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Tabu Search Heuristic Algorithm for Designing Broadband
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In this paper, we deal with an access network design problem arising from the deployment of broadband
convergence networks (BcN). The problem seeks to minimize the total cost of switch and cable while satisfying
the requirement of demand and quality of service (QoS). We develop mixed integer programming models to
obtain the optimal switch location of the access network. We develop a Tabu Search (TS) heuristic algorithm for
finding a good feasible solution within a reasonable time limit. We propose real networks with up to 25 nodes and
180 demands. In order to demonstrate the effectiveness of the proposed algorithm, we generate lower bounds
from nonlinear QoS relaxation problem. Computational results show that the proposed heuristic algorithm
provides upper bounds within 5% optimality gap in 10 seconds.

Keywords: Tabu Search, Converged Access Network Design, Quality of Service (QoS), Three-Level
Capacitated Facility Location-Allocation Problem (CFLP)
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(b) Physical Access network structure

Figure 1. A conceptual view of BcN architecture
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Figure 3. Test instances from real networks in Seoul
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Table 1. Switch cost, switch capacity, and cable cost

TE AN F Aok 29 A &3] <Table 1>} 20| F014] $-L229A | P-L229A | AESN
H 293 H AF 7hs JFIA g S-L2 29A 19 (SL2. A9 A4 (Mbps) 80 280 500
Max_NS), P-L2 229]1%] 122 (PL2_Max NS), 12|11 A-ESN 262 29 X)u] & (3 9 100 300 500
(AESN Max NS)o|th, I3 7}dAF & MZFZo|A ZE 7o 89 & (8 B/ Meter) 0.1 0.5 1.0
Table 2. Service classes and traffic parameters
= ABR BHCA FS or CD QoS Limit
Spech 0.064 0.000556 360 0.01
Stream E @ ¥ | High interactive multimedia 6 0.000278 360 0.01
Multimedia 10 0.000014 5400 0.02
Messaging 0.01 1 0.01 1.01
Elastic E3 Y
Switched data 1 0.1 1 1.1

1) For stream service, it represents call duration (CD, Seconds) and for elastic service, file size (FS, Mbytes)



Tabu Search Heuristic Algorithm for Designing Broadband Convergence Networks 213

Table 3. Test result (a=16, 5=4, y=2)

Problem No. of Node  No. of Subs Z 1B Z TS GAP T TS LB QoS
R1 19 117 28743 28743 0.0% 1.1 0
R2 19 159 3683.7 3831.3 4.0% 1.5 0
R3 21 159 33723 3387.8 0.5% 1.8 0
R4 21 180 3830.4 3830.4 0.0% 2.1 0
RS 25 154 3408.6 3408.6 0.0% 24 0

Table 4. Test result (a=16, 5=38, y =4)

Problem No. of Node  No. of Subs Z 1B Z TS GAP T TS LB QoS
R1 19 117 2793.3 2831.3 1.4% 1.4 X
R2 19 159 2832.7 2980.7 5.2% 1.5 X
R3 21 159 2552.8 2552.8 0.0% 1.8 0
R4 21 180 3017.9 3017.9 0.0% 23 0
RS 25 154 2597.6 2597.6 0.0% 2.4 0

Table 5. Test result (a= 16, =12, y =8)

Problem No. of Node  No. of Subs Z 1B Z TS GAP T TS LB QoS
R1 19 117 2793.3 2831.3 1.4% 1.4 X
R2 19 159 2843.1 2980.7 4.8% 1.5 X
R3 21 159 2552.8 2552.8 0.0% 1.8 0
R4 21 180 3017.9 3017.9 0.0% 23 0
RS 25 154 2597.6 2597.6 0.0% 2.4 0

Table 6. Test result (a=24, 5=4, y =2)

Problem No. of Node  No. of Subs Z LB Z TS GAP T TS LB QoS
RI1 19 117 2605.1 2605.1 0.0% 1.0 0
R2 19 159 3503.3 3547.6 1.3% 1.5 0
R3 21 159 3217.9 32433 0.8% 2.0 0
R4 21 180 3554.3 3554.3 0.0% 1.7 0
R5 25 154 3305.4 3347.6 1.3% 2.5 0

Table 7. Test result (a=24, 5=8, y =4)

Problem No. of Node  No. of Subs Z 1B Z TS GAP T TS LB QoS
R1 19 117 2528.1 2562.5 1.4% 1.5 X
R2 19 159 2677.8 2677.8 0.0% 1.8 X
R3 21 159 2424 4 2449 4 1.0% 22 X
R4 21 180 2810.1 2931.3 4.3% 2.5 X
R5 25 154 2502.6 2503.8 0.0% 2.2 X

Table 8. Test result(a=24, =12, y =8)

Problem No. of Node  No. of Subs Z LB Z TS GAP T TS LB QoS
R1 19 117 2528.1 2562.5 1.4% 1.5 X
R2 19 159 2663.0 2677.8 0.6% 1.8 X
R3 21 159 2401.8 2449.4 2.0% 22 X
R4 21 180 27943 2931.3 4.9% 2.5 X
RS 25 154 2494 .4 2503.8 0.4% 22 X
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