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Fig. 1. Scope of the present study
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Objective Mathematical Normalization

term representation  relationship
Normghzed . D — Dy

freight D —_—

demand Dmax - Dmin

Normalized —

Cmax C

development cV _—

cost Cmax - Cmin
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District The total number of blocks

Priority name _selected by the algorithm
1 North East 295
9 Esfahan 203
3 East 191
4 Khorasan 142
5 Tehran 141
6 Qom 94
7 Arak 78
g Yazd 72
9 Lorestan 65
10 Zagros 54
11 North West 14
12 Hormozgan 9
13 South East 8
14 South 3
15 Kerman 3
16 North 1

Table 3. Prioritization of 19 railway regions according to the
level of development for the annual demand of 70 million
tons
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Priority District  The total number of b'locks
name selected by the algorithm

1 North East 295

2 East 265

3 Esfahan 243

4 Tehran 160

5 Yazd 153

6 Khorasan 144

7 Hormozgan 117

8 Qom 109

9 Arak 89
10 Lorestan 73
11 Zagros 65
12 North West 20
13 Kerman 15
14 South East 9
15 South 6
16 Azerbaijan 2
17 North 2

Table 2 Prioritization of 19 railway regions according to the
level of development for the annual demand of 110 million
tons
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Introducing a network expansion greedy algorithm based on
least cost expansions - Case study: Iran's railway network
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Abstract

Transportation problems can be categorized into three strategic, tactical, and operational levels, each of
which has a different level of influence, required budget, decision making process, and time period. The
problem of developing the rail transportation network or rail network design is one of the key issues at the
strategic level of planning. In short, rail network design deals with the solution of allocating a limited budget
to a feasible subset of projects, in such a way that certain planning objectives are met, including minimizing
the total travel time in the network, the developing costs of the network, maximizing revenue from freight
transportation or maximizing the attraction of freight demand to the rail mode. Two stakeholders are
involved in the problem of rail network design. On one side, the operators make the macro decisions to meet
the criteria; such as maximization of benefit, maximization of travel coverage, minimization of development
costs, minimization of casualties and minimization of total travel time. On the other side users who try to
maximize their benefits such as finding the shortest route through the network. To account for both sides of
this problem, a bi-level structured problem should be taken into account. The general form of the network
design problem, as a bi-level problem, falls in the category of NP-hard problems, which are difficult to solve
in even small scales. To solve this problem, the solution algorithms are classified into two general
categories: exact and approximate. The exact solution algorithms strive to provide the best global solution
among the possible solutions. Regarding the combinatorial explosion of the problem, they are considered as
intractable in terms of memory usage and solution time with the increase in the size of the problem.
Therefore, the second category of so-called approximate algorithms should be presented to solve the
problem. Greedy algorithms are classified in the category of approximate algorithms.

This article proposes a greedy algorithm to solve the problem of network design trying to minimize the
expansion costs of the rail network. In each iteration, the proposed algorithm performs a traffic assignment
over the rail network and thereby obtains a list of rail blocks that have reached their capacity. Among these
block, in a greedy approach, the algorithm gives the priority of expansion to the block that has the least cost
of expansion and marginally increases the capacity of that block. The process of traffic assignment, block
selection and marginal expansion continues until the entire level of input freight demand can be transferred
through the rail network. This algorithm is implemented in Java programming language and the railway
network of Iran is applied as a case study. Considering the track of two criteria in the solutions obtained in
the process of the algorithm, namely the throughput of the system and the expansion costs, we also present
and analyze "pseudo-pareto”. The results are presented for two demand levels of 70 and 110 million tons of
freight transportation per year. Analyzing the solutions shows that the more emphasis is put on the expansion
cost criterion, the fewer blocks are developed and as a result, less demand is passed through the network.
Also, with the increasing importance of freight demand, the algorithm leads to solutions that have caused
extensive development in the network. We also observe that the proposed greedy algorithm entails a light
computational burden and, for Iran’s railway network with more than 434 rail stations, achieves the track of
its solutions in less than 1 hour.

Keywords: Network design, greedy algorithm, Railway of Iran, multi-objective optimization
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