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Transportation in Depopulated Rural Areas

• Poor access to public transportation

• Driving is difficult for elderly people

• Home-delivery and pickup service
with a limited number of drivers
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Problem Definition
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Pickup at the Center and Deliver to Customers
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Maximum Transportation Time for Perishable Goods
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Pickup at Customers and Deliver to the Center
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Multi-Commodity for a Single Vehicle
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Multi-Commodity for a Single Vehicle
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Heterogeneous Vehicles and Driver Assignments
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Heterogeneous Vehicles and Driver Assignments
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Objective

Maximize the weighted number of served requests
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Constraint Programming Model
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Main Decision Variables

• 𝑥𝑖𝑗: location 𝑗 is visited from location 𝑖
Treat multiple requests by the same customer as different locations
Duplicate the center for multiple visits by each vehicle

• 𝑦𝑟𝑣: request 𝑟 is served by vehicle 𝑣

• 𝑧𝑑𝑣: driver 𝑑 uses vehicle 𝑣
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Travel Time Variables

• 𝜆𝑣: optional interval representing the tour duration of vehicle 𝑣

• 𝛿𝑖: optional fixed-length interval representing the visit to location 𝑖

• Objective: maxσ𝑟∈ℛ 𝑝𝑟 𝟙 𝖯𝗋𝖾𝗌 𝛿𝑟  where 𝑝𝑟 is the score of 𝑟 
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• NoOverlap is not used as CP-SAT does not 

support a distance matrix

• Circuit could be used with 𝑥𝑖𝑗 in CP-SAT but 

has worse performance



Load and Transportation Time Variables

• 𝑙𝑔𝑖: load of commodity 𝑔 when arriving at location 𝑖

• 𝜏𝑔𝑖: transportation time of commodity 𝑔 when arriving at location 𝑖
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Iterative Warm-Starting
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Iterative Warm-Starting

1. Solve a model considering only one commodity

2. Repeat: add one commodity and solve the resulting model 
using the solution for the previous model as the initial solution
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Experimental Evaluation
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Synthetic Benchmark Instances

• Depots and centers in the central area and customers in rural areas

• Road network in a mesh topology

• 3 commodities: (1) perishable delivery, (2) delivery, (3) pickup, 
prioritized in this order

• Each rural area has 11 requests in total on average 
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Experimental Settings

• Google OR-Tools CP-SAT for CP

• MIP model based on a similar idea as a baseline, solved with Gurobi

• 24 threads and 15-minutes

• Iterative warm-starting uses 5 minute for each model

• 5 instances for each parameter combination
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CP with and without Iterative Warm-Starting
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CP with and without the Circuit Constraint
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CP vs. MIP
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Conclusion and Future Work

CP is useful for solving a complicated routing problem

Future work

• Real-world deployment

• Large neighborhood search
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Vehicle and Driver Constraints
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