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Optimisation of vehicle fleet capacity as determined through a simulation using
the Monte Carlo algorithm

Optimalizace vozového parku zalozena na algoritmu Monte Carlo

Ing. Martin Lampa, Ph.D.; Ing. Andrea Samolejova, Ph.D.

VSB — Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, 17. listopadu 15/2172,
708 33 Ostrava-Poruba, Czech Republic

Srozvojem vypocetni techniky a softwarovych produkti dochdzi ke stdle vetSimu uplatneni  aritmetickych
(numerickych) metod v manaZzerském rozhodovani i v pramyslovych podnicich. Rozhodovani je jednou
z nejvyznamnéjSich manazerskych aktivit, které manazesi kazdodenné vyuzivaji pri vykonu své funkce. Vyznam pojmu
manazerské rozhodovani se nejvice projevuje v tom, Ze kvalita a vysledky rozhodovacich proces:i ovliviiuji efektivnost,
fungovani a prosperitu pramyslovych podnikii. Informace hraji v rozhodovacich procesech klicovou Glohu.
Rozhodovaci procesy se obvykle chdpou jako procesy shromaZdovani a transformace vstupnich dat do vystupnich
informaci. Zasadni Ulohu v procesech ziskavani dat, shromazdovani dat a jejich p/emeny v informace hraje manazer,
jehoz znalosti, zkuSenosti aintuice jsou nebytné pro spravné rozhodovani. Obvykle casovy tlak a omezenost
jednotlivych zdroju zabrasiuji peclivému hledani viech dat, na jejichZ zaklade manaZer ziska kvalitni informace pro
rozhodovani. Nekvalitni informace a tim i nekvalitni rozhodovéni mohou byt jeden z duivodi podnikatelského
nedspechu. Jeden z velmi dobse uplatnitelnych simulachich algoritmsa 7e8eni na pocitaci je metoda Monte Carlo.
Aplikace algoritmu Monte Carlo spociva v nalezeni souvislosti mezi jednotlivymi velicinami, které jsou 7eSenim
zkoumaného problému a charakteristikami nahodnych procesii reprodukovatelnych na pocitacich. Cilem ¢lanku je
ukazat pouziti simulac¢niho algoritmu Monte Carlo na prikladu optimalizace vozového parku tak, aby celkové denni
naklady na prepravu zbozi vozidly byly minimalni.

Kli¢ova slova: vedeckeé rizeni; optimalizace; simulace; algoritmus Monte Carlo

With the development of computers and software products, there is now greater use of quantitative methods in
industrial enterprises when making managerial decisions. One of the most applicable solutions to computer
simulation algorithms is the Monte Carlo method. The application of the Monte Carlo algorithm lies in finding a
relation between the individual variables, which are the solutions to the problem and represent the characteristics
of random processes reproducible on computers. The aim of this article is to show the application of simulations
from the Monte Carlo algorithm using the example of optimising vehicle fleet capacity so that the total daily costs
spent on transporting goods are minimal.
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Tab. 1
Tab. 1

Day of ordering and the subsequent transport of the goods
Den objednani a nasledné piepravy zbozi

Over the last two decades, there have been great
advances in computer technology and these advances

have also affected managerial decision-making [1]. Ordered on Transported on
Mathematical methods with the use of computer Monday Tuesday
technologies have been increasingly used in most Tuesday Wednesday
problems of managerial decision-making [6]. One of the

. . L Wednesday Thursday
most applicable methods of computer implementation is -
the Monte Carlo method [3]. A static, stochastic method Thursday Friday
uses random (pseudo-random) numbers in the course of Friday Monday

the calculation [2]. In this article, its use will be shown
while optimising vehicle fleet capacity so that the daily
costs spent on transporting goods are minimal.

Orders are not received on Saturdays or Sundays and
there is no transportation on these days. Transportation

is carried out by using trucks. The daily cost of
operating one truck is 600 € — provided the trucks
operate 8 hours each day.

If an order requires overtime operation, i.e. an operation
that exceeds the set 8-hour operational time, the costs
for each overtime hour are 250 €.

1. The task

A company provides the transportation of goods based
on customer orders according to the following rule:
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Through statistical investigation for the assumption of a
normal distribution of probability, the following data
were determined:

Data on the transport capacity of cars — on average,
during an 8-hour running time, 1 car transports 80
orders with a standard deviation of 15 orders,

Data on customer demand.

Tab. 2 Individual customer demands per respective days
Tabh. 2 Naéroky jednotlivych zékazniki na dané dny

Days The average number Standard deviation
of orders x o

Monday 7800 800

Tuesday 6 400 700

Wednesday 5500 600

Thursday 7000 750

Friday 5000 500

The business unit has to set an optimal vehicle fleet
capacity so that the total daily costs spent on
transportation are minimal.

2. Analysis of the solution

From the substantive point of view, this is a task that
belongs to the methodology of the queuing theory [4]. It
is a simple task to determine the optimal dimension
(size, capacity) of the operating system:

- Operating system
transportation services,

- Two main variables are assumed (variables crucial
to solution of the task)

e operation intensity = transport capacity of the
vehicle,

o the intensity of the requirements entering the
operating system = the number of orders.
Number of the contracts has the character of random
variables with a normal distribution of probability.

vehicle fleet that provides

Two extreme situations (two extreme variations in the
capacity of the operating system) that lead to relatively
high costs of the activity may occur in terms of
optimisation:
- A heavily oversized operating system (too many
vehicles):
¢ high costs of the vehicle fleet,
e costs of overtime work converge to zero; the
requests do not queue.
- A heavily undersized operating system (the number
of vehicles is too small):
o low costs of the vehicle fleet,

e high costs for overtime work; formation of
request queues (possible loss of profit due to
queues).
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Between the extreme variants, there is a number of
possible variants of dimensioning the vehicle fleet that
are associated with the different daily costs of
transportation [5]. Of the possible variants, it is
necessary to choose the optimal variant - the one with
the lowest daily costs for transportation.

h

The following applies for the i-" variation of the

operating system dimension:
N = NV + NM

N  —daily costs for transportation
Ny —daily costs for operating the vehicle fleet
Nm — daily overtime cost

3. The procedure of solving the task using a
simulation of the Monte Carlo algorithm

For the assumption of normal probability distribution of
both of the main variables:

1. The simulations (predictions) of the number of

orders are performed according to the intensity of

the requirements entering the operation. The
simulation itself is in Tab. 3.
Tab. 3 Simulation of the number of orders
Tab. 3 Simulace poctu zakazek
Simulated value of | Determina Prediction™
Day the distr_ibu*t)ion nt variable of the number
function t of contracts
xX=X+to
Mon 0.88147 1.1 8 680
Tue 0.9970 2.7 8290
Wed 0.11941 -1.1 4 840
Thu 0.78817 0.8 7 600
Fri 0.17061 -0.9 4550

) from the table of random numbers, we assume five-

digit values for the distribution function of the
normal probability distribution.

™ Prediction of the number of orders:

x=Xx+t-o

For Monday: X=7800+1.1x800 X =8 680
For Tuesday: X=6400+ 2.7 x 700 X =8290
For Wednesday: x=5500-1.1x 600 X =4840
For Thursday: X=7000+0.8x 750 X =7600
For Friday: x=5000-0.9x500 x =4 550

X — the average number of orders
o — determinant deviation

2. A simulation of the operational intensity of the

8-hour transportation capacity for the chosen
number of vehicles is carried out: 70, 80, ..., 110

n — the number of vehicles

X —mean value of operational intensity

X~ — the average transport capacity of the fleet
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Determining the number of vehicles for the highest
number of orders:

The highest number of orders = 7 800
Determinant deviation = 800
One vehicle transports an average of 80 orders per hour

The total number of vehicles for the highest number of
orders = (7 800 + 800)/80 = 110

Tab. 4 Simulation of operational intensity
Tab. 4 Simulace intenzity obsluhy

Determination of the number of vehicles for the lowest
number of orders:

The lowest number of orders =5 000
Determinant deviation = 500
One vehicle transports 80 orders per hour

The total number of vehicles for the lowest number of
orders = (5 000 + 500)/80 = 70

In the following step (Tab.4), a simulation of the
operational intensity is performed.

The The simulated value Determinant Prediction of
Numper Day of thg distribution variable =% 6 = Vi 8-hour tra_nsport
of vehicles function of normal t capacity
n distribution ¥ =x+t- ¢
Mon 0.33166 -0.4 5600 126 5550
Tue 0.87094 11 5600 126 5739
70 Wed 0.11120 -1.2 5600 126 5449
Thu 0.22254 -0.7 5600 126 5512
Fri 0.96023 1.7 5600 126 5814
Mon 0.76869 0.7 6 400 134 6 494
Tue 0.39300 -0.2 6 400 134 6373
80 Wed 0.02982 -1.8 6 400 134 6 159
Thu 0.57991 0.2 6 400 134 6 427
Fri 0.94479 1.6 6 400 134 6614
Mon 0.96023 1.7 7200 142 7441
Tue 0.88936 1.2 7200 142 7370
90 Wed 0.88936 -0.5 7200 142 7129
Thu 0.55013 0.1 7200 142 7214
Fri 0.10920 -1.2 7200 142 7030
Mon 0.26299 -0.6 8000 150 7910
Tue 0.77806 0.7 8000 150 8 105
100 Wed 0.12446 -1.1 8000 150 7835
Thu 0.23510 -0.7 8000 150 7895
Fri 0.68774 0.4 8000 150 8 060
Mon 0.48454 0 8 800 157 8800
Tue 0.65269 0.4 8800 157 8 863
110 Wed 0.18167 -0.9 8800 157 8 659
Thu 0.84631 1.0 8 800 157 8 957
Fri 0.74108 0.6 8800 157 8894

Calculation example for n =70
X"=70x80=5600
g = V70 -15 =126
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3. The expected overtime is simulated (from the
simulation of the number of orders and the eight-
hour capacity of the fleet) in Tab. 5.
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Tab.5 Simulation of expected overtime operation
Tab.5 Simulace o¢ekavaného presc¢asového provozu

Simulation Prediction of expected overtime operation
n Day The 8-_hour The nurn_ber The number The total The average
number capacity of the of pending of overtime number of number of daily
of orders vehicle fleet orders hours overtime hours overtime hours
Mon 7 800 5550 2250 225
Tue 6 400 5739 661 66
70 | Wed 5500 5449 51 5 445 89
Thu 7000 5512 1488 149
Fri 5000 5814 0 0
Mon 7 800 6 494 1306 131
Tue 6 400 6373 27 3
80 | Wed 5500 6 159 0 0 191 38.2
Thu 7 000 6 427 573 57
Fri 5000 6614 0 0
Mon 7 800 7441 359 36
Tue 6 400 7370 0 0
90 | Wed 5500 7129 0 0 36 7.2
Thu 7 000 7214 0 0
Fri 5000 7030 0 0
Mon 7 800 7910 0 0
Tue 6 400 8 105 0 0
100 | Wed 5500 7835 0 0 0 0
Thu 7000 7 895 0 0
Fri 5000 8 060 0 0
Mon 7800 8 800 0 0
Tue 6 400 8 863 0 0
110 | Wed 5500 8 659 0 0 0 0
Thu 7 000 8 957 0 0
Fri 5000 8893 0 0
4. The result of the task - recommended Conclusions

by the simulation calculations

A calculation of the total daily costs for transportation
with the individual numbers of vehicles is shown below:

As seen from the article, in this case, the use of the
Monte Carlo algorithm is very appropriate when dealing
with the problem of optimal vehicle fleet capacity.
It was found that the overall lowest daily transport costs

N=Ny + Ny are 57500 € when using 80 trucks. In this case, MS

Excel was used to generate pseudorandom numbers.

N7o = 70x600+89x250 =64250¢€ Computers play an indispensable role at the application

Ngo = 80x 600+ 38.2 x 250 = 57 550 € of simu_lati_ons and not using them in t_oQay’s fi_eld
of quantitative methods of managerial decision-making

Ngo = 90x600+7.2x250 =58500€ is unimaginable.

Nigo = 100 x 600 +0x250 =60 000 €

NllO = 110x600+0x250 =66000¢€ Acknow|edgements

Under the given conditions, the total daily transport — The work was supported by the specific university research

costs will be minimised when operating 80 vehicles or
80 to 90 vehicles.
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Ostravska valcovna trubek ArcelorMittal se podili na stavbé 2000 km
plynovodu v Polsku

Spole¢nost ArcelorMittal Tubular Products Ostrava (AMTPO), nejvétsi vyrobce trubek v Cesku, se bude podilet na
vystavbé rozsahlé sité plynovodi v Polsku. Ugelem nového plynového koridoru je dokongit plynofikaci Polska
a propojit stavajici LNG terminal se zbytkem Evropy. V bieznu poputuje z AMTPO na stavbu plynovodu prvnich
pét kilometri spirdlové svarovanych trubek.

,»Stavba plynového koridoru v Polsku je dnes nejrozsahlejSim projektem tohoto typu v Evropé. Podilet se na této
zakézce spolu s dalSimi dodavateli je pro nds ohromnou prileZitosti, kterd vzhledem k velikosti a predpokladané
dobé trvani projektu nabizi moznost dlouhodobé spoluprace,* fika Libor Cerny, generalni feditel AMTPO.

Ostravska valcovna trubek svymi vyrobky spliuje
vysoké naroky plynarenského primyslu. AMTPO na
stavbu plynovodu dodé spirdlové svaiované trubky,
které se vyznacuji nejvyssi kvalitou a pevnosti,
aplikacich. Stejné wvyrobky spole¢nost dodavala
v minulosti pti vystavbé LNG termindlu, na néjz
bude novy plynovod navazovat. Prvni dodavky

P

meésic, dalSich 5 km doda valcovna trubek v dubnu.

Nejvétsi  polsky operator plynovodni  soustavy

spole¢nost GAZ-SYSTEM postavi v piistich deseti

letech vice nez 2000km novych plynovoda

v oblastech zapadniho, jizniho a vychodniho Polska.
Nové plynovody budou tvorit koridor sever- jih, ktery propoji polské plynovody s dalSimi zemémi napti¢ Evropou.
Vytvoii se oboustranny koridor navazujici na terminal LNG v Swinoujscie a dali stavajici infrastruktury v Ceské
republice, Rakousku, Mad’arsku, Chorvatsku a na Slovensku.

- Z tiskové zpravy ArcelorMittal biezen 2016 -

Superkov by mohl délat konkurenci hliniku

Stahl Aktuell 23.02.2016

Vyzkumnici z univerzity v Los Angeles (UCLA) vyvinuli extrémné pevny a piesto velmi lehky material, ktery by
mohl vytvorit konkurenci hliniku, doposud v lehkych konstrukcich preferovaného. Podle sdéleni UCLA
se ,,superkov* vytvori tim, Ze se do horéiku v tekutém stavu piimichaji nanocastecky silikonkarbidu. Hoi¢ik, ktery
mé o tietinu mensi hustotu nez hlinik, je nejleh¢i kov se strukturou. Silikonkarbid je ultratvrda keramicka latka,
ktera je pouzivana piedevSim pro primyslové noze. Smés téchto dvou latek se postara o to, Ze hoi¢ikovy
nanokompozit je pevngjsi a ma vyssi tuhost neZ doposud pouzivané materialy pro lehké konstrukce. Kromé toho se
da lépe tvaret a je také zaruvzdorngjsi. Séf vyzkumné skupiny v UCLA Xiauchun Li ika, Ze se vyzkumnici zatim
jen dotkli moznych vysledki. ,,V novém systému se skryva nova ttida kova s revoluénimi vlastnostmi“.
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