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Introduction

In this paper we propose:

A mathematical model for the design problem ofaigke 1P
networks with a three-level (access/edge/coreaharcal
structure. This problem consists in

selecting the location of the routers and theiesy install
at each hierarchical level,;

selecting the port types to install in each router,
finding the access, edge and core networks;
selecting the link types;

routing the traffic within the network.

 Atabu search algorithm to find “good” feasible daas.

Finally, numerical results are presented and ardlyz



Introduction (cont’d)

lllustration of a three-level IP network.
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Assumptions

We make the following assumptions about the network

1. The network is composed of an access networ&dga network
and a core network.

2. Each access device is connected to edge routierene or more
access links.

3. Each edge router is connected to two core rayfdcte that
edge and core routers are relative terms. Theglhnast routers,
but of different size and capacity.)

4. The core network is biconnected (between eaatopaiodes,
there are two or more paths without common interated
nodes).

5. At most one edge (core) router can be installeheh potential
edge (core) site. 4



Assumptions (cont’d)

6. The number of ports installed in a router camxoieed its
number of slots.

7. The sum of the port rates for a router cannogedaats switch
fabric capacity.

8. The traffic is routed using the shortest pathisgisnk metrics.
(Shortest path routing is considered because dawoeitang
protocols in IP networks are based on it such aBF)S

9. A minimum information rate (MIR) traffic parametg@n bps)
between each pair of access devices is guarantédesfoormal
state of the network (no failure) and also forsaiigle edge and
core link failure scenarios.



Assumptions (cont’d)

We also assume that the following information is\wn:

1.

2
3.
4

The different types of bidirectional links and{so
The different types of edge and core routers.
The location of the access devices.

The number and type of access links necessaynioect each
access device to the edge routers.

The potential edge and core sites to installaetsgely the edge
and core routers.

The cost of each router type and the cost ofliinsg it at each
site (including the cables, floor space, racksptabtc.).



Assumptions (cont’d)

/. The cost of each port type and the cost of iinsggit at each site
(including the cables, patch panel ports, labar.) et

8. The cost of connecting each pair of sites wilinlkaof a given

type and the cost of installing it (including thetes, layer
one/two equipments and connectivity, labor, etc.).

9. The MIR traffic parameter between each pair ckas devices.

10. The link metric (i.e., the “length”) of eachkin

The network design problem

The problem consists in finding the minimum
cost network subject to all of the previous
assumptions and facts.




An lllustrative Example

Access devices (100) and potential sites locabandtalled the
edge (10) and core (10) routers.
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An lllustrative Example (cont’d)

A feasible solution.

— Access link (OC—3 or OC—12)
0OC—48 link

0C—-192 link

Edge router

Core router




The model

P: Minimize

Subject to :

Cost of the network (i.e., the cost of the access, e
and core links, and the cost of the routers and po

=5

Intergrality constraints

ge
s)

10



A tabu search algorithm

The following notation is used:

*g(]), the state of the edge sjteuch thag(j) = O if there is no router
Installed at this site argj) =t if an edge router of types installed
at this site.

*¢(k), the state of the core skesuch thae(k) = O if there is no
router installed at this site are{k) =t if a core router of typeis
Installed at this site.

11



A tabu search algorithm (cont’'d)

The moves of the tabu search consist to changeetitere.

 For the edge sitewe can:
1. Installa router of type (if e(j) = 0):¢&(j) =t.
2. Removea router of type (if e(j) =t): e() = 0.
3. Change router of type by another of typs (t #9)
(if &()) =1): €()) =s.
For the core sitk we can:
1. Installa router of type (if e(k) = 0): (k) =t.
2. Removea router of typé (if e(k) =t): (k) = 0.

3. Change router of typé by another of typs (t #9)
(if e(k) =1): ¢(k) =s.

12



A tabu search algorithm (cont’'d)

Wheneis fixed, P can be “decomposed” into two NP-hardosablems.
1.Access network design subproblem

The purpose of this subproblem is to connect ticesclinks
to the edge routers and selecting the port typesttiaect them at
minimum cost while considering the routers sele¢tpaen by vector
e).

— Heuristic for the first subproblem (HFS).
2.Edge and core network design subproblem

The purpose of this subproblem is to connect tlye echd
core routers to form a backbone network at minincast while
respecting the edge and core networks topologytants, the slots
available in the edge and core routers, the roytrotpcol constraints
and, finally, the failure scenarios constraints.

— Heuristic for the second subproblem (HSS). 13



Numerical results

A Sun Java workstation under Linux with an AMD Opter
150 CPU and 2GB of RAM was used for the tests.

e OC-3, OC-12 and GbE links are used in the accdsgnie
OC-48 links are used in the edge and core networks.

 For each access device, the number and the tygpecets links
IS randomly selected amongQC-3, 40C-3, XOC-12,
2x0C-12, XGbE and RGDbE.

« The access devices' locations, the edge and ¢esvaere
randomly generated in the square of side lengthkb@0O

« The MIR between each pair of access devices ioralyd
generated in the interval [0,3] Mbps.

 Each edge router is connected to two core routetaa

multiple-ring topology Is used in the core network.
14



Numerical results (cont’d)

Table 1: Costs of the link types

Link type Rate Cost
[$/km]
OC-48 2 488 Mbps 6 000
0C-12 622 Mbps 4 000
0C-3 155 Mbps 2 000
GbE 1 000 Mbps 1 000

15



Numerical results (cont’d)

Table 2: Costs of the port types
Port type  Cost

3]
OC-48 12 000
OC-12 6 000
OC-3 3 000
GbE 200

Table 3: Costs of the IP router types
Type A TypeB  Type C

Switch fabric capacity 40 Gbps 80 Gbps 160 Gbps
Number of slots 16 32 64
Cost $20 000  $30 000  $40 000

16



Numerical results (cont’d)

e Solutions with CPLEX 9.0.

Table 4: Linear relaxation and optimal solution values with CPLEX
Linear relaxation Bifurcated traffic flows Non-bifurcated traffic flows

(M| |N Value CPU Value CPU Value CPU

kS) e [k§ sec] 8 sec]
5 10 5 6065 0,22 2 573,0 5,01 573,0 177,18
5 15 5 8634 1,50 2 251,3 81,12 ‘7 251,3 3 282,29
5 15 10 6172 2,48 3 026,7 600.36 3 026,7 10 355,20
10 10 5 14296 1,79 3 344,3 97,64 3 344.3 8 785,23
1015 5 10370 82,96 34522 3639,37 TL(4 242,4) 43 200,00
10 15 10 1 052,0 40,12 3 JGJ,l 5 127,15 TL(4 134, J) 43 200,00
15 10 5 19926 3,48 4 417.5 482,87 TL(4 424,0) 43 200,00
15 15 5 14622 442,62 (4 196,2) 43 200,00 TL(6 764,2) 43 200,00
15 15 10 1 506,2 176,34 b 470,2) 43 200,00 TL(6 570,6) 43 200,00
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Numerical results (cont’d)

e Solutions with the Algorithm TS.

Problem |M| |[N| |[NE| LB TS

Value CPU  GAP

[k$] [k$] [sec]  [%]

P 25 10 5 59853 61651 1842 300
P 25 10 5 45518 45518 1587 0,00
Ps 25 10 5 53577 53577 1239 0.00
Py 25 100 5 39353 39353 1476 000
Ps 25 10 5 52116 5293 1514 151
Ps 25 10 5 47730 47830 1586 021
P 25 10 5 47302 47302 1534 0,00
Py 25 10 5 44628 44628 1465 0,00
Py 50 10 5 82284 82384 6896 0.12
Pop 50 10 5 60358 60458 6995 0.17
Pii 50 10 5 67440 67440 8134 000
P> 50 10 5 69795 69827 83,02 005
Piz 50 10 5 71719 71719 7496 0,00
Py 50 10 5 76363 76363 7306 000
Pis 50 10 5 73652 73652 8149 0,00
Pig 50 10 5 74553 74653 6043 0.13
Pz 75 10 5 95488 10833,5 227.67 1345
Pig 75 10 5 89632 93174 23769 3.95
P 75 10 5 138989 14 753,8 293,18 6.15
Pyy 75 10 5 116026 124533 23589 7.33
Pyy 75 10 5 116794 127493 20801 9.16
Py 75 10 5 85480 99818 261.67 16,77
Ps 75 10 5 122611 12921,8 37278 5.39
Pyy 75 10 5 89291 10101,3 22852 13.13
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Conclusions

In this paper, we have proposed.:

A mathematical model for the design problem ofatak
IP networks with a three-level (access/edge/core)
hierarchical structure.

* A heuristic algorithm based on the tabu searchcypie.

[t was found that it is difficult to find the optahsolution
even for small-size instances of the problem (wveh 10
access devices and 15 potential sites for the nr®ute

 For the test problems considered, the heuristiardlgn
found solutions, on average, within 3,26% of a Iola®und.
Considering the complexity of the problem, thes&t fiesults
are promising.

 Further works:
 Explore exact algorithms.
e |Improve the heuristic algorithms. 19



Questions

% DI steven.chamberland@polymtl.ca
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