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Reduction of Complexity by Integration ���

27.	   	   	  

One	  example	  of	  the	  reduction	  of	  complexity	  is	  the	  integration	  of	  numerous	  networks	  
that	  currently	  operate	  independently	  and	  without	  any	  coordination,	  sometimes	  via	  the	  
very	  same	  cable.	  By	  combining	  services	  such	  as	  telephony,	  television,	  data,	  and	  comput-
ing	  capacity	  within	  a	  single	  network,	  we	  can	  cut	  down	  on	  complexity,	  energy	  consump-
tion	  and	  maintenance,	  provide	  new	  services,	  and	  make	  the	  overall	  provision	  of	  services	  
more	  reliable.

There	  are	  also	  many	  questions	  at	  a	  deeper	  level.	  How	  can	  we	  describe	  and	  analyse	  
complex	  information	  systems	  effectively?	  How	  can	  we	  specify	  and	  measure	  the	  quality	  
and	  reliability	  of	  a	  system?	  How	  can	  we	  combine	  various	  different	  systems?	  How	  can	  
we	  design	  systems	  in	  which	  separate	  processors	  can	  co-‐operate	  ef iciently	  via	  mutual	  
network	  connections	  within	  a	  much	  larger	  whole?	  Can	  we	  design	  information	  systems	  
that	  can	  diagnose	  their	  own	  malfunctions	  and	  perhaps	  even	  repair	  them?	  How	  can	  we	  
specify,	  predict,	  and	  measure	  system	  performance	  as	  effectively	  as	  possible?

In	  recent	  decades,	  Dutch	  researchers	  have	  been	  among	  the	   leaders	   in	   the	   ield	  of	  
IT.	  That	  gives	  this	  country	  a	  sound	  basis	  for	  achieving	  new	  breakthroughs,	  not	  only	  in	  
the	  form	  of	  exciting	  applications	  but	  also	  by	   inding	  answers	  to	  pressing	  basic	  scienti ic	  
questions.

By combining services such as telephony, television, data, and computing 
capacity within a single network, we can cut down on complexity, energy 
consumption and maintenance.  
•  How can we describe and analyze complex information systems effectively? 
•  How can we specify and measure the quality and reliability of a system? 

•  How can we combine various different systems? 
•  How can we design systems in which separate processors can co-operate 

efficiently via mutual network connections within a much larger whole? 

•  Can we design information systems that can diagnose their own 
malfunctions and perhaps even repair them? 

•  How can we specify, predict, and measure system 
performance as effectively as possible?  

http://www.knaw.nl/Content/Internet_KNAW/publicaties/pdf/20111029.pdf 

SNE addresses a.o. the highlighted questions! 
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… more realtime! 
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Multiple colors / Fiber

Per fiber: ~ 80-100 colors * 50 GHz
Per color: 10 – 40 – 100 Gbit/s
BW * Distance ~ 2*1017 bm/s

Wavelength Selective Switch 

New: Hollow Fiber!
è less RTT!



Wireless Networks



GPU cards are distruptive!
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Reliable and Safe!
This omnipresence of IT makes us not only strong but also 
vulnerable. 
•  A virus, a hacker, or a system failure can instantly send digital 

shockwaves around the world.  

The hardware and software that allow all our 
systems to operate is becoming bigger and more 
complex all the time, and the capacity of networks 
and data storage is increasing by leaps and 
bounds. 

We will soon reach the limits of 
what is currently feasible and 
controllable.  

https://www.knaw.nl/shared/resources/actueel/publicaties/pdf/20111029.pdf 



The GLIF – LightPaths around the World
F Dijkstra, J van der Ham, P Grosso, C de Laat, “A path finding implementation for multi-layer 
networks”, Future Generation Computer Systems 25 (2), 142-146. 



Amsterdam is a major hub in The GLIF
F Dijkstra, J van der Ham, P Grosso, C de Laat, “A path finding implementation for multi-layer 
networks”, Future Generation Computer Systems 25 (2), 142-146. 
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Installed and up June 3th 2013
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Alien light���
From idea to 
realisation!

40Gb/s alien wavelength transmission via a 
multi-vendor 10Gb/s DWDM infrastructure

New method to present fiber link quality, FoM (Figure 
of Merit)
In order to quantify optical link grade, we propose a new 
method of representing system quality: the FOM (Figure 
of Merit) for conca tenated fiber spans.

Easy-to-use formula that accurately quantifies 
transmission system performance

Lj, span losses in dB
N, number of spans

Transmission system setup
JOINT SURFnet/NORDUnet 40Gb/s PM-QPSK alien wave-
length DEMONSTRATION.

Conclusions
-  We have investigated experimentally the all-optical 

transmission of a 40Gb/s PM-QPSK alien wavelength 
via a concatenated native and third party DWDM 
system that both were carrying live 10Gb/s wave-
lengths.

-  The end-to-end transmission system consisted of 
1056 km of TWRS (TrueWave Reduced Slope) trans-
mission fiber.

-  We demonstrated error-free transmission (i.e. BER 
below 10-15) during a 23 hour period.

-  More detailed system performance analysis will be 
presented in an upcoming paper.

Test results

Alien wavelength advantages
-  Direct connection of customer equipment[1]  
Æ cost savings

- Avoid OEO regeneration Æ power savings
- Faster time to service[2] Æ time savings
-  Support of different modulation formats[3]  
Æ extend network lifetime

Alien wavelength challenges
-  Complex end-to-end optical path engineering in 

terms of linear (i.e. OSNR, dispersion) and non-linear 
(FWM, SPM, XPM, Raman) transmission effects for 
different modulation formats.

- Complex interoperability testing.
-  End-to-end monitoring, fault isolation and resolution.
- End-to-end service activation.

In this demonstration we will investigate the perfor-
mance of a 40Gb/s PM-QPSK alien wavelength instal-
led on a 10Gb/s DWDM infrastructure.

REFERENCES    [1] “OPERATIONAL SOLUTIONS FOR AN OPEN DWDM LAYER”, O. GERSTEL ET AL, OFC’2009  |  [2] “AT&T OPTICAL TRANSPORT SERVICES”, BARBARA E. SMITH, OFC’09 
[3] “OPEX SAVINGS OF ALL-OPTICAL CORE NETWORKS”, ANDREW LORD AND CARL ENGINEER, ECOC2009  |  [4] NORTEL/SURFNET INTERNAL COMMUNICATION

ACKNOWLEDGEMENTS  WE ARE GRATEFUL TO NORDUNET FOR PROVIDING US WITH BANDWIDTH ON THEIR DWDM LINK FOR THIS EXPERIMENT AND ALSO FOR THEIR SUPPORT AND ASSISTANCE  
DURING THE EXPERIMENTS. WE ALSO ACKNOWLEDGE TELINDUS AND NORTEL FOR THEIR INTEGRATION WORK AND SIMULATION SUPPORT
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Visit CIENA Booth 
surf to http://tnc.delaat.net/tnc11 



Server Architecture

DELL R815
4 x AMD Opteron 6100

Supermicro X8DTT-HIBQF 
2 x Intel Xeon 



CPU Topology benchmark
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Mission
Can we create smart and safe data processing infrastructures that 
can be tailored to diverse application needs? 
•  Capacity

–  Bandwidth on demand, QoS, architectures, photonics, performance
•  Capability

–  Programmability, virtualization, complexity, semantics, workflows
•  Security

–  Anonymity, integrity of data in distributed data processing
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–  Greening infrastructure, awareness
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–  Systems under attack, failures, disasters



GLIF 2011 Visualization courtesy of Bob Patterson, NCSA 
Data collection by Maxine Brown. 

We investigate:           for
complex networks!



Complex	  e-‐Infrastructure!	  



LinkedIN for Infrastructure
•  From semantic Web / Resource Description Framework. 
•  The RDF uses XML as an interchange  syntax. 
•  Data is described by triplets (Friend of a Friend): 

Object Subject 
Predicate 

Location Device Interface Link
name description locatedAt hasInterface

connectedTo capacity encodingType encodingLabel

Object 
Subject 

Subject 
Object 
Subject 

Object 
Subject 

Object 
Subject 



Network Description Language  
Choice of RDF instead of XML syntax 
Grounded modeling based on G0805 description: 
 

Article: F. Dijkstra, B. Andree, K. 
Koymans, J. van der Ham, P. Grosso, 
C. de Laat, "A Multi-Layer Network 
Model Based on ITU-T G.805" 
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Multi-layer descriptions in NDL



NML ���
OGF spec���

iNDL

layerencoding: URI

logical (virtual) directed 
data transport between 
Ports

Link

A device, or partition of 
a device

Node

name: string
id: URI
version: serial

Network Object

layerencoding: URI

logical (virtual) directed 
interface at a certain 
layer

Port

 
Bidirectional Link

 
Bidirectional Port

version: <serial>
connected graph

Topology

layerencoding: URI
Collection of Links

Link Group

Location

labelencoding: URI
value: type dependant

Label

layerencoding: URI
Collection of Ports

Port Group

locatedAt

isAlias
sequence of (start,end)

Lifetime

ordered list of Network 
Objects

Ordered List

0-1

*

hasLabel

labelencoding: URI
value: type dependant

Label Group

0-1

*

ha
sL

ab
el

G
ro

up

0-1

hasLabelGroup

*

hasTopology

hasNode

implementedBy

hasService

provid
esPort

providesLink

ha
sO

utb
ou

nd
Po

rt

hasIn
boundPort

isS
ou

rc
e

isS
in

k

isS
ou

rc
e isSink

hasPort

hasLink

isSerialCompoundLink

providesPort

providesLink

0-1

*

ha
sL

ab
el

22

22

ha
sO

ut
bo

un
dP

or
t

ha
sIn

bo
un

dP
or

t

Ability to create a given 
adaptation

Adaptation 
Service

Ability to create a Link 
(cross connect)

Switching Service

ha
sS

erv
ice

hasLink

hasLink hasLink

hasLink

hasOutboundPort

hasInboundPort

hasOutboundPort

hasInboundPort

Ability to create a given 
deadaptation

DeAdaptation 
Service

providesPort providesPort

hasService

existsDuring



Network	  Topology	  Descrip<on	  

? NSI NSI

NML NML

Network	  topology	  research	  suppor<ng	  automa<c	  network	  provisioning	  
•  Inter-‐domain	  networks	  
•  Mul<ple	  technologies	  
•  Based	  on	  incomplete	  informa<on	  
•  Possibly	  linked	  to	  other	  resources	  

hDp://redmine.ogf.org/projects/nml-‐wg	  
hDp://redmine.ogf.org/projects/nsi-‐wg	   hDp://sne.science.uva.nl/ndl	  
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CdL 



Information Modeling 
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1
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1
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Infrastructure Services

R.Koning, P.Grosso and C.de Laat 
Using ontologies for resource description in the CineGrid Exchange  

In: Future Generation Computer Systems (2010) 

Define a common information model for infrastructures and services. 
Base it on Semantic Web. 

 J. van der Ham, F. Dijkstra, P. Grosso, R. van der Pol, A. Toonk, C. de Laat  
A distributed topology information system for optical networks based on the 
semantic web, Elsevier Journal on Optical Switching and Networking, Volume 5, 
Issues 2-3, June 2008, Pages 85-93 
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ECO-Scheduling 



Green scheduling!
Network infrastructures 

Energy transport
Network

CO2  footprint;
Energy needed and lost

Energy transport
Network

Green energy sources

Bits to energy!  Energy to bits!

CO2  footprint;
Energy needed and lost



Energy Efficient Ethernet (802.3az)!
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D. Pavlov and J. Soert and P. Grosso and Z. Zhao and K. van der Veldt 
and H. Zhu and C. de Laat 
Towards energy efficient data intensive computing using IEEE 802.3az 
In: DISCS 2012 workshop - Nov 2012 

Power savings techniques in 
hardware can be leveraged in 
architecturing communication 

patterns in data centra!



Energy saving in clouds!

Q. Chen, P. Grosso, K. van der Veldt, C. de Laat, R. Hofman and H.Bal. 
Profiling energy consumption of VMs for green cloud computing 
 In: International Conference on Cloud and Green Computing (CGC2011), Sydney December 2011 

Quantifying the energy 
performance of VMs is the first 
step toward energy-aware job 

scheduling.!



Networks and CO2!

“A motivation for carbon aware path provisioning for NRENs” (submitted to eEnergy2014) 

•  Take a network (ESnet, working on using SURFnet data)!
•  Define the traffic model running on it!
•  Use the energy monitoring information and energy costs data!
•  Compare path selection strategies : shortest, cheapest and greenest!
!
!
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Tera-Thinking

•  What constitutes a Tb/s network?
•  think back to teraflop computing!

–  MPI turns a room full of pc’s in a teraflop machine
•  massive parallel channels in hosts, NIC’s
•  TeraApps programming model supported by

–  TFlops -> MPI / Globus / Cloud
–  TBytes -> DAIS / MONETdb …
–  TPixels -> SAGE
–  TSensors -> LOFAR, LHC, LOOKING, CineGrid, ...
–  Tbit/s -> OpenFlow & SDN
–   -> Virtualized Programmable Networks



application 

network 
element 

nc 

application 

network 
element 

network 
element 

network 
element 

nc nc nc 

ac ac ac ac 

nc nc nc 

•  The network is virtualized as a collection of 
resources

•  UPVNs enable network resources to be 
programmed as part of the application

•  Mathematica, a powerful mathematical software 
system, can  interact with real networks using 
UPVNs

User Programmable Virtualized Networks allows the results of 
decades of computer science to handle the complexities of 

application specific networking.
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Visualisation 

Initialization and BFS discovery of NEs 
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Network flows using real-time  
bandwidth measurements 

nodePath = ConvertIndicesToNodes[ 
  ShortestPath[

 g,  
    Node2Index[nids,"192.168.3.4"], 

    Node2Index[nids,"139.63.77.49"]],  
    nids]; 

Print["Path: ", nodePath]; 
If[NetworkTokenTransaction[nodePath, "green"]==True,  

 Print["Committed"], Print["Transaction failed"]]; 
  

Path: 
{192.168.3.4,192.168.3.1,139.63.77.30,139.63.77.49} 

  
Committed 

Transaction on shortest path with tokens 

Topology matters can be dealt with algorithmically 
Results can be persisted using a transaction service built in UPVN 

Needs["WebServices`"] 
<<DiscreteMath`Combinatorica  ̀

<<DiscreteMath`GraphPlot  ̀
InitNetworkTopologyService["edge.ict.tno.nl"] 

 
Available methods: 

 
{DiscoverNetworkElements,GetLinkBandwidth,GetAllIpLinks,Remote,  

NetworkTokenTransaction} 
 

Global`upvnverbose = True; 
 

AbsoluteTiming[nes = BFSDiscover["139.63.145.94"];][[1]] 
 
AbsoluteTiming[result = BFSDiscoverLinks["139.63.145.94", nes];][[1]] 

 
Getting neigbours of: 139.63.145.94 

Internal links: {192.168.0.1, 139.63.145.94} 
(...) 

Getting neigbours of:192.168.2.3 
 

Internal links: {192.168.2.3} 

Mathematica enables advanced graph queries, visualizations and real-
time network manipulations on UPVNs ���

ref: Robert J. Meijer, Rudolf J. Strijkers, Leon Gommans, Cees de Laat, User Programmable Virtualiized Networks, 
accepted for publication to the IEEE e-Science 2006 conference Amsterdam. 



CDN on Demand in the cloud



Interactive programmable networks



Basic operating system loop



Mission
Can we create smart and safe data processing infrastructures that 
can be tailored to diverse application needs? 
•  Capacity

–  Bandwidth on demand, QoS, architectures, photonics, performance
•  Capability

–  Programmability, virtualization, complexity, semantics, workflows

•  Security
–  Anonymity, integrity of data in distributed data processing

•  Sustainability
–  Greening infrastructure, awareness

•  Resilience
–  Systems under attack, failures, disasters



I	  want	  to	  

“Show	  Big	  Bug	  Bunny	  in	  4K	  on	  my	  Tiled	  Display	  using	  
green	  Infrastructure”	  

	  
• Big	  Bugs	  Bunny	  can	  be	  on	  mul<ple	  servers	  on	  the	  Internet.	  
• Movie	  may	  need	  processing	  /	  recoding	  to	  get	  to	  4K	  for	  Tiled	  Display.	  
• Needs	  determinis<c	  Green	  infrastructure	  for	  Quality	  of	  Experience.	  
• Consumer	  /	  Scien<st	  does	  not	  want	  to	  know	  the	  underlying	  details.	  	  
è	  	  His	  refrigerator	  also	  just	  works!	  



Service	  Plane	  

eScience	  Middleware	  

	  Chromium	  
CGLX	  

	  SAGE	  
MTP	  

	  WebServ	  
INSPIRE	  

	  WSRF	  
SensorML	  

	  Hadoop	  
Storm	  

PerfSonar	  
ICMP	  

SNMP	  
OpenFlow	  
SDN	  /	  NSI

	  

	  GIR	  
UR	  

	  OCCI	  
JSDL	  

Cassandra	  
	  iRODs	  

OGSA-‐DAIS	  

Domain	  
Apps	  
	  

Domain	  
Apps	  
	  

Domain	  
Apps	  
	  

Domain	  
Apps	  
	  

+	  Machine	  Learning	  +	  Reasoning	  +	  Scheduling	  +	  …	  

…	  	  	  …	  

GRID/Cloud	  
Compu<ng	  



Layers

Data 

Information 

Knowledge 
to act 

Wis 
dom 

XML, RDF, rSpec, 
 text, Java based, etc. 

OWL 

Schedulers 
to act 

Ta 
da 

GRID/
Cloud	  
Comp
u<ng	  

GRID/
Cloud	  
Comp
u<ng	  

Doing Science ICT to enable Science 



The Big Data Challenge

Data 

Information 

Knowledge 
to act 

Wis 
dom 

XML, RDF, rSpec, 
 text, Java based, etc. 

OWL 

Schedulers 
to act 

Ta 
da 

GRID/
Cloud	  
Comp
u<ng	  

GRID/
Cloud	  
Comp
u<ng	  

MAGIC DATA CARPET
curation – description – security – policy – integrity - storage

Doing Science ICT to enable Science 



TimeLine	  

1980	   2015	  2000	  1990	   2007	  

TCP	  

RDUDP,	  SCTCP,	  …	  

ATM	   (G)MPLS	  SONET/SDH	   OpenFlow	  PBT/PLSB	  

NDL	  SF	  for	  complex	  nets	  

SF	  for	  Clouds	  

SF	  for	  CineGrid	  CineGrid	  

GreenIT&Nets	  

LightPaths	  -‐	  GLIF	   Hybrid	  Nets	  

AAA	   TBN	   Policy	  

Programmable	  Networks	   NetApp’s	  

NM	  	  	  	  	  	  	  OCCI	  	  	  	  	  	  	  	  	  NSI	  	  	  	  	  	  	  	  	  

TCP	  Reno,	  Vegas	  



TimeLine	  

2020	  

CogniNve	  Nets	  and	  clouds	  

Sustainable	  Internet	  

Virtualized	  Internet	  

Machine	  Learning	  	  +	   “I	  Want”	  
Internet	  3.0	  

Good	  Old	  Trucking	  

1980	   2015	  2000	  1990	   2007	  

TCP	  

RDUDP,	  SCTCP,	  …	  

ATM	   (G)MPLS	  SONET/SDH	   OpenFlow	  PBT/PLSB	  

NDL	  SF	  for	  complex	  nets	  

SF	  for	  Clouds	  

SF	  for	  CineGrid	  CineGrid	  

GreenIT&Nets	  

LightPaths	  -‐	  GLIF	   Hybrid	  Nets	  

AAA	   TBN	   Policy	  

Programmable	  Networks	   NetApp’s	  

NM	  	  	  	  	  	  	  OCCI	  	  	  	  	  	  	  	  	  NSI	  	  	  	  	  	  	  	  	  



TimeLine	  

2020	  

CogniNve	  Nets	  and	  clouds	  

Sustainable	  Internet	  

Virtualized	  Internet	  

Machine	  Learning	  	  +	   “I	  Want”	  
Internet	  3.0	  

Good	  Old	  Trucking	  

1980	   2011	  2000	  1990	   2005	  

TCP	  

RDUDP,	  SCTCP,	  …	  

ATM	   (G)MPLS	  SONET/SDH	   OpenFlow	  PBT/PLSB	  

NDL	  SF	  for	  complex	  nets	  

SF	  for	  Clouds	  

SF	  for	  CineGrid	  CineGrid	  

GreenIT&Nets	  

LightPaths	  -‐	  GLIF	   Hybrid	  Nets	  

AAA	   TBN	   Policy	  

Programmable	  Networks	   NetApp’s	  

NM	  	  	  	  	  	  	  OCCI	  	  	  	  	  	  	  	  	  NSI	  	  	  	  	  	  	  	  	  

2040	  

I	  
reNre	  



Mission
Can we create smart and safe data processing infrastructures that 
can be tailored to diverse application needs? 
•  Capacity

–  Bandwidth on demand, QoS, architectures, photonics, performance
•  Capability

–  Programmability, virtualization, complexity, semantics, workflows

•  Security
–  Anonymity, integrity of data in distributed data processing

•  Sustainability
–  Greening infrastructure, awareness

•  Resilience
–  Systems under attack, failures, disasters



Hot from the Press Grants!
•  EDISON – 554 kEuro

– Education for Data Intensive Science to Open New 
science frontiers.

– Yuri Demchencko
•  VRE4EIC – 457 kEuro

– A Europe-wide Interoperable Virtual Research 
Environment to Empower Multidisciplinary Research 
Communities and Accelerate Innovation and 
Collaboration

– Zhiming Zhao



•  Network virtualizations and SDN
•  Reasoning
•  Risk evaluation
•  Trust groups
•  Execute response & adaptation

SARNET
 

2 

 

 
Figure 1 A control program called Service (orange box) creates and deploys an IP 
network and computer infrastructure (purple plane). ICT control programs that we 
created in prior research were able, amongst others, to monitor, add and delete network 
links, routing elements and manage virtual machines in cloud data centres in order to 
optimize the network service continuously. The new research addresses security risk 
control programs that adapt the ICT in the purple plane autonomously as a response on 
threats. These programs are shown here as a separate control program labelled 
“security”.  

 

2b Abstract for a lay readership (in Dutch) 

ICT zelfverdediging tegen hackers 
Regelmatig halen succesvolle cyberaanvallen het nieuws omdat toegang tot belangrijke websites, 
internetbankieren en email onmogelijk zijn gemaakt. Hackers plunderen bankrekeningen en stelen 
informatie. ICT professionals blijken regelmatig te falen om de werkzaamheden van de hacker te 
ontdekken, te volgen en te stoppen. Wij onderzoeken nu computers en netwerken, ICT systemen dus, 
die zich zelf verdedigen, al naar gelang de aard van de aanvallen. 
 
Deze autonoom verdedigende computersystemen moeten zelf ontdekken of en hoe een cyberaanval 
gaande is en, zo ja, wat de juiste tegenmaatregelen kunnen zijn. Bij die tegenmaatregen passen we de 
resultaten van eerder onderzoek toe. Daarin hebben wij methodes ontwikkeld hoe systemen autonoom 
internetverbindingen kunnen veranderen of alternatieven daarvoor in stand kunnen houden zodat 
internet verkeer altijd mogelijk blijft. Ook is onze software in staat om van web- en andere servers 
kopieën te maken en die naar andere rekencentra verhuizen. M.a.w. onze software is in staat om ICT 
systemen te hergroeperen en dat geeft nieuwe mogelijkheden in de strijd tegen cybercriminaliteit. Bij het 
onderzoeken van het palet van tegenmaatregelen bekijken wij ook de extra inzet van typische cyber 
security technologie, b.v. het automatisch bijschakelen van firewalls en het veranderen van bijvoorbeeld 
een webserver in een valstrik voor hackers, een zogenaamde “honey pot”. De projectnaam, SARNET is 
de afkorting van “security autonomous response network” en hint op deze automatisch aanpassende 

Cyber Security program 
PI: CdL 
Co-Pi’s: RM, LG, RW 
•  400 + 285 + 300 kEuro: 
•  3 PhD’s 
•  Programming and  
•  Engineering manpower 

delaat.net/sarnet 



Different modes of control
Application

Touchtable
Orchestration

Controller

Network hardware

NFV
NFV

NFV

Internet Factory / GENI

Observe
Calculate
Response
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+ Challenges in system level 
environmental sciences 

Access challenge: 
accessing data from 
different sources 

Processing challenge 
in combining different 
data processing 
models 

Execution challenge in 
executing applications on 
distributed computing 
infrastructures 

Identification/ 
Citation/ challenge  
Identifying and citing 
data objects, and in 
publishing data 

Quality challenge: 
Quality control for large 
quantity and nearly real 
time sensor data 

Collaboration challenge in 
documenting data 
processing workflows and 
sharing among 
communities.  

……	  



+ The Data for Science theme 

Theme	  1:	  
Technical	  
innovaNon	  
WP	  1,2,3,4	  
(5MEuro)	  

Theme2:	  
data	  for	  
science	  
WP	  

5,6,7,8,9	  
(5M	  Euro)	  

Theme	  3:	  
Access:	  

WP	  10,	  11	  
(1M)	  

Theme	  4:	  
Social	  
aspects	  	  

WP	  12,	  13,	  
14	  
(1M)	  

Theme	  5:	  
Knowledge	  
transfer	  

WP	  15,	  16	  	  
(1M)	  

Theme	  6:	  
DisseminaNon	  

WP	  17,	  18	  
(1M)	  

Theme	  7:	  
management	  
WP19	  
(1M)	  

Objectives: 
1)  Analysis and design interoperable ICT solutions for prioritized problems current 

RIs are facing 
2)  Develop the solutions together with the RIs 
3)  Validate the solutions and deploy them on e-Infrastructures for future operation 
 

……	  

UvA: 840 kEuro 



+ 
User	  point	  of	  view	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

SupporNng	  environments	  point	  of	  view	  	  

Principles for the solutions 

Effec<ve	  

Simple	  

Interdisci
plinary	  

Common	  
rules	  

Rich	  tools	  

Low	  learning	  
curve	  

Traceable	  
citable	  

Data	  driven	  

High	  QoS/QoE	  

User	  
centric	  

Trust,	  security,	  
privacy	  

Accessible	  

Robust	  

Extensible	  



EU	  H2020-‐
ICT-‐2014	  

SWITCH    
So)ware  Workbench  for  Interac5ve,  Time  Cri5cal  and  Highly  self-‐adap5ve  Cloud  applica5ons

PI	  -‐	  Dr.	  Zhiming	  Zhao	  
PI	  -‐	  Prof.	  Cees	  de	  Laat	  

System	  and	  network	  engineering	  
University	  of	  Amsterdam	  

Kick-‐off	  mee<ng,	  10-‐Feb-‐2015,	  Amsterdam,	  the	  Netherlands	  

3 MEuro – 780 kEuro  



Process	  A	  
Process	  B	  

Process	  D	  

Process	  C	  

Process	  E	  

Quality	  of	  data	  
Real	  <me	  
requirement	  

Real	  <me	  constraints	  

ApplicaNon	  logic	  

Time	  criNcal	  quality	  
constraints,	  	  

Virtualised	  infrastructure	  

So\ware	  defined	  networking	  

Sensors	  and	  mobile	  devices.	  	  

Applica<on	  
aware	  resource	  
virtualiza<on	  
and	  network	  
defining	  

Real-‐<me	  
monitoring	  
and	  Self-‐	  
adapta<on	  

Time	  cri<cal	  
applica<on	  
design/	  

verifica<on	  



Other Grants

•  CYCLONE – Intercloud – 450 kEuro
– Yuri Demchencko

•  Information complexity – 500 kEuro
– Pieter Adriaans

•  iDapt – DSL extra functional behavior 500 kEuro
– Andy Pimentel, Rafael Poss

•  Extra - Software Defined Computing J - 500 kEuro
– Ana Varbanescu



The constant factor in our field is Change!

The 50 years it took Physicists to find one particle, the Higgs, 
we came from:

Assembler, Fortran, COBOL, VM, RSX11, Unix, c, Pascal, 
SmallTalk, DECnet, VMS, TCP/IP, c++,  Internet, WWW, 
ATM, Semantic Web, Photonic networks, Google, Grid, 
Phyton, FaceBook, Twitter, Cloud, SDN, Data^3, App’s

to:

 DDOS attacks destroying Banks and BitCoins!

Conclusion:
Need for Safe, Smart, Resilient Sustainable Infrastructure.



���Questions?������ 

Supported by: 

http://delaat.net
http://sne.science.uva.nl
http://www.os3.nl/
http://sne.science.uva.nl/openlab/
http://pire.opensciencedatacloud.org
http://staff.science.uva.nl/~delaat/pire/
https://rd-alliance.org
http://envri.eu


