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Abstract

The paper proposes a method of reliability and tional analysis related to discrete transport systelhe
proposed analysis is based on modelling and simglaif the system behaviour. Monte Carlo simulai®n
used for proper reliability and functional parannetealculation. The simulator is built using Scéab
Simulation FrameworkSSH. No restriction on the system structure and &me of distribution is the main
advantage of the method. The paper presents soengpéar system modelling. The authors stress thielgmo

of influence of the reliability parameters for fifanctional measures (required time of delivery)he key
value to calculate the availability of the systihey also propose to measure the economic qudldisorete
transport system by “profit function”. The preseahtproblem is practically essential for defining an
organization of vehicle maintenance and transportaystem logistics.

1. Introduction distribution is the main advantage of the method
16]. We propose to use th&SF (Scalable
imulation Framework) [17] instead of dedicated
system elaboration. Our previous works perfectly
show that is very hard to prepare the simulatoictvhi

Decisions related to technical systems ought to b
taken based on different and sometimes contraglictor
conditions. The reliability maybe is not the most

Important factor buF 'S.Of a great We'ght as a subp 0y des all aspects of discrete transport. Bl5¢is
criterion. So quantitative information related teet

L S L a base forSSFNet[17] a popular simulator of
reliability characteristics is important and can becomputer networks. We developed an extension to
used 1o create a dep|S|on-a|ded system ir it ISSSFalIowing to simulate transportation systems. We
necessary to discuss different economic aspects. BLbropose the formal model of discrete transport

reliability criteria calculation is not trivial igeneral system to analyze functional aspects of complex
and especially in a case of modern transportatiorgys,[ems

systems which often hav_e ".‘.ComP'eX ”et_WOfk OfThe analysis is based on the real transportation
connections. From the reliability point of view [1] system of the Polish Post — described in the next

the transportation systems are characterized by action. A base for the discrete transport system

ve;y cEmpIei) s‘gructgred ghe p_erfort[nance fOI trlltemodel is introduced in a section 3. The management
network can be Impaired by various types of tau sproblems are discussed in the section 5. The main

reflate;j t? the transpk())rtt v;ef_hlcles, C?mmu;'(?;t'onservice given by the post system is the delivery of
infrastructure or even by traffic congestion [8hi mails. From the client point of view the qualitytbke

ap?rl]y&ts can ort“)( b.e t(_ioneTlrl: theire IS al fOrn:j"’lllﬁr:;mdesystem could be measured by the time of transgprtin
of the transport 10gISUCS. The classical ModeBuS no ai) from the source to destination.

for relia_bility analysis are mainly b'?‘sed on. Marl_<ov Therefore, the performance of the analysed system i
or Semi-Markov processes [2] which are Ideallze’dmeasured by the availability defined as a ratio of

and it is hard to reconcile them with practice. We yelivered mail on time (defined in section 6)
suggest the Monte Carlo simulation [7] for Proper i ation of the availability is done inside the

rell?t_)lltl_ty and :rl:nctlor;al pa[am:eters CZICUIat'dE:] q simulator of the discrete transport system presente
restriction on the system sfructure and on a %in a section 4. Next (section 7), we give an exampl
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B

Figure 1.The general structure of the Polish Post tranafiort system

of using presented model and simulator for therepacked and delivered to appropriate (according to
analysis of the Polish Post regional centre indelivery address of each mail) central node. In our

Wroclaw transportation system. example the mail has to be delivered to pdnt
therefore from CN8 is transportedCN4. In the

2. Discrete transport system with central second (first wa€N8 the secondCN4) central node

node the mail is again repacked and deliver in a coetain

_ _ .. todestination ordinary nod®N41).
The analyzed transportation system is a simplifietrheretore, in our example the mail was transported
case of the Polish Post. The overall system streictu throughout 4 node©N83 CN8, CN4andONA41
is presented irFigure 1 The business service [17], |y the polish Post there are 14 central nodes and
[18], [19] provided the Polish Post is the delively 516 than 300 ordinary nodes. There more than one
mails. The system consists of a set of nodes (rarkejjjion mails going through one central node within
by circles in Figure 1) placed in different 54 poyrs |t gives a very large system to be matlele
geographical locations. Two kinds of nodes could beyg simulated. Therefore, we have decided only a
distinguished: central node€K) and ordinary nodes a1 of the Polish Post transportation system — one
(ON). There are bidirectional routes between nodes.antral node with a set of ordinary nodes.
marked by_lines in Figure 1. Mails are distributed 1,4 process of any system modeling requires to
among ordinary nodes by trucks, whereas betweeRefine the level of details. Increasing the system
central nodes by trucks, railway or by plain. Th&IM  je4ii5 causes the simulation becoming uselesgodue
distribution could be understood by tracing the yhe computational complexity and a large number of
delivery of some mail from poind to pointB (see  aqired parameter values to be given. On the other
Figure 1. At first the mail is transported to the ang 5 high level of modeling could not allow to
nearest ordinary nod& In our example it is marked o1 required data for system measure calculation
as ON83 Different mails are collected in ordinary Therefore, the level of system model details should
nodes, packed in larger units called containers ange defined by requirements of the system measure
then transported by trucks scheduled according tQjcyation. Since number of mails presented in the
some time-table to the nearest central nd@sg(in modeled system is very large and all mails are

our example). In central node containers aréyansported in larger amounts — containers we have
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decided to use containers as the smallest observabtontainers, each container includes single-kind

element of the system. commodity).
The vehicle hauling a commodity is always fully
3. Discrete transport system formal model loaded or taking the last part of the commodity i$

less than its capacity.
Routes: Each route describes possible trip of
vehicles. The set of routes we can describe assseri

The model can be described as follows:

DTS=(CN,N,RV,T,M,TT) (1) of nodes:
where: R=(c,v;,...V,,c) V,ON 2)
CN - central node, and c=CN

N —set of ordinary nodes,

R - setof routes,

V - set of vehicles,

T - set of tasks,

M - set of maintenance crews,
TT - vehicles’ time-table.

Maintenance Crews: Maintenance crews are

identical and indistinguishable. The crews are not
combined to any node, are not combined to any
route, they operate in the whole system and are
described only by the number of them. The

c dities: W di | kinds of temporary state of maintenance crew is characterize
OMmMOdItes:We can dISCUSS several Xinds Of a - nymber of crews which are not involved into

commodity transported in the system. Single kindyaintenance procedures and queue of vehicle
commodity is placed in a unified container, andwaiting for the maintenance
containers are transported by vehicles. The '

commodities are addressed and there are no othgfime Taple:vehicles operate according to the time-
parameters describing them. table exactly as city buses or intercity coachdse T

, , time-table consists of a set of routes (sequence of
Nodes:We have single central node in the system.,,qeq starting and ending in the central node,stime

The central node is the destination of all ot 555r0aching each node in the route and the
commodities taken from other — ordinary nodes. The.o.ommended size of a vehicle.

central node is also the global generator of
commodities driven to the nodes of the system. Thel’he number of used vehicles or the capacity of

generation of containers is described by Poisson.hicles does not depend on temporary situation

process. In case of central node there are separaifqqrined by number of transportation tasks ohby t

processes for each ordinary node. Whereas, f0fq amount for example. It means that it is pdssib
ordinary nodes there is one process,

N _ SINC&4 realize the journey by completely empty vehimle
commodities are transported from ordinary nodes Qe yehicle cannot load the available amount of
the central node or in other direction. commodity (the vehicle is to small). Time-tableais
fixed element of the system in observable time

Ordinary nodes are described by intensity ofyqi.0n putit is possible to use different tinabies
container generation (routed to central node) ang., gifferent seasons or months of the year
central node is described be a table of intensifes Each day a given time-table is realized, it me#as t

containers for each ordinary node. Moreover the

Lo at a time given by the time table a vehicle, selgct
length between each two nodes is given.

randomly from vehicles available in the central @od
starts from central node and is loaded with

Vehicles:We assumed that all vehicles are of the ;onainers addressed to each ordinary nodes irtlude
same type and are described by following functional, o given route. This is done in a proportionalywa

and re_IiabiIity parameters: mean speed _of a journeyNext, after approaching given node (it takes some
capacity — number of containers which can bejme according to vehicle speed - random process
loaded, reliability function and time of vehicle 4 road length) and the vehicle is waiting in an
malptenance. Central node is the base place f hput queue if there is any other vehicle being
vehicles. They start from the central node and th§,,4aed/unload at the same time

central node is the destination of their traveleTh t14re is only one handling poiﬁt in each node. The

]'Eelrlnpqrar):j state Og, elach vehiO|qu IS charact|<|erized b¥ime of loading/unloading vehicle is described by a
ollowing data: vehicle state, distance travelleahf ;0 40m distribution. The containers addressed to

the begin of the route, capacity of the commodity.given node are unloaded and empty space in the

The Vehide running to the end_of the route s ad.’!e vehicle is filled by containers addressed to areént
take different kinds of commodity (located in uedi | J4e The operation is repeated in each node on the
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route and finally the vehicle is approaching thee
central node when is fully unloaded and after it ise
available for the next route. .
The process of vehicle operation could be stopped a
any moment due to a failure (described by a random
process). After the failure, the vehicle waits for

vehicle starts repair,

vehicle repaired,

vehicle reached the node,

vehicle starts from the node,

vehicle is ready for the next route,

time-table (starting the route in the central

maintenance crew (if there are no available due to node)
repairing other vehicles), is being repaired (rando The procéssing of events

. : : S is done in objects
time) and after it continues its journey.

representindTS elements. The objects are working
in parallel. Following types of system elementsaver
distinguished: vehicle, ordinary node, central node
] ) ] time table [16].

4.1.Event-driven simulation The life cycle of each object consists of waitirg f

Discrete transport system described in the se@ion an event directed to this object and then executfon

is very hard to be analysed by formal methods. Ittasks required to perform the event. These tasks
does not lay in the Markov process framework [2]. Aincludes the changes of internal state of the objec
common way of analysing that kind of systems is a(for example when vehicle approaches the node it is
computer simulation. To analyse the system we mustnloaded, i.e. the number of hauled containers
first build a simulation model, which was done lthse decreases) and sometimes creating a new even (for
on the formal model presented in the previousexample the event vehl_cle starts from the node
section, and then operate the model. The systerf€nerates new event vehicle reached the node — next
model needed for simulation has to encourage th@ode in the trip). The random number generator is
system elements behaviour and interaction betweeHsed to deal with random events, i.e. failuress It
elements. worth to notice that the current analysed event not
Once a model has been developed, it is executed onOnly generates a new event but also could change
computer. It is done by a computer program whichtime of some future events (i.e. time of approaghin
steps through time. One way of doing it is so chlle theé node is changed when failure happens before).
event-driven simulation. Which is based on an idealhe time of a new event is defined by the sum of
of event, which could is described by time of eventcurrent time (moment of execution of the current
occurring and type of an event. The simulation isévent) and the duration of a given task (for exampl
done by analysing a queue of event (sorted by tim&/ehicle repglr). Only times of starting a given teou

of event occurring) while updating the states of (event vehicle starts from the central node) are

system elements according to rules related to &redefined (according to the time table). Duraién
proper type of event. Due to a presence oféll othertasks is defined by system elementsstate

4. Discrete transport system simulation

randomness in thBTS model the analysis of it has *
to be done based on Monte-Carlo approach [7], what
requires a large number of repeated simulations. .
Summarising, the event-driven simulator repeats

time when vehicle waits in the queue for
loading/unloading,

time when vehicle waits in the queue for
maintains crew, or are given by random

processes:
« time of vehicle going between two nodes,

N-times the following loop:

* beginning state of BTSinitialization, » time of loading/unloading,
* event state initialisation, set time O, * time to failure,
* repeatuntit <z *  repair time.

Moreover each object representing a node has
«  settime equals time of event, additional process (working in parallel) which is

« realize the event — change state of €S responsible for generating containers. The lifeleyc
according to rules related to proper type of Of this process is very S|mplt_a: Waltmgarandan_neu_
event: change objects attributes describinggénerating a container with a given destination

system state, generate new events and put the@ddress (central node for all ordinary nodes, awth e
into event list, write data into output file. ordinary nodes for process in the central node) and

storing a container in the store house (implemented
as a queue) of a given node [17].

+ take first event from event list,

4.2.Events and elements of DTS simulator

In case ofDTS following events (mainly connected
with vehicles) have been defined:
* vehicle failure,
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4.3.DTS simulator implementation the other hand, a microscopic model reproduces
interaction of punctual elements (vehicles, road
segments, intersections, etc) in the traffic nekwor
‘Each vehicle in the system is emulated according to
its individual characteristics (length, speed,
acceleration, etc.). Traffic is then simulated,ngsi
processing logic and models describing vehicle
driving behaviour, such as car-following and lane-
changing models. Those models reproduce driver-
driver and driver-road interactions. Despite iteajr
accuracy level, for many years this highly detailed

L modelling was considered a computationally
Entity, '”Chaf‘”e.'v outChannel, P.r.ocesmd EV?’“ intensive approach. Since the last twenty yeart) wi
The communication between entities and delivery of

s is d by ch | h | . “the improvements in processing speed, this
events is done by channels (channe mapp'ng?nicroscopic approach becomes more attractive. In

connects entities). - -
. : fact, Ben-Akiva et al. [3], Barcelo et al. [1] ahdu
For the purpose of simulatinBTS we have used et al. [12] claim that using microscopic approash i

Eara_lllel tRe?QII-'t\;lme 17 I_mmlerswet i MO%%II':ng essential to track the real-time traffic state &émeh,
nvironment P B [17] imp ementation olsSt 14 gefine strategy to decrease congestion in urban
due to a much better documentation then ava”ab"?ransportation networks. For the control of

for the original SSE We have developed a generic - :
. ) Co congestion, they explain that the models must
class derived fronSSF Entity which is a base of accurately capture the full dynamics of time

classes modelling -

. . . dependant traffic phenomena and must also track
DTS otbj(;ec'gs Wh't(.:h rgodels éh%. beh[aw?ur of ehicles’ reactions when exposed to Intelligent
presented in - section an IScrete  transpor ransportation Systems (ITS). From the Ilatter

system. assertions, in order to control traffic congestian

’Sﬁ_'st wag rretr;ltlo&ed ? pcr:esle nce of ranhd_omnesOT '_rll_;hl%ternal transportation networks it appears that th
mode’, the Monte-L-arlo approacn 1s used. emicroscopic modelling will be more appropriate. A

original SSFwas not designed for this purpose so common definition of congestion is the apparitidn o

some changes IBSF core were done to allow to a delay above the minimum travel time needed to

re_stz_art the S|mula§|on frpm time zero several tlmestraverse a transportation network. As stated inldray
within one run of simulation programme.

- . ._et al. [14], this notion is context-specific; and
The statistical analysis of the system behaviour [14] P

. . : .. complex because a delay may always appear in
requires a very large number of simulation repmtiti P y y y Pp

theref the i ; f devel ddynamic transportation system, but this delay must
lerefore the tme  performance o BVEIOpeUyceed a threshold value in order to be considered.
simulator is very important.

The event-simulation program could be written in a
general purpose programming language (like C++)
in a fast prototyping environment (likdatlab) or a
special purpose discrete-event simulation kerneé O
of such kernels, is the Scalable Simulation
Framework §SH [16] which is a used foBSFNet
[16], [17] computer network simulatoSSFis an
object-oriented API - a collection of class inteda
with prototype implementations. It is available in
C++ and JavaSSFAPIdefines just five base classes:

5. Fleet management discussion 5.2. Microscopic analysis

Few works have considered the traffic behaviour
5.1. Traffic modelling problem when studying outdoors vehicle-based internal
transport operational problems. In the surface mgini

Modelling traffic flow for _deS|gn, plan_nmg and nvironment, pickup and delivery operations involve
management of transportation systems in urban ang fleet of trucks transporting materials from

highway area ha_s_been_addr'essed since_the 19583 cavation stations to dumping stations, through a
mostly by the civil engineering community. The de

following definitions and concepts of traffic
simulation modelling can be found in works such as
Gartner et al. [8]. Depending on the level of ddtai
modelling the granularity of traffic flow, traffic
models are broadly divided into two categories:
macroscopic and microscopic models. According to
Gartner et al. [8], a macroscopic model describes t
traffic flow as a fluid process with aggregate
variables, such as flow and density. The statdhef t
system is then simulated using analytical
relationships between average variables such
traffic density, traffic volume, and average spe@d.

signed shared road network. At pickup stations,
shovels are continuously digging during a shift
according to a pre-assigned mining production plan.
Trucks are moving in a cyclical manner between
shovels (pickup stations), and dumping areas
(delivery stations). A truck cycle time is defined

the time spent by a truck to accomplish an affected
mission that consists of travelling to a specific
shovel, being serviced by the shovel and hauling
material to a specific dumping area. Burt and
Caccetta [5] state that mine productivity is very
3Sensitive to truck dispatching decisions which are
closely related to the truck cycle time. Thus salver
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papers have studied and proposed algorithms andithin the real-world highly stochastic environment
software to resolve this problematic issue. In,fact The ignored traffic situation in the complex seapor
this critical decision consists of finding, accanglito  internal transportation network is strongly critied

the real environment, to which best shovel a truckin recent papers [4], [10]. For example, in [3], a
must be affected. Such decision has to be generatdadavel time of a container internal truck is moddll
continuously during a shift, whenever a truck as a static mean time of travel, based on thertista
finished dumping at a delivery station. Despite theand the truck average speed. Duinkerken et al. [6],
several proposed dispatching software, recentestic put a uniform distribution between zero and 30% of
by Krzyzanowska [11] formally criticize the the nominal travel time formulation, aiming to
simplistic assumption behind those software whichassimilate the complexity of traffic. More accurate
tend to provide dispatching decisions with the work to solve this issue is the one provided rdgent
objective to optimise a truck cycle times previgusl by Liu, Chu and Recker [12]. They integrate a tcaff
calculated. Generally speaking, those softwaremodel to the internal service model and reported th
systems based the optimisation process on the pasffectiveness of this integration which allows
period collected data of trucks cycle times andanalysing the tractor traffic flow in a port comtei
assume that for the next period trucks will spend o terminal. Conscious about the critical problem of
average the same time to accomplish missions. Butongestion in the road network inside a terminal, a
in the reality of mining operation, the duration of quantitative measure of congestion to be added as a
truck travel time appears to be very sensitiveh® t controllable decision variable had been developed.
variable traffic state and road conditions. Burtlan For this purpose, they considered the road system
Caccetta [5] and Krzyzanowska [11], point out theinside the terminal as a directed network and they
unresolved problematic of truck bunching and measured flows on arcs in units of trucks travgllin
platoon formation in mining road network which per unit time. Those two last works appear as

apparently induce lower productivity. providing the leader approach in term of
consideration of congestion and traffic in containe
5.3.Container movement terminals; however, their approach is ultimately

macroscopic. As we have lately discussed, even if
this macroscopic approach allows analysing the
traffic behaviour, the highly detailed microscopic

model is more efficient for an effective real-time

‘traffic monitoring and control.

Similarly to material transportation in mining
operation, several papers (loannou [10], Vis [15])
have provided methods for improving container
terminal complex operations. In such applications
three types of handling operations are definedseles
operations, receiving/deliver operations  and : :

C(F))ntainer handling agd stora)ge ogerations in the6' Functional metrics of DTS
stack yards. As we are interested by internalWe define the availability of the system as anigbil
transportation systems, our review concerns thdo realize the transportation task within a reqire
papers dealing with the container handling andtime. The availability is defined as probabilityetls
storage operations in the stack yards. Generallyse the following values:

speaking, vessels bring inbound containers to bd - time measured from the moment when the
picked up by internal trucks and distributed to the container was introduced to the system to the
respective stocks in the yard. Once discharged, moment when the container was transferred to
vessels have to leave with on board outbound the destination (random value),

containers which also are delivered by internatkeu Ty — guaranteed time of delivery, if exceeded the
from the storage yard. For this purpose, trucks are container is delayed.

moving through a terminal internal road network. In

order to decrease the vessel turnaround time, whicln Figure 1 we can observe two possible situations:

is the most important performance measure of(a) - delivery was realized before guaranteed figne
container terminals, it is important to performgbo (b) - delivery was delayed - time of deldy: T,
operations as quickly as possible. In fact accgrttin  If N(t) is a stochastic process describing the number
[3], this movement of containers between quay side®f delayed containers at timiethe availabilityAy(t)

and storage yards appears to greatly affect thean be defined as a probability that the number of
productivity of containership’s journey. Vis and delayed containers at tintedoes not exceek The
Koster [15] gives an extended review of numerousvaluek is the level of acceptable delay.

research papers, providing algorithms to solve this

complex routing and scheduling problem. They

criticize the lack of consistency of the simplistic

assumptions made to solve the proposed models
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7. Case study

We proposed for the case study analysis an exemplar
DTS based on Polish Post regional centre in
Wroclaw. We have modelled a system consisting of
one central node (Wroclaw regional centre) and
- twenty two ordinary nodes - cities where there are
< — local post distribution points in Dolny Slask

~ v

b «— 79 > T>Tg Province. The lengths of roads were set accoraing t
real road distances between cities used in the

0 /' containers for all destinations were set to 4,16 pe
delay hour in each direction giving in average 4400

analyzed case study. The intensity of generation of
Figure 2.The delivery in guaranteed time (a) and containers to be transported each day. The vehicles

t

delayed delivery (b) speed was modelled by Gaussian distribution with
50km/h of mean value and 5km/h of standard
Aﬂ(t) - Pr{ N(t)s k} (3) deviation. The average loading time was equal to 5

minutes. There were two types of vehicles: with
apacity of 10 and 15 containers. There was one
aintain crew, the average repair time was setto 5
(Gaussian distribution).
To transport all generated in the system containers
time-table has to be set-up. For a described exampl
it was designed manually in a manner to allow
transporting all containers (with 10% overhead) and
5 minutes of break between each drive. It resulted
in 180 drives each day with trucks of size 10 abd 1
X The last parameter to set-up was a number of trucks
of a size 10 and 15. At first it was set to a mimm
AA (t) B P[Pr{ N(T) s k}dr 4) size that comes from the given time-table. In asec
0 it was 13 trucks of size 10 and 21 of size 15. The
: . availability of the system (4) and average avalitgbi
6.1.Economic analysis (5) was calculated with guaranteed tiffigequal to
The simulation approach to transportation system?4 h and thresholé equal to 10 based on 10000
analysis allows performing economic analysis. Werepeated simulations. In each simulation 40 days

propose to measure the economic quality of discretavere analyzed. Results presentefigure 3ashows
transport system by “profit function”’P(DTS) that assumed number of trucks is insufficient since

The availability describes a state of an analyze
system at a given point of time. In case if somgbod
wants to analyze a state of system in a time iaterv
we propose other metric: average availabiigy(t).

It is defined as an average probability that aesyst
in the time interval from 0 tobis in up-time state (i.e.
the number of delayed containers does not excee
thresholdk):

estimated in given time-periodas (5) the availability drops to O after 6 days. It is sad by
where: failures of trucks, delays (due to simulation @iffic
DTS - some reference discrete transport jams) and first all of due to the truck drives aition
system, i.e. the drive is performed only if any truck is
L(DTS) - penalties in analyzed time-period, availability at the starting time in the centradeo
a function of container delays for Now, one could rise a question what should be a
a given transport systedT S, number of trucks to have availability equal to 1 in
c(DTS) - the costs of one vehicle in analyzed most cases. It is a non trivial question and almost
time-period (operating and leasing costs) impossible to be answered by analytical methods.
for a given transport systedTS, However, simulating approach allows to do it, by
n(DTS) - number of vehicles iDTS. increasing number of vehicles, repeating simulation

for a new system and observing availability metric.
The profit function defined by (5) is a kind of The Fig. 3b. and Fig. 3c. show results for enlarged
normalized and relative gain. It could be undergtoo number of trucks. In case of a usage of 19 truéks o
as a possible gain or loss caused by changes iBize 10 and 27 of size 1¥igure. 3c) the average
transportation system organization (changes to somavailability is over 0.99 in the analysed periaui
referenceDTS in one vehicle cost units. The change The system with only two less trucksigure 3h)
could be for example caused by increasing orhas much worse values of analyzed metrics. It shows
decreasing of number of vehicles. how important is to set-up a proper value of number

of trucks. It could be also noticed that the avality
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has periodic change&ifure 2a-c solid line). The 8. Conclusion
situation is an effect of used time-tables and of
method of containers™ generation. The containess a
generated during all day (by Poisson process) bu
according to a time-table trucks do not operaténén
night. Therefore, the probability of delay increase

a\Ne have presented a simulation approach to
{unctional analysis of Discrete Transport System
with Central Node. Th®TS models the Polish Post
regional centre of mail distribution behaviour.

the night.
L(DTS)-L(DTS,)) +c¢(DTS)[n(DTS) —-c(DTS) [In(DT
p(DTS) = L(OTS) - L(DTS) +¢(DTS) [n(DTS) - (DTS,) (n(DTS,) -
c(DTS)
(a)
1 T T
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Figure 3 Availability (solid line) and average availabjlifdashed-dot line) for the exempT Sfor number
of trucks equal to: (a) 13 - size 10 and 21 - 4&€b) 18 and 26 (c) 19 and 27

Developed simulation software allows analyzing
different metrics of the system in a function of al
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