INFORMATION . .
SYSTEMS IN Information Systems in Management (2019) Vol. B {5-25

MANAGEMENT DOI: 10.22630/ISIM.2019.8.1.2

OPTIMIZATION OF TRANSPORT POTENTIAL OF THE
TRANSPORTATION COMPANY TAKING INTO ACCOUNT
RANDOM DEMAND FOR TRANSPORT SERVICES
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Is considered a transport company, which operatagiferm in the sense of
destination, means of transport for example tankeith random exploitation
characteristics. The company's transport poteigiaheasured by the number of
transportable means of transport for a sufficieltthyg period of time. The company
operates on the market of transport services, wiierdemand for transport services
is also random. The problem of optimizing the tpors potential of a transport
company is being considered, taking into accouatrétindom demand for transport
services.
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1. Introduction

One of the basic problems of transport company gemant is to ensure its
continuous presence on the market of transporice=vThis is achieved mainly
by ensuring the appropriate transport potentidhefmeans of transport available,
in line with the anticipated demand for transpervies [8, 18].

The transport potential of a transport companyssailly equated with the
number of means of transport (ST) capable of pingidransport services at a
given time.Reducing the number of ST below a certain minimthme§hold value)



will reduce the company's transport potential, leethe loss of its competitiveness
and, as a consequence, the company's falling dbhedfansport services market.
The maladjustment of the transportation compamgissport potential to the
demand for transport services, which will be shapethe market of these services
in the time horizon anticipated by the companyurslly leads to the following
two situations:
« reduce the company's competitiveness in the trahseovices market, and
even exit the market when transport capacity ielotvan demand,
* incurring additional costs by the company due tb utdizing the transport
potential exceeding the demand for transport sesvic
One of the measure of matching the transportatierypial of a transport company
to the demand for transport services may be thiegiitity that in the forecast time
horizon the transport potential will not be excebd®y demand - in the first
situation or transport potential is exceeded byatah in the second situation.
Usually, the first situation among the above-meawib generates greater
consequences for the transport company and witetbee be considered further,
while the random nature of both the demand forsjpart services created by the
market and the supply of transport services bydbmpany will be taken into
account [5].

2. Transport potential — supply of transport services

Consider the transport company [5], which ha$ of means of transport (ST)
for the same destiny (e.g. trucks) and used to iegetlemand for homogeneous
type of transport services (e.g. transport of lwaligo). LetI'={1, 2,. . } be the set
of numbers of ST that do not need to be the samethiey do not have to have the
same design solutions.

It is assumed that from the point of view of tlmansport company the
process of each ST can be considered as a suctesso time of independent
states:

» the state of fitness of the ST for the implementabf transport services,
e the state of unfitness of the ST for the implemionaof transport services

(e.g. ST repair).

Thus, the process of exploitation of each ST carcdiesidered as a two-state
stochastic procesx(t) (Fig. 1), which is a sequence of consecutive (not
overlapping in time) states fithess (rectanguladsgs), separated states of
unfitness.
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Figure 1. Example of a exploitation process of tk, (/1 ) of ST.

Fig. 1 are symbolizeda ,a},; ..., (k = 1,2,...) durations of states fitness of
i-th ST, and symbolg@,. , Bi.1 ..., (k=1,2,..) - durations his of states unfitness.

Let thataf( , (k = 1,2,...) are realizations of continuous random variabktf;,

respectively, with the same probability distribago For simplify the notation,
each of these random variables will be denoted pmbsl A;. Let that

B, (k = 1,2,...) are realizations of continuous random variabBS,respectively,

with the same probability distributions. For sinfiplthe notation, each of these
random variables will be denoted by symBal With the use oft', andt'ys, the
moments of occurrence of two successive statesitoésk, i-th ST, were
determined, and with the help @f, - the length of the time interval between
occurrences of these states.

Using the designations shown in Fig. 1, expladatprocess oi-th ST you
can be represented as a stochastic process, ih Wiecondition is satisfied:

Ty =ty —te >ay . 1)

It is assumed that the processes of exploitatioralbfST are stochastic
processes, which are independent and stationaaybimader sense. Thus, for the
i-th ST can be determined the expected lengthred between occurrences of two
consecutive states of fitness, which is expresséiel following formula:

ET, = TT of, (T)dT )
0
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wherefi(T) is the density function of the probability distition of the random
variable describing the length of time between ommces of two consecutive
states of fitness) the process of exploitation theST.

Is assumed that are known density functibfigt )and f #(t)of probability

distributions of random variablds andB; respectively. It is also assumed that the
random variableg\; andB; are independent from each other and that havk fini
variances and finite expected valués; and Eb; expressed by the following

formulas:

Ea = Ta 0f 7 (a) da,

. 3)
Eb, =] 80f7(8)dB.

0

If the process exploitation of car is stationahg probability that in randomly
chosen time momerftthere occurs the state of fitness is given byfahaula:

Ea
pi = E_Tl, = Eu;[Ey 4)

whereEy; - expected frequency of occurrence state of fineserein

11
ET, Ea;+Eb,

|

It is assumed that the transport company will héneerequired potential of
lading when in the required period of time in destaf fithess would be no less cars
than the threshold number resulting from the estimated level of demand for
transport services.

Due to the fact that the transport companies celnde a different number of
different transport means and to exploit them urdiffierent conditions of the
threshold number of means of transport in thosepemies will also be different.
The threshold number of ST should be set so that:

* was the smallest possible under the given condition

e took into account the process of shaping the denfiantiansport services in
the area of the company's operations.

The independence of the process of ST exploitatiia,means that it is possible

that a randomly chosen moment in a state of alestngay also be more than one

ST. LetX(t) is the resultant of a process exploitation of chiris a process binary

(the state of fitness and the state of unfithéasyhich the state of fithess, means

Ep; = (5)
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the state referred to 8€ (technical efficiency formed by superposition of states
fitness any ST in number, at least equal to thestiwld number of S§, (s =1, 2,
..., ). TE state will be taken as the desired state wheduitation is not less than
the established value In other cases, the statusT&E will be treated as a state
indicating the inability to satisfy the demand faansport services at the required
level; rvalue is determined for each company separately.

It is important for the management of the transmompany to know the
expected value of the duration of the fitness mkfi&, when the company has
only k fit ST from all existingl. LetY,(t) mean the stochastic process of the form
[5, 7]

v, ()= X (t). (6)

i=1

For the assumptions regarding the exploitation ggses of ST, an event that

in the random momen# k of ST from among cars owned by the company is able
to fitness can be written as:

YI (§)= k, k =0,1,2,...,| . (7)
The probability of this event is expressed by fdanu
1 d* |
Y E e M@+ m)| L k=012, ®)
k' dX =1 <=0

at the condition
|
27k =1 (9)
k=0

wherep; is expressed by equation (4), ape 1 - p.

In practice, thelTE state will usually be treated as desirable, iditsation is
not shorter than at least a fixed value nfdetermined for each enterprise
individually.

Taking into account the assumptions regarding tmecgsses of ST
exploitation, it is possible to determine the ptubty that theTE state obtained as
a result of thek coincidence of means of transport from amaéntipese means,
owned by the company, will last no shorter thanegain value ofr > 0. It is
expressed as a dependence [5]:

L OO AE)  keoazel @O
= x=0

dek i=1

where, taking into account (5)

J’l,k(T)=
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P(c)= Eny [ (x=7)f%(x)dx = En; [dx[ £2(y)dy, i =1,2,....1,

T T X

0

Qi(z)=En; [(x=7) fA(x)dx=Eu; [dx[ ££(y)dy,i=1,2,...1.
T T X
It is possible to determine the function of densitythe probability distribution of
the duration of th@ E state created by coincidence of fithess statés=0,1,2, ...,
I) of any amond means of transport, which will last no shorter ttzagertain
amountr> 0[5, 7]:

1 d?
fli (T)zmﬁyl'k (T), k=0,1,2,.. | (11)
where
1 ak+1 |
Eu i (r)= 3o i|:|1(Qi (z)+ xP, (r)i N k=0,1,2,..1. (12)

Let EAx denote the expected length (duration) of e state created by the
coincidence of fitnesk, (k = 0,1,2, ..., ) of any amongd of the means of transport.
It expresses the following relationship:

£, =2 (c)dr=—T% <, k=012, .1 (13)
0

. B Ep) (O) ,

If the company hasmeans of transpqrtvhich exploitation processes have similar
characteristicE:A, x expresses the relationship:

_ 1 pli-p) _
Y (i pvi s R L N (14)

whereinp andEu express dependencies (4) and (5), respectivetyasnthe same
for eachmean of transpart
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3. Demand for transport services

According [6] it is assumethat the further demand for transport services can
be described by means of continuous stochasticepsat(t) class CC. It is
assumed also that proce&$) is stationary, ergodic and differentiable in theam-
square sensf, 2, 3, 4, 9, 10, 11, 12, 13, 14, 15, 16, 1.8t m, be the expected
value of this process anty(1)=c;’r(1) its correlation function, wheng7) defines a
normalized correlation function.

Managing a transport company requires knowledgeitaihe extent to which
the supply of transport services that it can offermatched to the forecasted
demand for these services. The introduction sti@isone measure to match the
transport capacity of a transport undertaking whth demand for transport services
may be the probability that the transport potenti@l not be outweighed by
demand over the foreseeable time horizon. Therefioeeproblem considered here
concernss to determine the probability of exceedance leydamand for transport
services (procesi(t)) of the transport potential of transport compaixed at a
level a. An exemplary implementation of demand for tramss®rvices as a
function of time (exemplary implementation of tHechastic procesg(t)) for the
constant value of the transport potential is showfigure 2.
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Figure 2. Exemplary implementation of the stochastic pro@dgsdescribing the demand
for transport services in case of value of transpotential

Calculation of this probability is difficult for thgenerally formulated procez§).

Practically useful calculation formulas can be oied relatively easily only for
normal stochastic processes. This problem was skgcuin detail in [6], and a
useful calculation formula for the probability obtnexceeding the transport
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potential of the transport company by the demardtfansport services in the
T-period was obtained for the normal stochastic ggecn the following form:

R, (aT)= exg —— —KZ—(O)DexE—M] (15)

27\ K(0) 26

z

In the case of difficulties related to the idewrsfiion of the correlation function of
the procesZ(t), you can use practically useful estimates of phidability:
* |ower estimation

R (aT)z R a{ m]mw[ﬂ] , (16)

e upper estimation

2
a—m a-m,
P(aT)s ™ =<p( . ZJ@x - QDI’D&X{—%] (17)

z

where the function@(x) means the integral function of Laplace, amd- the
expected number of additions by the proc&@s of its expected value in a unit of
time, which can be taken as equal [12]:

=1
o =7 (18)

Formulas (15) - (17) can be used when the follovinagjuality is met:

a-m,
(/] 2
( , ] (a-m,)
Ts——2[éxp ——* (29)

4. Optimization problem

One of the practical optimization problems that barformulated in the case
under consideration is the problem of ensuring rtfeximum likelihood of not
exceeding the transport company's transport paiebii demand for transport
services in the desired period of time. Verballygtsa problem can be formulated,
for example, as follows:
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specify a minimum number of usable means of trabsipom among thel
possessed with known operational characteristidschvwill ensure maximization
of the probability of not exceeding the compansgsdport potential (supply of
transport services), described by the linear fumtty of the number of usable
means of transport in a given time horizén

Using the calculation formulas given above, thevabmentioned problem can be
given the following formal form:

e decision variable:

m - the number of means of transport usable,

e optimization goals

m - min (20)
s [ K (0 g(m)-m)’
Po(g( m) ,5): exp— K,Zéog exé—( ( 2)022 ) ] -~ ma (21)
*  restrictions
EA .20 (22)
J< zﬁgpLM] [BX M (23)
o, 20,

e boundary conditions
0,T20 (24)
mO{1,2,...} (25)

The formulated problem is a probabilistic non-lindask of a two-criteria
optimizationwhose solution is a set of combinations of the nemmdf means of
transport and the probability of not exceedingdbmpany's potential.

5. Conclusions
Point 4 of this article formulates an example of thptimization problem

related to the basic problem of each transport @mypwhich is the best match of
the offered by her size of transport services ® fibrecasted demand for these
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services on the markeh. particular difficulty for the company is the id#ication

of how the demand for transport services is shaféds paper proposes a
description of demand using a normal stationartiooous stochastic process. It
allowed to obtain calculation formulas enabling ¢arry out approximate
calculations regarding the level of matching supplytransport services to the
expected demand for them. Of course, the problemulated in point 4 is not the
only one possible and should be treated as an daashp formalized approach to
the problem, which is usually solved using exper@eand intuition and statistical
relations between supply and demand for transgovices in the past. In case the
company would be interested in minimizing the expeéduration of the demand
exceeded by the supply volume, the previously fdated problem should include
the function of the character's purpose:

Er=n —%&OO;@X —W [El—qb[g(r?—_mzn (26)

z 4

with unchanged restrictionshereE 7 is the expected value of the duration of the
excess of demand over the supply(h).
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