve general-purpose coverage. 

o Application areas: 
Embedded systems 

o Prominent researchers: Andrew Chien 

 
o Errore. L'origine riferimento non è stata trovata. 

 
 

7.4.44 North Carolina State University 

o http://www.ece.ncsu.edu/people/paulf 
o Country: USA 
o Academic group 
o Field: Architecture. 3D-enabled Customizable Embedded Computer 
o Focus of activity: Investigate new approaches to building ultra low power computers 
o Application areas: 

Embedded systems 
o Prominent researchers: Paul Franzon 

 

7.4.45 University of Michigan: Energy Efficient 3D Near-Threshold 
Computing Systems for Future Embedded Applications  

o http://web.eecs.umich.edu/~tnm/trev_test/ 
o Country: USA 
o Academic project 
o Field: Architecture 
o Application areas: 

Embedded systems 
o Prominent researchers: Trevor Mudge 

 

7.4.46 EMPOWER, University of Southern California 

o http://sportlab.usc.edu 
o Country: USA 
o EMbedded POWER Optimized Systems Using Near and Super-threshold Computing Fabric  
o Academic research project 

https://sites.google.com/site/uchicagolssg/lssg/research/10x10
http://www.ece.ncsu.edu/people/paulf
http://web.eecs.umich.edu/~tnm/trev_test/
http://sportlab.usc.edu/
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o Field: Architecture 
Devices 

o Prominent researchers: Massoud Pedram 

 

7.4.47 Center for Energy Efficient Electronics Science  

o https://www.e3s-center.org/ 
o Country: USA 
o Academic group 
o Field: Energy Efficient Electronics 

Physics 
o Focus of activity:  

Energy efficient silicon / circuitry and optical interconnects for low power computing 
o Methods: Fundamental modelling 
o Application areas: Generic 

 

7.4.48 Notre Dame Nanoelectronics Group, Notre Dame, USA 

 
o Single electron devices and circuits 
o Prominent researcher: Greg Snider  

 

 
  

https://www.e3s-center.org/
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7.5 ICT Energy Research Groups in Asia and Middle East 

7.5.1 University of Tokyo  

o Key researchers: Professor Takayasu Sakurai 
o Description of activities, methods, application areas:  low-power high-speed VLSI, memory 

design, interconnects, ubiquitous electronics, organic IC's and large-area electronics 

 

7.5.2 Dept. of Electrical Engineering Korea Advanced Institute of Science 
and Engineering (KAIST)  

o Key researchers:  Naehyuck Chang 
o Description of activities, methods, application areas: Low-power computing systems (cross 

layer low-power computing system design) Embedded systems Design Automation of 
Things (electrical energy storage, energy harvesting, electric vehicle, e-mobility, etc.) 

 

7.5.3 Department of Electronic Engineering, Tsinghua University, Beijing  

o Key researchers: Yongpan Liu 
o Description of activities, methods, application areas: Ultra Low Power VLSI for ZigBee and 

802.11 Protocols, Power Efficient LSI for Software-defined Radio, Embedded System 
Design, Electronic Design Automation 

 

7.5.4 School of Computing, National University of Singapore 

o Key researchers: Tulika Mitra, Abhik Roychoudhury 
o Description of activities, methods, application areas:  Design automation of embedded real-

time systems with particular emphasis on application-specific processors, software timing 
analysis/optimizations, heterogeneous multi-cores, and energy-aware computing 

 
o http://www.comp.nus.edu.sg/research/programming.html 
o Field:  Software testing and analysis 

Trustworthy software and real-time embedded software 
Application software 
System software 

o Focus of activity: Energy aware Programming 
o Brief description:  

Energy aware programming, 2014-17 funded by Singapore Ministry of Education 
o Methods:  

Energy optimization 
Static analysis 

o Application areas:  
Embedded systems 
Mobile 
Generic 

 

http://www.comp.nus.edu.sg/research/programming.html
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7.5.5 School of Electrical and Electronic Engineering, Nanyang 
Technological University 

o Key researchers: YU ( ), Hao ( ) 

o Description of activities, methods, application areas: Emerging technology and architecture 
for big-data computing and communication such as 3D-IC, CMOS THz and non-volatile 
memory 

 

7.5.6 Nakamura Labratory, Graduate School of Information Science and 
Technology, The University of Tokyo 

o Key researchers: Shinobu Miwa 
o Description of activities, methods, application areas: Computer Architecture, 

Microarchitecture, Embedded System, Parallel Computing, High Performance Computing 

7.5.7 Computer Science and Engineering, Pohang University of Science and 
Technology 

o Key researchers: Jangwoo Kim 
o Description of activities, methods, application areas:   - Multi-core, Multi-threaded CPU 

Architecture, CPU/system Modeling, Simulation, and Analysis, Cloud Computing & Big 
Data Architecture, Reliable, Secure and Scalable Architecture, GPGPU Architecture and 
Programming Support 

 

7.5.8 Department of Electrical Engineering and Computer Science, 
Graduate School of Engineering, Nagoya University 

o Key researchers: Ryota Shioya 
o Description of activities, methods, application areas: HPC and low power computing 

 

7.5.9 SCALable Computer Architecture Laboratory (SCAL) at Seoul 
National University 

o Key researchers:  Professor Jung Ho Ahn 
o Description of activities, methods, application areas:  scalable methods for improving the 

performance, energy efficiency, and reliability of future cloud and mobile system 
environments that utilize multicore and manycore processors running emerging 
applications through hardware and software innovation 

 

7.5.10 Department of Semiconductor Systems Engineering, School of 
Information and Communication Engineering, SungKyunKwan 
University  

o Key researchers: Jae W. Lee (╪◓↨) 

o Description of activities, methods, application areas:  Computer architecture, compilers, 
parallel programming, VLSI design, and computer security 

 

7.5.11 Computer Science Department, Technion 

o Key researchers: Avi Mendelson 
o Description of activities, methods, application areas: Low-power architecture 

http://www.ntu.edu.sg/eee
http://www.ntu.edu.sg/
http://www.ntu.edu.sg/
http://www.hal.ipc.i.u-tokyo.ac.jp/index-e.html
http://www.i.u-tokyo.ac.jp/index_e.shtml
http://www.i.u-tokyo.ac.jp/index_e.shtml
http://www.u-tokyo.ac.jp/index_e.html
http://cse.postech.ac.kr/
http://www.postech.ac.kr/
http://www.postech.ac.kr/
http://www.snu.ac.kr/
http://www.snu.ac.kr/
http://scale.snu.ac.kr/faculty.en.html
http://www.semi.skku.edu/
http://icc.skku.ac.kr/
http://icc.skku.ac.kr/
http://www.skku.edu/
http://www.skku.edu/
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7.5.12 Efficient & Resilient Architecture Design and Optimization Group  

o http://www.carch.ac.cn/~yan/research.html 
o Country: China 
o Institute of Computing Technology, Chinese Academy of Sciences 
o Academic group 
o Field:  Architecture 
o Focus of activity:  

Massively parallel microprocessor architecture, Application-oriented heterogeneous 
architecture, Mobile multimedia processing architecture 

o Brief description:  
The research mainly focuses on the architecture and circuit level, and the interaction 
between them. The design and optimization goal is to boost the energy and power 
efficiency 

o Prominent researchers: Guihai Yan 

 

7.5.13 Nanoscience of Switching Molecule for Ultimate Energy-Saving 
Device  

o https://www.jsps.go.jp/english/e-jisedai/data/green/GR062_e-outline.pdf 
o http://www.jsps.go.jp/english/e-jisedai/green.html 
o Country: Japan 
o Kyoto University 
o Academic research project 
o Field: Devices 

Physics 
o Focus of activity:  

Our goal is the realization of molecular-scale devices in which organic molecules 
function as diodes or transistors.  

o Brief description:  
In this research, we focus on the switching molecule, which can change molecular 
structure by photoirradiation or charge injection and aim at the ultimate energy-
saving device consisting of functional organic molecules.  
The switching molecule is considered as a promising candidate for molecular 
device. When information is stored in one single molecule and calculation is 
performed by one single reaction, the energy cost for data storage and data 

processing will be dramatically diminished.  
o Prominent researchers: Kenji Matsuda 

 

7.5.14 Kyoto University 

o https://www.jsps.go.jp/english/e-jisedai/data/green/GR076_e-outline.pdf 
http://www.jsps.go.jp/english/e-jisedai/green.html 

o Country: Japan 
o Kyoto University, Embedded Processor Architectures and OS-based Power Management 

Techniques for Environmental Energy-based Systems  
o Academic research group 
o Field: Architecture 

Physics 
o Focus of activity:  

The goal of this project is to develop an embedded computer system which works 
stably with environmental energy only. The environmental energy represents 

https://www.jsps.go.jp/english/e-jisedai/data/green/GR062_e-outline.pdf
https://www.jsps.go.jp/english/e-jisedai/green.html
http://www.jsps.go.jp/english/e-jisedai/data/green/GR076_e-outline.pdf
http://www.jsps.go.jp/english/e-jisedai/green.html
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sustainable energy obtained from external sources like solar power, thermal energy, 
wind energy, salinity gradients, and kinetic energy. Therefore, the direct research 
goal of the project is not reducing the energy consumption of the computer systems, 
but developing a mechanism for maximizing quality of services provided by the 
computer systems with the limited and unstable energy sources.  

o Brief description:  
Traditionally, the following two themes have been studied separately in different 
research fields; 
(1) Maximizing energy efficiency in harvesting and transporting the environmental 
energy, 
(2) Minimizing energy dissipation in a computer system by controlling it according to 
behavior of applications.  
The key of our research is targeting above two themes simultaneously and aiming at 
obtaining synergetic effects among different research fields; control theory, electrical 
engineering and computer science. 

o Prominent researchers: Tohru Ishihara 

 

7.5.15 Nagasaki University 

o http://www.jsps.go.jp/english/e-jisedai/data/green/GR082_e-outline.pdf 
o Country: Japan 
o Academic research project: Toward a supercomputer with low price/performance and 

watt/performance,  
 

o Field: Architecture 
o Focus of activity:  

We make use of commercial off-the-shelf (COTS) parts such Graphics Processing 
Units (GPUs) to build a supercomputer. Using COTS parts, we can reduce the 
price-per-performance and increase the energy- efficiency of supercomputers.  
See also Green500 http://www.green500.org/lists/green201406 

o Prominent researchers: Tsuyoshi Hamada 

 

7.5.16 NTT Basic Research Laboratories 

o https://www.jsps.go.jp/english/e-jisedai/data/green/GR103_e-outline.pdf 
http://www.jsps.go.jp/english/e-jisedai/green.html 

o Country: Japan 
o NTT Basic Research Laboratories 
o Industrial research project. Silicon low power nanodevices based on the control of single or 

a few electrons 
o Field: Devices 

Physics 
o Focus of activity:  

The aim of this project is to provide the technology for ultimate low power 
electronics based on the one-by-one control of electrons in semiconductors. The 
method of fabricating silicon nanometer-scale devices and manipulating and 
detecting individual electrons in the device is developed.  

o Brief description:  
Recent rapid progress in the performance of the information processing and 
communication tools such as personal computers and cellular phones makes 
innovation in human life. On the other hand, the power consumption of large-scale 

https://www.jsps.go.jp/english/e-jisedai/data/green/GR103_e-outline.pdf
http://www.jsps.go.jp/english/e-jisedai/green.html
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integrated circuits used in these tools has been increased, being a serious problem 
from the viewpoints of environment and energy costs.  
The developed device technology will lead to future development of the low power 
electronics and circuits of which power consumption is more than one order of the 
magnitude smaller than that of the conventional one. It also will contribute to the 
realization of ultra sensitive sensors and electrical standard devices with high 
accuracy.  

o Prominent researchers: Akira Fujiwara  
 

7.5.17 Keio University 

o https://www.jsps.go.jp/english/e-jisedai/data/green/GR006_e-outline.pdf 
https://www.jsps.go.jp/english/e-jisedai/green.html 

o Country: Japan 
o Faculty of science and technology, Keio University 
o Academic research project. Ultralow-power information processing device based on spin-

wave spin current  
o Field: Physics 

Devices 
o Focus of activity:  

This project leads the field of spintronics by developing functionalities of spin 
currents in an insulator. Utilization of a spin current in an insulator promises low-
energy electronic devices which cannot be realized in metals or semiconductors.  

o Brief description:  
The objective of this research project is to realize a ultralow-power information 
processing device based on a spin current, a flow of electron spins in a solid. 
Electrons have charge and spins. Although a charge current, a flow of electron 
charge, flows only in metals and semiconductors, a flow of spins, a spin current, can 
flow even in an insulator not only in metals and semiconductors. This project will 
develop physics of ultimate low-loss devices based on a spin current in an insulator 
by exploring the ways of controlling the spin current.  

o Prominent researchers: Kazuya Ando 

 
 
 
  

https://www.jsps.go.jp/english/e-jisedai/data/green/GR006_e-outline.pdf
https://www.jsps.go.jp/english/e-jisedai/green.html
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8 Research Communities Relevant to ICT Energy 

 
The following is a list of some of the most important research areas related to ICT Energy.  Many 
groups in these areas are performing research relevant to ICT Energy,  A selection of the more 
important conferences and journals for each area is given. 
 

8.1 Very large scale integration (VLSI).  

A community surrounding the topic of how to build extremely large integrated circuits, ranging from 
the manufacturing processes to test and verification techniques  

o IEEE Transactions on Very Large Scale Integration (VLSI) Systems  
o Very Large Scale Integration (VLSI-SoC) 

 

8.2 Microarchitecture  

Micro architectures are the specific implementation of a broader architecture, and can feature a 
wide breadth of design options (for example: pipelining). The efficiency of such microarchitectures, 
both in terms of speed and energy, are active areas of research 

o Microprocessors and Microsystems: Embedded hardware design (MICPRO)  
o International Symposium on Microarchitecture 

 

8.3 Embedded computing  

The software controlling hardware is ultimately responsible for resource usage. Optimising 
software to use less time and energy are effective techniques to improve energy efficiency, 
through mechanisms such as better compiler optimisations, DVFS, and better scheduling. 

o International conference on compilers, architectures and synthesis of embedded systems 
o ACM Transactions on Embedded Computing  
o Software Engineering Aspects of Green Computing  
o Technology Strategy Board SIG on Energy Efficient Computing  
o Sustainable Computing: Informatics and Systems  

 

8.4 System design  

Using the correct technology and techniques is difficult when there is a very large design space. 
Several conferences are devoted to the task of aiding or automating the process of exploring 
potential designs and evaluating them.  

o ACM Transactions on Design Automation of Electronic Systems  
o Design, Automation and Test in Europe  

 

8.5 Efficient electronics  

Building energy efficient electronic systems, as well as operating electronic systems in an energy 
efficient manner, are the topic of several conferences  

o Center for Energy Efficient Electronics Science  
o Berkeley Symposium on Energy Efficient Electronic Systems  
o International Symposium on Electronic System Design  
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8.6 Thermoelectrics 

Description: the development of efficient thermoelectric materials and modules for the conversion 
of heat into electricity. 
 

o International Conference on Thermoelectrics - http://www.its.org 
o Semiconductor Research Corporation - see https://www.src.org/ - includes programmes on 

ultra low-power switching devices and energy research initiative. This is an industry funded 
organisation that funds fundamental research especially on energy efficient switching 
devices. 

 

8.7 Static analysis 

Description: the derivation of runtime properties of systems based on semantics and symbolic 
execution rather than actual execution.  The resource analysis of software, including energy 
analysis, is a sub-area of static analysis. 
 

o Static Analysis Symposium – annual conference 
 

8.8 Energy Harvesting 

Description: the development of technologies for powering mobile electronic devices by using 
energy available from the ambient and converting it into electrical energy. 
 

o Green ICT Community, IEEE 
o EH Networks 
o Metrology for Energy Harvesting, EURAMET project  
o NANOPOWER project, Nanoscale energy management for powering ICT devices 

 

8.9 High Performance Computing 

Description: the development of technologies for designing and operating large scale facilities for 
high performance computing. 
 

o HiPEAC European Network of Excellence on High Performance and Embedded 
Architecture and Compilation 

 

8.10 Physics of computation 

Description: the application of the laws of Physics to the functioning of computing devices with 
specific reference to the minimization of energy consumption. 
 

o Non-equilibrium Statistical mechanics conference series. 
o International School on Statistical Physics, Ettore Majorana Foundation and Center for 

Scientific Culture, Erice. 
 

http://www.its.org/
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8.11 Energy Storage 

Description:  the study of theories and technologies for storage of energy, especially electrical 
energy. 
 

o Journal of Energy Storage 
 

8.12 Communication Networks 

Description:  the study of technologies and algorithms supporting communication networks. 
 

o IEEE Xplore: Journal of Communications and Networks 
o Computer Networks The International Journal of Computer and Telecommunications 

Networking 
 

 
 

9  Field Interactions relevant to ICT-Energy – specialised topics 

Table 1: ICT-Energy Field Interactions indicates on the vertical and horizontal axes the main fields 
relevant to ICT-Energy, as listed above in Section 8. Within the cells of the matrix are shown 
specialised research areas arising from the interaction of the main fields.  The purpose of this 
matrix is to assist in searches for relevant activities and expertise, since it is not always clear which 
research communities engage with specific topics. 
 
Key to Table Table 1: ICT-Energy Field Interactions 
 

o LOW = Low power system design 
o SEMI = New low-energy semiconductor technologies 
o THERMO = New materials and technologies for thermoelectrics 
o WASTE = Recovering waste heat as electric power 
o REV = Reversible programs 
o CACHE = Analysis and verification of cache and pipeline behaviour 
o STATES = Analysis of processor energy states 
o DEV = New devices and materials for energy harvesting 
o SUST = Design of energy-sustainable systems 
o VER = Analsis and verification of energy-sustainable systems 
o ALG = Energy analysis of algorithms 
o STORE = New materials and technologies for energy storage 
o HARV = Sustainable energy harvesting 
o COMM = New materials and technologies for low-energy comms 
o DIST = Design of energy-efficient distributed systems 
o SYNC = Analysis of communication and synchronisation 
o TRADE = Energy analysis of communication-computation tradeoff 
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Table 1: ICT-Energy Field Interactions 

 
 
 
 
 
 
 

  8.10 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.9 8.11 8.12 

8.10 

Physics of energy 
and computation  

                        

8.1 

Very large scale 
integration (VLSI)  

                        

8.2 

Microarchitecture  

                        

8.3 

Embedded 
computing 

                        

8.4 

System design  

  LOW LOW LOW                 

8.5 

Efficient electronics  

SEMI                        

8.6 

Thermoelectrics 

THERMO     WASTE                 

8.7 

Formal methods, 
static analysis and 
verification 

REV   CACHE STATES                 

8.8 

Energy harvesting 

DEV       SUST     VER         

8.9 

High performance 
and cloud 
computing 

            WASTE ALG         

8.11 

Energy storage 

STORE       SUST     VER HARV        

8.12 

Communication 
networks 

COMM       DIST     SYNC   TRADE     


