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Introduction

Introduction

Problem

Package delivery with delivery site selection

Motivation

Increasing need for optimized package delivery
Maximize profit
Reduce our impact on the environment

Inspiration

Schittekat et al. paper on school bus routing (SBR) with bus stop
selection.
Multiple delivery sites produce shorter routes - introduce it to package
delivery.
Large running time of the proposed algorithm.
Very simple benchmark model.
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Problem Definition

Problem

Defining vehicle routes with delivery place selection

Single production factory

N delivery stations

M customers

Constraints:

Each customer will visit only one delivery station within walking range
Each customer will pick up only one delivery package
All delivery trucks have the same capacity given in number of packages
Any delivery station can be visited by only one delivery truck

Goal

Minimize the total travelled length
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Problem Definition

Mathematical description

Parameter Description

N number of delivery stations

M number of customers

T number of delivery trucks

Kk capacity of delivery truck k specified by number of packages it can carry

cij cost of going from station i to station j

cpi cost of going from station i to the production factory

pnl number of packages picked up by customer l

sil 1 if the station i is within range of customer l , otherwise 0

xijk 1 if delivery truck k travels between stations i and j , otherwise 0

xpik 1 if delivery truck k travels between stations i and the production factory, otherwise 0

yik 1 if the delivery truck k goes to station i , otherwise 0

zil 1 if the customer l goes to station i , otherwise 0
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Problem Definition

Mathematical description

N∑
i=1

N∑
j=1

cij

T∑
k=1

xijk +
N∑
i=1

cpi

T∑
k=1

xpik (1)

N∑
i=1

zilsil = 1 ∀l ∈ {1, ...,M} (2)

pnl = 1 ∀l ∈ {1, ...,M} (3)

Ki = Kj ∀i , j ∈ {1, ...,T} (4)

T∑
k=1

yik = 1 ∀i ∈ {1, ...,N} (5)
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Proposed Algorithm

Overview

Fast greedy randomized adaptive search procedure (GRASP)

Two parts:

Assigning customers to delivery stations - a greedy heuristic
Defining routes for visiting delivery stations - a specialized local search

Repeat the optimization several times
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Proposed Algorithm

Assigning customers to delivery stations idea

Reduce the number of delivery stations

Preferring delivery stations which are closer to the production factory

Active station - that which has a customer assigned
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Proposed Algorithm

Assigning customers to delivery stations overview

Calculate the fitness of each station

Sort the stations in descending order by fitness.

If the fitness difference is less then fitness d min prefere the closer
station

Iterate over the sorted stations and assign customers to them
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Proposed Algorithm

Initial station fitness calculation procedure

For each station initialize to zero.

Generate constant C uniformly from [0, 10]

To each fitness add C divided by the station-factory distance

For each customer calculate the reciprocal of the number of reachable
stations

Add that to the fitness of every reachable station
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Proposed Algorithm

Assigning customers to delivery stations procedure

If the station can be reached by a number of customers less or equal
to the capacity of the truck, then all the customers are assigned to
that station.

If more customers can reach the station:

They are sorted by the number of stations they can reach in ascending
order
If two customers can reach the same number of stations, precedence is
given to the customer which is farther from the production factory.
Customers are then assigned to the current station in the sorted order
until the capacity on the truck is filled.

CCL, FER, University of Zagreb Supported by Croatian Science Fundation AIMS 2019, San Diego, US 14 / 33



Proposed Algorithm

Defining routes to delivery stations

Define truck routes for active stations

Make them as short as possible while respecting constraints

Problem division:

Which stations are in the same route
The best possible order of visiting the stations

Algorithm division:

Preprocessing
Initial solution generation
Solution optimization
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Proposed Algorithm

Defining routes to delivery stations preprocessing

Iterate over all stations

Defining routes for stations which cannot be combined with any other
station due to the constraints

These stations and routes are no longer taken into consideration
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Proposed Algorithm

Initial solution generation

Greedy heuristic

1 Select a station which is not assigned to any route

2 Creates a route for it

3 Iterate over the rest of the unassigned stations

4 Calculate which of the satisfiable stations is closest to the route

5 Satisfiable station - the station-route distance is smaller than the
station-factory distance

6 The closest satisfiable station is added to the current route is ti exists

7 Otherwise the current route creation ends

8 The previous steps are repeated as long as there are active unassigned
stations
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Proposed Algorithm

Solution optimization

Local search

An incomplete neighborhood consists of:

Switching a station between routes
Selecting two stations from different routes and swapping them
Joining two routes
Randomly breaking a route into two

With small probability another modification occurs after each
modification

Routes are re-optimized using a TSP solver in each iteration

The objective function is the sum of lengths of all routes.

The stopping condition

Maximum number of iterations
Maximum number of stagnant iterations
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Proposed Algorithm

TSP solver

Greedy heuristic

Given three or less nodes return

Otherwise, three random nodes are declared the current optimal route.

Then:

Select a random node,
Iterate over each edge of the current optimal route and calculate the
distance change
Remove the edge which produced the minimal change in distance.

Repeated until all nodes are in the route.
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Results

Dataset

112 problem instances

number of customers ranging from 25 to 800

number of stations ranging from 5 to 80

the maximum allowed walking distance ranging from 5 to 40
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Results

Evaluation

For every value of the repetition parameter instances are solved 100
times

Calculate the average solution route length

Calculate the average calculation time

Compare the results to those presented in [1]
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Results

Solution length results

At 100 repetitions our algorithm produces, on average, 4% longer
routes

23% longer routes by baseline in [1]

At 100 repetitions as the maximum walking distance varies from 5 to
40, the increase in the route length varies from −0.54% to 4.5%

From 1.4% to 63.4% by baseline in [1]

At 100 repetitions as the amount of stations varies from 5 to 80, the
increase in the route length for our solutions varies from 0% to 8.31%

At 100 repetitions as the amount of customers varies from 25 to 800,
the increase in the route length for our solutions varies from 0% to
6.98%
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Results

Figure: Average solution route length increase
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Results

Figure: Solution quality in relation to walking distance
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Results

Figure: Solution quality in relation to station count
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Results

Figure: Solution quality in relation to customer count
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Results

Solution time performance

The time performance results depict the logarithm of time decrease

At 100 repetitions our algorithm, on average takes e7.02 ≈ 1100× less
time

At 100 repetitions as the maximum walking distance varies from 5 to
40, the time decrease for our algorithm varies from e7.07 ≈ 1171.13×
to e6.82 ≈ 913.75×
At 100 repetitions as the number of stations varies from 5 to 80, the
time decrease for our algorithm varies from e2.01 ≈ 7.47× to
e8.53 ≈ 5036×
At 100 repetitions as the number of customers varies from 25 to 800,
the time decrease for our algorithm varies from e5.11 ≈ 165× to
e7.8 ≈ 2436×
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Results

Figure: Average time decrease
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Results

Figure: Solution time decrease in relation to station count
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Results

Figure: Solution time decrease in relation to customer count
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Results

Figure: Solution time decrease in relation to maximum walking distance
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