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Abstract

The problem of constructing an attribute description of a business process with the automated formation of process models
“as is” using logs of information systems in which the tracks of individual processes are not identified is considered. It is shown
that to solve this problem, it is advisable to distinguish the distinctive properties of individual business processes represented by the
attributes of log events. A method for constructing an attribute description of a business process is proposed. The method is based
on the comparison of combinations of attributes for intervals of events of a fixed length and the subsequent selection of subsets of
attributes with the same values. The method includes the steps of forming the intervals of events, constructing combinations of at-
tributes for specified intervals, as well as calculating and subsequently averaging the weights of combinations of attributes on these
intervals. The result of the method is a weight-ordered set of event attributes and their values, which takes into account the attribute
and temporal aspects of the business process. The method creates conditions for a more efficient transition from functional to process
management based on splitting the log into processes using the resulting attribute description and subsequent prototyping of business
process models “as is” by means of process mining.
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1. Introduction

The process approach to enterprise management is based on the construction of business
process models in the form of interrelated sequences of actions, allowing to achieve the set goals
of the enterprise [1]. As part of this approach, a regular increase in the efficiency of the enterprise’s
activity is being implemented on the basis of continuous improvement of the running business
processes [2].

Continuous improvement of business processes is performed based on a comparison of the
current process model “as is” and the desired process model “as it should be”. As a result of the
comparison, a set of control actions is formed, allowing to modify the process, convert it to the
desired form.

Obtaining a process model “as is” is carried out either on the basis of monitoring the activi-
ties of the executors, as well as their survey, or by means of process mining [3]. The first approach
requires considerable time and can’t always be automated [4]. The second approach is based on
the analysis of the logs of existing information systems, which makes it possible to eliminate the
human factor when building a business process model.

Logs of information systems that have a special structure act as input data when building
process models. The key feature of the structure of such logs is that the events in them should be
grouped by process [3, 5].

At the same time, the logs of real information systems do not always meet the specified
requirements. On the one hand, traditional systems that support functional management do not
fix the execution of processes. Therefore, their logs contain sequences of events related to var-
ious processes and functional tasks [6]. On the other hand, process-oriented system logs often
contain incomplete or erroneous information that is not fully suitable for building a process
model [3].

At the same time, the log contains additional information provided by the event attributes.
This information is different for different processes, which indicates the possibility of dividing
these events by process and further using process mining methods for building models “as is”.

Thus, the problem of constructing an attribute description of a business process with the
automated formation of process models “as is” using the logs of information systems is relevant.

2. Literature review

Existing methods for constructing business process models and their components “as is” as
the source data use the logs of information systems, each of which contains a large amount of data
on the business process, obtained as a result of its multiple execution [3, 7].

Structurally, the log consists of a sequence of traces. Each trace contains information about
only one execution of a business process as a sequence of events reflecting the sequence of the pro-
cess. Events contain information about the actions of the process, the performers and used resourc-
es [8]. The links between events reflect the knowledge embedded in the business process model, as
well as the implicit knowledge of the performers. Such dependencies can be obtained by applying
the approach proposed in [9]. Heuristic methods, methods of fuzzy logic and genetic programming
are used to obtain process models in logs with errors [3, 10, 11].

However, in the case of functional control, the source log contains events from various
processes or functional tasks in the form of a single sequence of events. It is not possible to build
process models “as is” by traditional methods.

Approaches to the formation of process-oriented trails from the general sequence of events
are proposed in [6, 12]. These approaches make it possible to isolate connections between log
events in the event of significant differences in event attributes, but they require further develop-
ment in order to effectively separate events from different processes with similar attributes, as well
as similar attribute values.

To overcome this drawback, it is advisable to use an attribute description of a business
process that contains characteristic sets of attributes and their values. This will allow to divide the
overall sequence of events into ordered sets of events for different business processes by comparing
the attributes of the next log event with attribute models of different business processes.
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The purpose of this article is development of a method for constructing an attribute descrip-
tion of a business process in order to provide the possibility of forming process-oriented sequences
of events from the information management system log, which implements a functional manage-
ment approach.

3. The method of constructing an attribute description of a business process

The developed method uses as a source data a sequence of events ¢, €,,.. .. These events
relate to different business processes or to various functional tasks, but busmess processes are not
specified in this sequence. Each event contains a time stamp and a set of attributes and their values,
which characterizes the state of one of the business processes running in the enterprise:

e; ={t;,A;,B;}, Q)]

where tj — the timestamp of the event e Aj — a set of attribute names; Bj — a set of attribute values.
Attribute values are defined at specific points in time t:

VacAIBeB|t,. )

As attributes a € A, the action of a business process, the executor of this action, the product
being processed, a division of an enterprise, etc are indicated. Therefore, the values 3 of different
attributes at any time do not match:

VtVaa €A =P 3

The main idea of the method is searching for such combinations of event attributes that have
associated sets of values. Such value sets characterize both process-specific data and typical pro-
cessing sequences for this data. Let’s consider an example where in the three attributes of several
events the name of the same division is indicated, the same product being released, but the name of
the operation changes. Such a sequence of attribute values indicates that they belong to the same
business process.

The method uses a sliding interval Win, = <91 yeeenr €Lk > This interval consists of a sequence
of k events. This sequence searches for combinations of attributes that have associated values. The
size of the interval (the number of events) depends on the particular enterprise. Obviously, the more
processes run at the same time, the larger the window must be. In the window of a small number of
events, the laws will not be visible, since it will contain data only from part of business processes
or functional tasks. Therefore, the size of the event window is determined experimentally.

For each event interval, a combination of all possible attributes from H= maX|A | by
1<h <H is formed and the weights of combinations of attributes with the same values s are calcu-
lated. In the calculation, let’s consider a set of events Wlnl,i with the same set of values h for the
attributes. It is possible to create several combinations h of attributes A{fi from H event attributes.
The indexi is used to distinguish between these sets.

The number of events with the same values for h attributes for each combination of attri-
butes A?i is defined as the power of the subset Winffi :

Win, ={e;|Va,, €AlB,, =Bj.., |, 1<i<|Winj], @)

where a;, —m-attribute of event e; B, , — value of attribute a;,,

The calculation of the welght W?l of the set of events W1nl with attributes from the set Ai’l
in the event window Win is calculated according to the expression:
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The results of calculations by intervals are averaged for the entire sequence of events:
3
W' =——.
- [

Expression (6) is used only for a subset of intervals that have common values of the same
attributes.

The input data of the method are: the initial sequence of events and the number of events in
the interval k .

The developed method includes the following stages:

Stage 1. Select the event window (el,...,el+k>, where | — the number of the current iteration.

Stage 2. Formation of a set of combinations of event attributes {A?i} for a given inter-
val Win,.

Stage 3. Formation of subsets of events Win}fi with the same attribute values for each com-
bination Aﬁi according to expression (4).

Stage 4. Calculation of weights W}fi for each subset Win}fi according to expression (5).

Stage 5. Checking the end of the sequence of events — i. e. 1+k must not exceed the length
of the log.

If the sequence is not finished, the transition to the next iteration is performed:

5. 1. The current iteration index is incremented: 1=1+1.

5. 2. Going to stage 1.

Otherwise, proceed to stage 6.

The overall result of steps 1-5 is the weighting table {W{fi} for all event intervals and for all
combinations of events at these intervals. Each weight W}],i is associated with a list of attributes and
their values for which this weight is calculated.

Stage 6. Averaging the weights Wfi for several intervals according to (6). Weights are
averaged only for those intervals on which events have common attribute values for the combi-
nation A},

The result of this stage is a set of weights \Mh for i — combination of h attributes, as well as
a set of event attributes sets from intervals for which the weight is calculated.

Stage 7. Ordering weights VVih by value.

The result of this stage allows to use only combinations of attributes with maximum weights
when building business process models “as is”.

(©)

4. Experiments

The purpose of the experiment is verification of the effectiveness of the method proposed in
the article for source data with similar attributes. Experimental verification of the method is carried
out on a synthetic sequence of events generated from the logs of several business processes. Such
a log is generated in order to test the functionality of the algorithm for events with similar sets of
events and the values of their attributes.

Each log event is described by the following set of attributes: “org:group”, “org:role”, “prod-
uct”, “org:resource”, “organization involved”.

In the experiment, the method is performed three times for sequences of 3, 4, and
5 events. Attributes are compared in a sliding interval of a specified number of events.
For example, the 1st-5th, then the 2nd—6th, etc. events of the original log are analyzed se-
quentially.

The weighted sets of attributes and their values resulting from the operation of the meth-
od are ordered in descending order of weights. The sets of attributes with the maximum value of
weight are presented in Table 1.

Selected as a result of applying the method weighted sets of combinations of attributes and
their values characterize subsequences of events with different properties that correspond to dif-
ferent business processes.

38

Computer Sciences



Original Research Article: (2018), «kKEUREKA: Physics and Engineering»
full paper Number 6

Table 1
Results of the method operation

Weight of log event attribute combinations

Event attribute sets Attribute values
3 events 4 events 5 events
“ » o » {PROD453, Denny}
product”, “org:resource 0.1511117 0.04333363 0.2762764 (PROD453, Paul}

“ - 1 {PRODA453, N52 2nd, n}
product”, “org:group”, “org:role 0.10222296 0.0422224 0.2288988 {PROD453, O3 3rd, n}
P vy » {Denny, N52 2nd}
org:resource’”’org:group 0 0 0.2120002 {Denny, O3 3rd}

{PROD453, Denny, V30}
« S S » {PRODA453, Paul, V30}
product”, “org:resource”, “org:group 0 0 0.2080002 (PROD453, Denny, V30}
{PROD453, Paul, V30}
“organization involved”, “org:group”, 0 0 0.190987 {Orgline A2, N52 2nd, Sofia}
“org:resource” ' {Orgline A2, N52 2nd, Steve}
“organization involved”, “org:resource”, 0 0 0.190873 {Orgline C, Denny, N38, n}
“org:group” “org:role” ' {Orgline C, Denny, N38, n}
“product”, “org:resource”, “org:group”, {PROD204, John, N52 2nd, n}
“org:role” 0 0 0.1802576 {PROD204, Irwin, N52 2nd, n}

5. Results and discussion

The research result is a method for constructing an attribute description of a business pro-
cess, focused on using an automated way to build business process models “as is” based on the
analysis of logs of the information management system.

The weighted attribute sequences obtained as a result of the method’s operation determine the
invariant of a separate process, its distinctive features as part of a common log for several business pro-
cesses and functional tasks. This allows to separate the log events for individual processes and then build
models of these processes using process mining tools. The resulting models are compared with “as it
should be” models, built on the basis of a priori knowledge of the activities of the respective enterprise.
Based on the results of the comparison, decisions are made on improving business processes.

The difference of the proposed method lies in the generalization of the characteristics of a
business process based on the construction of a sequence of the most frequently repeated combina-
tions of attributes of events of the original log. Such a generalization allows to obtain a description of
the business process in the attribute and temporal aspects. In the attribute aspect, the groups of the
most essential features are distinguished, which are represented by the values of the log event attri-
butes. The time aspect is reflected by the sequence of values for the selected combination of attributes.

The advantage of the method is the ability to isolate the most significant attribute charac-
teristics of individual business processes with regard to changes in their values, which makes it
possible to separate the sequence of events by potential business processes even if the models of
these processes have not yet been built. As a result, conditions are provided for building prototypes
of business processes and transition to process management.

The disadvantage of the method is that the resulting attribute description of the business
process largely depends on the specifics of the enterprise in which the log is generated. Therefore,
the number of events in the sliding interval must be chosen experimentally for each enterprise. It
should also be noted that the computational costs are nonlinearly dependent on the number of event
attributes, since all possible combinations of these attributes are used.

The method can also be used to separate the data stream from several sources of information
if this data is multidimensional — have a set of attributes.

6. Conclusions
The problem of constructing an attribute description of a business process with the automat-

ed formation of process models “as is” by analyzing logs is considered.
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The feasibility of building such an attribute description is justified by the weak suitability
of source logs from function-oriented control systems for the automated construction of business
process models “as is”.

A method for constructing an attribute description of a business process based on an analy-
sis of the information system log is proposed.

The proposed method has the following differences from traditional approaches to the anal-
ysis of logs.

First, the attribute and temporal aspects of the business process are taken into account. The
attribute aspect defines the properties of the subject area, which are characteristic of a particular
business process. The time dimension sets the order in which these properties change as the busi-
ness process runs. The combination of these two characteristics allows to distinguish prototypes of
business processes, even in the absence of process management in the enterprise.

Secondly, the method allows to build several alternative attribute descriptions of business
processes and thereby increase the efficiency of designing the enterprise business process system
based on the selection and improvement of one of the proposed options, taking into account the
semantics of the attributes specified in the description.

In the practical aspect, the developed method creates conditions for improving the efficiency
of process management based on comparing business process models “as is” and “as it should be”
and improving the latter. The method also provides the possibility of more efficient transition from
functional to process management based on the selection of event sequences and the construction
of prototypes of process models by means of process mining.
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