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Työn saa tallentaa ja julkistaa Aalto-yliopiston avoimilla verkkosivuilla. Muilta osin kaikki oikeudet pidätetään.



Background

• Bus Rapid Transit systems offer more reliable 
transportation with lower investment costs providing fast 
and reliable bus services 

• BRT investment problem optimizes the selected 
segments for upgrade within budget constraints while 
maximizing the number of passengers

• Presented in a paper by Hoogervorst [2023].



Given

• A single line, algorithm selects the upgraded segments 
• Nodes represent bus stations
• Edges represent segments between stations

• Each segment has cost and infrastructure improvement
• Given OD pairs with passenger demand 



IP Formulation

• Objective function

• Budget constraints

• Variable



Assumptions

• Linear passenger 
response

• Single municipality

• Budget is ranged from 
zero to maximum

• Infrastructure improvements set to 



Dynamic Programming

• Optimizes the most cost-effective upgrades within 
budget constraints for BRT segments 

• Can be solved in pseudo-polynomial time with efficient 
solutions

• Pareto-front can be extracted from the dynamic program 
by identifying optimal solutions 



0-1 Knapsack Algorithm
• Knapsack algorithm to optimize the selected segments to be upgraded 

withitn a given budget:



Pareto Front

• Efficient solutions represent the optimal set of upgrades 
that can be made within the budget constraints.

• Non-dominated points are the best objective values of 
efficient solutions.

• Pareto front is the set of non-dominated solutions



Example Instance

• 10 stations
• cost pattern UNIT 
• demand pattern EVEN



Running time 

• The runtime of the dynamic program for the different 
data sets on average:



Results
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