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Abstract. Under the conditions of constantly growing competition transportation companies are faced with theoretical 
and practical problems associated with the quality and stability of transport services, competitiveness on the market and 
marketing problems. Road transport services are considered in the terms of value analysis while the assessment of their 
competitiveness is based on the Pontriagin maximum principle. 
A model for transport risk analysis is constructed, taking into account the principles of correlation and co - variation of 
transport services. Formalized models of automated control of services in the system of marketing allowing the analysis 
of stability and other parameters to be made in the framework of automatic control theory are offered. 

Keywords: transport service value; competitiveness; correlation analysis; mathematic models; marketing system; con­
trol scheme; transfer function; stability. 

1. Introduction 

Transport services are considered as one of 12 ser­
vice groups (an independent one) under the classification 
of the World Trade Organization developed for the sector 
of services. Major features of transport services have much 
in common with other services, being, however, more 
closely related with marketing strategies and tools. 

Under the conditions of increasing competition on 
the market, the problems of transport services competi­
tiveness and efficient decision making have considerably 
grown in importance. Therefore, a comprehensive theo­
retical analysis of these problems is needed. 

Though the analysis of general problems of the com­
petitiveness of transport services can be found in litera­
ture on marketing, the methods offered are often based on 
separate criteria or test results. In some papers [1, 2] the 
criteria of quantitative evaluation of competitiveness are 
given, though the analysis has shown that transport ser­
vices are of specific nature as far as their competitiveness 
is concerned. Therefore, a complex approach to the above 
problems should be developed. 

Transportation control problems have been analyzed 
by some researchers [3, 4], however, major principles of 
a marketing system, its stability and efficiency in the area 
of transportation have not been considered yet. 

A major goal of the present investigation is to de­
velop basic theoretical principles for the analysis of com­
petitiveness and control of transport services aimed to 
solve actual problems. 

2. Major Principles of Competitiveness Analysis of 
Road Transport Services 

Let us consider basic principles of the competitive­
ness of road transport services. For this purpose a new 
concept referred to as the total value of the transport ser­
vice is offered. It reflects more detailed evaluation of ser­
vice quality. In considering transport services, the total 
value vis determined by the following factors: the con­
tents of service T, transportation time L, reliability P, ca­
pabilities and availability G (which is of special impor­
tance when the specified temperature and humidity re­
quirements should be satisfied and the particular equip­
ment should be available) and traffic safety S (in terms of 
freight safety and safe transportation of dangerous goods). 
Hence, 

V = V(T,L,P,G,S). (1) 

For a general case the model for the service value 
may be expressed as the dependence of the vector V on 

the vectors of local values VT, VL, Vp, VG, Vs: 

hT VT 

hL VL 
v(:r,L,P,G,S)~ hp, Vp 

hG VG 
, (2) 

hs Vs 
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here, hT , h L , hG , h s are scalar expressions of the influence 
of local value vectors on vector v . 

In general, the scalar influence matrix is as follows: 

hrr hn hTP hTG hTS 
ih hLL hLP hLG 

I 

; LT hLS i 

H('Jf, V, u)= kF(Vi, u 1 )+I 'Vd(i) (vi, u J) (8) 
i=l 

with the arbitrary values 

. n (i) 
H\jli = J(l) and H vj = kFvj + L 'Vifvj . (9) 

i=l 
H =',hn hp£ hpp hpG hps 

' 

hGT hGL hGP hGG hGs 
(3) The solution is formulated in terms of the following 

hsT hsL hsp hsG hss 

For a set of two major factors of T (contents) and L 
(time) the following expression of the model to be used 
in problem solution is suggested: 

V(T, L)= hrr VT +hn VT +hu V L +hLT V L. (4) 

In similar cases a classical maximization problem is 
stated as seeking the maximum value of the functional 
]': 

maxi'= f F(v }.t"C. (5) 
1: 

However, in this case, the maximum is determined 
only in terms of the state function F (v). 

An extended problem is suggested implying that 
optimization should be made not only in terms of state 
function, i.e. on the principles of quality control system, 
but by introducing quality control function of a set of 
parameters in time interval 'to -"Ck. Then we can write: 

'l:k 

maxi = J F (v, u }.t"C , (6) 
'l:o 

UE {U}, 

here, u - quality control parameters of a set {u}. 
A model of problem optimization allowing the 

PontJ.iagin principle to be applied is offered. 
Denoting by 
vi- then-dimensional vector of the state of quality 

system (i = 1, ... , n); 
u J - the m-dimensional vector of control param­

eters (J = 1, ... , m); 
we may express the model in the following way: 

'l:k {, ' ' maxi = J F \Vi, u 1 p't , (7) 

'a 

. - (i) {, ) 
if vi - J \vi, u 1 , 

Then the following transformation is made. Intro­
ducing a constant k and time function 'Vi we get a so -
called Hamiltonian function: 

three conditions (with respect to Vi and u 1 ): 

1) Hvj =-'lfi,i=l, ... ,n 

2) H['Jf('t), V('t), u('t:)]= max H['Jf('t), V('t)], 
uE{U} 

3) V('t) u('t)are optimal: 

(10) 

(11) 

(12) 

More restricted problems are available if the 
weighted effect of some local values 

VT, V L, V p, V G or Vs on the value Vis insignifi­
cant or if the assignment is to analyze the varying local 
values of the highest weighted effect. 

To evaluate the competitiveness of road transport 
services, the competitiveness index [ 1] may be expressed 
in terms of the concept of value. 

vk 
Ik = ~ ' 

svk 

here, Svk- service price (for the client). 

(13) 

3. Risk Analysis and Control in the Area of Transport 
Services 

In marketing risk analysis [ 1] the risk assessment 
model based on standard deviation from the predicted 
profitability of sales and (or) the variation coefficient prin­
ciple generally applied to assessing enterprise performance 
was substantiated. However, the present investigational­
lows us to suggest that more sophisticated approaches to 
risk analysis of transport companies should be applied. 

The problem consists of the insufficiency of risk 
evaluation of each particular service, if such services have 
related profitabilities, or analyzing their risk as relating 
to one common service. 

Evaluating the total (aggregate risk), the profitabil­
ity obtained by the particular companies and the effect of 
their interrelations on the total (aggregate) risk should be 
taken into account. Moreover, the variation of profitabil­
ity in terms of shifts, level, degree, etc. should be assessed. 

The above evaluation may be made calculating cor­
relation and covariation indices [5-7]. For a set of vari­
ables with the correlation expressed, the total (aggregate) 
risk may be found as the sum of the particular covariation 
values, calculated with account of the weighted effect. 

The theoretical and methodological principles of risk 
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analysis have been developed for the company providing 
two types of services, i.e. freight transportation by road 
on the local and international markets. 

Profitability dispersion on the local and international 
market, cr~ and cr"f, respectively, may be determined in 
the following way: 

2 n [ 2 
O"y = L Pvi - E(Pvi )] Tvi 

i=l ' 
(14) 

O"f = f[PT} -E(PTJ)fTTJ, (15) 
}=I 

here, Pvi and PTJ are the profitability of the i-th local 
market service and the}- th international market service, 
respectively; E(Pvi) and E(PTJ) - general profitability 
of the i-th service on the local market and the}- th service 
on the international market, respectively; Tvi- probability 
of the i-th service of gaining profitability Pvi on the local 
market and TTJ- probability ofthej-th service of gaining 
profitability PTJ on the international market. The variation 
coefficients CVv and CVT are obtained. 

The correlation between the profitability of services 
obtained on the local and on the international market is 
determined: 

Cov(v,T) 
Pv,T = · 

O"vO"T 
(16) 

If the correlation is found when (0,5.:::; Pv T .:::; 1), be­
cause the company has a favourable image and additional 
capabilities and takes into account the weighted values of 
profitability Pv and PT, the total (aggregate) risk is ob­
tained in this way: 

(17) 

Having defined its value, we can make reasonable 
risk control solutions. 

Similar technique may be applied to the analysis of 
transport services provided in this country for passengers 
and freight transportation. 

4. The Analysis of Marketing Control of Transport 
Services 

The efficiency of services provided by the particular 
firm varies though control methods are rather diverse. 

The marketing system of an enterprise largely de­
pends on control schemes, therefore, the analysis of vari­
ous control schemes is an important theoretical and prac­
tical problem. The transportation companies with the de­
veloped marketing system described in terms of math­
ematical models, algorithms, procedures, human resources 
and tools aimed to ensure the efficient performance of 

the system are considered within the framework of auto­
matic regulation theory. For this purpose the particular 
structural elements of actual control schemes should be 
considered, thereby allowing the formalized models to 
be constructed. In this case the above elements are de­
scribed in terms of their transfer functions, while their 
interrelations - in terms of the respective relation func­
tions. 

First, the following scheme including the company's 
marketing system- market (satisfying the demands of 
clients) will be considered. This is an open control sys­
tem where the object of control may be considered as a 
proportional element of the automatic control system. A 

general transfer function s'(p) of this system will be: 

S'(p )= Ke-p
1 

, 

1+app 
(18) 

here, K- characteristic of a control system element; 

a P - coefficient. 

Let us write a characteristic equation for this func­
tion. This will be taken as a basis of the analysis of stability 
and other parameters in the framework of automatic con­
trol approach. In this case the characteristic equation is: 

](. -jon 
s'(jro)=- e. . 

1 + JOla P 
(19) 

Next, a more sophisticated closed control system 
including the company's marketing system- market ( cli­
ents)- feedback will be analysed. 

A general transfer function W'(p) of the above sys­
tem is defmed in the following way: 

(20) 

Its characteristic equation is 

Ke-Jon 
W'(jro)= · - · . . 

(1 + jroa P )+ Ke-Jon 

(21) 

The marketing system of road transport enterprises 
is based on a more sophisticated scheme oriented at the 
target market or service. The following variants can be 
found: 

- providing services for the local market and an in­
ternational market; 

- providing services of passengers and freight trans­
portation. 

In both cases similar schemes are used based on two 
parallel feedback loops. The transfer function of such a 
scheme is found summing the transfer functions of indi­
vidual control loops. It is of the form: 
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W(p)= 

, (22) 

here, K1 and K 2 are the characteristics of the loop 1 and 
loop 2. 

The characteristic equation of the above transfer 
function is as follows: 

W(Jro)= 

The stability analysis of such a system is even more 
valuable in a sense that the stability range of a system of 
two loops with different characteristics K1 and K 2 is 
shorter. 

5. Conclusions 

1. To extend a set of criteria for the quantitative analy­
sis of competitiveness a model for determining transport 
service values in terms of its total value was constructed. 
It describes the dependence of the vector of value on the 
local value vectors determined by the contents of ser­
vice, time of transportation, reliability, capabilities and 
availability as well as safety of transportation. Based on 
the above factors, the competitiveness of the road trans­
port service may be defined. 

2. The extended formulation of the total value opti­
mization problem based on the maximization of the func-

tional relating both to the state parameters and to the set 
of quality control parameters is offered. A solution of the 
above problem based on Pontriagin maximization prin­
ciple is demonstrated. 

3. The theory of risk analysis and some methodologi­
cal principles are developed based on the calculation of 
correlation and co -variation indices, taking into account 
the indices of the particular services and the influence of 
their interrelations on the total (aggregate) risk. 

4. Formalized models of automated control schemes 
of transport services expressing the transfer functions of 
feedback loops and their characteristic equations are of­
fered. The above models can be applied to the analysis of 
the stability and other parameters of the considered sys­
tems, when one- or two -loop control schemes are avail­
able. 
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