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Olha Kozmenko (Ukraine), Olha Kuzmenko (Ukraine) 

The formation of ratings as a multidimensional function. Express-
ratings and time ratings based on the Bayes theorem 

Abstract  

It is suggested in the article to calculate express rating and time rating of the study objects according to the theory of 
chances – Bayes theorem. As a random event is used the achievement of certain level of reliability by the study object. 
It is proposed to estimate express rating as one-dimensional assessment of input data and time rating as multidimen-
sional assessment of input data. 

Keywords: express rating, time rating, Bayes formula of hypotheses probability correction, safety level, binary indica-
tor, multidimensional assessment. 

Introduction 

The solution of problems related to the economic 
categories such as reliability and stability of function-
ing characterizing all objects of study, has recently 
become a relevant issue. In order to make informed 
management decisions, that is, the decisions that cor-
respond to the chosen ratio of profitability and risk, it 
is important for the objects of study to possess the 
objective information about the current state of their 
partners. For this purpose a rating is conducted, which 
allows any user to carry out a comparative assessment 
of different objects. Therefore, imperfect methods of 
ranking lead to the biased assessment of the current 
situation, the waste of time required to get accurate 
ratings and the losses from transactions with unreliable 
partners. The problem of improving the methods of 
ranking the study objects has led to the development of 
scientific and methodological approach to compiling 
the rankings based on the express assessment and 
Bayesian analysis. 

The method of express assessment provides the incre-
mental analysis, the implementation of which involves 
the stages presented in Figure 1 (see Appendix).  

During the first stage, a set of indicators that can 
signal potentially negative aspects of the study ob-
ject is determined. 

During the second stage one conducts the assess-
ment of acceptable (boundary) values for the identi-
fied characteristics (formation of a “corridor”of 
acceptable values). 

The third stage is devoted to the formation of binary 
indicators that primarily depend on the previously 
obtained boundary values: if the value of an indica-
tor belongs to the “corridor” of acceptable values 
the corresponding binary indicator assumes the val-
ue “0”, and in the opposite case the value – “1”. 

During the fourth stage the sum of binary indicators 
that received the value “1” is calculated. The ob-
tained sum of binary indicators performs the role of 
express assessment for the future rating of the ob-
served objects. 

The characteristic feature of the proposed methods 
of analysis is economic transparency, that is, subs-
tantiation of economic causes for giving a particular 
score. This can be achieved through a specific type 
of information, which is the basis for rating assess-
ments. In fact, the state of each object of study is cha-
racterized by a set of binary characteristics, which 
assume the values “1” / “0” (“0” – if the correspond-
ing characteristic is within the range of acceptable 
values, and “1” in the opposite case). The values of 
“0” indicate the positive and the values of “1” the neg-
ative aspects. This makes it possible to obtain the 
total numerical rating assessment.  

In order to obtain binary characteristics we have to 
determine the boundaries for the “corridor” of the 
study’s problematic objects. Thus, to determine the 
values of binary characteristics of each of the j

indicators we use the following formula for each 
study object:  
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j j
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j j
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,    (1)

where jbin are the binary characteristics for each 
study object; 

jav is the average value of the indicator j.

In addition, before the calculation of average values 
for each of the proposed j indicators it is necessary 
to carry out data normalization as the absolute val-
ues are not comparable values. Normalization is 
conducted according to the following formula: 
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where j is the indicator’s initial value; Kjnorm are 
the indicators’ normalized values; min (Kj) is the 
minimal initial value for each of the Kj indicators; 
max (Kj) is the maximal initial value for each of the 
Kj indicators. 

After carrying out the normalization we will deter-
mine the average values of the normalized j indica-
tors according to the arithmetic mean. 

,
Kj

Kjav
n

      (3)

where jav is the average value of the j indicator; 

j is the sum of normalized values of the j indi-
cators; n is the number of the observation objects. 

When the empirical standards have been determined 
each of the study objects will be characterized by a 
set of binary characteristics B = (B1, B2,…, Bn),
where Bk assumes the value 0 if the corresponding 
standard is performed, and the value 1 in the oppo-
site case. The sum of binary indicators for each of 
the study objects presents coded information about 
the existing problematic aspects of their functioning.  

On the basis of the obtained sums of binary indica-
tors ( BI) the express rating score is determined for 
each of the study object:  

- if 0 BI < 6 normal level; 

- if 6 BI < 12, increased level;

- if 12 BI  18, high level. 

If, according to the results of the conducted express 
rating assessment some problematic aspects in the 
functioning of each of the study objects were discov-
ered it is necessary to carry out a more detailed com-
plex analysis with the use of probability approach.  

Thus, one of the promising methods of the rating 
assessment is the Bayesian analysis. The essence of 
the proposed method is the obtaining of information 
about the compliance of the activity of the study 
objects with the set of standards and the calculation 
of the possible emergence of certain problematic 
aspects in their functioning, which is the most in-
formative general indicator of the rating assessment. 
This can be achieved by using the Bayesian ap-
proach in the analysis of information.  

The Bayesian analysis as a method of rating assess-
ment based on the use of the Bayes theorem. The 
Bayes theorem calculates the probability of the hy-

pothesis correctness under the conditions when on 

the basis of the observations only some of the in-

formation about the event is known. In other words,
the Bayes theorem helps to make more accurate cal-
culations of the probability taking into account both 

the already available information and the data from 
the new observations. 

The Bayesian approach intends to determine how a
priori expectations of a certain phenomenon can be
specified and how the observed data can be inte-
grated with such a priori predictions to achieve im-
proved a posteriori expectations of an event.

Let us consider an example of the Bayesian ap-
proach: an observer carries out the consistent obser-
vations of the study object to identify the problemat-
ic aspects of its functioning. The results of each 
observation or test can be compared with a priori 
knowledge about the object of study and the expec-
tations regarding the validity of the corresponding 
assessment. The goal is to obtain the final rating 
assessment of the object of study, which from the 
observers’ viewpoint is correct with a certain degree 
of reliability.  

The Bayesian formula has two components: an indi-
cator that characterizes the data of observations 

and an indicator of the degree of our confidence 

in the hypothesis validity. The first indicator is 
often called the Bayesian criterion or the likelihood 
ratio. The Bayesian criterion is separate from the 
subjective component of the formula. This criterion 
is also called the relative chances criterion, and in 
the logarithmic form – the proof. The difference 
between the proved data and the probability of error 
is discovered if the Bayesian criterion is presented 
as a coefficient that reflects the degree in the change 
of probability of the hypothesis correctness after 
obtaining all the observation’s data. The Bayes for-
mula is presented in the following way:  

,

,

bc r

n
bc

al

P P P

                     (4) 

where P  are a priori chances the zero hypothesis; 

Pbc is the Bayesian criterion; P r  the posterior 

odds of the zero hypothesis; Pn  the probability of 

obtaining data if the zero hypothesis is correct; P l

the probability of obtaining data if an alternative 
hypothesis is valid. 

The Bayesian criterion demonstrates how each of 
the two hypotheses corresponds to the obtained data. 
The hypothesis that best describes the data is consi-
dered to be proven.

The proposed rating assessment is carried out  
in 3 stages.

The first stage determines the numerical characte-
ristics of the study objects that make it possible to

conduct rating assessments. 
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During the second stage the table of the characte-
ristics’ acceptable values is filled. If the correspond-
ing characteristic is in the “corridor” of acceptable
values it assumes the value of 0, and in the opposite 
case the value 1.

The third stage includes the rating assessments of 

risks according to the Bayesian analysis using one

of the nomograph scales while using another scale

to determine the score that characterizes the prob-

lematic aspects of functioning.

A distinctive feature of the proposed method is its

economic transparency, that is, the validity of eco-

nomic reasons for giving a particular rating score. It 

is achieved through the specific type of information

determining the rating assessment.

In fact, the state of each study object is characte-

rized by a set of binary characteristics that assume 

the values “yes” / “no” (“no” - if the corresponding 

characteristic is within the range of acceptable val- 

ues, and “yes” in the opposite case). The “no” val-
ues indicate the positive and “yes” values the nega-
tive aspects in the functioning of certain objects of 
study. It makes it possible to obtain a single numeri-
cal rating assessment.  

In order to obtain binary characteristics we need to 
determine the boundaries for the “corridor” of the 
observations’ problematic objects.

When the empirical standards have been determined 
each of the study objects will be characterized by a set 
of binary characteristics B = (B1, B2,…, Bn), where Bk

assumes the value 0 if the corresponding standard is 
performed, and the value 1 in the opposite case. A
series of zeros and ones containing the coded informa-
tion about the level of the functioning’s problematic 
aspects make it possible to determine the probability  
(pB (H1)) that the analyzed object of study is proble-
matic subject to the availability of information B.
Thus, according to the Bayes’ formula the following 
equation holds true. 

1 1 1

2
21 2

1 1

( 1) ( ) ( 1) ( ) ( 1) ( ) 1
( 1) .
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P Hi P B

P H P B

(5)

The probabilities P(H1), P(H2) in the Bayesian

approach are called a priori, and their values must 

be determined prior to the analysis. The probabili-

ty P(H1) = y is the likelihood that due to the lack 

of a posteriori information the study object is

problematic. Accordingly, the probability P(H2)

is the likelihood that due to the lack of a posteri-

ori information the analyzed object is not

problematic.

The probability pH1(B) is the likelihood that for the
problematic object a priori information B will be 
obtained. Accordingly, the probability pH2(B) is the 
likelihood that for the non-problematic object a pri-
ori information B will be obtained. 

In making the assumption about the independence
of binary characteristics it is possible to use the
formula of probabilities, which leads to the follow-
ing equation:
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where bk is the event probability Bk = 0, and gk is the 
event probability Bk = 1 for each object of the study. 

Thus, the general formula (6) linking the rating as-

sessment with the available information leads to the 

following simple equation:
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where L is the integral indicator (weighted sum) 

of binary characteristics B (the available informa-

tion about the state of the study object based on 

the values of analytical indicators).  

To determine the rating score of a particular study 

object we calculate the value bk  the probability 

of the event Bk = 0, and gk  the probability of the
event Bk = 1 for all indicators k = 1 ÷ n according 
to the following formula: 

,

1 .

k

k
k

k k

B

g
n

b g

       (8)

After determining bk  the probability of the event  

Bk = 0, and gk the probability of the event Bk = 1 
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for all indicators of each study object k = 1 ÷ n we
calculate the parameters k 0 according to the for-

mulas (8) and then determine the value L  an 
integral indicator (weighted sum) of binary charac-
teristics (the available information about the state 
of the study object based on the values of analyti-
cal indicators) and substitute them in the general 
formula (7), which shows the value of the rating 
assessment.

The above mentioned method tested by the Nation-
al Bank of Ukraine helped conduct the express 
assessment [7], including the assessment of insur-
ance companies based on the statistical data [4, 5]. 

The use of Bayesian analysis for the ranking of 
study objects is an effective economic and mathe-
matical method for improving the quality of super-
vision over their operations, making it possible to 
group these objects according to their reliability,
obtaining strategic and tactical ratings. The ob-
tained results can be used for practical calculation
of ratings in order to make informed management 
decisions.

The proposed algorithm provides an opportunity to 
carry out a quick assessment through the use of
express ratings (univariate analysis) of economic 

entities, which is important for the conclusion of
agreements. The making of ratings through the use 
of the Bayes’ formula makes it possible to obtain 
the time estimates of the study objects with a single
number that assumes the values from zero to one.

This approach is an innovative technique in which
a rating is regarded as a multidimensional value
and which involves a series of steps leading to the 
optimal investigation of the process. Moreover, the 
advantage of the proposed method is its dimension-
less form and the possibility to apply it for any 
objects of study.  

Conclusion

Bayesian analysis usage for determination of the 
research object reliability (stability) is an effective 
economic and mathematical method of enhancing 
supervision considered by the market. This ap-
proach allows to reveal hidden defects in the op-
eration of business entities, to hold the grouping 
reliability, and to get numeric reliability characte-
ristics of the population considered in contrast to 
traditional methods, which give only a descriptive 
characteristic. But there is a necessity for continual 
adjustment of this method in accordance with the 
needs of the current economic situation.
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Appendix

Fig. 1. Generalized scheme for the formation of the express rating and the time rating based on the Bayes’ formula

Stage 1 - Identification of express rating of the study objects as one-dimensional assessment of input data

Stage 2 - Identification of the time rating of the study objects as multidimensional assessment of input 

data

Identification of a set of indicators that can signal potentially negative aspects of the study object 

Assessment of acceptable (boundary) values to determine the main characteristics (formation of a "corridor" of 

acceptable values)

Formation of binary indicators that primarily depend on the previously obtained boundary values: if the value of 

an indicator belongs to the “corridor” of acceptable values the corresponding binary indicator assumes the value 

“0”, and in the opposite case the value – “1”

Calculation of the sum of binary indicators that received the value “1” by means of the express assessment of the 

study objects’ rating

Determination of numerical characteristics of the study objects, which make it possible to obtain the rating as-

sessment 

Filling the table of the characteristics’ acceptable values. If the relevant characteristic is within the range of 

acceptable values it assumes the value of 0, and in the opposite case the value of – 1

The rating assessments of risks according to the Bayesian analysis should be included into one of the nomograph 

scales using another scale to determine the score that characterizes the problematic aspects of functioning – the 

time rating
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