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Anomauia. Cmammrio npucesueno npoodiemi cmeopenHs iHGOPMayitiHux mexHono2itl 0aa cucmem niom-
PpUMKU nputinsmms piwens 8 ayoumi. [lpobrema e akmyanvhoio, ockineku cmeoprogari IT nogunni 3a0e3-
neuyeamu ananiz eenuxux oocseie oanux. llpu yvomy ananiz nogunen Oymu ineapianmuuil o000 0cooau-
gocmell eKOHOMIKO-BUPOOHUYOT OiSLIbHOCI RIONPUEMCIMBA | 11020 cucmemu ooiKy. Biosuaueno, wo Ooami
xapaxmepuzyoms nionpueEMcmeo K 00'ekm ayoumy i Xapaxmepusyomuscs 2100a1bH00 6a2amopierHesoio
iepapxiuHol0 cMpYyKmyporw pIi3HOPIOHUX, bazamopakmopHux, 6a2amo@yHKYIOHAIbHUX 36'53Ki6, 63AEMO-
sanexcHocmett i 83aemo0itl tioeo niocucmem 3 IT kowmponio, 0OnIKy, YNPasiiHHA, 6e0eHHs bi3Hecy, 3 iH-
wumu IT i cucmemamu y cmpykmypi inghopmayitinoi cucmemu HayioHAIbHOI eKOHOMIKU. Biosnauaemuvcs,
wo ons cmeopenns IT, sika 6ionogioac oanum umoeam, y nonepeoHix pobomax aemopa 3anponoHo8aHd
MEMOOUKA Y3A2aTbHEHO-MHONCUHHO20 8I000Opadicents Oanux ayoumy. Takoic 0as niocucmemu HUNCHbO20
DIiBHA BUKOHAHA NOCMAHOBKA 080X 3a680aHb. Y OaHili pobomi posenadaemvcsa npobiema opmanizayii
BMIHHUX NEpUlo2o pieHs 015 3a0ay niocUcmem ayoumy cmanoapmis 0yxeaimepcobkozo oonixy. 3anpono-
HOBAHO Memo0O hopmManizayii 3MIHHUX, THEAPIAHMHUL WOO00 XAPAKMEPUCUK RIONPUEMCMEA, MUnieé 00'c-
Kmie, onepayiii 00Ky i 6i0HOCUH 8I0NOBIOHOCMI Midic HUMU. Memoo 3acHosanuli Ha (opmanizayii 6i0HO-
CUH 8i0N0GIOHOCHEl Xapakmepucmux ob'ekmis i onepayitl 080x 3a0au y 8ueiadi epa@ie 6i0NOBIOHOCHII.
Taxooic 3MIHHI CMPYKMYPOBAHI NO 8IOHOWEHHIO IX 00 PIBHI6, HA SAKUX 30IUCHIOEMbCS PO3PAXYHOK GIONOBI-
OHUX y3a2abHeHUX NOKA3HUKI8. Lle 003601umb nposooumu ananiz, 63aemMonos'ssanutl 3a pieHamu. Memo-
OuKa imoCmpyemvcs Ha NPUKIAdi NepuLoi T0KAIbHOL 3a0aui po3pAxXyHKiE 3 NOCMAYAIbHUKAMU, KA (op-
Manizoeana y euensoi nepesipki 8i000paNCeHHs MHONMCUH OAHUX «ONIAYEHO-0MPUMAHON.

Knrouoei cnosa: memoo opmanizayii sminnux, ingpopmayitina mexronoeis, CIIIP ayoumy.

Annomayua. Cmamos noceswena npobaeme co30anHusl UHGOPMAYUOHHBIX MEXHON02U OJi CUCHEM NOO-
0eparcKy npunamus pewlenull 6 ayoume. Ilpoonema agnaemcsa akmyanbHoll, NOCKOAbKY cozoasaemvie UT
001ICHbL 0becneyusams anaius 60abuux 0o6vemos oanusix. Ilpu smom ananus 0ondcern Oblmb UHBAPU-
AHMHBI OMHOCUMENILHO 0COOEHHOCMEl IKOHOMUKO-NPOU3BOOCMBEEHHOU OesIMENbHOCIU NPEOnPUSMUS U
ezo cucmemvl yuema. Ommeueno, ymo Oanuvle, XapaKxmepusyiowue npeonpusmue Kax oovekm ayouma,
Xapaxmepuzyiomcs 2n100aNbHOU MHO2OYPOGHEGOU UEPAPXUUHOL CIPYKIYPOU PAZHOPOOHBIX, MHO20(paK-
MOPHBIX, MHO2OPYHKYUOHATLHBIX CES3€U, 63AUMO3ABUCUMOCTEN U 63AUMOOEUCMEULl 20 NOOCUCMEM, C
HUT xoumpons, yuema, ynpasnenus, eedenus obusneca, ¢ opyeumu UT u cucmemamu 6 cmpykmype ungop-
MAyUoOHHOU cucmembl HAYUOHANLHOU dKOHOMUKU. Ommeuaemcs, umo oxa cozoanus UT, omeeuaiowerl
OauHbIM  mpebosanuam, 6 npedbldywux pabomax asmopa HnpeodoNHceHa MemoouKka o00600WeHHO-
MHOCECBEHH020 OMOOpadcenuss Oannblx ayouma. Taxce 0 NOOCUCTEMbL HUNCHESO YPOBHS 8bINOTIHE-
Ha nocmanoeka 08yx 3aoay. B dannoui pabome paccmampusaemcs npoonema gpopmanuzayuy nepemet-
HBIX NEep8020 YPOBHs 0Jis 3a0ay noocucmem ayouma cmanoapmos oyxeanmepckoeo yuema. llpednoswcen
Memoo opmanuzayuu nepemeHHvIX, UHBAPUAHMHBIL OMHOCUMENbHO XAPAKMEPUCIUK NPeonpusimusl,
Munog 00veKmos, onepayuil yiema u OMHOUIeHULl COOMBEMCmeUs mexcoy Humu. Memoo ocnosan Ha
hopmanuzayuyu OMHOWEHUT COOMBEMCMBUL XAPAKMEPUCUK 00beKmos u onepayuii 08yx 3a0ai 6 suoe
epagoe coomeemcmesus. Takoice nepemennvie CMPYKMypUupo8aHvl N0 OMHOWEHUIO UX K YPOBHAM, HA KO-
MOPBIX OCYWeCMBIAMCs pacyen cOOmeemcmayiowux 0600wennblx nokazamenetl. Imo no36oaum npo-
600UMb AHANU3, G3AUMOCEA3AHHBIU NO YPOGHAM. Memoouka unnocmpupyemcs Ha npumepe nepeou Jio-
KANbHOU 3a0a4l paciemos ¢ NOCMAGUWUKAMY, KOMOPAsi (POPMATUZ08AHA 8 UOe NPOGEPKU OMOOPANCEHUS.
«ONAAYEHO-NOTYUEHON.

Knrouesvle cnosa: memoo gopmanuzayuu nepemenuvix, ungpopmayuonuvie mexnonoeuu, UT CIIIIP
ayouma.

Abstract. The article is devoted to the problem of creating information technologies for decision support
systems in auditing. The problem is relevant because the created IT must provide analysis of large
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amounts of data. This analysis should be invariant with respect to the features of the economic and pro-
duction activities of the enterprise and its accounting system. It is noted that the data characterizing an
enterprise as an audit object is characterized by a global multi-level hierarchical structure of heterogene-
ous, multi-factorial, multifunctional connections, interdependencies and interactions of its subsystems,
from IT control, accounting, management, business, to other IT and systems in structure of the infor-
mation system of the national economy. It is noted that to create IT conforming to these requirements in
previous works, the author proposed a method of generalized-multiple display of audit data. This paper
addresses the problem of formalizing first-level variables for the tasks of audit accounting standards. The
proposed method of variables formalization, invariant with respect to the characteristics of the enterprise,
types of objects, accounting operations and correspondence relations between them. The method is based
on the formalization of relations of correspondences of the characteristics of objects and operations of
two tasks in the form of correspondence graphs. The variables are also structured in relation to their lev-
els at which the calculation of the corresponding generalized indicators is carried out. This will allow for
the analysis of interrelated levels. The technique is illustrated by the example of the first local task of cal-
culations with suppliers, which is formalized in the form test of display a “paid-received”.

Keywords: variable formalization method, information technology, audit DSS.
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1. Introduction

Currently, the actual scientific and technical problem of information technologies in the financial
and economic sphere is the analyze automation of large amounts of financial and economic
information of enterprises stored and received online in databases of local and global computer
systems in order to formulate recommendations in audit. For example, the effectiveness of IT
business in reducing corruption is justified in [1]. In [2] considered the theoretical and practical
issues related to the use of IT in auditing. The changes of the audit methodology that the complex
computerization makes are determined.

The use of modern accounting and management systems in enterprises that are integrated
into global, multi-level information computer network systems provides the potential for pro-
cessing large amounts of data that are not fully utilized [3]. In [4], the architecture of the subsys-
tems of external and internal audit of the Audit 4.0 system is presented, the implementation and
operation of which is faced with the problem of processing large amounts of data. Also today,
practical and scientific sources studying the problems and prospects for the development of audit-
ing consider the possibility of adopting legislation that will use analytical evidence (in particular
data inconsistencies) obtained when analyzing large amounts of data as a basis for judicial deci-
sions without a documentary study of primary documents [5].

Speaking about the automation of analysis procedures, it should be noted that fraud detec-
tion methods based on the use of neural (probabilistic) network models, logistic regressions, deci-
sion trees, expert assessments, statistical data analysis methods are presented in the literature [6—
9]. The use of these methods allows you to analyze individual indicators or identify abnormal
values. Their use gives the result if certain conditions are met that depend on the properties of the
indicator, i.e. they are not universal, which makes it difficult to use them in solving automation
problems at all stages of an audit. This indicates that the topic of research devoted to the design
of IT auditing is relevant.

2. Literature analysis and problem statement

When is designing an audit IT, it is necessary to assume the possibility of their application to the
financial and economic data of enterprises of various industries, types of production, various or-
ganizational structures and accounting IT. Economic and production activities and enterprises IT
are forming a complex socio-economic technical system. This system, as an audit object, is char-
acterized by a global multi-level hierarchical structure of heterogeneous, multi-factor, multifunc-
tional connections, interdependencies and interactions of its subsystems, from control IT, ac-
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counting, management, business, with other IT and systems in the structure of the information
system of the national economy. At the same time, at each level, the data has a network structure.
Modern methodology of applied systems analysis does not meet these requirements [10]. Conse-
quently, there is the problem of developing a methodological basis for designing an audit IT.

In [11] state the necessity of attribute sampling verification of documents is justified even
under conditions of full automation of accounting based on a statistical approach to the formation
of an audit sample. The presented attribute sampling methodology allows determining the sample
size and the upper limit of accuracy. However, the question remains about the testing methodolo-
gy for each group of documents and interrelated groups of documents (successive operations). It
is also indicated that due to the fact that business operations and primary documents are formed
using programs, therefore, errors associated with the calculation of amounts are practically ex-
cluded. At the same time, testing should be applied in order to ascertain whether the facts of eco-
nomic activity recorded in the database of the computer accounting program actually took place.
However, the formal formulation of this task was not completed, as well as the task of identifying
signs of the existence of economic activity facts that took place and were not taken into account
in the database.

In [2], in the justification section of the technology of direct research of accounts, a list of
problematic issues related to the use of a sampling method in auditing [2, p. 329]. It is also pro-
posed to use the law of F. Benford “anomalous numbers” for a complete statistical study of rec-
ords, provides 4 conditions of this law and examples of its practical application. Verification of
these conditions requires additional software resources, since it must be applied to each indicator
and it remains unclear what to do if these conditions are not met. Consequently, these analysis
methods allow to automate only certain analysis procedures in auditing IT (for example, sam-
pling) [11] or to conduct analytical procedures in special cases [11], do not take into account in-
terrelations between indicators of groups of documents (records) [2-5] and are not universal for
all indicators, making it difficult to automate the analysis based on them. That is, there is a prob-
lem of completeness, universality and complexity of analysis techniques IT.

In [5] it is indicated that the existing licensed software on the Ukrainian market allows to
solve the following tasks: to automate a significant part of labor-intensive procedures, to plan and
control staff time costs. However, considered audit IT are characterized by the following prob-
lems: lack of interrelated (by tasks and levels) analysis, feedback on its effectiveness and effi-
ciency, optimization of analysis in accordance with the goals and limitations set by the decision
maker, and dialogue by means of domain language during the task tasks and interpretation of
analysis results.

Designing DSS IT in accordance with the method of generalized-multiple information
display proposed in [11] requires the creation of a method for formalizing primary accounting
information for the automated solution of prerequisites audit problems of Provisions (standards)
of accounting. The first stage of creating the method is setting two types of local tasks of data
analysis during the verification period [12]. The first local task is the definition of equivalent and
nonequivalent sets when displaying data sets of operations among which are correspondence rela-
tions for accounting objects of one type. The second one is the definition of equivalent and none-
quivalent subsets when displaying accounting data for sets of two types of objects for which there
are correspondence relations for operations of one type.

To formulate a method for solving local problems, it is necessary to formulate a method
for formalizing the variables of the primary accounting of economic and production activities that
are invariant with respect to the features of operation and accounting of the enterprise. For this it
IS necessary to solve the following tasks.

Purpose of the article:

« create rules for determining correspondence between first-level accounting variables and
characteristics of objects, operations, and correspondence relations between them;
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« form the rules for determining the input and output variables of local tasks.

In order of generality, the method is considered for the audit subsystem of the accounting
rule “Completeness” for material expenses on first level, since, due to the dimensionality of the
data, the types of relationships between them and the number of elementary primary accounting
subsystems (PAS) is the most common and time-consuming task.

3. Rules for determining the correspondence between first level variables and the character-
istics of objects, operations, and correspondence relations between them

These rules will be defined on the basis of the formalization of objects, operations and two type
of the relations in the graphs of type G and G, [12]:

G(e)=(V,e)R(€)). V.(e)=(x X _.e). (1)
R(e)=(r"r (n_) e(n)eE, 2)
G,(x_)=(V,(x_ )R (x ). V,(x )=(e.x_.e_), 3)
R,(x )=(r (n_)r (n )).x (n )eX_, (4)

where G - graph of data correspondence relations of the interrelated operations to data of prima-
ry accounting object;
V, —set of graph vertices G
R —set of graph edges Gl;
62 — graph of data correspondence relations of the interrelated objects to the operation;
V, —set of graph vertices GZ;
R, —set of graph edges G,;

e — vertex characterizing data of primary accounting object;
s — type of accounting object, which increase;

x — vertex characterizing the operation data;

k — number of operations;

r' — the edge characterizing the operation compliance relation to the increasing of ac-
counting object;

r- — the edge characterizing the operation compliance relation to the reduction of ac-
counting object;

n —number of primary accounting subsystem.

For the account of the characteristics of each object e on first level forms the primary

subsystem, which is determined by the number n and the date of the creation. Also, in this sub-

system are specified the characteristics of all elements of the graph of type G,, the vertex of

which is the given object. Moreover, due to the existence of interrelations between these charac-
teristics, one variable can be a characteristic of several objects (duality of the values of variables).
Therefore, to formulate a method for formalizing the variables of the selected subtasks, we define
a set of vectors of the subsystem variables in accordance with the structure of the graph of type
GZ, which is invariant with respect to the features of functioning and accounting of the enterprise

and takes into account the duality of the values of variables:
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V(n)={e,x,r’,r e ,n,data}, s=14, (5)

where V — subsystem variable set;
s —accounting object type variable;
n — subsystem variable number,

and (Z — characteristics vectors of vertices e and e of the graph 62 respectively;

@D

S
x_s — characteristics vector of the vertex X of the graph GZ;

mro - characteristics vectors of the edge rs+ mr of the graph G2 respectively;

S
data — date of creation subsystem.

The structure of the variables vectors is defined in (5) will be represented as sets of vec-
tors of variables, according to the values of which primary accounting data can be structured and
summarized at different accounting levels (without loss of generality, we assume that there are
three levels in the system):

2=(2",z",7%), zefe,x,r",r'}, (6)

where ? z", z* — characteristics for which data is structured at a lower, middle and upper lev-
el, respectively.

4. Rules for determining variables of local tasks

Let's perform the formalization of the variables of the first task. The vector of the input variables
is formed by the indicators of operations from the set of variables of the subsystem V(ns) (5),

which in the graph of type G, correspond to increase of the objects of the set E_and indicators of
their compliance:

X =((n,r’,x (n),data(n )), n_eN ). @

The vector of the output variables is formed by the indicators of operations from the set of

variables of the subsystem V(ns) (5), which in the graph of type Gl correspond to reductions of

the objects of the set E and indicators of their compliance:

Y - ((ns+1’ rsi’ Xs+1 (ns+1)’ data(nSJrl))’ ns+1 € N

). (8)

Let us determine the variables of the first task (7) and (8) on the example of the “Calcula-
tions with suppliers” subsystem. Data sets of the calculations with suppliers are recorded in the

account s =63. Therefore, the subsystem of calculations with suppliers denote E63. According-

S+1

ly, the variables of subsystems of the operations accounting type X — payment of the supplier’s
invoice define a set of input variables X_63 Variables of subsystems of the operations accounting

type x, — receipt of raw materials from the supplier define a set of output variables \g respec-
tively.

The values of the input variables X_63 during the period T determine the corresponding
set X . The values of the output variables \Q during the period T make up the set Y . Then, ac-

cording to the structure of the first level subsystem, the structure of the sets of input and output
data will be represented as a set of the elementary subsystems data:
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N={n= n(el) . data(n) €T}, 9)

X ={PO(n):ne N}, (10)
M={m= n(ez) . data(m) €T}, (11)
Y ={WB(m): me M}, (12)

where n and N — number and set of the numbers of the elementary account subsystems of the
input data;

m and M — number and set of the numbers of the elementary account subsystems of the
output data;

data — creation date of the elementary account subsystem;

PO u WB - subsets of the input and output data of the elementary accounting subsys-
tems, respectively.

The vector of input variables includes number n and indicators of the PO :

X=((n3,,p, 0, (Vg ,C, .3, )8, €0, data,),neN), (13)

where the variables are defined in tab. 1 (1 column).

The vector of output variables includes the waybill number m, | — PO number which
regards to this waybill and indicators of the waybill. Therefore, the PO number 1 is the image of
the waybill number m , under displaying ¢, which for this subsystem we call “received-paid”:

I =&(m),

where ¢ — displaying the PAS number of the output data to the PAS number of the input data.
Then the vector of output accounting variables has the appearance:

Y=(mle,s, pk,(vSk . ,ESSk),sk €© ,data ),meM), (14)

where | — PO number which regards to the waybill with the number m , the remaining variables
are defined in table. 1 (2 column).

Table 1 — Account variables of the calculations with suppliers

Input variables Output variables
designation name designation name

i j
X63 y63

d operation type (payment of k operation type (receipt of raw ma-

the supplier’s invoice) terials from the supplier)
P, supplier to whom payment P supplier who supplied the raw
is transferred materials
s, type of the paid raw mate- S, type of the obtained raw materials
rials

0, set of paid raw materials 0, set of the obtained raw materials
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Continuation of table 1

q, the number of types of q, the number of types of raw materi-
paid raw materials als obtained
Vv amount of paid raw mate- Vv amount of raw materials obtained
K rials s (s. €® ) L s (s €@ )
d d d k k k
Cc price of the paid raw mate- Cc price of the obtained raw materials
K rials s (s. €® ) L s (s €@ )
d d d k k k
5 cost of the paid raw mate- ) cost of the raw materials obtained
K rials s (s €® ) K s (s €@ )
d d d k k k
8, cost of the paid raw mate- 8, cost of the obtained raw materials
rials of the set ©, of the set CH

Since each PAS number of the output data corresponds to a single PAS number of the in-
put data, this correspondence of numbers for the period T spawns the display of sets of numbers
PAS output data to numbers PAS input data:

M—25L,
where ¢ — displaying the PAS number of the output data to the PAS number of the input data;
L —set of PAS number of the input data in output data PAS.
According to the relation of conform 62 get us perform the classification of variables of

subsystem (9) and (10) in accordance with the structure of the vector of input variables invariant
with respect to the features of the enterprise (15) take the form:

x (M) =(x,x",x*), neN, (15)

X :(n,(sd,vsd,csd,ESSG),Sd €0 ,data), @:(pd,qd), X =(3,), (16)

where rl+ — relation of conformity to increase object e (calculations with suppliers);

r+(|) — (nl) 1 r:-L*(m) — (pd), I’;(a) = (d) , (17)

1

where d — the relationship to the increase of the accounting object;
p, —type of supplier to whom payment is transferred;

X, — receipt of raw materials from the supplier;

x,(m)= (¢, X", x}), meM; (18)
_':(m,(s V. ,C ,0_ ),s €0©) x_m=(p q) F:(S)' (19)
2 k''s s sk k7' 2 k' k7T T2 kK’

- relation of conformity to reduction object e (settlements with suppliers);

rO=0), r™=(p), r®=(K); (20)

k — relation of conformity to reduction object (cash).
Formulas (15)—(20) determine the tools for taking into account the special features of the
enterprise accounting when importing data into the audit system.
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Input vector values X (13) for the period T determine the set of multi-dimensional input
data subsystem:

X ={(n, P, (n),@)d (n),ESGI (n),(vSd (n),cSd (n),8Sd (n)),sd e@d), ne N}. (21)

The values of the vector of output variables Y (10) for the period T determine the set of
multi-dimensional output data of the subsystem:

Y ={(ml p, (m),G)k(m),é‘ak(m),(vSk (m),csk (m),éSSk (m),s €6,), meM}, (22
where variables are defined in table 1 (column 2).

5. Conclusion

The proposed method of the variable formalization is invariant with respect to the characteristics
of the enterprise, the type of accounting object, the type of accounting transaction and the rela-
tionship between them. It is common for two types of local tasks of the audit system. This allows
to use this method to create tools for the account of the special features of the enterprise at the
stages of solving two local tasks regarding these objects and accounting operations of any kind.
This technique is an element of the methodology for formalizing information in audit systems.
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