Ministry of Education and Science of Ukraine

KHARKIV NATIONAL UNIVERSITY OF RADIO ELECTRONICS
ISMA UNIVERSITY
NATIONAL AVIATION UNIVERSITY
INSTITUTE FOR INFORMATION RECORDING
LVIV POLYTECHNIC NATIONAL UNIVERSITY
THE MILITARY ACADEMY OF THE ARMED FORCES OF AZERBAIDJAN REPUBLIC

Fourth International
Scientific and Technical Conference

2
\J
09

(3]

“. COMPUTER
INFORMATION

@ SYSTEMS
TECHNOLOGIES

«COMPUTER AND INFORMATION SYSTEMSAND
TECHNOLOGIES»

April 22 - 23, 2020

Kharkiv 2020



Fourth International Scientific and Technical Conference «COMPUTER AND
INFORMATION SYSTEMS AND TECHNOLOGIES». Kharkiv: NURE. 2020. — 90 p.

This publication is prepared by
Department of Electronic Computers
KHARKIV NATIONAL UNIVERSITY OF RADIO ELECTRONICS (NURE)

>

NURE

XapkiBCbKWUIA HALiOHAaNbHWIA YHiBEpCUTET
pajioenekTpoHiku

61166, Ukraine,
Kharkiv, 14 Nauki ave.
tel: +38 (057) 702-13-54
E-mail: info@csitic.com

© Kharkiv National University
ISBN 978-617-7645-96-1 of Radio Electronics (NURE), 2020



DOI: https://doi.org/10.30837/IVcsitic2020201376

Information technology for the implementation of
case-law management of end-to-end business
processes

Serhii Chalyi!
Levykin Thor?

"Kharkiv National University of Radio Electronics, 14 Nauky
Ave, Kharkiv UA-61166, Ukraine, serhii.chalyi@nure.ua

2Kharkiv National University of Radio Electronics, 14 Nauky
Ave, Kharkiv UA-61166, Ukraine, ihor.levykin@nure.ua

Abstract. The problem of managing many end-to-end business
processes is related to the distribution of common enterprise
resources between them. This leads to delays in their
implementation due to insufficient resources. The result of
such delays can be a failure to complete the processes as a
whole, which can lead to significant material financial losses.
The management process consists in pausing or starting the
execution of new processes based on formalized experience
presented in the form of precedents. The main problem of the
operational management of such processes is the timeliness of
the development of their mathematical models. It is proposed
to use models of analogue precedents with their subsequent
adjustment to the parameters of the models of controlled end-
to-end business processes. This process is implemented using
Process Mining technology. To complete the stages of Process
Mining, a generalized information technology has been
developed for the case-based management of end-to-end
business processes. Its implementation is connected with the
simplification of case models of end-to-end business
processes, the assessment of the lead-time of an end-to-end
business process according to its current state, the adaptation
of models of a set of ongoing processes, the integration of end-
to-end business process models for a new order, and the
management of ongoing and incoming new orders. This
ensures their fulfillment within the deadlines established by
the contracts.

Keywords: end-to-end business process, resources,
precedents, operational management, information technology.

I. INTRODUCTION AND PROBLEM STATEMENT

A lot of end-to-end business processes at the same time,
they use the resources of the enterprise without the traditional
restrictions imposed by its organizational structure. This leads
to delays in their execution due to insufficient resources and to
additional waiting for resources due to competition for them
between processes. The result of such delays may be failure to
comply with the restrictions on the execution time of the
processes as a whole, which may lead to a decrease in the
competitiveness of the enterprise and significant material
losses.

As a result of this, the management of many end-to-end
business processes is primarily associated with the distribution
of the common resources of the enterprise between them.
Obviously, processes use resources only during their execution.
The management process consists in pausing or starting the
execution of business processes in such a way as to efficiently
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distribute resources between them based on formalized
experience, presented in the form of precedents.

The main problem of the operational management of end-
to-end business processes competing for common resources is
the timely development of their mathematical models.

IL.

The solution to this problem is primarily associated with the
presence of input and output data of the process, taking into
account the influence of disturbances and the choice of control
actions to achieve the desired result [1.2]. Therefore, it is
proposed to use precedent models of analogues of such
processes with their subsequent adjustment to the parameters of
the models of controlled end-to-end business processes. This
process is implemented using Process Mining technology [3].

To complete the stages of this technology, a generalized
information technology of case-based management of end-to-
end business processes is proposed, presented in the form of
the following sequence of actions:

Simplification of case models of end-to-end business
processes, taking into account their current state;
Estimation of the lead time of the end-to-end business
process according to its current state;

Adaptation of models of the set of processes performed;
Integration of end-to-end business process models for a
new order;

Management of ongoing and incoming new orders.

Implementation of the action <Simplification of case
models of end-to-end business processes taking into account
their current state> is carried out taking into account one of its
three states regarding the delay in their execution. The first
condition of the PSU is characterized by the impossibility of its
use in subsequent execution; the second state ensures the
achievement of the target state with delays in the execution of
the business process and the third state ensures the achievement
of the target state without delay intervals. The simplification of
the case model is supported by the appropriate method, which
allows removing from the model those traces of the solution of
the problem that do not further include the processing of
objects by the name and values of their properties [4]. Metox
BKIIIOYaeT B ceds crepyromue dtambl. 1. dopmmpoBanme
OorpaHMYeHHi Ha HOBBIH Ou3Hec-mponecc. 2. KoppekTuposka
jora Tekymero OmsHec-mporecca. 3. KoppexrupoBka Momenu
OusHec-niporiecca Meromamu Process Mining. 4. Ypanenue
WHTCPBAIIOB  BBITIOJHEHWS JCHCTBUA W  OXHAAHUS, HE
COOTBETCTBYIOIIUE MOITYYSHHON Ha Tare 3 MOJIENH.

The input for this action is: an event log that records all the
actions in the corresponding database formed by the
information system. Such databases contain information about
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the precedent model of analogues and properties of objects
(products, services). The procedure for obtaining the model of
the current precedent, the formation, selection and adjustment
of the analogue precedent model, carried out using the methods
of the Process Mining technology [5].

After the step of obtaining a simplified precedent model of
the analogue, carried out at the first stage of this technology,
the process proceeds to the action <Estimation of the time to
complete a business process by its current state>. The input of
this action is a simplified precedent model of a business
process and data on the duration of the intervals of waiting for
its access to shared resources and runtime.

The execution of the <Estimation of the business process
execution time by its current state> is carried out taking into
account temporal restrictions imposed on the process. In this
case, a subset of the possible trajectories of achieving the final
state of the process of solving the problem of analyzing the
data of both the event log and the model at the current time is
determined. The duration of the execution is determined by the
sum of the waiting interval and the execution time of the action
for each trajectory of the process.

The implementation of this action is supported by the
method of checking the implementation of temporal
constraints, which includes the following steps. 1. The
definition of a subset of the possible paths to achieve the final
state of the business process. 2. Determining the time to reach
the final state of the process relative to its current state for
each trajectory of its execution. 3. The selection of a subset of
options for solving problems for which the completion time of
the business process does not exceed a predetermined
threshold level. 4. Determination of the total duration of
waiting intervals for each of the possible trajectories of the
business process.

After receiving such an assessment, the transition to the
action <Adaptation of models across the entire set of
processes> is carried out. When this action is performed, by
analogy with the first action, the current interval model of the
set of processes is simplified (adapted) [6]. Those traces that
will no longer be executed based on the previously selected
trajectory determined during the execution of a particular
process, taking into account the existing minimum and
maximum intervals of the process, are deleted. The input of this
action is the estimation of the process execution time by the
current state and a database containing information on time
intervals for all business processes that are performed. The
result of this action is an adaptive interval model of a set of
business processes.

Upon completion of the adaptation of models, the transition
to the action <Integration of business process models for a new
order> is performed.

The input for this action is: databases of orders, intervals of
waiting for resources (equipment, technologies, personnel,
materials, intervals of waiting for resources) and adaptive
models of the set of processes being performed. The action is
performed taking into account temporal constraints and the
integration of models of a set of processes.

The result of this action is the refinement of the execution
time of the new process by the waiting time of released
resources with the calculation of the necessary time for its
implementation and verification of the temporal restrictions
imposed on it. The duration of the waiting interval is
determined by the difference between the moment of
generating a request for a resource for a new process and the
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moment they are released by executed processes. 5 After
completing the previous action, the transition to the action
<Management of executed and incoming orders> is performed.

The implementation of this action is carried out taking into
account the assessment of the feasibility of the process and the
imposed temporal restrictions. The way out are actions to
manage ongoing and new orders.

This information technology supports the process of finding
the necessary solution in the form of a sequence of priorities
for the access of end-to-end business processes / orders to
shared resources at all competitive points. The advantage of the
technology is such an implementation of the process of finding
the optimal sequences using the criteria of the remaining time
and delay time for each business process, which ensures their
implementation in a timely manner.

Its practical implementation is shown by the example of
management of ongoing and incoming new orders. The process
of finding the required solution consists in determining the
optimal access orders to the common resources of 3 orders (Z)
at 7 competitive points (CT), which is shown in Fig. 1.

This example shows all the possible and optimal sequences
of the passage of orders at all competitive points.

Figure 1

. Sequences of orders of passage of orders of 7
competitive points

III.

The proposed information technology for the process
management of end-to-end business processes allows for the
operational management of such processes based on the use of
formalized analogue models. Their application ensures the
implementation of many processes in accordance with the
temporal restrictions imposed on them.

CONCLUSIONS
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