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Internet!
From a network experiment that never ended (Vint Cerf)!
•  1974:  for the first time the word internet (RFC 675 - Specification of Internet 

Transmission Control Program) [note -> Open process!]!
•  1981: the TCP/IP standard was ready to be adopted (RFC 791,792,793)!

To a network for society!
•  1989: WWW was born!
•  2010 !

!
!

•  Jan 2011 ! IANA IPv4 address space depleted!  !!



Internet is miljarden business!!
Google !197!
Amazon !83!
Facebook !50!
BAIDU !37!
eBay !36!
Yahoo !22!
PriceLine !21!
SalesForce !18!
F5 Networks !11!
CheckPoint !9!
NetFlix !9!
Expedia !7!

Vgl: !Exxon Mobil !368!
!Apple Inc. ! !314!

!

1 miljard in 100$ biljetten !

Monday 3 January 2011!



Internet"
ontwikkelingen!

… more users! 

… more data! 

… more realtime! 
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Veiligheid!









Grafische kaarten distruptive!!

500$!

20.000.000$!



Data opslag: verdubbeling per 1,5 jaar!!



Meerdere kleuren / Fiber!

Per fiber: ~ 80 kleuren!
Per kleur: 10 – 40 – 100 Gbit/s!
Vgl: 1 Gbit/s = 1000 Mbit/s!
ADSL: ~ 4 – 20 Mbit/s!

Wavelength!
Selective!
Switch!

New: Hollow Fiber!!



Draadloze netwerken!
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ATLAS detector @ CERN Geneve!

Henk!
Ingrid!&!



ATLAS detector @ CERN Geneve!



Een gebeurtenis!



Technol!
100000 flops/byte!

10 Pflops/s!



Grote en kleine pakketten door elkaar!



Nortel  CIENA Confidential --------!--------!

Diagram for SAGE video streaming to ATS 

Ethernet/Optical Network 

Lab 10, Nortel UvA, Amsterdam 

Internet 

MERS 

MERS 

MERS 

Streaming Server Content Portal 100 TB 
Storage 

Regular Browser 

 
 

Content Request 

Super-High-Definition 
Content on PBT pipes 

MERS 

Netherlight 
Canarie 

SAGE Servers SAGE Display 

1 Gbps 1 Gbps 

User 

Content Choice 

UvA, Amsterdam 

MERS 

MERS 
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comp 
clusters 
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Nortel  CIENA Confidential --------!--------!

Experimental Data 

10 Second Traffic  
bursts with No PBT 

10 Second Traffic  
bursts with PBT 

PBT is SIMPLE and EFFECTIVE  
technology to build a shared Media-Ready Network 

Sage without 
background 
traffic 

Sage with 
background 
traffic 



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]  

� cost savings
- Avoid OEO regeneration � power savings
- Faster time to service[2] � time savings
-  Support of different modulation formats[3]  

� 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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 e -Very Large Base Interferometer!









eEVN: European VLBI Network 

1-30 
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Data processing 
centre: Dwingeloo 
16 Gbps (2005) 

China 
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asymmetric    star topology 

Slide courtesy of Richard Schilizzi <schilizzi@jive.nl> 
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Telescopes 

 

Input nodes 

 

Correlator nodes 

 

Output node 

 

 

 

..... 
16 Gbit/s - 2 Tflop " 
THIS IS A DATA FLOW 
PROBLEM !!! 
 
Research: 
 
 

SCARIe: a research project to create a Software Correlator for e-VLBI. 
VLBI Correlation: signal processing technique to get high precision image from 

spatially distributed radio-telescope. 
 

The SCARIe project 

allow SCARIe application running on grids with such future demands, we need to provide the following grid characteristics: 
� Control the optical networks between radio-telescopes and the grids facilities; 
� Constant throughput between the nodes involved in SCARIe application; 
� Flexibility in choosing specific network characteristics to be guaranteed (e.g., low-delay, high throughput, etc); 
� Ability to add/remove nodes on the fly during the experiment due to the change in the application requirements in 

terms of both networking and computational resources. 
A grid could provide such networking characteristics if the network resources are integrated into the grid middleware. Hence, 

network resources can be claimed dynamically by any application, similar to the computational resources are in used nowadays. 

Network control in distributed computing 

We propose to provide control over network resources in distributed computing by (1) enhancing a grid middleware with a 
network broker and (2) use a programmable network that manipulates the traffic according to the requested network services. We 
used WS-VLAM [4], a grid workflow execution environment, to support coordinated execution of distributed Grid-enabled 
components combined in a workflow. Each Grid application is encapsulated in a container, which takes care of state updates to the 
workflow system and provides an execution environment that allows the manipulation of various aspects of the application. WS-
VLAM was extended with support for network resource management with the aid of a network broker. NetBroker uses streamline 
[5] as a traffic manipulation system installed in every distributed node. 

In Figure 2, the architecture we propose adds a Network Broker (NetBroker) component (5) with functions similar to grid 
brokers (4). The NetBroker acts as a single point of access to network resource management and provides capabilities to query 
and request network resources. The workflow engine is extended with an additional service to include discovery, allocation and 

provisioning of network resources and services via the NetBroker. 
�

The framework of the grid middleware extended with network management support works 
as follows: 

1 - User deploys an experiment: application & basic infrastructure requirements; 
2 - WS-VLAM maps the experiment using Actuator onto available Grid resources which 
were detected by Profiler; 
3 - Control loops may occur in which WS-VLAM is a controller to adjust the resources 
such as to solve the applications demands regardless of the environment changes; 
4 - Broker manages the computational resources; 
5 - NetBroker programs the networking infrastructure of Grid; 
 
Each grid node supports the applications running under WS-VLAM supervision and 
provides the application-specific network services through application-components ACs as 
supported by network elements NEs. 

Experiments and Results 

We setup a test bed to experiment with the effectiveness of our approach. All the nodes in the test bed run Globus Toolkit 4 and 
the programmable network software at the kernel level. The network broker and WS-VLAM run on separate machines over a 
control network. Figure 3 shows our test bed in which nodes are 
interconnected through two networks, as follows: the default 
network uses a shared 100Mbit switch and the second network 
uses an IDXP2850 network processor unit programmed to route 
IP packets at 1Gbps. 

Figure 4 shows a screenshot from the workflow manager with 
multiple workflows. The workflow manager starts workflows 
one by one: 1, 2, 3. When the network performance (throughput) 
measured by an application decreases below a certain threshold, 
the application will request better connectivity to WS-VLAM. 
WS-VLAM will then offload the resources of the requesting 
application from the 192.168.1.x network onto the 10.10.0.x 
network (e.g. path 4 moves to the 1Gbps network), yielding 
improved performance. 

The performance of our test bed is illustrated in Figure 5. Due 
to the shared 100Mbps, the per-path performance decreases 
while more paths are established and exchange data traffic at maximum. The switch offers one single network service: best effort. 
The application running in the workflow (bwMeter in Figure 4) measures the throughput and when it reaches a programmable LO 
threshold, it sends a request for more resources to WS-VLAM. Next, NOS receives a demand for better paths and decides to 
create alternative paths over 1Gbps network. Then we see that the throughput as measured by bwMeter increases in the second 
part of Figure 5.  

 
Figure 2. Grid architecture that includes 
programmable network services.  

�

Figure 3. Setup of network connectivity in the test bed and first experiment. 
The network broker accesses the nodes over a separate control plane.  
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• Microsoft Meeting, 30 March 2006, UvA    35 

SARA AMC 

VU Psychiatry UvA Psychology Home 

Virtual Lab for Neurosciences: 
Resources 

Instruments 

Grid 
Access 
Point 

Research 
Workstation 

3T MRI 

Internet 

Research 
Workstation 

Storage 
Element 
(SRB) 

Compute 
Element 
(Matrix) 

Research 
Workstation 



Anonimiteit of her-identificeerbaarheid!

1.  Empirische analyse van GBA!
2.  Kansrekening, bijv. kans op niet-uniciteit:!

! 

! 

1" ( n"1n )
k"1

Privacy!
thermometer! !
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IJKDIJK!
Sensors: 15000km* 800 bps/m ->12 Gbit/s to cover all Dutch dikes!



Sensor grid: instrument the dikes!
First controlled breach occurred on sept 27th ‘08:!

Many small flows -> 12 Gb/s!

Many Pflops/s!



application 

network 
element 

network 
element 

network 
element 

nc nc nc 

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  interacts with virtualized networks using 

UPVNs and optimize network + computation!

User Programmable Virtualized Networks.!

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. 
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TouchTable Demonstration @ SC08!
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GLIF 2008! Visualization courtesy of Bob Patterson, NCSA 
Data collection by Maxine Brown. 



GLIF 2008! Visualization courtesy of Bob Patterson, NCSA 
Data collection by Maxine Brown. 

We zoeken:           voor!
complexe netwerken!!



LinkedIN voor infrastructuur!
•  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 



Path between interfaces A1 and E1:!
    A1-A2-B1-B4-D4-D2-C3-C4-C1-C2-B2-B3-D3-D1-E2-E1  !

Ethernet layer!

A2!

A1!

B1!

B2! B3!

B4! D1!

D2!D3!

D4!

C1!

C2! C3!

C4!
E1!

E2!

WDM layer!

1310! 1550!
1550! 1310!

Multi-layer Network PathFinding 

Scaling: Combinatorial problem  !





Management 

Visualisation 

Mining 

Web2.0 

Media 

Backup 

Security 

NetherLight!
Meta 

CineGrid 

Medical 

TV 

Gaming 

Conference 

RemoteControl 

Clouds 

Distributed 
Simulations 

Predictions 

EventProcessing 
StreamProcessing 

Workflow 

DataExploration 



RDF describing Infrastructure 

content 
content 

RDF/CG!
RDF/CG!

RDF/ST!

RDF/NDL!

RDF/NDL!

RDF/VIZ!

RDF/CPU!

Application: find video containing x, 
then trans-code to it view on Tiled Display 

PG&CdL 



Applications 
and Networks 
become aware 
of each other! 

<cdl:hasElements>
<cdl:Host rdf:ID="cgvideo">

<cdl:hasDomain rdf:resource="#UvA-SNE"/>
<owl:sameAs rdf:resource="http://cinegrid.uvalight.nl/owl/ndl-amsterdam.owl#cgvideo"/>
<cdl:providesService>
<cdl:SAGEDisplayService rdf:ID="SAGEDisplayService_cgvideo">

<cdl:pixelsX rdf:datatype="http://www.w3.org/2001/XMLSchema#int"
3840</cdl:pixelsX>

<cdl:providedBy rdf:resource="#cgvideo"/>
<cdl:pixelsY rdf:datatype="http://www.w3.org/2001/XMLSchema#int"
2160</cdl:pixelsY>

</cdl:SAGEDisplayService>
</cdl:providesService>
<cdl:providesService>
<cdl:LocalStorageService rdf:ID="LocalStorageService_cgvideo">
<cdl:providedBy rdf:resource="#cgvideo"/>

</cdl:LocalStorageService>
</cdl:providesService>
<cdl:providesService>
<cdl:SAGEStreamingService rdf:ID="SAGEStreamingService_cgvideo">
<cdl:providedBy rdf:resource="#cgvideo"/>

</cdl:SAGEStreamingService>
</cdl:providesService>

</cdl:Host>
</cdl:hasElements>

<ndl-domain:inAdminDomain>
<ndl-domain:AdministrativeDomain rdf:ID="UvA-SNE"/>

</ndl-domain:inAdminDomain>
<rdfs:comment rdf:datatype="http://www.w3.org/2001/XMLSchema#string"
>Development machine.</rdfs:comment>

</ndl-topo:Device>
<ndl-topo:Device rdf:ID="cgvideo">

<ndl-topo:hasInterface rdf:resource="#cgvideo-eth3"/>
<ndl-topo:hasInterface>
<ndl-topo:StaticInterface rdf:ID="cgvideo-eth1">
<ndl-topo:connectedTo>
<ndl-topo:ConnectionPoint rdf:ID="Internet8"/>

</ndl-topo:connectedTo>
</ndl-topo:StaticInterface>

</ndl-topo:hasInterface>
<ndl-domain:inAdminDomain rdf:resource="#UvA-SNE"/>

</ndl-topo:Device>
<ndl-topo:Device rdf:ID="cgdaemon">
<ndl-domain:inAdminDomain rdf:resource="#UvA-SNE"/>
<ndl-topo:hasInterface>
<ndl-topo:StaticInterface rdf:ID="cgdaemon-eth1">
<ndl-topo:connectedTo>
<ndl-topo:ConnectionPoint rdf:ID="Internet5"/>

</ndl-topo:connectedTo>
</ndl-topo:StaticInterface>

CDL links to NDL using the owl:SameAs property. CDL defines the services, NDL the network interfaces 
and links. The combination of the two ontologies identities the host pairs that support matching services
via existing network connections.

NDL

+ =

CDL

Amsterdam

Prague

Inferred

Amsterdam

Prague

SQWRL is used to query the Ontology. 

cdl:hasElements(?node1, ?host1) �
ndl-topo:hasInterface(?host1, ?if1) ��ndl-
topo:connectedTo(?if1, ?if2) �
ndl-topo:hasInterface(?host2, ?if2) � 
cdl:hasElements(?node2, ?host2) ->
sqwrl:select(?node1, ?node2)

cdl-ams:Amsterdam  cdl-ams:Prague
cdl-ams:Prague   cdl-ams:Amsterdam

cdl-ams.owl

Which CineGrid nodes are 
directly connected?

Ontology description 

ndl-domain

Element description

cdl-infrastructure

cdl-service

cdl-swrl

ndl-topology

cdl-ams

ndl-ams

UML representation of CDL

Node

Exchange

Service

pixelsX
pixelsY

DisplayService

capabilities
maxStreams

StreamService

totalDiskSpace
freeDiskSpace

StorageService

*

ZaxelStreamService

Element

providesService

hasElements:
(Host)

Cluster

Description
Group

Identifier
Device

pixelsX
pixelsY

Beamer

pixelsX
pixelsY

Display

*

1

providesService

Homepage
TechContact
AdminContact

Domain

*

0..1

inDomain

*

1

hasElements

NTTDisplayService

SAGEDisplayService

iRODSStorageService

SAGEStreamService

NTTStreamService

hostName
OS

Host

Node or 
Exchange)

hasElements:(not 

Exchange)
hasElements:(not 

NFSStorageService

CineGrid Description Language

CineGrid is an initiative to facilitate the exchange, storage and display 
of high-quality digital media. 

The CineGrid Description Language (CDL) describes CineGrid resources. Streaming, 

display and storage components are organized in a hierarchical way. CDL has bindings 

to the NDL ontology that  enables descriptions of  network components and their 

interconnections. With CDL we can reason on the CineGrid infrastructure and its 

services.

CREDITS CINEGRID.UVALIGHT.NL  |  WWW.CINEGRID.NL  |  WWW.CINEGRID.ORG
    FACULTY OF SCIENCE  UNIVERSITY OF  AMSTERDAM  |  RALPH KONING: RALPH@SCIENCE.UVA.NL  |  PAOLA GROSSO: P.GROSSO@UVA.NL

370904 A0 poster.indd   1 05-11-2009   20:15:50
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SNE @ UvA!

Privacy/Trust!

Authorization/policy!

Programmable networks!

40-100Gig/TCP/WF/QoS!

Topology/Architecture!

Optical Photonic!
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Yutaka TANAKA 
SHARP CORPORATION 
Advanced Image Research Laboratories 

Why is more resolution is better? 
1. More Resolution Allows Closer Viewing of Larger Image 
2. Closer Viewing of Larger Image Increases Viewing Angle 
3. Increased Viewing Angle Produces Stronger Emotional Response 

24 Gb/s!

7.6 Gb/s!

43
20
"



Red End 
Robin Noorda & Bethany de Forest 



SINTEL!



STEREO 4K Recording 
Viktoria Mullova 

Holland Festival 2010 



Onderwijs - Master SNE!
•  Open Source aanpak!

•  Gebaseerd op open en non-discriminatory 
standaarden!

•  Privacy en Security!
•  Digitale beveiliging & forensics!
•  Internet infrastructuur!
•  Opleiding nauw verweven met de onderzoeksgroep!!

# Hij luistert   !
naar ons! !





Uitdagingen!
•  Onderzoeksthema’s:!

– Disruptive ontwikkeling infrastructuur!
– Slimme infrastructuur!
– Groene ICT & energie, smart – grids . . . . . . .!
– Virtualisatie en deterministisch gedrag!
– Authorizatie & vertrouwen (trust)!
– Veiligheid en privacy in een Internet wereld!

•  Toepassingen!
– LifeWatch, IJkdijk, Medische beeldverwerking!
– Research Netwerken, Data intensieve app’s (LHC)!
– Digitale Cinema, creatieve sector!



Dankwoord!



All co-Authors Ever!



Many thanks to my research Group!"
(co-authors since 2001 @ UvA)!



Master OS3!"
(master sinds 2003 @ UvA)!



€ € € € € €!



Tot slot …!



De winter komt eraan…!



De winter komt eraan…!



De winter komt eraan…!



De winter komt eraan…!



De winter komt eraan…!



Deze bezuinigingen zijn funest 
voor de kenniseconomie!!



"
"

Ik heb gezegd! …!



"
En dan nog dit:"

"
Ik verzoek U vriendelijk geen traditionele 

felicitatie rij te vormen bij de receptie maar 
meteen naar de drankjes en hapjes te 

grijpen!"
"

Ik kom wel naar U toe."
"
"

 Deze lezing is beschikbaar via mijn homepage: http://cees.delaat.net!


