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Abstract The chapter solves the problem of numerically predicting the parameters
of a business process model (using the cost example) without using multi-pass simu-
lation models. To solve this problem, an apparatus of stochastic GERT networks is
used. The edge of the GERT network is associated with the operation of the business
process, and the node of the GERT network is associated with the event or branching
of the business process. An algorithm for translating a business process model into
an equivalent GERT network is given, as well as calculating the parameters of the
business process cost distribution law based on the resulting GERT network. The
proposed approach allows us to solve the problems of predicting the dynamics of
discrete-event models described in standard model notations (IDEF3, ARIS EPC)
without using multi-pass simulation models.
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1 Introduction

Markets of goods and services in the modern economy are highly competitive. The
condition for the survival of enterprises in the competition is their effectiveness and
ability to quickly change production andmanagement processes. The answer to these
requirements in management technologies is the application of a process approach.
The process approach is the basis of such standards as ISO 9001: 2015 [1], ISO
12207: 2017 [2]. Best practices in business process management are outlined in
BPM CBOK [3].
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Most business processmanagementmethodologies include one version or another
of a continuous improvement cycle. An important role is played by the continuous
improvement cycle in Kaizen philosophy [4, 5]. The classic quality manager W.
Deming developed and described the PDCA continuous improvement cycle [6, 7].
Continuous improvement cycles are also used in more general tasks. So in Ackoff’s
works, a cyclic procedure for resolving problem situations in applied system analysis
is proposed [8, 9].According to [10], the business processmanagement cycle includes
the stage of “Simulation and Analysis”. The high-level model obtained at this stage
is used to predict the behavior of the system when performing various scenarios
to detect critical sections and bottlenecks. The results of the analysis are used to
configure the process before its implementation. However, this stage of the analysis
is characterized by both great laboriousness and high computational complexity. In
this work, the authors set themselves the goal of demonstrating a technology that
provides a solution to the problems of analysis and forecasting of socio-economic
objects, but without this drawback, using a substantial example.

The problem of the complexity of simulation in this chapter is proposed to be
solved by using the apparatus of GERT-networks.

Computer simulation models make it possible to evaluate in measurable terms the
consequences of changing business processes, to predict with the help of a compu-
tational experiment how the “image of the future”, the “to-be” model, will behave.
The simulation model allows you to identify potential problems associated with the
proposed improvement, to build a forecast of the dynamics of the system.

Simulation, therefore, is a powerful tool for studying the behavior of real systems.
Moreover, the simulation itself does not solve optimization problems, but rather is a
technique for assessing the values of the functional characteristics of the simulated
system, allowing you to identify problem areas in the system [11].

However, imitation is inherently a random process. Therefore, any result obtained
by simulation is subject to random fluctuations and, therefore, as in any statistical
experiment, should be based on the results of relevant statistical checks [11]. To elim-
inate these negative features of the approach, the urgent task is to replace simulation
experiments with analytical models.

With the accumulation of experience and statistics in the field of complex
systems research, alternative stochastic networks, in particular PERT and GERT,
are becoming more widespread. Model PERT (Project evaluation and review tech-
nique) [12] is used to model projects and programs, and GERT (Graphical evaluation
and review technique) [13] is used to model technological and business processes.

A detailed description of GERT networks is presented by Phillips [14], Neumann
[15], Pritsker [13]. A significant contribution to the development of the apparatus of
GERT networks was made by Alexander Shibanov [16].

Attempts to study business processes based on GERT networks were made by
Barjis [17], Aytulun [18]. Barjis and Dietz [17] use the DEMO methodology devel-
oped by them based on the BPM standard tomodel business processes. Neither Barjis
and Dietz [17] nor Aytulun [18] apply any of the most widely used business process
description methodologies in the world (IDEF, ARIS, BPMN). In these works, there
is no description of formal methods and algorithms for converting business process
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models to GERT-network models; the features of modeling business processes by
GERT-networks are not investigated. One of these features is the study of finan-
cial and resource flows of business processes, since the study of the probability-
time characteristics of processes is not basic, although it provides a lot of useful
information.

The article [19] proposes the use of GERT networks to construct an input–output
table for a carbon fiber production chain in accordance with the input–output theory.

Article [20] is devoted to an overview of the application of GERT networks
to management problems. The authors demonstrate the results of using the GERT
network to analyze a hypothetical R&D project. The chapter provides an assessment
of improving the efficiency of project planning, workload, resources, and equipment
of the project.

Thus, the modeling of business processes based on GERT networks is a poorly
studied topic, therefore, additional research is relevant. The authors have already
attempted to work with the use of GERT-networks for the analysis of business
processes in [21], but the idea to show the application of the same approach to
assessing the cost parameters of a business process seemed interesting.

Representation of business processes in the form of a GERT-network will allow
for research related to the forecast of business process dynamics. In particular, it is
possible to determine the probability density function of runoff performance over
time and resources, aswell as the required central distributionmoments – expectation,
variance.

2 Methods

GERT networks are a variant of semi-Markov models, but the random variables in
them are characterized not only by dispersion but also by the distribution law. GERT-
networks allows you to include random deviations and uncertainty that occur directly
during the execution of each individual work [13]. The execution of work (operation)
in the system is associated with the branches (arcs) of the GERT-network, which are
characterized by additive random variables. To calculate the output characteristics
of GERT networks, the generating functions of the moments of random variables are
used. Activation of each subsequent branch is generally probabilistic.

A GERT network can be described by a directional weighted graph.

G = (V, E),

where V is the set of vertices (nodes); E many directed edges (arcs).
GERT network nodes are interpreted as system states, and arcs as transitions

from one state to another. Such transitions are associated with the implementation of
generalized operations characterized by the density of distribution and probability
of completion.
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Thus, a GERT network is a network with sources R and sinks S of the “work
on an arc” type, in which each node belongs to one of six types of nodes [13], for
each arc 〈i, j〉 a weight of the form [pi j , Fi j ] is defined, where pi j is the conditional
probability of the arc 〈i, j〉 execution subject to activation of the node i , Fi j is the
conditional distribution function of some random variable.

The calculation of the parameters of the GERT network represents the finding of
the first central moments of the distribution of the random value of the network. In
particular, the first and second central moments of a random variable are found—the
mean and variance, respectively. In addition, for some tasks, it is important to find the
probability of the network flow and the distribution function of the random variable
of the entire network.

Methods for calculating the parameters of a GERT network are described in [14].

3 Results

Consider the ARIS eEPC model of the “Product Manufacturing” business process
(Fig. 1) and the GERT network that corresponds to this business process. The task
of translating a business process model into a GERT network model was considered
in [22]. We also used assumptions about the laws of the probability distribution of
the parameters of business process operations given in [23].

Table 1 and Fig. 1 present a comparison of elements of a business process model
and a GERT network.

Note that in the business process under consideration there are two initial events.
Each of the events initiates the start of the process with some probability: “Order for
a standard product”—60%, “Order for a non-standard product”—40%. Therefore,
for the GERT-network model, we introduce the network source V0 and the arcs
connecting the source with the vertices V 1 and V 2.

In Table 2 are presented the parameters characterizing the arcs of the GERT-
network, according to the additive parameter—the financial costs of the function. To
simplify the notation, we introduced the index k, which replaces the indices ij for the
characteristics, corresponding to the arc.

Thus, a GERT-network model is obtained that fully displays the model of the
system under study, and for each arc of the network, the conditional probability and
the generating function of the moments are determined.

Next, you need to close the GERT network with an arc WA, leading from node
V15 to node V1.

ReplacingWA(s) by 1
WE (s) , we obtain the following transmittances for the network

loops.
Loops of the first order: W8(W9W11 + W10W12)W13W14W15,

(W1W3 + W2W4W5W6)W7W8(W9W11 + W10W12)W13W16W17W18

(
1
WE

)
.

There are no loops larger than the first order in this GERT network.
Using the topological Mason equation [7], we obtain:
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Fig. 1 ARIS eEPC model and its corresponding GERT network

H = 1 − W8(W9W11 + W10W12)W13W14W15 − (W1W3 + W2W4W5W6)×

×W7W8(W9W11 + W10W12)W13W16W17W18

(
1

WE

)
= 0
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Table 1 Comparison of
model objects

Model eEPC
object

Model eEPC
object type

GERT
network node

GERT
network node
type

S1 Event V1 STEOR

S2 Event V2 STEOR

S3 Process V3 STEOR

S4 Event V4 STEOR

S5 Logical
Connector

V5 STEOR

S6 Logical
Connector

V6 STEOR

S7 Logical
Connector

V7 [EOR, DT]

S8 Process V8 STEOR

S9 Process V9 STEOR

S10 Event V10 STEOR

S11 Logical
Connector

V11 [AND, ST]

S12 Logical
Connector

V12 STEOR

S13 Event V13 STEOR

S14 Process V14 STEOR

S15 Event V15 STEOR

Transforming this expression, we get:

WE (s) = (W1W3 + W2W4W5W6)W7W8(W9W11 + W10W12)

× W13W16W17W18

1 − W8(W9W11 + W10W12)W13W14W15

which WE (s) is the equivalent W-function for a GERT network.
Substituting the values of the probabilities and generating functions of the

moments from Table 2, we find the value WE (0) and then calculate the first central
moment of the distribution relative to the origin.

The mathematical expectation and the variance of the drain of the GERT network
are calculated in this way:

μ = 12.879

σ 2 = 9.211
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Table 2 Parameters of the GERT network

Arc 〈i, j〉 k pk Mk(s) Wk(s)

〈V0, V1〉 1 0.6 1 0,6

〈 V0, V2 〉 2 0.4 1 0,4

〈 V1, V5 〉 3 1 1 1

〈 V2, V3 〉 4 1 1 1

〈 V3, V4 〉 5 1 (1 − 2s)−1 (1 − 2s)−1

〈 V4, V5 〉 6 1 1 1

〈 V5, V6 〉 7 1 1 1

〈 V6, V7 〉 8 1 1 1

〈 V7, V8 〉 9 1 1 1

〈 V7, V9 〉 10 1 1 1

〈 V8, V11 〉 11 1 exp(10s + 0.0003125s2) exp(10s + 0.0003125s2)

〈 V9, V11 〉 12 1 exp(s + 0.00005s2) exp(s + 0.00005s2)

〈 V11, V12 〉 13 1 1 1

〈 V12, V10 〉 14 0.05 1 0.05

〈 V10, V6 〉 15 1 1 1

〈 V12, V13 〉 16 0.95 1 0,95

〈 V13, V14 〉 17 1 1 1

〈 V14, V15 〉 18 1 exp(0.5s + 0.0001125s2) exp(0.5s + 0.0001125s2)

〈 V15, V1 〉 WA 1 1 1

Figure 2 shows the probability density, the mathematical expectation, and the
distribution function of the calculated random variable (financial costs for the busi-
ness process) of the GERT network. Figure 2 shows the probabilistic forecast of
the dynamics of the event model of the business process “Product manufacturing”
(Fig. 1) based on the GERT network. Thus, we can say that with a probability of

Fig. 2 Probability density and distribution function of the GERT-network (in thousand rubles)
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90%, the costs of the business process will be in the range of 11.500 thousand rubles
up to 16.000 thousand rubles.

4 Conclusion

Thus, an approach is proposed that allows solving the problems of predicting the
dynamics of discrete-event models described in standard model notations (IDEF3,
ARIS EPC). The study of business processes based on GERT-networks can provide
a lot of useful information about the behavior of the studied system. Unlike simu-
lation experiments, this method is analytical, and therefore has several advantages
compared to a simulation experiment—less computational complexity, obtaining a
result that does not depend on the randomness factor.

The next steps in the development of this work may be to check the sensitivity of
central moments in time and cost to various model parameters (probabilities, laws,
and parameters of the distribution of time and cost for individual operations) with
access to recommendations for optimizing the investment of resources in improving
the business process as a whole.
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