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||Im The ,Excellence Initiative“

" German government program
"= 1,9 Bio. € total

® Funding period: 5 years
2 rounds, offset by 1 year:
11/2006 — 10/2011 and 11/2007-10/20012

®  Structure : 3 Funding lines
" Graduate schools (funding: 1 Mio. € per year per topic)
" Research cluster (funding: 6,5 Mio. € per year per cluster)

= Strategy to develop top research
(funding: 12.5 Mio € per year per University)
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Research Cluster i

(30)

Strategy (10) I

" Thorough evaluation by
renowned international
researchers



The ,Excellence Initiative“

= RWTH Aachen
" 1 Graduate school
= 2 Research cluster

®  Graduate school

= Aachen Institute for Advanced Studies in
Computational Engineering Sciences

® Research cluster

" Integrated Production Technology for High-Wage Countries
Coordinator: Christian Brecher (WZL)

= Ultra high-speed Mobile Information and Communicati on
(UMIC)
=Computer Science, EE and IT Departments
= Coordinator: Gerd Ascheid (ISS)




The ,Excellence Initiative*

= RWTH Aachen
" 1 Graduate school
= 2 Research cluster

®  Graduate school

= Aachen Institute for Advanced Studies in
Computational Engineering Sciences

® Research cluster

Ultra high-speed Mobile Information and Comrhunication (UMIC)

Sole approved ,cluster of excellence” in the domain of

Information and communication technology
= Coordinator: Gerd Ascheid (ISS)




Information and Communication

at work and leisure




Mobile Internet Access

‘The Vision \

[ e
Ultra High-Speed

UMTS Standard: Mobile Information
2 Mbl/s and Communication

everywhere at low cost

Reality today:
UMTS 0,1-0,3 Mb/s
GSM/GPRS 0,02 Mb/s
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Cross-Disciplinary Research

— Features
Requirements -

— Features
Requirements -

Application-agnostic specification
leads to inefficient over-design

= Match requirements and features!




Cluster Structure

= Ultra high-speed mobile information and communication
= extremely challenging application demands
" limitations of mobile communications and
" technology capabilities and constraints

" The design requires a tremendous leap
= needs collaborative research in

" Mobile Applications & Services
" Wireless Transport Platform

" Radio Frequency Subsystems
& System-on-Chip (SoC) Design
" Cross Disciplinary Methods & Tools




|| (umic| UMIC Centre

" Establishing a Cross-Disciplinary Research Centre

= Jointly operated by
o Computer Science Department and
0 Electrical Engineering and Information Technology

" Augmenting research groups in
participating chairs
O Research space
for cross-disciplinary research teams

o0 Development space
for prototype development and
integration

0 Demonstrator space
to showcase UMIC research results
for academic and industry partners




The UMIC Centre

Prototyping activities in the UMIC Centre’s
Development and Demonstrator Spaces

" Develop a test bed for
= key elements,
" innovative components and
" integration

algorithm MINAR

input: distance graph G = (V,E)
output: minimum number of ARs for G
begin

" Prototyping activities e
mMiNnAR = MATCHINGBASEDALLOCATION(G);
if matching-based allocation produced zero-cost solution

= Component prototype

= Scaled component prototype
(e.g. FPGA based platform)

" In-door / out-door wireless communication test beds
" "Demonstrable" simulation model(s)
= Development and exploration tools




The Research Areas




The Research Areas

A: Wireless Transport Platform

" New solutions for infrastructure, networks, radio links and
terminals to get information and communication from/to mobile

users

B: Mobile Applications & Services
" Representative classes of applications and services
= Common requirements of each class

" Potential trade-offs to match requirements of mobile
applications and services with wireless transport platform

C: RF Subsystem and SoC Design

" |nnovative hardware architectures leveraging opportunities and
addressing challenges of future silicon technologies

" Design methods, tool concepts and programming for
heterogeneous many-core systems-on-chip




The Research Areas

D: Cross Disciplinary Methods and Tools




Research Area A:

Wireless Transport Platform

,High data rates to many mobile users at low cost*
"  Approach: Smart, mobile, broadband, low-cost systems

= Key issues
= Cognitive radios and networks

" Heterogeneous, high-density multi-hop
radio network architectures

= Communication theory and
physical layer aspects




The Platform Goal

Smart, Mobile, Broadband, Low-cost Systems

that provide adaptive configuration and seamless co  nnectivity,
balancing between conflicting targets like data-rat e, radio range
and power consumption by continuous joint optimizat ion.

" Smart
" Cognitive capability and adaptive performance optimisation
" Plug-and-play deployment
" Mobile
" Seamless access
" Multi-homing
" Broadband
= Maximum spectral and spatial efficiency (bit/s/Hz/m?) at system level
" x-Gb/s data rates for many users
" Low-cost

" Minimum cost network elements, installation and maintenance
" Nano-electronic based, fully integrated implementation




||Im Research Area B:
Mobile Applications & Services
,... leverage and challenge new communication platforms*

" Approach

class-specific platform
requirements

Application Wireless
scenarios & transport

prototypes platform

implication of
new technology

" Key issues

" Mapping mobile web services on WTP with scalable
automated service discovery

= Context aware, adaptive peer-to-peer information
management

" High quality mobile multimedia




||Im Mobile P2P Context Management

Automatic context management and modelling with many
users in the P2P environment

" New algorithms and paradigms are required
" Novel usability aspects and development methods

Mobile P2P information management:

= Example: Wearable computing in medical
assistance networks

" Context-based data stream aggregation,
mining, and information provisioning linked to
textile and network engineering.




Research Area C:

RF Subsystem and SoC Design

,Potentials and challenges of deep sub-micron based
Implementation”

" Approach
" Prototyping of critical components
" Performance and cost modelling
" Virtual prototyping
" Design methodology and tool concepts

= Key issues
" Flexible RF-subsystems

" Multi-Processor-Systems-on-Chip:
Processor and communication architectures

" Deep sub-micron issues: fault tolerance and leakage
" Methods, tools and programming




The Need for New Architectures

Algorithmic 3G Source: R.Subramanian.
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lumic Computational Efficiency vs. Flexibility
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Core Proposition

Application Specific,

Results Processor based Platforms

(Design Productivity) (heterogeneous MPSoC)
T | 11 S o

1954 Register-transfer level
Cadence, Synopsys

- 1984 Gate-level design — Daisy, Mentor, Valid
N

millm
1974 Transistor-level design — Calma, Computervision

S-Curve

Effort (EDA tools investment)




Core Proposition

Results
(Design




Core Proposition

Results | B ' B

But we must not forget Physicsﬁ and Technology

= Soft Errors due to shrinking Geometries

* Power Consumption
/ Ea=hl




||Im Research Area D:
Cross-Disciplinary Methods and Tools

,Innovative methods and tools for cross layer issues




Research Area D:

Cross-Disciplinary Methods and Tools

Mobile Applications
and Services

Wireless Transport
Platform

RF Subsystems
and SOC Design




Reliability and Performance

Issues Approaches

QoS-aware
huge and Need for supporting applications
rapidly changing - design on all levels

access and bandwidth by formal methods
requirements

e Correctness
e Performance
 Availability

massively and rapidly
changing topologies - * ...

of algorithms,

adaptive

protocols

protocols,

designs, etc. reliable and

performing
subsystems

Inherent reliability

iIssues due to —

small structures




umic Reliability and Performance

Performance oriented Reliability oriented

design and analysis design and analysis
methods methods

Need for supporting
design on all levels

by formal methods
e Correctness

 Performance
 Availability

protocols,
designs, etc.




Organization




Quality Focussed Cluster Management

UMIC-Cluster Advisory Board

G. Ascheid Renowned international
(Vice Coord.: O. Spaniol) researchers and Industry
experts

= Applications and Services
M. Jarke (Vice Coord.: L. Kobbelt)

® Wireless Transport Platform
P. Mahonen (Vice Coord.: P. Vary)

® RF Subsystems & SoC Design
T. Noll (Vice Coord.: H. Meyr)
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® Cross Disciplinary Methods and Tools
S. Kowalewski (Vice Coord.: W. Thomas)

® Education, Dissemination, Training
R. Mathar

The UMIC Steering Committee is responsible for
the cluster research programme management

like, e.g., project approval and review.
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Principal Investigators

Dr.-Ing. Gerd Ascheid, Lehrstuhl fur Integrierte Systeme der Signalverarbeitung (I1SS)
Dr.-Ing. Stefan Heinen, Lehrstuhl fir Integrierte Analogschaltungen (1AS)

Dr. rer. Pol. Matthias Jarke, Lehrstuhl fir Informationssysteme und Datenbanken (i5)
Dr. rer. nat. Leif Kobbelt, Lehrstuhl fir Computergraphik und Multimedia (i8)

Dr.-Ing. Stefan Kowalewski, Lehrstuhl flr Software flr eingebettete Systeme (i11)

Dr. Petri Mahonen, Ericsson Lehrstuhl fir Mobilfunknetze (MobNets)

Dr. rer. nat. Rudolf Mathar, Lehrstuhl fir Theoretische Informationstechnik (TI)

Dr. sc. techn. Heinrich Meyr, Lehrst. fUr Integrierte Systeme der Signalverarbeitung (ISS)
Dr.-Ing. Tobias Noll, Lehrstuhl Allg. Elektrotechn. & Datenverarbeitungssysteme (EECS)
Dr. rer. nat. Otto Spaniol, Lehrstuhl fir Kommunikation und verteilte Systeme (i4)

Dr. rer. nat. W. Thomas, Lehrstuhl flir Logik und Theorie diskreter Systeme (i7)

Dr.-Ing. Peter Vary, Institut flr Nachrichtengerate und Datenverarbeitung (IND)

Dr.-Ing. Bernhard Walke, Lehrstuhl fir Kommunikationsnetze (COMNETS)




Principal Investigators

Design and Implementation
RF Subsystems, MPSoC, nm-CMOS-Implementation, Tools




Contact and Information

" |nternet: www.umic.rwth-aachen.de

= Contact:

Prof. Dr.-Ing. Gerd Ascheid

RWTH Aachen University

Integrated Signal Processing Systems
Templergraben 55

D-52056 Aachen

Germany

Tel: +49-241-802-7882
Email: gerd.ascheid@iss.rwth-aachen.de




