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THE PROBLEM 
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The problem 
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IV. Costs 
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Profit=revenue-costs 

• A parameter employed to finance the 
construction and to amortize the Rolling stock 
investment 

• A parameter representing the number of years 
spent to build the network 
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D. Canca, A. De-Los-Santos, G. Laporte and J.A. Mesa. A General rapid network design, 

line planning and fleet investment integrated model. Annals of Operational Research 
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Variables 
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Variables 
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III. Headway and frequency 

Headway 

IV. Capacity 

Travel time 

Kind of train 

V. Travel time �����>0 
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ℓ�ߜ ∈ {Ͳ,ͳ} 
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VI. Fleet size 

Required fleet line ܨ�ℓ 
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D. Canca, A. De-Los-Santos, G. Laporte and J.A. Mesa.  An adaptive neighborhood search 
metaheuristic for the integrated railway rapid transit network design and line planning 
problem. Computers & Operations Research. 78, pp. 1 - 14. 2017 

• Binary assigment model (flow: binary variables) 

• The passenger only can consider one path in the network 

• We propose a metaheuristic ALNS for solving the problem. 

• We compare the mathematical model againts the ALNS on small 

instances  

• We solve the problem on a real life network using the ALNS. 
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D. Canca, A. De-Los-Santos, G. Laporte and J.A. Mesa. The railway network design, line 
planning and capacity problem: An adaptive large neighborhood search metaheuristic. 
Advances in Intelligent Systems and Computing. pp. 1 - 22. 2017. 

• We use a new utility function considering prices of time 
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PROBLEM DESCRIPTION 

 Original problem in which flow variables are continuos 

 Several paths, for a same OD-pairs it´s possible 

 Utility function considering value of time 
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Input data 
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Input data 

19 

III. Lines 

Lines, minimum 

and maximum 

length 

Maximum number 

of lines per edge, 

set of possibles 
headways 

Capacity for kind 

of trains 



IWLARP, Segovia 27-29 Sep A matheuristic for the Rapid Transit Network Design Problem 

Variables 
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Variables 
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Objective function 
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ܱே = ܱ�� − ܱ = ܱ�� − ܱ�ை − ܱ�ை − ܱ� − ܱ Net profit 
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Binary 
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THE MATHEURISTIC 

 Full linearized model  

 Define the mechanism in the matheuristic 
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Model linearization 
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Model linearization 
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Capacity Constraints linearization  

Product of 

integer and 

binary variables 

• Introduce new binary variables: 

• ݒ݂ = :�ݒ݂  = ͳ, . . , ܲ  represents the set of feasibles 

frequencies 

 �ℓߛ  
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Two binary 
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Solving a rapid transit network design 

problem 

Special 

Line 

planning 

• Input: line network 

• Main variables: 
Frequency  

Capacity 

• Competing mode 

• Objective: profit 
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• We carried out several experiments using Java code and Gurobi 

7.5.1 

• We tested the matheuristic over small instances. 

• We are testing the algorithm on a real life instance: Seville. 

• We solve several scenarios for input parameters related to fares 

and values time. 
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Computational experiments 
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Computational experiments 
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49 NODES 

135 EDGES 

2352 OD PAIRS 

69,302 trips. 
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INITIAL 
SOLUTION 
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SOLUTION 

Fare=3,5 

Values time=0,5 
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6. CONCLUSIONS AND FURTHER 

WORKS 

 We have presented a mathematical programming program 
for the rapid transit network design. 

 We have included a utility function considering values of 
time. 

 We have proposed a new procedure which consists of a 
matheuristic considering a lineal mathematical model and 
the ALNS metaheuristic. 

 We are going to test the matheuristic over real networks. 
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