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Efficient Construction of Euclidean Minimum Spanning
Tree Using Partial Polynomial-Time Approximation
Scheme in Unequality Node Distribution
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Abstract

Employing PTAS to building minimum spanning tree for a large number of equal distribution

input terminal nodes can be a effective way in execution time. But applying PTAS to building
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minimum spanning tree for tremendous unequal distribution node may lead to performance

degradation. In this paper, a partial PTAS reflecting the scheme into specific node dense area is

presented. In the environment where 90% of 50,000 input terminal nodes stand close together in

specific area, approximate minimum spanning tree by our proposed scheme can show about 88.49%
execution time less and 0.86% tree length less than by existing PTAS, and about 87.57% execution
time less and 1.18% tree length more than by Prim's naive scheme. Therefore our scheme can go

well to many useful applications where a multitude of nodes gathered around specific area should

be connected efficiently as soon as possible.

» Keywords

Polynomial-Time Approximation Scheme, Minimum Spanning Tree, Prim's

Algorithm, Unequality Node Distribution
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Table 1. Industrial economically active population(National
Statistical Office, 2012 fourth guarte, unit: thousand
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L o= TH | HIE

S¢, 2l % o 1,194 101 8.6%
243 4,197 || 1,907 |45.4%
Falsls 1,750 845 | 48.3%
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Al 24,402 | 12,256 | 50.2%
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Table 2. Algorlthm for Partial PTAS Approximate Minimum
Spanning Tree

Process

mst congestedArea—NULL'
for(i=0; i{partitionNum; i++){

mst_EachPartition (i) =buildMst_EachPartition(nodes_partition(i))
mst_congestedArea += mst_EachPartition(i);
}

2 | 4nodes = selectRepNode(node_partition(0..partitionNum))

nodes SparseAded = nodes SparseArea-+4nodes:
mst_SparseArea=buildVst_SparsesArea(nodes_SparseAdded)

4 | mergedTree=merge(mst congestedArea, mst SparseArea);

5 | finalTree=cuttingUselessConnection(mergedTree);
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Table 3 Execution time and comparison by changing node
congestion

W 10% | 30% | 50% | 70% | 90%

Tree

conPTAS Span | 47065| 32012| 15397 10140 6038
genPTAS Span | 5523|8221 17175| 30639| 52463
naive Span | 46973| 48469| 47736| 48095 48563
CO”:;ff VS |l 2.389%| -3.9630% | -67.75%| -78.92%| -87.57%
ge”s;f VS |l -87.999% | -83.04%| -64.02%| -36.29%| 8.03%

4 25 PTASS} st PTASS| AlgiARE B

Table 4 Executlon time comparison between partial PTAS
(conPTAS) and general PTAS(genPTAS)

congestion’ 40, | 309 | 50% | 70% | 90%

Tree
conPTAS Span | 47065 | 32012 | 15397 | 10140 | 6038
genPTAS Span | 5523 | 8221 | 17175 | 30639 | 52463
conPTAS vs " ol ol ol )
photg 752.16% | 289.39% | -10.35% | -66.90% | -88.49%
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30000 -40%
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10000 -80%

-100%
10% 30% 50% 70% 90%

Congestion

Jgl 21 HST gl mE AdARE
Fig. 21 Execution time by changing node congestion
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Table 5 Tree length and comparison by changing node
congestion

e congestion! 400z | 30% | 50% | 70% | 90%

conPTAS Span 1747.3411656.93 | 1510.2 | 1295.7 | 9485

genPTAS Span 1761.56 | 1662 |1515.83 | 1302.42 | 956.75

naive Span 1737.94 | 1647.43 | 1500.06 | 1284.92 | 937.44
conPTASvsnaive 0.54% | 0.58% | 0.68% | 0.84% | 1.18%

O% 22 TET wslof| e £2 PTASS} 28t PTASS| AlsliAzE
=1 im]
Fig. 22 Execution time comparison between partial PTAS
and general PTAS by changing node congestion
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Fig. 23 Tree length by changing node congestion
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Fig. 24 Tree length comparison between partial PTAS and
general PTAS by changing node congestion
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