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Why?	



Because we can! 

Why?	
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 Visualization courtesy of Bob Patterson, NCSA 
Data collection by Maxine Brown. 

We investigate:           for	


complex networks!	





GRID/Cloud	
  
Compu.ng	
  

Service	
  Plane	
  

eScience	
  Middleware	
  

	
  Chromium	
  
CGLX	
  

	
  SAGE	
  
MTP	
  

	
  WebServ	
  
INSPIRE	
  

	
  WSRF	
  
SensorML	
  

	
  Hadoop	
  
Storm	
  

PerfSonar	
  
ICMP	
  

SNMP	
  
OpenFlow	
  

NSI	
  	
  

	
  GIR	
  
UR	
  

	
  OCCI	
  
JSDL	
  

Cassandra	
  
	
  iRODs	
  

OGSA-­‐DAIS	
  

Domain	
  
Apps	
  
	
  

Domain	
  
Apps	
  
	
  

Domain	
  
Apps	
  
	
  

Domain	
  
Apps	
  
	
  

+	
  Machine	
  Learning	
  +	
  Reasoning	
  +	
  Scheduling	
  +	
  …	
  

…	
  	
  	
  …	
  



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	
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 encodingType	

 encodingLabel	



Object 
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Subject 
Object 
Subject 

Object 
Subject 

Object 
Subject 



NML ���
OFG spec	
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NetherLight in RDF	


<?xml version="1.0" encoding="UTF-8"?>	


<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"	



	

xmlns:ndl="http://www.science.uva.nl/research/air/ndl#">	


<!-- Description of Netherlight -->	


<ndl:Location rdf:about="#Netherlight">	



	

<ndl:name>Netherlight Optical Exchange</ndl:name>	


</ndl:Location>	


<!-- TDM3.amsterdam1.netherlight.net -->	


<ndl:Device rdf:about="#tdm3.amsterdam1.netherlight.net">	



	

<ndl:name>tdm3.amsterdam1.netherlight.net</ndl:name>	


	

<ndl:locatedAt rdf:resource="#amsterdam1.netherlight.net"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:501/1"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:501/3"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:501/4"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:503/1"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:503/2"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:503/3"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:503/4"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:504/1"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:504/2"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:504/3"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:504/4"/>	


	

<ndl:hasInterface rdf:resource="#tdm3.amsterdam1.netherlight.net:501/2"/>	



<!-- all the interfaces of TDM3.amsterdam1.netherlight.net --> 
 
<ndl:Interface rdf:about="#tdm3.amsterdam1.netherlight.net:501/1"> 

 <ndl:name>tdm3.amsterdam1.netherlight.net:POS501/1</ndl:name> 
 <ndl:connectedTo rdf:resource="#tdm4.amsterdam1.netherlight.net:5/1"/> 

 </ndl:Interface> 
<ndl:Interface rdf:about="#tdm3.amsterdam1.netherlight.net:501/2"> 

 <ndl:name>tdm3.amsterdam1.netherlight.net:POS501/2</ndl:name> 
 <ndl:connectedTo rdf:resource="#tdm1.amsterdam1.netherlight.net:12/1"/> 

 </ndl:Interface> 



GLIF ���
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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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A weird example �
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The result :-) �

Thanks to Freek Dijkstra & team	





IP layer	
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Multi-layer descriptions in NDL	





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   



Automated GOLE + NSI 	
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  Beta	
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  2012	
  

A
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OpenNSA 
    AMS AA 

A

NetherLight 
OpenDRAC 
       AMS      

US-LHCnet 
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Thanks Jerry Sobieski 



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	
  

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



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.	
  



RDF describing Infrastructure���
“I want”	



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 



Applications and 
Networks become 

aware of each 
other!	



CdL 



NOVI’s	
  mission	
  

Network	
  Innova.on	
  over	
  
Virtualized	
  
Infrastructures.	
  
	
  
• Virtualiza.on	
  

Virtualiza.on	
  of	
  
resources	
  is	
  a	
  main	
  
component	
  in	
  
these	
  test	
  beds.	
  

• Federa.on	
  
Federa.on	
  of	
  
pla]orms	
  are	
  
expected	
  to	
  
provide	
  users	
  with	
  
richer	
  services.	
  

	
  



Architecture	
  	
  



GreenSonar 

•  Sustainability requires Green-IT in all kinds of 
resources, compute, network, storage, sensor, … 
–  > System wide approach! 

•  Measure to know; information needed for smart 
infrastructure. 

•  Basic idea: been there done that in Networking! 
•  Why not apply iNDL/NML & PerfSonar methods to 

provide Green & Energy information? 
•  Need also application information. 
•  Big hurdle: energy metrics on heterogeneous 

resources 
•  OGF BOF/Charter meeting at OGF36, Chicago. 



Energy Description Language – 
EDL (we have already CdL)!

isa

isa

edl:PowerMet
er

edl:Resource

edl:Monitor
Component

edl:Hardware
Component

isa

edl:monitorBy

edl:Energy
Metric

edl:Calculate
dMetric

edl:Observed
Metric

edl:Unit

in-
proportionalTo

isa isa

edl:Software
Component

isa

edl:Resource
EnergyDesc

edl:Datetime
isa

isa

qosawf:
QualityMetric

edl:Metric

isa isa

qoasw:
Throughput

proportionalTo

isa

edl: 
EnergySource

edl:Outlet

edl:hasOutlet
edl:informOf

edl:
describedBy

edl:
PowerState

edl:
PowerFeature

edl:hasUnit edl:sampleAt

edl:
PowerAvg

edl:
ActiveEnergy

edl:Power
Efficiency

edl:Energy
Efficiency

isa isa

isa

edl: 
GreenEnergy

edl: 
BrownEnergy

Off

edl:SolidState
Disk

Sleep

edl:EnergyEff
icientEthernet

edl:Embedde
dProcessor

Active
isa

isaisa

edl: 
Capability

edl:
PowerCapping

isa

nml:Network
Object

indl:Node
Component

isa

indl:Memory
Component

indl:Processor
Component

nml:Link

indl:Virtual
Node

nml:Port

isa

indl:partOf

indl:implementedBy

indl:Node

isa



Layers	



Data 

Information 

Knowledge 
to act 

Wisdom 

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

OWL 

Schedulers 
to act 

Ta 
da 



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	


	





Future	


•  Big Data processing, data centric e-Infrastructure	


•  PIRE @ UvA (june 2014)	


•  Research Data Alliance in Amsterdam (september 2014)	


•  See also:	



–  http://ext.delaat.net/	


–  http://ext.delaat.net/smartgreen/index.html	


–  http://ext.delaat.net/news/2012-03-23/index.html	


–  http://wiki.cs.vu.nl/greenclouds/index.php/Main_Page	



	



Trip supported by: 



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.	




