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Context
• IP telecommunication networks

• Access Network:  hierarchical network that links clients to the
network

• Equipments: central office, optical splitters, optical fibers

Core network
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Architecture

• Architecture GPON (Gigabit Passive Optical Network)

– Optical Line Termination connects the clients

– two levels of optical splitters distribute fibers to the clients

Optical Splitters

OLT
Central
office

Splits 1 fiber into 8
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Hierarchical network

• OLT = central office

• splitters = intermediate passive equipments on 2
levels

Splitters

OLT

2

1

Clients

Tree structure for
the splittersSplitters
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Infrastructure graph

• locate the equipments in a graph that modelizes
ducts in a city

–locate splitters at the nodes (two levels of splitter)

–route fibers linking OLT, splitters, clients

Fibers may induce
cycles
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• A graph modelizing a local zone

• A capacity on each edge  (maximum number of fibers
routed on the edge )

• the client demands at the nodes

• the « node 0 » location of the central office

The datas
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kC  cost of a level k splitter

ijl  length of the edge [i , j]

kγ  linear cost of a level k fiber

k
ijd  cost of a level k fiber on the edge [i , j] , k

ij
k
ij ld γ=

km  number of fibers produced by a level k splitter

ia  demand in fibers of the clients at node i

ijb  capacity of the edge [i , j]

The datas
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k
iz  number of level k splitters installed at node i

k
ijf  number of level k fibers routed on edge [i , j]

k
iu  number of unused fibers of level k at node i

The decision variables of the problem
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Integer linear problem

The mathematical model
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Q set of points 








y

x
 such that 



 α≥+β

integer , yx

yx
with  β , α integer

Integer division of α by β : rq +β×=α  with  β<≤ r0

Then ( )1+≥+ qryrx  is valid for Q

Valid inequalities
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 Cutting plane

y

x

α = 5
β = 3

q = 1
r = 2

3.x + y = 5

2.x + y = 2

cut zone



 α≥+β

integer , yx

yx

rq +β×=α

( )1+≥+ qryrx
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We consider a set of nodes A and we add equations (3) for i∈A
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With

α≥+β yx

We obtain a valid inequality

( )1+≥+ qryrx

How to use these cuts in our problem?

Aggregate some inequalities

Then use the cutting inequality
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7• Many nodes of the
infrastructure graph are
only geographic node with
no client

–some of them are not useful
for optimizing the
deployment

–they can be removed from the
graph
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Graph reduction
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Trivial reduction 

A leaf of the graph (node of degree 1)  with no demand can be
removed of the graph

v
av=0

Graph reduction
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Nodes of degree 2

Graph reduction

Node v with 2 neighbors
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If the linear costs of fibers of two levels k and k′ satisfy kk ′γ≤γ 2

then there is an optimal solution with no splitter on any node v of degree 2

with 0=va  (no demand)

Theorem

Graph reduction
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Numerical tests
Real instances
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Numerical tests
Synthesis of the results (after one hour)

average gap = 0.35%

average gap = 1.37%
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Numerical tests
Impact of graph reduction schemes

63% 58%average reductions
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Demands
nodes

OLT A local area before applying the reduction scheme
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demands
nodes

OLT
A local area after the reduction process
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Numerical tests
Do the valid inequalities reduce the gap obtained without cut?

gapLB=(relaxwith cuts - relaxno cut) / (LB - relaxno cut)
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Numerical tests
Impact of valid inequalities

57.7% 96.8%average closed gap
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Conclusion

• Access Network, GPON architecture

• Design of an integer linear program

• We solve real instances from medium size
to large size

• In future work, taking into account
uncertainty of the demand
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Thank you.


