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“Information technology (IT) now 
permeates all aspects of public, 

commercial, social, and personal life. 
bank cards, satnav, and weather 

radar... IT has become completely 
indispensable.”  

 
 

“But to guarantee the reliability and 
quality of constantly bigger and more 
complicated IT, we will need to find 

answers to some fundamental 
questions.” 
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answers to some fundamental 
questions!” 



Reduction of Complexity by Integration ���
	


27ĎĎĎ.	  ĈĔĒĕđĊĝĎęĞ	  Ćēĉ	  ĒĆęčĊĒĆęĎĈĘ

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	  efϐiciently	  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	   ϐield	  of	  
IT.	  That	  gives	  this	  country	  a	  sound	  basis	  for	  achieving	  new	  breakthroughs,	  not	  only	  in	  
the	  form	  of	  exciting	  applications	  but	  also	  by	  ϐinding	  answers	  to	  pressing	  basic	  scientiϐic	  
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! 





There 
is 

always 
a 

bigger 
fish	




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.	  
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TimeLine	  
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Strategic Research Focus Shift (fte’s)	
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Optical Exchange as Black Box	
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•  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. 



Demonstration of optimizing the computing problem (“Clouds”)	


R.Strijkers, W.Toorop, A.van Hoof, P.Grosso, A.Belloum, 
D.Vasuining, C. de Laat, R. Meijer, “AMOS: Using the Cloud 
for On-Demand Execution of e-Science Applications”, In: 
Proc. eScience2010 conf, Dec. 2010.	


If computing is 
‘infinite’ and movable, 
then workflows and 
applications can 
program the network. 
 
You can introduce new 
metrics when creating 
and optimizing these 
infrastructures  
(e.g power 
consumption) 

Grid-on-demand 

User programmable networks 

cloud DAS4 

 Y. Demchenko, C.Ngo, M.Makkes, R.Strijkers, C. de Laat, 
"Defining Inter-Cloud Architecture for Interoperability and 
Integration.", 3th intl conf on Cloud Computing, GRIDs, and 
Virtualization (CLOUDCOM 2012), July 22-27, 2012, Nice, 
France.  BEST PAPER AWARD	




ExoGeni @ UvA	

Installed and up June 3th 2013	


Connected via the  
new 100 Gb/s 

transatlantic 



ExoGeni @ UvA	

•  Part of UvA’s OpenLab è Open for everyone!	

•  Installed and up June 3th 2013	

•  Connected via the new 100 Gb/s transatlantic	

•  To study programmability on all layers	

•  To study computing to data vs data to computing	

•  To study GreenSonar & objective based networking	

•  Study multi service exchange & DMZ features	

•  To study Big Data processing algorithms on mixed latency	

•  PIRE project with Grossman and Alvares	

•  Give students access to try out their bright and stupid ideas!	

•  DAS4/5, CineGrid exchange node, pure photonic TUE	

	




Some Thoughts	

•  We started NDL @ UVA as exact modelling	

•  Describing topology & technology & extensible	

•  By adaptation disentangling generic and specific	

•  SubGraph in semantic space is working co-

allocation in real space	


•  Now aggregation (logical)	

•  Extensions locally defined, varying information	

•  It becomes a different problem à search engine	

•  No guarantee solutions may work!	

	




The constant factor in our field is Change!	

	


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


“Fortran goto”, Unix, c, SmallTalk, DECnet, TCP/IP, c++,  
Internet, WWW, Semantic Web, Photonic networks, Google, 

grid, cloud, Data^3, App	

to:	


 DDOS attacks destroying Banks and Bitcoins.	

Conclusion:	


Need for Safe, Smart, Resilient Sustainable Infrastructure.	

	


Many thanks to RENCI, CIENA, SURFnet, DELL,	

 Ralph, Jeroen, Daniel, Erik-Jan, Joe.	



