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Abstract. This article describes examples of such algorithms, which is basing on the
knowledge of American physics Benford. Benford's law describes the behavior of
empirical values, when the size of the relative frequency digits forms a numeric or
financial data. The aim of the article is a description of the model that is capable of
decomposition on single digit figures. The digits are calculating relative to frequency
and those are then comparing to the probabilistic model respectful of Benford's law.
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1 Literature review

The initial scientific studies dealing with the application the Benford's law in the area of
accounting and taxation issues come from authors [3,11], and the collective [4,14]. They
followed the articles on mathematics [5,12]. At present, the scientific studies focus on the
application of the law in the area of Benford macro-economic data, and government economic
data, especially in studies of [12] will be used in the article named On the Application of
Benford's Law's International Macroeconomic Statistics published in the magazine of the
German Economics. Finally, it is necessary to mention also the credibility of scientific results,
for example the regression coefficients. In scientific study [13] dealt with the place of
convergence test data to evaluate the Benford distribution of national according to the width
of the data from the Benford distribution of variances, respectively, the average result of
x test in the field of national accounting. The results of the scientific research of the 27
member States of the EU have shown that the Czech Republic showed the smallest diameters
of the y° test. The research focused on the 27 Member States. The resulting findings have

been that of all the EU Member States showed a significant deviation from the Benford
distribution, namely Greece and Ireland.
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1.1 Theoretical basis of Benford’'s law

The model uses Benford's law of frequency distributions of numbers in the first place of the
numeric data. The likelihood that the figure will begin with the digit 1 is not as high as the
probability that will begin with the digit 9. This probability according to [1,5,6,7,8] (see Tab.
1. and formula (1)).

Digits 1 2 3 4 5 6 7 8 9
Probability (%) 30.10 | 17.61 | 12.49 | 9.69 | 7.92 | 6.70 | 5.80 | 5.11 | 4.58

Tab. 1. Benford's probability distribution of first digits.

The values (of Tab. 1.) are calculated using (1), in [2,8].

P(%)= log(l +dij><100, where d; € {1,2,3,...,8,9} (1)
1

In addition to the likelihood of the digit in the first place can be formula (1) extend to formula

(2), which calculates the probability of occurrence of the first two digits. We calculate so eg.

What is the probability that a numeric value begins with the value 11 or 36.

P(%)zlog[lJr jxlOO,wheredl €{1,2,3,..,8,9% ad e {1,2,3,...,8,9} (2)

10xd, +d,
These are similar s for determining the probability of the first three digits, etc., but here the
differences in probabilities are no longer so much contrast. In formula (3) it used to calculate
the probability of the occurrence of digits in second place. The probability that it will be the
second, for example the number 3 is the sum of the probabilities of scenarios: 13, 23, 33... 83,
93.

: 1
P(%)= ) log| 1+ —— |x100,d; € {1,2,3,...,8,9} ad> €{1,2,3,...,8,9} (3
(o);g[ 10><d1+dJ 1e bad e b o)

The use of these patterns has its limits. Since the probability is necessary to ensure the most
figures. This rule States that the basic statistical (4). To prove the measurability and Benford's
distribution recommended at least 200 figures, in [2,4,5,6].

lim i —>p 4)

n

The input condition is that the figures include at least three digits.
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1.2 Principle of functioning of the model

The model created in SW MS Excel in which accounting data entered. Then automatically
verify the accuracy of data according to Benford’s laws. The first digit validates of the
frequency, the frequency of the first two digits and the frequency of the second digit. The
Benford's distribution verified with of statistical tests: y° test and Kolmogorov-Smirnov test
when the specified confidence level “a”, which can specified as a parameter in the model. [9]

Created by the program must first take the figure and divide it into individual digits, in order
to calculate the frequency of these digits. If the input entered is a negative number, the
absolute value created from it. If the specified entry has only one number, it is automatically
skip. Decimal places deleted. First, it is necessary to eliminate incorrect values from the input
data. The following algorithm is in a form (5).

IF (size of the input sample of data; S VYHLEDAT (serial number of the input data;search area, (5)

column to select rounded data;untruth);empty cell)

After the elimination of incorrect values from the input data are calculated the frequency
digits. It shows (see Fig. 1.) the result of the frequency digits in first place compared with
theoretical — Benford's values (according to formula (1)).

FREQUENCY DIGITS ON THE FIRST PLACE
35,0% - C—IREALITY
30,0% - X === BENFORD DISTRIBUTION
25,0% - \
5 \
S 20,0% -
o AN
S 150% 1| gz N
o o
= 10,0% - 0,20 T ——]
0,13 T
5,0% 0,40 0.08
0,06 ' 0,07 0,05 0,04
0.0“-4' T T T T T T T T
1 2 3 4 5 6 7 3 9
DIGITS

Fig. 1. Frequency digits on the first place.

Further statistical tests performed to verify the conformity of the Benford’s frequency
distributions with frequency digits of empirical data used for testing the first digit y° test.
When testing the second digit and the first two digits is used Kolmogorov-Smirnov test, due
to the existence of small probability and failure to comply with conditions for y* test, and
that the theoretical frequency must have a minimum value “5”, in [5,8, 9].
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All calculations and statistical tests created automatically in the model (see Fig. 2.). Just insert
the data and test result appears with "OK" or "NOK".

The tests could also do with the frequencies of digits in third and fourth place, etc. Why is it
usually does not do is that while the first digits are the differences of frequency (likely) very
contrasting (see Tab. 1. or Fig. 2.) (frequency number 1 is 30.1%, the frequency of the
number 9 is 4.6%) and the additional digits, these contrasts gradually reduced.

If there is a small difference of real numbers, and frequency numbers Benford’s breakdown
(model), is a testing criterion of small value. Then the reality matches the model and the
statistical test to apply. If the difference is greater than the critical value of the statistical test
does not apply and there is no consensus.

The validity of the test is according to the parameter a (level of significance). The normal
value is 0.05. The critical value is calculating according to statistical functions CHISQ.INV.

2 Result of the model

The model created in MS Excel, easily accessible for everyone. The data we need to verify is
enough to insert into the green entry column. Automatic calculations of three statistical tests
to verify compliance with the Benford’s distribution performed automatically.

In Fig. 2., you can see a part of the input of the values, and the parameter a is entered, eg 0.05.
If the test is positive, "OK" appears in the green box, if the test is negative, "NOK" appears in
the red box.

| DATA | RESULTS OF STATISTICAL TESTS

1
2| 9332136| [TEST FIRSTDIGITS [ ok ]
3| 2105755

4| 765622| [TESTFIRSTTWO DICITS [LOK]
5

6

358804 49

82919127| [TEST.SECOND DIGTS | OK |

Fig. 2. Demonstration of work in the model.

The real data entered in to the model. Then there was a validation when a (level of
significance) of 0.05. The result indicates that the frequency digits on the first two points
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correspond to the Benford’s laws. Therefore, there is no reason to believe that the data
tampered with and falsified.

3 Conclusion

The accounts of any company gets special characteristics, in terms of frequency distributions
of digits. Quantity of digits that occurs in the accounting respects the Benford's law. Data
input assumption is realistic data. Therefore, you cannot take advantage of Benford's law for
the so-called “random digits”. As mentioned above, Benford's law used to detect falsified
data, in particular falsification of data in accounting. If the handling of a digits in accounting
(small, medium or large business), then cease to satisfy Benford's law. In the case that occurs
to manipulate the digits, it is with a certain probability followed the premise of the so-called
statistical distribution. The statistical breakdown achieved by efforts to ensure the same
likelihood of digit 1 or 2 or ... 9 at the beginning of the accounting data. This is a big mistake.
With real data, the occurrence of the digit “1” at the beginning of the accounting data
according to the Benford's law about 30%, rather than about 11% in the case of compliance
with the so-called statistical distribution.

As has already been mentioned earlier in the text, the data file contained over 300 figures
from the accounts of the real business. The results confirmed the validity of the Benford's
distribution. It is to demonstrate the functioning this law. It also includes a confirmation of the
fact that, in the accounting of this business not to manipulate the data.

The described model can very quickly and easily, whether the data are in some way
suspicious. It used here to describe some properties of the Benford’s laws of the empirical
data. This model is well suited especially for the verification of accounting data as first degree
of control that identifies which of the accounts is in order and where values are suspicious and
possibly rigged. This selection of the accounting unit is then to be exam such as dale using the
audit of the accounts.
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