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1 About LogisticsLab and Installation
LogisticsLab is an academic software for decision support in logistics. This software can be classified as a
problem-oriented decision support system that can be used to model and solve transportation problems,
network flow problems, traveling salesman problems, Chinese postman problems, vehicle routing planning
problems and location problems in different variations.

LogisticsLab was originally developed under the name EUS teaching software by DIETER FEIGE for the Busi-
ness Administration and Logistics courses at the Friedrich-Alexander-University of Erlangen-Nuremberg and
fundamentally revised and expanded by MIKE STEGLICH from the Technical University of Applied Sciences
Wildau.

LogisticsLab is provided under the LogisticsLab Academic License. It is available for academic use (such as
research and teaching or for reproducing case studies in academic textbooks) free of charge and without
warranty. It can be downloaded from the website http://logisticslab.org and installed and used on an un-
limited number of computers.

The software can only be run under Microsoft Windows (64 Bit, version = 10).

For installation, the first step is to download the software from http://logisticslab.org as a ZIP file 1logis-
ticsLab-X-Y-Z.zip. X-Y-Z isthe version number. Then unpack the ZIP file. A special installation is
not necessary, as the software can be used immediately after un-packing. However, it is advisable to
change the path LogisticsLab to c: \Program Files\LogisticsLab.

After installation, there are several EXE files in the program path regarding the supported groups of logisti-
cal decisions, which are listed below:

e TPP.exe Transportation Problems,

e NWHF.exe Network Flow Problems,

e TSP.exe Travelling Salesman and Chinese Postman Problems,
o VRP.exe Vehicle Routing Problems,

e DLP.exe Discrete Location Problems,

e C(CLP.exe Continuous Location Problems.

2 LogisticsLab in a glance

2.1 Program interface

The structure of the user interface of each part of the program follows a uniform structure, as shown in
Figure 1 for LogisticsLab/VRP as an example. In addition to the usual elements, the user interface has a
network area on the left-hand side of the program with the graphical representation of the network or the
solution found for this network and a data area on the right-hand side in which several areas can be select-
ed via tabs and filled with the necessary data. Generally, interactive data entry and modification takes place
in the data area. The network and the data area can be spread over the entire screen.


http://logisticslab.org/lizenz.html
http://logisticslab.org/
http://logisticslab.org/
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Figure 1: Program interface

There are two ways to display the network representation of the problem and the solution to the problem.
If geographical coordinates are used, an OpenStreetMap is shown in the network area. With a mouse over
on one of the nodes, a pop-up window appears with additional information.
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Figure 2: Node pop-up with additional information

The map switch in the upper left corner of the network area allows the user to switch to a simple map.
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Figure 3: for changing between the different map types
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SimpleMap is also used when the coordinates are not geographical.

u LogisticsLab / VRP (Vehicle routing problems) v.5.0.0 beta / vrp. X
File Optimisation Print About
DeEdBEDE
[E] simpleMap (=] [m}
» Problem Modes Distances Traveltime Routes Route detais
Edit modus: W
Nr. 1D Name X-Pos Y-Pos Demand Service time
1 Laaander Thaya 16.38330 48.71670 85 00:00
2 NO0O1 Catania 15.08730 37.50270 77 00:00
3 NO002 Yarm -1.34800 54.50500 141 00:00
4 N0003 Zelino 21.06190 41.97940 a7 00:00
5 NODO4 Pleven 24.61690 43.41320 121 00:00
6 NO0OS Suresnes 2.22000 48.87000 53 00:00
7 NO006 Lekkerkerk 4.68280 51.89720 72 00:00
8 N0007 Versmold 8.15000 52.04360 89 00:00
NOOOS 9 NOOOB Belufa 18.32780 49.065320 119 00:00
10 NO009 LaCouronne 0.10000 45.60750 68 00:00
< >
N0009
NOOO4
NODO01
B Add & Delete & print Al Coords  Node Coords
O5M routes have been loaded.

Figure 4: Example of a SimpleMap in LogisticsLab/VRP

2.2 Menu entries
The menus of the individual program packages consist of the unified function groups File, Optimisation and
Print. Each menu item can also be quickly accessed via corresponding key combinations (shortcuts).

File:

e New Problem (Ctrl-N)
Create a new problem. New data can be entered. For some programs, a data generator can be op-
tionally started, which generates random-based sample data according to entered specifications.

e QOpen Problem (Ctrl-O)
Loading the data of a problem from a program-dependent data file.

e Save Problem (Ctrl-S)
Saving the problem data to a file. Either the name under which the data was previously loaded is
used or a new file name is requested if the data was newly entered.

e Save Problem as ... (Shift-Ctrl-S)
Before saving the data, the system always asks for a new file name.

e Save Solution as ... (Ctrl-L)
Save the optimisation result under a predefined file name in a text file with the extension SOLX.

e Import nodes (and edges) from Excel Distance Matrix as ... (Ctrl-1)
Imports nodes and edges (only TSP and NWF) from Excel.

e Export nodes (and edges) from Excel Distance Matrix as ... (Ctrl-1)
Exports nodes and edges (only TSP and NWF) to Excel.

e Exit(Ctrl-Q)
Exit the program
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Optimisation:

e (Create Distance Matrix
Opens a dialogue for generating a distance/time/cost matrix.

Generating distance/time/cost matrix

Generating distance matrix by using ...
(® OpenStreetMap/Distances

(O OpenStreetMap/Travel times
(O Great Circle Distance

(O Euclidean Distance

(O Manhattan Distance

Detour or Cost factor: 1

' 0K X Cancel

Figure 5: Dialogue for generating a distance/time/cost matrix in LogisticsLab/TSP

e  Start Optimisation
Open an optimisation dialogue. After entering certain specifications, the optimisation run is start-
ed.

Print

e The results are displayed in the data area can be printed.
e The printable results are also displayed in the Print menu and can be started by selecting the ap-
propriate option.

The most important functions of the menu bar can also be reached via the toolbar (Figure 6).
Save Problem
Open Problem
New Problem [\

De =

Save Solution as ...

]

\ Optimise

Calculate Distance Matrix

Figure 6: Toolbar in LogisticsLab/VRP

2.3 OpenStreetMap functions
As of version 5, LogisticsLab uses several functionalities of OpenStreetMap to support visualisation and
data generation for realistic logistical decision-making problems.

Integration of OpenStreetMap maps

The OpenStreetMap Foundation (OSMF) provides map data, e.g. for websites and applications, in accord-
ance with the Open Data Commons Open Database Licence (ODbL)!. The maps may be used for any pur-

1 OpenstreetMap.org: OpenStreetMap, https://www.openstreetmap.org, as of July 2024.
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pose and may be modified and distributed under the same licence. There is a very large community that is
constantly improving and expanding the map data. The use of the maps does not require any registration or
other collection of user data and is free of charge.

As shown in Figure 7, OpenStreetMap maps are integrated into the network area of the Logistics Lab inter-
face and can be zoomed in and out and rotated. The map is primarily used to visualise the network nodes
of a problem. Depending on the type of node, LogisticsLab adds problem-specific markers to these maps.
The left-hand map shows a transport problem with blue boxes for providers and red pins for customers.
The right-hand map shows a transhipment problem with supply nodes visualised by blue pins, tranship-
ment nodes with pins in ochre and demand nodes with red pins.

If a user moves the mouse over a marker, a pop-up window appears with additional information, as shown
in Figure 8 for the depot of a route planning problem.

Figure 8: Marker for nodes in LogisticsLab

NO7, Lager

16384 Klosterfelde
Bahnhof Germany
(52,79122;13,48833)

#®

¢

Figure 7: Marker with pop-up

In addition, the maps in LogisticsLab are used to visualise the solutions found by displaying the routes on
real roads, which can also be found using OpenStreetMap functionalities, on the map using blue connec-
tions. Individual routes or sections can be highlighted with the colour ochre. Figure 9 shows part of the
solution for a transhipment problem in LogisticsLab/NWF, where the route between a plant in Soria, Spain
and a transhipment hub in Frebuans, Frank has been highlighted.
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Figure 9: Illustration of a solution in LogisticsLab/NWF

Integration of geocoding functionalities from Photoon

The collection and input of data from the network nodes is sometimes very time-consuming. The focus
here is on the geographical coordinates, which are required on the one hand for display on a map and on
the other for determining distances and, if necessary, travelling times between the individual nodes.

A geocoder can be used to determine the geographical coordinates of the node under consideration using
an address or an address fragment. LogisticsLab uses the open-source geocoder Photon?, which works with
OpenStreetMap data and can be accessed via a web-based API (Application Programming Interface). As
access to the original Photon server can be limited if it is used extensively, a separate Photon server was set
up for LogisticsLab, which is hosted by the Technical University of Applied Sciences Wildau.

In LogisticsLab, Photon can be used in two different ways. One option is to enter the addresses or parts of
the addresses of the nodes in the corresponding columns of a node list and then determine the geograph-
ical coordinates via the Photon server. Figure 10 shows an example of a route planning problem in Logis-
ticsLab/VRP. In the data area of this module, two customers and their addresses have been entered in the
Nodes tab. The latitude and longitude of all nodes can then be called up via the All coords button or for the
selected node via Node coords.

Name Lat Long City PostCode Street
Schinwalde 16384 Hauptstr. 63b
Basdorf 16384 Fuchsienstr. 7
B Add Search & Add = B Delete All Coords Node Coords & print

Figure 10: Node list before determining the coordinates in LogisticsLab/VRP

2 Photon, https://photon.komoot.io, as of July 2024.
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Once the coordinates have been successfully retrieved, they are automatically entered in the node list
(Figure 11) and the nodes are displayed on the map using the coordinates.

Nr. ID Name Lat Long City PostCode Street
1 K1 52,68601 13,44322 Schonwalde 16384 Hauptstr. 63b
2 MO2 K2 52,71357 13,44019 Basdorf 16384 Fuchsienstr. 7

Figure 11: Node list after determining the coordinates in LogisticsLab/VRP

It is also possible to use the Search & Add button available in all parts of the programme for nodes to
search for a complete address and the associated geographical coordinates with an address fragment and
add it to the node list as a new node. For example, as shown in Figure 12 you can search for the entry for
the Jagdschloss in Grol} Schonebeck in the state of Brandenburg. The address and the corresponding coor-
dinates are then added to the node list (see Figure 13).

Search for node

Enter address:
Grofi Schonebeck, Jagdschlof

Search results (please select one or more addresses to add):

Jagdschloss Grofi Schonebeck, Schorfheide, 16244, Schlofistrale, German

| add Add Al Cancel

Figure 13: Address search in LogisticsLab

Nr. ID Name Lat Long City PostCode Street
1 NO1 K1 52,68601 13,44322 Schonwalde 16384 Hauptstr. 63b
2 NO2 K2 52,71357 13,44019 Basdorf 16384 Fuchsienstr. 7
3 Jagdschloss GroB Schénebecl 52,90501 13,53151 Schorfheide 16244 SchloBstraBe

Figure 13: Added node after address search

Determining distances, travel times and routes with OSRM

To solve a logistical decision problem, it is necessary to determine the weights of the edges connecting the
individual nodes. For tasks with real addresses and roads, the distances and journey times can be retrieved
in LogisticsLab via the Open Source Routing Machine (OSRM). In addition, OSRM is used after an optimisa-
tion has been completed to retrieve the routes on real roads for the solution and ultimately display them
on a map. OSRM is an open-source project that uses OpenStreetMap data to determine shortest paths in
road networks in a very efficient way?.

LogisticsLab uses OSRM functionalities to determine the distance and travel time matrices. There are sever-
al freely available servers for OSRM, whose access can be restricted in the same way as Photon if used ex-

3 OpenStreetMap: OSRM API-Documentation, http://project-osrm.org/docs/v5.5.1/api, as of July 2024.
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tensively. Therefore, a separate OSRM server was set up for LogisticsLab, which is hosted by the Technical
University of Applied Sciences Wildau.

If all nodes are available in LogisticsLab with their geographical coordinates, the dialogue for determining
the distance or travel time matrix or, if applicable, the cost matrix based on this, can be opened as shown in
11 for LogisticsLab/VRP as an example. The generated matrices are then automatically inserted in the cor-
responding data areas (Figure 15Fehler! Verweisquelle konnte nicht gefunden werden.).

Generating distance/time/cost matrix

Generating distance/time matrix by using ...

(®) OpenStreetMap
(O Great Circle Distance
(O Euclidean Distance

(O Manhattan Distance

Avg. vehicle speed per km:

W 0K X Cancel

Figure 14: Dialogue for determining distances and travel times in LogisticsLab/VRP

Problem Nodes Distances Traveltime Routes Route detaic Problem Nodes Distances Traveltime Routes Route details

Method: OSM Method: OSM
Nr 1 2 3 Nr 1 2 3
Nr  From\To N02 NO3 Nr  From\To  NO1 NO2 NO3
1 nor - 0 3 9 1 N1 00:00 00:05 00:13
2 ND2 3 0 6 2 No2 00:05 00:00 00:09
3 NO3 9 6 0 3 No3 00:13 00:09 00:00
4 NO4 12 9 8 4 N4 00:17 00:14 00:10
5 NOS 13 10 5 g NOS 00:19 00:16 00:07
6 NO6 8 5 7 6 N6 00:11 00:08 00:09

Figure 15: Distances and travel times in LogisticsLab/VRP

Once all the data for a problem is available, including the distance or travel time or a cost matrix based on
this, the problem can be solved. To display the solution adequately on the map, LogisticsLab automatically
calls up the route functionality of the OSRM server involved to retrieve the routes on the real roads. These
are then displayed as shown in Figure 9 on the map and can be highlighted if necessary.

Entering nodes and edges by double-clicking on the map

As of version 5.3 it is possible to enter nodes in all LogisticsLab modules and edges in LogisticsLab/NWF and
LogisticsLab/TSP by just double-clicking on the map.

Nodes can be created by double-clicking when the corresponding tab is open in the data area. As can be
seen in Figure 16, after double-clicking, LogisticsLab asks whether a node should be created at this location.
If the answer is yes, LogisticsLab determines the geographical coordinates and, if possible, the address of
the node using the integrated OpenStreetMap functions. This data is automatically entered in the corre-
sponding columns for the new node.
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B Logisicstab / T5# ) J Serran —a

file Qptimisation  About
DsEaBl &

Long oy PostCode
5334417 13,20186 Carin 17237
5330756 13,21380
5333153 13,21268
533329 1320492
53,3383 13,2082
53,33906 13,9748
533343 1319621
53,34568  13,19727 Campin 17237
53,3467 13,18935
53,34571 13,1832
5334193 1318143
- 533308 1317911
A 5333538 13,17810
[ ] Men . 5333538 1318729
53,3400 1318813
53,4172 13,18907
s3340 1319778
5334219 1321012
53,34199  13,20405
5333604 13,20874
5333707 13,20139
5333826 13,19197
53,34275 13,19269
53,3455 13,21442 Carpin 17237

Al Coords.
Node Coords

Doubleckck 1 the map to add a node ...

Figure 16: Entering nodes

In LogisticsLab/NWF and LogisticsLab/TSP, when the edge editor is open, an edge can be created directly by
double-clicking on the start and destination nodes one after the other on the map, whereby a dialogue
appears in which the type of edge can be selected (Figure 17).

i
v
»

¢ S

Insert Edge

Insert Edge
Do you want to insert an edge between ST and ZE
—> Undirected

Insert an undirected edge with the same distance in both
directions.

=> Directed
Insert a directed edge

=> Cancel

Do not insert an edge

Figure 17: Creating an edge in the LogisticsLab/TSP map

For the edges created, the real road courses are retrieved using OpenStreetMap and displayed in grey on
the map (Figure 18).
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Figure 18: Visualisation of edges in LogisticsLab/TSP

Using OpenStreepMap functionalities with a proxy server

If a proxy server is used, then two corresponding entries have to be entered in the LogisticsLab.opt file
which is located in the root directory of LogisticsLab. The following example shows the entries for the proxy
server of the University of Applied Sciences Wildau. Please use your own proxy entries.

httpProxy = http://proxy.th-wildau.de:8080

httpsProxy = http://proxy.th-wildau.de:8080

If no proxy server is used, then these entries must be empty as follows:
httpProxy =

httpsProxy =

It is strongly recommended to leave all other entries as they are.

2.4 File formats
Problem and solution files

The data of the programs are stored and loaded in text files with a particular format. To distinguish the data
for the different programs, the files are given the program abbreviation as file extensions, i.e.: TPPX, NWFX,
TSPX, VRPX, DLPX and CLPX.

The following principles apply to data files in text format:

e The records are defined line by line as ASCII text.

o The data fields are separated with a tabulator.

e Each file begins with the particular keyword for the program for identification. This keyword can be
followed by information on the date and time on the same line.

e The first line is followed by a comment line, which can be freely described or left blank.

e A section for options begins with the keyword OPTIONS, which is followed by the corresponding
options in the following lines.
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e The data is divided into data blocks. Each data block begins with a line in which the corresponding
keyword (e.g. SOURCES, DESTINATIONS) for the respective data must appear. In most cases, the
size specifications for the data block (e.g. number of rows and columns) follow in a subsequent line.
The following lines contain the corresponding data.

e The notation of numeric fields follows according to the local language of the computer and is rec-
ognized automatically.

e The end of file is expressed with the keyword EEE in a last data line.

The data files can be created via the menu function Save Problem or Save Problem as. The results can also
be saved as text files. They are named with the file name of the original problem and the file extension
SOLX. Further use of the results in texts, tables and presentations is easily possible due to the text format of
the solution file.

Excel files for import and export of nodes and edges

In addition to the problem files, LogisticsLab offers the opportunity to export and import nodes and edges
to and from Excel® for a data exchange between the different LogisticsLab modules. It is also possible to
create such a file in LogisticsLab, edit the data in Excel and import it into LogisticsLab. These Excel files have
a defined structure that is generated by LogisticsLab during the export of a problem. An example of vehicle
routing problem data is shown in Figure 19.

B Autosave @ ) VIPXLSX P search (Alt+Q) & = o %
File Home Insert Pagelayout Formulas Data Review View Help © comments
<X = fama v A
@) 4 Arial Jiu A A E== e 25 Wrap Text & = z 2% p [j
M~ B~ |
Paste lm . AL === B N Insert Delete Format Sort& Find& | Analyse
- & B 1 U-H- -4 ] Merge & Centre “ - & v Fiter~ Select~ | Data
Undo Clipboard 13 Font ] Alignment =] Number m styl cells Editing Analysis e
Al v S0 ~
A B c D E F G H 1 J K L M N o] P a a
1|ID JName Lat Lon City PostCode Street Country Supply Demand MinCap MaxCap StartTimeWin EndTimeWin ServiceTime Active FixedCosts
2 N00OO LaaanderThay 48.7167 16.3833 Laa an der Thaya AT Q 85 0 0 0 43200 0
3 Nooo1 Catania 37.5027 15.0873 Catania T 0 7 o [} [ 43200 oy 0
4 NO002 Yarm 54 505 -1.348 Yarm GB [} 14 [ [] 0 43200 oY 0
5 N00O3 Zelino 41.9794 21.0619 Zelino MK 0 a7 0 0 0 43200 oy 0
6 NO004 Pleven 43.4132 24,6169 Pleven BG 0 121 [} [} [ 43200 oy 0
7 NOODO5 Suresnes 4887 2.22 Suresnes FR a 53 [ 4] [} 43200 oY 0
8 N00O& Lekkerkerk 51.8972 4.6828 Lekkerkerk NL 0 72 0 0 0 43200 oy 0
9 NO0007 Versmold 52.0436 8.15 Versmold DE 0 89 [} [} [} 43200 oy 0
10 N0O008 Belusa 49.0653 18.3278 Belusa SK a 118 a 1] 0 43200 oy 0
11 N0009 LaCouronne 45.6075 0.1 La Couronne FR Y 68 0 0 0 43200 oy 0
12 4
Options | Nodes . 4 >
Ready T Accessibility: Good to go [:::] L] ——+ W%

Figure 19: Example of an Excel file with LogisticsLab data

3 TPP —Solving Transport Problems

LogisticsLab/TPP is a software that can be used to solve single-stage classical transport problems and bot-
tleneck transport problems in different variants (capacitated, non-capacitated, single-source, with supply or
demand surplus, etc.)’.

3.1 Program interface
After starting the program, the program window shown in Figure 20 appears, which is divided into four
areas:

At the top is the menu bar and toolbar for general functions.

The left half of the window is used for the map view of the problem.

The right half of the window contains the data area for editing the problem data.
There is a status bar at the bottom of the window.

i e

4 https://www.microsoft.com/en-us/microsoft-365/excel
> Steglich et al. (2016), p. 74, Hillier and Liebermann (2015), p. 319ff., Williams (2013), p. 82ff., Vanderbei (2014), p. 225ff.
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Problem Sources Destinations Variable costs Fixed costs Capacties Soltion
Supply: 4,000 Total costs: 518,460.00 Min. cost rate 3832
Demand: 4,000 Varable costs: 518,460.00 Max. cost rate: 206.12
Gap: 0 Fued costs: 0.00
Flow: 4,000
From Source To Destnaton Cost per unt Capacty Flow Variable costs
1 S-EVREUX 1 D-CONGLETO 14345 M 500 71,725/
1 S-EVREUX 2 DLOTZEN 206.12 M 500 103,060,
1 S-EVREUX 3 D-SAINT-ME 57.86 M 500 28,930
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2 S-KREUZLIN 5 D-LITOMYSL 163.22 M 500 81,610,
2 SKREUZLIN 7 D-ROVELLAS 65.50 M 500 32,750,
2 SKREUZLIN 8 D-WENDLING 38.32 L] 500 19,160.
< >

& pmt

Figure 20: Program interface - LogisticsLab/TPP

The map is used to visualise the data entered and a solution found. The map contains two different types of

nodes: source nodes (blue) and destination nodes (red).

3.2 Entering the problem data

LogisticsLab/TPP is used to solve transport problems, whereby a new problem must be generated in a first
step. The menu item File - New Problem or the New Problem button in the toolbar can be used for this.

The problem data are generated according to the specifications of the data generator (Figure 21). The fol-

lowing specifications can be entered:

e Problem comment,

e Number of sources and destinations,

e Average quantity offered by a source

e average quantity required by a destination,

e average step-fixed cost on an edge between a source and a destination,

e average capacity on an edge between a source and a destination.
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TPP - Data ‘

Comment: ‘ | I

Coordinates

® Random geographical coordinates

Nr. of destinations: | ©Empty geographical coordinates
——  (ORegular X-Y coordinates

Nr. of sources:

Supplies/Demands

Supplies: | O varition [+/- 50%]
Demands: @® Constant

) Fixed cost variations
Fixed costs:

O Variation [+/- 50%)]
@® Constant

 E— Capacitiy variations
Capacities: M .

@® Constant

+ Generate data X Cancel

Figure 21: Creating a problem in LogisticsLab/TPP

The data on quantities, costs and capacities can be varied randomly in an interval of [-50 %, +50 %] or left
as constant values. If a field has not been edited, the corresponding data fields will not be filled.

Furthermore, one can specify whether the coordinates of the nodes are random or empty geographical
coordinates or regular X-Y coordinates. If the geographical coordinates are generated on a randomly, a set
of European cities and villages by are used. In the case of a regular (ordered) X-Y generation, SimpleMap is
displayed with the sources appear on the left and the destinations on the right.

The generated data can then be changed manually in the data area.

The data area on the right side of the program window contains five tabs for entering and maintaining the
problem data (Problem, Sources, Destinations, Variable costs, Fixed costs and Capacities) and a Solution tab
for the solution.

The Problem tab (Figure 22) contains only one input field for a short comment. This sheet contains addi-
tionally information on the problem data (fields with a grey background) and on the solution of the prob-
lem (fields with a yellow background).

Problem Sources Destinations Variable costs Fixed costs Capacities

File: europeTransport. TPPX

Comment: Exercise TPP

Sources: 2 Supply ranges: No
Destinations: 8 Demand ranges: No
Suplies: 4.000 Capacities: No
Demands: 4.000 Single source: No

Gap: 0 Blockings: No
Problem type: Standard min. cost rate -

max. cost rate: =

Obj. sense: Min Key figures: Var

Solution: No Costs: 0
Max cost rate: 0,00
Flow: 0

Figure 22: Problem tab in LogisticsLab/TPP
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In the tabs Sources (Figure 23) and Destinations (Figure 24) all information on the nodes (sources or desti-
nations) is entered. One can either enter the number of nodes first or insert each node individually with the
Add button.

When creating a new node, default values are entered for the supply (default: 0), lower supply limit (de-
fault: 0) and upper supply limit (default: M).

Each node (source or destination) is described by a unique name, a geographical coordinate (or if Simple-
Map is chosen, an X and Y coordinate), a quantity (Supply, Demand), a minimum and maximum quantity
(min. Supply, min. Demand or max. Supply, max. Demand). The Flow column represents the supply quanti-
ties found by the optimisation and the Gap column represents the difference between the supply or de-
mand and the supply quantity.

Number of sources Source Source address sunblies Minimum and Solution: outgoing
coordinates data PP maximum supplies quantities
Source names
Prob Sources [\|stinations Variable cg /' Fixed costs Capacities Solution
Source: 2 Edit mode: W
Nr  Namey Lat Long City PostCode Street Country Supply Min. supply  Max. supply Flow Gap
1 49.02000 1.15000 Evreux France 2000 2000 M
2 S-KREUZLIN 47.64580 9.17830 Kreuzingen Switzerland 2000 2000 M
< >
B Add & Delete & prnt AlCoords  Node Coords
Solution: Difference
between supply and
Create a Delete a Print - - delivery quantity
Get geographical Get geographical
source source sources ;
coordinates for all coordinates for the

sources selected source

Figure 23: Sources tab in LogisticsLab/TPP

dNu:‘\he:’ of Destination Destination Demands Minimal and Solution: incoming
estinations coordinates address data maximal demands quantities
Destination names

Problem! rcas Des\hations Variable cost/ fixed costs Capacities Solution

Destinatio 8 Edit mode: FJ M

Nr  Name \ Lat Long City PostCode Street Country Demand Min. demand Max. demand Flow Gap -
1 53.16200 -2.21700 Congleton Great Britain 500 500 M
2 D-LUTZEN 51.25830  12.14170 Litzen Germany 500 500 M
3 D-SAINT-ME 48.95310 4.38310 Saint-Memmie France 500 500 M "
B Add B Delete & print Al Coords Node Coords

Solution: Difference
between demand and
delivery quantity

Adda Deletea
destination destination

Print all
destinations

Get geographical
coordinates for all
destinations

Get geographical
coordinates for the
selected destination

Figure 24: Destinations tab in LogisticsLab/TPP

If a user has entered valid address data, it is possible to retrieve the geographical coordinates of all nodes
(All coords) or of the selected node (Node coords) via a Komoot/Photon server.

The Delete button deletes the currently selected node. The entire node list can be printed with the Print
button.

It is assumed, that the variable costs between the source and the destination are proportional to the dis-
tances. They can be calculated using different distance functions. This is done by pressing the Calculate
button in the Variable costs tab or the Calculate Variable Costs button in the toolbar and the dialogue
shown in Figure 25 appears. This calculation can base on distances or travel times provided by Open-
StreetMap or on aerial distances (Great Circle, Euclidean or Manhattan distances). To generate the matrix,
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enter a distance or cost factor in the field Distance/costs factor per km. This is multiplied by the distance or
travel time.

Generating distance/time/cost matrix

Generating distance matrix by using ...
(® OpenStreetMap/Distances

(O OpenStreetMap/ Travel times
(O Great Circle Distance

(O Euclidean Distance

(O Manhattan Distance

Distance/ cost factor per km:

" 0K X Cancel

Figure 25: Calculation of variable costs in LogisticsLab/TPP

The result of this calculation is shown in the Variable costs tab (Figure 26). The values cannot be changed.

Problem Sources Destinations Variable costs Fixed costs Capacities Solution

Costs based on: lOSM/D‘stances in km

Problem size: 2x8 Edit mode: 441

Nr. 1 2 3 4 5 6 7 8

Nr.  from\to D-CONGLETOD-LOTZEN  D-SAINT-ME D-KOTTMARSD-LITOMYSL D-HORST  D-ROVELLAS D-WENDLING

1 S-EVREUX 143.45 206.12 57.86 246.36 258.59 205.49 190.00 147.64

2 S-KREUZLIN 252.14 124.44 101.11 156.96 163.22 176.59 65.50 38.32
& Print I calculate

Figure 26: Variable costs tab in LogisticsLab/TPP

In the Fixed costs tab (Figure 27), the step-fixed costs can be entered for each edge.

In the Capacities tab (Figure 28), a capacity can be assigned to each sender-receiver relation. If the capacity
is not to be limited, an M (for not limited) is entered. By setting a capacity equal to zero, a transport be-
tween source and destination can be blocked if Additional Constraints/Capacities (Figure 29) is activated in
the optimisation dialogue.

Problem Sources Destinations Variable costs Fixed costs Capacities Solution

Prublemstze: Edit mode: 748

Nr. 1 2 3 4 5 6 7 8

Nr.  from\to D-CONGLETOD-LUTZEN  D-SAINT-ME D-KOTTMARSD-LITOMYSL D-HORST  D-ROVELLAS D-WENDLING

1 S-EVREUX 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 SKREUZLIN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
& Print

Figure 27: Fixed costs tab in LogisticsLab/TPP
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Problem Sources Destinations Variable costs Fixed costs Capacities Solution
Problem size: Edit mode: 44
Nr. 1 2 3 4 5 6 7 8
Nr. from\to D-CONGLETOD-LUTZEN  D-SAINT-ME D-KOTTMARSD-LITOMYSL D-HORST D-ROVELLAS D-WENDLING
S-EVREUX M M M M M M M
2 S-KREUZLIN M M M M M M M M
& Print

Figure 28: Capacities tab in LogisticsLab/TPP
After entering the data, it should be saved with the menu item Save Problem or Save Problem as.

3.3 Optimisation and results

If all data is available for a transportation problem, the problem can be solved by selecting either the Opti-
misation = Start Optimisation menu or the Optimise button in the toolbar and the dialogue shown in Fig-
ure 29 appears.

TPP - Optimisation

Problem: Exercise TPP
Normal: Minimum Maximum
Sources 2 Supply: 4000 4000 M
Destinations: 8 Demand: 4000 4000 M
Gap: 0 0 0
Objective sense Problem type
O Min ©O standard TPP
O Max O Bottleneck TPP
Objective function issues Additional constraints
Including fixed costs ) Supply ranges O
Block routes if ... O Demand ranges O
cost rate less than 0,00 Capacities O
cost rate greater than M Single source U
Max. solving time in sec.: 60
VoK [X Gncl

Figure 29: Optimisation dialogue in LogisticsLab/TPP
In this dialogue, various settings can be selected for optimisation:

e Objective sense:
o Min, Max - minimisation or maximisation for classic transportation problem
o MiniMax - for bottleneck problems
e Problem type:
o Standard TPP - corresponds to the classic transportation problem
o Bottleneck-TPP - Bottleneck transport problem
e Objective function issues - additional conditions in the objective function:
o Including fixed costs - The step-fixed costs are included in the objective function in addition
to the variable costs.
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o Block routes if... - When selected, only those assignments are used whose cost rates lie be-
tween the minimum and maximum values specified here.
e Additional constraints:
o Supply ranges - comply with supply ranges (two-sided restriction)
o Demand ranges - comply with demand ranges (two-sided restriction)
o Capacities - takes capacities into account
o Single source - Additional condition that a destination can only be supplied by one source.

After solving the transport problem, the best solution found appears as a network graphic in the network
area and the numerical solution in the Solution tab (Figure 30).

LogisticsLab / TPP (Transportation problems) / europeTransport = o X
File Optimisation Print About
NEBBEE @
(] Map o m]
i Problem Sources Destinations Variable costs Fixed costs Capacities Solution
n Goteborg
= Supply: 4.000 Total costs: 518.460,00 Min. cost rate 38,32
Demand: 4.000 Variable costs: 518.460,00 Max. cost rate: 206,12
Edinburgh panmak Gap: 0 Fixed costs: 0,00
b A
i Kingdom Kabenhavn Flow: 4.000
Newcastle :
upon Tyne
Greot Britain From Source To Destination Cost per unt Capacity Flow Variable costs
130, gaeeds Gdafs 1 SEVREUX 1 D-CONGLETO 143,45 M 500 71.725,
1 S-EVREUX 2 D-AUTZEN 206,12 M 500 103.060,
ncheste: e v 2] 2 ’
I e Sheffield Groningen ] burg Szczecin Bydgoszcz 1 S-EVREUX 3 D-SAINT-ME 57,86 M 500 28.930,
: Berén Poznat 1 SEVREUX 6 D-HORST 205,49 M 500 102.745,
mingham @
9 o, 2 SKREUZLIN 4 D-KOTTMARS 156,96 M 500 78.480,
Cardiff ; 2 S-KREUZLIN 5 D-LITOMYSL 163,22 M 500 81.610,
2 S-KREUZLIN 7 D-ROVELLAS 65,50 M 500 32.750,
oclaw 2 SKREUZLIN 8 D-WENDLING 38,32 M 500 19.160,
Guernsey
Slo
Rennes w;’”
Minchen
erre
Nant P
antes Sch Mabodi
France Jisse/S; Graz
Svid
Slovenija
T
Venezia
Torino
Genova °Bologna Sy aiska
Monaco a Sarajevt
©
$ Cittd'di San
Vitoria-Gasteiz Marseille Marino Crna (¢
@
Andorra = LpHa
la vella Roma Italia & Print

OSM routes have been loaded.

Figure 30: Representation of the solution in LogisticsLab/TPP

A single part of the solution can be highlighted by clicking in one of the first four, grey-coloured columns.

LogisticsLab uses heuristics to solve problems. Therefore, the solutions of different optimisation runs may
differ due to the non-deterministic nature of the underlying heuristic.
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Figure 31: Highlighted part of the solution
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The solution can be saved as a text file with the extension SOLX and used with other programs. Figure 32
shows the solution matrix of an example as an Excel worksheet.

‘7 A B C D E F G H

1 TPP5.0.0 SOLUTION 24/06/2022 11:57:31

2 Exercise TPP

3 Sources: 2

4 Destinations: 8

5 Supply: 4000

6 Demand: 4000

7 Gap: 0

8 Type: Standard

9 Objective: MIN VarCosts

10 Status: optimal

11 TotalCosts: 518460.00

12 MinMaxCostRate: 38.32 206.12

13 TotalFlow: 4000

14 FLOWS:

15 From Source to Destination CostRate Capacity Flow VariableCosts
16 1 S-EVREUX 1 D-CONGLETO 143.45 M 500 71725.00
17 |1 S-EVREUX 2 D-LUTZEN 206.12 M 500 103060.00
18 1 S-EVREUX 3 D-SAINT-ME 57.86 M 500 28930.00
19 (1 S-EVREUX 6 D-HORST 205.49 M 500 102745.00
20 2 S-KREUZLIN 4 D-KOTTMARS 156.96 M 500 78480.00
21 2 S-KREUZLIN 5 D-LITOMYSL 163.22 M 500 81610.00
22 2 S-KREUZLIN 7 D-ROVELLAS 65.50 M 500 32750.00
23 2 S-KREUZLIN 8 D-WENDLING 38.32 M 500 19160.00
24 SOURCES:

25 Nr Source Flow Supply MinSupply MaxSupply

26 1 S-EVREUX 2000 2000 2000 ™M

27 |2 S-KREUZLIN 2000 2000 2000 M

28 DESTINATIONS:

29 |Nr Destination Flow Demand MinDemand MaxDemand

30 1 D-CONGLETO 500 500 500 M

31 2 D-LUTZEN 500 500 500 M

32 3 D-SAINT-ME 500 500 500 M

33 4 D-KOTTMARS 500 500 500 M

34 5 D-LITOMYSL 500 500 500 M

35 6 D-HORST 500 500 500 M

36 7 D-ROVELLAS 500 500 500 M

37 8 D-WENDLING 500 500 500 M

Figure 32: Representation of a LogisticsLab/TPP solution in Excel

FixedCosts
0

(=R =lg=RY==T=RN=]
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4 NWF —Solving Network Flow Problems
LogisticsLab/NWEF is intended for solving network flow problems, which can be modelled as min-cost flow
problems®.

4.1 Program interface
Like the TPP program, the NWF program interface is divided into four areas: menu and toolbar, network
area, data area and status bar (Figure 33).

Data area with
registers

Toolbar

= LogisticsLab / NWF (Netwg) #7 problems) v.5.0.0 / euro-distribution. NWFX o X
Flle Optimisation PringZKbout
NEEEE
(] Map o o
n Goteborg Problem MNodes Edge editor Al edges
n Nodes: |18
Danmag Costs: 0| Fow: 0| Edit mode: W
d Kingdom a
e KebSR g Nr 1D Name Lat Long City PostCode  Stre
upon Tyne 1 [ roTTERDAM 51.92000 4.47000
™ reat Britain 2 [ sora 4177000  -2.48000
SR Leeds @ ? G | 3 [ oARLASTON 52.57000  -2.03000
4 RHAEZUENS 46.80024 9.39610 Rhazins
A.\nrhwmv Sheffield Groningen Hamburg Szcrecin Bydgo s 7 LEUVEN 50.88000 4.70000 =
5 . Berlin Pozna 6 22 OULLINS 45.71000 4.80000
iergyham
9 derland 7 23 MUENCHEN 48.14000 11.58000
Cardiff Ldon jpgdebury 8 Rl FREBUANS 46.65000 5.49000
d @ Disseldor! - . peNFhland 9 R2 | HAMBURG 53.55000  10.00000
BelYie Brtunt Dresden Wroclaw 10 B3 NUERNBERG 49.45000 11.06000
HEgIqus am Main 11 R4 UEBELSTEN 47.40000  15.30000
Belgier % @ o P 12 [BB ALCOBENDAS 40.54000  -3.64000
Ay 0 Narierg
SUEEOSEY X Luxembourg / 13 [B VERBIESLES 48.07000 5.18000
b~ 14 B3I BrICKETWOOD 5171000  -0.37000
Rencas Stuttgart Linz ) Wien 15 [BRIN EISENACH 50.98000  10.31000
Monchen ) ‘_'QI 16 [BEIIN MILANO(MI)/MAI 45.47000 9.18000
Nantes & "”9 ; 9 17 [BS BOTTNARYD 57.77000  13.83000
France liissarSviYerss Graz “9¢ | 18 [N wRoCLAW 51.11000  17.03000
pex < >
e Slovenija
Venezia
Torino
Genova °Bologna “Hryatska
Monaco ® Sar
3 Cittd di San
Vitoria-Gasteiz Marseille Marino eE
e 1
Andorra Tt .
. 5 la Vella Romae "itaja B Add & Delete Al Coords

Problem has been opened.

Tables
and
Texts

Figure 33: Program interface - LogisticsLab/NWF

On the left side of the NWF window there is a map on which the entered data is displayed as a network. As
shown in Figure 33, the network graph contains three different types of nodes: sources (Blue), tranship-
ment nodes (Ochre) and destinations (Red).

4.2 Entering the problem data
The data area on the right side of the NWF program interface contains four tabs for entering data and out-
putting the optimisation results (Problem, Nodes, Edge editor and All edges).

The first step is to generate a new problem. To do this, select the menu item File = New Problem or the
New Problem button in the toolbar. In addition to a comment, the number of nodes must be entered
(Figure 34). Geographical coordinates can be generated randomly based on a set of European cities and
villages or as empty geographical coordinates. The generated coordinates can be edited afterwards.

6 Steglich et al. (2016), p. 164 ff., Hillier and Liebermann (2015), p. 397., Yildirim (2009), p. 4-3.
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NWF - Data ‘
Problem: | | ‘
Coordinates
Nodes: I:I (® Random geographical coordinates

(O Empty geographical coordinates

X cancel

Figure 34: Creating a problem in LogisticsLab/NWF

The Problem tab (Figure 35) displays information on the current problem and contains an input field for
entering a short comment. After an optimisation has been completed, the objective function value (Costs)
and the total flow quantity (Flow) are displayed.

Problem Nodes Edge editor All edges

Problem: ’euro-distributlon.NWFx

Comment: ‘ pistribution

Nodes: 18  Solution: No
Edges: 44 Optimal: No
Supply: 1,200 Bxact: Yes
Demand: 1,200

Gap: 0

Costs: 0.00

Flow: 0

Figure 35: Problem tab in LogisticsLab/NWF

In the tab Nodes (Figure 36) all information about the nodes is entered. Either enter the number of nodes
first or add each node individually with the Add button. The selected node can be deleted with the Delete
button. The entire node list can be printed with the Print button. If a user has entered valid address data, it
is possible to retrieve the geographical coordinates of all nodes (All coords) or of the selected node (Node
coords) via a Komoot/Photon server.

Each node is described by a unique node identifier (ID), a node name (Name), geographical coordinates
coordinate (or if SimpleMap is chosen, an X and Y coordinate), the supply or demand (Volume, only for
sources or destination nodes) and lower and upper capacity bounds (Min. Cap. and Max. Cap., only for
transhipment nodes). It should be noted that LogisticsLab/NWF follows the notation of the flow balance
condition of the min-cost flow model’, so that supply nodes are indicated by positive values in the Volume
column and the demands of the destinations with negative values in this column.

After the optimisation, the flow through the node and the costs for the outgoing transports are entered as
results.

7 Steglich et al. (2016), p. 164 ff., Hillier and Liebermann (2015), p. 397., Yildirim (2009), p. 4-3.
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Capacities of the
transshipment

Number of nodes Coordinates Address data Supplies or

demands
nades
Edge editor Al edges
Node IDs and 18
names
0] Fow: | Edt mode: 1]
Nr D Name Lat f Long City V PostCode Street Country Volume Min. Cap. Max. Cap. Flow Costs
1 [l roTTERDAM 51.02000  4.47000 320
2 [ soriA 4177000 -2.48000 500
3 [ oARLASTON 52.57000  -2.03000 260
4 S rRHAEZUENS 46.80024 9.39610 Rhaziins H 120
5 21 LEUVEN S0.88000  4.70000 0 600
6 2 ouLLins 4571000  4.80000 0 0 400
7 [ MUENCHEN 4814000  11.58000 [} 0 500
8 Rl FREBUANS 46.65000  5.49000 0 0 400
9 B2 HAMBURG 53.55000  10.00000 0 0 200
10 [R8 | NUERNBERG 4945000  11.06000 0 0 500
11 R& | UEBELSTEN 4740000 1530000 0 0 300
12 [BE ALcoBENDAS 4054000  -3.64000 -120
13 [§3 versiesLEs 48.07000  5.18000 -240
14 [BEIN ericke TWOOD 5171000  -0.37000 80
15 [ e1senacH S0.98000 1031000 -280
16 [BEIIN M1LANO(MD/MAT 45.47000 9.18000 -160
17 [5G soTTHARYD 5777000  13.83000 -180
18 [ wrocLAW 51.11000  17.03000 -140
B Add & Delete All Coords Node Coords & print

Creating a node Delete a node

Node list -
¢ Solution: Flow -
print . Solution: Flow costs
quantities

Get geographical
coordinates for the
selected destinati

Get geographical
coordinates for all
destinations

Figure 36: Nodes tab in LogisticsLab/NWF

In the Edge editor (Figure 37), directed edges can be assigned to a selected start node. In the edge editor
the directed edges starting from a node (From node) are to be specified with the edge capacities (Min. Cap.
and Max. Cap.). With the symbolic value M an edge is defined as not capacitively limited.

Additional edges can be added with the Add button. A marked edge is deleted with the Delete button.

Start node Problem Nodes Edge editor All edges
From node: Nr. of edges:

- | [ROTTERDAM |[3
Volume: Min. Cap.: Max. Cap.: Flow:
320 [o 0 |[o \

1D of the
destination nodes

Number of
directed edge

To nodes:

To Min. Cap.  Max. Cap.
1 Z1 0 170
2 2 0 170
3 3 0

B, Add & Delete

Upper limit of the
capacity of the
directed edge

Lower limit of the
capacity of the
directed edge

Create a directed Delete a directed

Edge Edge

Figure 37: Edge editor in LogisticsLab/NWF

It is not possible to enter the costs per edge manually. They can only be calculated on the basis of distances
or travel times and corresponding cost factors. A user can click the Calculate Variable Costs icon in the
toolbar or via the menu Optimisation > Calculate Variable Costs and the dialogue shown in Figure 38 ap-
pears. This calculation can base on distances or travel times provided by OpenStreetMap or on aerial dis-
tances (Great Circle, Euclidean or Manhattan distances). To generate the matrix, enter a distance or cost
factor in the field Distance/costs factor per km. This is multiplied by the distance or travel time.
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Generating distance/time/cost matrix

Generating distance matrix by using ...
(® OpenStreetMap/Distances

(O OpenStreetMap/ Travel times
(O Great Circle Distance

(O Euclidean Distance

(O Manhattan Distance

Distance/ cost factor per km:

v’ 0K X Cancel

Figure 38: Calculation of variable costs in LogisticsLab/TPP

In the All edges tab (see Figure 39) all directed edges are listed in a table. In this list, the cost rates and the
capacities of the individual directed edges are shown. After the optimisation is completed, the flows and
the costs are displayed for the directed edges and as total values.

Solution: Total flow

Solution: Total costs

Solution: flow on Solution: costs of

editor All edges
the edge the edge

Problem Nodes Ed

Edges: |44

Costs based on:

Costs: Flow:

From  Name To Name Cost rate Min. Cap. Max. Cap. Flow Costs

b ROTTERDAM Z1 LEUVEN 30.14 0 170 170 5,123.80
H ROTTERDAM Z2 OULLINS 171.61 1] 170

H ROTTERDAM Z3 MUENCHEN 168.22 0 170 150 25,233.00
w1 SORIA Z1 LEUVEN 275.47 0 170 170 46,829.90
w1 SORIA z2 OULLINS 202.93 0 170 170 34,498.10
w1 SORIA Z3 MUENCHEN 350.46 0 170 160 56,073.60
w2 DARLASTON Z1 LEUVEN 122.24 0 170 170 20,780.80
w2 DARLASTON z2 QULLINS 228.85 0 170 90 20,596.50
w2 DARLASTON 3 MUENCHEN 268.73 0 170

w3 RHAEZUENS Z1 LEUVEN 156.72 0 170 v

& print

Upper limit of the
capacities of the
directed edges

Lower limit of the
capacities of the
directed edges

Weight of the
directed edges

Figure 39: Tab All edges in LogisticsLab/NWF

After entering the data, it should be saved with the menu item Save Problem or Save Problem as.

4.3  Optimisation and results

The optimisation can be started by clicking the Start Optimisation icon in the toolbar or the menu Optimisa-
tion - Start Optimisation. Afterwards, a window appears informing the user about the progress of the op-
timisation and showing the characteristic values of the solution found (Figure 40).
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NWEF - Optimisation

Problem: ’ Distribution

Modes:
Arcs:

Result: Nodes: Edges:

Model: \ ‘ l ‘ l 63

J

Iterations:  Objective value: Flow:

Time [sec]:

Optimisation: \ ‘ | | |

|

|

I

[ start

Figure 40: Optimisation dialogue in LogisticsLab/NWF
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After clicking the OK button, the solution is entered in the tabs Nodes and All edges and displayed in the
Network area (Figure 41). When a user clicks on one of the first four grey columns, a single part of the solu-

tion can be highlighted on the map.

[ LogisticsLab / NWF (Network flow problems) v.5.0.0

File Optimisation Print About

e BEE &
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= O X
[m]
Problem Nodes Edge edtor Al edges
Edges: Costs based on: [OSM/Dstances in km
Costs: 472,229.00 | Flow: 1,200
From Name To Name Cost rate Min. Cap. Max. Cap. FA
H ROTTERDAM 71 LEUVEN 30.14 0 170
H ROTTERDAM 2 QULLINS 171.61 0 170
H ROTTERDAM 73 MUENCHEN 2 0 170
w1 SORIA Z1 LEUVEN 0 170
w1 SORIA 2 QULLINS 0 170
w1 SORIA z3 MUENCHEN 0 170
w2 DARLASTON Z1 LEUVEN 0 170
w2 DARLASTON 22 OULLINS 0 170
w2 DARLASTON z3 MUENCHEN 0 170
w3 RHAEZUENS z1 LEUVEN 0 170
w3 RHAEZUENS 22 OULLINS 0 170
w3 RHAEZUENS z3 MUENCHEN 0 170
Z1 LEUVEN R1 FREBUANS 0 170
z1 LEUVEN R2 HAMBURG 0 170
Z1 LEUVEN R3 NUERNBERG 117.43 0 170
71 LEUVEN R4 UEBELSTEIN 211.56 0 170
22 OULLINS R1 FREBUANS 29.92 0 170
22 OULLINS R2 HAMBURG 236.87 0 170
Fr] OULLINS R3 NUERNBERG 162.24 0 170
22 OULLINS R4 UEBELSTEIN 226.71 0 170
3 MUENCHEN R1 FREBUANS 141.19 0 170
z MUENCHEN R2 HAMBURG 158.02 i 170
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z MUENCHEN R4 UEBELSTEIN 76.06 0 170
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< >
& Print

Figure 41: Representation of a solution in LogisticsLab/NWF

LogisticsLab uses heuristics to solve problems. Therefore, the solutions of different optimisation runs may
differ due to the non-deterministic nature of the underlying heuristic. The solution can be saved in a text

file with the extension SOLX and imported into other programs (e.g. Excel or LibreOffice/Calc®).

8 https://www.microsoft.com/en-us/microsoft-365/excel and https://www.libreoffice.org/, as of July 2024.
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5 TSP —Solving Traveling Salesman Problems

The TSP program is used for solving Traveling Salesman Problems®, Open Traveling Salesman Problems*®
and Chinese Postman Problems?! for symmetrical and asymmetrical distances between the locations to be
approached.

The Travelling Salesman Problem is characterised by a network with a certain number of nodes to be visited
one after the other. Of the many possible sequences, the one that minimises a certain criterion (total dis-
tance, cost or traveling time) must be found. The following conditions apply:

e The tour starts and ends at a specific node.

e All nodes must be included in the round trip.

e Each node must be visited at least once.
There are additional problems in which all nodes must be visited, but the starting node and the destination
node are different. Such problems are called and Open Traveling Salesman Problems and can be divided
into the following four types:

1. Open TSP with fixed start and end node,

2. Open TSP with fixed start node and free end node,

3. Open TSP with fixed end node and free start node,

4. Open TSP with free start and end node.

5.1 Program interface
After starting the program, the program window shown in Figure 42 appears, which consists of a network
area and a data area.

L ticsLab / TSP (Travelling
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Figure 42: Program interface - LogisticsLab/TSP

9 Steglich et al. (2016), p. 281 f., Chen et al. (2010), p. 146 ff., Ghiani et al. (2013), p. 368 ff.
0 Mattfeld and Vahrenkamp (2014), p. 234ff., Steglich et al. (2016), p. 281 f.
11 steglich et al. (2016), p. 321 ff., Ahuja et al. (2013), p.740.
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The left side of the TSP window is used to visualise the entered data and the solution (Figure 42). The map
graph contains two different types of nodes: the start and destination node (blue house) and the red-
coloured other nodes. Nodes can be marked as active or inactive in the Nodes tab. Only active (red col-
oured) nodes can be included in a trip. Inactive nodes are shown in grey. If the network graph contains
connections between the nodes, these are shown as edges in the SimpleMap.

5.2 Entering the problem data
The data area on the right-hand side of the TSP program interface contains five tabs for entering data and
outputting optimisation results (Problem, Nodes, Edges, Distances, Solution).

The first step is to generate a new problem. To do this, select the menu item File - New Problem or the
New Problem button in the toolbar. In addition to a comment, the number of nodes must be entered
(Figure 43). Geographical coordinates can be generated randomly based on a set of European cities and
villages or as empty geographical coordinates. The generated coordinates can be edited afterwards.

TSP - Data ‘

Description: I | ]

Coordinates
Nr. of nodes: :| (® Random geographical coordinates

O Empty geographical coordinates

X cancel

Figure 43: Creating a problem in LogisticsLab/TSP

The Problem tab (Figure 44) displays information about the current problem and contains an input field for
a comment. After optimisation is complete, the Trip length field displays the objective function value.

Problem Nodes Edges Distances Solution

Problem: |europe. TSPX |
Comment: [Europe \
Nodes: 40 Edges exist: No
Active node: 0 Distances exist: No
Edges: 0 Solution: No
Starting node: 1

Destination node: 1

Detour factor: 1

Problem type: TSP

Trip length: 0

Figure 44: Problem tab in LogisticsLab/TSP

In the tab Nodes (Figure 45) all information about the nodes of the problem is entered.

One can either enter the number of nodes or add each node individually to the list with the Add button.
The Delete button deletes the currently selected node.
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The entire node list can be printed with the Print button. If a user has entered valid address data, it is pos-
sible to retrieve the geographical coordinates of all nodes (All coords) or of the selected node (Node coords)
via a Komoot/Photon server.

Each node is described by a selection (Active - selection for a calculation), a unique node identifier (ID), a
node name (Name), geographical coordinates coordinate (or if SimpleMap is chosen, an X and Y coordi-
nate) and optional address data.

The Active field is used to specify the nodes to be included in the tour. With a double click in the column Nr
of the corresponding node, a Y is entered in the field and the node is marked in colour on the network
graphic. The entry of N or a blank removes the selection of a node.

Number of nodes
Problem MNodes Edges Distances Solution

Coordinates Address data

Nodes: [40 Edit mode: W
Nr  Active ID Name Lat Long City PostCode Street Country A
AMST  Amsterdam 52.37000 4.89000 Amsterdam NL
Node activity ol v Andorra la Vela 42.51000 1.52000 Andorra la Vela AD

ATHE Athen 37.98000 23.72000 Athen GR
d 44.80000 20.48000 Belgrad RS

Node |0 Beriin 52.52000  13.41000 Berin DE
BERN  Bem 46.95000  7.45000 Bemn cH
7 BRAT  Bratiskva 48.21000  17.15000 Bratislava sK

Node name

4000 4.37000 Bruessel BE
Undo node Get geographical HU
selection coordinates for all RO
CHIS ! L SOUMCES MD
%6.27000 Dublin IE v

10
11
12

Select all Desélect al All Coords
Select all nodes Node list
B, Add & Delete Node Cogrds & Print print

Delete a node

< < < =< =< =<
w
c
=
b

Creating a node Get geographical
coordinates for the

selected source

Figure 45: Nodes tab in LogisticsLab/TSP

With the button Select all, all nodes are included in the problem. With the button Deselect all, the selection
of all nodes is cancelled.

It is possible to define edges in the tab Edges which will be described in the section about the Chinese
Postman Problem.

The next step is to calculate the distances between all cities. This can be done either via the menu Optimi-
sation = Calculate Distance Matrix or via the Calculate Distance Matrix button in the toolbar, whereupon
the dialogue for calculating the distance matrix shown in Figure 46 appears. This calculation can base on
distances or travel times provided by OpenStreetMap or on aerial distances (Great Circle, Euclidean or
Manhattan distances). To generate the matrix, enter a distance or cost factor in the field Distance/costs
factor per km. This is multiplied by the distance or travel time.
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Figure 46: Dialogue for calculating the distance matrix in LogisticsLab/TSP

(O Great Circle Distance
(O Euclidean Distance
(O Manhattan Distance

Detour or Cost factor:

v 0K

Generating distance/time/cost matrix

Generating distance matrix by using ...
(® OpenStreetMap/Distances

(O OpenStreetMap/ Travel times

X Cancel
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After the calculations are completed, the distance matrix appears in the Distances tab (Figure 47). No dis-
tances are available for the diagonal elements, as short cycles within a node are not allowed. The obtained

matrix cannot be edited.

Problem Nodes Edges Distances Solution

Method: |OSM,’DLstances in km/entire network

Dist. factor:  |1.00

Edit mode: 44

Nr 1 4

Nr From\To AMST ANDO ATHE BELG
1 AMST 0.00 1360.11 2813.90 1724.92 660.93 835.52
2 ANDO 1359.75 0.00 3049.64 1960.66 1837.20 910.74
3 ATHE 2810.14 3047.39 0.00 1086.61 2328.17 2455.27
4 BELG 1725.49 1962.74 1092.56 0.00 1243.52 1370.62
5 BERL 661.16 1836.05 2331.86 1242.88 0.00 960.50
6 BERN 837.66 911.70 2459.85 1370.87 961.80 0.00
7 BRAT 1232.85 1845.22 1670.00 581.03 681.36 937.51
8 BR?S 209.83 1163.79 2770.37 1681.40 771.95 662.56
9 BUDA 1402.14 1896.81 1470.38 381.40 871.61 1094.72
10 BUKA 2230.43 2582.14 1152.95 621.35 1699.89 1923.00

<
& print

After entering the data, it should be saved with the menu item Save Problem or Save Problem as.

5.3 Optimisation and results

Figure 47: Distances tab in LogisticsLab/TSP

After entering all the data, the problem can be solved by selecting either the Optimisation - Start Optimi-

sation menu or the Optimise button in the toolbar. In the optimisation dialogue that appears (Figure 48),
select the type of problem and the method to be used.
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TSP - Optimisation

Problem:

Nodes

Start node

Destination node:

Problem type

® TSP

| Europe

Nr D Name

(O Open TSP with specified start and destination node
(O open TSP with specified start node
(O Open TSP with specified destination node

(O oOpen TSP without specified start and destination node

(O Chinese Postman Problem

W 0K ' > Cancel

Figure 48: Optimisation dialogue in LogisticsLab/TSP

In addition to TSP, Open TSP are also available as problem type in the following different variants:
1. Open TSP with specified start and destination node,
2. Open TSP with specified start node,
3. Open TSP with specified destination node and
4. Open TSP without specified start and destination node.
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After solving the round trip or transit problem, the graphical representation of the solution appears in the
Network area and the numerical solution appears in the Solution tab (Figure 49).
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: Representation of a solution in LogisticsLab/TSP
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When a user clicks on one of the first four grey columns, a single part of the solution can be highlighted on
the map.

LogisticsLab uses heuristics to solve problems. Therefore, the solutions of different optimisation runs may
differ due to the non-deterministic nature of the underlying heuristic.

The solution can be saved in a text file with the extension SOLX and imported into other programs (e.g.
Excel or LibreOffice/Calc??).

6 TSP —Solving Chinese Postman Problems

LogisticsLab/TSP can be also used to solve Chinese Postman Problems® in undirected, directed and mixed
networks. Starting from a start node, each edge (directed or undirected) is to be traversed at least once
and returned to the start node at the end of the round trip. The edge-oriented round trip to be found
should minimise the total distance (or other adequate evaluation).

The Chinese Postman Problem can actually be applied to determine routes for postmen, but also to plan
street cleaning or winter service by a vehicle in a given street network or to efficiently design waste collec-
tion. For example, a postman has to serve every street in a delivery district. In doing so, it may be necessary
to pass through certain streets again after a delivery in order to reach another delivery street due to the
street network. Traversing a street without a delivery represents an unproductive leg of the journey. It is
obvious that it is in the interest of the postman to minimise these unproductive routes and ultimately the
total distance of the delivery route from the starting point via all delivery streets back to the starting point.

6.1 Entering the problem data
Except for the necessary edges, entering the data is identical to editing a Traveling Salesman Problem.

The following example deals with a road survey to be carried out in a defined area in Schultzendorf, a small
town in the south-east of Berlin. Each road located in this area must be observed, whereby the distance
required should be as short as possible.

The network is defined by the crossings ant the streets joining the crossings. The crossings with their geo-
graphical coordinates are listed in the following table.

ID Lat Lon

NO1 52.34529 13.59296
NO2 52.34683 13.59646
NO3 52.34817 13.5995
NO4 52.34520 13.59273
NO5 52.34445 13.59407
NO6 52.34593 13.59749
NO7 52.34654 13.60172
NO8 52.34732 13.60064
NO9 52.34517 13.59836
N10 52.34381 13.59525

Table 1: Table with geographical coordinates for the Chinese Postman Example

After editing the nodes, the map and the Node tab looks as follows:

12 https://www.microsoft.com/en-us/microsoft-365/excel and https://www.libreoffice.org/ as of July 2024.
13 Steglich et al. (2016), p. 321 ff., Ahuja et al. (2013), p.740.
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Figure 50: LogisticsLab/TSP with Chinese Postman Example

Afterwards the edges must be entered in the tab Edges (Figure 51). This can be done by double-clicking on
the start and destination nodes one after the other on the map ore by editing the data in the edge editor.
To do this, the node from which the edges originate must be specified in the From node field. The edges are
defined in the To nodes list by entering the name and type of the edge. The type can be U (undirected) for
an undirected edge or D (directed) for a directed edge.

Start node Problem Nodes Edges pistances Solution

From node: Name: Nr. of edges:

06 | |Node-06 ] [ 3 ]
ID of the To nodes: Number of edges

destination node

Type of edge:
U - undirected edge
D- directed edge

8= Add g Delete

Creating an edge Deleting an edge

Figure 51: Edge editor in LogisticsLab/CPP

Beside the visualisation of the edges in the map, they can also be displayed when switching to SimpleMap
(Figure 52). Directed edges are represented by arrows. Undirected edges do not have arrowheads.
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Figure 52: Displaying edges in LogisticsLab/TSP
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The next step is to calculate the distances for all edges. This can be done either via the menu Optimisation
- Calculate Distance Matrix or via the Calculate Distance Matrix button in the toolbar, whereupon the
dialogue for calculating the distance matrix shown in Figure 53 appears. This calculation can base on dis-
tances or travel times provided by OpenStreetMap or on aerial distances (Great Circle, Euclidean or Man-
hattan distances). To generate the matrix, enter a distance or cost factor in the field Distance/costs factor

per km. This is multiplied by the distance or travel time.

Generating distance/time/cost matrix

Generating distance matrix by using ...
(® OpenStreetMap/Distances

(O OpenStreetMap/ Travel times
(O Great: Circle Distance

(O Euclidean Distance

(O Manhattan Distance

Detour or Cost factor:

v 0K X Cancel

Figure 53: Dialogue for calculating the distance matrix in LogisticsLab/TSP

After the calculations are completed, the distance matrix appears in the Distances tab (Figure 54). In the
algorithm to solve the problem, only the direct distances, cost or times of the edges are used. The obtained

matrix cannot be edited.
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Figure 54: Distances tab in LogisticsLab/TSP for the Chinese Postman Problem

After entering the data, it should be saved with the menu item Save Problem or Save Problem as.

6.2 Optimisation and results

35

After entering all the data, the problem can be solved by selecting either the Optimisation - Start Optimi-
sation menu or the Optimise button in the toolbar. Then select the problem type Chinese Postman Problem

in the optimisation dialogue that appears (Figure 55).

TSP - Optimisation

Problem:

Nodes 10

Nr D Name

Start node E Node

Destination node:

Problem type
OTsp

(O 0Open TSP with specified start node

(O Open TSP without specified start and
@® Chinese Postman Problem

W OK

active:

-01

(O Open TSP with specified start and destination node

O Open TSP with specified destination node

destination node

> Cancel

Figure 55: Optimisation dialogue in LogisticsLab/TSP

To solve a postman problem, the following two steps are carried out:

1. Cost- or distance-minimal extension of the network to a Euler network,

2. Determination of the Euler tour.

The solution algorithm for the cost- or distance-minimal extension of the existing network is based on an
integer linear optimisation model, the results of which are used by a simple algorithm to determine a Euler

tour and thus to solve the postman problem.

After solving the postman problem, the graphical representation of the solution appears in the Network
area and the numerical solution in the Solution tab (Figure 56).
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Figure 56: Representation of the solution of the Chinese Postman Problem

In the map, the thickness of the edges indicates whether they have to be traversed several times. The de-
tailed route of the postman can be seen in the Solution tab. When a user clicks on one of the first four grey
columns, a single part of the solution can be highlighted on the map.

The solution can be saved in a text file with the extension SOLX and imported into other programs (e.g.
Excel or LibreOffice/Calc!?).

7 VRP —Solving Vehicle Routing Problems

With a Traveling Salesman Problem, a number of nodes are to be served on the shortest possible route,
whereby no capacities are considered. However, if the demands of the individual nodes were included, it
would have to be assumed that the capacity of the vehicle used is greater than or equal to the sum of the
demands of all nodes. However, if the total quantity to be delivered to or collected from the nodes exceeds
the loading capacity of a single vehicle, then the nodes must be supplied on several routes. Problems of this
type belong to the group of Vehicle Routing Problems.?®

In the Vehicle Routing Problem, a number of demand nodes are to be served from a depot. The demand of
each individual demand node is known and is less than or equal to the capacity of the type of vehicle used.
Furthermore, the weights of the edges (e.g. distances or costs) between the nodes (depot and demand
nodes) are known. The demands of the demand nodes are to be assigned to tours in considering the capac-
ities of the vehicles. For the individual tours, the routes from the depot via the demand nodes assigned to
the tours and back to the depot are to be found. The total costs or the total distance travelled of all tours is

14 https://www.microsoft.com/en-us/microsoft-365/excel and https://www.libreoffice.org/ as of July 2024.
15 Steglich et al. (2016), p. 281 f., Chen et al. (2010), p. 146 ff., Ghiani et al. (2013), p. 368 ff.
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to be minimised.'® Maximum distances and times for a tour and customer time windows can also be speci-
fied and included in the optimisation.

7.1 Program interface

After starting the program, the program window shown in Figure 57 appears, which consists of a network
area and a data area.

Data area with
registers

Toolbar

icsLab / VAP (Vehicle routing proBi= 7 VT EXampIE-CUTOPE

File Optimisation Print _Ab

=S
[ Mo o o
n Kebenhavn M- Problem Nodes Dstances Traveltime Routes Route detas
KanvHumrpag .
= Viinits Edtmodus: |Z| M
x Gdarsk
poane ]
i o Nr. D Name Lat Long Demand Service tme
yoae Biakyst: 1 AMSTERDAM 52.37276 4.89360 50 00:00
9 ar 2 ATH ATHENS 37.983%4 23.72831 150 00:00
1 awa 3 cop COPENHAGEN 55.68672 12.57007 200 00:00
4 BEL BELGRADE 44.81781 20.45690 170 00:00
t 5 BER BERLIN 52.51869 13.39960 225 00:00
Drasdd wroclaw Nyusx 6 BEN  BERN 46.94827 7.45145 100 00:00
S " 7 DeP BRATISLAVA 48.15170 17.10931 0 00:00
" 8 BRU BRUSSELS 50.84656 4.35170 120 00:00
o9 : 9 BUC BUCHAREST 44.43614 26.10272 75 00:00
10 BUD BUDAPEST 47.49799 19.04036 80 00:00

< >

B Add & Delete & print oords Node Coords

Problem has been opened

Tables
and

Texts
Figure 57: Program interface - LogisticsLab/VRP

The left side of the VRP program window is used to visualise the entered data and the planned tours. The
map graph contains two different types of nodes: the start and destination node (blue house) and the red-
coloured destinations.

7.2 Entering the problem data
The data area on the right side of the VRP program interface contains seven worksheets for the data (Prob-
lem, Nodes, Distances, Travel time) and two areas for the output of the solution (Routes, Route details).

The first step is to generate a new problem. To do this, the menu item File <> New Problem or the New
Problem button in the toolbar can be selected.

In the dialogue that appears (Figure 58), the number of nodes (depot plus destinations) must be entered in
addition to a short description of the problem. Geographical coordinates can be generated randomly based
on a set of European cities and villages or as empty geographical coordinates. The generated coordinates
can be edited afterwards. Regarding the destinations, an average demand (Demand per node) can also be
entered. This is either assigned to all customers as a constant value if Volumes = Constant is selected or

16 Steglich et al. (2016), p. 338 f., Laporte (1992), p. 352 f., Mattfeld and Vahrenkamp (2014), p. 277f., Williams (2013), p. 198f.
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represents the basis of randomly generated demands in the interval of [-50%, +50%] if Volumes - Varia-
tion (+/-50%) is selected.

VRP - Data ‘

Problem:

Coordinates

Nr. of nodes: (® Random geographical coordinates

(L) Empty geographical coordinates

Volumes
’—l ® variation ( +/- 50% )
O Constant

Demand per node:

+/ Generate Data | X Cancel

Figure 58: Creating a problem in LogisticsLab/CPP

The Problem tab (Figure 59) contains, in addition to the field comment, further grey fields with general
information on the problem being solved on and yellow fields with information on the solution of the prob-
lem.

Problem Nodes Distances Traveltime Routes Route details

Problem: vrp-example-europe.VRPX

Comment:

Volume: 1.170 [units]

Min. Vehicles 5

Vehicles: 5

Depot ID: DEP BRATISLAVA

Capacity per vehicle: 250 [units] () Time windows

Max. route length: 0 [km] () Limited route length
Max. route duration: 00:00 [hh:mm] (JJLimited route duration
Max. solving time: 5 sec.

Figure 59: Problem tab in LogisticsLab/VRP

The following specifications for the optimisation are to be entered:

e Vehicles: Number of vehicles,

e Depot ID: ID of the depot,

e Capacity per vehicle: Capacity of the uniform vehicle,

e Max. route length: maximum possible distance of a route,

e Max. route duration: maximum possible duration of a route,
e Max. solving time: Maximum seconds used for optimisation.

Additionally, three constraints (Time windows, Limited route length and Limited route duration) can be in-
voked in the optimisation by activating the checkboxes.

In the tab Nodes (Figure 60) all information about the nodes are entered. You can add a node with the Add
button. It can be deleted using the button Delete.
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Each node is described by a unique node identifier (ID), a node name (Name), geographical coordinates
coordinate (or if SimpleMap is chosen, an X and Y coordinate), demands, service times and customer time
windows for destinations and optional address data.

If a user has entered valid address data, it is possible to retrieve the geographical coordinates of all nodes
(All coords) or of the selected node (Node coords) via a Komoot/Photon server.

The entire node list can be printed with the Print button.

Coordinates | Demands | ‘ Customer time ‘ Address data
Service times
Problem MNodes Distances Traveltime Routes Rou fetais
Node ID Edit modus: W
" jul Name Lat Long Deman: Service time  Start TW nd TW City PostCode Street Country A

1 AMSTERDAM 5237276  4.89360 50 00:00 00:00  2160:00 Amsterdam NL
ATHENS 37.98394  23.72831 150 00:00 00:00  2160:00 ATHENS GR

3 COP  COPENHAGEN 5568672  12.57007 200 00:00 00:00  2160:00 COPENHAGEN DK

4 BEL  BELGRADE 4481781  20.45600 170 00:00 00:00  2160:00 BELGRADE

5 BER  BERLIN 5251860  13.39060 225 00:00 00:00  2160:00 BERLIN DE

6 BEN  BERN 46.94827 7.45145 100 00:00 00:00  2160:00 BERN H

7 DEP  BRATISLAVA 4815170 17.10931 [] 00:00 00:00  2160:00 BRATISLAVA

R RRII RRIISSFI § SN RARSA 425170 120 nn-nn nn-nn 21AN-NN RRIISSFI § w
< >

B, Add & Delete & print All Coords Node Coords

Get geographical
coordinates for all
destinations

Get geographical
coordinates for the
selected destination

’—QE a node | N"d? list |
print

Figure 60: Tab Nodes in LogisticsLab/VRP

Creating a node

The next step is to calculate the distances and travel times between all nodes. This step can be done either
via the menu Optimisation - Calculate Distance Matrix or via the Calculate Distance Matrix button in the
toolbar, whereupon the dialogue for calculating the distance matrix shown in Figure 61 appears.

A user can obtain distances and travel times provided by OpenStreetMap or by calculating aerial distances
(Great Circle, Euclidean or Manhattan distances). For the latter, an average speed per hour must be speci-
fied to calculate depending travel times.

Generating distance/time/cost matrix

Generating distance/time matrix by using ...
(® OpenStreetMap

(O Great Circle Distance
(O Euclidean Distance

(O Manhattan Distance

Ava. vehicle speed per km: 50

v 0K X Cancel

Figure 61: Dialogue for calculating the distance matrix in LogisticsLab/VRP

After the calculations are completed, the generated data appears in the Distances and the Travel time tab
(Figure 62 and Figure 63). The distances and travel times cannot be changed.
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Problem Nodes Distances

Method: IOSM

Travel time Routes Route details

40

Nr
Nr  From\To
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ATH
cop
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572
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2328
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a0

& Print

Problem MNodes Distances

Figure 62: Distances tab in LogisticsLab/VRP

Method: [OSM

Travel time Routes Route details
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& Print

Figure 63: Travel time tab in LogisticsLab/VRP

After entering the data, it should be saved with the menu item Save Problem or Save Problem as.

7.3 Optimisation and results

After entering all data, the problem can be solved by selecting either the menu Optimisation - Start Opti-
misation or the button Optimise in the toolbar.

The solution to the problem under consideration is displayed in both the network and data areas (Figure
64). LogisticsLab/VRP has the Routes and Route details tabs for displaying the planned routes.
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LogisticsLab / VRP (Vehicle routing problems) / vrp-example-europe

File Optimisation Print About

Problem Modes Distances Traveltime Routes Route details

Lietuva
KanuHuHrpaa -
' \ Vilnils Total routes: 5
oy rooha Total distance: 12220 [km] Totalduration:  135:02 [h:mm)
zczecin Bydgoszcz i .
L] Biatystok Route Stops Volume Distance Duration
Poznan Warszawa bpscuron it 2 250 3.110 35:04
T 2 2 225 3.837 44:35
Polska B
acy 3 2 220 2781 20:06
Dusseldorf -
Detitschidnd i B Ol 4 1 225 1350  14:20
i Erankfurt Wroclaw 5 2 250 1151 11557
Be-\g = d : Krakow »
Nesia
Slovensko,
YepHia
Osterreich
Suisse/Svizzera/
Svizra Cluj-Napoca
Slovenija
Auvergne Milano Tii
ne-Alpe Venezia|
Torino
Genova “Bologna Siiryaicka
Monaco ® sarajevey - Cp
b Citta di San
Marino
Marseille Crna Gora/ Bwnrapus
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Rn?na Italia / Naosans
Sh a
| Bar] qiperia g
Napoli Bhovikn, Ganak
! ; 1 & Print

0SM routes have been loaded.

Figure 64: Representation of a solution in LogisticsLab/VRP

In the Routes tab (Figure 65), all the tours found are displayed in an overview.

Problem Nodes Distances Traveltime Routes Route details

Total routes: ljl
Total distance: 12,229 | [km] Total duration: 135:02 | [h:mm]

Route Stops Volume Distance Duration
1 2 250 3,110  35:04
2 2 225 3,837 44135
3 2 220 2,781 29:06
4 1 225 1,350 14:20
5 2 250 1,151 11:57
& print

Figure 65: Representation of a solution in the Routes tab in LogisticsLab/VRP

In the Route details tab (Figure 66 and Figure 67), the destinations to be served, the quantity served, the
individual and cumulated distances, travel and service times can be seen for each tour. The desired tour
can either be entered directly in the Route field or selected by clicking on the up or down button. The se-
lected tour is displayed in the Network area. When a user clicks on one of the first two grey columns, a
single part of the solution can be highlighted on the map.
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Figure 66: Representation of a solution in the tab Routes details in LogisticsLab/VRP
Problem MNodes Distances Traveltime Routes Route details
From To Departure TravelTime  WaitingTime  Arrival ServiceTime Volume Distance TotalDist
DEP BER 00:00 07:10 00:00 07:10 00:00 235 675 675
BER DEP 07:10 07:10 00:00 14:20 00:00 0 675 1,350

& Print.
Figure 67: Details of a solution in the tab Routes details in LogisticsLab/VRP

LogisticsLab uses heuristics to solve problems. Therefore, the solutions of different optimisation runs may
differ due to the non-deterministic nature of the underlying heuristic.

The result can be saved as a text file with the file extension SOLX.

8 DLP —Solving Warehouse Location Problems

LogisticsLab/DLP is intended for solving discrete single-source location problems, specifically (capacitated
and uncapacitated) Warehouse Location Problems!’, Covering Location Problems®®, Maximal Covering

17 Steglich et al. (2016), p. 438 ff., Fernandez and Landete (2015), p. 50.
18 steglich et al. (2016), p. 417 ff., Daskin (2013), Pos. 2479, Garcia and Marin (2015), p. 97f.
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Problems?®®, p-Median?® and p-Centre problems?’. It is always assumed that a demand node can only be
supplied from one location at a time (single-sourcing).

Warehouse Location Problems are discrete location problems where both fixed location costs and variable
transport costs are included in the location decision.

There is a set of potential locations whose fixed costs are known. For the demand nodes, the demands are
available. Furthermore, the variable transport costs between the potential locations and the demand nodes
are also available. The objective is to minimise the sum of the transportation costs and the fixed costs of
building and running warehouses by deciding which warehouses are established and which customer is
delivered by which warehouse.

8.1 Program interface
After starting the program, the program window shown in Figure 68 appears, which, like all other compo-
nents of LogisticsLab, consists of a network area and a data area.

Data area with
registers

Toolbar

DocsLab / DLP (Discrete Singl

File Optimisation Print  About

DEEHBEEE

(o e o °
' Problem Sources Destinations Variable costs

= File: dip.DLPX

Comment:

9 et Destinations: 20 Demand: 30.000
o= Potential sources: 5 Supply: 39.500

Problem type

) Warehouse location

© set covering location
Enguest s _) Maximal covering location
" O p-Median

_) p-Centre

Covering radius: 1300

Max. solving time: 10 sec.
Active sources:
Costs  fied:
variable: [sum of cost factor*km]
total:
Max. cost rate: [cost factor*km]

Flow:

r_ %
Problem has been opened

Figure 68: Program interface - LogisticsLab/WLP

The left side of the LogisticsLab/DLP program window is used to visualise the entered data and the results.
The map contains two different types of nodes: the potential locations (blue houses) and the red-coloured

19 Steglich et al. (2016), p. 424 ff., Daskin (2013), pos. 3128ff.
20 Steglich et al. (2016), p. 380 ff., Daskin and Maas (2015), p. 25f.
21 Steglich et al. (2016), p. 390 ff., Daskin (2013), pos. 4272.
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destinations. If a potential location is not chosen, then it is shown with a light-blue marker otherwise with a
blue house.

8.2 Entering the problem data
The data area on the right side of the DLP program interface contains four tabs for entering data (Problem,
Sources, Destinations, Variable costs).

The first step is to generate a new problem. To do this, the menu item File - New Problem or the New
Problem button in the toolbar can be selected.

In the dialogue that appears (Figure 69), in addition to a short description of the Problem, the Nr. of poten-
tial sources and the Nr. of destinations must be entered. Geographical coordinates can be generated ran-
domly based on a set of European cities and villages or as empty geographical coordinates. The generated
coordinates can be edited afterwards.

Furthermore, the average Supplies and Demands can be entered. These values are assigned to the potential
locations or the demand nodes as a constant value if Supplies/Demands - Constant is selected, or random
supplies and demands are generated in the interval of [-25%, +25%] if Supplies/Demands > Variation (+/-
25%) is selected.

An analogous approach can be taken for the average fixed costs of the potential locations (Fixed costs) and
the average variable transport costs (Variable costs) between the locations and the demand nodes.

DLP - Data generator

Comment:

Coordinates
(® Random geographical coordinates

Nr. of potential sources:

Nr. of destinations: (O Empty geographical coordinates

(O Regular X-Y-Coordinates

Supplies/Demands

g

Supplies: (O Variation [+/- 25%)
Demands: (® Constant
Fced costs: Fixed costs

xed costs: (O variation [+/- 25%]
® Constant

+ Generate data X Cancel

Figure 69: Creating a problem in LogisticsLab/WLP

The Problem tab (Figure 70) contains an input field for a comment, options for the problem type to be used
and output fields with a yellow background for information on the solution. If the problem type Warehouse
location is chosen, then the user can select whether capacities are to be considered or not (Capacitaty con-
straint). In addition, the maximum time in seconds used for optimisation (Max. solving time) can be edited.
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Problem Sources Destinations Variable costs

File: dip.DLPX

Comment:

Destinations: 30 Demand:

Potential sources: 5 Supply:
Problem type

© Warehouse location
(O Set covering location
) Maximal covering location

Max. solving time:

) p-Median
(O p-Centre
(] Capacity constraint
Demand weighted
172
Active sources:
Costs  fixed:
variable: [sum of units*cost factor*km]
total:
Max. cost rate: [units*cost factor*km]
Flow:

Figure 70: Problem tab in LogisticsLab/WLP

sec.
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The Sources tab (Figure 71) contains the details of the potential locations, which are displayed after loading
the problem data or can be entered and changed manually.

In the field Nr. of potential sources, the number of locations can be entered. The size of the input sheet is

automatically adjusted. If the number of sites is reduced, excess entries are deleted.

For the potential locations, the following information can be entered:

Name: Name of the location,

Lat., Long: Coordinates of the location,
Fixed costs: Fixed costs of the location,
Supply: Supply of the location and

City, PostCode, Street, Country: Address data

In the Act. column, LogisticsLab enters an A (for active) for selected locations after the optimisation has
been completed, in the Nr. of dest. column the number of assigned customers and in the Flow column the
delivery quantity. These values cannot be changed manually.

If a user has entered valid address data, it is possible to retrieve the geographical coordinates of all nodes

(All coords) or of the selected node (Node coords) via a Komoot/Photon server.

A new location can be added via the Add button. The button Delete deletes the selected location. The Print
button can be used to print the location list.
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Source name

Number of
potential sources

Coordinates Addressdata

Fixedcosts of the Supply of the
location location

Nr

Long City BAstCode Street Country Act. Nr. of dest. Flow
1 46,57190 16,34690 540 12000 Velka Polana Slovenia
2 50002 41,61670 -4,68330 470 10000 Cistémniga Spain
3 50003 47,27470 8,34170 490 5000 Muri Switzerland
4 50004 50,54860 13,77540 610 4500 Bilina Czechia
5 50005 51,68500 -0,31800 440

Get geographical
coordinates for all
destinations

United Kingdom

B Search & Add B Delete All Coords Node Coords & Print

. Get geographical
Deleting a source coordinates for the

Creating a source

selected destination

Search and add a
node

Figure 71: Sources tab in LogisticsLab/DLP

The Destinations tab (Figure 72) contains the details of the customers. They are displayed after loading the
problem data or can be entered and changed manually.

In the field Nr. of destinations the number of customers can be entered. The size of the input sheet is au-
tomatically adjusted. If the number is reduced, excess entries are deleted.

For each customer, the following information can be entered:
e Name: Name of the destination,
e [at., Long: Coordinates of the destination,
o Demand: Demand of the destination and
e (ity, PostCode, Street, Country: Address data

After completing the optimisation, LogisticsLab enters the name of the assigned location in the Source col-
umn and the variable costs required for it in the Costs column. These values cannot be changed manually.

If a user has entered valid address data, it is possible to retrieve the geographical coordinates of all nodes
(All coords) or of the selected node (Node coords) via a Komoot/Photon server.

A new customer can be added via the Add button. The Delete button deletes the selected customer. The
Print button can be used to print out the list of customers.
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Name of the Number of
destination destinations

Coordinates

Problem S s Destf dons variable co
Desitination 30
er Name| Lat Long
1 47.40560 8.40390 1,000 Dietikon
2 D0002 50.54580 -3.59620 1,000 Kingsteignton
3 Do003 46.43330 6.91670 1,000 Montreux
4 D0004 39.57460 2.42060 1,000 Andraitx
5 DO000s 37.89110 -6.56110 1,000 Aracena
B, Add & Delete & Print All Coords Node Coords

Demands of the
destinations

Address data

PostCode Street

Get geographical
coordinates for all

Add a destination LI.St
print
Delete a
destination

destinations

Get geographical
coordinates for the
selected destination

Figure 72: Destinations tab in LogisticsLab/DLP

Country Source Costs
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If you click on a customer in the No. column, it is marked with an ochre marker in network area. A mouse
click on the upper left grey field Nr restores the normal display.

The next step is to calculate the distances and travel times between all nodes. This step can be done either
via the menu Optimisation - Calculate Distance Matrix or via the Calculate Distance Matrix button in the
toolbar, whereupon the dialogue for calculating the distance matrix shown in Figure 73 appears.

A user can obtain distances and travel times provided by OpenStreetMap or by calculating aerial distances
(Great Circle, Euclidean or Manhattan distances). In addition, a distance or cost factor per kilometre must
be entered. In this example, it is assumed that the costs per kilometre are 20 Cent.

Generating distance/time/cost matrix

Generating distance matrix by using ...
(® OpenStreetMap/Distances

() OpenStreetMap/ Travel times
(O Great Circle Distance

(O Euclidean Distance

(O Manhattan Distance

Distance/cost factor per km: | 0.2

v 0K

X Cancel

Figure 73: Calculation of variable costs in LogisticsLab/DLP

The results are shown in the Variable costs tab (Figure 74) which cannot be changed. Use the Print button

to print the cost matrix.
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Problem Sources Destinations Variable costs

Costs based on: IOSM/Distances in km

Edit mode: 48

Nr 1 2 3 4 ~
Nr  from\to D0001 D0002 D0003 D0004
1 s0001 171.89 376.92 196.71 386.15
2 50002 301.74 299.86 273.65 183.77
3 50003 5.00 258.56 38.83 263.36
4 50004 142.07 301.47 179.69 397.79
5 50005 207.11 61.55 198.46 360.41 ¥
< >

&b print

Figure 74: Variable costs tab in LogisticsLab/DLP

8.3 Optimisation and results

The problem can be solved if all data are available. For this purpose, the problem type Warehouse location
has to be chosen in the tab Problem (Figure 70). In addition, a user has to decide to solve the problem con-
sidering the capacities of the potential location or not (Capacitaty constraint). The optimisation is started
by selecting either the menu Optimisation - Start Optimisation or the button Optimise in the toolbar. The
solution is displayed in both the Network and Data areas (Figure 75).

LogisticsLab / DLP (Discrete Single Source Location Problems) / dip = (o] X

File Optimisation Print About

DB BE@®
(] Map o u}
Ko Z Problem Sources Destinations Variable costs
= File: dip.DLPX
Comment:
ave
Destinations: 30 Demand: 30.000
Camkr- . .
- HetepBypr Potential sources: 5 Supply: 39.500
Helsinki
St c:\hulm E Problem type
¢ At © Warehouse location
O Set covering location
Latvija O maximal covering location
Danmark O p-Median
United Ki Lietuva O p-Centre
G
Hamburg e S
Eire / Ireland FEsipyCE [ Capacity constraint
Demand weighted
& 1732 1000
Knis
e Max. solving time: 10 sec.
e Yepi
5% Chisinau Active sources: 5
dac ®
RomisSiia Costs  fixed: 2.550,00
variable: 3.232.991,06 [sum of units*cost factor*km]
Hrvatska Cplyia @
L totak 3.235.541,06
Napua
d TseanBul Max. cost rate: 346.119,12  [units*cost factor*km]
xonje
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Uiyl \ Antalya
Ratiat Alger .
06qE
bUYI AXe380

OSM routes have been loaded.

Figure 75: Representation of the solution of the WLP example in LogisticsLab/DLP

The selected locations are displayed in the Sources tab (Figure 76) and the customer assignments in the
Destinations tab (Figure 77).
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Problem Sources Destinations Variable costs

Nr. of potential sources: 5  Edit mode: W
Nr Name Lat Long Fixed costs  Supply City PostCode Street Country Act. Nr. of dest. Flow
1 46,57190 16,34690 540 12000 Velika Polana Slovenia A 2 2000
2 50002 41,61670 -4,68330 470 10000 Cistérniga Spain A 4 4000
3 50003 47,27470 8,34170 490 5000 Muri Switzerland A 9 2000
4 50004 50,54860 13,77540 610 4500 Biina Czechia A 5 5000
5 50005 51,68500 -0,31800 440 8000 Radlett United Kingdom A 10 10000
Figure 76: Representation of the solution of the WLP example in the Sources tab in LogisticsLab/DLP
Problem Sources Destinations variable costs
Desitinations: 30 Edit mode: W
Nr  Name Lat Long Demand City PostCode Street Country Source Cost rate Costs
1 47,40560 8,40390 1.000 Dietikon Switzerland 50003 5,00 5.003,700 ‘
2 Doo02 50,54580 -3,59620 1.000 Kingsteignton United Kingdom 50005 61,35 61.554,140
3 D0003 46,43330 6,91670 1.000 Montreux Switzerland 50003 38,83 38.831,480
4 DO0004 39,57460 2,42060 1.000 Andraitx Spain 50002 183,77 183.771,480
5 DO0005 37,89110 -6,56110 1.000 Aracena Spain 50002 111,35 111.349,600
6 DO0006 48,36670 12,36670 1.000 Bodenkirchen Germany 50004 71,36 71.356,380
7 Dooo7 48,70110 6,20670 1.000 Saint-Max France s0003 59,29 59.293,740

Figure 77: Representation of the solution of the WLP example in the tab Destinations in LogisticsLab/DLP

LogisticsLab uses heuristics to solve problems. Therefore, the solutions of different optimisation runs may
differ due to the non-deterministic nature of the underlying heuristic.

The planning result can be saved as a text file with the file extension SOLX.

9 DLP —Solving Covering and Maximal Covering Location Problems

LogisticsLab/DLP can also solve Covering Location Problems? and Maximal Covering Problems?.

The covering location problem seeks to find the minimum number of locations (or the minimum of their
operating costs) and their optimal locations to cover the demand within a specified area (diameter based
on distances, times, service level).

With Maximal Covering Problems, the maximum covered demand of the destinations has to be found sub-
ject to an upper bound of locations or their operating costs.

9.1 Entering the problem data
The process of entering the problem data is identical to that of a Warehouse Location Problem, although
not all data is used for both covering location problems.

If not the operation costs of the potential locations, but the number of locations shall be considered, then
the fixed cost in the tab Sources have to be equal to one.

If real street distances should be used, then the distances have to be generated again with a distance factor
equal to one (Figure 78).

22 Steglich et al. (2016) , p. 417 ff., Daskin (2013), Pos. 2479, Garcia and Marin (2015), p. 97f.
23 Steglich et al. (2016) , p. 424 ff., Daskin (2013), pos. 3128ff.
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Generatmg distance/time/cost matrix

Generating distance matrix by using ...
(® OpenStreetMap/Distances

(O OpenStreetMap/ Travel times
() Great Circle Distance

(O Euclidean Distance

(O Manhattan Distance

Distance/cost factor per km:

" 0K X Cancel

Figure 78: Generating real distances with a distance factor equal to one in LogisticsLab/DLP

The resulting distances can be found in the Variable Cost tab (Figure 79).

Problem Sources Destinations Variable costs

Costs based on: KOSMIDistances in km I

Edit mode: W

Nr 1 2 3 4 5

Nr  from\to DO001 D0002 D0o003 D0004 D
1 50001 859.47 1884.59 983.56 1930.74
2 50002 1508.70 1499.30 1368.25 918.86
3 50003 25.02 1292.82 194.16 1316.79
4 50004 710.36 1507.35 898.47 1988.94
5 50005 1035.57 307.77 992.29 1802.03

< >

Figure 79: Distance matrix in LogisticsLab/DLP

9.2 Optimisation and results
The problem can be solves if all data are available. For this purpose, the problem type Set covering location
or Maximal covering location has to be chosen in the tab Problem (Figure 80 and Figure 81).

Problem Sources Destinations Variable costs

File: dip.DLPX

Comment:

Destinations: 30 Demand: 30.000

Potential sources: 3 Supply: 39.500
Problem type

(O warehouse location

© set covering location

(O Maximal covering location
O p-Median

O p-Centre

Capacity constraint
Demand weighted

Covering radius: 1732 Max. covering costs 1000

Figure 80: Selection of problem type and covering radius for a Covering Location Problem in LogisticsLab/DLP
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Afterwards, a Covering radius for both problems and additionally Max. Coverage costs for the Maximal
Covering Location Problem must be entered (Figure 80 and Figure 81). In this example, it is assumed that
the locations can only serve destinations within a maximal distance of 1732 kilometres. For the Maximal
Covering Location Problem is a requirement, that a budget of only 1,000 is available.

Problem Sources Destinations Variable costs

File: dip.DLPX

Comment:

Destinations: 30 Demand: 30.000

Potential sources: 5 Supply: 39.500
Problem type

O warehouse location

(O set covering location

© Maximal covering location
O p-Median

O p-Centre

apacity constraint

Demand weighted

Covering radius: 1732 Max. covering costs: 1000

Figure 81: Selection of problem type, covering radius and max. covering costs for a Maximal Covering Problem in LogisticsLab/DLP

The optimisation is started by selecting either the menu Optimisation - Start Optimisation or the button
Optimise in the toolbar. The solution is displayed in the Network and Data areas (Figure 82 and Figure 83).

LogisticsLab / DLP (Discrete Single Source Location Problems) / dip = o X
File Optimisation Print About
DsEBEE
[ Map o u]
ELaml T Problem Spurces Destinations Variable costs
n Norge Finland
[ - | Fle: dip.DLPX
Comment:
ge
Destinations: 30 Demand: 30.000
Cankr- 3 .
- Nerep6ypr Potential sources: 5 Supply: 39.500
Helsinki
@ Problem type
khol: ~
Stockhgin (O Warehouse location
1© Set covering location
Latvija (© Maximal covering location
Danmark O p-Medan
United Kingdom Ketiva O p-Centre
G A
Hamburg .
Eire / Ireland B ASDYER
© Covering radius: 1732 1000
fone Max. solving time: 10 sec.
Yepe
£ ("'5:5"'\\' Active sources: 3
Romania Costs  fixed: 1.570,00
o varible: 0,00  [sum of cost factor*km]
L resti total: 1.570,00
apua
Max. cost rate: 1.730,60 [cost factor*km]
Cxonje Istanbul
Flow: 30.000
EANGCG Lzmir T
Antalya
Rabat Alger s’
06eF
BU A¥e380

0OSM routes have been loaded.

Figure 82: Representation of the solution of for a Covering Location Problem in LogisticsLab/DLP
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[ﬁ LogisticsLab / DLP (Discrete Single Source Location Problems) / dip = o X
File Optimisation Print About
LR EE @
(] Map o =]
" Problem Sources Destinations Variable costs
] o .
u @ Fie: dip.DLPX
Comment:
Destinations: 30 Demand: 30.000
Canxt : %
= Nerepbypr Potential sources: 5 Supply: 39.500
Helsinki
Problem type

O warehouse location
O set covering location
atvija © Maximal covering location
O p-Median
ietuva O p-Centre

o Covering radius: 1732 Max. covering costs: 1000
Ky
o i Max. solving time: 10 sec.
Chisindu - Active sources:  _ 2
S Costs  fxed: 960,00
o variable: 0,00 [sum of cost factor*km]
Cpbuja 5
9 @"9“‘ total: 960,00
B Nfapun
{stanbul Max. cost rate: 1.690,71 [cost factor*km]
Flow: 28.000

fzmir

Antalya

Rabat -
080E Alger
AXo380

bl
OSM routes have been loaded.

Figure 83: Representation of the solution of for a Maximal Covering Location Problem in LogisticsLab/DLP

It is worth mentioning that there is usually no single-source constraint in the coverage problem. This means
that a destination can be covered by more than one location. If this is the case internally in Logis-
ticsLab/DLP, the nearest location is selected and displayed in the solution.

10 DLP — Solving p-Median and p-Centre Location Problems

As of version 5.2, it is possible to solve p-Median?* and p-Centre problems?. P-Median problems aim at
minimising the sum of the weighted distances and consists of finding the optimal locations of p pre-
selected potential sources. The p-Centre problem aims at minimising of the maximum (weighted) distance
of the demand locations to the corresponding locations of p pre-selected potential sources.

10.1 Entering the problem data
The process of entering the problem data is identical to that of a Warehouse Location Problem, although
not all data is used for these problems.

10.2 Optimisation and results

The problem can be solved if all data are available. For this purpose, the problem type p-Median or p-
Centre has to be chosen in the tab Problem (Figure 84). In addition, a user has to decide to solve the prob-
lem considering the capacities of the potential location or not (Capacitaty constraint) and also whether the
demands are used to weight the cost rates of the edges (Demand weights).

24 Steglich et al. (2016), p. 380 ff., Daskin and Maas (2015), p. 25f.
25 Steglich et al. (2016), p. 390 ff., Daskin (2013), pos. 4272.
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Problem Sources Destinations Variable costs

File: dlp.DLPX

Comment:

Destinations: 30 Demand: 30.000

Potential sources: 5 Supply: 39.500
Problem type

(O warehouse location

O set covering location

(O Maximal covering location
O p-Median

O p-Centre

@ Capacity constraint
@ Demand weighted

Figure 84: Selection of problem type for a p-Median Problem in LogisticsLab/DLP

The optimisation is started by selecting either the menu Optimisation - Start Optimisation or the button
Optimise in the toolbar. The solution is displayed in both the Network and Data areas (Figure 85).

LogisticsLab / DLP (Discrete Single Source Location Problems) / dip
Eile Optimisation Print About

N0 BE @
(5] Map o o

ko Problem Sources Destinations Variable costs
n Norge Finland

File: dip.DLPX
Comment:
Sverige
Destinations: 30 Demand: 30.000
Cank1- . .
= fetepBypr Potential sources: 5 Supply: 39.500
. Helsinki
Stocﬁﬁ'mlm Problem type
gastl O warehouse location
) set covering location
Latvija (O Maximal covering location
Danmark © p-Median
United Kingdom Lietuva O p-Centre
Eire / Ireland Bendpyce 8 Capacity constraint
I8 Demand weighted
° 1732 1000
Knin
Nr. of sources: 3 Max. solving time: 10 sec.
Yepi
Chiginas - 3
5285 SR Active sources:
Romania Costs fxed: 0,00
o variable: 4,919.091,22 [sum of units*cost factor*km)
»
S totak 4.919.001,22
fapun T—
- . =
fstanbul Max. cost rate: 469.845,96 [units™cost factor*km]
[ Flow: 30.000
Portug - I
EAAGC [zmir
eigd Y 2 Antalya
Rabat o ® o
06 ] Alger
BUI ATeRNG

0SM routes have been loaded.

Figure 85: Representation of the solution of the p-Median example in LogisticsLab/DLP

The selected locations are displayed in the Sources tab (Figure 86Figure 76) and the customer assignments
in the Destinations tab (Figure 87).
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Problem Sources Destinations variable costs

Edit mode: W

Demand City

Desitinations:

Nr Name

D0002
D0003
D0004
D0005
D0006
D0007

NN EWN -

30

Lat
47,40560
50,54580
46,43330
39,57460
37,89110
48,36670
48,70110

Long
8,40390
-3,59620
6,91670
2,42060
-6,56110
12,36670
6,20670

1.000 Dietikon
1.000 Kingsteignton
1.000 Montreux
1.000 Andraitx
1.000 Aracena
1.000 Bodenkirchen
1.000 Saint-Max

PostCode

Street

Country
Switzerland
United Kingdom
Switzerland
Spain

Spain

Germany

France

Source
50003
50005
50003
50002
50002
50004
50003

Figure 86: Representation of the solution of the p-Median example in the Sources tab in LogisticsLab/DLP

Problem Sources Destinations variable costs

Edit mode: W

Desitinations:

Nr  Name

D0002
D0003
D0004
D0005
D0006
D0007

Nowm W N

30

Lat
47,40560
50,54580
46,43330
39,57460
37,89110
48,36670
48,70110

Figure 87: Representation of the solution of the p-Median example in the tab Destinations in LogisticsLab/DLP

Long
8,40390
-3,59620
6,91670
2,42060
-6,56110
12,36670
6,20670

Demand

Gty

1.000 Dietikon
1.000 Kingsteignton
1.000 Montreux
1.000 Andraitx
1.000 Aracena
1.000 Bodenkirchen
1.000 Saint-Max

PostCode

Street

Country
Switzerland
United Kingdom
Switzerland
Spain

Spain

Germany
France

Source
50002
S0005
50002
50002
50002
50001
S0002

54
Cost rate Costs
5,00 5.003,700 |
61,55 61.554,140
38,83 38.831,480
183,77 183.771,480
111,35 111.349,600
71,36 71.356,380
59,29 59.293,740
Cost rate Costs
301,74 301.739,100 |
61,55 61.554,140
273,65 273.650,840

183,77
111,35

93,82
295,02

183.771,480
111.349,600

93.818,580
295.024,920

LogisticsLab uses heuristics to solve larger problems. Therefore, the solutions of different optimisation runs
may differ due to the non-deterministic nature of the underlying heuristic.

The planning result can be saved as a text file with the file extension SOLX.

11 CLP — Solving Continuous p-Median and p-Centre Problems
LogisticsLab/CLP is a software to solve continuous median and centre problems. Continuous location prob-
lems determine the best possible greenfield location. The point where a planned logistics node can be op-
timally placed is to be found within a certain area. The individual points on a flat surface or on a spherical

surface represent the positions of a potential location.

The following two approaches are distinguished:

The median problem aims at minimising the sum of the (weighted) distances and consists of finding
one or more optimal locations. Depending on the number p of locations sought, these problems are
also called p-Median Problems?®.
The centre problem aims at minimising of the maximum (weighted) distance of the demand loca-
tions to the corresponding locations and consists in the determination of one or more centres. De-
pending on the number p of locations sought, these problems are also called p-Centre Problems?.

Continuous planning algorithms provide point coordinates for locations, but these can rarely be used un-
changed. Usually, the identification of a theoretical location must be followed by an analysis in which the
sites located within a certain radius of the found point are examined regarding their suitability for the con-
struction of the facility and a suitable location is selected.

26 Steglich et al. (2016), p. 402ff., Neema at al. (2011), p. 84, Eiselt and Marinov (2011), p. 9.

27 Steglich et al. (2016), p. 411ff., Drezner (2011), p. 73f., Calik at al. (2015), p. 89.
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11.1 Program interface
After starting the program, the program window shown in Figure 88 appears, which, like all other compo-
nents of LogisticsLab, consists of a network area and a data area.

Data area with
registers

Toolbar
isticsLab / CLP (Continous irope.CLPX

file Optsmisation Print  Abo

Problem Destinations Sources

Harburg i File: dpMittieEurope.CLPX

Comment:

e e Destinations: 20 Demand: 1.710,0
9 9 9 Sources: 3 Supply: 1.740,0
"

Objective function
(O Median

9 10 Centre of gravity
9 b " Distances

") Euclidean

Moy 9 © Great Crcle
bl Weochm () Manhattan

9 9 &, o . 8 Capacity constraint
9 e 9 ot () Demand weighted
e Prat

Total costs: [sum of cost factor*km]
Max cost rate: [cost factor=km]

Flow: [units]

Tables
and
Texts

Figure 88: Program interface - LogisticsLab/CLP

The left side of the CLP program window is used to visualise the entered data and the solution of the prob-
lem. Destinations are shown as red markers. The determined locations are shown as blue houses

11.2 Entering the problem data

The data area on the right side of the CLP program interface contains three tabs for entering data (Problem,
Destinations, Sources). The first step is to generate a new problem. For this purpose, the menu item File >
New Problem or the button New Problem in the toolbar can be selected. In the dialogue that appears
(Figure 89), enter a short description of the Problem and the number of Destinations.

Geographical coordinates can be generated randomly based on a set of European cities and villages or as
empty geographical coordinates. The generated coordinates can be edited afterwards.

Regarding the destinations, an average demand (volume per destination) can also be specified. This is either
assigned to all recipients as a constant value if Volume per destination —> Constant is selected or represents
the basis of randomly generated demands with an exponential distribution or uniform distributed in the
interval of [-50 %, +50 %]. Furthermore, an average distance between the recipients can also be entered
(Max. distance), which can be randomly varied in an interval of [-50 %, +50 %] or left as a constant value.
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CLP - Data ‘

Problem: ’ | ]

Coordinates

P aenins ’— ® Random geographical coordinates

O Empty geographical coordinates
Volume per destination

Volume per — ; il &

destination: (® Exponential distribution

O variation [+/- 50%]
O Constant

+/ Generate data X Cancel

Figure 89: Creating a problem in LogisticsLab/CLP

The Problem tab (Figure 90) contains input fields for a Comment and an input field for the number of loca-
tions to be determined (Sources). Furthermore, the tab contains options for specifying the problem type of
the optimisation calculation (Medians and Centre of gravity), a selection option for the distance function to
be used (Distance - Euclidean, Great Circle, Manhattan) and yellow highlighted output fields for infor-
mation on the solution. In addition, it is possible to specify whether the capacities of the locations should
be considered (Capacity constraint), the demands of the receivers should be included in the objective func-
tion (Demand weighted) and only locations on existing demand nodes can be used to solve a discrete loca-
tion problem (discrete). If a new value is entered in the Sources input field, either new potential locations
without coordinates are added to the location list or surplus locations are deleted.

Problem pestinations Sources

File: clpMittleEurope.CLPX

Comment:

Destinations: 20 Demand: 1.710,0
Sources: 3 Supply: 1.740,0

Objective function
(O Median
© Centre of gravity

Distances
(O Eudlidean

© Great Circle
(O Manhattan

Capacity constraint
() Demand weighted

Figure 90: Problem tab in LogisticsLab/CLP

The Destinations tab (Figure 91) contains the information on the demand nodes. They are displayed after
loading the problem data or can be entered and changed manually. Entering the number of demand nodes
(Destinations) adjusts the size of the input sheet. If the number is reduced, surplus entries are deleted after
confirmation.
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For the destinations, the following information can be provided:
e Fixed: Fixing the destination to a location,
e Name: Name of the destination,
e [at., Long: Coordinates of the location,
e Demand: Demand of the destination,
e Cost factor: Cost rate per kilometre and unit of the goods to be transported,
e (City, PostCode, Street, Country: Address data.

If a user has entered valid address data, it is possible to retrieve the geographical coordinates of all nodes
(All coords) or of the selected node (Node coords) via a Komoot/Photon server.

Fixing the location

Number of
destinations

Destination name

Demands of the
destinations

Coordinates ‘ Cost factor Address data

Proble: Destinations

Destina\ pns:

Nr F Ld Name Demand Cost fact City ostCode Street Country Source Distance Cost: ~

1 LINZ 48.30591 14.28620 100.0 LINZ

2 GRAZ 47.07087 15.43828 80.0 1.00 GRAZ

3 MLADABOLE 50.41162 14.90313 220.0 1.00 MLADA BOLESLAV

4 CESKEBUDE 48.97474 14.47429 150.0 1.00 CESKE BUDEJOVICE

L] BRNO 49.19224 16.61134 220.0 1.00 BRNO

6 GOERLITZ 51.15632 14.99102 20.0 1.00 GOERLITZ

7 COTTBUS 51.75674 14.33573 30.0 1.00 COTTBUS v
< >

& Delete & Pring Al Coords Node Coords Get geographical

coordinates for the
selected destination

Get geographical
coordinates for all
destinations

Create a Delete a

destination destination Print destinations

Figure 91: Destinations tab in LogisticsLab/CLP

After the optimisation, the Destinations tab displays the destination-relevant solution details.

In the Source column, LogisticsLab enters the name of the assigned location and in the columns Distance
and Costs the corresponding information regarding the relation destination-location. These values cannot
be changed manually.

It is possible to enter a different location identifier in the Source column and thus define a new customer-
location assignment. After entering the new location, LogisticsLab/CLP calculates the costs and displays the
changed values for the distances and costs depending on it in all tabs. Furthermore, the network graphic is
updated.

A new destination can be added via the Add button. The Delete button deletes the selected destination.
The destination list can be printed using the Print button.

With a click on a destination in the Nr column, it is marked with a red flag in the map. A mouse click on the
upper left grey field Nr restores the normal display of all clients. Clicking on the Fixed column heading again
deletes all fixed assignments. A double-click in the Fixed column of a customer line changes the fixation of
this destination.

The Locations tab (Figure 92) contains the details of the locations whose positions are to be determined by
the optimisation. It is also possible to specify fixed positions for certain locations, to fix them and thus ex-
clude them from the optimisation. After loading the problem data, the location data is displayed. They can
also be entered manually and changed interactively.
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By entering the number of locations (Sources), the size of the input sheet is adjusted automatically. If the
number of locations is reduced, excess entries are deleted after confirmation.

The following information can be entered for the individual locations:
e Fixed: Fixing the location,
e Name: Name of the site; If no name has been entered, the LogisticsLab/CLP automatically assigns
default identifiers (5001, S002, ...),
e lLat.,, Long: The coordinates of the location can be pre-set and remain unchanged after the location
has been fixed. By default, the coordinates are pre-set with zero and then determined by the algo-

rithm.
Number of
otential sources
P Destinations = Sources Setting uniform
capacities
Sources: 3 Edit mode: 108 P
Demands: 1,710.000 Supply of the
— source
Total capacities: 1,740
Min. capacity 570 ‘ Set ... [ 580 | as capacity per source.
per source:
Fixing the location Nr  Fixed Name Lat Long Capacity inations Volume Costs Nearest dest. Distance A
S.001 52.0000 13.0000 580
Name of the 2 49.0000 16.0000 580
source 3 5003 13.0000 580
1,740 0 0.0 0.0 v
Coordinates
B, Add g Delete | [T Del. coord. ."D Move & print

List

Creating a source

Deleting a source

Delete the
coordinates of the
unfixed locations

Moving the
coordinates of the
unfixed locations
to the nearest

print

client location

Figure 92: Sources tab in LogisticsLab/CLP

After the optimisation, the results for each location are entered in the following columns:
e Destinations: Number of assigned destinations,
e Volume: Delivery volume to the assigned destinations,
e Costs: total costs for delivery to the assigned destinations,
e Nearest dest.: Name of the nearest destination,
e Distance: Distance to the nearest destination.

These columns cannot be changed manually. If, however, the coordinates of a location are changed, the
result values are recalculated and displayed.

A new location can be created via the Add button. The button Delete deletes the selected location. The Del.
coord. button deletes the coordinates of all non-fixed locations, i.e. the location coordinates are set to zero.
The Move button moves the non-fixed locations to the nearest destination location. Afterwards, all charac-
teristic values are recalculated and the displays are updated. The Print button can be used to print the loca-
tion list.

If one clicks on a location in the Nr column, it is marked with a blue flag in the map. A mouse click on the
column header Nr restores the normal display of all locations.

A mouse click on the column header Fixed field fixes all locations. Clicking on it again removes all fixations.
A double click in the Fixed column of a location row changes the fixation of this location.

After a mouse click on the column header Name, the standard names S001, S002 ... are entered for all loca-
tions that do not yet have a name.
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After entering the data, it should be saved with the menu item Save Problem or Save Problem as.

11.3 Optimisation and results

Once all the data has been entered, the problem can be solved. To do this, the problem type (medians and
centre of gravity) and the distance function to be used (Distance - Euclidean, Great Circle, Manhattan)
must be selected in the Problem data area. In addition, it can be specified whether the capacities of the
locations should be considered (Capacity constraint) and the demands of the destinations should be in-
cluded in the objective function (Demand weighted).

Optimisation is started by selecting either the Optimisation - Start Optimisation menu or the Optimise
button in the toolbar.

The solution is displayed in both the network and data areas (Figure 93). The key figures of the solution can
be found in the Problem tab (Figure 94).

LogisticsLab uses heuristics to solve problems. Therefore, the solutions of different optimisation runs may
differ due to the non-deterministic nature of the underlying heuristic.

1_1 LogisticsLab / CLP (Continous Single Source Location Prablems) / clpMittleEurope CLPX = o be

File Optimisation Print About

NECIEE
I m] (m]
. s = Problem Destinations Sources
- ;
= Warburg File: cipMittleEurope. CLPX
: Comment:
o Destinations: 20 Demand: 1.710,0
Sources: 3 Supply: 1.740,0

Objective function
(O Median

© Centre of gravity
Distances

e (O Eudidean

O Great Circle

(O Manhattan

@ Capacity constraint
() Demand weighted

Total costs: 3.061,40 [cost factor*km]
Max cost rate: 297,2 [cost factor*km]
Flow: 1.710,00 [units]

eich

Figure 93: Representation of a solution in LogisticsLab/CLP
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Problem Destinations Sources

File: clpMittleEurope.CLPX

Comment:

Destinations: 20 Demand: 1.710,0
Sources: 3 Supply: 1.740,0

Objective function
(O Median
© Centre of gravity

Distances

(O Euclidean
© Great Circle
(O Manhattan

8 Capacity constraint
[JDemand weighted

Total costs: 3.061,40 [cost factor*km]
Max cost rate: 297,2 [cost factor*km]
Flow: 1.710,00 [units]

Figure 94: Display of the key figures of a solution in the data area Problem in LogisticsLab/CLP

In addition, the location coordinates can be viewed in the Sources tab (Figure 96) and the destination as-
signments in the Destinations tab (Figure 95).

Problem Destinations Sources

Destinations: 20 Edit mode: W
Nr  Fixed Name Lat Long Demand Cost fact City PostCode Street Country Source Distance Costs
1 LINZ 48,30591 14,28620 100,0 1,00 LINZ 5003 92,3
2 GRAZ 47,07087  15,43828 80,0 1,00 GRAZ 5003 210,4
3 MLADABOLE 5041162 14,90313 220,0 1,00 MLADA BOLESLAV 5.001 160,2
4 CESKEBUDE 48,97474  14,47429 150,0 1,00 CESKE BUDEJOVICE 5003 153,6
5 BRNO 49,19224  16,61134 220,0 1,00 BRNO 5.001 49,4
6 GOERLITZ 51,15632  14,99102 20,0 1,00 GOERLITZ 5.002 146,0
7 COTTBUS 51,75674  14,33573 30,0 1,00 COTTBUS 5.002 95,7

Figure 95: Representation of the recipient assignments in the Destinations tab in LogisticsLab/CLP

Problem Destinations Sources

Sources: 3 Edit mode: 44

Demands: 1.710,000

Total capacities: 1.740

Min. capacity 570  Set ... 580 as capacity per source.

per source: - —

Nr  Fixed Name Lat Long Capacity Destinations Volume Costs Nearest dest. Distance
1 S.001 40,0000 16,0000 580 3 620,0 335,3 BRNO 40,4
2 S.002 52,0000 13,0000 580 11 520,0 1.861,2 POTSDAM 44,8

S003 48,0000 13,0000 580 6 570,0 864,9 LINZ 101,4
* Total 1.740 20 1.710,0 3.061,4

Figure 96: Display of the coordinates of the locations in the Sources tab in LogisticsLab/CLP

The results can be saved as a text file with the file extension SOLX.
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