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Abstract. The article presents an approach to configuratbra management accounting

information system (MAIS) that provides automatealcualations and the registration of

normative production losses in multi-stage manui@ct). The use of MAIS with the proposed

configuration at the enterprises of textile and @working industries made it possible to

increase the accuracy of calculations for normatwreduction losses and to organize
accounting thereof with the reference to individstges of the technological process. Thus,
high efficiency of multi-stage manufacturing conigachieved.

1. Introduction

Among small and medium-sized businesses, entespvisth multi-stage manufacturing are widely
represented utilizing the sequential processingaoé materials into finished products within a
technological process consisting of several indigldstages. These include enterprises of textile,
metalworking, woodworking and other industries.

Among the main features of such enterprises, ithégessary to highlight large material
consumption and the presence of so-called inegtablnormative production losses, i.e. production
wastes that are difficult to avoid even if the probn standards and regulations and the ratios@l u
of raw materials are strictly observed. Normativeduction losses are calculated with the help of
normative technological coefficients determinedrfrthe routing map of a technological process.

Practice shows that to ensure the effective managerof an enterprise with multi-stage
production system, reliable accounting and anaytirdormation is required on the level of normativ
losses at each stage of the technological prodés3¢ solve this problem, management accounting
information systems (MAIS) are used [2]. They pde/ithe automated calculation and registration of
normative production losses based on the aforeoreedi coefficients. However, in some cases, when
a raw material supplier is replaced, for examples &ctual technological coefficients may differ
significantly from the set values. This leads toaimect calculations of normative production losses
and to a decrease in the efficiency of multi-stag@ufacturing control.

Thus, it is necessary to develop a configuratioMafS that will allow us to solve this problem.

2. Background

It should be noted that the existing studies inarea of multi-stage manufacturing management are
mainly focused on the problems of production ceosisimization and on enhancing the quality of
finished products [3, 4]. The mathematical modeid algorithms described in such papers were
developed to optimize the technological processipaters and were aimed at ensuring a minimal
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value of the total system cost (TSC) [5, 6]. At f#aene time, the absence of a link between normative
production losses and specific storage locationpaaticular stages of the technological process

complicates the problem of such losses accountiita solution, and encumbers the obtaining of

qualitative information to make correct managenuaisions.

In the research paper [7], the approach to optitmizaand calibration of the MAIS model for
multi-stage manufacturing is described. This apgiida based on the object-structured methodology
that uses the representation of a multi-stage @tamu system in the form of an object-structured
model, elements of which are virtual heirs to thiofving basic classes of the technological ontglog

[8]:

» class “Aggregate”, objects of which change theestat a material flow element (raw
materials, semi-finished products etc.);

e class “Warehouse”, objects of which store matdioaé elements and register their movement
within a technological process.

This model is a variation of a semantic network aad be simply described by an oriented graph
[9, 10].

However, the presented solution is intended fohnetogical processes in which the value of
production losses at the stages can be determineékebphysical inventory of production wastes at
individual stages by weighing the remains theremuanulated during the reporting period, which is
difficult to achieve for some multi-stage produatisystems utilized in textile and woodworking
industries.

3. Solution approach
Figure 1 shows the object-structural model propofedthe configuration of MAIS fom-stage

manufacturing.
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Figure 1. An object-structural model of the configurationAIS for n-stage manufacturing.

This model is described in the form of graBh(D, S M) oriented towards the material flow,
where:

« D ={D, Do} — a set of nodes denoting the real warehouseswfmaterials and finished
products respectively;

« S={S, S,...,S} — a set of nodes denoting the stages of the techisalqgocess;
e M ={My, My,..., M} — a set of arcs loaded with the elements of the nadtbow, wherei,,
M, - weights of the raw material and the finisheddmai respectively.

Each stage is simulated with a pair:
S= <A, W, >, where:
e i—stageindex=1,2,...,n
e A — an object of the “Aggregate” virtual class loadedh normative output coefficient

0< G <1 defined as the relationship between output apdtiproducts values respectively at
each stage given in a common unit of measuremeneample, kg):
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(k)
ch= MI wherek - product index.

(k)
i-1

* W — an object of the “Warehouse” virtual class load@ti normative production losség

Virtual warehouses implemented in MAIS as real aer locations allow us to use standard
inventory accounting operations and linear modélmaterial balance to control normative product
losses directly at the technological process stHdds

The transaction of the automated calculation amgsteation of normative production losses is
initialized by the transaction of the raw mategahsumption within the production process and is
committed immediately after the finished produategatance.

Then, the value of normative losses at each staigéde calculated using the following equation:

9 =ym 0(1_Ci(k)); where: (1)
U= iﬁcﬁk), whereU =1 fori =1
j=1

Hence, the total value of normative productionéssat the stages is:

LY = z LY (2)
i=1

As follows from equation (1), in order to ensuregaalitative accounting of the normative
production losses at the stages, it is necessargetocorrect values of the normative output

coefficients.
Let us propose an approach to solving this probkEmed on the assumption that for each

individual product made from a homogeneous raw riatevithin a short-run production, the linear
relationships between the normative output coeffits at individual stages of the particular
technological process do not change regardledseafiv material supplier. Let us also assume that a
other losses can be neglected.

Then, fori >1, the following equation holds:

c®=RY c®, where:

% — a coefficient defining a relationship between toemative output coefficients at stages

andi.
After a simple transformation, the equation (1)dachk takes the following form:

L =QM,(1-2zC,), where: (3)
i-1 .
Z =[] R;, wherez=1 fori =1,
j=1
Q is calculated using the following expression:

lelv Q2=C1| Q3= C%Rl! ---lQn = CTng_Z Q%DHDR—Z

Thus, the task of MAIS configuration is reducedhe selection of a correct value of coefficient
C.
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To solve this, let us propose an algorithm thaluitkes the following steps:

e Step 1. An array of particular product output actsiselected from the MAIS database for
the same amount of raw materM} from a particular supplier and an accounting pergod
created. For each row of the array, a total vafugoomative losses at the stages is calculated
using the formula:

LT = MO'Mn

e Step 2. Based on equations (2), (3) and the vaiuer,ocoefficientC, is selected and the
output coefficients at the next stages of the tekdgical process are calculated for each row
of the array.

» Step 3. As shown in table 1, the resulting valukeshe output coefficients are defined as
average of their calculated values in the arrdlydffollowing condition is fulfilled:

V <V, where:

V, W - calculated and allowable values of the weigleficient variation for a particular
multi-stage manufacturing respectively [12].

Table 1. Normative output coefficients for the technologjigeoduction process of the
upholstery fabric “Striped Velvet” (the raw matéigcoarse fabric,
Mo = 200 kg,Rl = 1.2,R2= 0.917,VW= 15%)

Stage 1 Clipping  Stage 2 Stabilization Stage 3 Doubling Ly, kg

C: G Cs
Average 0.80 0.96 0.88 65
Standard Deviation 8
Y 12 %

The values of parametelRs Vi, can be determined from the technological documiemtatf§ a
particular multi-stage manufacturing.
This procedure can be implemented with the usd@Microsoft Excel analytical tool based
on the data imported from MAIS [13].

» Step 4. A configuration of MAIS with new setting$ the normative output coefficients
developed.

4. Conclusion
Based on the proposed approach, a configuratiodAlS for multi-stage manufacturing has been
implemented on the platform “1C: Enterprise 8.x4]1
The use of MAIS with the described configuratiortlteg enterprises of textile and woodworking
industries made it possible to increase the acguwhcalculations for the normative production less
and to organize accounting thereof with the refeeen individual stages of the technological preces
Thus, the presented configuration of MAIS provitiegh efficiency of multi-stage manufacturing
control.
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