
Cees de Laat!
GLIF.is & CineGrid.org founding member!

ICT & e-Science 



100000 flops/byte!
10 Pflops/s!



Telescopes 

Input nodes 

Correlator nodes 

Output node 

..... To equal the hardware 
correlator we need: 

16 streams of 1Gbps 

16 * 1Gbps  of data 

2 Tflops CPU power 

2 TFlop / 16 Gbps = 

THIS IS A DATA FLOW 
PROBLEM !!! 

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 

1000 flops/byte!
0.1 Pflops/s!



LOFAR as a Sensor Network!
–  LOFAR is a large distributed research 

infrastructure:!
•  Astronomy:!

–  >100 phased array stations!
–  Combined in aperture synthesis array!
–  13,000 small “LF” antennas!
–  13,000 small “HF” tiles!

•  Geophysics:!
–  18 vibration sensors per station!
–  Infrasound detector per station!

•  >20 Tbit/s generated digitally!
•  >40 Tflop/s supercomputer!
•  innovative software systems!

–  new calibration approaches!
–  full distributed control!
–  VO and Grid integration!
–  datamining and visualisation!

Slide courtesy of Marco de Vos (LOFAR) 

20 flops/byte!

2 Tflops/s!



US and International OptIPortal Sites!

NCMIR SIO 

UIC 

USGS EDC 

TAMU UCI 

SARA 
KISTI 

NCSA & 
TRECC 

CALIT2 

AIST RINCON & Nortel 

Real time, multiple 10 Gb/s!



The “Dead Cat” demo!

SC2004, 
Pittsburgh, 

Nov. 6 to 12, 2004 
iGrid2005, 
San Diego, 
sept. 2005 

Many thanks to: 
  AMC 

  SARA 
  GigaPort 
  UvA/AIR 

  Silicon Graphics, 
Inc. 

  Zoölogisch Museum 

1 Mflops/byte!

M. Scarpa, R.G. Belleman, P.M.A. Sloot and C.T.A.M. de Laat, "Highly Interactive Distributed Visualization", 
iGrid2005 special issue, Future Generation Computer Systems, volume 22 issue 8, pp. 896-900 (2006).!

Real time issue!



IJKDIJK!
300000 * 60 kb/s * 2 sensors (microphones) to cover all Dutch dikes!



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

Many small flows -> 36 Gb/s!

Many Pflops/s!



CosmoGrid 

!  Simulate large structure formation in the Universe 
-  Dark Energy (cosmological constant)! 

-  Dark Matter (particles)! 

!  Method: Cosmological N-body code 

!  Computation: Intercontinental SuperComputer Grid 

Observed 

Simulated 

!  Motivation: 
previous simulations 
found >100 times more 
substructure than is 
observed! 



The hardware setup 
!  2 supercomputers : 

-  1 in Amsterdam   (60Tflops Power6 @ SARA)! 

-  1 in Tokyo (30Tflops Cray XD0-4 @ CFCA)! 

!  Both computers are connected via an 
intercontinental optical 10 Gbit/s network 

10 Mflops/byte!

270 ms RTT!

1 Eflops/s!



Auto-balancing Supers!



CosmoGrid"

Supercomputing 
Grid across 

Continents and 
Oceans "

And yes,"
it works!!



CineGrid @ Holland Festival 2007 

7.6 Gb/s!

Real time issue!
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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!



BW!
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ADSL (12 Mbit/s)! GigE!

A. Lightweight users, browsing, mailing, home use!
Need full Internet routing, one to all!

B. Business/grid applications, multicast, streaming, VO’s, mostly LAN!
Need VPN services and full Internet routing, several to several + uplink to all!

C. E-Science applications, distributed data processing, all sorts of grids!
Need very fat pipes, limited multiple Virtual Organizations, P2P, few to few!

For the Netherlands 2007
ΣA = ΣB = ΣC # 250 Gb/s!
However:!
•  A -> all connects!
•  B -> on several!
•  C -> just a few (SP, LHC, LOFAR)!

Ref: Cees de Laat, Erik Radius, Steven Wallace, "The Rationale of the Current Optical Networking Initiatives”!
iGrid2002 special issue, Future Generation Computer Systems, volume 19 issue 6 (2003)!



Towards Hybrid Networking!!
•  Costs of photonic equipment 10% of switching 10 % of full routing!

–  for same throughput!!
–  Photonic vs Optical (optical used for SONET, etc, 10-50 k$/port)!
–  DWDM lasers for long reach expensive, 10-50 k$!

•  Bottom line: look for a hybrid architecture which serves all classes in a cost 
effective way !

–   map A -> L3 , B -> L2 , C -> L1 and L2!
•  Give each packet in the network the service it needs, but no more !!

L1 # 2-3 k$/port! L2 # 5-8 k$/port! L3 # 75+ k$/port!



Hybrid computing!

Routers ! ! !" # !Supercomputers!

Ethernet switches !" # !Grid  & Cloud!

Photonic transport !" # !GPU’s!

What matters:!
Energy consumption/multiplication!
Energy consumption/bit transported!



How low can you go?!

Router!
Ethernet!
SONET!
DWDM

Fiber!

Application!
Endpoint A!

Application!
Endpoint B!Regional!

dark!
fiber!

MEMS!

POS!

15454!
6500!
HDXc!

                GLIF!

Trans-Oceanic!

Local!
Ethernet!



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





Management 

Visualisation 

Mining 

Web2.0 

Media 

Backup 

Security 

NetherLight!
Meta 

CineGrid 

Medical 

TV 

Gaming 

Conference 

RemoteControl 

Clouds 

Distributed 
Simulations 

Predictions 

EventProcessing 
StreamProcessing 

Workflow 

DataExploration 



2 ms!
3 ms!

In The Netherlands SURFnet 
connects between 180: 

-  universities; 
- academic hospitals;  
- most polytechnics;  
-  research  centers. 

with an indirect ~750K user 
base 

~ 8860 km!
scale 
comparable 
to railway 
system!

x!

x!

x!

x!x!



Alien light 
From idea to 
realisation! 



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.!



TouchTable Demonstration @ SC08!



Interactive programmable networks 



Applications and 
Networks become 

aware of each 
other!!



Our Christmas Trees $!
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85 (40+45) compute nodes 

Fast interconnect 

Local interconnect 

10 Gb/s 
Ethernet lanphy 

1 Gb/s 
Ethernet 

 head node (2) 

To local 
University 

DAS-3 Cluster Architecture!
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T!
E!
L!

10 Gb/s 
Ethernet lanphy 

UvA-node!

To SURFnet 

8 * 10 Gb/s from 
bridgenodes 



Photonic!
network 
SURFnet!

Head node!

local network exp. 
equipment!

64 bit 
multi-core!
nodes!

"10 Gb/s!

...!Phase 1: SURFnet!
to other DAS sites!

Future!
Accelerators!

N!
E!
T!
W!
O!
R!
K!

"10 Gb/s!

10/40/100!
Gb/s!

+ GPU’s!

= phase 1! = phase 2!

WAN!
link!
switch!

...!



The VM Turntable 
Demonstrator!

The VMs that are live-migrated run an iterative search-refine-search workflow 
against data stored in different databases at the various locations. A user in  

San Diego gets hitless rendering of search progress as VMs spin around 

Seattle 

         Netherlight 

Amsterdam 

NYC 

Toronto 

         iGrid05 
UvA 

         Starlight 
Chicago 

VMs 

Dynamic 
Lightpaths 

hitless remote  
rendering 

iGrid2005!
SC2005!



e-Science 
toegepast 
in biologie!



Waarom e-Science?!
•  ICT probleem voor wetenschap, Industrie en maatschappij!

–  Er wordt heel veel data verzameld!
•  LOFAR, CERN, Life Sciences, Earth sciences, etc!

–  Er wordt heel veel data gegenereerd!
•  Klimaatmodellen, watermanagement, drugdesign, etc!
•  Simulaties van ‘catastrofes’ die niet experimenteel getoetst kunnen worden i.v.m. 

Veiligheid, complexiteit, capaciteit en/of kosten!
–  Nieuwe vormen van wetenschap!

•  Interdisciplinair: Impact van High Troughput techniques (sequencing) in biologie, 
MRI in medische wetenschappen en farmacie!

•  Science 2.0!
•  Nu Inefficiënt: ieder domein (biologen, chemici, etc.) vindt het wiel opnieuw uit.!

–  Geen kennisoverdracht op gebied van techniek en methoden!
–  Te beperkte interdisciplinair onderzoek!
–  Te weinig professionele ICT  support waardoor er kostbare ‘science’ tijd verloren gaat!
–  Door te weinig gebruik van ICT in onderzoek kunnen  we, op een aantal gebieden, de 

aansluiting bij de wereld gaan missen.!



Problemen!

•  Coördinatie activiteiten!
•  Te weinig interdisciplinaire samenwerking!
•  Gekwalificeerd personeel!
•  Financiering!

–  NWO etc zijn klassiek discipline georganiseerd!
–  Nationale infrastructuur vereist nationale fondsen!
–  Structureel geld en niet alleen impuls (core)!

•  Status: Science of Engineering?!
•  Mensen, met kennis van Science en ICT.!

–  > Zijn belangrijker dan Computers!!



Themes for next years 
•  40 and 100 Gbit/s 
•  Network modeling and simulation 

•  Cloud Data - Computing 
•  Web Services based Authorization 
•  Network Services Interface (N-S and E-W) 
•  Fault tolerance, Fault isolation, 
•  eScience integrated services 
•  Data and Media specific services 



Progress 

•  Kilobit/s   " #  keyboard 

•  Megabit/s  " #  process ques / rpc’s 

•  Gigabit/s  " #  discs, screens 

•  Terabit/s  " #  GPU 



Onwards! 
•  We aim for extreme [comp,data,net,viz] experiments! 

•  Computer & Computational & e- Science needs open and 
unrestricted environments for experimentation with ICT! 

•  Our laboratory must be very well connected!  

•  Our laboratory must be easy accessible and nearby! 

•  Participation in master education. 

•  We need participation from IC to build & operate & utilize our 
laboratory! 

•  We need to be able to break things! 

If we never broke something we did not try 
hard enough! 



Networks 

•  Make sure we couple to the SURFnet hybrid services 
–  Routed plus lightpaths implemented as NGE 

–  Go to 100 Gb/s in next 5 years 

•  Create a scalable dwdm photonics layer 

•  Limit routers to the minimum (2) 

•  Use some form of Layer2 for traffic transport& aggregation 
–  MPLS-TE or PBT, PLSB, etc. 

•  Make sure it is controllable & manageable 
–  and ultimately partly by users & applications 



Questions ?!

Thanks: Paola Grosso & Henri Bal & Hans Dijkman & Bob Hertzberger 
& Jeroen vd Ham & Freek Dijkstra & team for several of the slides.!


