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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
problemoriented decision support system that can bsed to model and solve transpatton problems

network flow problems traveling salesman problem€hinesepostmanproblems vehiclerouting planning
problemsand location problems in different variations.

LogisticsLab was originally developed under the name EUS teaching softwaierisFeiGEfor the Busi-

ness Administratiomnd Logisticoursesat the FriedrichAlexanderUniversity of Erlangeiuremberg and
fundamentally revised and expanded MIKESTEGLICHrom the Technical University @&fpplied Sciences
Wildau.

LogisticsLab is provided undire LogisticsLab Academic Licenkds 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 websitép://logisticslab.organd installed and used on an un-
limited number of computers.

The software can only be run under Microsoft Winddé4 Bit,version 10).

For installation, the first step is ownloadthe software fromhttp:/logisticslab.orgas a ZIP filéogis-
ticsLab -X-Y-Z.zip. X -Y-Z isthe version numbehen unpack the ZIP file. A special installation is
not necessary, as the software can be used imiaetly after unpacking.However, it is advisable to
change the path LogisticsLabdo\ Program Files \ LogisticsLab

After installation, there areseveralEXE files in thprogrampath regardingthe supported groups of logisti-
cal decisions, which are listed below:

1 TPP.exe TransportationProblems,

1 NWF.exe Network Flow Problems,

1 TSP.exe Travelling Salesmaand Chinese PostmaRroblems,
1 VRPexe VehicleRouting Problems,

1 DLP.exe DiscretelLocation Problems

1 CLP.exe Continuous Location Problems.

2 LogisticsLab in a glance

2.1 Programnterface

The structure of the user interface of each part of fm®gramfollows a uniform structure, as shown in
Figurel for LogisticsLab/VRP as an example. In addition to the usual elements, the user interface has a
network area on the lethand side of thggrogramwith the graphical representation of the network or the
solution found for this network and a data area on the righnd side in whiclseveralareas 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 arlde data area can be spread over the entire screen


http://logisticslab.org/lizenz.html
http://logisticslab.org/
http://logisticslab.org/
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Figurel: Programinterface

There are two ways tdisplaythe network representation of the problem and the solution to the problem.
If geographical coordinates are used, an OpenStreetMap is shown in the network\itiea mouse over
on one of the nodes, a pegp window appears with additional information.
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Figure2: Node popup 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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Figure3: for changing between the differentaptypes



LogisticsLab.8/ Manual 6

SimpleMap is also used when the coordinates are not geographical.

[ 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 LaaanderThaya 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 NO004 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 NO00S LaCouronne 0.10000 45.60750 68 00:00
< >
N0009
NO0D4
NODO01
B Add & Delete & print Al Coords  Node Coords
OSM routes have been loaded.

Figured: Example of ai®pleMap in LogisticsLab/VRP

2.2 Menuentries
The menus of the individugkogrampackages consist of the unified function grodfile Optimisationand
Print Each menu item can also be quickly accessed via corresponding key combinations (shortcuts).

File
|

New Problem (Ctt\)
Create a new problem. New data can be entered. For spragrans, a data generator can be op-
tionally started, which generates randebased sample data according to entered specifications.

Open Problem (CiD)
Loading the data of a problem fronpaogramdependent data file.

Save Probler(CtrtS)
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.

Save Problem as ... (SHiftrlS)
Before saving the data, the system always asks for a new file name.

Save Solution as ... (Gl
Save the optimisation result under a predefined file name in a text file with the exte8€id

Import nodes (and edges) from Exbedtance Matrix as ... (Gl
Imports hodes and edges (only T&fl NWF) from Excel

Export nodes (and edges) from Exaistance Matrix as ... (Gl
Exports nodes and edges (only TSP and NWF) ta Excel

Exit (CtdQ)
Exit theprogram
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Optimisation:

i CreateDistance Matrix
Opersadialoguefor 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

) Euclidean Distance

(

(O Manhattan Distance

Detour or Cost factor: 1

' 0K X Cancel

Figure5: Dialoguefor generating a distance/time/cost matrix logisticsLabV SP

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

Print

9 The results are displayed in tidata areacan be printed.
9 The printable results are also displayed in #r@nt 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 to®liogré6).

Save Problem

Save Solution as ...
Open Problem
New Problem [\
=] =

\ Optimise

Calculate Distance Matrix

Figure6: Toolbar in LogisticsLabRP

2.3 OpenStreetMap functions
As of version 5, LogisticsLab uses several functionalities of OpenStre&iMaypport visualisation and
data generation for realistic logistical decisioaking prollems

Integration of OpenStreetMap maps

The OpenStreetMap Foundatiof©SMF)providesmap data, e.g. for websites and applicatioims accord-
ance with theOpen Data Commons Open Database Licé@d2bl). The maps may be used for any pur-

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

Asshown inFigure7, OpenStreetMap maps are integrated into the network area of the Logistics Lab inter-
faceand can bezoomed in and out and rotatedhe map is primarily used to visualise the network nodes
of a problem. Depending on the type of node, LogisticsLab adds predgenific markers to these maps.
The lefthand mapshows a transport problem with blue boxes for providers and red pins for customers.
The righthand 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 usermoves the mouse ovea marker a popup window appears with additional informatipas shown
in Figure8 for the depot of a route planning problem.

R e B burgh
Lmit

upon Tyne
Great Britain
f Ma

Figure8: Marker for nodes in LogisticsLab

NO7, Lager

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

@

X

¢

Figure7: Marker with popup

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 odfigrire9 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 beghlighted
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Figure9: lllustration 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-domeuming The focus
here is on the geographical coordiea, which are required on the one hand for display on a map and on
the other for detemining distances and, if necessargyvellingtimes 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 fragmehbgisticsLab uses tlpensourcegeocoder Photofy which works with
OpenStreetMap data and can be accessed via alvesled APl (Application Programming Interfads.

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 che used in two differentvays One option is to enter theaddresses or parts of
the addresses of the nodés the corresponding columns of a node list g¢hdn determine thegeograph-
ical coordinates vighe Photon serverFigurel0 shows an example of a route planning problamiogis-
ticsLab/VRPIn the data area of this moduldwo customers and their addresseave been entered in the
Nodestab. Thelatitude andlongitude ofall nodescan thenbe called upria theAll coordsbutton or for the
selectednodeviaNode 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

FigurelO: Node list before determining the coordinates in LogisticsLab/VRP

2 Photon, https://photon.komoot.io, as afuly 2024
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Once the coordinates have been successfully retrieved, they are automatically entered in the node list
(Figurell) 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

Figurell: Node list after determining the coordinates in LogisticsLab/VRP

It is alsopossible to use the&search & Addutton 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 nodeor exampleas shown irFigurel2 you can search for the entry for

the Jagdschlssin Grol3 Schonebeck in the state of Brandenburg. The address and the corresponding coor-
dinates are then added to the node l{seeFigurel3).

Search for node

Enter address:
Grofi Schonebeck, Jagdschlof

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

Jagdschloss Grof Schonebeck, Schorfheide, 16244, SchlofistraBBe, German

| add Add Al Cancel

Figurel3: 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

Figurel3: Added node after address search

Determining distanceg,aveltimes and routes with OSRM

Tosolve a logistical decision problem, it is necessamgetermine the weights of the edges connecting the
individual nodes. Famskswith real addresses and road$ie distancesandjourney times can be retrieved

in LogisticsLabia the Open Source Routing Machi(@SRN. 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 anpensourceproject that uses OpenStreetMap data to determine shortest paths in
road networksin a very efficient waly

LogisticsLab us&dSRMunctionalitiesto determinethe distance andraveltime 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: OSRRP{Documentation http://project-osrm.org/docs/v5.5.1/api, as diuly 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 coordinatediatbguefor determining

the distanceor travel time matrix oy if applicable, theost matrixbasedon this,can be opene@dsshown in

11 for LogisticsLab/VR&san example The generated matrices are then automatically inserted in the cor-
responding data area$igurel5Fehler! Verweisquelle konnte nicht gefunden werdgn.

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

Figurel4: Dialogue for determining distances amdveltimes inLogisticsLab/VRP

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

Method: OSM Method: OSM
Nr 1 2 8 Nr 1 2 2l

Nr  From\To NO1 NO2 NO3 Nr  From\To NO1 NO2 NO3
T — : s 1 woo  oves o013
2 NO2 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 NO4 00:17 00:14 00:10
5 NOS 13 10 5 S5 NOS 00:19 00:16 00:07
6 NO6 8 5 7 6 NOG6 00:11 00:08 00:09

Figurel5: Distances antraveltimes in LogisticsLab/VRP

Once all the data for a problem is available, including the distantewel time or a cost matrix based on
this, the problem can be solvedodisplay the solution adequately on the map, LogisticsLab automatically
calls upthe route functionality of the OSRM server involved retrieve the routes on the real road$hese

are then displayed as shownHhigure9 on the map and can be highlighted if necessary.

Enteiing nodes an edges byloubleclicking on the map

As of version 5.3 it is pabte to enter nodesn all LogisticsLab modulasd edgesn LogisticsLab/NWF and
LogisticsLalSP by jusiouble-clickingon the map.

Nodes can be created by doultécking when the corresponding tab is open in the data area. As can be
seen inFigurel6, after doubleclicking, LogisticsLab asks whether a node shioelldreated 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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[ Logisticstab / 5P i  Serahn - a x
File Optimisation  About
DzEBbl &

Long ay PostCode
53,4417 13,20186 Carpin 17237
5333758 13,2389
5333153 13,21268
53,73229  13,20492
53,3385 13,2082
53,33906  13,19748
5333434 13,19621
53,34568  13,19727 Carpin 17237
Bestitgen 53,4637 13,19935
53,34571 13,18322
‘ Do you want to insert a node here? 5334193 1318143
5333028 13,17911
53,33538 13,7810
I 5333538  13,18729
53,4010 13,18813
53,4372 13,10907
53,4270 13,1778
5334219 1321012
53,34199  13,20405
5333604 13,20874
5333707  13,20139
53,33826  13,19197
53,34275 13,19269
53,4455 13,2142 Carpin 17237

Al Coords.
Node Coords

Doubleckck 1 the map to add a node ...

Figurel6: Enteringnodes

In LogisticsLatMWF and_ogisticsLalWSP, 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 selectgdurel?).

= \‘"‘- 5 ZE, Zehlendort. X ©
-t

| S
Insert Edge X

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

E=E =

Figurel7: 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 Figurel8).
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Figurel8: Visualisation of edges in LogisticsLab/TSP

Using @enSreepMap functionalits with a proxy server

If a proxy server is used, then two corresponding entries have terbered in the LogisticsLab.optile
which is located in the root directory of LogisticsLalbe 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 file

The data of thgorograns are stored and loaded in text files witlparticularformat. To distinguish the data
for the differentprogrars, the files are given therogramabbreviation as file extensions, i.e.: BPRWEX
TSK, VR DLPKand CLR

The following principles apply to data files in text format:

1 The records ardefinedline by line aRSCltext.

1 The data fields are separated withiabulator.

1 Each file begins with thparticular keyword for th@grogramfor identification. Thikeywordcan be
followed by information on the date and time on the same line.

1 Thefirstline is followed by a comment line, which can be freely described or left blank.

1 A sectionfor options begins with the keyword OPTIONS, which is followed by the corresponding
options in the following lines.
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1 The data is divided into data blocks. Each data block begins with a line in whicbrtbgponding
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.

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

1 The end of file is expressed with tkeywordEEEnN a last data line.

The data files can bereatedvia the menu functiorBave Probleror Save Problem a3 he resultanalso

be savedas text files. They are named with the file name of the original problem and thexiésion

SOK 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 irport 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 Excélfor a data exchange between the different LogisticsLab moditlés.also possible to
create such a file in LogisticsLab, edit the data in Excel and import it into Logistidstsd Excel files have

a defined structure that is generated by LogisticsLab during the export of a prohleexample of vehicle
routing problem data is shown irigurel9.

B Autosave @ ) VIPXLSX P search (Alt+Q) & = o %
File Home Insert Pagelayout Formulas Data Review View Help © comments
<) - = . A 3
4 e YA A == = ®« Bweplen General < Bl g i &5 =H LAy [j
[~ h v . .
Paste « A~ v A . = === = = P = . O «0 00 Conditional Formatas Cell Insert Delete Format Sort & Find & Analyse
- B I U~ oA [ Merge & Cenvre % %% 8 formatting ~  Table v Styles ~ . . ~ & v Fiter~ Select~ | Data
Undo Clipboard 13 Font ] Alignment =] Number m Styles cells Editing Analysis e
Al v S0 ~
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 Beluga 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 3 ] »
Ready T Accessibility: Good to go [:::] Ly ——+ W%

Figure19: Example of an Excel file with LogisticsLab data

3 TPR SolvinglransportProblems

LogisticsLab/TPP is a software that can be used to solve-siagie classical transport problems and bot-
tleneck transport problems in different variants (capacitated, 1wapacitated, singlsource, with supply or
demand surplus, eté.)

3.1 Programinterface
After starting theprogram the programwindow shown inFigure20 appears, which is divided into four
areas:

1. Atthe top is the menu bar and toolbar for general functions.

2. The left half of the window is used for tineap viewof the problem.

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

4 https://www.microsoft.com/enus/microsoft365/excel
5 Steglich et al. (2016), p. 74, Hillier and Liebermann (2015), p..3d8fifams (2013), p. 82ffVanderbei (2014), p. 225ff.
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Data area with

registers
=]
o o
Problem Sources Destinations Variable costs Fixed costs Capacities Solution
Supply: 4,000 Total costs: 518,460.00 Min. cost rate 38.32
Kdl:c;w‘}uwx Demand: 4,000 Varable costs: 518,460.00 Max. cost rate: 206.12
Newcastle Gap: 0 Fuxed costs: 0.00
upon Tyne .
2ot Britain Flow 4,000
gy From Source To Destnation Cost per unit Capacity Flow Variable costs
Sheffield g o B | 1 SEVREUX 1 D-CONGLETO 143.45 " 500 71,725,
i 1 SEVREUX 2 DLOTZEN 206.12 M 500 103,060,
Network area s Berlin Porr | 1 SEVREUX 3 DSAINT-ME 57.86 " 500 28,930,
9 1 SEVREUX 6 DHORST 20549 M 500 102,745
2 SKREUZLIN 4 D-KOTTMARS 156.96 M 500 78,480,
2 SKREUZUN 5 DAITOMYSL 163.22 [ 500 81,610,
Wroi | 2 SHREUZLN 7 DROVELLAS 65.50 [ 500 32,750,
2 SKREUZLIN 8 D-WENDLING 38.32 W 500 19,160.
< >

Slovenija
Venezia
Genova °B0l0gna SHrvatska
Monaco h,
3 Citta'di San
v Marseille Marino
(S

& pmt

Solution has been saved

Figure20: Programinterface- LogisticsLab/TPP

Themapis used to visualise the data enteradd a solution foundThemap contains two different types of
nodes:source nodefblue) anddestination nodegred).

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 iterrilelHNew Problenor the New Problenbutton in the toolbar can be used for this.

The problem data are generated according to the specifications of the data genéfajare21). The fol-
lowing specifications can be entered:

1 Problem comment,

Number of sources and destinations,

Average quantity offered by a source

average quantity required by a destination,

average stegixed cost on an edge between a source and a destination,
average capacity on an edge between a source agestnation

=A =4 =4 4 4
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TPP - Data ‘

Comment: |

Coordinates

® Random geographical coordinates

Nr. of destinations: | O Empty geographical coordinates
- O Regular X-Y coordinates

Nr. of sources:

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

Fixed cost variations
O Variation [+/- 50%)]
@ Constant

Fixed costs:

— Capacitiy variations
Capacities: M N

@ Constant

+ Generate data X cancel

Figure21: Creating groblem in LogisticsLab/TPP

The data on quantities, costs and capacities can be varied randomly in an inter& 86,50 %] 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 nodesramdom or empty geographical
coordinatesor regularX-Y coordinateslf the geographical coordinates are generated on a randomly, a set
of European cities and villages by are udadhe case of a regular (ordere®)Y generation,SimpleMap is
displayedwith the sourcesappear on the left and thdestinationson the right.

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

The data area on the right side of theogramwindow contains five tabs for entering and maintaining the
problem data Problem SourcesDestinationsVariable costsFixed costand Capacities and aSolutiontab
for the solution.

The Problemtab (Figure22) 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: europe Transport. 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

Figure22: Problemtab in LogisticsLab/TPP
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In thetabs SourcegFigure23) andDestinations(Figure24) 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
Addbutton.

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 nageggraphical coordinate (or if Simple-
Map is chosenan X and Y coordinajea quantity Supply Demand, a minimum and maximum quantity
(min. Supplymin. Demandr max.Supply, max. DemahdTheFlowcolumn represents the supply quanti-
ties found by the optimisation and th&apcolumn represents the difference between the supply or de-
mand and the supply quantity.

Number of sources Source Source address Sunplies Minimum and Solution: outgoing
coordinates data PP maximum supplies quantities
Source names
Is g / Fxed costs Capacities Solution

Nr  Namey Lat Long City PostCode Street Country Supply Min. supply  Max. suppry Flow
1 49.02000 1.15000 Evreux France 2000 2000
2 S-KREUZLIN 47.64580 9.17830 Kreuzingen Switzerland 2000 2000 M
< >
B, Add & Delete & print Al Coords Node Coords

Solution: Difference
between supply and
delivery quantity

Create a Delete a
source source

Number of
destinations

Print
sources

Get geographical
coordinates for all
sources

Get geographical
coordinates for the
selected source

Figure23: Sourcesab in LogisticsLaff PP

Destination

Minimal and Solution: incoming
maximal demands quantities

Destination

coordinates address data Demands

Destination names

Lat Long City PostCode Street Country Demand Min. demand Max. demand Flow Gap -~

Nr  Name \
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 v
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

Figure24: Destinationgab in LogisticsLati PP

If a user has entered valid address data, it is possible to retrieve the geographical coordinates of all nodes
(All coord} or of the selected nodéNpde coordsviaa KomootPhoton server.

The Deletebutton deletes the currently selected node. The entire node list can be printed wittPtims
button.

It is assumed, thathe variable costsbetween the source and the destination are proportional to the dis-
tances They can be calculated using different distance functions. This is done by pressiGgltugate
button in the Variable costdab or the Calculate Variable Coskatton in the toolbar and the dialogue
shown inFigure25 appears.This calculation can base on distances or travel times provided by Open-
StreetMap oron aerial distanceéGreat Circle, Euclidean or Manhattan distanc&s)generate thenatrix,
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enter adistance orcost factor in the fieldistancetostsfactor per km This is multiplied by thdistance 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

Figure25: Calculation of variable costsliogisticsLafT PP

The result of this calculation is shownthe Variable costdab (Figure26). The values cannot be changed.

Problem Sources Destinations Variable costs Fixed costs Capacities Solution

Costs based on: lOSMID‘st‘ances in km

Problem size: 2x8 Edit mode: 441

Nr. il 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 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
&b Print Calculate

Figure26: Variable costtab in LogisticsLaff PP

In the Fixed costs$ab (Figure27), the stepfixed costs can be entered for each edge

In the Capacitiegab (Figure28), a capacity can be assigned to each semdeeiver relation. If the capacity
is not to be limited, arM (for not limited) is enteredBy setting a capacity equal to zero, a transport be-
tween source and destination can be blockeddiditional Constraints/Capaciti€Bigure29) is activated in
the optimisation dialogue.

Problem Sources Destinations Variable costs Fixed costs Capacities Solution

Problemstze: 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
S-KREUZLIN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

& Print

Figure27: Fixed costtab in LogisticsLafT PP
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Problem Sources Destinations Variable costs Fixed costs Capacities Solution

Problem size: |2 x 8 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

Figure28: Capacitiesab in LogisticsLali PP
After entering the data, it should be saved with the menu it8ave Problerar Save Problem as.
3.3 Optimisation and results
If all data isavailable for a transpoation problem, the problem can be solved by selecting either @yi-

misationlpStart Optimisatiormenu or theOptimisebutton in the toolbar and the dialogue shown kig-
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 © standard TPP
O Max O Bottleneck TPP
Objective function issues Additional constraints

Including fixed costs | Supply ranges
Block routes if ... [ Demand ranges
cost rate less than 0,00 Capacities

Single source

cost rate greater than M

Max. solving time in sec.: 60

v OK

Figure29: Optimisation dialogue in LogisticsLab/TPP

In this dialogue, various settings can be selected for optimisation:

I Obijectivesense:
0 Min, Max- minimisationor maximsationfor classic transpodtion problem
0 MiniMax - for bottleneck problems
1 Problem type
o Standard TPPcorresponds to the classic transpation problem
0 BottleneckTPP- Bottleneck transport problem
9 Obijective function issuesdditional conditions in the objective function:
o Including fixed costsThestep-fixed costs are included in the objective function in addition
to the variable costs.
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o Blockroutes if.. - When selected, only those assignments are used whose cost rates lie be-
tween theminimum and maximum values specified here.
I Additional constraints
0 Supplyranges- comply with supply ranges (twsided restriction)
o Demand rangescomply with demand ranges (twgided restriction)
o0 Capacities- takes capacities into account
0 Single sourceAdditional condition that alestinationcanonly be supplied by ongource

After solving the transport problem, thieest solution found appears as a network graphic in thetwork
area and the numerical solution in ti8olutiontab (Figure30).

LogisticsLab / TPP (Transportation problems) / europeTransport = (=] X

File Optimisation Print About

e BA @
(] Map o m]
Problem Sources Destinations Variable costs Fixed costs Capacties Solution
n Goteborg
: Supply: 4.000 Total costs: 518.460,00 Min. cost rate 38,32
s Demand: 4.000 Variable costs: 518.460,00 Max. cost rate: 206,12
4i h Danmark
Ecinbyg Gap: 0 Fixed costs: 0,00
@
i Kingdom Kabenhavn Flow: 4.000
Newcastle i
upon Tyne
Greot Britain From Source To Destination Cost per unit Capacity Flow Variable costs
2R eds Gdafs 1 SEVREUX 1 D-CONGLETO 143,45 M 500 71.725,
o e et SEVREUX 2 D-UTZEN 206,12 M 500 103.060,
Sheffield 9 burg Srcrecin BYO9052Z 4 cpvpEy 3 D-SAINT-ME 57,86 M 500 28.930,
a Berlin Pomat 1 S-EVREUX 6 D-HORST 205,49 M 500 102.745,
mingham @
9 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,
2 SKREUZLIN 8 D-WENDLING 38,32 M 500 19.160,
uern
Rennes
Nantes
yar
T
Venezia
Torino
Genova °Bologna “uruatska |
Monaco o ATV
$ Cittd'di San y
Vitoria-Gasteiz Marseille Marino trna
® pHa
Andorra = LEHA
la Vella Roma Italia & print

OSM routes have been loaded.

Figure30: Representation of the solution in LogisticsLab/TPP

A single part of the solution can be highlighted by clicking in one of the first fourcgleyred columns.

LogisticsLab uses heuristics to solve problems. Therefore, the solutions of different optimisation runs may
differ due to the nordeterministic nature of the underlying heuristic.
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Figure31: Highlighted part of the solution
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The solution can be saved as a text file with the extenS@ and usedwith other prograns. Figure32

shows the solution matrix of an example as an Excel worksheet.

A A B C D E F
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
16 1 S-EVREUX 1 D-CONGLETO 143.45 M
17 |1 S-EVREUX 2 D-LUTZEN 206.12 M
18 1 S-EVREUX 3 D-SAINT-ME 57.86 M
19 |1 S-EVREUX 6 D-HORST 205.49 M
20 2 S-KREUZLIN 4 D-KOTTMARS 156.96 M
21 2 S-KREUZLIN 5 D-LITOMYSL 163.22 M
22 2 S-KREUZLIN 7 D-ROVELLAS 65.50 M
23 2 S-KREUZLIN 8 D-WENDLING 38.32 M
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
3011 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
356 D-HORST 500 500 500 M
36 7 D-ROVELLAS 500 500 500 M
37 8 D-WENDLING 500 500 500 M

Flow
500
500
500
500
500
500
500
500

VariableCosts
71725.00
103060.00
28930.00
102745.00
78480.00
81610.00
32750.00
19160.00

Figure32: Representation of a LogisticsLab/TPP solution in Excel

FixedCosts
0

o 0o oo oo
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4 NWF¢ SolvingNetwork How Problems
LogisticsLab/NWF iatended forsohing network flow problems, which can be modelled mg-cost flow
problems.

4.1 Programinterface
Like the TPProgram the NWFprograminterface is divided into four areamenu andtoolbar, network
area,dataarea andstatus bar (Figure33).

Data area with
registers

Toolbar

= LogisticsLab / NWF (Netwop” & problems) v.5.0.0 / euro-distribution. NWFX =] X
Flle Optimisation PringZKbout
NEEEE
(] Map o =}
n Goteborg Problem MNodes Edge editor Al edges
n Nodes: |18
Danmark
Costs: 0| Fow: 0| Edit mode: W
e KebSR g N ID_ Name Lat Long Cty PostCode  Stre
upon Tyne 1 [ roTTERDAM 51.92000 4.47000
Py Great Britoin 2 [ sora 4177000  -2.48000
Leeds @ : Gt | 3 N oARLASTON 52.57000  -2.03000
|y Fipe, - - 4 RHAEZUENS 46.80024 9.39610 Rhaziins
9 Sheffield Groningen * yamburg Szczecin Bydge | 5 M Leuven 50.88000 4.70000
Bicrgphan e Poznan 6 [2270 ouLLns 45.71000 4.80000
9 derland 7 23 MUENCHEN 48.14000 11.58000
Cardiff Ldon jpgdebury 8 Rl FREBUANS 46.65000 5.49000
¢ @ Disseldor! - . peNFhland 9 B2 HAMBURG 53.55000  10.00000
[ Frankfurt Dresden Wroclaw 10 R3 NUERNBERG 49.45000 11.06000
a am Main 11 R4 UEBELSTEN 47.40000  15.30000
N @ Eetko 12 DI ALCOBENDAS 40.54000  -3.64000
T 0 iriberg
0 ped Luxembourg 13 [B VERBIESLES 48.07000 5.18000
14 [BEIIN BRICKETWOOD 51.71000  -0.37000
Rencas Stuttgart Linz _ wieq 15 [BRIN EISENACH 50.98000  10.31000
Monchen | “s N 16 [BSIIN MILANO(MI)/MAT 45.47000 9.18000
Nantes o _Hv ! Y 17 I BOTTNARYD 57.77000  13.83000
France StisserSvizYersr e 296 18 [N wRoCLAW 5111000  17.03000
Sviz < >
r 5 Slovenija
A M 0
venezia
Torino
Genova °Bologna “Hryatska
Monaco. P Sar
3 Cittd di San
Vitoria-Gasteiz Marseille Marino
o
de i
Andorra A s
o ; a Vella Romae -italla B Add & Delete Al Coords pords & prnt

Problem has been opened.

Tables
and
Texts

Figure33: Programinterface- LogisticsLab/NWF

On theleft side of the NWF windothere is a map on which the entered data is displayed as a netwark.
shown inFigure33, the network graph contains three different types of nodssurces(Blue), tranship-
ment nodegOchrg anddestinations(Red.

4.2 Entering the problem data
The data area on the right side of the N\Wiegraminterface contains four tabs for entering data and out-
putting the optimisation resultsRroblem Nodes Edgeeditor and All edges.

The first step is to generate a new problem. To do teédect the menu itentilelHNew Problenor the
New Problembutton in the toolbar. In addition to a comment, the number mddesmust be entered
(Figure34). 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 (206®), p. 4
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NWEF - Data ‘

[ |
Coordinates
L]

(® Random geographical coordinates

Problem:

Nodes:

(O Empty geographical coordinates

X Cancel

Figure34: Creating a problem in LogisticsLab/NWF

The Problemtab (Figure35) displays information on the current problem and contains an input field for
enteringa short comment. After an optimisation has been completed, the objective function vahsy
and the total flow quantityFlow) are displayed.

Problem Nodes Edge editor All edges

Problem: ’ euro-distribution. NWFX

Comment: ‘ pistribution

18 Solution: No

44

Nodes:

Edges: Optimal: No

Supply:
Demand:

1,200 Bxact: Yes
1,200

Gap: 0

Costs: 0.00

Flow:

Figure35: Problentab in LogisticsLab/NWF

In the tab Nodes(Figure36) all information about the nodes is entered. Either enter the number of nodes
first or add each node individually with theddbutton. The selected nodean bedeleted with theDelete
button. The entire node list can be printed with tReint button. If a user has entered valid address data, it
is possible to retrieve thgeographical coordinates of all nodesl(coord$ or of the selected nodeNpde
coordg viaa Komoot/Photon server.

Each node is described by a unique node identifig), @ node nameNameé, geographicatoordinates
coordinate (or if SimpleMap is chosen, dnand Y coordinajethe supply or demandvplume only for
sourcesor destinationnodes)and lowerand upper capacitypounds(Min. Cap.and Max. Cap, only for
transhipment nodes). It should be noted that LogisticsLab/NWF follows the notation of thebétamce
condition of themin-cost flow modé€l so that supply nodes are indicated by positive values invitlame
column andhe demands of thelestinationswith negative values in this column.

After the optimisation, theflow through the node and the costs for the outgoing transports are entered as

results.

! Steglich et al. (2016), p. 164 ff., Hillier and Liebermann (2015), p. 397., Yildirim (206®), p. 4
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Capacities of the

Number of nodes
transshipment

Coordinates Address data Supplies or

demands
nodes
Problem No Edge editor All edges
Node IDs and 18
names
0] Fow: | Edt mode: 1]
N D Name Lat f Long City V PostCode Street Country Volume Min. Cap. Max. Cap. Flow Costs
1 -RDTTERDAM 51.92000 4.47000 320
2 [ soriA 4177000 -2.48000 500
3 -DARLASTDII 52.57000 -2.03000 260
4 S rRHAEZUENS 46.80024 9.39610 Rhaziins H 120
5 21 LEUVEN S0.88000  4.70000 0 0 600
6 22 OULLINS 45.71000 4.80000 1] 0 400
7 23 MUENCHEN 48.14000  11.58000 0 0 500
8 RL FREBUANS 46.65000  5.49000 0 0 400
9 R2 " 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 -ALEOBENDAS 40.54000 -3.64000 -120
13 [§3 versiesLEs 48.07000  5.18000 -240
14 -ER[CKETWOOD 51.71000 -0.37000 -80
15 -EISETIACH 50.98000 10.31000 -280
16 [BEIIN M1LANO(MD/MAT 45.47000 9.18000 -160
17 -EGTTHARYD 57.77000 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

Figure36: Nodegab in LogisticsLatNWF

In the Edgeeditor (Figure37), directed edges can be assigned to a selected start node. In the edge editor
the directed edges starting from a noder¢m nodg are to be specified with the edge capacitibr(. Cap.
andMax. Cap). With the symbolic valug an edge is defined as not capacitively limited.

Additional edges can be added with tAedbutton. Amarked edge is deleted with tHeeletebutton.

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

- | [ROTTERDAM
Volume: Min. Cap.: Max. Cap.: Flow:

.IDo.fthe 320 |0 | 0 0 \ Number of
destination nodes dirocen edge
To nodes:
To Min. Cap. Max. Cap.
1zt 0 170
2 722 0 170

3 |23 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

Figure37: Edgeeditor in LogisticsLab/NWF

It isnot possible teenter the costger edgemanually. They can only be calculated on the basis of distances
or travel times and corresponding cost factofs.user can clickhe Calculate Variable Cosison in the
toolbar or via the menuOptimisation[HCalculate Variable Cosésd the dialogue shown iRigure38 ap-
pears.This calculation can base on distances or travel times provided by OpenStreetiMapaerial dis-
tances(Great Circle, Euclidean or Manhattan distancé@®).generate thanatrix, enter adistance orcost
factor in the fieldDistancetostsfactor per km This is multiplied by thdistance 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

Figure38: Calculation of variable costsliogisticsLafT PP

In the All edgestab (seeFigure39) all directed edges are listed in a table. In this list, the cost rates and the
capacities of the individual directed edgae shown After the optimisation is completed, the flows and
the costs aralisplayedfor the directed edges and as total values.

Solution: Total costs Solution: Total flow

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

Figure39: TabAlledgesin LogisticsLatNWF

After entering the data, it should be saved with the menu it8ave Problerar Save Problem as

4.3 Optimisation and results

The optimisatiorcan be started by clicking tt&tart Optimisatioricon in the toolbar or the men®@ptimisa-
tion MpStart OptimisationAfterwards a window appears informing the user about the progress of the op-
timisation and showing the characteristic values of the solution folglge40).
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NWF - Optimisation X ‘

Problem: ’ Distribution }

Modes:
Arcs:

Result: Nodes: Edges:
Model: \ ‘ l ‘ l 63 ‘

Iterations:  Objective value: Flow: Time [sec]:
Optimisation: | I I I | I

B stert

Figure40: Optimisation dialogue in LogisticsLab/NWF

After clicking the OK button, the solution is entered in tabs Nodesand All edgesand displayed in the
Network area Figure41). 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 = [m] ES
File Optimisation Print About
NeEBBE 3
(o] Map o o
¢ = Problem Nodes Edge edtor All edges
n Goteborg
- | Edges: Costs based on: [0SM/Distances i km
Danmark Costs: lﬂ Flow: l 1,200J
2d Kingdom ime Name To Name Cost rate Min. Cap. Max. Cap. Fa
[ o H ROTTERDAM 71 LEUVEN 30.14 0 170
b H ROTTERDAM 22 OULLINS 0 170
Great Britain H ROTTERDAM 73 MUENCHEN 0 170
SERRLY . ceds G lwi  sorm 71 LEUVEN 0 170
Manchester, Sheffield Groningen i w1 SORIA 2 QULLINS 0 170
Szczecin 99 w1 SORIA y £ MUENCHEN 0 170
Jedio Poznaf. |W2 DARLASTON 71 LEUVEN 0 170
w2 DARLASTON 2 QULLINS 0 170
Cardiff w2 DARLASTON 3 MUENCHEN 0 170
W3 RHAEZUENS ral LEUVEN 0 170
|w3 RHAEZUENS 2 QULLINS 0 170
w3 RHAEZUENS - MUENCHEN 0 170
Z1 LEUVEN R1 FREBUANS 0 170
Guernsey pal LEUVEN R2 HAMBURG 0 170
Z1 LEUVEN R3 NUERNBERG 117.43 0 170
Rennes ral LEUVEN R4 UEBELSTEIN 211.56 0 170
2 OULLINS R1 FREBUANS 29.92 0 170
Nantes 2 OULLINS R2 HAMBURG 236.87 0 170
2 QULLINS R3 NUERNBERG 162.24 0 170
2 OULLINS R4 UEBELSTEIN 226.71 0 170
(c 3 MUENCHEN R1 FREBUANS 141.19 0 170
Verie s 4 MUENCHEN R2 HAMBURG 158.02 0 170
Torino 3 MUENCHEN R3 NUERNBERG 33.38 0 170
Genova °Bologna BHrvatska - ro. |Z3 MUENCHEN R4 UEBELSTEIN 76.06 0 170
4 M°Q’“° L R1 FRERIIANS n Al CORFNNAS 270 a2 n 170 ¥
Citta'di San < >
Vitoria-g Marseille Marino e
Anrj%rra : ut & Print
la Veila Romae ‘ltalia
0SM routes have been loaded.

Figure41: Representation of a solution rogisticsLab/NWF

LogisticsLab uses heuristics to solve problems. Therefore, the solutions of different optimisation runs may
differ due to the nordeterministic nature of the underlying heuristithe solution can be saved in a text
file with the extensiorSOKXand imported into otheiprograns (e.gExcel or LibreOffice/C&)c

8 https://www.microsoft.com/enus/microsoft365/excel anchttps://www.libreoffice.org/, asof July 2@4.
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5 TSR; SolvinglravelingSalesmanProblems

The TSRrogramis used for solvindraveling Salesman Probletn®pen Traveling Salesman Probléins
and Chinese Postman Probleffor symmetrical and asymmetrical distances between the locations to be
approached.

TheTravelling Salesman Problem is characterised bgtwork witha certain number ofhodes to bevisited
one after the other. Of the many possible sequences, the one that minimises a certain criterion (total dis-
tance, cost otraveling timg must be found. The following conditions apply:

1 The tour starts and ends at a specific node.

1 All nodes must be included in the round trip.

1 Each node must be visited at least once.
There are additional problems in which all nodes must be visitetlthe starting node and the destination
node are different.Suchproblemsare calledand Open Traveling Salesman Probleand can be divided
into the following four types:

1. Open TSHiith fixed start and end node,

2. Open TSWith fixed start node and free end node,

3. Open TSWith fixed end node and free start node,

4. Open TSRith free start and end node.

5.1 Programnterface

After starting theprogram the programwindow shown inFigure42 appears, whictconsists of a network
area and a data area.

Figure42: Programinterface- LogisticsLab/TSP

9 Steglich et al. (2016), p. 281 f., Chen e{2010), p. 146 ff., Ghiani et §2013), p. 368 ff.
10 \attfeld and Vahrenkamp (2014), p. 234fteglich et al. (2016), p. 281 f.
11 steglich et al. (2016), p. 321 ff., Ahuja e(2013), p.740.












































































































