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4. Integrated Topology, Capacity, and Routing

Optimization as well as Survivability Planning
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Design excellent technical devices
and a robust network that survives
all kinds of failures and organize
the traffic such that high quality
telecommunication between
very many individual units at 
many locations is feasible
at low cost!

Speech
Data

Video
Etc.
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CO at
Work What is the Telecom Problem?

Design excellent technical devices
and a robust network that survives
all kinds of failures and organize
the traffic such that high quality
telecommunication between
very many individual units at 
many locations is feasible
at low cost!

ThisThis problemproblem is is 
tootoo generalgeneral

to to bebe solvedsolved in in 
oneone stepstep..

Approach in Practice:
• Decompose whenever possible.
• Look at a hierarchy of problems.
• Address the individual problems one by one.
• Recompose to find a good global solution.
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BSC

MSC

BSC

BSC

BSC

BSC

BSC

BSC

MSC

MSC
MSC

MSC

BTS
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Cornell & Cayuga Lake 1987
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Special 
Report

IEEE 
Spectrum

June
1988
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Network Design:  Tasks to be solved
Some Examples

Locating the sites for antennas (TRXs) and 
base transceiver stations (BTSs)

Assignment of frequencies to antennas

Cryptography and error correcting encoding for wireless
communication

Clustering BTSs

Locating base station controllers (BSCs)

Connecting BTSs to BSCs
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Network Design: Tasks to be solved
Some Examples (continued)

Locating Mobile Switching Centers (MSCs)

Clustering BSCs and Connecting BSCs to MSCs

Designing the BSC network (BSS) and the
MSC network (NSS or core network)

Topology of the network 

Capacity of the links and components

Routing of the demand

Survivability in failure situations

Most of these problems turn out to be
Combinatorial Optimization or

Mixed Integer Programming Problems
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The
BellCore
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minimum cost spanning tree
minimum cost Steiner tree
min-cost k-edge or k-node-connected subgraph

Special cases:
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Facets: another
example

≥
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Network Design: Tasks to be solved
Some Examples (continued)

Locating Mobile Switching Centers (MSCs)

Clustering BSCs and Connecting BSCs to MSCs

Designing the BSC network (BSS) and the
MSC network (NSS or core network)

Topology of the network 

Capacity of the links and components

Routing of the demand

Survivability in failure situations
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Networks

Capacities Requirements

Cost
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Topology
Capacities
Routing
Failure Handling (Survivability)

IP Routing
Node Equipment Planning
Optimizing Optical Links and Switches

DISCNET: A Network Planning Tool
(Dimensioning Survivable Capacitated NETworks)

atesio ZIB Spin-Off
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Communication Demands
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PDH

2     Mbit/s

34   Mbit/s

140 Mbit/s

SDH

155 Mbit/s

622 Mbit/s

2,4  Gbit/s

... WDM (n x STM-N)

Two capacity models : Discrete Finite Capacities
Divisible Capacities

(P)SDH=(poly)synchronous digital hierarchy

WDM=Wavelength Division Multiplexer
STM-N=Synchronous Transport Modul with N STM-1 Frames
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Capacity variables :  e ∈ E, t = 1, ..., Te

{0,1}t
ex ∈

Cost function : 
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Path variables :  

Capacity constraints :  

Demand constraints :  
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Path length restriction
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Path restoration „reroute affected demands“
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topology decisison

capacity decisions

normal operation routing

component failure routing
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No

Yes

Separation
algorithms

Optimal
solution

Initialize
LP-relaxation

Run
heuristics

Solve
LP-relaxation

Separation
algorithms

Augment
LP-relaxation

Solve feasibility
problem

Inequalities?

x variables
integer?

Yes

No

Feasible
routings?

Yes

No

Polyhedral combinatorics
Valid inequalities (facets)
Separation algorithms
Heuristics
Feasibility of a capacity vector

LP-based approach:
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Heuristics
Local search

Simulated Annealing

Genetic algorithms

...

Nodes Edges Demands Routing-Paths

15 46 78 > 150 x 10e6

36 107 79 > 500 x 10e9

36 123 123 >     2 x 10e12

Manipulation of
Routings
Topology
Capacities

Problem Sizes
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Real scenario
• 163 nodes
• 227 edges
• 561 demands

34% potential savings!
==

> hundred million dollars

PhD Thesis: 
http://www.zib.de/wessaely

wessaely@atesio.de
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