Simulation of Supply Chain with Disturbances Using
Flexsim - Case Study

Patycja Hoffa®™" and Pawel Pawlewski

Poznan University of Technology, ul.Strzelecka 11, 60-965 Poznan, Poland
patrycja.hoffa@doctorate.put.poznan.pl,
pawel .pawlewski@put.poznan.pl

Abstract. The aim of the paper is to present a simulation model of transportation
which includes different disturbances. The paper describes in detail modeled route
and way of modeling some disturbances. In article authors presented influence of
distinguished distortion to time of realization transport task. Authors create own
object with using Discrete Event Simulation and Agent Based Simulation
approach. The research highlights of the performed works are as follows: showing
influence of disturbances to transportation time and present a description to build
objects, which represent disturbances.
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1 Introduction

Paper presents author’s work on supply chain modeling method with including the some
disturbances. Given the wide range of aspects included in the supply chain, authors
decided to concentrate on the selected area - transport processes and disturbances occur-
ring in them and how they can be modeled. In the literature, many articles about modeling
asupply chain can be find. Popular methods of modeling route/supply chain are: creation
paths by using graph, by using algorithms and neural networks and others. However,
describing the disruptions in transportation and how they can be modeled is not enough.

Authors in this article are presenting a simulation model of realization a transport
order (route of this transport). This model takes into account some disturbances. It was
created by using a modern software Flexsim, that allows build models of various degrees
of complexity [26]. In order to present a discussed issues, authors integrate Discrete
Event Simulation (DES) with an Agent Based Simulation approach (ABS). Authors
created their own objects, which map some interference. This objects have a certain
intelligence, which have been given by creator.

The main aim of this article is to present a simulation for chosen transport route,
taking into account some disturbances and detailed description of a method of modeling
those distortions. Authors also demonstrate in practice how they create these objects,
not just a theoretical description. Important is also to show the relationship between
disturbances and time of realization the transport task.
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An article consists of six parts. Section 2 contains a literature background about a
supply chain, way of route modelling and about disturbances in transport. A Section 3
presents detail descriptions of planned route as a case study. It includes description of
method of modeling disturbances, and how they can be modeled in practice. Parts 4 and
5 refer to simulation experiments and results of them. An article ends with conclusions
and plans for further work.

2 Supply Chain and Disturbances — Literature Background

Modern supply chains are dispersed systems [6, 19, 23]. In order to confirm the
complexity of aspects in supply chain, few definition about them are presented. Recalling
Umeda: “A supply chain system is a chain of processes from the initial raw materials to
the ultimate consumption of the finished product spanning across multiple supplier-
customer links. It provides functions within and outside a company that enable the value
chain to make products and provide services to the customers.” [22]. Other definition
is: ,,a supply chain is a worldwide network consisting of suppliers, manufacturers, ware-
houses, distribution centers and retailers through which raw materials are purchased,
transformed and delivered to customers” [10]. So, the supply chain is represented by a
number of actors and many factors (inside and outside the company [13]) which have
an impact of its functioning. It can consist of two participants (sender and receiver), but
it is more complicated often, as: wholesalers, storage or transport service providers.
Because of wide range of supply chain issue, in the literature can be found many
articles about methods of describing and modeling a network. The most known are:

— modeled transport routes by using different type of network, for example Petri net
[20];

— Dby using algorithm like Dijkstra and/Floyd-Warshall algorithms [9];

— and of course in mathematical description [24].

To model processes in supply chain, two methods are using: Discrete-Event Simu-
lations (DES) and Agent-Based Simulation (ABS). DES models are characterized by
the process approach — they focus on the modeling of the system in detail, not on the
independent units. More information about this method can be found in [3, 7, 18].
Whereas, ABS focuses on individual elements (resource, participants in the process),
which are characterized by their own distinct behaviors [14]. In ABS approach we should
pay attention to: attributes and behaviors of individual agents, relations and interactions
between agents and the environment that we model. Agent-Based Simulation is
discussed in more detail in [2, 8, 13, 14].

Describing about disturbances in transportation issues, it should be noted that usually
they involve of the transport of hazardous materials and the associated with this transport
risks [5, 11, 16, 21]. Of course, it can be find articles about disturbances not related to
transportation of hazardous material, for example about car accident [1, 17]. Very inter-
esting approach to robustness of Multimodal Transportation Networks is presented in
[4]. Author distinguished two types disruptions in supply and demand: structural and
behavioral.
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But there is a little number of articles devoted to modeling a disturbances, describing
how to model them, not only to calculate the risk of their occurrence. Therefore, the
authors decided to engage in the topic of disruptions modeling. A list of featured distur-
bances by authors with method of modeling them can be found in [12].

3 Simulation Model of Supply Chain - Description

The simulation model of the selected transport route was built using the Flexsim soft-
ware. In this software we can simulate, analyze, optimize every systems and processes.
The model is created in 3D visualization. Using Flexsim is very simple by build-in tool
and objects [26]. In order to make the best representation of reality, some assumptions
were made, for example about vehicle speed and the presence of interfering elements
transport mileage. Detailed assumptions are described in the next part of article.

3.1 Model of Transport Route - Definition of the Problem and the Assumptions

General information about the modeled transport routes are included in Table 1. This
route includes travel from Jarogniewice city to Zgierz city, both of them are located in
Poland.

Table 1. Modeled transport route — general information.

Transport route

Loading place |Zip code | Unloading place Zip code | Distance [km]

Jarogniewice | 64-020 Zgierz 95-100 222

Figure 1 presents the route.
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Fig. 1. Jarogniewice — Zgierz route. Source: [30].
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The planned route includes journey using motorway A2. Part of the road (from
Komorniki to Konin) is managed by Autostrada Wielkopolska [25]. At this section of
route some toll collection points are, so fee should be pay. Further section (Konin -
Emilia node) is managed by GDDKIA, and therefore fees are collected through an elec-
tronic system viaTOLL [27]. Table 2 shows the places where there are manually toll
point. In those points, in relation to pay a fee, there is slow traffic. Therefore, authors
treat these situations (these points) as a disturbance.

Table 2. Manual Toll Collection Point at the route. Source: based on [25, 27].

Toll collection point

Administrator Place

AW Nagradowice
AW Ladek
GDDKiA Konin Wschéd
GDDKIiA Emilia

In present simulation model, assumes that speed of a mean of transport is 80 km/h
(4 - Acceleration/Deceleration). This speed is intentionally not a random value, because
authors want to clearly show the influence of various disturbances on the modeled
route - at the time of realization the transport order.

The purpose of the simulation model is show the transport time from the start to the
final point, in the event of the occurrence of different, random disruptions. In this model
includes three types of disturbances:

(1) Driver working time - in conjunction with the applicable provisions [29] time of
driver working should be considered; authors treat this as a certain disruption (time
of working between next break are well known and duration of break are know too;
these breaks increase the time interval of the order realization);

(2) Time of fee payment in Toll Collection Point (TCP) - in connection with moving
by motorway, we are faced with a manual toll collection points; time spent at these
points is variable - it depends on the volume of traffic;

(3) Road accident - List of “Black points”, which is widely available, can be used for
defining the dangerous places in Poland [28]. At the planned route the black point
doesn’t exist, but authors decided to take into account this disturbance in some point
as a random incident.

3.2 Selected Disturbances - Description and Method of Modeling

For the above-mentioned interference, detailed method of modeling will be presented.
Authors, in order to model a particular interference, created own objects with special
labels and some assigned intelligence. Each disruption is described in detail in next part
of this work.
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Driver working time. In accordance with current regulations, the driver at the speci-
fied interval has to stop and make a break (during which he can not to do any other
operations - e.g. loading processes) [29]. In the present model, the time of driver
working starts at time, when vehicle received the message about new transport order
to its completion. Therefore, loading and unloading operations are included. The
authors treat the break as the disturbance - an element extending the time of realization
order. But they have to be made. Analyzing the driver work time, in the basic terms,
the driver after 4.5 hours of driving/work is required to make a 45 minutes break, then
after a further 4.5 hours driving/working a break is equal 11 hours. This approach has
been simulated in the model (the authors did not take into account other cases of breaks
in work, because this disturbance is like a reminder to modeler that the driver must
have breaks!! Besides at the market, specialized programs for time management driver
can be founded.

Driver working time in the simulation model is mapped by using individually created
object called Driving_Work_time_Measure (Fig. 2). This object has 7 labels: the first
specifies the time interval between subsequent measurements, the second and the third
contains information on what time after the start of the work is have to be a break; lables
4 and 5 contain information about time duration of each break; 6 and 7 are supplemented
with the start time (time of receipt message about starting transport order by the
vehicle = start time), and with the end time (end of transportation order = stop time).

»~ DWTM1/Driving_Work_Time_Measure Properties =— = n

‘ Driving_Work_Time_Measure @

Sink | Flow | Triggers | Labels | General

de G| X ||t |8 |

T

1 | TimeBetweenMeasurement 0.01

Driving_Work_Time_Measure | 2 |short_break_after_hour 4,50
3 |long_break_after_hour 9,75

4 | short_break_duration 0.75

5 |long_break_duration 11.00

6 | simulation_time_work_start 0.00

¥ | simulation_time_work_end 0.00

Fig. 2. Driving Work_Time_Measure-Object.

In presented labels, important information are written. Thanks to them object
manages of mean of transport, when the break have to be made. This object contact with
vehicle by sending messages. Driving_Work_time_Measure Object, after receiving
information from a vehicle that it started a work - sends information to itself about next
break (break type and duration). In situation when a break should be made, created object
sends a message to vehicle (about stop it) and to itself. And after appropriate time (equal
time of break) it sends next message to mean of transport about unlocking and to itself
about next step in measurement. This cycle is shown schematically at Fig. 3.
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Fig. 3. Driving_Work_time_Measure Object - mechanism of sending message.

Toll collection point. In connection with moving motorways in the presented case study,
toll collection points should be take into account. In these points, speed of travel are
slowed down because of stop for the fee payment. Authors had created new object (TCP)
to map this situation. TCP has four labels, in which the values for the stop operations at
the fee payment point are defined (mean, deviation, min, max). On the basis of these
labels, value of the blocking time is defined with using normal distribution. When the
vehicle comes to toll collection point, it is stopped for established time. The slow down
of the speed around the toll point is not included - it is included to stop time at point.

Disruption is modeled as follows: created object named TCP is combined with
network, in which is a toll point. At the moment of the reset a model, a stop time at TCP
is defined, by using normal distribution (in relation to values in labels). At the time of
arrival the vehicle to the point, information about this situation is sending to TCP object
(1). In response, the TCP object sends the information about stopped to the vehicle, and
it sends to itself delayed information, delay is equal defined time of stopping (2). After
this time, the TCP object receives a message from itself and sends information to vehicle
to unlocked it (3). The described situations are shown in Fig. 4.
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Fig. 4. TCP_Object — situations of sending message.

Car accident. Another modeled disturbance in the present case study, is the occurrence
of a car accident. Due to the existence of a public list of so-called black spots, it is
possible to define dangerous places [31]. Based on historical data it can be estimate the
probability of collision at this point. In the case of described disruption, two situations
has been distinguished:

(1) the vehicle reduces its speed at range of the collision (the range depends on traffic);
(2) the vehicle is involved in an accident - it was assumed that the vehicle is unable to
continue the transportation task (speed of travel = 0 km/h).

Extent of this disturbance is expressed by a circle with a given radius. Each traffic
accident is mapped on a single object named Collision. Authors created this object with
using TaskExecuters Object in flexsim. They used this type because it has additional
function — definition of collision and possibility to check if other object are in this area.
In situation when the road is blocked in connection with a traffic accident, it should be
take into account the additional time required to complete the order (in the event of
failure to comply with the delivery date could mean a financial penalty).

Authors, using the ABS approach, created object with defined properties, which are
stored in the labels. This created object has 17 labels (Fig. 5).

Label 1 contains information about type of accident (involving a car which realizes
the order or no) - this value is defined according to the information contained in the other
labels.

Label 2 - is a part of the information that describes the type of accident.

Labels 3 and 4 - they are places, where the probability of occurrence of a given type
of accident at a given point, have to be defined.

Labels 5-8 - they are contained information about the speed of the vehicle in the
event of a car accident without the participation of our vehicle; a speed is defined on the
basis of these data.

Labels 9-12 - they included information about car accident range (radius), a radius
is defined by this information, with using a normal distribution.

Label 13 - is equal O - in the case of an accident involving our car, it is assumed that
it can not to continue further drive (does not move).

Labels 14—15 contain randomly selected values for each elements. In case of accident
type 2 radius is 1.

Label 16 - allows you to change the stream of random numbers.

Label 17 - it gets information about that if in a disruption range is another object
or not.
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1 | Collision_type 0.00
2 | Description_Collision_type 1-collision without our vehide; 2-collision wit our vehide
3 | Collision_type1-probability 0.05
4 | Collision_type2-probability 0.01
5 |typel_speed_mean 30.00
6 |typel_speed_dev 15.00
7 |typel_speed_min 15.00
8 |typel_speed_max 60.00
9 |typel_radius_mean 4,00
10 | typel_radius_dev 1.00
11 | typel_radius_min 0.50
12 | type1_radius_max 8.00
13 | type2_speed 0.00
14 |speed 0.00
15 |radius 0.00
16 |stream 1.00
17 |active 0.00

Fig. 5. Created collision object.

In case of a traffic accident, the range of them is defined by values in labels and with
using normal distribution. In the same way the speed in range of disturbances is defined.
This object, of every certain time interval, checks if in defined range appeared another
object, if so then performing a specific action - changes the speed of travel in a foreign
object. In the moment, when it is determined that the foreign object (mean of transport)
is no longer in a disturbance range, created object again changes the speed of the vehicle,
to value as which a vehicle had before it came to this disruption. Checking the area of
interference occurs very often (currently 0.01 time unit). Thanks to this, the moment
when the vehicle has left the disturbance is quickly noticed. Figure 6 shows described
situations.

Max Speed | 80.00 Max Speed | 54.00 v _.» Maxspeed |80.00

“setnew Set new
speed at speed at
.-~ vehicle

Do nothing

vehicle

Fig. 6. Collision object — mode of action.

4 Simulation Experiment — Description

Simulation model with a selected route (described in Sect. 3) was created, in order to
show the effect of various disturbances on the duration of the transport order. For a
choosen route, few experiments were made, in which the values of the different variables
have been changed. In preset case authors do not take into account the possibility of a
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detour - alternate route. The issue of seeking a new route, because of disturbances, is
not the aim of this study. In order to carry out experiments, authors have used a built-in
experimenter tool. Each experiments were made 10 times (replications) because of
occurrence of normal distributions in the model. The aim was to show differences in the
analyzed a transport time, which depends of the duration of each activities (which are
random values). To not make a model too difficult, some simplifications were made.
Thanks to them analysis about relations between disturbances and time of transportation
are possible. Therefore some variables in the model left unchanged (like values for
deviation, min, max in the presented disturbances).

Information about the experiments are summarized in Table 3. Important informa-
tion is the fact, that the travel time from point A to point B without any disturbance is
equal 2.78 hour.

Table 3. Definition of simulation experiments.

Experiment

No Take into Mean Time in | Probability of | Probability of
account the every TCP type 1 collision | type 2 collision
driver’s
working time

1 yes 0,1 0,1 0,01

2 yes 1 0,8 0,01

3 yes 1 0.1 1

5 Experiments - Results

The purpose of the experiments was to determine the transportation time and show the
impact of disturbances to this time. Experiments were made by using the built-in experi-
menter tool in Flexsim software. Table 4 shows results of each experiments and each
replication. As we can see, in situation with taking into account driving work time and
disturbances like waiting in TCP and little probability of car accident in one point, the
transportation time is bigger (scenario 1). We have to remember that result are different
because of random values. In case with longer spending time in TCP and bigger prob-
ability of type 1 car accident, the time of transport is much longer. Of course in normal
situation we will not stay in every TCP about 1 hours — it was defined so big to show a
relation and to show the defined state at graph (Fig. 7). For scenario 3 the transport time
is equal O — it is true, because mean of transport is involved in a car accident and can
not continue the realization of work — it never comes to unload point. By using built-in
experimenter tool we have information about interval of values of the analyzed time for
the confidence interval as 90 % (Fig. 8).



Simulation of Supply Chain with Disturbances Using Flexsim 99

Table 4. Results of simulation experiments. Source: results obtained from Flexsim model.

Transportation Time [h]

Rep 1 Rep 2 Rep 3 Rep 4 Rep 5
Scenario 1 3,34 4,96 3,09 3,22 3,22
Scenario 2 8,55 8,98 7,34 7,39 8,72
Scenario 3 0 0 0 0 0

Rep 6 Rep 7 Rep 8 Rep 9 Rep 10
Scenario 1 3,28 3,27 3,25 9,15 3,20
Scenario 2 29,37 23,84 24,04 23,31 7,39
Scenario 3 0 0 0 0 0

Vehicle - State Gantt
Widle Ebusy Clblocked [Cltravel loaded

ST1 i — —
1 2 3 4 5 6 7 8 9 10
Fig. 7. State of vehicle. Source: results obtained from Flexsim model.
Mean (90% Confidence) Sample Std Dev Min Max
Scenario1 29 < 40 < 51 19 3.1 91
Scenario2 97 < 149 < 201 90 73 294
Scenariod NA < 00 < NA 0.0 00 00

Fig. 8. Confidence interval for analyzed time. Source: results obtained from Flexsim model.

Figure 7 present states of vehicle. State BLOCKED is when mean of transport is
waiting in TCP. State BUSY is when the driver has a break (in accordance to law
regulation).

6 Conclusion and Further Investigations

This article presents in detail a method of transport routes modeling, including distur-
bances. In the case study authors show the effect of disturbances on the duration of the
transport task. Using the simulation model, we can observe and experiment with the
process - which gives a chance to improve it. Besides using the built-in Experimenter
tool, it is possible to determine the range of values describe transport time for a given
confidence interval. An important aspect of this article is a detailed description of way
of modeling the individual disturbance and present how they work in practice (in the
model) and not just in theory (description).

Obviously, there is an opportunity for further development of the proposed work:
modelling next disturbances in described way (with combining ABS and DES
approach). Besides experiment with them at created routes, and check influence of them
to the transport time. By building a library of possible disruptions, we can fast build a
model of routes and play (experiment) with them. And then, search a range of the time
needed to travel by vehicle from point A to B at a given confidence interval will be
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possible. Information about needed time to travel from point A to B taking into account
different disturbances, are very useful for transport companies and other.

Acknowledgements. Presented research are carried out under the LOGOS project (Model of
coordination of virtual supply chains meeting the requirements of corporate social responsibility)
under grant agreement number PBS1/B9/17/2013.
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