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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].

|
Aalto-yliopisto
Perustieteiden
korkeakoulu



Given “d
: | di 5
d2 10
0 0o o O O (cejue)

(5;2) (10;3)  (5;3)  (15;4)

* 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
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IP Formulation

* Obijective function max T,
ecFE
« Budget constraints st ) CeTe S
ecEnm
« Variable z. € {0,1}, Ve€ E
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Assumptions

. - ad
* Linear passenger Ue = Ue °

response deD: 2erew, Ue

ecWy

« Single municipality M| =1
« Budget is ranged from

zero to maximum

Ue 1

 Infrastructure improvements set to
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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
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0-1 Knapsack Algorithm

« Knapsack algorithm to optimize the selected segments to be upgraded
withitn a given budget:

Algorithm 1 Dynamic Programming Algorithm for 0-1 Knapsack Problem

1: Input: Instance: list of (w),(v),(C)

2: Output: Set of items to maximize the total value within the given capacity
3: n < length(w)

4: Initialize K[0..n][0..C] with zeros

5: for 1 < 1 ton do

6: for c <+ 1to C do

Te if w[i — 1] < ¢ then

8: K|i][c] ¢ max(K[i — 1][c],v[i — 1] + K[i — 1][c — w[i — 1]])
9: else
10: Kli][c] «+ K[i — 1][]
11: end if
12: end for
13: end for
14: return K|[n|[C]
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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

|
Aalto-yliopisto
Perustieteiden
korkeakoulu



Example Instance

« 10 stations
« cost pattern UNIT

« demand pattern EVEN

Attracted Passengers (%)

100 A

80 A

60 -

40 +

Table 1: Running time
All Points | # Points | Per Point
0.0047 9 0.0005

Aalto-yliopisto
Perustieteiden
korkeakoulu

UNIT Costs, EVEN Demand

— Solutions
® Pareto Front

0 20

40 60
Investment Costs (%)

80

N




Running time

- The runtime of the dynamic program for the different

data sets on average:

Table 2: Running time and number of Pareto points averaged over artificial

instances sharing the same cost pattern

Stops Cost Pattern All Points # Points Per Point
10 UNIT 0.0037 9.0 0.0004
MIDDLE 0.0045 18.0 0.0003
ENDS 0.0044 14.7 0.00037
25 UNIT 0.1095 24.0 0.00457
MIDDLE 0.2193 48.0 0.00527
ENDS 0.2117 58.3 0.0041
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Results

10 stops

25 stops
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Figure 1: Non- dominated points of BRT representing Linear passenger re-

sponse for artificial instances across all cost patters while passenger demand is
even.
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