5    Computational Experiments

5.1 Overview

The following experiments would like to show the effectiveness of Lagrangean results compared with other primal approaches. The approach is to compare the initial plans produced by Lagrangean and primal heuristics. One reasonable general primal heuristic is proposed in Algorithm 5.1. The initial plan gotten form Algorithm 5.1 and solutions to Lagrangean relaxation problems will be fed into the same adjusting approaches as described in the next section to get primal feasible solutions considering survivability constraints. The computational results show that Lagrangean results achieve up to 26.41% and 20.30% improvement to primal approaches in two cases.



Algorithm 5.1

Step 1.
Sort all candidate base stations by the key value
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in decreasing order.

Step 2.
According to the order given by Step 1, construct base station j one by one until all the mobile stations are served. Mobile stations homing are based on the principle that when we set a base station j, we try our best to utilize all its capacity until no more mobile stations can be served by it. 

Step 3.
Set all 
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 to be the smallest value to cover the furthest mobile station assigned to base station j.
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5.2 Adjusting Procedures

The initial plan gotten from Algorithm 5.1 and Lagrangean results will be fed into an adjusting procedure to get feasible solutions to primal problem. The procedure includes 3 stages: (1) get feasible solution under the all-functional state, (2) consider all possible failure scenario (base stations failure) to meet the coverage ratio requirements, and (3) channel assignment.

The first stage is not necessary to results from Algorithm 5.1 since the initial plan is feasible under the all-functional state. Lagrangean results will be examined and adjusted. The procedure is described in Algorithm 5.2. Heuristic of the second stage is described in Algorithm 5.3.

The third stage will be adopted from the ideas developed in [1,3]. The basic idea is to investigate the “degree of difficulty” of each base station by the sum of interference to other base stations and add channels in this order until the user demand constraints are fulfilled.



Algorithm 5.2

Step 1.
Use Lagrangean results 
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 as an initial arrangement of base stations. Compute number of mobile stations within 
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. Sort base stations by the value and assign mobile stations to them according to this order until the capacity is used out. If the plan is feasible, terminate.

Step 2.
Sort all existing base stations by the maximum number of mobile stations not served within the largest coverage radius of base stations in decreasing order.

Step 3.
According to the order given by Step 1, adjust the power radius of base station j one by one until all the mobile stations are served. Mobile stations homing are based on the principle that when we set a base station j, we try our best to utilize all its capacity until no more mobile stations can be served by it. Set all 
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 to be the smallest value to cover the furthest mobile station assigned to base station j.

Step 4.
If the plan is not feasible still, repeat Step 2 – 3 for other base stations until a feasible plan is found. The ranking order is set by the key: 
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Algorithm 5.3

Step 1.
Sort existing base stations by the number of mobile stations served by them. This is the order of failure scenarios we will consider.

Step 2.
According to the order given on Step 1, consider base station failure one by one (through Step 3 to Step 6) until all single base station failure scenarios are considered. Let the base station currently considered be 
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Step 3.
Sort the existing base stations by the maximum number of mobile stations in 
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 that within their maximum power radius in descending order, where 
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 is the set of mobile stations homing to the failed base station 
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 in state 
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Step 4.
Adjust transmission radius of base station 
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 one by one according to the order calculated in Step 3 until the coverage ratio requirement is fulfilled. Once the requirement is reached, back to Step 2. If the coverage ratio requirement can not be fulfilled when all the existing base stations are considered, go to Step 5. The principle of adjusting 
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 is to try the best to cover most mobile stations within the range limit until no more mobile stations can be served by it.

Step 5.
Sort the base stations not constructed currently by the maximum number of mobile stations in 
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 that within maximum power radius divided by the fixed cost of base station j in descending order, where 
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 is the set of mobile stations not served now.

Step 6.
According to the order given on Step 5, construct base station j one by one until the coverage ratio requirement is fulfilled. Mobile stations homing are based on the principle that when we set a base station j, we try our best to utilize all its capacity until no more mobile stations can be served by it. Set 
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 to the smallest value to cover the furthest mobile station served by it.
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5.3 Assumptions and Parameters

Assumptions:

· Calls arrive according to a Poisson process.

· Demand is randomly distributed in the area. 10 randomly generated examples of user distribution are tested in the experiment.

Parameters:

· Mobile station density =0.0001 MS/m2.

· User demand of each mobile station = 0.1 Erlangs.

· Call blocking probability of links = 0.5%.

· Call blocking probability of base stations = 0.8%.

· Service area = 100 km2.

· Maximum number of channels that can be assigned to a base station = 120.

· Fixed cost of a MTSO = 30,000 thousand NT dollars.

· Threshold of acceptable C/I ratio = 18 dB.

· Fixed cost of a base station = Given by randomly selected from 4,000 to 6,000 thousand NT dollars.

· Cost of a transponder (each can serve 8 channels) = 400 thousand NT dollars.

· Cost of licensing a channel = 200 thousand NT dollars.

· Unit connection cost between base stations and MTSO’s = 0.3 thousand NT dollars/m.

· Possible power radius of a base stations: 500m, 1500m, 2000m, 3000m, 3500m, and 4000m.

The detailed configurations of candidate locations are then described in the next section.



5.4 Candidate Locations

5.4.1  Cases of Base Staions Allocation

Two cases of candidate base station locations are designed for demonstrated purpose with 10, 18 nodes, respectively. The union of maximum coverage area of each base station can cover the whole service region to ensure the feasibility of the problem. Figure 5.1 demonstrates these two cases.

5.4.2  Cases of User Distribution

Ten cases of user distibution are designed, each contains 100 nodes and all of them are generated by a random number generator with different seeds. Selected two cases are shown in Figure 5.2. 
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Figure 5.1  Two Cases of Candidate Locations of Base Stations

(a) 10 nodes; (b) 18nodes
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Figure 5.2  Two Cases of User Distribution

(a) case 2; (b) case 7

5.5 Experimental Results

The Lagrangean-based heuristic and the primal one are named “BCM_L” and “BCM_P”, respectively. The results of BCM_L are recorded according to the best one within 1,000 iterations.
















1
2
3
4
5
6
7
8
9
10


BCM_L
46624
47195
46532
41715
46624
52012
52012
41144
46624
46624


BCM_P
52012
52012
46532
52012
52012
52012
52012
52012
52012
52012


Improvement

(%)
11.56
10.21
0
24.68
11.56
0
0
26.41
11.56
11.56

(Unit: thousand NT dollars)

Table 5.1  Cost Comparison (10 Nodes)







1
2
3
4
5
6
7
8
9
10


BCM_L
51505
47395
51018
51018
51505
46606
51018
51018
45468
55917


BCM_P
61958
55969
50581
61075
55275
55969
50696
61958
50696
55969


Improvement

(%)
20.30
18.09
-0.86
19.71
7.32
20.09
-0.63
21.44
11.50
0.09

(Unit: thousand NT dollars)

Table 5.2  Cost Comparison (18 Nodes)
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Figure 5.3  Comparisons of Base Station Allocation Cost.

(a) 10 Nodes; (b) 18Nodes.



5.6 Conclusions

5.6.1  Environment

All the experiments are performed on a PentiumII 400 PC running Microsoft® Windows 98 with 64MB DRAM. The code is written in ANSI C and is compiled by Microsoft® Visual C++ 6.0. The performance is analyzed in the following section.

5.6.2  Computation Time

The computation time of our approach is reported here. In the case of 10 candidate base station locations and 100 mobile users, experiments show that iterations run within seconds (averaged 14.38 seconds in our experiments). We investigate the computation time per iteration with respect to number of candidate base station locations and the result is shown as Table 5-3.




Number of
candidate BS’s
10
20
30
40
50



Time for one 
iteration
14.38
53.50
124.72
204.67
316.33




Table 5.3  Computation Time Per Iteration With Respect To BS Number

(Averaged number of 10 iterations)
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Figure 5.4  Computation Time Per Iteration With Respect To BS Number

(Averaged number of 10 iterations)

5.6.3  Summary

In our computational results, our Lagrangean relaxation based algorithms achieve up to 24.61% and 20.30% improvements compared to other primal heuristics in the case 10 and 18 candidate nodes are considered, which could demonstrate the effectiveness of Lagrangean approach. Other refined and large-scaled experiments are being designed and tested. The analysis of time complexity shows the growth of time is super-linear with respect to number of candidate nodes considered.
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