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METODOLOGY OF INCREASING THE EFFICIECY OF TRANSPORT SYSTEMS USING
DECISION-MAKING METHODS

The developed methodology of formalization and the methods of solving the problem are given, which
provide the construction of highly stable Pareto - optimal compromises from the condition that they are Nash
equilibrium. The problem of decision making under uncertainty in road transport systems is investigated. The
methodology of improving the efficiency and safety of transport systems in conditions of reduced performance based
on models and decision-making methods is considered. The methodology of problem formalization is based on
assumptions and axioms. The methodology is focused on use in systems where the motivation of decisions is
determined by interests. Under these conditions, the constructed methods for calculating the equilibrium policy of
control decisions in accordance with the formulation of the problem, which is formulated for unitary systems.
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Introduction. Road transport as big and permanently performing dynamic system is the connecting
link of the expanded production process and it takes a special place in the economic development of the
state. The production process of the road transport requires the solution of the set of complex interdependent
tasks of the efficient transportation organization, supporting workability of the rolling stock, “extracting
benefits” from transportation, providing safety of road traffic etc. In total these tasks presuppose the choice
of the efficient modes of functioning transport system [1, 2, 3, 4]. The difficulties while solving these tasks
are determined by stochastic character. The expenditures for manufacturing, technical maintenance and
repairing exceed the price of the new transport means in several times. The cause of this phenomenon lies in
the processes of components wear and degradation of units and systems, which leads to breaking workability,
refusals and catastrophes. The processes of changing the technical condition have an occasional character,
therefore finding efficient levers, providing efficiency and safety of transport means performance is an
important and a topical task in saving labour and material resources. This leads to necessity of periodic
executing special events in search of perfect systems to prevent malfunction and catastrophes. Their content
implies monitoring the state, diagnosing the situation, workability, influencing the restoration of workability
and providing safety, and choosing the modes of using transport means [5, 6].

Thus the problem of decision-making in choosing management actions aimed at prevention
catastrophes and achieving “the highest system efficiency” occurs. The process of making decisions is the
choice of the solution variant from several possible. It consists of the characteristic stages and it has iterative
character. The problem of decision making in conditions of uncertainty and risks is not a new one. Its
creation is connected with the names of Von Neumann, Morgenstern, Blackwell, Hirshick, Savage, Fishbern,
Pfanzagl etc. While making decisions certain methods are used, which are classified by several signs.
Depending on the situation of decisions making, they are divided into standard and non-standard [7].

Setting the tasks. The standard decisions are made in frequently repeated production situations.
Knowledge and usage of standard rules speak about high qualification of engineering and management staff.
This, first of all, reduces the time for making decisions, development and implementation of appropriate
steps; for the second, it reduces the probability of making wrong decisions; for the third, the specialist frees
up the time for making decisions in new and complex production and market situations, requiring collecting
the information, its analysis, calculations, connected by the notion “researching the operations”. These are,
so call, non-standard decisions. This problem is determined by the term “preventive safety” [8, 9, 10].

The peculiarity of the problem lies in the fact that safety requirements may not be considered as a
goal. In fact, if demands of safety provision is considered as a goal, the way of achieving this goal is obvious
and it implies disconnecting the system of transportation process. But the efficiency of using this system will
be “zero”. Consequently, the problem of managing safety should be considered in terms of interests
connected with using the system. Formally it requires the introduction of the class of systems where the
motivation of behaviour is determined by the interests. Such systems are called “motivated interests” [7, 9].

The typical example of such systems is a transport means considered in the process of exploitation.
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At the same time it has an additional feature which is a complex system as it consists of the set of subsystems
and each of them has an individual resource of workability and reliability. If each such system is considered
as isolated from the point of view including interests of the only subject, then it is supposed to be unitary.
But altogether such systems are united into a single system used for implementation of interests for a certain
subject, and these interests are dominating for subsystems. In these conditions the transport means is a
corporative system. These conditions cause quite a serious problem of dynamic decisions making that
requires adequate methodology of formalization and constructive methods. The needed methodology
develops primarily for unitary systems [11, 12].

The method of solving the task. The unitary system is considered in the form of a holistic object used
for implementation the interests of the only subject. It is supposed that dynamics of the unitary system is
determined by the evolution of its inner states. The methodology of problem formalization is based on the
following suggestions and axioms.

Assumption 1. The object is deteriorating. The dynamics of its states is described by Markov process
implying continuous time and absorbing condition. The trajectories of the processes are cut at the moment of
hitting. The moments of hitting are the moments of refusals or catastrophe of the system.

Assumption 2. It was set the number of alternative managing influences Y, aimed at managing
evolution of the object via direct change of its states.

Assumption 3. There exist the relations of equivalency for multitude of S conditions. However only
scale X = {x,..., x,,} of titles for equivalency classes is ordered in accordance with the direction of evolution
conditions.

The latter assumption helps to conclude that splitting a variety of conditions into classes of
equivalency is not determined and it needs formation.

Definition 1. The titles of x € X classes of equivalency are called situations.

Definition 2. Indication of relation of the state s € S to the class of equivalency, which title is
determined by the situation x € X, is called diagnostics of the situation. The rule of diagnostics is determined
by homomorphism (S, <) = (X, R), where (<) — relation of order on S, R — relation of order on X.

Assumption 4. Diagnostics of the situations of the technical state is performed at discrete time
moments with the time period T € T.

Assumption 5. For each situation of the technical state x € X it was set a number of managing
alternatives Y, C Y for applying in conditions from the proper equivalency class.

Axiom 1. Managing alternatives y € Y are chosen depending on the situations x € X. Applying
managing alternatives y € Y causes Markov process managed by discrete time.

Assumption 6. It was set a number of structural alternatives G = TX®, where T — a number of
permissible values of the decision-making step, and ® — a number of structural variants of the system. The
alternatives g € G are aimed at managing the evolution of the object via changing parameters of the
transition function of the process.

Assumption 7. The transition function of the managed process depends on the managing alternative y
€ Y as a condition, and on the structural alternative g € G as a parameter. It is indicated as q%(S|SXY).

Axiom 2. The structural alternatives are chosen from multitude G regardless of the states and the
situations as the example.

Axiom 3. The interests of the subject are multi-aspect and they comprise three aspects: management,
diagnostics and structural choice. These aspects are dependable to a certain extent, but they are not the
opposite.

Assumption 8. On the number of managing alternatives Y it was set the a priori function of benefit
w¥(Y|SxX), depending on the situations x € X and conditions s € S as the conditions and on the structural
alternatives as the parameter. It sets the preferences on managing alternatives y € Y according to the
condition:

Wiy |5, X) >WX(y | s,x) = y' >y, ey, yE Y, X EX, s€ S,

The results of the diagnostics may be “beneficial” or “non-beneficial” in terms of the fulfillment of
interests. However, it is impossible to assess “benefit” or “non-benefit” of the diagnostics of the situation.
Nevertheless, as the function of the benefit w¥(SXXXY) is set, it is possible to implement an a priori
assessment of “regrets” in terms of possible loss of utility while choosing the situation x € X in the
determined condition s € S and in the determined alternative y € Y. this assessment is described by the
function indicated as
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E(s.x.y) = | WHsX.) - MaXyey, Max wi(s.y) | (s.x.) € SXXXY.
XEAs

The set of the enumerated objects forms information base I for decision-making.

According to Axiom 3, the formalization of the problem needs implementation of the three
strategies: structural choice, managing and diagnosing the situations. They are determined by the following
constructions.

The strategy of monitoring and structural choice: sequence

{g=(8n-.-.2), g€ G;n=1,2,...}.
The key function of management: unambiguous indication
m: X—Y, 1(X) € Yy, XEX.
The strategy of management: sequence
{nf = (ny,...,m),n=1,2,...}.
The key function of diagnostics: homomorphism
3:(S,R) = (X, R).
The strategy of diagnostics: sequence

{6 =(8py-.., 01),n=1,2, ...}
Three strategies ({n]'}, {61'}, {g'}) — policy of managing decisions.
Quality criteria:
The quality of managing strategy m}" is described by the average utility of the type:

1 nght st —
en(nr g7, 61 )(s) = EMS(nllgl ! )Z?zolrgn_l (St: 5n—t(st):ﬂn—t(Sn—t(st)))f SES,

where w8([1) — function of utility, set in Base 1, and expected value is taken at a probabilistic
measure at the trajectories.

The quality of the monitoring strategy and the structural choice g is described by the expected
average utility of the type:

(717, 67) = f on (P97, 87 )(5)Bu(ds),

S

where B, (7)) — a probabilistic measure on the multitude S at the moments n=1, 2, ...

1 sn n’ n _
Yo (821 g2, 7 )(5) = T MO St pnet (5, 8 (50), T (Spme (50)) ), S €S,

where r¥(" 1) — the function of regrets, set on Base I.
Setting the task:
Policy of decision-making (7, 61, g1 ), satisfying the conditions:

Pn (1197, 67 )(5) 2 @n(ni'lg7, 61 )(s),s € S, var, n=12,..,
un (9711, 61) 2 pn (97|, m1'61°) Vg1, n=12,.., (1)
Pn (81171 91)(5) < @ (87 |m1' 91)(s),s € S, V&T, n=12,..,
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In addition, it is called balanced by Nash’s definition.

The balance policy determines “the best” solution of the problem concerning preventive safety and
efficiency implying the provision of the stable dynamic compromises according to the criteria of the strategic
utility and the strategic risks on the unlimited area of using the system.

The task comprises development of balance policy in managing decisions. The formulated task
determines only general task setting. For its practical solution it is explicitly needed the task of Base I for
decision-making. Its task forms the second stage of solving the problem. It consists of the explicit formation
of the transition function q*(S|SXY) and the utility function w¥(SXXXY).

The model of the transition function q*(S|SXY) is based on the assumption that a multitude of
conditions S is a single section S =[0,1] € R' and the process of degradation is described by Markov process
with monotonous cutting trajectories. Cutting of the trajectory occurs at the occasional moment of time and
corresponds to hitting the absorptive condition.

These two assumptions enabled to get explicitly the transition function q“?(t,I'|s), I' = (a,b] c S of
the degradation process that depends on two parameters: wear rate u > 0 and intensity of refusals x >0 [13,
14].

Via using these parameters it was formed the function of utility, defined with the difference between
“income” of using the object with the alternative of using u € U, and “expenditures” for applying safety
alternatives v € V and the structural alternative 8 € © on condition of absence of failure (that is s<1). If,
however, there is a failure(that is s = 1), then the content of expenditures includes the average value loss
>0.

Conclusion. It was developed the methodology of formalization and it was considered the methods
of problem solving that provide the formation of steady Pareto-optimal compromises on condition that they
are Nash balance. The methodology is aimed at applying in the systems where the interests determine the
motivation of decision-making. The obtained results are applied to the tasks of planning production process,
managing transportation process, managing workability of the moving composition, safety of its exploiting.

Under the considered conditions it was developed the methods of calculating balance policy of
managing decisions according to the task setting formulated for unitary systems. However, the real systems
are complex and consist of the set of subsystems and each of them has its own individual interests. At the
same time, for subsystems there are common domineering interests connecting the set of subsystems into the
holistic system. Similar systems are called corporate. Under these conditions a much more complex problem
of corporate decision making occurs. Its solution needs developing steady compromises at each moment of
decision-making in the unlimited time period.
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Kpagsuenko O.IL, [Jquco A., Topoynose M.I., Kpasuenko K.O. Metonornoris miiBULICHHS e()EKTUBHOCTI TPAHCIOPTHUX
CHCTEM BUKOPHUCTAHHSAM METOJIB IPUHHATTA PillleHb.

JocnijpkeHo mnpoOieMy HpPUHHATSA pilleHb B yMOBaX HEBH3HAYEHHOCTI B CHCTEMax aBTOMOOLTEHOTO TPaHCIIOPTY.
PosmsiHyTa MeTomonoris miABUIIEHHS e()eKTUBHOCTI Ta Oe3NeKn TPAaHCIOPTHUX CHCTEM B yMOBax 3HIDKEHHS Ipare3JaTHOCTI Ha
OCHOBI MojieJIel i MeTOJIIB IPUHHATTS pimeHb. Metomororis gopmaiizanii mpobiemMn 0CHOBaHA Ha IPHITYIIEHHSX 1 akcioMax.

KuouoBi c1oBa: TpaHCIIOpPT, cUCTeMa, IPUHHATTS PillleHb, IPUITYIIEHHS, aKCioMa.

Kpasuenko A.IL, Juorco A., I'opoynoe H.1., Kpasuenxo E.A. Metononorusi moBbIIeHUs 3(EKTUBHOCTH TPAHCHOPTHBIX
CHCTEM MCIIOIb30BAHHEM METOIOB MIPUHATHUS PEILICHHUI.

Hccenenosana npobnemMa NPUHATHS PELICHHI B YCIOBHAX HEOIPEICICHHOCTH, BOSHHKAOIIAs B CHCTEMaX aBTOMOOMIBHOTO
TpaHcnopra. PaccMarpuBaeTcsi METOAONIOrHS MOBBILICHHUS 3()(GEKTHBHOCTH M 0E30MacHOCTH TPAHCIOPTHBIX CHCTEM B YCIOBHSAX
CHIDKEHHSI paboTOCHOCOOHOCTH Ha OCHOBE MoOjeieil M METONOB NMPUHATHS pelleHHi. MeTomoiorust GopMmanu3aniy mpooIeMsl
OCHOBaHA Ha MPEIOJIOKEHUSIX U aKCHOMaX.

KirroueBble c10Ba: TpaHCIIOPT, CUCTEMA, PAOOTOCIOCOOHOCTD, MPUHATHE PEIICHHUH, IIPENIOJIOKCHNE, aKCHOMa.
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