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Abstract. The paper regards a specific class of optimization criteria that possess features of probability. Therefore, constructing objective function
of optimization problem, the importance is attached to probability indices that show the probability of some criterial event or events to occur. Factor
analysis has been taken for the main method of constructing objective function. Algorithm for constructing objective function of optimization is done
for criterion of minimization risk level in multimodal transportations that demanded demonstration data. The application of factor analysis in classical
problem solution was shown to give the problem a more distinct analytical interpretation in solving it.
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ZASTOSOWANIE METODY ANALIZY CZYNNIKOWEJ DO KONSTRUOWANIA FUNKCJI CELU
OPTYMALIZACJI W PROBLEMACH TRANSPORTU MULTIMODALNEGO

Streszczenie. Artykut dotyczy szczegdlnej klasy kiyteriow optymalizacyjnych, ktore posiadajq cechy prawdopodobienstwa. W zwigzku z tym, przy
konstruowaniu funkcji celu problemu optymalizacyjnego pierwszorzedne znaczenie majg wskazniki prawdopodobieristwa wystgpienia okreslonego
zdarzenia lub zbioru zdarzen. Jako glowng metode konstruowania takiej funkcji celu wybrano analiz¢ czynnikowq. Algorytm konstrukcji funkcji celu
optymalizacji wykonano dla kryterium minimalizacji poziomu ryzyka w przewozach multimodalnych — w tym celu wykorzystano dane demonstracyjne.
Wykazano, zZe zastosowanie analizy czynnikowej w klasycznym sformutowaniu problemu badawczego pozwala nadaé mu bardziej wyrazistq interpretacje

analityczng w jego rozwiqzywaniu.

Stowa kluczowe: analiza czynnikowa, funkcja ryzyka, kryterium optymalizacji, transport multimodalny

Introduction

World globalization is inevitably affecting all human spheres.
Besides, scientific and applied provision of human lives is to cater
modern demands. Transportation in this respect appears to be
a most urgent one. Passengers and goods deliveries are made
for longer and longer distances and are required to be fast and
of high quality, and also safe and inexpensive. Transportation
costs being provided through free market economy competition
the transportation safety risks are to be specially regarded.

Long distance transportations often require complicated
logistics solutions. In passenger transportations, at least a
changing or several of them are to be made, and in case of freight
transportations, transmitting transportation knots (hubs or
terminals) are to be arranged. However, their feature in common
is that they both use several transportation means. Hence,
transportations that consequently, or one by one, use several
means of transportation are called intermodal. Those that use the
means of transport simultaneously, or in parallel order, are called
multimodal. Combined or mixed transportations are both
intermodal and multimodal.

Dealing with transportation safety, presume the issue of risk
level for multimodal freight transportations to be discovered
in the paper. Multimodal transport problems as a separate class
of optimization problems are taken for main models of these
transportations. Hence, the research focuses on the problem
of constructing objective functions to minimize risks
in multimodal transportations.

Some analysts [13] consider intermodal transportations to be
a part of multimodal ones. Such approach seems to be quite
reasonable, though, to stick to distinct terminology, the notions
of intermodal and multimodal transportations should be applied
in the above mentioned sense.

Multimodal transportations are given quite a few
investigations [1, 2, 5, 7, 8, 16, 18, 22], whereas a multimodal
transport problem gets a vast mathematical analysis involved into
the solution as well as possibilities of modern information
technologies. Thus, in [9] a multimodal transport problem
is revealed through various program means, while the problem
regarded in the paper may be much more complex and applied to
practical needs. It is presumably to be done through combining

different optimization functions of a multimodal
problem, for instance, a risk function.

While creating objective functions for minimizing risk
in multimodal transportations, it should be for the first thing
singled out what are parameters and variables of the objective
function in a certain multimodal transport problem. Alike with
a classical transport problem, the variables are to be indices
of transportations amount between departure and delivery points,
whereas this paper is focused on methods of finding out
parameters of the risk objective function. Thus, in [20] there was
an attempt of analyzing the issue under consideration, and,
as a prospective research method, a method of group factor
analysis was suggested [12]. However, this paper regards
as the main method not a group, but an ordinary factor analysis.

The choice of research method accounts for several reasons.
Firstly, factor analysis is the one quite spread and well-studied
in applied science. It is especially popular in psychology
and biomedicine [3, 10, 11]. Secondly, a group factor analysis
applied, for instance, in machine training [19, 23] really seems to
be quite a perspective, but cannot be fully applied in the given
context.

transport

1. Problem statement and solution by factor
analysis method

Classical criterion for minimizing summary cost of
multimodal transportations corresponds to objective minimization
function given in [21] as follows:

m,n m,n m,n
S=> a;X + > by, + Yz, —>min [N
ij=1 i,j=1 ij=1
where | =]71, j :1,_m are n of departure points and m
of delivery points correspondingly;
X;i» Yij» Z; — number of goods transported from i departure point

to j delivery point by automobile, railroad and river means
of transport correspondingly;

aij,bij ,C; — cost of transporting 1 item of goods from i departure
point to j delivery point by automobile, railroad and river means

of transport correspondingly;
S — cost function.
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Objective function for a multimodal transport problem
according to the criterion of minimal risk level is given in [20]
and constructed similarly to objective function of minimizing cost
for a classical (multimodal) transport problem. Therefore,
this research regards the problem as a classical one.

With 3 means of transport, the objective function given in [21]
as follows:

R= Z fi% +_Z 95 Yi +AZ h;z; — min (2)

i,j=1 i,j=1 i,j=1
where f;, g;,h; - risk coefficient of goods transportation from i

point of departure to j point of delivery by means of automobile,
railroad or river transport correspondingly;
R — transportation risk function.

There is a number of ways to find out risk parameters

f;,9;,h; while constructing objective function (2). Here are two

of them:
1. Risk in transporting one unit of load.

The method is a logical consequence of the problem under
consideration: hence, each parameter f;,g;,h; in (2) stands

for damage risk while transporting 1 unit of load from i point
of departure to j point of delivery by automobile, railroad and river
means correspondingly.

Regard the example: in case transportation risk level of a load
unit is 0.1 (10%) then transportation risk level for 2 units will be
0.01 (1%) etc. In mathematical aspect, it is obviously wrong but
the problem does not require exact calculations of risk level,
instead, it presupposes option of the least among all possible
values. Therefore, such an approach to the problem can be
considered as correct.

2. The grades of risk level
transportations.

If to calculate yet more exact coefficients f;,g;,h; within

classical approach, the grades of risk level according to number
of transportations might be suggested.

In this case, objective function (2) is to be illustrated by grade
coefficients tables, for example (Table 1).

according to number of

Table 1. The grades of risk level for automobile transportations

Gradation level | MIN X;j max X;j | Risk level
1 0 p fi
2 p+1 | fij2
3 +1 q f;
4 g+l

In Table 1, indices minx; and maxx; stand for minimal

and maximal value for the number of automobile transportations
correspondingly, whereas p,I,qeR and 0< p<l<q.

For railroad and river transportations, the related tables are
similarly created.

The main advantage of applying classical approach to the
problem is unification of functions (1) and (2). That may be
necessary for a multicriteria multimodal transportation problem
solution within which both objective functions (1) and (2) would
appear simultaneously as optimization criteria.

In any case, there appears a necessity of calculating

coefficients values f;,g;,h; analytically. To this effect, factor
analysis method, or factor approach, would be applied.
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Expression (2) is written as follows:

R=R,+R +R, > min (3)
where R, = Z fijxij , R = Z 9;Vi. Ru= z:hijzij —is a
ij=1 i,j=1 i,j=1

summary risk for transportation loads from i point of departure to j
point of delivery by means of automobile, railroad and river
transport (taken separately), correspondingly.

Next, additional variables are to be introduced to mark risk

factors: o, 3,7, , which are values for k risk factor when goods

are transported from i departure point to j delivery point by means
of automobile, railroad and river transport correspondingly.

According to methodology suggested in [12], it may be
written as:

m,n,v

Kyq,K f

fy = ay W, +0;
i, i k=L
m,n,v

_ Kk o a0

g; = i Ws T 0 4)

i, k=1
m,n,v

_ Kin k h

hy Vi W, +0;
i, Tk=l

where W, W), W are weight coefficients of introducing (factor

weights) of k risk factor to general index of transportation risk by
automobile, railroad and river transport (taken for certain);

f h
0y,0y,0
not essentially affect the ultimate calculated result and the value
of which could be neglected.

Besides, in general case, it could be admitted:
0<Wj,Wi,w <1, Wi +wj+w =1
Next, coming from (4) back to (3):

— “Gaussian noise” or in other words a value that does

R kok f
R, = (oW, +0; )X;
i,jk=1
m,n,v
K.k
R = Z (ﬁu Wy +Oi?)yij (5)
i,].k=1
m,n,v
" h
R, = (7ij W, +Oij)zij
i,j.k=1

Through neglecting in (5) the values of components
in “Gaussian noise”, the ultimate expression is:

m,n,v
R= Y (aywyx; +Biwyy, +
i, k=L (6)
+7 W, Z;) — min
Taking into account that since a, 3,7 are matrix values
for cases i and j, and each of the elements W‘;,WZ,W‘; is a vector,

for instance, of the type W' =(W.;w’;..;w!), therefore, the
following equation is applied:
fi = (o)W, + () - W, +...+ (e) - W, @

For parameters g, hij (7) is given in the same way.

That demonstrates that through factor analysis method the
analytical expression which reveals the criterion of minimization
of risk objective function for multimodal transport problem could
be considerably specified. Besides, factor approach to the problem

solution is proved to be a logical consequence of classical
approach.
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2. Problem solution for model example

The solution of the given problem could be done by applying
model data which would be a preparatory stage for ultimate risk
transportation function (2) or (6) that could be solved through
program aids [4, 6, 14, 15, 17].

Main propositions for the problem are as follows:

1) Departure and delivery points are the same in number and are
equalto3: m=n=3.
2) Risk factors are as well 3 in number: v =3.

Among risk factors are: damage (k = 1), disorder (k = 2),
force majeur (k = 3).

3) Vectors of weight factors are as follows (for each transport
means):

Automobile: W = (W-;W2;w %) = (0.5;0.4;0.1)
Railroad: v‘v; = (wj; W;;w 7) = (0.6;0.25;0.15)
River: W' = (W ;w2;w?) = (0.45;0.5;0.05)
4) Values for indices o, 3,7, are given as matrices (for each

transport means):
Automoabile:

01 02 015
a:=| 03 017 011
0.15 0.07 0.13
02 023 0.14
a’ =031 007 021
0.16 0.03 0.1
0.15 0.12 0.25
al=013 01 0.2
0.19 0.08 0.09

Railroad:
0.3 0.02 0.17

B =013 008 0.1
025 0.04 0.03
0.02 015 011
pf2=021 027 01
0.06 0.23 0.01
0.05 0.13 0.4
=|014 019 0.12
017 0.04 0.19

River:
0.2 0.1 0.12

7; =] 013 007 021
019 001 011
03 022 017
73 =011 0.03 0.2
0.19 0.04 0.01
016 02 005
;=014 015 023
013 0.8 0.9
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According to (7), they result in:

fij = (a;)vvi +(0',ij?)'wozz +(a3)W§

6y = (5) Wy +(B)) W, + () W,

hy = ()W, + () W, + (7).
Either, substituting exact values:

0.145 0.204 0.156
f,=| 0287 0.123 0.151
0.158 0.055 0.114
0.1925 0.069 0.1895
g, =| 01515 0.144 0.103
0.1905 0.0875 0.049
0.248 0.165 0.1415
h =|0.1205 0.054 0.206

ij

0.187 0.0335 0.064

Coefficients WZ,W;,W; could as well be presented as

matrices, which would be valid in case values of factor weights
are dependent on concrete points of departure and delivery.
However, it does not especially affect the principle of finding

out coefficients f;,g;,h; .
Thus, the model example demonstrates algorithm for
calculating parameters fij , gij,hij for objective function (2).

3. Conclusions

The paper regards the objective risk function of multimodal
transport problem. It presents algorithm for calculating this
function’s parameters, together with factor analysis method
for their definition.

The obtained results perfectly correlate with classical solution
for a multimodal transport problem and could be further applied
for solving multicriteria multimodal transportation problems. Risk
objective function is constructed for three transport means:
automobile, railway, river. Though, the problem considered in this
form could be extended for any finite number of goods delivery.
For a classical problem, application of factor analysis method
results in more concrete analytical interpretation of this type
of solution in the course of solving the problem. Correspondingly,
similar approach could be applied for solving other problems
of the type.

Further studies could be devoted to application of elements
of this method as a group factor analysis while finding out values
of parameters of minimization risk function. For example, creating
different hierarchies of influence factors should be regarded
to affect the ultimate risk objective function in the problem given.
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