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Introduction

Reference scenarios are a common technique in simulatilovgng the

evaluation and comparison of different algorithms and appreadfa

transport logistic processes these approaches can be foplexdifferent

strategies to select the packets to be loaded.

Different reference scenarios are required ranging fsomple scenarios
for easy understanding the effects up to complex and reaisticarios
comprising all major factors to be considered. As the fbeums is on dy-
namic transport problems, the scenarios should faciliggteesentation of
such dynamics.

Traditional scenarios

There are few scenarios which are commonly used to naglstic trans-

port processes. Well-known examples are the Solomon Inst§Boks

mon 1987) and scenarios derived from them. The Solomon Instances are
scenarios for so-called “vehicle routing and scheduling problethsime
windows”. They consist of a list of orders, their locatiam&l their time
constraints and of a set of vehicles that have to dbe/erders. Derived
scenarios can also be used for “pickup and delivery pratilernen pairs

of orders from the original scenarios are combined torsrti@t have to be
picked up in one location and delivered to another. However, thes&rsce
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ios have major drawbacks for modelling dynamic transpatgases as
investigated in the CRC:

* They assume direct connections between all locationiseirsce-
nario.

* They are not dynamic in the sense that all destinationsranstt
port orders are known in advance.

* No “travelling obstacles” such as traffic jams ordadosures are
assumed.

This leads to the conclusion that the traditional logstienarios are not
suitable for the investigation of dynamic transport proses$herefore,
new scenarios have been developed and are presented hereefdréeos
describe all relevant elements of the logistic trangprantess.

Components of dynamic transport logistic scenarios

In the following, the terms for the description of a general iinfimfedy-
namic multi-modal transport networks are defined. Theosderms de-
scribed here build the basis for the description of scenarios

A model of a transport network has to represent on the argetha in-
frastructure, i.e. the route network, the trans-shiprpeinits, storage fa-
cilities and other locally fixed objects which can l@wn on a map or a
weighted network graph. For the representation of the noetiwork, di-
rected graphs are used, so parts of the terminology (vedge) originate
from graph theory. On the other hand, the model has to reptésemov-
able parts of the transport process, i.e. the goods tabgported (pack-
ages) and the carriers for these goods (vehicles). Treawetary infor-
mation carriers, order, suborder and shipment are intrddwdgch can be
assigned to different packages or groups of packages. €lesents per-
mit the representation of data related to the packagksling the possi-
bility that packages can be aggregated to larger load faritsections of
the transportation route taking into consideration thavengransport or-
der can include goods for several destinations. In the folloviiregcom-
ponents of the model and their characteristics are brieflgritbed.
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Vertices

Vertices in general are static points in the network wieie or more
edges meet. At vertices, load bundling/unbundling and trans-shipm
tasks can take place.

The description of a vertex includes the definition of functiaméts lo-
cated inside the vertex, like storage facilities and tshisment possibili-
ties. In a multi-modal network, the transition betweeges of different
types in a vertex is closely linked with trans-shipmaoicesses.

Possible types of vertices:

» Pure furcation point: A pure furcation point is a vertex withgtorage
or trans-shipment facility, load or unload possibility.vertex of this
type, however, permits route continuation in different dioes.

» Pure trans-shipment point: This is a location where @alystshipments
can take place, but the direction of travel cannot be chafgedxam-
ple, this is a port where a (one way) street is tertimgaThe arriving
trucks wait (requiring parking capacity) until a RORghip with free
transport capacity arrives and transports them ovegrwathe next ver-
tex (harbour) where the trucks can leave the ship.

e Multi-modal vertex with limited trans-shipment possibilityhis is a
type of vertex which generally allows transport mode changes, but
might have restrictions concerning mode change directiongadthee
limitations of available equipment. An example is a tstation located
at a road which has the capability to transfer loagis firucks to trains,
but not from trains to trucks or from one truck to another.

» Pure storage vertex: A vertex which just provides storage anadiiy.
An example for a storage vertex can be a highway cangaeke trucks
can wait for the duration of the weekend driving dmans-shipment
possibilities or route forks do not exist in general.

Sources and sinks

Sources and sinks are special vertices or functional assigned to verti-
ces of a network. A source is the sender of a package sin# & the re-

1 Roll-On/Roll-Off, a type of ship where vehicles ®atrucks, sometimes also
trains) can directly drive onto the deck

2 In Germany, heavy trucks are not permitted to drive betWbeand 22h on Sun-
days and public holidays, except for transports of fresti fixe fish, milk, vege-
tables.



Wenning, B.-L.; Rekersbrink, H.; Becker, M.; Timm-Giel, A.; Gorg, C.; Scholz-Reiter, B.: Dynamic transport reference scenarios. In: Hilsmann,
M.; Windt, K. (eds.): Understanding Autonomous Cooperation & Control in Logistics — The Impact on Management, Information and
Communication and Material Flow. Springer, Berlin, 2006

4 Bernd-Ludwig Wenning*, Henning Rekersbrink**, Markus Betker
Andreas Timm-Giel*, Carmelita Gorg*, Bernd Scholz4eei*

ceiver of the package. The function of a source is to genteatsport or-
ders, suborders or shipments and the packages assignedet@ittiess.
The rules, lists or distributions with which transpodeass are generated at
a source strongly depend on the logistic scenario considered

Sinks receive packages and complete the transport orders.aarans-
port order is completed, the order and the related paclkagesemoved
from the network. Sources and sinks have to be ablern® gackages until
a vehicle with adequate space picks them up or an ordemjslieted.

Edges

The physical connections between vertices, like roadsvays or water
ways are named edges. All edges are considered to lotedirdn edge
therefore has an origin and a destination vertex and aléxegth. In addi-
tion, it carries information about permitted transporfbeity which usu-
ally depends on the type of vehicle and the time of the day

In multi-modal transport networks, different typesedfjes are possible.
This leads to the possibility of having several diréotelges of same or
different types between two vertices, which can evealiselutely equiva-
lent for certain types of vehicles.

Vehicles

All means of transport carrying packages along edges ofveorieare
called vehicles. Vehicles are limited in number and ratrarbitrarily en-
ter or leave the scenario.

Each vehicle is assigned a type, e.g. ship, aircraftuosktrEach type
can have further sub-type specifications, e.g. containek (for a special
type of container), hazardous material truck with spedcais-shipment
equipment, etc. The type of vehicle contains attribudegivte vehicle de-
pendant information about the goods the vehicle can carry armbiioe
tions under which these goods can be transported and (un-)léaadtuer,
the type implies the ability to use certain edges.

The speed with which the goods can be transported iastlimited by
a maximum speed assigned to the vehicle. Further, a vehictedeimed
load capacity. A vehicle in use can have its capacity uhymsatially used
or fully used, depending on the orders the vehicle is carpgng
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Packages

Each form of transport good in a fixed packing is callgzhekage. This
means, in the model, a package is the smallest unit of goduks trans-
ported. The kind of content of a package which can implgiapgansport
conditions and treatment during trans-shipment (e.g. frgeeds, hazard-
ous goods etc.) is described by its type.

A package has volume and mass - or more generally, up@s load
capacity of a vehicle during transport and storage capdaiiyg interme-
diate storage. Packages undergo processes of load foinming logistic
context. In the presented formalism, this load formingh@ing) is ex-
pressed using the concepts of orders, suborders and shipments.

Orders, suborders and shipments

The concept of a transport order as a model component pronfoesia-
tion which is mandatory for the description of a logistic retkw The
transport order contains all the information needed foryicey out the
transport of a package or a group of packages. In additiergrier may
contain several suborders. There is the possibility alsp¢cify the de-
sired contractor if necessary.

The original order of the transport goods is generated abiirce. An
order is generated when there is a need to transfer goodsifi@incation
to another. For each package, there is a related trarsgdertwhich con-
tains the information needed for the execution of the trahsfo order is
generally completed at the destination, which is thevaalesink. The or-
der is completed only after all the packages belonging to the bede
reached the sink and have been grouped together.

Shipments are information objects describing the non-intedupaes-
port of a fixed amount of goods between exactly two nodesising ex-
actly one vehicle. This means that the shipment is only teripoexis-
tent and it is assigned to the vehicle that is proceshiaghipment. As a
vehicle can transport packages from different orders samediusly, a
shipment can contain packages from several orders and sughorder
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Evaluation criteria for transport scenarios

When investigating the quality of an approach, there is tbe teeevaluate
its performance levels with respect to the aspired gdalksrefore a set of
evaluation criteria is required. Considering transpamafogistics, the
goal is to achieve a high logistic efficiency, i.e. highf@enance at low
cost. Two sets of possible evaluation measures amirged in the fol-
lowing:

Volume-related measures

* Queued package3his is the number of packages that are located at a
vertex and waiting for transport. The higher this number, the stor-
age is required at a vertex, resulting in increased cost

 Inactive vehicles The number of inactive vehicles can be seen as a
measure for efficient vehicle usage. If there is a cohstamber of in-
active vehicles in a simulation, this means the propogprbach needs
less than the allocated number, indicating potentiaddst saving.

» Vehicle utilisation This indicator gives the capacity utilisation of the
active vehicles. High utilisation means the vehicles atkleaded most
of the time, and there are only few empty trips.

Process-related measures

e Throughput timeThis is the time from the generation of packages up to
the completion of the transport order. It is an absolutesureafor the
completion without considering whether all the requirementen in
the order are met or not.

e Punctuality rateThis is the percentage of orders that are completed in
time. A high punctuality rate is one of the key measures aff@gient
transport process.

» Distance per packagdhis compares the actual distance taken by a
package with the minimum distance between source and girskway,
it is possible to evaluate how “straight” the transppath is. Longer dis-
tances imply higher costs and increased risks for theagas.

e Trans-shipments per packadgeévery trans-shipment operation means
risks and added costs. Therefore the number of trapsishts should
be kept as low as possible.

Most of the measures introduced here need to be usedjimcton. Oth-
erwise, the overall performance could be bad regardlesmefor two
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measures being good. For example, the vehicle utilisatiord dmilkept
high by carrying packages around on unnecessarily long tepgdinlg to
bad values in other measures such as the throughput tindistacce per
package and thus decreasing the overall performance.

Economic measures are not explicitly included in the destCrime.
However, they depend on the aforementioned volume- and procatesdrel
measures. To derive an economic evaluation for the investigagistic
scenarios, additional cost models are required that thmepdescribed
measures to costs and revenues. Such models are beyondpbesthis
chapter.

Example scenarios

Based on the definitions of components as described above, cefems
narios have been generated. For modelling of logistic presegsey com-
prise all relevant components, such as location and anadiy of verti-
ces, edges, type and initial position of vehicles and ildigion of
packages. Two selected scenarios, the small 4-vertearszcamd the lar-
ger Germany scenario, are described in the following subsscilhe 4-
vertex scenario is designed for basic testing and understahdingnpact
of algorithms and approaches. The Germany scenario is lbaseities
and motorway connections in Germany, it is needed eslyefidalcom-
plex investigations, e.g. routing algorithms requiring thisterce of mul-
tiple routes. These scenarios are intended to be usedasible basis for
investigations of dynamic logistic processes.

The 4-vertex scenario

The network used as the physical base of this scenasfwisn in Figure
1. This network has only four vertices and the edges arefefatit types
such as Highway, Road, and Railway, representing the matality
even in this small example scenario. An arbitrary nunaberehicles of
four different types can exist in the network and capagkages according
to their specifications.
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Figure 1. The 4-Vertex Scenario Topology

The network contains four vertices, numbered 1 througrhdse verti-
ces are start or end points of different edges, and sepresources and
sinks of transport goods and have various trans-shipmenitiéacilt is
supposed that a vehicle arriving at a vertex can change totlagyeaige
present in that vertex, given the edge accommodates thatevefable 1
lists the vertices along with their properties.

Table 1. Vertex properties in the 4-vertex scenario

Vertex ID  Type Trans-shipment Trans-shipment Trans-shipment
type capacity [pu/h] cost per unit
1 General Road>Road 23 1
2 General Road>Road 40 1
Road> Rail 100 5
3 General Road>Road 50 2
Road> Rail 25 3
Rail>Road 80 3
4 General Road>Road 120 4
Road> Rail 42 4
Rail->Road 70 4

The table also contains the trans-shipment options fdr eertex. The
capacities in package units per hour [pu/h] apply only to reak+ra
shipment operations. A fixed loading/unloading time df &a hour is ap-
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plied at each of the sources/sinks irrespective of the auwibpackages
handled. It should be noted, that the transport modepatkage cannot be
changed in all directions in every vertex. It is assumet dhavertices
have unrestricted storage capacities for intermediatage both for vehi-
cles and for packages. Thus vehicles that are not invaivednsport op-
erations must idle at a vertex.

Table 2. Source properties in the 4-vertex scenario

Source ID Location Output rate DestinationsRequirements
(Vertex) [pu/h] (package type)
S1 1 10 40% --> 2 none (A)
30% --> 3
30% --> 4
S2 1 12.5 30% --> 2 cooling (C)
20% --> 3
50% --> 4
S3 3 15 40% --> 1 none (A)
60% --> 4
S4 4 10 70% --> 1 careful handling (B)
30% --> 2
S5 4 2.5 100% -->1 none (A)
S6 4 25 50% --> 1 cooling (C)
50% --> 3

Sources in the sample network are the points where newgesckad
their "transport orders" are generated. The sources amdotbperties are
given in Table 2. All sources are located in alreadytemisvertices of the
network and the arrivals of packages are modelled assadPoprocess (a
discrete memoryless process (Trivedi 2002)). It is furthsurasd that a
source has an unlimited waiting space where the packagdsecstored
until a vehicle picks them up and transports them to thetmdéiens. As
shown in table 2, the sources are not uniformly distributed theeset of
vertices and their output rates are different. This allihesnvestigation of
unbalanced load conditions. In this scenario, all verémtss sinks, as the
source specifications include all vertices in the ,Desiima” column (see
Table 2).

For simplicity, it is assumed that there is only one gerfenah of
freight that should be transported, namely packages @edrsize. Each
package belongs to one of three different types, A, B depending on
handling requirements and risks involved (see Table 5 foritlefirof the
package types).
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Three different types of edges are present in the netiankple road,
highway and railway. While simple roads (green colour infidgnere) and
highways (black) are bidirectional connections betweencesrtisable for
vehicles of class S, the railway (red) is a ring whihini-directional and
can be used only by vehicles of type R (for vehicle paennesee Table
4). The parameters for edges, especially the path lemgththe allowed
maximum velocity, are given in Table 3.

Table 3. Edge properties in the 4-vertex scenario

Edge ID Start Vertex End Vertex Type Length max. Speed
El 1 2 Highway 370 100
E2 1 2 Road 300 80
E3 1 3 Highway 250 100
E4 2 1 Highway 380 100
E5 2 1 Road 300 60
E6 2 3 Railway 400 80
E7 2 3 Highway 480 100
E8 2 4 Highway 490 100
E9 3 1 Highway 250 20
E10 3 2 Highway 400 100
E1l1l 3 4 Railway 700 180
E12 3 4 Highway 770 100
E13 4 2 Highway 450 100
E14 4 2 Railway 500 120
E15 4 3 Highway 700 100

For vehicles, a maximum transport capacity and speddfised. The
routes of the vehicles except for the trains and their logdlilagities are
not predefined. The trains travel only in a closed ningrie direction.

The vehicles available in the scenario are charactebyede attributes
given in Table 4. The number of vehicles and their capadiie over-
dimensioned for the load that is given in the scenario. me&ns if an ap-
proach fails to handle the load with the given vehiclesartbe considered
being very inefficient. Efficient approaches can do withléss than the
given number of vehicles.
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Table 4. Vehicle properties in the 4-vertex scenario

Vehicle IDs# of VehicleSype

Capacity max. Speedllowed Edge

[pu] Types
V01l ..Vv20 20 Light Truck 60 120 Road/Highway
V21..V25 5 Cooling 100 100 Road/Highway
Truck
V26 .. V40 15 Truck 200 80 Road/Highway
V41l ..Va4 4 Freight Train 2000 200 Railway

If a vehicle arrives at a vertex, the scenario allowsdte@wing actions:
It can deliver packages at a sink, load new packages freoui@e, do
trans-shipment operations by unloading a number dfgmges and loading
other ones, wait or continue its route. In trans-shipmére specified rates
and restrictions given in Table 1 apply.

As mentioned above, a relatively simple concept of packagesgdsinis
the scenario, where the only variable relevant for tramspdhe number
of packages. However, some risks and special transparirestnts are
assigned to packages in the model. Therefore, three typeckdiges are
introduced and defined in Table 5.

Table 5. Package types in the 4-vertex scenario

Package Typ&equired Specialties
Vehicle Type

A any no specialties

B any 5% risk of breaking during trans-shipment,
0.5% risk per hour of breaking during train
transport

C cooling vehicle destroyed when transported in a nofirgp
vehicle

The Germany scenario

The Germany scenario is based on a network of 18 citi€@efmany, as
shown in Figure 2. The edges between the vertices repregbwialy con-
nections between those cities. This makes the scenaingla-siode sce-
nario limited to highway traffic. The edges are directed. e, in fig-
ure 2 the directions of the edges are not shown for sittyplanid each link
in the figure stand for two edges, i.e. one per directidiusTthere are a
total of 70 edges in this scenario.
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In contrast to the small scenario described eatiies, scenario gives
more choices for alternative routes, especially betwesstices far away
from each other. Therefore, it is well suited for inigegion of routing al-
gorithms. Some investigations have been completed usingctrario ef-
fectively (Wenning et al. 2005, Becker et al. 2006).

Hamburg

Berlin

Hannover

Bielefeld
Dortmund

Duisburg

Leipzig

Dresden

Disseldorf

Mannheim

Nirnberg

Stuttgart

Minchen
Figure 2. The Germany scenario

Each of the vertices in this scenario is origin for sgpackages and des-
tination for others, which means that there is a pgelsmurce at each ver-
tex, and each vertex is acting as a sink. The output rake &fources de-
pends on the size of the city, ranging from 2 pu/h in Kasstb 3d pu/h
in Berlin. The vehicle distribution also depends on the city. $iz¢otal,
there are 71 vehicles, each with a capacity of 60 pu and anonaxspeed
of 120 km/h. The basic version of the scenario assumega fit@ximum
edge speed of 100 km/h, but it provides the opportunity to intraduce
dom occurrence of traffic jams individually for each of duges, specified
by an occurrence probability, an average delay that eachlevehiperi-
ences and an average duration of the traffic jam.

In addition to the logistic network, this scenario is ovdngith a defi-
nition of the communication capabilities on the edges. All edgesully
covered with GPRS, and partially covered with UMTS. Fegsishows the
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GPRS (blue) and UMTS (red) coverage. The idea behind theatitagof
communication capabilities is to simulate also the commtiaicaolume
that arises from the autonomy and cooperation of the logistigpponents.
This way, the simulations can also be used to study @speecerning the
wireless traffic that is generated.

Hamburg

Berlin

Hannowver

Duishurg,

K

Dresden
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Mannheim Nurnberg

Stuttgart

Minchen
Figure 3. GPRS (blue) and UMTS (red) coverage in the Germamasice

The use of this scenario and its components, with e$penj@hasis on
communication parts, in a discrete-event simulation iseptes in detail
in (Becker et al. 2005).

Summary

In this chapter, components for modelling of dynamic logisgdtworks

have been introduced and evaluation parameters have bednTigto ex-

ample scenarios are given which can be used for the #dealuz ap-

proaches in these dynamic networks. These scenarios arplesathat

might not contain all aspects relevant for a specifigraach, but they can
easily be extended or other scenarios can be created baghe defined
components.
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