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khususnya, Kelerlambalan ini karena banyaknya kendala teknis yang kami hadapi terutama menyeleks! banyaknya
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jumal nasional yang sejali, yang mempublikasikan makalah lidak hanya dan wilayah Sumalra, tapi dari seluruh
Indonesia, seperti yang kami tampilkan saat ini,

Kami bahagia, karena berhasil menjumpal kembali para penulis dan peniliti secara umum dan peneliti bidang MIPA pada
khususnya. Pada edisi Khusus Volume 14, No. 1 ini, kami muat 13 artikel iimiah dari bidang Matematika, Artikel-artike!
yang ditampifkan ini merupakan makaiah pilihan dari hasil Seminar Nasional Sains dan Teknologi di Universitas
Lampung tanggal 27-28 Agustus 2007, Sefiing dan tampdan setiap makalah dalam edisi kali inipun tidak seperti sefting
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kami tampilkan ,.ada edisi ini men..cik. bagl para pembaca.

Sebagal wahana komunikasi para peneliti, kami merasa masih banyak kekurangan dalam banyak hal. Untuk itu, kami
dengan tangan terbuka selal: membuka kritk dan saran yang membangun demi kemajuan jurnal ini. Kami juga tetap
berharap para peneliti uniuk sefalu menginmkan hasit penelibannya yang terbaru untuk diterbitkan pada jurnat ini, karena
tanpa adanya artikel yang bermulu, maka kami tidak dapat hadir di tengah kita tepat waktu, Untuk itu, kami setalu

verterima kasih atas kepercayaan para penulis dan penelifi yang mempercayakan jurnal ini sebagai media
komunikasinya.

Bagi para pembaca yang ingin berlangganan, dapat melihat tata cara beriangganan pada bagian belakang pada setiap
penerbitan. Akhir kata semoga pembaca dapat memanfaatkan tulisan imiah yang telah dimuat dalam edisi ini.

Bandar Lampung, Januari 2008

Dewan Penyunting
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ABSTRACT

Given one center diready set. The Mulll Period Degree Constrained Minimum Spanning Tree Problem (MPDCMST) isa
problem of determining how many vertices (can be computers, cities, and so on) should be installed in a certain period in
such a way so that the cost of installation is minimum After all the periods done, dl of the vertices must be in the
network, and still the cost of installation nust be the mininum In addition, the network itself has a degree restriction in
every vertex which imits the number of links that incident to.  In this paper we will discuss the dgorithm we have
developed and give results on 600 random table data.

Keywords: multi penod, degree constrained, minimum spanning free

1. INTRODUCTION

Combinatorial (or discrete) optimization is one of the most active fields in the interface of operation research, computer
science and applied mathematics. It has experienced a most impressive growth in recent years. This groath has been
fuelled in a farge part by the increasing importance of computer techndlogy in business and industry and the demands
from many appfication areas where discrete models play more and more important roles.

Network design as one of the areas of combinatorid optimization, plays an important role in many real-life applications.
In this modem age where accurate models and efficient solufion techniques are required, it provides the representation
of problens at hand Some exanples of network design include: transportation nefworks for the novement of
conmmedities; communication networks for the transmission of information; powerful multiprocessar systens for solving
complex problems such as radar signal processing and many more.

Graph thearstic concepts™ are important in studying problems ansing in network design such as: the desiogn of minemal
cost network; the design of integrated circuits; the design of data communication networks capable of supporting large
scale onHine gpplications; the design of powerful multiprocessors for solving complex problens (such as radar signa
processing) in real time; determining opfimal route in a given network; and many more.

The Degree Constrained Minimum Spanning Tree (DCMST) problem is concemed with findng a minemum-weight
spamning free whilst satisfying degree requirements on the verices. The applications of the Degree Constrained
Minimum Spanning Tree problems that may arise in rea-ife indude: the design of teleconmunication, transportation,
and energy networks. It is also used as a subproblem in the design of networks for computer communication,
transportation, sewage and plumbing. In Gavish®, for exanple, usad the DCMST as a subproblem in the design of a
centralized computer network; and in Gavish® also provides several examples of optimization problems that are faced in
the process of designing computer communication networks.

For salving the DCMST, the number of methods have been investigated which involve bath exact and heuristics. Since
this problem is NP-conplete (as in Garey and Johnson™) many researchers inferested in investigating hearistics
methods. Some of heuristics investigated involved variations of Primi's and Kruskal's algorithms {as in Narula™ ), Genetic
Algorithms in®, Simuiated Annealing n® | iterative refinement procedure was investigated'®. *1 Tabu Search'>® | and
Modified Penalty's).

The Multi Pericd Degree Constrained Minimum Spanning Tree (MPDCMST) is a problem derived from the Degree
Constrained Mininum Spanning Tree Problem (DCMST). The difference of the two problens lies on the penod in which
restrict the network considered to be instalied in some peniods or stages. Usually, in readife implementation, the
installation must be done in some periods due to fund imitation. In DCMST, all the vertices (can represent conputers,
cities, and so on) can be installed in one peniod and there is no center vertex specified.  This problem appears in some
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real-life problems such as installation of pipe for: water supply, liquid natural gas, elecinicity, tefephone (cable) and so
on

In this paper we discuss some methods fo soive the MPDCMST problem, and we organize this paper as follow. in
section 1 we give infroduction about the MPDCMST, how it is derived, in section 2 we give the formulation, in section 3
we discuss the algorthms developed, in secion 4 we give the implementation results and finally in section 5 we give
conclusion.

2. THE INTEGER PROGRAMMING FORMULATION FOR THE MPDCMST

The MPDCMST can be formulated as an integer programming formukation n 7 as follow:
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3. THE DATA GENERATED AND THE ALGORITHMS

The data used i this research are generated unformly and whose weight range from 1 to 1000 and all are integers.
Besides, we test our methods using the bench marks probiems downioaded from
hitp://www iwr uniheideiberg deliwricomoptisoft TSPLIBSSTSPLIB
a. WDA 1 algorithm for the MPDCMST.
begin
te0
Initiation:: The numbers of vertices i the network, center vertex, the number of penods.
Sorts edges in increasing order.
while { Stopping criteria not satisfied)
do
tet+1
Find the smallest edge which adjacent to the vertices that have fo be instalied in period L
if (degree constrained satisfies)
Connects this edge to the network. .

2 ® 2008 FMIPA Universitas Lampung



else

Continue searching in this period

if ( Possible to add other vertices)

Choose the smallest edge to be installed n the nefwork.

else
te1t+1
endif
endif
end
end

a. WDA2 Algorithm for MPDCMST
The difference of this aigorithm with WDA 1 lies on the sarting edges. In this agerithm no needs to sort the edges, but
we perform preprocessing steps as follow:
Prepocessing
Step 1. Chose a vertex to be instalied (except vertex 1 as center veriex) randomidy at the first period.
Step 2. Connect that vertex to vertex 1
Step 2. Repeat
Choose (randomiy} smailest edge that must be instalied at period 1.
If

Every vertex in the subgraph formed has degree maximum b-1 (b i the degree restriction),
and not forms cycle, then install that edge.

Else,
Discard that edge
Until
DCST formed on the first period
Pseudocode for WDA 2:
begin
t«0

Inition:: The number of vertices in the network, center vertex, the number of penicd, initid sofution, max vertex can
be installed on penod t, the number of vertices must be installed on period £(t=23,.)
while (Stopping criteria is not satisfied)
do
e« t+1

Choose (randomly) vertex from the vertices that must be installed on penod t.
if (Degree restriction are satisfied)
Installed that edge in the network (possible to forms forest)
Continue searching on this pericd

if ( Possible to add other vertices)
Choose the sammlest edge to be installed in the network.
else
tet+1
endif
endif
end
end

c. WDA 3 algorithm for MPDCMST
The idea of this algorithm is simiar with WDA2 except on vertex choosing where on this peniod we choose the smallest
vertices and without considering the incident of those vertices o the center vertex; and we do this process iteratively.
The preprocessing of this algorithm is given as follow:
Prepocessing WDA 3
Step 1. Repeat
Choose (randemly) the smallest edge incident to the vertices that must be instalied on period 1. (Put
vertex 1 as part one of the vertices must be installed).
If

© 2008 FMIPA Unwersitas Lampung 3
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Every vertex in the sub graph formed has degree mesdinmum b1 (b is the degres
restriction), and not forms cycle, then install that edge
Else,
Discard that edge
Until
DCST formed on the first period
For the next steps are the same as WDA 2.

4. RESULTS AND IMPLEMENTATION

W implement our methods using C language progranming running PC based Linue: operaling system. We give our
results on figures and table below:

Com parative Analysis for Degree 4
4000
= 3000 e
R e——
E :ISBB e T i L (A e —  — e ——
5[]8
1 2 3 4 5 6 7 8 9 10
Vertex Order (x10)
—e— MST —m— DCMST VDA 1 DCMET VWOA 2
MPDCMST WDA 1 —x— MPDCMST WDA 2

Figure 1. Comparafive for degree 4, the number of pericd 3

Comparative Analysis for Degree 3
- z » ¥ A —y
o == =
= = -
PR ——— e e e
Vertex Order (x10)
—e— MST —m— DCMST VDA DCMST WDA 2
MPDCMST WA 1 —— MPOCMST WOA 2

Figure 2. Comparafive for degree 3, the number of pericd 3
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Table 1. implementation on TSPLIB Problem

DMST Jrl MTDMST

Fie il Degree =3 Vertk Vertek Degree =1 Degree=4
" | opmm | cpaman iBtB o Ar- e s | T -3 ans | Tme
i ) » N 7 |ew[omn | % 620 | 275% | &
4 s (T8 830 4g0 | 1283 | 37
A2 | &5 43400 003% | 43475 | 0.00% <3 5;3 Ex s P

4. CONCLUSION

Based on the computationd results, running on 800 random table problem, our results are feasible, compared to the
previous data'” where 70% of the data generated are infeasible. However, since this problem still new and so far only
fwo paper already publish considering this problem™ 9 there are sbill a kot of possibilities to investigate and develop
other methods to solve this problem to get better solution.
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