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We zoeken:           voor	


complexe netwerken!	





Network Description Language 

Object Subject 
Predicate 

•  From semantic Web / Resource Description Framework. 
•  The RDF uses XML as an interchange  syntax. 
•  Data is described by triplets: 

Location	

 Device	

 Interface	

 Link	


name	

 description	

 locatedAt	

 hasInterface	



connectedTo	

 capacity	

 encodingType	

 encodingLabel	
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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>	





Topology 
Aggregation 
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IP layer	



Ethernet layer	
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OC-192        layer	
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Multi-layer descriptions in NDL 
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Gigabit Ethernet	



OC-192	



OC-192	



2x OC-192	



2x OC-192	



GE	



can adapt GE 
in STS-24c	



can adapt GE in 
STS-24c or STS-3c-7v	



can adapt GE 
in STS-3c-7v	



(22 free)	



(38 free)	



(87 free)	



(63 free)	



A weird example 

Thanks to Freek Dijkstra & team	
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The Problem 

A 

G 

F 
E 

D 

C 

B 

H 

I want HC and AB	


Success depends on the order	



?	



Wouldn’t it be nice if I could request [HC, AB, ...]	





Another one J 

A 

F G 

D C 

B 

H 

I want AB and CD	


Success does not even depend on the order!!!	
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NDL + PROLOG 

• Reason about 
graphs	



• Find sub-graphs 
that comply with 
rules 	



Research Questions:	


• order of requests	


• complex requests	


• usable leftovers	





•  Network descriptions are in NDL 

•  Use Prolog , a logical programming language: 
– clauses: facts and rules 
– goals: reached through backward chaining (goal-

driven) 

•  Multi-layer pathfinding is a combinatorial bomb. 

•  Need features of networks to force Prolog to 
backtrack if it looks for an unnecessary long 
path. 

•  Introducing features (heuristics) speeds up the 
pathfinding but may lead to false negatives too. 

•  Constructed large set of multi-domain 2-layer 
networks of different sizes with the Barabási-
Albert algorithm.  

•  Studied shortest paths between randomly 
chosen src-dst pairs by means of an memory 
unfriendly algorithm.  

 



Single layer networks: results 

• Number of interfaces, 	


• given N nodes per domain D	


• 4*(D-2) + D*4*(N-2) for D > 2	



• Prolog time to find first path shorter than Python time.	


• We observe a quadratic dependence. 	


• Length of paths found comparable.	



Pynt-based DFS	



Prolog DFS	





Multi-domain 2-layer networks 

How do multi-domain 2-layer networks look like? 
 

Guess: Projection algorithm (2-layer: Ethernet /WDM) 
 

Steps: 
1.  Generate a multi-domain graph by BA-algorithm 
2.  Generate a graph for each domain by BA-algorithm 
3.  For each domain graph project random nodes onto WDM layer 
4.  Connect the domains at each layer according to the multi-domain graph 
5.  Assign random wavelengths to the adaptation links 
 
Advantage: 
•  Number of adaptations determined by the degree of the projected nodes 
•  Multi-domain Ethernet-layer as well as the multi-domain WDM-layer graph are not 

necessarily connected. 
 
Input parameters: 
•  Number domains, number of nodes(devices) per domain 
•  Ratio of Ethernet-devices over WDM-devices per domain 
•  Distribution of wavelength  



Multi-domain 2-layer networks 

Projection algorithm 
 

• BA-algorithm to generate a graph for each domain 
• Project random nodes onto WDM layer 
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Multi-layer Network PathFinding 

Prolog rule:    	


linkedto( Intf1, Intf2, CurrWav ):- 	

 	

%-- is there a link between  Intf1 and Intf2 for wavelength CurrWav ? 	


    rdf_db:rdf( Intf1, ndl:'layer', Layer ), 	

 	

%-- get layer of interface Intf1 à Layer	


    Layer == ‘wdm#LambdaNetworkElement', 	

%-- are we at the WDM-layer ?	


    rdf_db:rdf( Intf1, ndl:'linkedTo', Intf2 ), 	

 	

%-- is Intf1 linked to Intf2 in the RDF file?	


    rdf_db:rdf( Intf2, wdm:'wavelength', W2 ), 	

%-- get wavelength of Intf2 à W2	


    compatible_wavelengths( CurrWav, W2 ). 	

%-- is CurrWav compatible with W2 ?	


linkedto( B4, D4, CurrWav ) is true for any value of CurrWav	


linkedto( D2, C3, CurrWav) is true if CurrWav == 1310	



Ethernet layer	
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WDM layer	
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Path between interfaces A1 and E1 ? 	





Path between interfaces A1 and E1:	


    A1-A2-B1-B4-D4-D2-C3-C4-C1-C2-B2-B3-D3-D1-E2-E1  	



Ethernet layer	
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WDM layer	
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Multi-layer Network PathFinding 

Scaling: Combinatorial problem  	





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! 



CineGrid portal 100 Tbyte	


Cache & Store & Forward	





CineGrid Workflow Planner 
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Questions ?	




