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Abstract: In this paper we propose a method to construct antijative assessment of
decision-making based on a Markov model of decism@king about the possibility of granting
loan to the borrowing enterprises from the lendmank). As a results of the computational
experiments for finite planning horizon and thenpiple of optimizing the income of the enterprise,
it allows the lender (creditor) organization to reddetter informed decisions which is to maximize
the expected income in the provision of the ingad&d credit enterprise. This technique is clearly
justified in the application of the theory of decismaking and optimization theory. Based on the
proposed method we can construct other methods edfisidn-making in assessing the
creditworthiness of the enterprise in question.
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Meeting the challenges of constructing models @isien-making remains in the currently
weak-formalized area in which the quality of théusons essentially depends on the experience
and intuition of researchers [3]. Currently, thare many different methods of decision making,
suitable for solving problems, and at the same timthere are practically no formal
recommendations on the selection method for a dgiask In this context, the aim of this research
is to develope a mathematical model based on thikdvanodel of decision-making.

Businesses wishing to get a loan from the credititutions (banks), as at the time of the
loan may be in one of three states: state 1 - prosis company, state 2 - the financial condition of
the company is such that it is in the "5 years teetoankruptcy " state 3 -" a year before the
bankruptcy ". It is known from [1] that a companyynbe in any of this state, if at least three
indicators pointing to Beaver belong to this state.

We assume that the decision maker (DM) from thditeninstitutions (banks) consider two

possible options for action (strategyX; - to give, X, - not to give the company credit. We also
assume that, depending on the state of the comﬁg(‘q‘r, j =123, which is consistent, that its

generated income can be calculated by the lendstgutions (banks). For example, if at timé¢he

company was in a stats; and at time(t+1) the state continues, it will be considered as the

maximum income.



For example ifa, = 547%housnd rub, then the income matrix will be tieitias R' ={rtj},

where ptj is the matrix elements of transition probabilities

Assume that we know the statistical (accountingdrmation of a company for three years
t=3. On the basis of these data, we calculate theficeefts k,,s=1,---,5, from Beaver and
probability [1] ptj, we have that the enterprise under investigatiosis S, (t) state at time

t=123, j=1,2,3. For illustrative purposes, the stitistical d&ta t =123 years was taken fro a
particilar company OAQ Jeumomoko» [3]. The transition probability matrix is as fols P :

Pr P PP

P=|pz p; 3| (1)

P3 P; P3

Elements ptj of the matrix denotes transition probability oétiystem in stats, (t) Thus

the rows of the matrix correspond to the "st&f¢ and the colums - “time =123". The sum of
3

elements of each row is unity that¥sP =1, j=123.
t=1

For the simulation of the situation in the compaihyg transition probability matrix may be
represented in the income matrix as foIIO\Rs:{rjt; ri=a Eptj}:
2o’
R=[ry 7 13|,

r3réorg

elementr; of the matrix denotes the income obtained at tinvehen the system is in state

With the matrixP and R one can simply predict the results of the systenthis case, the

set of feasible solution§& ={X,, X,}, where X, - the decision to issue a loan the company, and

X, - not to issue. Thus, the transition probabilitgtrix is given by [4,5]:

: P, Xi_1 =Xy,
=[5 0

The transition of the company from one statentotlaer is associated revenuematrix
R(i|xi )=(rjt(i|xi )) whose element; (i|xi) is the income (positive values) for theh stage. At the
same time, the income ittth stage is associated with the transition of dbmpany from state

S(j-1), in which it was after thét -1)-th stage, a statg; when deciding whetheX; OG .



3 t: ,
Values [4,5]v, (Xi_l) =tj2=1pj (I‘Xi_l)rj (I‘Xi—l) defines the expected revenue for thia

stage, if after thét —1)-th stage the company was able to b&jnstate and it was decided to
X, O0G.

It is necessary to note that the decision-maker neapterested in the value of the expected
income at a predetermined strategy of behavioage ©f a state compan$, . For example, PMD
may consider that afte(r—l) -th stage if the enterprise is in St&8g, regardless of the particular
valuei, it is necessary to make a decisidn, UG.

For a finite planning horizon, ie, a finite numlpérsteps(t < «) of Markov decision

problem with the principle of optimality, which ie maximize the expected revenue for the
stages, it may be represented as a dynamic progregrproblem.

Let f,(j) - expected optimal revenue ( that is optimalityg@ple in its best use) for stages
with numbers t,(t +1),---,N, provided that after the-th stage of the test, the company is able to be
stateS,, j = 123. Since the planning horizon is finite, then théiropl expected revenue
requirements must be satisfied

fua(i)=0, j =123
Expected optimal revenug (j) phases numbered(t +1),---,N consists of two component

The first component - optimal revenue for1)-m stage, due to a transition of the company from a

state S; in which it was at the-th stage, in any admissible statj3,=1,_m [2,5]. rPDanvt(xi);

v(X,)= 5 p| (i +ﬂXi)rj‘ (i +ZIJXi) (2), where p!(i +1X;) - the conditional probability that,
j=1
after the (t +1)-th stage the company will be in a st&¥® and has a feasible solutionX;;

rjt(i +]1Xi ) . income of the company in stag, in which it was after the-th stage as a result of
X,, from the set of feasible solutior. The second component of the optimal reverfyg)

determined by a combination of optimal inconfg,(t), t=1m, with transition probabilities
ptj(i+]in), k=1m:

3
max 3 pj (i +3;) fina (1).
X;0G t=1

We come to the recurrence equation of dynamicraragniing with a finite number of steps

linking the expected optimal revendg(j), j=1m u f,(t), t=1m, m=3:



f(3)=maxfy (X )+ £ ot +1X ) 1,0} 1 =281, j=1m.

X,0G
In this case, we recall that,,(t)=0, t=1mu v,(X,)= 3, P (i +ZIlXi)rjt (i +ﬂXi),
t=1

j=1m

Example: Assume that the lending institutions (Bank), ¢dess the enterprise in question
to provide credit. To do this, the bank needs teetti® an optimal behavioral strategy, that is, to
maximize the total return for the loan to the emntiRecall that the investigated company has
identified three possibl&states: State 1 - prosperous company, state 2fintdecial condition of
the company is such that it is in the "5 years t@efoankruptcy,” state 3 - "a year before the
bankruptcy.” Set of feasible squtiorG:{Xl,Xz}, where X, - the decision to issue a loan
company, andX, - not to give. Transition probability matrix hatfollowing form (see. (1)) [5].

This discourse was taken from a known staticatqanting) data on a gravitg =3. On

the basis of these data, we calculate the coeit€igV/. Beaverk, ,i=1,---,5 and probability p}
that the investigated the company is Sp(t) state at timet, t=1---3, j=1,2,3. Then, the

06 0 04
transition probability matrix?, is as follows:P, =| 06 04 0 |. The sum of elements in each row
04 02 04
. . - 3 t .
is unity, thatisy P; =1, j=123.
t=1

Suppose that on the basis of the resulting matrikramsition probabilities matrixP, is

004 035 051
calculated as followsP, =PP: P,=|0 025 075|, and the income matriR in accordance
0 0 1

with the transition probability matrix is calculdtdy the following formula rjt =a Eptj where

a, =5475th. rub. - desired income at timg and p' - elements of the matrix of transition

probabilities
3285 0 2190 219 191625 33395
R, =13285 21900 ; R, =10 136875 410625
2190 10952190 0 0 3475

We assume that the planning horizonNs=3. From these matrice®, P,, R, R,, we

calculate the expected revenues from the formylad(# to the transition from one state to another

in different variants of feasible solutions of gets G of the companies considered:



v;(X;)= 06%x3285+0x 0+ 04x2190= 2847,

2(1

X1)
(X1)
(x2)

<

<

3

Vi

0,6 %3285+ 04x 2190+ 0x0=2847,
04 %2190+ 0,2x1095+ 04x2190=1971,

X5)=004x219+ 035x191625+ 051x 33395=2716695,

Vo (X 2) =0x0+ 025%x1368,75+ 0,/5x410625=3121775,

v3(X,)=0x0+0x0+1x3475=3475.

For clarity, we use the tabular algorithm for sotythis problem.

Table 1. Calculations of optimal expected revermrdlfe 1st stage of planning.

i vi(X;) Optimal expected _ o
. . revenue,fg(j) Optimal decision
i=1 i=2

1. 2847 2716,695 2847 X,

2. 2847 3121,775 3121,775 X,

3. 1971 3447 3447 X,

Table 2. Calculation of the optimal expected rewefur the second stage of planning.

3t : Optimal
V| (Xi)+t§1pi(| +1X; )fa(i) expected Optimal
_ _ revenue, decision
- = f,(i)
2716695+ 004x 2847+
2847+ 06X 2847+ + 065% 3121775+ 5934 X
+0% 3121775+ 04x 3447=5934 ’ 1
+ 051x3447=4171698
2847+ 06x%x 2847+ 3121775+ 0% 2847+
+04x3121775+ + 025x 3121775+ 6487,466 X,
+0x3447=580391 + 0,/5%x 3447= 6487466
1971+ 04x 2847+ 3447+ 0x 2847+
+02x3121775+ +0x3121775+ 15512,95 X,
+ 04x3447=1551295 +1x3447=689/¢

Table 3. Calculation of the optimal expected rewefur the third stage of planning.

3 il . Optimal
t
Vi (Xi)+t2=1pj (' +1X; )fz(l) expected Optimal
o o revenue, decision
=1 =2 f,(j)
2716695+ 004x 5934
2847+ 0,6 x5934+
+0x 6487466+ + 065x 6487466+ 15082 5124 "
’ + 051x1551295 : 2
+ 04x1551295=1261258
=150825124

5




3121775+ 0x 5934+

2847+ 06%x 5934+
+ 025% 6487466+
2. + 0,4x 6487446+ 16378,354 X5

+ 0,7/5%1551295
+0x1551295=9002378

=16378354
1971+ 04 x 5934+ 3447+ 0x5934+
3 +02x 648466+ +0x 6487466+ 18959.95 y
| + 04x 1551295=106974732 +1x1551295 ! 2
' ] ' =1895995

From the results, we conclude that the best saidtothe three years (phase)Xs, - not to
give credit to the enterprise, regardless of ttmmemic market situation. For all three years (stqage
it is optimal to assumé&, as the feasible solution for all the possibleestaif the enterprise.
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