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È IP/MPLS over OTN over 
DWDM network 
protection.  

È Three-layer modeling.  

È OTN sublayer 
technological constraints 
explicitly considered.  

È  Layersõ modularity. 

È Comprehensive study. 
Á Varying layersõ costs and 

parameters to understand 
the correlation effects 
between the layers. 
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È OTN overview.  

È Motivation and related work.  

È Network protection overview.  
Á Single-layer vs. multi -layer survivability.  

È Paper Contributions.  

È Design Model: 
Á Approach.  

Á Protection mechanisms. 

ÁNotations, constraints, and objective. 

È Solution Approach.  

È Study Environment.  

È Results. 
 

 



È Optical Transport Network.  

È A new -generation transmission layer 
technology. 

È Large-granule broadband service 
transmissions. 

È A òdigital wrapperó layer. 

È Efficient multiplexing and switching of high -
bandwidth signals.  
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È Optical Data Unit (ODU) layer.  

È ODU k Multiplexing.  

È ODU k Ą Uk 
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È Problems with 2-layer architectures. 
Á IP/MPLS over point -to-point WDM.  

ĞEOE conversion. 

ĞRoutersõ capacity heavily consumed by forwarding services.  

ĞMore time to detect failure at WDM.  

Á IP/MPLS over WDM (with OXCs).  

ĞNo explicit consideration for the technological constraints of 
the middle layer.  

È Our approach: 
Á Three-Layer IP/MPLS over OTN over WDM.  

ĞSeparates the logical from the physical topologies. 

Á Explicitly consider the OTN layer.  
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È OTN: 

o G.709 Hierarchy Optical Transport Core Network 
Design, Requirements and Challenges. [Nee Ben 
Gee(2009)] 

o Interworking of IP and OTN networks ð making IP 
over OTN a reality. [ Nowell (2009)] 

o Optical transport networks: From all -optical to 
digital. [Puglia(2009)]  
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È Multilayer Networks:  
o IP over SONET. [J. Manchester(1998)] 
o Cost comparison of IP/WDM vs. IP/OTN for European 

backbone networks. [I. Tsirilakis (2005)] 
o Survivable MPLS Over Optical Transport Networks: Cost 

and Resource Usage Analysis. [W. Bigos(2007)]  
o Dynamic LSP Routing in IP/MPLS over WDM Networks. 

[S. Koo(2006)]  
o Two Design Problems for the IP/MLPS over WDM 

Networks . [E. Kubilinskas (2005)] 

ü The OTN layer has not been explicitly considered.  
ü No work found on Three -Layer networks in which 

the technological constraints of the middle sub-
layer are explicitly considered.  
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At  what layer?  

Upper layer  Lower layer  

Pros 

Network can recover from any failure.  
 
Upper layer often carries differentiated 
services with different QoS 
requirements, it is generally easier to 
offer differentiated survivability at this 
layer. 
 

Faster than recovery at 
the upper layer. 
 
Requires considerably 
fewer actions due to the 
coarser granularity of 
the lower layer.   
 

Cons 

Recovery time is usually higher.  
 
In case of failure at the lower layer, there 
could be a huge amount of upper layer 
traffic affected by the failure in which 
case a great amount of recovery process 
at the upper layer is required.  
 

Some failures (e.g. an IP 
router failure) can not 
be handled by the lower 
layer. 
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È How to design a survivable multilayer network 
with two goals in mind:  
(1) to maximize the network protection and,  

(2) to reduce the cost of the network recourses.  

È Issues: 
ÁSpare capacity design. 
ĞRedundant protection.  

ĞSpare capacity left unprotected. 

ÁProtection method to use. 
Ğ Depends on the requirements of the ISP and whether a 

method is technologically meaningful.  

 

 



È A three-layer protection design where only the 
normal flow of each layer is 100% protected. 

È  Appropriate protection method at each layer.  

È A design based on the separation of the 
capacity components of each layer. 

È Phase-based heuristic approach. 

È Study and Results. 

 

 



È A Capacity component of 
an upper layer becomes a 
demand on its neighboring 
lower layer.  



È IP/MPLS:  

Á1:1 protection. 

Áhot standby path protection.  

È OTN: 

ÁLink restoration on a single path.  

È DWDM:  

Á1+1 protection. 

ÁFixed backup path. 









 
Optimal Solution: Minimum numbers of capacity 
modules (IP/MPLS layer), OTN signals (OTN 
layer), and wavelengths (DWDM layer), for each 
capacity component. 
 



Upper layer 
interface  

Lower layer 
interface  

Physical 
distance 

Interface 
Physical to 
physical  

OXC port  

Transponder  

OTN 
signal 
interface  

Multiplexing 
cost 
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È Large number of constraints: 

ÁD+4(E+GR+F+G2) +22G 

È Large number of variables: 

ÁP*D+2(E(1+Q))+8G(1+R)+12GZ+4F 

È Integer Linear Programming model.  

È Simpler forms of network design problems are 
NP-hard. 

È The problem is difficult to solve using an ILP 
solver even for small size networks. 
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È Parameters Values: 

cost ratio of network elements: 

Transponder, IP/optical interface, OXC  

Ą8, 0.5, 1 

È Transform values: M=10, IP-cost=5Ą U0-cost=2, W-
cost=140 

 


