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Abstract

The paper presents an approach to critical sitagtimalysis related to discrete transportatioresystDTS).

The critical situation is understood as sudden tager of some system recourses resulting in the
transportation system performance degradation.afiadysis is realized based on availability calcorabf
DTS The system is described by the formal model, Whncludes reliability and functional parameters of
DTSas well ahuman resources - drivers and management systesravitilability and average availability of
the system, defined in a functional way, is disedsas a function of different essential parametéi3TS

The proposed analysis is based on the modellingsamdlating of the system behaviour using Montel&€ar
approach. The paper presents some exemplar systdmased on real Polish PA3TS - modelling and
results.

1. Introduction The paper presents an analysis of transportation
system of the Polish Post regional centre of mail
distribution (described in section 2). Base on WWwhic

we have developed the discrete transportation
system model presented in section 3. The main
service given by the post system is the delivery of
mails. From the client point of view the quality of

the system could be measured by the time of

dministrat ¢ derstand th " transporting the mail from the source to destimatio
(administrator, owner) to understan € system Important elements of the system are human

behay|our. To overcome this problem.we PrOPOSE & \agqurces — vehicle drivers. Their model includes
functional approach. The transportation System 1S ¢, 0| |aw-related aspects, like for example
analysed from the functional point of view, numbér of hours he 'or she car; work daily

focusing on busmes; service r(_eahzed by a system We offer three approaches to system management:
[17], [2.0]' The a”a.'ys's IS following a classical| based on time-tables, heuristic and focused on soft
mcl)delllltr_lg 3.:1? S|E[nulatt|on approach. Ir: r?”OWSId computing (section 4). In our opinion the heuristic
(t:)a cug mgf ' gren SYS err|1 {nsz%[sur((ajs wh I(t: t?oou one seems to be the most adequate to the level of
€ a base for decisions refated to administration 0 qqiq; giscussed in the described work. The quality

th? Itr?ndspor.tatlo'\r;l ?yst((:amls. tT?]e' metrlg ﬁlre of the analysed system is measured by the
calculated using Monte Carlo techniques [7]. NO o\ Jiapiity defined as the ability to realize the

(rfsttr.'gt'?n on t?ﬁ system ztructture anfl t?]n a k'ﬁ?]dg transportation task within a required time interval
Istribution 1S th€ main advantage of the method. (described in section 5). The post system is very

The PfOPOS?d _r_nodel aIIo_ws forgetting about the hard to be analysed by a formal model since it does
classical reliability analysis based on Markov or not lay in the Markov process framework

Semi-Markov processes [2] - idealised and hard for Therefore, we have used a computer simulation [3],
reconciliation with practice.

Administration of a large transportation system is
not a trivial task. The transportation systems are
characterized by a very complex structure. The
performance of the system can be impaired by
various types of faults related to the vehicles,
communication infrastructure or even by traffic
congestion [1], [8], [13], [14]. It is hard for ham
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[4], [12]. Next (section 6), we give an example of addressed to any ordinary node are generated in the
using presented model and simulator for the central node.

analysis of the Polish Post regional centre in The generation of containers is described by some
Wroclaw transportation focusing on the most random process. In case of a central node, there ar
probability sources of the potential critical separate processes for each ordinary node. Whereas,

situations. for ordinary nodes there is one process, since
commodities are transported from ordinary nodes to
2. Model based on the Polish post solution the central node or in the opposite direction. The

containers are transported by vehicles, which
require a driver to control it. Each vehicle has a
given capacity — maximum number of containers it
can haul. Central node is a base place for all
vehicles. They start from the central node and the
central node is the destination of their traveleTh
vehicle hauling a commodity is always fully loaded
or taking the last part of the commodity if it esé
than its capacity. Vehicles operate according & th
time-table. The time-table consists of a set otesu
(sequence of nodes starting and ending in the
central node, times of leaving each node in thé&srou
and the recommended size of a vehicle). The
number of used vehicles, number of drivers and the
capacity of vehicles do not depend on temporary
situation described by number of transportation
tasks or by the task amount for example.

It means that it is possible to realise the route b
completely empty vehicle or the vehicle cannot load
the available amount of commodity (the vehicle is
too small). Time-table is a fixed element of the
system in observable time horizon, but it is pdssib
to use different time-tables for different seasons
months of the year. Summarising, the movement of
the containers in the system, a container is
generated with destination address in some of node
(source) at some random time. Next, the container
waits in the node for a vehicle to be transported t

tEsze?_tlaI t'rr: alny slys';e(;n tm_lode:cllng gnl(lj ZImUI?;;r?]n 'S the destination node. Each day a given time-table i
0 detine the fevel of detar's of modetled System. realised, it means that at a time given by the time

COUld. be dong if & kind Of measures galculated .by table a vehicle, selected from vehicles available i
the simulator is known. Since the business service the central node. and driver selected form avaglabl
given by the post system is the delivery of maiis o drivers starts fror’n the central node

time. Therefore, we propose to calculate the tifne o A vehicle is loaded with containérs addressed to
transporting mails by the system. Since the number each ordinary nodes added to a given route. This is
of mails presented in the modelled system is very j .. i, 4 proportional way. When a v.ehicle

e e e I 0 I gpproaches he orinay node i s viiing in an
' input queue if there is any other vehicle being

the smallest obser_vable element of the system. loaded/unload at the same time. There is only one

Therefore, the main observable value calculated by handling point in each ordinary node. The time of

g:ﬁ]tz'.rr?é‘rliﬁ%rmwt':]lebgotﬁietr%nfﬁgréagga ;;_rgﬁ rc:f) db; loading/unloading vehicle is described by a random
: u ihatl " distribution. The containers addressed to giverenod

Thet !ncomef of _rlnalls t,:) the d;ystem,dorbrather_ are unloaded and empty space in the vehicle is
containers of malls as It was dISCUSSed above, 1S g q g by containers addressed to a central node.

hmodelled by a sg)cdhas{.uc tprocezz. Eacr]”(]:ontalrlerNext, the vehicle waits till the time of leavingeth
as a source and gestination address. 1he centray, ;q (set in the time-table) is left and starts its

node '? gh? ?ﬁstlne:jt_lon addrctlass {/(\)/rh all conttal_ners journey to the next node. The operation is repeated
generated In the ordinary nodes. ere containers;, each node on the route and finally the vehisle i

The analysed transportation system is a simplified
case of the Polish Post. The business service
provided by the Polish Post is the delivery of mail
The system consists of a set of nodes placed in
different geographical locations. Two kinds of
nodes could be distinguished: central nodehl)(
and ordinary nodesON). There are bidirectional
routes between nodes. Mails are distributed among
ordinary nodes by trucks, whereas between central
nodes by trucks, railway or by plain. The malil
distribution could be understood by tracing the
delivery of some mail from poimh to pointB. At

first the mail is transported to the nearest ongina
node A. Different mails are collected in ordinary
nodes, packed in larger units called containers and
then transported by trucks scheduled according to
some time-table to the nearest central node. In
central node containers are repacked and delivered
to appropriate (according to delivery address of
each mail) central node. In the Polish Post theze a
14 central nodes and more than 300 ordinary nodes.
There are more than one million mails going
through one central node within 24 hours. It giges
very large system to be modelled and simulated.
Therefore, we have decided to model only a part of
the Polish Post transportation system — one central
node with a set of ordinary nodes.
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approaching the central node when it is fully
unloaded and after it is available for the nexteou
The process of vehicle operation could be stopped
at any moment due to a failure (described by a
random process). After the failure, the vehicletsvai
for a maintenance crew (if there are no available
due to repairing other vehicles), is being repaired
(random time) and after it continues its journey.
The vehicle hauling a commodity is always fully
loaded or taking the last part of the commoditit if

is less than its capacity.

3. Discretetransportation system formal
model

3.1. Model overview

The described in the previous section regional part
of the Polish Post transportation system with one

Set of nodesNo) consists of single central node
(CN), a given number of ordinary node3N). The
distance between each two nodes is defined by the
function:

distance Nox No - R, . (3)
Each node has one functional parameter the mean
(modelled by normal distribution) time of loading a
vehicle:

loading: No - R,. 4)
Moreover, the central nodeCK) has additional
functional parameter: number of service points (in
each ordinary node there is only one service point)

serviceponts:CN - N, .

()

central node and several ordinary nhodes was a base

for a definition of a formal model of a discrete

transportation systend{TS.

Generally speaking users of the transportation
system are generating tasks which are being
realized by the system. The task to be realized

. . . L]
requires some services presented in the system. A

realization of the system service needs a defieed s
of technical resources. Moreover, the operating of
vehicles transporting mails between system nodes is

Each vehicle is described by following functional
and reliability parameters:

mean speed of a journey

meanspeedV - R,, (6)
capacity — number of containers which can be
loaded

()

capacity :V - R,,

done according to some rules — some management

system. Therefore, we can model discrete
transportation system as a 5-tuple:
DTS=(Client, Driver, BSTI, MS) (1)

Client - client model,
Driver — driver model,

BS — business service,
TI — technical infrastructure,
MS — management system.

3.2. Technical infrastructure

During modelling of technical infrastructure we
have to take into consideration functional and
reliability aspects of the post transportation egyst

[6].

Therefore, the technical infrastructure®rS could
be described by three elements:

TI =(NoV,MM), )
No — set of nodes,
V — set of vehicles,
MM — maintenance model.
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mean time to failure

MTTF:V - R,, (8)
a time when failure occurs is given by
exponential distribution with mean equal to a
value ofMTTF function,
mean repair time

MRT :V - R,. 9)
The traffic is modelled by a random value of
vehicle speed and therefore the time of vehigje (

going from one noden() to the other1f,) is given
by a formula

time (v,n,,n,) =
distance (n,,n,)
Normal (meanspeed (v),0.1 (meanspeed (v)) °

(10)

where Normal denotes a random value with the
truncated Gaussian distribution.

Maintenance model MM) consists of a set of
maintenance crews which are identical and
indistinguishable. The crews are not combined to
any node, are not combined to any route, they
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operate in the system. Only by the number of the
crews is known.

The time when a vehicle is repaired is equal to the
time of waiting for a free maintenance crew (if all
crews involved into maintenance procedures) and
the time of a vehicle repair which is a random ealu
with the Gaussian distribution
(Normal(MRT(v) 01IMRT(v)).

3.3. Business service

Business serviceB§ is a set of services based on

3.5. Driver modé€

Each driver is describing by actual state of him/he
(Su)
e rest (not at work),
unavailable (iliness, vacation, etc.),
» available (at work — ready to start driving),
*  break (during driving),
e driving.

The number of driver working hours is limited by
the labour law. The regulation is rather complidate

business logic that can be loaded and repeatedly — depends on a lot of parameters and the number of

used for concrete business handling process.

Business service can be seen as a set of servic
components and tasks, which are used to provide

service in accordance with business logic for this
process. Therefor&Sis modelled a set of business
service componentsq@:
BS={sq...,scn},n =lengt{BS) >0, (11)
the functionlength(X) denotes the size of any set or
any sequencX. Each service component in DTS

consists of a task of delivering a container from a
source node to the destination one.

3.4. Client mod€

The service realised by the clients of the
transportation system are sending mails from a
source node to a destination one. Client model
consist of a set of client€) [15].
Each client is allocated in one of nodes of the
transportation system:

allocation: C - No. (12)
A client allocated in an ordinary node is genegtin
containers (since, we have decided to monitor

containers not separate mails during simulation)
according to the Poisson process with destination

address set to ordinary nodes. In the central node,

there is a set of clients, one for each ordinamgeno

Each client generates containers by a separate.
Poisson process and is described by intensity of .

container generation:
intensity: C - R, . (13)

The central node is the destination address for all
containers generated in ordinary nodes.
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drivers fixed to the truck for example, but for

dransportation system we analyse we can say that

the daily limit for each driver equals to 8 or Uh®
and single driver operates with one truck. This
assumption is legal in European Union.
So the problem of working houras) we can solve
as follow:
e if wy >Ilimit thensy = rest &w;, = 0,
wherelimit = 8 hours otimit = 9 hours,
* limit — is the time period of a single change in
work.

The single shift can be distinguished as: morning o

afternoon.

So at 6am for each driver:

o if shift morning &
available,

So at 1pm for each driver:

« f shift== afternoon &s; == rest then
sy = available,

The next problem ought to be modelled is the

driver's illness state. We propose the following

approach:

» for every driver at 4am: iy == rest,

» if rand() < d, then duringx days (according to
the given distribution) the driver is iy =
unavailable,

» whered — driver’s iliness parameter.

rest thensy =

Moreover we propose to categorise the driver’s
illnesses as follow:

short sick: 1 to 3 days,

typical illness: 7 to 10 days,

* long-term illness: 10 to 300 days.

We record the daily history of the driver's work.

The algorithm to fix the driver to the vehicle et
last part of the driver model:
e if no driver — the vehicle does not start,
« driver can be chosen & = available
andw, + estimated time of journeylimit * 1.1,
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« the driver is chosen randomly or by least value  several trucks with the same capacity available the

approach: selection is done randomly.
abglimit — w;, - estimated time of journgy On the other hand we observe in the same way the
vehicles available in the ordinary nodes. The only
4. Management solutions difference is the greater level of threshold to
initialise the vehicle journey.
4.1. L egacy-type management system The restriction for the time of truck schedulinge(t
last point in the above algorithm) are set to model
The management systeml§) of theDTScontrols  the fact that drivers are working on two 8 hours
the operation of vehicle. It consists of a sequeafce  gpifts.
routes:

4.3. Soft computing management system
MS=(r,, 15l ) - (14) . .
The system consists of a multilayer perceptron to

decide if and where to send trucks. The input & th

Each route is a sequence of nodes starting andneural network consists of:

ending in the central node, times of leaving each
node in the route;f and the recommended size of a '
vehicle 6iz9: in

(16)
=(PkG, PKG, ..., PKGyy,, ENG, CNG, ....CNG,y, NFV)
r =(CN,t,,n,,t,,...n,,t,,CN,sizé (15)
v, ONo-{CN} o<t <t <..<t <24h npk - number of ordinary nodes,
pkG  — number of containers waiting for delivery

The routes are defined for one day and are repeated in the central node with destination
each day. The management system selects vehicles address _
to realise each route in random way, first of all set ta-th ordinary node,
vehicles (among vehicles available in central node) Nfv —number of free vehicles in the central

with capacity equal to recommended size are taken Node,
into consideration. If there is no such vehicle,

consideration. If still there is no vehicle fuliiity ordinary node:
requirements vehicle of smaller size is randomly
selected. If there is no available vehicle a given  nnout=(out,out,,...0ut ), (17)

route is not realised [5], [10], [11].
The output of the network is interpreted as follows

4.2. Heuristic management system (for sigmoid function used in output layer):

The decisions (send a truck to a given destination

node) are taken in moments when a container | =argmax. {out}. (18)
arrives to the central node. The truck is send to a

trip if: If ouf is greater than 0.5 send a vehicle to npde

« the number of containers waiting in for else do nothing. If there are more vehicles avilab
delivery in the central node of the same in the central node, the largest vehicle that canald
destination address as that just arrived is larger fully loaded is selected. If there are available
than a given number, several trucks with the same capacity selection is

« there is at least one available vehicle, done randomly. The neural network decision (send

« the simulated time is between 6 am and 22 pm @ truck or not and where the truck should be sent)
minus the average time of going to and are taken in given moments in time. These moments

returning from the destination node. are defined by following states of the system:
The truck is send to a node defined by destination *  the vehicle comes back to the central node and
address of just arrived container. If there is more is ready for the next trip,
than one vehicle available in the central node, the « if in central node there is at least one available
vehicle with size that a fits the best to the nunide vehicle and the number of containers of the
available containers is selected, i.e. the largest same destination address is larger than the size
vehicle that could be fully loaded. If there are of the smallest available vehicle.
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The neural network used in the management systemin mostly understood as a probability that a system
requires a learning process that will set up the is up. And is defined as a ratio of the expectddesa
values of its weights. The most typical learning in of the uptime of a system to the observation tilne.
the case of multilayer perceptron is the back is simple definition but requires defining what doe
propagation algorithm. However, it cannot be used it mean that transportation system is working. The
here since it is impossible to state what should be similar metric is the acceptance ratio defined in
the proper output values of the neural network. information since as a number of accepted requests
Since it is hard to reconcile what are the resufits to the total number of requests.

single decision made by the management system.

Important are results of the set of decisions. &inc 5.2. Acceptanceratio

the business service realised by transportation
system is to move commodities without delays, the
neural network should take such decisions that °
allows reducing delays as much as possible. To .
train neural network to perform such task we the moment W_hen the container was transferred
propose to use genetic algorithm [18], [21]. Simila to the destination (random value),

approach to training neural network is applied in *  Te— @ guaranteed time of delivery, if exceeded
case of computer games. The most important in the container is delayed. _
case of genetic algorithm is a definition of the N [17] we have proposed performance metric —
fitness function. To follow business service availability ratio. It is defined as a ratio of tme
requirements of transportation system we propose containers (containers for which < Ty to all
following definiton of the fitness function containers within a given time of observation,
calculated for a given neural network after some Within the time period a given number of
time (T) (therefore after a set of decisions taken by containers are deliveredlifeiveredz)), a part of them

Let introduce the following notation:
T — a time measured from the moment when
the container was introduced to the system to

neural network): or all delivered on timeNonimd7)), but at the end of
analysed period time there could be some
_ N, OT)+N___ _ (T) containers not yet delivered (waiting in the source
fitnesgT) = —2" CmEnTE (19) node or being transportedNis,serkz)) and all or

Naetverea (0. T) + NinssiendT) part of them being not late yeNdimeinsystek?))-

] ) ] ) ] ] Taking into consideration introduced symbols the
It is a ratio of on-time containers (delivered with availability could be calculated as the expected

24h and being in the system but not longer then y51ye (Monte-Carlo approach) of ratio of on-time
24h) to all containers (that already delivered cgntainers to all containers:

Ngeivered0, T) and still being presented in the system

Ninsyster(r)) .

The solution described above is very complicated AR = E[N"”“me(r)Jr N°”“’“e‘”5¥‘em(r)]. (20)
and the first necessary step — learning phasees tak N geivered(7) + Ninsysien{?)

a lot of time and requires a lot of data to crahte

proper weights and other initial parameters [19]. 6. Case study

5. Functional metricsof DTS 6.1. Availability tests

5.1. Overview We proposed for the case study analysis an

exemplarDTS based on Polish Post regional centre
The formal model described previously was in Wroclaw. We have modelled a system consisting
designed to allow developing a simulator which of one central node (Wroclaw regional centre) and
allows to observe the time of transporting each twenty two ordinary nodes - cities where there are
container. Based on these observations severallocal post distribution points in Dolny Slask
metrics could be defined. As it was mentioned in Province. The lengths of roads were set according
the introduction we focus here on the service to real road distances between cities used in the
oriented approach [9], [19]. Therefore we propose analyzed case study. The intensity of generation of
that the availability to be a key parameter for the containers for all destinations was set to 4.16 per
evaluation of the quality of thBTS One can define hour in each direction giving in average 4400
the availability in different ways, but always the containers to be transported each day. The vehicles
value of availability can be easy transformed into speed was modelled by Gaussian distribution with
economic or functional parameters perfectly 50km/h of mean value and 5 km/h of standard
understood by owner of the system. The availability deviation. The average loading time was equal to 5
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minutes. There were two types of vehicles: with - changing the containers loading algorithm
capacity of 10 and 15 containers. The MTTF of during a critical situation (results are presented
each vehicle was set to 2000. The average repair in Figure 19

time was set to 5h (Gaussian distribution). The o load on vehicles not yet delayed containers
containers were assumed delayed when they are before delayed ones,

delivered within a time longer than 24h. The system 0 in normal situation the containers are

was simulated over 30 days period.

To transportation all generated in the system
containers time-table was set-up. For a described (a)
example it was designed manually in a manner to

loaded in FIFO like mode.

AAAAA

allow to transportation all containers (with 10% 1
overhead) and 15 minutes of break between each

drive. It resulted in 180 drives each day with ksic 0.9
of size 10 and 15. The next parameter to set-up was
a number of trucks of a size 10 and 15. At first it g

was set to a minimum size that comes from the

given time-table. In our case it was 13 trucksipé s

10 and 21 of size 15. However, it was much too few

resulting in dropping the availability to almostae

after a few days. After a set of experiments the o
optimal (giving availability more then 0.999 foreth

5 10 15 20 25 30 35 10

smallest number of vehicles) number was estimated
as a 21 trucks of size 10 and 31 of size 15 when 20

(b)

time [days]

service points was used in the central node.

bbb

As it was mentioned in the introduction we want to

. . 0,95
analyze the system performance in case a critical

0,9

*oo
V‘x POV
>0 .

situation. We have assumed that after 5 days of

0.85

normal system performance a critical situation will e

occur — a given number of drivers will be not

0,75

available due to some contagious diseases (flu for

0,7

example). Therefore for next 7 days the systemis |

operating with 16 vehicles less. After these seven

days the drivers are coming back to work. The ;

10 15 20 25 30 35 40

achieved results (for 1000 simulations) are
presented irFigure 1a As it could be expected the
availability in day 6 is starting to drop down t@0

time [days]

and when drivers come back (on day 13) is slowly
increasing.

"N

T e ad

The examples show that the presented approach
allows showing consequences of a defined critical

0,85

o

situation to transportation systems performance.

Now, the questions could be raised how to decrees o8

0,75

\
\Vd

the consequences of the critical situation? How to

¥

minimize the availability lowering? The easiest o

0,65

solution is to have more drivers so the some

contagious diseases will not lower the number so

much. However such solution enlarges operational
costs very much. Therefore, we will take into

consideration only the possible reconfigurations of
the transportation system that will not change the
system operational costs during normal operation.

We have to suggestions:

- changing the time-table, but in the way that is
acceptable but Work Law (i.e. the drivers could
not work 24 hours per day) — results are
presented ifrigure 1b

0,6

211

5 10 15 20 25 30 35 40

time [days]

Figure 1 Availability for the exemplaDTSin case
of critical situation (from day 5 to day 12):

(a) reference system,

(b) system with optimized timetable,

(c) system with changed loading algorithm.
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6.2. Management algorithmstests

All three presented management algorithms give
acceptance ratio almost equal 1 for presented

system. To compare these algorithms more deeply
we propose to analyse the transportation system

performance in case of some critical situationg.[16
Let's assume that for some days the system is
working at 50%. The tie-up of the system could be
caused for example by a drivers’ strike or some
contagious diseases resulting in situation thay onl
50% of vehicles are in operation. After a given
number of days the system is again fully working.

The achieved results (acceptance ratio calculated

according to (20)) for 4 and 14 days tie-up are
presented irFigure 2 andFigure 3. As it could be
expected the acceptance ratio in day 10 (when
critical situation starts) is starting to drop doamd
when drivers come back is increasing. However the
system with heuristic management as well as with
soft computing one is coming back to normal
operation much faster than legacy one. The soft
computing one is slightly outperforming the
heuristic one.

Next, we have analysed the ability of each
management system to return tB@S to normal
performance after critical situation of different
duration. Results are presented in Figure 5. As it
could be seen soft computing and heuristic
algorithm give almost identical results, which
significantly out performance the legacy

shortage of trucks by the number of drivers. The
acceptance ratio cannot reach the value of 0.6 even
if we use 200 drivers.

The example shows how we can tune the size of
DTSif we know the possible tasks definitions. The
DTS owner’'s decisions ought to be taken in
multidimensional environment. Our approach to
DTS modelling and simulation can make the
decision easier — we can observe immediately the
results of possible solutions. We final decision
ought to be the best — because it always generates
financial consequences.

7. Conclusion

We have presented an approach to analyse
management algorithms of discrete transportation
system DTS by modelling and simulation. The
DTS model was simulated using developed by the
authors’ simulation software. The simulator was
implemented using the Scalable Simulation
Framework $SH [19]. It allows performing
reliability and functional analysis of theTS for
example:

» determine what will cause a "local” change in
the system,

* make experiments in case of increasing number
of containers per day incoming to system,

* identify weak point of the system by comparing
few its configuration,

management system. + better understand how the system behaves.

6.3. Human resour ce tuning We have compared three different management

We tried to realise the transportation tasks define &lgorithms: legacy one (based on real time-table
above using: 41, 44, 46 and 48 trucks. The number Management in Post system), heuristic and soft
of drivers to operate the vehicle fleet we changed cOmputing one. The presented results show that soft
from 75 to 100. As we can see Figure 4 75 computing management system allows EES to
drivers are absolutely inefficient for the analysed T€turn to normal operation after some critical

system — the acceptance ratio is almost zero and itSituation in the shortest time. The results for
does not depend on the number of used trucks. heuristic management system are very close to soft
The number of vehicles equal to 44, 46, 48 can be COMPputing approach, whereas, the legacy system is
noticed as correct to make tBIS operative. The ~ Performing much worse. Since the soft computing
acceptance ratio grows up quickly and reaches the /gorithm requires a time consuming learning
value of 0.9 — when we can say that system works Procédure we propose to use in practice much
“safety-far” from the border of inacceptable state. ~ SImpler heuristic  management = system. The
is interesting that we need (at the level of performance of heuristic solution (measured as the

acceptance ratio equal to 0.9) only 82 drivers to time of returning_DTSto normal work) is pnly slightly
operate with 48 trucks, 85 drivers if we have 46 Worse than available by soft computing approach.
trucks and 90 drivers for 41 trucks. The analysis of the system performance, like
If we require the acceptance ration at the level of ~acceptance ratio and the time of retuming to
— 85 drivers are necessary for 48 trucks, 90 dsiver '€quired value acceptance ratio, in a case otafiti
for 46 vehicles and 95 drivers for fleet of 44 ksic situations (shortage of vehicles or drivers) were
It is easy to notice that 41 trucks are not acd#eta  9/VeN-

size of vehicle fleet to make the exam@dsS

operative. There is no chance to substitute the
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The achieved simulation results look promising. We [5]
hope that it could be implemented in real
transportation system.
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