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Why?%

I%want%to:%
“Show%Big%Bug%Bunny%in%4K%on%my%Tiled%Display%using%

green%Infrastructure”%
%
•  Big%Bugs%Bunny%can%be%on%mulBple%servers%on%the%Internet.%
•  Movie%may%need%processing%/%recoding%to%get%to%4K%for%Tiled%Display.%
•  Needs%determinisBc%Green%infrastructure%for%Quality%of%Experience.%
•  Consumer%/%ScienBst%does%not%want%to%know%the%underlying%details.%

!%%His%refrigerator%also%just%works.%



Internet!
developments"
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Speed!
Volume!

Deterministic!
Real-time!

Scalable!
Secure!



GPU cards are distruptive!"

500$!

20.000.000$!

Top 500!
!
#1!

#500!

7 year!



Data storage: doubling every 1.5 year!"



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!"
! less RTT!"



… more possibilities 

Virtualization 

Optical transmission 



The GLIF – lightpaths around the world 



The GLIF – lightpaths around the world 



The%Ten%Problems%with%the%Internet%
1.  Energy%Efficient%CommunicaBon%
2.  SeparaBon%of%IdenBty%and%Address%
3.  LocaBon%Awareness%
4.  Explicit%Support%for%ClientWServer%Traffic%and%Distributed%Services%
5.  PersonWtoWPerson%CommunicaBon%
6.  Security%
7.  Control,%Management,%and%Data%Plane%separaBon%
8.  IsolaBon%
9.  Symmetric/Asymmetric%Protocols%
10.  Quality%of%Service%

Nice%to%have:%
•  Global%RouBng%with%Local%Control%of%Naming%and%Addressing%
•  Real%Time%Services%
•  CrossWLayer%CommunicaBon%
•  Manycast%
•  Receiver%Control%
•  Support%for%Data%AggregaBon%and%TransformaBon%
•  Support%for%Streaming%Data%
•  VirtualizaBon%

ref:%Raj%Jain,%"Internet%3.0:%Ten%Problems%with%Current%Internet%Architecture%and%SoluBons%for%the%Next%GeneraBon",%%
Military%CommunicaBons%Conference,%2006.%MILCOM%2006.%IEEE%



The%Ten%Problems%with%the%Internet%
1.   Energy)Efficient)Communica3on)
2.  SeparaBon%of%IdenBty%and%Address%
3.  LocaBon%Awareness%
4.   Explicit)Support)for)Client:Server)Traffic)and)Distributed)Services)
5.  PersonWtoWPerson%CommunicaBon%
6.  Security%
7.   Control,)Management,)and)Data)Plane)separa3on)
8.   Isola3on)
9.  Symmetric/Asymmetric%Protocols%
10.   Quality)of)Service)

Nice%to%have:%
•  Global%RouBng%with%Local%Control%of%Naming%and%Addressing%
•  Real)Time)Services)
•  Cross:Layer)Communica3on)
•  Manycast%
•  Receiver%Control%
•  Support%for%Data%AggregaBon%and%TransformaBon%
•  Support)for)Streaming)Data)
•  Virtualiza3on)

ref:%Raj%Jain,%"Internet%3.0:%Ten%Problems%with%Current%Internet%Architecture%and%SoluBons%for%the%Next%GeneraBon",%%
Military%CommunicaBons%Conference,%2006.%MILCOM%2006.%IEEE%



TimeLine%

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%W%GLIF% Hybrid%Nets%

AAA% TBN% Policy%

Programmable%Networks% NetApp’s%

NM%%%%%%%OCCI%%%%%%%%%NSI%%%%%%%%%

TCP%Reno,%Vegas%



TimeLine%

2020%

Cogni3ve)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%W%GLIF% Hybrid%Nets%

AAA% TBN% Policy%

Programmable%Networks% NetApp’s%

NM%%%%%%%OCCI%%%%%%%%%NSI%%%%%%%%%



TimeLine%

2020%

Cogni3ve)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%W%GLIF% Hybrid%Nets%

AAA% TBN% Policy%

Programmable%Networks% NetApp’s%

NM%%%%%%%OCCI%%%%%%%%%NSI%%%%%%%%%

2040%

I)
re3re)
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Complex eInfra!"



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 



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



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

We investigate:           for"
complex networks!"



Information Modeling  

hasElements:(not 
Node or 
Exchange)
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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, 
 In: Elsevier Journal on Optical Switching and Networking, Volume 5, Issues 2-3, 
June 2008, Pages 85-93 



Semantics in Multiple SpacesSemantics in Multiple Spaces

Real WorldAbstraction 
Link 

Semantics

DocumentsData

OO, UML

Document World

Mental Abstraction World

Data structures

Web Pages

RDF

XML

OWLEntity Relations

Classification 
Semantics 

(RSM)

Machine World
OOM tries to unify the real world 

modeling and software structure

The Knowledge Grid The Knowledge Grid 
�� A MethodologyA Methodology
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Monitoring)

RDF)Seman3c)
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ECO-Scheduling"



The Way Forward!"
•  Nowadays scientific computing and data is dwarfed by commercial & 

cloud, there is also no scientific water, scientific power."
•  Understand how to work with elastic clouds"
•  Trust & Policy & Firewalling on VM/Cloud level"

•  Technology cycles are 3 – 5 year"
•  Do not try to unify but prepare for diversity"
•  Hybrid computing & networking"
•  Compete on implementation & agree on interfaces and protocols"

•  Limitation on natural resources and disruptive events"
•  Energy becomes big issue"
•  Follow the sun"
•  Avoid single points of failure (aka Amazon, Blackberry, "
•  Better very loosly coupled than totally unified integrated…"



Q & A 
http://ext.delaat.net/"
Slides thanks to:"
•  Paola Grosso"
•  Sponsors see slide 1. ""
•  SNE Team & friends, see below"
"


