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Abstract. Process approach in the management of modern business entity ac-
tivities opens a wide range of opportunities, ways and methods of activity reor-
ganization, improving the quality of customer interaction, optimization of inter-
nal and external business processes. An effective tool in analyzing business
processes as a central category of the process approach is modeling that in-
creases their adaptability and mobility. We propose approach to improve and
adjust business process to time and profit increasing by the means of autore-
gressive model using BPMN 2.0 in contrast existing approaches without
econometrics analysis of experimental data for BPMN.

Keywords. Business process, regression, BPMN, profit

Key terms. BusinessProcess, EconometricModel, DynamicModel

1 Introduction

When we construct a business process by means of BPMN 2.0 we will set the initial
conditions of the operation, such as execution time and the cost of resources (e.g.,
human resources in cost per hour or piece wage). During operating of a business
process such timing and costs of the resources are chosen as would satisfy the restric-
tions of a customer or designer of the business process. To support decision-making
in which direction should change the initial parameters of the business process, it is
proposed to use dynamic distributive-lag and autoregressive econometric models.
These models allow to take into account the impact of previous indices’ values of
business process on its succeeding values to assess short-run and long-run impact on
the efficiency of a business process as a whole according to specific criteria.

The goal of the paper is to develop a procedure of business processes adaptation

according to cost and profitability criteria by means of autoregressive model using
BPMN 2.0.
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Paper has following structure: section 2 is devoted to related works, section 3 dem-
onstrates designing and adjustment of business processes, section 4 concludes.

2 Related Work

2.1 Dialectical Essence of the Process Approach

The paradigm of the functional approach, which has long been used for organization
and management of companies, appeared to be unable flexibly and effectively to ad-
dress current challenges faced by each business entity. Focus on the functional ap-
proach has led to the isolation of the top management from the current economic
situation that caused information asymmetries, bureaucratization of companies, level-
ing of the system of incentives and reward schemes for human capital assets, exces-
sive localization of functions within individual units, distortion of control and analysis
system. The next stage of the management concept evolution was marked by the
emergence of process management approach that provides for a high degree of mobil-
ity and adaptability in highly turbulent current market conditions (table 1).

Table 1. Invariant character of the “business process” definition
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This approach allows a company to easily integrate into the concept of the client-
oriented market that meets the actual needs of society and economy (fig. 1).

Finally, the analysis of the previous scientific researches demonstrated that the
process approach is the mainstream of the “business process” definition which is
considered as the logic range of interfacing in the field of customization of the com-
pany activity for the purpose of convergence customers and producers targets.

2.2  Business Process as a Central Category of the Process Approach

The object of the process management concept is a “process” in which the activity of
a company is a combination of business processes, management of which allows to
significantly increase the transparency and manageability of business and to improve
its effectiveness as per specified criteria. The process is described by the parameters

Strengths | Weaknesses
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taking into account the structural features of business processes
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simplification of multilevel hierarchical organizational structures
simplified exchange of information

time saving
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simplified coordination, organization and control systems
vertical integration of resource flows

high flexibility and adaptability of the management system

high degree of transparency in relations
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« complex design
of management system
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ing and formalization
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change of organization functioning logic and mechanism of its control
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comprehensive effectiveness evaluation of functioning
possibility to create systems to monitor the quality of company activities
preparing for benchmarking
process approach as a reserve for enhancement of efficiency
resources optimization
high staff motivation
the possibility of team-working
possibility of integrated automation

Threats
+¢ delegation of au-
thority and responsibility
¢ serious require-
ments for qualification
of contractors

Fig. 1. SWOT- analysis of the process approach in a company management

of time, sequence, transformation of object states during its movement to the final
state [2], which helps the company to flexibly respond to the dynamic changes, to
switch from one process to another, to comprehensively analyze the entire operational
cycle. Business process, as a part of the process approach, has its “input” and “output”
in the form of production of resources and products (goods, services or works), re-

spectively (fig. 2).
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Technology, mechanism of interaction between functions and control system are
additional components of the process approach (fig. 3) [6].
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Fig. 3. Model of process management concept [1, 2, 4, 6-10]

2.3  Correspondence of Business Processes with the Strategic Objective of the
Business Entity

The mechanism of leveling the differences between “AS-IS” and “AS-TO-BE” mod-
els is the “Road map” that sets benchmarks for optimization of business processes.
“Input” resources during the process of transformation into goods, services and works
at the “output” form “AS-IS” model, the main purpose of which, according to
L. Dryuchenko, is aimed at identifying of “bottlenecks” in business process: current
problems, differences, inconsistencies, threats that can be overcome subject to radical
modernization of existing organizational and administrative decisions and procedures.
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Instead, the “AS-TO-BE” model is aimed at improving the existing practice of busi-
ness process implementation [6]. Improving the effectiveness of business processes
and transition of “AS-IS” model to “AS-TO-BE” model are achieved by correlation
of current business processes with strategic installations and objectives of the business
entity, that leads to a radical rethinking of business philosophy. The theoretical basis
for the implementation of this process involves multiple possible scenarios: reengi-
neering, X-engineering, FAST technique, benchmarking and synergistic combination
of process and target-oriented approaches. Simulation modeling and economic analy-
sis are technical tools to achieve this objective.

The most popular of these scenarios is the concept of reengineering, which, accord-
ing to the definition of the founders of the concept, namely M. Hammer and
J. Champy, is treated as a fundamental rethinking and radical reconstruction of busi-
ness processes. Reengineering should not be identified only with the processes of
reorganization or automation. It shall be considered in the context of a component of a
larger category — Total Quality Management (TQM) since its main function is the
fundamental transformation of the essence of processes implementation and perform-
ance of operations at the stages of “input” and direct process, but not only increase in
efficiency or profitability of the “output”. However, in our opinion, X-engineering
theory of J. Champy is a more progressive one. This theory, unlike reengineering,
provides for a comprehensive restructuring of not only internal operations and rela-
tions between internal staff, but also the transformation of external relations, includ-
ing not only consumers, but also other stakeholders — competitors, contact groups,
state, global economy entities [10], that will make it possible to adequately meet the
urgent needs of the economic system as a whole.

2.4  Business Processes in the Coordinates of Evolutionary Economics

In the context of complicating of the forms and types interfacing between
counterparties and market indeterminacy economic systems are able to self-
organization and reach the temporary equilibrium, which transforms the system from
the chaotic state to the equilibrium within the sphere of evolutionary economics,
which identifies stochastic development script.

Given the actualization of the key tenets of the evolutionary economics of
J. Schumpeter, the analysis of business processes through the prism of the theory of
jokers is an interesting one. According to this analysis, some parallels can be drawn
between a business process and economic and physical method of “channels” and
“jokers” that simplifies the model, highlighting the main parameters and discarding
irrelevant ones [11]. “Input” of a business process can be compared with the “source”
from jokers theory, similarly, “Output” — the “mouth”. Conditional distinction of pa-
rameters and processes in this area is performed for the account of determining the
degree of dynamism: the system in “sources” and “mouths” is slow, which can be
explained by the relatively stable partnership relations that are often built on long-
term cooperative basis; while the “jokers” are characterized by high dynamism and
unpredictability as production operations and actions tend to increasing volatility be-
cause of strengthening of scientific and technical progress development (fig. 4).

Riverbeds are the methods of simplification the complicates systems or processes.


http://www.multitran.ru/c/m.exe?t=4514111_1_2&s1=%E2%20%F3%F1%EB%EE%E2%E8%FF%F5
http://www.multitran.ru/c/m.exe?t=5876984_1_2&s1=%F3%F1%EB%EE%E6%ED%E5%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=1853260_1_2&s1=%E2%E7%E0%E8%EC%EE%F1%E2%FF%E7%E0%ED%ED%FB%E9
http://www.lingvo.ua/uk/Search/Translate/GlossaryItemExtraInfo?text=%d0%ba%d0%be%d0%bd%d1%82%d1%80%d0%b0%d0%b3%d0%b5%d0%bd%d1%82&translation=Counterparty&srcLang=ru&destLang=en
http://www.lingvo.ua/uk/Search/Translate/GlossaryItemExtraInfo?text=%d0%ba%d0%be%d0%bd%d1%82%d1%80%d0%b0%d0%b3%d0%b5%d0%bd%d1%82&translation=Counterparty&srcLang=ru&destLang=en
http://www.multitran.ru/c/m.exe?t=256803_1_2&s1=%ED%E5%EE%EF%F0%E5%E4%E5%EB%B8%ED%ED%EE%F1%F2%FC
http://www.multitran.ru/c/m.exe?t=6111927_1_2&s1=%F1%EF%EE%F1%EE%E1%ED%FB%E9%20%EA
http://www.multitran.ru/c/m.exe?t=716555_1_2&s1=%F1%E0%EC%EE%EE%F0%E3%E0%ED%E8%E7%E0%F6%E8%FF
http://www.multitran.ru/c/m.exe?t=716555_1_2&s1=%F1%E0%EC%EE%EE%F0%E3%E0%ED%E8%E7%E0%F6%E8%FF
http://www.multitran.ru/c/m.exe?t=16804_1_2&s1=%E4%EE%F1%F2%E8%F7%FC
http://www.multitran.ru/c/m.exe?t=1407_1_2&s1=%E2%F0%E5%EC%E5%ED%ED%FB%E9
http://www.multitran.ru/c/m.exe?t=6639_1_2&s1=%F0%E0%E2%ED%EE%E2%E5%F1%E8%E5
http://www.multitran.ru/c/m.exe?t=2907111_1_2&s1=%F5%E0%EE%F2%E8%F7%E5%F1%EA%EE%E5%20%F1%EE%F1%F2%EE%FF%ED%E8%E5
http://www.multitran.ru/c/m.exe?t=6639_1_2&s1=%F0%E0%E2%ED%EE%E2%E5%F1%E8%E5
http://www.multitran.ru/c/m.exe?t=6582943_1_2&s1=%E2%20%F0%E0%EC%EA%E0%F5
http://www.multitran.ru/c/m.exe?t=360317_1_2&s1=%E2%E5%F0%EE%FF%F2%ED%EE%F1%F2%ED%FB%E9
http://www.multitran.ru/c/m.exe?t=27449_1_2&s1=%F1%F6%E5%ED%E0%F0%E8%E9
http://www.multitran.ru/c/m.exe?t=3949_1_2&s1=%F3%EF%F0%EE%F9%E5%ED%E8%E5

-523 -

Riverbeds separate the unite to the various parts and also, determine the possibility of
development process forecasting. Diverse fields of the space which are characterized
by the high level of the time rate of change and unpredictability are called jokers
( specific bifurcations ) in which the system is tested for sustainability.
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Fig. 4. Overlapping between business process and jokers theory
in evolutionary economics, [4, 11]

The mechanism of decision-making in the process approach can be represented by
the following algorithm (fig. 5).

Despite the benefits of process management, empirical implementation of this ap-
proach is characterized by a number of difficulties, including those identified by
J. Rilley: fragmentarity of processes that adversely affects the flexibility and adapta-
bility of business; low level of automation of processes resulting in increased operat-
ing costs; the basis of enterprise motivation is maximization of its own profits, but not
satisfaction of customers' needs; lack of evidence-based research on the advantages
and disadvantages of modeling and optimization of business processes; rejection of
modeling and optimization through formal introduction of process management [12].

Technical leveling tool for these shortcomings and limitations of the process ap-
proach is a mechanism for predicting and adapting business processes through model-
ing.
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3 Modeling of Business Processes

We believe that business process modeling is a tool for reflecting the aggregate of
logically related operations or processes to improve the quality of business processes
through improving their forecasting, optimization, and adaptation (fig. 6).
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Fig. 6. Essence of the “Business Process Modeling” category, [4, 11, 13 - 16]
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We should note that under the optimization of business processes, the interpreta-
tion of J. Harrington, a pioneer in the field, is meant. Under the specified category
J. Harrington understands improvements aimed at increasing productivity, efficiency
and adaptability of business processes [3].

According to D. Kozenkov, the modern management concept reduces the formal-
ization of business process modeling to the process of building of enterprise architec-
ture with a three-level structure (fig. 7) [2].
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Fig. 7. Levels of enterprise architecture

3.1 Designing of business processes

Consider the business process, which describes the manufacture of soft drink (Fig. 8).
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Fig. 8. Preserving cycle of bottling on the manufacturing of soft drink
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Positions of workers performing all business process operations and in-payment
forms are described in Table 2.

Table 2. Staff categories of business process

Resource Total fixed cost Total unit cost

worker +

driver +

loader

dishwasher

quality tester

+ |+ +]+

storekeeper

In the menu Resources in tab Availability a maximum number of employees avail-
able to perform business process is determined (fig. 9), and in tab Costs — piece (fixed
cost) or hourly (cost per hour) wage (fig.10).

@ Resources. " B
Availability Costs
Resources Default quantities -
paboThui 00 |3
BOAWTENL 50 : L
TPY34AK 8 :
NoCYAOMORLIAK 4 2 |
pasIMBANbLMK 4 2
NPOBEPLMK KaYecTsa 10 5 -
& Resources [3, calendars
Ok

Fig. 9. Determining the employees’ number for all positions

® Resources i (=] ]
Availability || Costs
Resources Fixed cost Cost per hour -
paBoTHIK E LT o = ‘
soguTens = 15 [ L |
FpYsUMK %0 [ a [= ‘
MOCYAOMOM LMK 15 : 2 :
paznMBanGLK > =
NPOSEPUIMK KAUECTBa = g [ -
o Resources [Z, calendars
ok

Fig. 10. Setting in-payment forms for each category of employees
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In BPM notation business process will look like (fig. 11)
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Fig. 11. Business process of soft drinks production in BPM notation

Standard activity time, the number of performers and activity cost are defined for
each business process operation (Fig. 12).

o}

KA P BoeuaTOn
AnSITop

Fig. 12. Determining time, executors and activity costs for a business process operation

The number of actually executed orders that are shipped to the end customer; aver-
age time of each operation; delay time in operations; a share of time during which the
employee performs his work (on a scale from 0 to 100%) (fig. 13) is obtained as a
result of the business process (fig.13).
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Fig. 13. The results of the business process in BPMN

Export of experimental data concerning staff costs (Fig. 14) provides an economet-

ric estimation of iairoll costs on cost ier unit iaveraie cost) of soft drink iarties.

paboTHHK 3532 % 44100 o] 44100
ECMTEND 100,00 % 0 34 6875 34 6875
TPYIUMK 98,02 % 2720 v} 2720
MOCYA0MONLLMK 2270% 3150 24 3234
PaSAMEANLLUMK 7568 % 2100 0 2100
NPOEEPLLMK KBHeCTES 3784 % 2100 350 2450
KN3ACELLAK 95,02 % 4080 0 4080
OTAEA JOCTABKN 2288 % 1270 52917 179917
Total 58 520 35 650,67 95 170,67

Fig. 14. Experimental data for payroll staff

Export of business process activity costs (Fig. 15) from Bizagi Modeler in MS Ex-
cel makes it possible to build an econometric model for estimating the impact of total
time of work performed on the profit of business process owner.
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Instances Instances

N in. time . i
Name mTEE s Min. time Max. time

Process 1 Process 210 210 1h 13m 1d 15h 17m 20h
NoneStart Start event 210

ras Task 210 210 40s 3h 57m 1h 5¢
BCA3 Task 210 210 im 3h 57m 19s 1h 5¢
KOHLUEeHTpaT Task 210 210 im 1%s 3h 57m 40s 1h 5¢
caxap Task 210 210 im 40s 3h 58m 1h 5¢
AOCTAEKE BAHOK Task 210 210 Sm 3h 3%m 1h 37

e Tael Mn Mn T ECRE- Fh M
4 I 2

Fig. 15. Experimental data concerning timing of business process operations

3.2  Adjustment of Business Processes

We estimate the impact of timing on the efficiency of business processes in the short-
run and long-run periods. To assess the effectiveness of business processes consider
the following distributive-lagged model where current cost (Y, ) depends on the pay-

roll of the current and all prior periods ( X,,..., X_, ):
Y, =C+by X +b X, +..+b, - x_, +.... (1)

b =b,-d" t=1,2,..,n

where short-run (SR) impact in period tis 2 Long-

. . < o b -
run impact is LR =) b, or after substitution we get: LR = 1 05 . After substitution
t=0 -

of SR-impact in equation (1) we get:
Ye=C+by- X +6-y )

To determine the regression parameters b, and ¢ conduct a series of experiments

for different numbers of orders. The task of the company is to analyze the effective-
ness of the wage fund on the average cost of production. For that firm’s budget (TC)
is determined as sum of payroll and activity costs for each order (q), then we calculate
cost per unit of production (AC). After 10 experiments we obtained the following data
(table 3):
After construction of regression model using experimental data from table 3 we
have:
Y, =14.5+0.0007 - x, +0.888-y, , (R* =0.71). 3)

The model is adequate to reality according to determination coefficient, i.e. chang-
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ing the current wage fund and activity cost and average cost of prior periods explain
71% change in the average cost of a current period. Parameter b, =0.0007 indicates
how much the cost per unit will increase with the growth of the wage fund and activ-
ity cost of the current period to § 1. For previous periods the influence of wage fund
and activity cost on average cost shrinks rapidly. According to Student test parameter

4 is statistically significant (t(d)=3.4>2.45=t, ), confirming the impact of per
unit cost of the previous period on the next period. That is after decreasing of total
cost in previous periods, average cost will reduce in the current period. Long-run ef-

fect LR = % =0.0058 describes the impact of reduction of total cost for by $1

in all previous periods on current average cost. If b, is positive then we can gradually
decrease total cost (to reduce cost per unit) until b, became negative.

The next task of the company is to analyze the impact of the business process dura-
tion on the company profits from soft drink production via the model of partial ad-
justments. It is assumed that profit depends on the expected duration of business

process. This profit y, is observable, and the time duration of employees ( X, ) is un-

observable value; U, is residual term of the model:
y1=b0+b1'xt*+ut- (4)

Software BPMN allows to simulate the time and resources required to perform
business process, but require additional analysis of statistical data for its adaptation by
the criterion of profitability. Procedure of determining an adaptive time performance
for operations is carried out by the econometric model of partial adjustment. We in-
troduce the hypothesis of adaptive expectations for the leader of the business process,
seeking to define the time of operations within which the profit for entire business
process reaches its maximum:

Xt*—XIil:}/-(Xt—X;l), O<y<I, ©)

where 7 shows the speed of adjustment (corrections) of leader’s expectations to dif-
ferences between the actual time of performing the operations and previously ex-

pected time. Expression X, —x,_, shows how expectations are formed and the expres-

sion X, — X, explains how expectations are corrected. Rewrite equation (4) as:

X =r-%+1=7)%_, (©6)

where the expected time of performing the operations at time t is a weighted average
of its actual value in the current period and its expected value in the previous period
with weights » and 1—y respectively.

After the substitution of (6) in (4) we get:

yt:b0+7’bl.xt+(1_7)‘b1.xt*—l+ut (7)
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Then multiply by 1=y both sides of equation (1), recorded with a delay of one
lag, and find the difference between this equation and equation (7), and then get:

Ye=y-by+y-b X +1=y)b -y, +V, (®)

where v, =uU, —(1-y)-u,_,

In BPMN environment for simulation data in each experiment we will change the
duration of all the company's operations at a fixed time. Then calculate the profit of
the company as the difference between its revenue and cost of resources for each time
period (t). After 10 experiments we obtain the following data (table 4):

Table 4. Adaptation model where profit depends on time of performance of business process

Time performance X, , Previous
Ne Profit y,, $ in, profity, . $
1 9611,65 346453,67
2 22030,50 325469,99 9611,65
3 29940,00 1500015,00 22030,50
4 5940,15 66908,00 29940,00
5 7937,89 172778,00 5940,15
6 8264,50 210119,00 7937,89
7 49822,20 10939490,00 8264,50
8 11346,00 519113,00 49822,20
9 8024,65 257556,00 11346,00
10 8847,80 38597,50 8023,65

Using experimental data of Table 4, we obtain the following regression between
the current profit and explanatory variables, such as current time performance and
profit of the previous period:

y, =11098.9+0.0037- X, +0.0025-y, , (R* =0.79). ©9)

Regression (9) is adequate to reality according to the coefficient of determination,
i.e. changing the current performance time and profits in prior periods explain by 79%
change in profits in the current period. Taking into account the values of regression
parameters, we obtain: »=0.9975, b =0.0037, b, =11126.6. Parameter

y =0.9975 shows the speed of adjustment of expectations to the profit on the basis of
its actual value. The velocity adjustment shows that the business process expected
time performance X, almost instantly adapts to the actual time performance X, . Time
performance is expected, but not observable value, whose impact on profits, in view
of (9), can be estimated from expression Yy, = b, +b, - X . It means that with increased
operation time by 1 minute the margin profit increases to $0.0037 . Parameter b, is
statistically significant according to Student’s test (t(b) =4.73 >2.45=t,, ), confirm-

ing the significant effect of time performance on the profit of the company. Thus, for
examined project the company must adjust (increase) standards of time operations,
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enabling it to increase the value of the resulting profits until parameter b, became
negative.

4 Conclusions

Thus, the process approach in the management of modern business entity activities
opens a wide range of opportunities, ways and methods of activity reorganization,
improving the quality of customer interaction, optimization of internal and external
business processes. An effective tool in analyzing business processes as a central
category of the process approach is modeling that increases their adaptability and mo-
bility.

Analysis of business process modeling has an analogy with evolutionary econom-
ics in the theory of jokers and neurosystem theory. Among the future prospects of
business process modeling is the use of ontologies, which, according to T. Gruber's
opinion, in business modeling sphere is reduced to a formal specification of conceptu-
alization [16] that involves the use of OWL (Web Ontology Language).

Another promising research vector is the use of neurosystems involving the use of
neural networks that can be effectively used in the study and analysis of dynamic
processes.

It is demonstrated how we can improve and adjust business process to time and
profit increasing by the means of autoregressive model using BPMN 2.0 in contrast
existing approaches without econometrics analysis of experimental data for BPMN.
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