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Context

e |P telecommunication networks

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

 Equipments: central office, optical splitters, optical fibers
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Architecture

» Architecture GPON (Gigabit Passive Optical Network)
— Optical Line Termination connects the clients

—two levels of optical splitters distribute fibdosthe clients

Optical Splitters

Splits 1 fiber intc}
. Cédric
orange



Hierarchical network

e OLT = central office

o splitters = intermediate passive equipments on 2
levels

OLT

AR\ Sof 1 Tree structure foﬂ
plitters -

/ / P the splitters

- Clients
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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 inducﬁ
(S)Central equipment C Cles
o Clients demands \y

& Splitters 1:8
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The datas

« A graph modelizing a local zone

« A capacity on each edge (maximum number of fipers
routed on the edge )

e the client demands at the nodes

e the « node 0 » location of the central office
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The datas

cK cost of a levek splitter

lij length of the edgé ]

yk linear cost of a leved fiber
dilj-( cost of a levek fiber on the edgéa [ |] , di‘j( =lj; yk

mX number of fibers produced by a lekedplitter

a; demand in fibers of the clients at nade

bj; capacity of the edge []]
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The decision variables of the problem

zik number of levek splitters installed at node

fijk number of levek fibers routed on edge |j]

uik number of unused fibers of leveat nodea
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The mathematical model

Integer linear problem

min 3"y Ckk 4 Zd”( e tk)

L.2uisok=1 [i,iDE k=1

f f1 =7+ Yt} i=1.n @
ilj. j/fi,jDE

f2+mlz,1_z,2 Z‘If2+u,2 i=0,..n (2
I i/

f3+m z° =a + Z‘If,J+u, i=0,...n (3
s.t. Ji/lii i/

3
Z(fu +1ji ) < by [.iloE (@
k=1

zlk I‘f

Cédric
orange

i integer




Valid inequalities

(X Bx+y=a _ _
Q set of point such that _ with 3, a integer
y X, yinteger
Integer division oftx by 3 : a=qgqxpB+r with 0<r <f3
Then rx+y=r(q+1) is valid forQ
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Cutting plane

Bx+ vy =aqa
X, Y integer

a:qXB+r

rx+y2r(q+1)
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a=5 " cut zone
B=3 .
q: 1 . .2 . .2
_ ‘ X+y=
r=2
\/

12



How to use these cuts in our problem?

We consider a set of nodésand we add equations (3) fafA

~
(3 +mPzf =g + > fP+u’ DA
j/[i.i]oE j/i,i|oE
5 fﬁmzzizjzz{ai . ;f”swig} . Aggregate some inequalities
DAl jOA/|j,i[0E iDA joAdli, joE
S| Zidlwrega )
DAL jOA/]j,i[0E i0A iDA
We put h
x=>zf y=2[ ff,’) . B=m® , a=> 4
iOA DA\ jOA/[j.i]DE i0A
With >Then use the cutting inequality
Bx+y=a
We obtain a valid inequality
J

rXx+yz r(q +1)
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Graph reduction

\/
« Many nodes of the 1 7 ZOY_' 21

Infrastructure graph are \
8

19 ©

only geographic node with =~
no client ‘
—some of them are not useful

for optimizing the 11
deployment

—they can be removed from the
graph

titre du g@Bghieht date/auteur — pl14 14
orange”



Trivial reduction

A leaf of the graph (node of degree 1) with no demand can be
removed of the graph
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Nodes of degree 2

AeRaRem O s e SRR SN S ek hrpanen SO ernatews gy
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level k fiber ~ ——» @k, level k+1 fiber +—— ¢, level k+1 fiber

Nodev with 2 neighbor
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~Graph reduction

Theorem

If the linear costs of fibers of two levedsandk’ satisfy yk < 2yk'

then there is an optimal solution with no splib@rany noder of degree 2

with a, =0 (no demand)
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Numerical tests
Real instances

Instance | Existing infrastructure Fiber demand
V El nht'."f iernd ':lli'.f'!;ilr.'-nt
Data_l 342 375 154 T2.7
Data_2 920 1000 a7l 73.0
Data_3 | 1072 1163 66T 8.2
Data_4 932 951 o83 9.9
Data_b 1478 1614 1010 77.2
Data_6 712 772 441 82.6
Data_7 | 3044 3337 2061 79.0
Data_s8 1265 1365 497 26.2
Data_9 | 2853 3139 1301 25.2
Data_10 | 844 905 327 21.1
Data_11 | 2076 2280 073 24.7
Data_12 | 901 906 347 24.1
Data_13 181 218 46 31.7
Data_14 | 3276 2639 1652 25.9
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Numerical tests
Synthesis of the results (after one hour)

Instance | Size (B&B tree) UB LB Gap (%)

Data_l 616000 80508 | 80528 | 0.8 \

Data_2 876711 257080 | 256324 [ 0.30

Data_3 051926 302175 | 301203 | 0.32

Data_4 702446 265804 | 265249 | 0.24 , average gap = 0.35%
Data_5 508803 452732 | 451166 |  0.35

Data_6 11729901 190857 | 190434 | 0.21

Data_7 283240 031339.6 | 922673 | 0.93 )

Data_8 538494 158806 [ 156673 [ 1.40 \

Data_9 20957 383086 | 377728 [ 1.63

Data_10 662166 88318 | 87050 1.44

Data_l1 201528 281501 | 276454 | 1.79 » average gap = 1.37%
Data_12 633018 106634 | 105340 | 1.20

Data_13 1039805 21163 | 20902 0.57

Data_l4 138503 504803 | 406829 | 1.58 )
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Numerical tests
Impact of graph reduction schemes

Instance Preprocessed graph Reduction indicators
[Vred|  |E™4  nbepient | Dbremovea  Tedy (%) redg (%)
Data_1l 103 136 b7 239 70 64
Data_2 260 340 178 G660 T2 66
Data_3 288 379 195 784 73 67
Data_4 278 368 176 654 70 64
Data_5 393 529 201 1085 73 67
Data_6 200 260 129 512 72 66
Data_7 808 1101 586 2236 73 67
Data_8 533 633 285 732 58 54
Data_9 1253 1539 719 1600 a6 51
Data_10 365 426 200 179 57 53
Data_11 8O97 1101 534 1179 a7 H2
Data_12 408 503 215 193 55 19
Data_13 107 144 33 74 11 34
Data_14 | 1624 1987 022 2125 57 52

J

— —
average reductions63% 58%
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= Demands
g hodes

O OLT

A local area before applying the reduction sch

eme
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® demands
s hodes

HOLT

A local area after the reduction process
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Numerical tests

Do the valid inequalities reduce the gap obtained without cut?

UB= 20538
LB= 80528
:F | B-rela
rela::“_=_= B03T1
= LB-re ax_
=
rEIaJ-cn: = FOTe3

gap_B:(relaXNith cuts rela)%o cu) / (LB - rela)%o cub
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Numerical tests
Impact of valid inequalities

Instance UB LB Continuous relaxation % Gap closed

I'C]H_X?w cuts 11elaxu=z'th cuts  5ap {%) gapup  BApLE

Data_1l 80598 80528 79753 80371 0.8 73.1 79.7
Data_2 | 257089 | 256324 254210 256231 0.8 70.2 95.6
Data_3 | 302175 | 301203 298904 301094 0.7 67.0 95.3
Data_4 | 265894 | 265249 262716 265142 0.9 76.3 95.8
Data b | 452732 | 451166 446894 450731 0.9 65.7 89.8
Data_6 | 199857 | 199434 197653 199321 0.8 5.7 93.7
Data_7 | 931339 | 922673 914984 922567 0.8 46.4 08.6
Data_8 | 158896 | 156673 151955 156481 3.0 65.2 95.9
Data 9 | 383986 | 377728 370449 377614 1.9 52.9 98.4
Data_10 | 88318 87050 84433 86821 2.8 61.5 01.2
Data_11 | 281501 | 276454 271180 276352 1.9 50.1 08.1
Data_12 | 106634 | 105340 102805 105226 2.4 63.2 95.5
Data_13 | 21163 20902 20587 20902 1.5 54.7 100.0
Data_14 | 504803 | 496829 486279 496694 2.1 56.2 08.7

\ ) \ J

Y Y

average closed gap7.7% 96.8%
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Conclusion

* Access Network, GPON architecture
* Design of an integer linear program

e \WWe solve real instances from medium siz
to large size

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