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Outline

1. Survivable mapping in WDM optical networks

2. Implementation of survivable mapping for network connectivity

3. Content connectivity in WDM optical networks 

2



Survivable Mapping in WDM Optical Networks

Survivable mapping: Routing and Wavelength Assignment of the Logical Topology 
over the Physical Topology such that the Logical Topology is still connected after a 
certain number of failures

Logical Topology Physical Topology

mapping
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Notation and Assumptions

 Physical topology G(N, E)

 Logical topology G(NL, EL)

 Bidirectional for both physical connection ( �, � ∈ � so (�, �)) and 

logical connection ( �, � ∈ �� so (�, �))

 With wavelength converters

 W wavelengths per fiber
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Fundamentals of Survivable Mapping

• Cut: Operation dividing all logical nodes (NL) into 2 parts, S and NL - S

cut

S = {a, b, c} NL - S = {d, e, f, g, h}

Logical topology

• Cutset: All lightpaths consisting one edges in S and the other in NL - S
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• fi,j
s,t = 1 if lightpath from s to t is mapped over physical link from i to j

• E(s, t), set of all physical links used by lightpath (s, t), a logical 
topology is survivable if and only if for every cutset, 

Fundamentals of Survivable Mapping

• In other words, never map all 
lightpaths (bd, be, and ce) in 
all cutsets over a single 
physical link 

CUT

Logical topology
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ILP Formulation and Implementation

Subject to: 

• No wavelength continuity
• Starting point for network connectivity 

and content connectivity
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• Engine: Cplex

• APIs to Java, Python, C++, 
...

ILP Solvers

• Engine: Cplex

• Programming Languages 
used for optimization

• Similar to mathematical 
expressions

• OPL , AMPL...

Approach 1
Approach 2
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IBM ILOG Optimization Studio

• Licensed for UCD students
• Built for ILPs
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ILP Implementation

• Survivable mapping ILP formulation on slide #8 to following topologies 

10

Logical Topology Physical Topology

mapping



Input Parameters
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decision variables



Topology Modelling
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Physical topology Logical topology



ILP Formulation
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Results
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Total 12 Wavelength Channels

Notes:
• p: physical nodes
• l: logical nodes
• Bidirectional connections

i j s t fi,j
s,t



Visual Mapping
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• Bidirectional: total 12 Wavelength channels
• Survivable for single-link failures
• Wavelength colors should avoid conflicts



Future Work

• Formulate and implement network and content connectivity ILPs

• Analyze the cost of protection against various failure scenarios

• Develop heuristic algorithms for selected ILPs

• Important dates: June 01, 2019 (JUNO2 meeting schedule), OFC 2020  
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