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1. Introduction

The process approach to management is based on the 
description of a company as a system of inputs, outputs 
and business processes that transform input resources 
into products or services at the output. Each business 
process contains a sequence of actions that ensures the 
creation of the products needed by a consumer [1]. The 
effectiveness of process management is assessed by the 
degree of customers’ satisfaction. The latter depends not 
only on the quality of products but also on the timeliness 
of its delivery. 

The process management cycle includes the stages of the 
construction of the models of a business process, business 
processes management using these models, and adjustment 
of a model based on the results of analyses of business pro-
cess implementation [2].

The model of a business process includes a description of 
the sequence of operations taking into consideration the nec-
essary resources [3]. The sequence of operations is assigned 
by the algorithm of conversion of materials, components, and 
information obtained at the input into the goods and infor-
mation at the output. Resources play the role of restrictions. 
The untimely delivery of resources can affect the sequence 
of operations of a business process, as well as change its 
duration. The duration of a business process consists of the 
duration of separate operations, as well as the intervals of 
waiting for resources.

In general, the process approach involves the manage-
ment of a system of interacting, interconnected business pro-
cesses that use the company’s shared resources. Competition 
of business processes for resources leads to delays in access-
ing them, untimely completion of a process and customers’ 
dissatisfaction [4]. 
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Удосконалено модель журналу подiй iнфор-
мацiйної системи. Модель мiстить послiдовностi 
подiй, що вiдповiдають реалiзованим послiдовно-
стям управляючих дiй в рамках як процесного, 
так i функцiонального пiдходiв до управлiння. Для 
кожної пари подiй, що належать до одного проце-
су, заданий строгий лiнiйний порядок в часi. Модель 
призначена для побудови опису прототипу бiзнес- 
процесу «як є».

Запропоновано прецедентну модель бiзнес-про-
цесу, що описує особливостi його вiдомих реалiза-
цiй, вiдображених в журналi подiй. Модель об'єднує 
множину реалiзованих послiдовностей робiт кож-
ного процесу i враховує час виконання цих робiт, 
а також необхiднi для них ресурси. При описi часу 
виконання робiт процесу враховуються затримки 
при доступi до спiльних ресурсiв на пiдприємствi. 
Модель дозволяє прогнозувати строки завершен-
ня множини конкуруючих за ресурси бiзнес-про-
цесiв при видаленнi або додаваннi нових процесiв в 
це множину.

Розроблено технологiю змiни послiдовностi 
доступу до ресурсiв для набору конкуруючих за цi 
ресурси бiзнес-процесiв в рамках процесного управ-
лiння. Запропонована технологiя використовує 
прецедентну модель бiзнес-процесу для розрахунку 
порядку доступу до ресурсiв. Технологiя дає мож-
ливiсть розрахувати сумарне скорочення затри-
мок у часi виконання по вiдношенню до строкiв 
завершення бiзнес процесiв при конкуренцiї цих про-
цесiв за ресурси. Технологiя дозволяє вибрати поря-
док доступу до ресурсiв з найменшим запiзнен-
ням по вiдношенню до строкiв завершення робiт 
для вiдомих варiантiв виконання бiзнес-процесу. Це 
дає можливiсть ОПР оцiнити можливiсть запу-
ску нових процесiв, що використовують спiльнi 
ресурси, на основi скорочення часу очiкування при 
доступi до цих ресурсiв

Ключовi слова: бiзнес-процес, процесне управ-
лiння, ресурс, подiя, журнал подiй, прецедент, 
затримка доступу до цих ресурсiв
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The problem of competition for resources is particularly 
relevant for end-to-end business processes [5]. The latter 
provide products and services to external consumers. The 
external consumers are those outside a company that im-
plements the business process. In practice, such consumers 
have a significant impact on the terms of the launching and 
execution of end-to-end processes [6].

End-to-end business processes cover several subdivi-
sions of an organization. Such processes share resources 
with other business processes that are implemented in 
these subdivisions under the supervision of their managers. 
Therefore, timely adjustment of the models of the end-to-end 
business process in order to change the sequence of access to 
resources is a relevant task. The solution of this task creates 
conditions for the timely implementation of a set of end-to-
end business processes within the time limits suitable for a 
consumer. 

2. Literature review and problem statement

The problem of adjustment of a model of business pro-
cesses is traditionally solved after the completion of the stage 
of its life cycle analysis [1, 7]. This problem is solved based 
on the comparison of the models of business processes of two 
kinds: “as is” and “to be”. 

The first model is constructed by experts at the stage 
of implementation of the process management and contains 
an “ideal” description of a sequence of operations [2]. When 
constructing this sequence, the specificity and conditions of 
processing the data, used by a business process, are taken 
into consideration [8].

The second model is actually a case of a business process 
and is formed after it is completed [9]. Both subjective data 
from executives and objective description of the sequence of 
process actions are used as input data during constructing 
this model. This description is shaped by the management 
system in the form of an event log. An event log has a dif-
ferent form when using functional and process approaches 
to management. In the first case, a log includes a set of 
time-ordered events of some business processes that solve a 
common problem. In the second case, a log includes a set of 
event-based tracks, each of which records a single execution 
of one business process. The event contains a record of the 
implemented process and the time of its execution [10]. The 
process mining methods are used to construct a model of a 
business process “as is” [11]. Using the event logs obtained 
in the framework of the functional management approach 
requires a pre-formation of process tracks [12].

Existing methods of process mining make it possible 
to construct the models of separate business processes 
taking into consideration the time of operations execution 
recorded in the log [13]. However, these methods have three 
significant drawbacks that make it difficult to apply them to 
support real-time process management. Firstly, the methods 
of process mining are focused on constructing the “as is” 
models once a business process is completed. This does not 
make it possible to dynamically adapt the “to be” model 
directly during the process implementation. Secondly, the 
mining technology is focused on constructing and analyzing 
models of separate processes. At the same time, the process 
management should take into consideration the interaction 
and competition for resources of at least a few end-to-end 
business processes of an enterprise. Thirdly, the existing 

methods take into consideration the resources of business 
processes when constructing their models [2]. However, 
these methods do not address restrictions at the shared ac-
cess to resources and the associated delays in the implemen-
tation of a business process.

Thus, information from event logs of business process re-
cord the actual sequence of execution of operations and that 
is why it can be used to change dynamically the sequence 
of the access to resources. It is appropriate to make such 
adjustments to process models during the implementation 
of a business process in order to meet the customers’ re-
quirements in terms of operations completion. However, the 
existing methods for improving the process models based on 
analysis of event logs can be used only at the stage of analysis 
of the business process lifecycle. That is why the problem 
of adjusting the process models by changing the sequence 
of access to the shared resources of a company during the 
implementation of business processes requires its solution.

3. The aim and objectives of the study

The aim of this study is to develop the technology of 
changing the sequence of access to shared resources for a set 
of business processes while they are completed for the timely 
completion of their operations according to the requirements 
of a customer.

To accomplish the aim, the following tasks have been set:
– to update the model of an event log taking into consid-

eration the differences in recording events at the functional 
and process approaches to management; 

– to develop a case-based model of a business process 
“as is” with the intervals of waiting for resources based on 
analysis of an event log; 

– to develop the technology of changing the sequence of 
access to shared resources of business processes during their 
implementation;  

– to fulfill the experimental testing of the proposed 
technology of changing the sequence of access of business 
processes to shared resources.

4. Improvement of the model of an event log taking into 
consideration the records of events in functional and 

process approaches to management

The event log (log) Q in process management includes a 
set of tracks Qi. Each track is a record of the implementation 
of one variant of a business process from all the possible op-
tions presented in the “to be” model. The track consists of a 
time-ordered sequence of events ei,j:

{ } ,1 ,2 , ,, , ,..., ,..., .i i i i i j i JQ Q Q e e e e= =   (1)

Each event ei,j is a record of execution of action di,j of the 
process. Track Li as a whole is a display of action sequence Di 
of this process. 

The actions of a process at each implementation can be 
performed both sequentially and in parallel. However, these 
actions are recorded on the log track sequentially as the cor-
respondent operations are completed. That is why the events 
within one track are related by a strict linear order.

The sequences of events of different tracks reflect differ-
ent variants of a business process. The course of action for 
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each of these options may be different. That is why the events 
for a log are generally related by a partial order. 

Log F in functional management consists of a sequence 
of events recording the performance of the actions from a 
variety of business processes, for example, Pi, Pn, Ps:

{ },lF F=  
,1 ,1 ,1

,2 ,2 ,2

,..., ,..., ,...,
.

,..., ,..., ,...
i n s

l
i n s

e e e
F

e e e
=   (2)

Event sequence Fl contains the records of the parallel 
execution of some processes. That is why the events within Fl 
are related by a partial order. Unlike log Q, this log contains 
information about the sequence of access to resources of sev-
eral business processes within one record Fl. 

Then the generalized log model L, which provides an op-
portunity to change the sequence of access to the resources 
of a company for some business processes, is represented as 
a set of pairs of events (ei,j, ei,j+1). Each of these pairs refers 
to the same implementation of a business process. For these 
pairs, strict linear order G is assigned:

{ } ( ) ( ){ }, , , ,, , : .i i i j i u i j i uL L L e e i j u e G e= = ∀ ∀ ∀  (3)

Linear order G assigns a linear sequence of events over 
time:

( ), , , , ,i j i u i u i ji j n e G e e G e∀ ∀ ∀ ∨  (4)

, , , , .i j i u i j i ue G e t t⇒ <  (5)

This order is asymmetrical and, therefore, characterized 
by anti-reflexivity and transitivity. Anti-reflexivity deter-
mines that the order is not assigned for separate events 
from a log:

( ), , .i j i ji j e G e∀ ∀ ¬  (6)

The transitivity condition makes it possible to link pairs 
of events into single track Qi both for Q-type logs and for 
F-type logs:

( ), , , , , , .i j i u i u i s i j i si j u s e G e e G e e G e∀ ∀ ∀ ∀ ∧ ⇒  (7)

The generalized log representation (3) in the form of 
orderly pairs of events shows that event logs both in the pro-
cess and functional management can be used to construct a 
case-based model of a business process “as is”. Approaches to 
constructing process-ordered events from F-type logs were 
considered in paper [12].

5. Development of a case-based model of a business 
process “as is” with intervals of waiting for resources 

based on analysis of its event log

The model of a business process “as is” includes a subset 
of the sequence of actions of a business process implemented 
in practice. This sequence is formed based on the orderly 
events of a log. Each event contains timestamp ti,j, as well 
as the attributes of the corresponding action, including the 
name of the operation and necessary resources.

Each action di,j includes operation oi,j, subset ri,j of the 
total set of resources R, used by this action, as well as the 
duration of its implementation Δti,j:

{ }, , , ,, , ,i j i j i j i jd o r t= ∆ . (9)

It should be noted that the concept of resources ri,jÍR 
in a broad sense is used in expression (9). Resources imply 
all the elements that characterize the action that has been 
performed. For example, the executor of action is also con-
sidered as a resource. 

The duration of performing the action Δti,j according to 
the log model (3) is the difference between the timestamps 
of a pair of successive events ei,j and ei,j-1, provided that these 
events relate to different actions:

, , , 1 , , 1 .i j i j i j i j i jt t t o o− −∆ = − ≠  (10)

Consecutive events will relate to different actions if no 
waiting for resources was recorded in the log. If resources 
are waited for, the duration of each action di,j consists of two 
components: interval of waiting ,

w
i jt∆  and interval of perfor-

mance of operation ,
o
i jt∆ :

, , , .w o
i j i j i jt t t∆ = ∆ + ∆  (11)

Three events ei,j, ei,j-1 and ei,j-2 are used during the calcu-
lation of action duration with the interval of waiting. Inter-
mediate event ei,j-1 contains the same name of the operation 
as event ei,j, however, the state of the operation (is performed, 
waiting) will be different.

Time Ti of performing one variant of business process Di 
consists of the total time of queuing w

iT  and time of execu-
tion of actions o

iT :
 

0
, , ,

1 1 1

.
J J J

w w o
i i j i j i j i i

j j j

T t t t T T
= = =

= ∆ = ∆ + ∆ = +∑ ∑ ∑  (12)

The second component in expression (12) is determined 
by the subject area (production technology, properties of 
treated objects, etc.). 

The first component depends on the sequence of access to 
shared resources for several business processes P={Pk}. Then 
to designate the total time for process implementation, delay 
and time for action execution, we will use the double index: 
Tk,i, ,

w
k iT  and , ,o

k iT  accordingly. 
The model of business process Pk, which takes into con-

sideration the records in its event log and their timestamps, 
has the form of a set of action sequences:

{ }, ,k k iP D=  , ,1 ,2 , ,, ,..., ,..., .k i i i i j i JD d d d d=  (13)

This model describes the execution of the business pro-
cess “as is”, taking into consideration the characteristics of 
the company’s activities. That is why the presented model 
describes a generalized case of the process solution of the rel-
evant problem. For each of the alternative sequences Dk,I, de-
lay time ,

w
k iT  may differ. Then the statement of the problem of 

process management support for the set of business processes 
P={Pk} based on a change of the sequence of access to shared 
resources during their implementation takes the form of:

( ),
1

max min,
K

w
k ii

k

T
=

→∑  (14)

at assigned terms of implementation c
kt  of process Pk: 

( ), 0,max ,c
k i k k

i
k i T t t∀ ∀ ≤ −  (15)
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and availability of common resources for some business 
processes:

, : ,m m k k mP P P P R R∃ ∈ ≠ ≠ ∅


 (16)

where Rk, RmÍR are the subsets of resources for processes Pk 
and Pm; t0,k is the moment of the beginning of process imple-
mentation Pk.

The example of competition for resources for three busi-
ness processes within the proposed process model is shown 
in Fig. 1. This example is based on the fragment of the data 
from the logs of business processes.

In this example, business processes P1, P2 and P3 com-
pete for resources. Each process is represented by one track. 
These processes are assigned by the following sequences of 
actions:

{ } { } { }1 1,1 1 1,1 1,2 2 1,2 1,3 3 1,3, , , , , , , , ,P o r t o r t o r t= ∆ ∆ ∆

{ } { }2 2,1 1 2,1 2,2 2 2,2, , , , , ,P o r t o r t= ∆ ∆

{ } { } { }3 3,1 2 3,1 3,2 1 3,2 3,3 3 3,3, , , , , , , , .P o r t o r t o r t= ∆ ∆ ∆  (17)

Fig.	1.	Example	of	competition	for	resources	between		
three	business	processes

Processes P1 and P2 compete for resource r1. This 
resource at moment t1,0 is first taken by process P1. That 
is why process P2 waits until the resource is free till mo- 
ment t1,1. At this moment operation o1,1 finishes. The in-
terval of waiting for process P2 is designated as Δtw. The 
indices of the process and action in Fig. 1 are not shown for 
simplification. At moment t1,1, operation o2,1 of the second 
process is launched. The interval of its performance is des-
ignated as Δto. 

Operation is completed at moment t2,1, after which the 
access to this resource is obtained by the third process, 
waiting since moment t3,1. These processes compete for re-
sources r2 and r3 similarly. In the example shown in Fig. 1, 
the same moment for completion of all three processes: 

1 2 3 .c c ct t t= =  The second and the third processes were com-
pleted on time or ahead of time, and the first process did 
not satisfy restriction (15). However, if resource r3 had been 
first received by the third process, then by the first process, 
all the three processes would have been performed on time.

6. Development of the technology of changing  
the sequence of access to shared resources of business 

processes during their implementation 

The developed technology implements the case-based 
approach to management based on the analysis of the logs 
of business processes. The case-based approach is aimed 
at the construction of cases for solving complex knowl-
edge-intensive problems and subsequent using these cases 
to construct the algorithms for solving new but similar 
problems. The previously presented case-based model of a 
business process contains the known sequences of actions 
to implement it. The use of this model is based on the idea 
that the orderliness of actions in time is described by a set 
of temporal rules [14] that reflect the hidden causal rela-
tionships between the actions of a business process [15].

The technology realizes refinement of case-based models 
of a subset of business processes and then uses these models 
to calculate the duration of performance of processes, taking 
into consideration delays in the access to resources. Because 
the duration of the operation of a process is fixed, in order to 
change its duration, it is necessary to control the total du-
ration of delays when accessing resources according to (12). 
These delays depend on the order of access to resources, as 
shown in Fig. 1. The order of access to resources is changed 
to satisfy the user’s restrictions (15) and then to minimize 
total delays in access to resources according to (14).

The technology uses case-based models (13) of the subset 
of business processes P competing for shared resources. The 
intervals of waiting and of operations execution are assigned 
in this model for each action (11). 

When solving problem (14), this technology is used iter-
atively and is therefore implemented before the beginning of 
each action di,j for each of the business processes PkÍP.

The technology of the change of the sequence of access 
to shared resources of business processes includes the fol-
lowing stages.

Stage 1. Clarification of the case-based model of business 
processes competing for resources. 

The purpose of this stage is to reduce the number of 
alternative implementations in a case-based model (13) as 
the business process progresses. This makes it possible to en-
hance the accuracy of calculation of the time of completion 
of a business process.

Step 1. 1. At this step, such sequences Dk,m, which at mo-
ment ti,j of the completion of the previous action di,j-1 from 
current sequence Dk,i do not contain any coinciding initial 
sequence of actions ádm,1, dm,2,…, dm,j-1ñ, are removed from 
model Pk. The resulting set 1

kP  takes the form:

{ }1
, ,1 , 1 ,1 , 1\ : ,..., ,..., .k k k m m m j i i jP P D m d d d d− −= ∀ ≠  (18)

Step 1. 2. The choice of the sequence of operations Dk,i of 
the maximum duration. The choice is based on the summa-
tion of the duration of actions Δti,j or the difference between 
the timestamps of the first and the last events in the corre-
sponding log track.  

As a result of this step, a possible sequence of actions 
of maximum duration will be used to calculate the time it 
takes to complete a business process. This makes it possible 
to meet restriction (15).

Stage 2. Selection of subsets of processes 2,kP  each of 
which uses shared resources for the following actions begin-
ning from moment ti,j-1. The example of such actions in Fig. 1 

 

1,0t

1,2o

1,1t 1,2t 1,3t

1,3o
1,1o 1r 2r 3r

wt ot
2,1o 1r

3,1o
2r

2,0t 2,1t 2,2t

1r3,2o

otwt3,0t 3,1t 3,2t

3r

2r

wt

wt ot

ot

3,3t

1,1t 1,2t 1,3t

2,1t 2,2t2,2o

3,3o

3,3t
3,2t3,1t

1 2 3 15c c cT T T  
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1P

2P

3P
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at initial moment t1,0 is pair {d1,1, d2,1} using shared resour- 
ce r1. The example at moment t2,1 is pair {d2,2, d3,2}, etc.

Stage 3. Calculation of delays ,
w
i jt∆  for all possible se-

quences of access to resources from 2.kP
Step 3. 1. Formation of all possible sequences of access to 

P*=ádi,j, dm,1,…ñ shared resources since moment ti,j.
For example, for set {d1,1, d2,1} in the example shown  

in Fig. 1, such pairs ád1,1, d2,1ñ, ád2,1, d1,1ñ are formed at this step.
Step 3. 2. Calculation of delays Δtw for all sequences of 

actions, competing for resources.  
For each pair ádi,j, dm,lñ, moment ti,j of the beginning of 

the action with high priority di,j, operation duration ,
o
i jt∆  

within this action, as well as the moment of request for 
shared resources tm,1 for the action with a lower priority dm,l 
are taken into consideration:

 
0 0

, ,j , , ,j ,
,

, if 0,

0, otherwise.
i j i m l i j i m lw

m l

t t t t t t
t

 + ∆ − + ∆ − >∆ = 


 (19)

Step 3. 3. Calculation of time of completion tm,l+1 of cur-
rent action dm,l with delay ,1

w
mt∆ :

 

, 1 , , , .w o
m l m l m l m lt t t t+ = + ∆ + ∆   (20)

Steps 3. 1–3. 3 are repeated cyclically for 
all the subsequent actions before completion of 
all business processes from initial set P.

The result of this step is forecasted time 
Tk,i of completion of each process Pk for each 
sequence of access to resources at moment ti,j. 

Stage 4. Calculation of delays c
kt∆  of per-

formance for each process PkÍP. 
The calculation is performed by comparing 

Tk,i and restriction c
kt :

( ), 0, 0, ,, if ,

0, otherwise.

c c
k i k k k k k ic

k

T t t t t T
t

 − − − <∆ = 


 (21)

The calculation is performed for each sequence P* of 
access to resources.

Stage 5. Calculation of total delay ΔTc for all processes 
for each sequence P*.

Stage 6. Calculation of time dTc, released due to a de-
crease in delays: 

 
0, , 0, ,, if ,

0, otherwise.

c c
k k k i k k k ic

k

t t T t t T
t

 − − − >d = 


  (22)

The calculation is performed for each sequence P* of 
access to resources.

Stage 7. Calculation of total time saving dTc for all pro-
cesses for each sequence P*.

Stage 8. Ordering sequences P* by the value of total time 
of delay ΔTc, and then by the value of released time dTc.

7. Experimental testing of the technology of a change in 
the sequence of access of business processes to shared 

resources

We consider the simplified model of interaction of three 
business processes competing for three shared resources, 
shown in Fig. 1. Simplification involves, firstly, the limita-
tion of the number of actions of the process, as well as the 

number of shared resources. As the number of processes and 
resources increases, only computational costs will be in-
creased. The second simplification implies that each process 
is represented by only one track. However, this simplifica-
tion also does not have a significant impact on the experi-
mental testing of the technology, as according to problem 
statement (14), it is necessary to select only one track for 
each business process.

The original information about the sequence of actions 
was obtained from the analysis of the logs. The fragments of 
descriptions of a pair of successive events on the example of 
the logs of the Volvo IT company are shown in Fig. 2. 

This example provides two consecutive events from the 
same implementation of a business process, in this case, the 
first event contains the record about waiting for the resource 
allocation. The event description also includes timestamps 
and resources. The log contains information about the oper-
ation, the time it is completed and resources, which makes it 
possible to represent each action of the process in form (9) 
and calculate its duration.

Thus, the logs of actual processes can be represented 
in the form of orderly pairs of events (3) and make it 
possible to get the considered model of a business pro- 
cess “as is” (13).

The purpose of experimental testing is to determine 
whether it is possible to support decision-making by a 
DM to prioritize competing business processes. In order 
to prove the sequence of access to resources, a DM must 
have information on forecasted untimely completion of 
processes, as well as on possible time-saving. In the first 
case, it is necessary to coordinate the terms postponement 
with consumers of the products of these business process-
es. In the second case, it is possible to fulfill additional 
orders in parallel with the existing business processes 
and, thus, to improve the efficiency of an enterprise  
in general. 

The results of the experiment are given in Table 1.
The order of access to resources for processes corre-

sponds to the order of the lines for each variant, for example, 
P1, P2, and P3 for variant 1.

The resources for which business processes competed 
are represented in columns with titles r. The duration 
of performing operations – in the columns with titles 

,o
jt∆  time is rounded up to hours. The length of delays 

at the access to resources is presented in columns .w
jt∆  

The time of delay for business processes relative to the 
deadlines set by a customer is shown in column ,c

kt∆  and 
the time released when a process is completed early is 
shown in the column with the title .c

ktd  Resulting time of 
delay/early execution is shown in columns ΔTc and dTc res- 
pectively.

 
Event1 

org:resource   value="Carolyn"     Resource 
 

concept:name   value="Queued"         Operation 
lifecycle:transition  value="Awaiting Assignment" 
 

time:timestamp   value="2010-08-11T14:49:10+02:00"    Time 
 
Event2 
org:resource   value="Kannan" 
concept:name   value="Accepted" 
lifecycle:transition value="In Progress" 
time:timestamp   value="2010-08-11T15:08:47+02:00"  

Fig.	2.	Fragments	of	event	descriptions	in	the	initial	log
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The results presented in the last two columns provide a 
DM with support for the choice of the sequence of access to 
resources. That is why the result is ordered by the values of 
ΔTc and dTc. 

The resulting orderly set of sequences of access to re-
sources for moment t0 has the form of {<Pk, Pm, Ps>, ΔTc, dTc}:  

{ }3 1 2, , ,0,6 ,P P P< >   (23)

{ }1 2 3, , ,1,1 ,P P P< >  { }1 3 2, , ,1,1 ,P P P< >   (24)

{ }2 3 1, , ,3,13 ,P P P< >  { }2 1 3, , ,3,13 ,P P P< >  

{ }3 2 1, , ,3,13 .P P P< >  (25)

The variant of access to resources <P3, P1, P2> ensures 
the completion of all business processes on time. In addition, 
6 hours will be saved due to a decrease in delays for processes 
P3 and P1.

The variants of setting priorities <P2, P 3, P1>, 
<P2, P1, P3>, <P3, P2, P1> are characterized by a delay in 
completing business processes for 3 hours, however, these 
priorities enable allocating 13 hours for one more process of 
execution of an additional order. 

It is probably inappropriate to use the remaining two 
sequences <P1, P2, P3> and <P1, P3, P2>, since the specified 
sequences do not enable completing one of the business pro-
cesses on time and do not give a considerable reduction of 
delay time. 

8. Discussion of results of the development of the 
technology of a change in the sequence of access to 
shared resources of business processes during their 

implementation

The result of this research is the technology that makes 
it possible to dynamically change the sequence of actions of 
business processes competing for the same resources so that 

these processes could be performed before the deadline set 
by the customer. 

The technology uses the case-based approach. This 
approach involves the construction of a case for a business 
process that includes all the options of its implementation in 
practice. To construct a case for a business process, one uses 
an event log containing the information about the implemen-
tation of one or more sequences of actions in that process. 
Such sequences describe the performance of business pro-
cesses or functional tasks.

The improved model of an event log (3) is different in the 
fact that it sets a strict linear order over time (5) only for 
pairs of events. The original log may contain a “mixed” se-
quence of events having the form (2), reflecting the parallel 
execution of some processes within one functional task. That 
is why assigning the order for separate pairs of events makes 
it possible to allocate the tracks for the execution of a busi-
ness process “as is” both at the process and at the functional 
management approaches. Each of these tracks determines 
the sequence of actions in a case-based model.

The developed case-based model of a business process 
“as is” (13) combines a set of possible options for its im-
plementation. The totality of the performed options for a 
particular business process makes its case. Each variant of 
implementation of a business process consists of a linear 
action sequence (9). The interval of waiting for resources is 
assigned for each action (11). This interval arises as a result 
of the competition of some processes for the appropriate 
resource. The duration of the implementation of a business 
process as a whole consists of the total time of waiting and 
time of performing actions (12). Using a case-based model 
makes it possible to calculate the duration of the business 
process implementation at changing the time of waiting for 
separate actions (Fig. 1).

The proposed technology dynamically changes the way 
resources are accessed for business processes competing 
for these resources. Depending on the established access 
sequence, the waiting interval (19) and the completion ti- 
me (20) of the corresponding actions of these processes 

Table	1

Calculation	of	time	to	implement	business	processes	at	a	change	of	the	sequence	of	access	to	resources

No. Pk t0 r 1
ot∆

 1
wt∆ t1 r 2

ot∆ 2
wt∆ t2 r 3

ot∆ 3
wt∆ t3 tc c

kt∆ c
ktd ΔTc d

1

1 0 1 3 0 3 2 9 0 12 3 2 2 16 15 1 0

2 1 1 3 2 6 2 3 6 15  0 0 15 15 0 0

3 0 2 2 0 2 1 5 4 11 3 3 0 14 15 0 1 1 1

2

2 1 1 3 0 4 2 3 0 7  0 0 7 15 0 8

3 0 2 2 0 2 1 5 7 3 3 0 10 15 0 5

1 0 1 3 4 7 2 9 0 16 3 2 0 18 15 3 0 3 13

3

3 0 2 2 0 2 1 5 7 3 3 0 10 15 0 5

1 0 1 3 0 3 2 9 0 12 3 2 0 14 15 0 1

2 1 1 3 2 6 2 3 6 15  0 0 15 15 0 0 0 6

4

1 0 1 3 0 3 2 9 0 12 3 2 2 16 15 1 0

3 0 2 2 0 2 1 5 4 11 3 3 0 14 15 0 1

2 1 1 3 2 6 2 3 6 15  0 0 15 15 0 0 1 1

5

2 1 1 3 0 4 2 3 0 7  0 0 7 15 0 8

1 0 1 3 4 7 2 9 0 16 3 2 0 18 15 3 0

3 0 2 2 0 2 1 5 7 3 3 0 10 15 0 5 3 13

6

3 0 2 2 0 2 1 5 7 3 3 0 10 15 0 5

2 1 1 3 0 4 2 3 0 7  0 0 7 15 0 8

1 0 1 3 4 7 2 9 0 16 3 2 0 18 15 3 0 3 13
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change. As a result, the total time of delay (21) for a business 
process as a whole changes. The time released by reducing 
delays (22) can be used to launch new business processes 
that perform additional orders.

The difference of the proposed technology is that the 
calculated order of access to resources when the actions of 
a business process are performed takes into consideration 
the reduction in the total time of using resources by these 
processes.

Calculation of the order of access to resources is used 
before performing each action for a set of business processes 
that compete for a subset of the company’s shared resources. 
This technology enables a DM to repeatedly redefine the or-
der of execution of business processes from a given set so that 
all processes should be completed on time, in accordance 
with the deadlines assigned by customers.

The effectiveness of the developed technology is shown 
using the example of the competition of three business 
processes for shared resources (Table 1). In the initial 
case representation (Fig. 1), one of the business processes 
is completed with a delay, the second – on time, and the 
third – ahead of schedule. It was not possible to launch a 
new business process in parallel to process another order 
because of the process that is not performed on time.

As a result of using the technology, two groups of se-
quences of setting priorities that provide additional oppor-
tunities for a DM were obtained. The first group (23) is 
focused on saving time when completing business processes 
on time and makes it possible to reduce the total duration of 
their execution by more than 10 %. The second group (25) 
is focused on allocating time for new order at a small, less 
than by 10 %, total exceeding the completion time of current 
business processes.

The advantage of the technology is the possibility to ad-
just its model before the execution of each business process. 
The adjustment is based on a change in the order of access 
to the shared resource for several business processes and 
leads to a change in the time of waiting for this resource. 
The choice of a sequence of access to resources is performed 
to satisfy the set limits for deadlines for completing the busi-
ness processes competing for these resources. 

The drawback of the technology is that the calculated 
sequence of access to resources depends on a case-based 
description of a business process. That is why it is possible to 
calculate the duration of operations only if there is a current 
sequence in the case-based model.

The selection of cases that contain suitable implement-
ed variants of a business process is a separate task based on 
the classification of patterns of sequences of actions. The 
execution of this task involves using fuzzy approaches com-
bined with the architectures of artificial neural network 
designed to handle large real-time data flows. In particular, 
this can be done in accordance with the approach proposed 
in paper [16].

The technology has limitations related to the specificity 
of the case approach. To operate, the technology requires the 
existence of event tracks that contain records of the behavior 
of a business process with timestamps. This set of tracks is 
formed after repeated implementation of a business process 
and can be obtained both in the current company and in the 
organization using similar production technologies.

The technology creates an orderly set of alternative se-
quences of work execution depending on the order of access 
to resources for the actions of a business process competing 

at a given moment. When ordering these sequences, the 
restriction (15) is taken into consideration in the first place. 
Under this restriction, processes are ordered by the magni-
tude of the total performance delay relative to deadlines set 
by customers. After this, the minimization of time-frames 
of operations (14) that makes it possible to launch new 
processes on the same total set of resources is taken into 
consideration.

The technology can also be applied in related subject 
areas, provided that a case process description of the tasks 
solved is constructed. For example, when solving the prob-
lem of accounting for peak traffic in computer systems, rep-
resented in paper [17], the tasks of supporting the process 
of constructing recommendations based on temporal depen-
dences [18] and temporal limitations [19], detecting user’s 
attacks that distort user’s data in information systems [20], 
supporting the operation of virtual enterprises [21]. These 
capabilities determine the direction of further improvement 
of this technology.

9. Conclusions

1. The model of the event log of the information system 
was improved by introducing orderliness for pairs of events 
of one process in a single sequence of events that recorded 
a parallel solution of several problems. The model contains 
the sequence of events that reflects the implemented se-
quences of control actions. The model is designed to con-
struct a prototype of a business process “as is” not only for 
the process approach but also for the functional approach 
to management.

2. The case-based model for a business process “as is”, 
based on its event log and including a set of implemented se-
quences of operations of a process, was developed Each work 
of the process is characterized by the executed operation, re-
sources for the operation, as well as the total execution time, 
which includes the length of delay in access to resources. 
This model differs from a priori formed model of a business 
process “to be” by the fact that it takes into consideration 
the specificity of execution of operations at an enterprise, 
in particular, changes in the order of operations or their 
untimely implementation. The specified characteristics of a 
model make it possible to use it as a case in managing a set of 
interacting processes to ensure the timely implementation of 
these business processes. It is also advisable to use this model 
to predict the deadline for completion operations when addi-
tional business processes are launched in order to fulfill new 
orders from customers.

3. The technology of a change in the sequence of access 
to resources for a set of business processes competing for 
these resources was developed. The technology is imple-
mented before starting each activity for business processes 
from the given set. The technology uses the cases of business 
processes and calculates the order of access to resources 
that ensures the lowest total disruption of work deadlines 
for business processes from a given set. The technology also 
calculates the reduction of delays in access to resources 
relative to deadlines of execution of operations. The tech-
nology enables a DM to reduce decision-making time when 
managing a group of interacting business processes based on 
choosing the order of accessing resources that ensures the 
least delay in the time of completion of business processes. 
The technology also makes it possible to estimate the reduc-
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tion in waiting time when accessing resources. Based on this 
assessment, a DM can decide to launch new processes while 
meeting the deadlines for the completion of operations.

4. The conducted experimental testing showed that 
the developed technology makes it possible to reduce the 
number of admissible sequences of access to resources by 
several times. This enables a DM to make a reasonable 

decision about the launch of new processes while limiting 
the time of their execution. Additionally, there appears the 
possibility of insignificant, within 10 %, delays in comple-
tion of processes to release more than 25 % of the time to 
implement additional business processes corresponding to 
new orders. This leads to enhancing the effectiveness of 
process management.
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