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LOGICAL - PROBABILISTIC REPRESENTATION OF CAUSAL DEPENDENCIES
BETWEEN EVENTS IN BUSINESS PROCESS MANAGEMENT

The subject matter of the article are the processes of identifying knowledge in the form of causal relationships based
on the analysis of the log of the business process. The goal is to develop a logical-probabilistic model of cause-effect
relationships between pairs of log events that describes the implementation of the business process's action to support
the solution of the task of automating the construction of the knowledge base of the process management system.
Tasks: Select context constraints and limitations on the execution of business process actions that can be obtained as a
result of log analysis; develop an approach to extract the probabilistic and logical components of cause-effect
dependencies; to develop a logical-probabilistic model of causal relationships. The methods used are: methods for
constructing predicate models; Bayesian methods of constructing probabilistic models. The following results are
obtained. Formalized class of causal dependencies for knowledge-intensive business processes. Such dependencies can
take into account informal knowledge of the business process. Within this class there are: a predicate description of the
state of the context based on information about values of attributes of log events; contextual constraints on doing
business process actions; probabilistic conditions for implementing the business process. Conclusions. The scientific
novelty of the results obtained is as follows: a logical-probabilistic model of cause-effect relationships between pairs of
log events describing the performance of the business process is proposed. The model binds a logical description of the
state of the context before and after the completion of each activity of the business process, as well as a logical
description of the constraints on the actions of the process and a probabilistic description of the conditions for the
execution of these actions. In practical terms, the model provides an opportunity to solve problems of extracting,

expanding and integrating knowledge based on the analysis of logs of business processes.
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Introduction

Business process management systems are
designed to manage the enterprise through the
management of business processes (BP). The process
control cycle includes the stages of building business
process models, configuring these models in the
management system, using BP models for managing
and improving process models [1].

Business process models specify the sequence of
actions that are required to obtain the product or service
needed by the consumer. Improvement of process
models allows to eliminate bottlenecks, and also to
adapt the model to new conditions of business process
execution. Such conditions arise as a result of changes
in the activities of the enterprise, new market contracts,
etc.

The problem of adaptation of process models is
especially important for knowledge-intensive business
processes. Such processes differ in that knowledge
workers can change their structure. They use their
personal knowledge and experience to change activities
when executing a business process. As a result, the a
priori model of the process becomes inadequate to the
current instance of the business process [2].

To continuously improve the BP, it is necessary to
supplement the process model with a knowledge base.
This knowledge base can be used to assess the
effectiveness of possible changes in the process model,
taking into account constraints on the performance of
business process actions.

When building a knowledge base, it is necessary to
take into account the limited, inaccurate personal
knowledge of the knowledge workers, who change the
sequence of actions of the business process [3].

Related Work

At present, approaches to building knowledge
bases to support process management are focused
primarily on knowledge engineering. The specialists in
knowledge engineering provide for human-machine
interaction in the allocation and formalization of
knowledge. The Semantic Web paradigm is used, as
well as micro-blogging ideas [4].

At the same time, the methods of automated
construction of knowledge bases [5-7] and approaches
to the probability representation of knowledge are
intensively developed [7-9]. These approaches use
probabilistic ~ causalities  [10, 11],  probabilistic
relations [12], probabilistic graphical models [13],
probabilistic logical reasoning [14, 15].

However, these methods and models are intended
primarily for wuse in information retrieval and
information referral systems. They are also used to
support speech and image recognition.

Further research is required to solve the problems
of supporting decisions on process management, taking
into account the inexact, probabilistic nature of
knowledge of people who perform knowledge-intensive
business processes.

As a result, information regarding the further
behavior of the business process becomes uncertain.
This indicates the importance of constructing a logical-
probabilistic representation of knowledge.

The purpose of this article is to develop a
probabilistic-logical representation of cause-effect
dependencies in a knowledge base of the process
management system in order to perform such tasks:

—using personal knowledge of employees to
improve the business process model;
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— supporting decisions on the assessment of the
actions of knowledge workers, who changes the
business process.

Knowledge-intensive business process:
causality

Knowledge-intensive business process has a
number of properties that affect the representation of
causal dependencies.

The process has three structural levels: a
workflow; contextual knowledge about the actions of
the process; context.

Workers can change the sequence of actions based
on their knowledge and the current state of the context.
This means that there are causal relationships between
the context and the process activities (Fig. 1).
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Fig. 1. Causal dependencies
of knowledge-intensive business process

Context affects the execution of actions in the
domain and includes a set of artifacts.

Artifacts are objects that the process uses when
executing. Artifacts are characterized by a set of
properties. Properties are represented as attribute - value
pairs.

The current state of the business process context
depends on such variables:

- a set of artifacts that this process uses;

- a set of properties of artifacts;

- the values of the properties of these artifacts.

Sets of artifacts and immutable attributes set the
static aspect of the context. In other words, artifacts
with predefined attribute sets are used by the process all
the time.

The absence of such artifacts does not allow
performing the corresponding actions of the process.
Therefore, the static aspect of the context sets limits on
the execution of business process actions. In this case,
for each constraint of the business process, the rule is
triggered: as long as the corresponding activity does not
satisfy the constraint, it cannot be included in the
workflow:

VeeCaD = D,D; #D: Dy Nwf =B|-c, (1)

where c is the current constraint; D; — a subset of
activities that must satisfy the constraint; wf — the
workflow of the current instance of the business
process..

The set of all possible sequences of actions forms
the general flow of work of the business process, Wf

ie Wf ={wf}.

Limitations for a particular action must be satisfied
in all instances of the process. A process instance is an
implementation of the BP model, similar to an instance
of a class in object-oriented programming.

The set of pairs "attribute-changing value"
characterizes the dynamic aspect of the context.
Attribute values changes as a result of process actions or
environmental influences.

In order to execute a process action, a subset of
attributes must have certain values.

Therefore, the dynamic aspect is characterized by
the conditions for performing BP actions at the time
when the desired attribute values are obtained:

wf,t|=d|l/\c,leL,ceC,deD, (2)

where [ is the condition to perform activity d ; ¢ — the
moment of time when the condition / and constraint ¢
are satisfied.

Unlike constraints, the conditions for starting
actions cannot be satisfied for all instances of the BP:

Elwfve:wf,tJ#dV/\c. 3)

This difference is due to the fact that employees
can change the process and perform the action under
other input conditions. In the general case, there is a
nonzero probability that the action will be performed
with the true expression /.

In order to identify the causal dependence of the
"condition-activity" kind and then to predict possible
sequences of knowledge-intensive business process
work, we set the threshold value & of the probability for
this condition. The business process is characterized by
the implementation of actions in time. Therefore, this
causal dependence is represented using the temporal
modal logic operators:

41



Advanced Information Systems. 2018. Vol. 2, No. 2

ISSN 2522-9052

X p()>e= Xd|c, 4)

where p(l) is the probability of the condition / being
met; X —the temporal modal logic operator neX:t, it
specifies the execution of the action 4 at the next

discrete point in time; X+ operator sets the condition
being met from the current moment to the next discrete
point in time.

Thus, causal dependencies for a knowledge-
intensive business process have logical limitations and
probabilistic conditions.

Approach to extracting
cause-effect dependencies
between business process events

The sequence of automated knowledge base
construction includes the tasks of extracting knowledge,
expanding the knowledge base and integrating
knowledge with existing models (for example, business
process models).

In order to solve the first task, the extraction of
knowledge in the process management system, it is
necessary to identify the context of the actions of the
process. Then, based on the context analysis, we can set
constraints and conditions for the execution of actions.

We can identify the context in two ways:

— By using a priori knowledge of the subject area;

— By analyzing the event logs that the process
management system forms when executing a business
process.

In the first case, the expert in the domain sets the
permissible sequences of actions for each artifact.
Usually such dependencies are determined by the life
cycle of these objects. Therefore, we can specify a
restriction on the sequence of the process actions in the
form of permissible links between the operations for
processing the artifact in accordance with its life cycle.

The conditions for the execution of actions are
determined by comparing the permissible variants of the
life cycle of artifacts. Therefore, it is necessary to
compare several alternative sets of conditions when
performing one action.

The disadvantages of this method are as follows.

First, the approach requires the involvement of a
qualified expert who knows the specific business
process well.

Secondly, in addition to the business process
model, it is necessary to construct life cycle models for
artifacts, and then establish constraints by comparing
the sequence of process actions and the sequence of life
cycle operations.

In the second case, a log is used to identify
conditions and limitations for the execution of business
process actions. It contains a description of the events
that occurred while the process was running.

The log is formed by the process management
system. Log events are characterized by a set of
attributes and their values. Attributes of events are also
attributes of artifacts. For example, they can contain: the
name and division of the performer; the name of the

product that the business process creates; name of
equipment, etc.

The disadvantage of the second method is that the
log contains incomplete information about the business
process. However, the log is constantly updated with
new events as the business process proceeds. This
allows you to perform both the task of extracting
knowledge, and the task of expanding the knowledge
base.

With the constant expansion of the knowledge
base, the task of integrating knowledge is also
performed in order to ensure the adequacy of existing
models.

In general, with the automated building of the
knowledge base of the business process management
system, it is advisable to combine both methods.
General dependencies are formed by an expert, and
more detailed ones are identified on the basis of an
analysis of the event log.

However, if the log contains detailed information
about the activities of the process, you can limit yourself
to identifying the context based on the analysis of the
log.

In Fig. 1 the cycle of knowledge extracting,
expanding and integrating is presented.

In this cycle, the log is viewed as the current
"photo" of the workflow of the process. This sequence
changes according to the current context using causal
dependencies.

Such dependencies can be changed by knowledge
workers. However, then, after analyzing the logs, the
found altered dependencies are included in the
knowledge base.

Then these cause-effect relationships can be
included in the business process model.

In order to implement this cycle, we propose a
logical-probabilistic approach to the extraction of cause-
effect relationships in the field of process management.
The proposed approach uses the properties of causal
dependencies for the knowledge-intensive business
process (4), as well as the properties of the BP log.

We can choose one of two possible categories of
uncertainty when we construct a logical-probabilistic
description of the causality of a knowledge-intensive
business process.

— uncertainty about empirical facts;

— uncertainty about logical facts.

Empirical facts are characterized primarily by
information and cognitive components. First, they
contain information about the state of objects and
phenomena of the domain. Secondly, the cognitive
component determines the way in which these facts are
interpreted.

Empirical facts in the logs are represented by a set
of attribute-property pairs for each event, and therefore
we will interpret these facts using the mathematical
apparatus of predicate logic.

The predicate R; interprets each event in this way:

R (ay,...a;,..a5)= Ala; =V ), (5)
J
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where a; — attribute of i -event; v;; —is the value of

the attribute a i

Logical facts determine the relationship between
empirical facts. Logical facts are represented in the log
in the form of sequences of events corresponding to the
sequence of actions of the business process. The
information system of management of business
processes records in a log a trace of events separately
for each copy of the business process. Therefore, the
logical facts for the process are of a probabilistic nature.

From expression (4) we can see that causal
dependencies for a knowledge-intensive business
process contain deterministic and probabilistic
components.

For each pair of events i,i+1, we will also
distinguish two components: the deterministic constraint
and the probabilistic condition. The constraint ¢; ;,; is

represented by a predicate that links the unchanged

attributes a; ;,a;,; ; of a pair of successive events. The

first event describes the state of the context in which the
action is started, and the second describes the state of
the context after the action is completed:

*

fitl (al-’l,....al-,J,al-H’],...al-+1’J) =

(6)

A =vy [Vi=L1-1a ; =a;, ;)..
j

Using the representation of constraints in the form
of a predicate (6), we can find subsets of attributes that
do not change for the selected action on all log paths.
This means that the selected action is performed with
unchanged values of the artifact attributes in all
instances of the business process:

al-’. j = Vi -

If we order such subsets of attributes by run-time,
we can obtain a set of sequences of unchanged attribute
pairs for all possible variants of executing a business
process. This sequence describes an invariant part of the
context that does not depend on possible actions of the
BP. Therefore, we can treat such sequences as static
context constraints.

Each action is represented in the log by a pair of
events: i,i+1.

Therefore, we calculate the probability of a
condition /;,; for performing an action using:

— the probability p(c;;,;) of restriction for these
events;

—the probability p(r ;) that an event is
represented by a set of attributes that ensure the truth of

the predicate R:,k:] (Fig. 2):
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Fig. 2. Probabilistic dependencies

The predicate R:,k:] will be true only for pairs of

event attributes g¢;,a;,;, which change their value after

the execution of the action i +1 of the business process:

sk
it @iloeee i g Qi 151 ) =
(®)

/\(al-’j =Vik |Vl = 1,[—1 al-’j * al-+1’j) .
J

Conclusions

The article considers the problem of representation
of causal dependencies in modeling and management of
business processes.

Our contribution is as follows. A logical-
probabilistic model of cause-effect relationships is
proposed. Each such dependency links a pair of log
events that describe the execution of a single action of
the business process. The model connects the logical
description of the context state before and after the
completion of each action of the business process, as
well as a logical description of the constraints on the
process actions and a probabilistic description of the
conditions for performing these actions.

The proposed model can be used to solve problems
of extracting, expanding and integrating knowledge
based on the analysis of business process logs.
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Jloriko-iiMoBipHicHA MoIeJIb MPUYNHHO-CJITUNX 3B'A3KIB MiXK momisiMu HAJIy CUCTeMH NPOLECHOr0 yNPABJIiHHSA
0O.B. Yana

IIpeqmerom BHBYEHHS B CTATTi € NPOLECH BHUABJICHHSA 3HaHb Y (JOpPMi NPUUMHHO-HACHIJAKOBUX 3aJIEKHOCTEH Ha OCHOBI
aHaJi3y Jiory nosii 6i3Hec-nporuecy. MeTolo cTaTTi € po3poOKa JIOriKo - IMOBIpHICHOI MOJIEN IPHYMHHO-CIIITYNX 3B'SI3KIB MiXK
Iapamu TOJiH XXypHally, 10 ONUCYIOTh BHUKOHAHHA il Oi3Hec-mpouecy A HiJTPUMKH PIIIEHHS 3a/1ad4 aBTOMAaTH30BaHOI'O
1o0ynoBY 6a3u 3HaHb CUCTEMH IIPOLIECHOTO YIPABIiHHA. 3aBAaHHSA: BUIiIUTH KOHTEKCTHI YMOBHU Ta OOMEKEHHS HA BUKOHAHHS
niit Gi3Hec-mporecy IUIIXOM aHali3y Jiora IOJii IOro Mponecy; po3poOHTH MiAXix A0 BUALIEHHS HMOBiIpHICHOI Ta JIOTiYHOL
CKIIaJOBOi  NPUYMHHO-CIIUUX  3aJCKHOCTEH; PpO3POOMTH  JIOriKO-MMOBIpHICHY MOJENb  Kay3aJlbHUX — 3aJIeXKHOCTEH
BuxopucroByBaHUMH MeTOJAMH € METOIM IOOYJOBM IpEAMKATHUX Mogenel; OaifecoBcbki mizxomm a0 100ynoBu
HMoBipHiCHUX Mozenell. OTpuMani HacTynHi pe3yiabTaTH. PopMmainizoBaHO KiIac NPUYMHHO-HACHIIKOBUX 3aJ€KHOCTEH UL
3HaHHAEMHHUX Oi3Hec-nponeciB. Taki 3aI€XHOCTI MOXKYTh BpaXxoByBaTH HehopMalli3oBaHe 3HaHHS Npo Oi3Hec-nporec. B Mexax
JIAHOT'O KJIacy BHALNEHI: NPOrHO3HUI OIMC CTaHY KOHTEKCTY Ha OCHOBI iH(opMallii npo 3Ha4eHHS aTpuOyTiB MOiH XKypHay;
KOHTEKCTHI OOME)XEHHSI HAa BHKOHAHHS Jii Oi3Hec-Tponecy; WMOBIpHICHI yMOBH peanizanii xaii Gi3Hec-nporiecy. BucHoBkm.
HaykoBa HOBHM3HAa OTPUMAaHUX PE3YJIBTATIB MOJIATA€ B HACTYIHOMY: 3alPOIIOHOBAHA JIOTiKO-HMOBIpHICHA MOJENb MPUYMHHO-
CIIYMX 3aJIeKHOCTEH MiX Napamy HOJIH KypHaly, IO ONMCYIOTh BUKOHAHHSA Jill Gi3Hec-mpouecy. Mogenb 3B's13ye Jioriune
OITHC CTaHy KOHTEKCTY JI0 1 IMiCIIs 3aBEPILIEHHS KOXHOTO JIii Gi3HEC-TIpoIlecy, a TaKoX JIOTIYHUI OIic 00MeXXeHb Ha il mporecy
Ta MMOBIPHICHMH ONUC YMOB Ul BUKOHAHHA LMX IiH. Y HPaKTHYHOMY acHeKTi Mozenb 3a0e3neuye MOXIMBICTh BUPIIICHHS
3aB/IaHb BUIYYCHHs, IONOBHEHHs Ta iIHTErpallii 3HaHb Ha OCHOBI aHAJIi3y JIOTiB Oi3HEC-TpoLEciB.

Kaw4yoBi ciroBa: npuIrHHO-HACIIIKOBI 3aJIS)KHOCT1; 3HAHHS;, 6a3a 3HaHb; Oi3HEC-TIPOLEC; TTOTIK POOIT; KypHAIT TOIH.

ﬂOFHKO-BepOHTHOCTHaH MOJeJIb MPUIHUHHO-CJICACTBEHHBIX 3aBHCHMOCTE MEKAY COOBITHSIMU JKypHaJia
CHCTEMBI MPOLECCHOI'0 YITPaABJICHUS

O.B. Yanas

Hpe}IMeTOM H3YyUCHHSA B CTAaTbC SABIIOTCSA IIPOLECCHl BbISABICHUSA 3HAHUH B (bOpMe NPpUYUHHO-CIICACTBEHHBIX
3aBHCHMOCTEHI Ha OCHOBE aHaJM3a Jiora 6H3Hec—np0uecca. He.]'ll)l{) SABJIACTCS pa3pa60TI<a HOFHKO-BepOﬂTHOCTHOﬁ MOACIIN
NPUYUHHO-CICACTBEHHbBIX 3aBUCUMOCTEH MEXAy IMapaMu COOBITHIA Jiora, OIIMCBIBAXOIIUMMMH BBIIIOJIHCHUE HeﬁCTBHH OusHeC-
npounecca il IOAACPIKKHA PEHICHUST 3aJadd aBTOMAaTU3UPOBAHHOI'O ITOCTPOCHUSA 0a3bl 3HAHHH CHCTEMBI IIPpOLECCHOI O
yrpaBJi€HUs. 33113‘{]/[3 BBIZ[GJ'[I/ITB KOHTEKCTHBIC YCJIOBHS U OrpaHUYCHUS Ha BBITIOJITHCHUC HeﬁCTBHﬁ 6I/I3HCC-Hp0HeCCB., KOTOpbI€
MOoryr OBITh IIOJIy4CHBl B PpE3YyIbTaTE aHaiu3a Jiora, pa3pa60TaTL IoAX0d K BBIJICJICHHUIO BepOHTHOCTHOﬁ M JIOTHYCCKOMN
COCTaBJISIOIICH NPpUYUHHO-CICACTBEHHbBIX 3aBHCHMOCTeﬁ; pa3pa60TaTL BEPOATHOCTHO-JIOTUYECKYHO MOJCJIbL Kay3aJIbHbIX
3aBHCUMOCTEH I/IC]'IOJ'ILSyeMLIMI/I METOAAMHM SBJIAIOTCA: METOIBI IOCTPOCHUSA IPECANKATHBIX Moueneﬁ; OaifecoBCKHe MCTOABI
IIOCTPOCHMS BEPOATHOCTHBIX Moz[eneﬁ. HOJ'[y'-IeHBI CIICAyIOIMe pe3yjabTarThbl. (DOpMaJ'[I/I3OBaH KJ1acC IMPUYINHHO-CJICACTBEHHBIX
3aBHCUMOCTEH JJI1 3BHAHUCECMKHUX 6I/I3HCC-Hp0HeCCOB. Takue 3aBuCHMOCTH MOr'yT Y4YuUTBIBAThb He(i)OpMaJ'lI/ISOBaHHOC 3HaHUEC O
6I/I3HGC-HpOHeCC€. B paMKax JaHHOr'O KjiacCa BbIJACJICHBI: IIPEJUKATHOC OIIMCAHNUE COCTOSIHUS KOHTCKCTa Ha OCHOBE I/IHCI)OpMaL[I/H/I
O 3HA4YCHHUAX anI/I6yTOB COOBITHI Jiora; KOHTCKCTHBIC OIpaHUYCHHS Ha BbIIIOJIHCHUE HeﬁCTBHﬁ 6H3Hec—np0uecca;
BEPOATHOCTHBIC YCIIOBHS peaiu3aliin L[eﬁCTBHﬁ 6I/I3HCC-Hp0HeCCB.. BI)IBOJII)I. Haquaﬂ HOBU3HA IIOJTYYCHHBIX PE3YJILTATOB
COCTOUT B CJICAYIOLIEM: IIPCUIOKEHA JIOTUKO-BEPOATHOCTHASL MOACIIb NPUINHHO-CIIEACTBECHHBIX 3aBUCUMOCTEH MEXAy HnapaMu
COOBITHIA Jiora, OImMcCbIBarOIIMMH BBITIOJTHCHHUE HeﬁCTBHH 6H3Hec—np0uecca. MOZ[GJ'[B CBA3BIBACT JIOTHYCCKOC OIMMCAHUE COCTOAHHUA
KOHTEKCTa A0 U IIOCJIC 3aBEPIICHUSA KaXXKIA0I'0 Z[eﬁCTBHﬂ 6H3Hec—np0uecca, a TaKXKC JIOrMYCCKOC OITMCaHHEC OFpaHI/I‘-IeHI/Iﬁ Ha
Z[eﬁCTBHﬂ Tpouecca U BEPOATHOCTHOE OIMCAHUC yCJ'IOBI/Iﬁ JUISL BBITIOJIHCHUSA 3THUX HeﬁCTBHﬁ. B TIPaAKTUYCCKOM acCIIeKTEC MOICIb
o0ecrieurBaeT BO3MOKHOCTD peuieHus 3a1a4 U3BJICUCHUSI W IIOINIOJIHEHUA W HWHTEIrpalun 3HAHUW Ha OCHOBE aHaJlu3a JIOTOB
6I/I3HGC-Hp0HeCCOB.

KawueBpie ci10Ba: NPUYMHHO-CIIEJCTBEHHBIE 3aBUCHMOCTH; 3HAaHMs; 0aza 3HaHUH; OM3HEC-IPOLECC; MOTOK PaboT;
AKYpHaI COOBITHIL.
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