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ABSTRACT Existing business process similarity measure methods mainly focus on the control-flow (e.g.,
the activity and process model). However, the active factors of business processes, i.e., the roles that execute
activities and organizations to which activities belong, have yet received enough attention. Roles are the
subject of activities, many changes of process can be summarized as the management of roles and their
relationship. In many cases, measuring process similarity from role perspective help find similarities and
differences between processes and measure business process similarity more in a comprehensive way. This
paper starts from activities and roles, and measures process similarity by constructing two role relation
models. One is the Role Relation Network (RRN) that is defined based on the work delivery relation among
roles, and the other is the Role Hierarchy Relation Network (RHRN) that is based on the role relation network
and the role hierarchy graph. Then, we propose the corresponding business process similarity measure
method. The proposed methods extend the applicability of existing process similarity measure methods to a
larger application domain. Finally, experiments are designed to demonstrate the effectiveness of the proposed

methods.

INDEX TERMS Business processes, process similarity, role relation network, role hierarchy graph.

I. INTRODUCTION

For enterprises, business process is the core of operation. All
business management and business activities of enterprises
are represented as various business processes. It can be seen
that business process is of great significance to the opera-
tion and development of enterprises. Under the influence of
process theory, more and more attention has been given to
the research of Business Process Management (BPM) [1].
Generally speaking, BPM aims to sort out, analyze, improve
and monitor the business process of an enterprise, and contin-
uously optimize the business process to reduce the business
processing cost. BPM can improve the business processing
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efficiency, quickly respond to the market and customer needs,
and improve the decision-making ability of an enterprise [2].

To complete the construction, optimization and improve-
ment of business processes in a rapid manner, it is important
for an enterprise to calculate the similarity between busi-
ness processes and analyze the similarities and differences
between processes more intuitively [3]. Therefore, process
similarity measure has become a hot research topic in the
field of BPM. Process similarity measure is widely used
in different application domain. Consider the process con-
struction as an example, similar processes can be retrieved
from existing process repository, and subsequent process
activities are recommended for rapid process construction.
Analyzing similar business processes can avoid the impact
of repeated storage on consolidation efficiency for busi-
ness process consolidation. For process optimization, it can
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help improve the efficiency of existing processes by ana-
lyzing differences between them and those efficient ones.
In addition, process mining, process integration, process
retrieval, process reuse and many other business process
management application need to measure the similarity
between processes. According to different requirements,
the understanding of "process similarity" is different, and
the perspective of process similarity measure is also differ-
ent [4]. For example, some approaches consider two pro-
cesses similar if the textual labels of the elements in pro-
cess models are similar [5]. Differently, some approaches
measure the similarity by considering the process model
topology [6]-[8] or the process model behavior [9]-[11].
In addition, some approaches calculate process similarity
from data perspective [12] or a combination of the above
perspectives [13]-[15].

However, most existing methods are based on process
models and they mainly focus on the activities of the pro-
cess and the relationship between activities. But they ignore
some important factors such as roles and organizations in the
process. Roles are executors (or performers) of activities, and
the change or adjustment of the relationship between roles has
a huge impact on the process models. Sometimes only from
the perspective of activities, it may not be able to find the
similarities and differences of the change of executive roles.
More specifically, for some processes, it is not comprehensive
enough to calculate the similarity between processes only
from the control-flow perspective. Consider Fig. 1 as an
example, the two process models represent the maintenance
processes of two different enterprises. The process models
in the example are represented by Petri nets. Petri nets as a
powerful model, have been used to handle many problems in
discrete event systems [16]-[18]. Therefore, in the field of
business process management and service computing, many
process models are expressed by Petri nets [19]-[22]. The
two process models in Fig. 1 are different from each other in
activity naming and process structure. This leads to the low
process similarity based on traditional similarity measure.
However, these two processes do share some similarities.
Because both of them are maintenance processes, they are
similar in terms of role relationship and role changes. Spe-
cially, in Fig. 1, the set of roles in these two process models is
similar. The execution role of activities A, C, D, H in Fig. 1 (a)
and activities A’, C" in Fig. 1. (b) is Clerk. The executive role
of activities B, E in Fig. 1. (a) and activities B, E in Fig. 1 (b)
is Engineer. And activities F in Fig. 1 (a) and D’ in Fig. 1(b)
are all executed by the role of Financial Administrator.In
addition, for different after-sales service teams in the same
enterprise, the business processes may be similar. But the
process execution efficiency differ considerably due to dif-
ferent execution roles. Analyzing process similarity from the
perspective of roles can enrich the existing work, and adapt
to more application scenarios. Process similarity analysis
from the perspective of the role can also help adjust the
role structure, optimize the process and improve the process
efficiency.
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legend:
A=Receive an item and repair request
(Clerk)

E F
B D H B=Check the item (Engincer)
A C=Check the warranty (Clerk)
D=Notify the customer (Clerk)
E=Repair the item (Engineer)
C G

F=Issue payment

(Financial Administrator)
G=Send a cancellation letter (Clerk)
H=Return the item (Clerk)

(a) After-sales maintenance process model of company M

legend.:

B’ A’ =Receive_repair_request (Clerk)
Al D’ E’ |B" =Preliminary_check (Engincer)
C' =Notify_customer (Clerk)
D’ =Issue_payment
c’ (Financial Administrator)
E' =Repair_item (Engineer)

(b) After-sales maintenance process model of company N

FIGURE 1. Maintenance process models of M and N.

In this paper, the basic concept is introduced in Section II.
Two methods for calculating business process similarity are
proposed in Section III. The similarity measurement methods
based on the two models are described in Section I'V. In Sec-
tionV, experiments are designed to compare and analyze the
two methods based on the role relation models and traditional
measurement methods, and then the effectiveness is demon-
strated. Finally, the paper is concluded in Section VI.

Il. BASIC CONCEPT
This paper mainly mines the role relationship from the pro-
cess event log, and then calculates the process similarity.

A. ROLE

Role is a set of common features in the structure, nature,
behavior and function of a certain kind of object. It is a
comprehensive reflection of many essential characteristics,
such as goals, abilities, responsibilities, and so on. It can
be used as a reasonable criterion for classification of things
[23], [24]. In an enterprise’s business process, each activity
has a specific executor. Role is the abstraction of these execu-
tors with the same function and similar behavior, whose goal
is to complete a certain kind of task of the enterprise [25].
From the control-flow perspective, processes are essentially
a collection of activities and their relationships. In fact, roles
are the subject of activities, and many changes in processes
can be summarized as the management of roles and their
relationships. The activities and their relationships are only
external manifestations of roles and their synergies. Role-
oriented business process modeling builds a role relationship
view, which regards the process as a process of multi-role col-
laboration [26]-[29] by analyzing the effects and interaction
of roles in the process.

B. EVENT LOG

An event log is composed of a set of cases where each case
refers to an independent execution of a business process.
A case consists of a sequence of events. For each event,
it may have different attributes, e.g., activity name, times-
tamp, organization, resource, executor, role, and etc. Note
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TABLE 1. A fragment of an event log L.

CaselD | TaskID Timestamp ActivityName Executor Role
1 e 2014-09-22 15:23:00 Receive repair_request John Clerk
1 e 2014-09-23 09:10:00 Preliminary_check Mike EngineerManager
1 e3 2014-09-23 14:12:12 Warranty check John Clerk
1 eq 2014-09-24 12:21:12 Notify customer Sue Clerk
1 es 2014-09-25 10:08:00 Issue_Payment Clare Financial
1 es 2014-09-25 10:58:00 Repair_Item Pete Engineer
2 er 2014-09-26 15:23:00 Receive repair_request John Clerk
2 es 2014-09-2712:10:00 Warranty check John Clerk
2 ey 2014-09-27 14:12:12 Preliminary_check Mike EngineerManager
2 en 2014-09-27 12:21:12 Notify customer Sue Clerk
2 e 2014-09-28 10:08:00 Send_cancellation_letter Fred Clerk
3 e 2014-09-28 15:23:00 Receive_repair_request John Clerk
3 e 2014-09-29 09:10:00 Preliminary check Mike EngineerManager
3 e 2014-09-29 14:12:12 Warranty check John Clerk
3 ers 2014-09-29 12:21:12 Notify_customer Sue Clerk
3 els 2014-09-30 10:08:00 Issue_Payment Clare Financial
3 err 2014-09-30 10:58:00 Repair_Item Pete Engineer

that we only consider the attributes of the activity name, the
executor and the role in this paper. Suppose L as an event log,
A as the set of activities in the process, E as the set of events
appearing in the log and Artr as the set of event attributes.
For any e € E and attreAttr, #44(e) represents the value of
an attribute associated with event e. For instance, as shown
in Table 1, E ={ey, e2,..., e17}, Attr = {Timestamp, Activi-
tyName, Executor, Role }, #Executor(€1) = John, #ppe(e1) =
Clerk.

If for any two events ey € E and e € E and
#Timestamp(el) < #Timestamp(e2) and #groe(e1) # #rote(e2),
thereisno evente € E, which satisfies #goj.(€1) # #role(€) #
#Role(e2) and #HTimestamp(€1) < #Timestamp(e) < #Timesmmp(eZ)‘
Then we think there is a work delivery relationship between
#Role(e1) and #goy.(e2), denoted as #gyje(€1) — #Rrole(e2). For
example, as shown in Table 1, #r,.(e1) = Clerk, #ryi.(e2) =
EngineerManager and Clerk— EngineerManager.

C. ORGANIZATION MINING

Process mining analyzes the execution of real processes
based on event logs, and studies business processes from the
perspective of control-flow, performance, and organization.
Most of the early process mining studies were about the
discovery of control flow. The business process was usu-
ally modeled by Petri net, BPMN and EPC by analyzing
the execution sequence of activities in the process. With
the development of related researches on social networks,
more and more attention has been paid to process mining
from the perspective of organization [30]. In such studies,
organizational structure and social network among business
participants of a process are mined, to discover the ways of
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information flow and work coordination within and between
organizations.

One of the research emphasis of organization mining is
to mine the role interaction model. The interaction between
participants can be analyzed based on the social network
model to discover the importance of different roles. In the
social network analysis, role-based social network models
can be established by different measurement methods [31].
When analyzing business processes focusing on roles or orga-
nizations, different methods of social network analysis can be
adopted to depict the collaborative relationship between roles
or organizations, business circulation relationship and the
importance of individuals in business processes from multiple
perspectives [32]-[34]. The existing research on organization
mining is also based on social network analysis [35].

D. ROLE HIERARCHICAL GRAPH
A role hierarchy graph describes hierarchical relationships
among roles in a business process. It is a tree structure with
branches that represent the hierarchical relationships between
roles, from superiors to subordinates. The role management
relationship of the business process can be shown clearly in
the role hierarchy graph.

Definition 1: A role hierarchy graph is defined as a 3-tuple
CG = (Nypot, NR, ER), in which:

(1) Nypor 1s the root node which only serves as the summa-
rized connection node;

(2) Ng is the set of nodes which represent the roles in the
process; and

3) Er € (Nyoor U NR) X (Nyor U Np) is the set of edges
which represent the relationship of roles.
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Given e € Eg as a branch in CG and e =< Ng;, Ng; >.
The edge e is defined as the leadership relation edge if and
only if Ng; is the parent node of Ng; and Ng; # Nypor. The
set of leadership relation edges is denoted as Ejx And the
set of non-leadership relation edges is denoted as Ey, that is,
E; = Egr — E;.

9y
v v oy

FIGURE 2. Role hierarchy graph for the process of event log L in Fig. 1.

legend:
R1=Clerk

R2=EngineerManager
R3=Engineer
R4=Financial

Taking the process shown in the event log L as an example.
The corresponding role hierarchy graph is shown in Fig. 2.
The circle represents the role, and the circle with a fork inside
represents the root node. Solid arrows denote the leadership
relation and dotted arrows denote the non-leadership relation.

lIl. ROLE RELATIONSHIP NETWORK
A. ROLE RELATIONSHIP NETWORK
Definition 2 A role relationship network graph is represented
as a 4-tuples RG=(N, E, fy, firans), in which:

(1) N is the set of role nodes;

(2) E SNxN is a set of edges;

(3) fu: N — R is afunction that maps each node to a value.
R is the set of real numbers which represent the role node’s
participation degree in the activity execution.

@) firans © E — R is a function that maps edges to real
numbers which denote the weight.

Take the process event log L in Tablel as an exam-
ple, the role relation network is obtained as shown in the
Fig. 3.

0.385

FIGURE 3. Role relation network RG; for the process of event log L
in Fig 1.

B. ROLE HIERARCHY RELATION NETWORK

Based on the role hierarchy graph, we can obtain the
set of leadership relation edges in the process. On the
basis of the role relation network and the role hierarchy
graph, we can distinguish whether the edges have a lead-
ership relation, and then get the role hierarchy relation
network.

VOLUME 8, 2020

Algorithm 1 Construction of Role Relation Network

Input: Event log L
Output: Role relation network RG=(N, E, f,, firans)

1. Suppose R is a set of all roles and |R| = k;

2. Initialize a k*k metric R_edge to record the number
of appearances of each edge, a k*k metric R_freq
to record the weights of each edge and an array Rf
of length & to record the number of appearances of
each role node;

Li=0;

4. foreachly, l,...l,inthe L // 11, >, ..., denotes

the sequence of activities that occur sequentially
by timestamp in a case

W

5. Flag(l;) =Flag(l,) = --- = Flag(l,) = 0; //Flag
array records whether events have been traversed
6. i+ +;

7. for j=1 to length(l;) // Traverse the activities in the
activity sequence
8.  if the executor role of the activity /; is Ry, next
executor is R,
9. then R_edge[m—1, n—1 ]4++; Rfm-1]++;
10. fori=0tok
11. forj = Oto k // traverse R_edge and Rf to compute
the frequency of each edge in RG
12. R_freq[i, j] = R_edge[i, jI/Rf[i];
13. End
14. return RG

Definition 3: A role hierarchy relation network is defined
as a 6-tuple RCG=(N", E’, E5’, Eq’, f’, f1rans) Where

Taking the process event log L in Table 1 as an example,
the role hierarchy relation network is as shown in the Fig. 4.

Foass

R1
0.65

FIGURE 4. Role hierarchy relation network for the process of event log L
in Fig 1.

IV. PROCESS SIMILARITY MEASURE BASED ON ROLE
RELATIONSHIP

A. PROCESS SIMILARITY MEASURE BASED ON ROLE
RELATION NETWORK

To compare two RGs, we extend the definition of graph edit
distance to a new metric. The graph edit distance between
two graphs is defined as the minimal cost of transforming
one graph into the other. Transformations are captured as
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Algorithm 2 Construction of Role Hierarchy Relation Net-
work
Input: Role relation network RG=(N, E, fy, firans), role
hierarchy graph CG=(N;y0r, Ng, ER)
Output: Role hierarchy relation network RCG(N’, E’, E;’,
Eq ,’fn ' fti’ans)
1. Suppose [N| =k, N'=N, E'=E, f," = fu. fans = firans
2. Initialize E;" =null, E;’ = null
3. Initialize a k*k metric R_cate to record whether the edge
in E’ is leadership relation edges or not;
4. Traverse the CG, if Eg(i, j) is a leadership relation edge
5. R_cateli, j] = 1,
6. i=0,j=0;
7
8

. for each E(i, j)eRG, i<k, j < k /[Traverse the RG
. if R_cate[i, j1 = 1

9. Es + =E(1, j);
10. else
11. Eq + =E(i, j);
12. End

13. return RCG

sequences of elementary transformation operations including
node substitution, node insertion/deletion and edge inser-
tion/deletion. Each elementary operation has a cost, which
is given by a cost function. The more similar two graphs are,
the smaller the graph edit distance they have, i.e. the smaller
the transformation cost is. The minimum edit distance can be
obtained by A-star algorithm [36].

Definition 4: Let RGy = (N1, E1, fu1, firans1) and RGy =
(N2, Ea, fu2, firans2) be two role relation network graphs. Let
M: N;y — N; be a partial injective mapping that maps nodes
in RG1 to nodes in RG,. Let dom(M) = {n{|(ny, ny) € M}
be the domain of M and cod(M) = {n;|(n1, ny) € M} be the
codomain of M. We define the following basic operations:

(1) Given anode n € Ny U N3, n is substituted if and only
if n € dom(M) or n € cod(M). sn represents the set of all
substituted nodes.

(2) Anode n; € N isdeleted from RG| (orinserted to RG>)
if and only if n1 ¢ sn. A node that is deleted from RG;(or
inserted to RG1) is defined in the same way. The set of all
inserted or deleted nodes is represented as idn.

(3) Let (n1, m;) € Ep be an edge in RGq. (n1, my) is
deleted from RG; (or inserted in RG») if and only if there
does not exist a mapping M such that (n1, n) € M and (m;,
mp) € M and (np, my) € Ej. Edges that are deleted from
RG;(or inserted to RG) are defined similarly. The set of all
inserted or deleted edges is represented as ide.

(4) An edge is substituted if it is not inserted or deleted. se
represents the set of all substituted edges, i.e., se = (E1 U E3)
—ide.

Based on the above basic operations, we can extend the
definition of graph edit distance based on the role relation
network graph.

Definition 5: Let RG1 = (N1, E1, fu1, frrans1) and RG, =
(N2, Ea, fu2, frrans2) be two role relation network graphs. Let
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M : N1 — N; be a partial injective mapping that maps nodes
in RG1 to nodes in RG,. Let dom(M)={n|(n1, np) € M}
be the domain of M and cod(M)={n3|(n1, n) € M} be the
co-domain of M. The edit distance of the role relationship
network graphs based on the mapping M is computed as
follows:

RGEDy(RG1, RG2) =|| sn || + || idn || + || se || + || ide ||

where:

|lsn|| is the operational cost of node substitution. It is
defined as the sum of the absolute values of the difference
between the participation degrees of the corresponding sub-
stituted nodes, i.e., ||sn||= Znem lfu1(n) — fra()|;

|lidn|| is the operational cost of node insertion and
node deletion. It is defined as the sum of the participa-
tion degree of the inserted and deleted nodes, i.e., ||idn|=
2 ncidnnen1 It () + X ciananen2fn2();

|Ise|| is the operational cost of edge substitution. It is
defined as the sum of the absolute values of the difference
between the weights of the corresponding substituted edges,
ie., ||lsell= Zeese [ftrans1(€) — firans2(e)]; and

lide]| is the operational cost of edge insertion and edge
deletion. It is defined as the sum of the weight of the inserted
and deleted edges, i.e.,

llide||= ZneideAeeElffmnSl (e) Zneide/\neEZﬁm"S2(e)'

The RGED of the two RGs can be computed as the minimal
possible distance based on mapping M:

RGED(RG). RG») = min RGEDy (RG1. RG2)

Let sn, idn, ide and se be the sets of substituted nodes,
inserted/deleted nodes, inserted/deleted edges, and substi-
tuted edges. And wsn, widn, wide, wse are the weights that
we assign to substituted nodes, inserted or deleted nodes,
substituted edges and inserted or deleted edges, and 0 < wsn,
widn, wide, wse < 1. We define fidn, fsn, fide and fse as
follows:

Zneidn/\neNl fnl (I’l) + Zneidn/\neNz fn2 (I’l) .

S s o AT RS Sy ey
fn = Dnesn 1 (W) — frin(m)]
Znesn max(fu1(n), fra(n)) ’
fide = D ecidencer, Jirans1(€) + X cigeneer, firans2(€)
ZeEEl Jrans1 (€) + ZeeEzﬁrans2(e)
fse = Zee‘ye (firans1(€) = frrans2(€)|

Zeese max(firans1(€), frrans2(€))

where fidn represents the fraction of inserted/deleted nodes,
fide represents the fraction of inserted/deleted edges, fsn
represents the average distance of substituted nodes, and fse
represents the average changes in weight value of substituted
edges.

The graph edit similarity of RG; and RG; is defined as:

sim(RG1, RG»)
widn X fidn+wide X fide+wsn X fsn+wse X fse

widn+wide+wsn+wse

=1.0
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Considering for example the role relation network of the
process event log L is shown in Fig. 5. According to Figs.
3 and 5, we have R4€ idn, <R2,R1>¢€ ide, <R3, R4> € ide,
<R4,R5> € ide and the other edges are the substituted edges.
Therefore, using the weights wsn =wse = wide = widn = 1,
the similarity is computed as shown at the bottom of this page.

Foas

R1
0.15

0.625

¥

FIGURE 5. Role relation network RG, for the other process of event log L.

B. PROCESS SIMILARITY MEASURE BASED ON ROLE
HIERARCHY RELATION NETWORK

Let RCGy = (N1, Ev, Es1, Eq1, fu1, firans1) and RCG, =
(N2, Ea, Esp, Eg2, fu2, firans2) be two role hierarchy relation
network graphs. Let M : N; — N, be a partial injec-
tive mapping that maps nodes in RGj to nodes in RG».
Let dom(M)={n|(n1, ny) € M} be the domain of M and
cod(M)={ny|(n1, np) € M} be the co-domain of M. The
similarity measure of the role hierarchy relation network is
very similar to that of the role relationship network, except
that the leadership relation edges and the non-leadership rela-
tion edges should be distinguished in the operation of edges.
Specially, the difference is as follows:

(1) Let (n1, m;) € Eg be an leadership relation edge in
RCGj. (n1, my) is substituted if and only if there exists a
mapping M such that (ny, np) € M and (my, my) € M and
(n2, my) € Eg.

(2) Let (n1, m;) € Ep be an edge in RGq. (n1, my) is
deleted from RG1 (or inserted in RG») if there does not exist

TABLE 2. Activities and roles in L.

Role Activity
R1 tl, 2, t14
R2 13, t4, t5,t7
R3 t6, t8,t9
R4 t10, t11
R5 t12,t13

a mapping M such that (ny, n) € M and (m, my) € M and
(np, mp) € Es.

(3) Let (n1, m;) € E; be an leadership relation edge in
RCG,. (n1, my) is deleted from RG; (or inserted in RG») if
there exists a mapping M such that (n, ny) € M and

(my, my) € M and (np, mp) € Eg».

(4) Let (n1, m;) € E41 be an leadership relation edge in
RCG. (n1, my) is deleted from RG; (or inserted in RG») if
there exists a mapping M such that (n1, n2) € M and

(m1, mp) € M and (ny, my) € E.

As long as the operation is determined, the remaining
measurement methods are the same as the similarity measure
of role relation network mentioned in A part of IV section.

V. EXPERIMENTS
This section performs a comprehensive set of experiments to
evaluate the proposed approaches.

A. EXPERIMENTAL DATA

The data set used in this paper is an event log, denoted as
Ly, of an enterprise procurement license approval process,
containing the evaluation, allocation, procurement and other
activities in the procurement process. The whole data set
contains 608 cases, 9119 events and 5 roles. To facilitate the
verification and comparison of the methods described in this

Isn]l = 0.65 — 0.15] + [0.10 — 0.45]

+10.15 — 0.35| = 1.05;
lidn|| = 0.07;
lide| = 0.245 + 1 + 1 = 2.245;

lIsell = 10.385 — 0.125| + |0.385 — 0.625]

+10.755 — 0.255| = 1;

~0.053;

~ 0.47

0.385+0.385+0.245+0.755 + 1 + 1 + 0.125 + 0.625 + 0.255
1

1.05

fsn = ~(0.724;

0.65+40.45+0.35

0.07

fidn =

0.65+40.10+0.1540.15 + 0.45

. 2.245

fide =
fse = ~ 0.567.

0.385 + 0.625 + 0.755

0 1 x0.72441 x 0.053 + 1 x 0.47 4+ 1 x 0.567

~ (0.5465

sim(RG1, RG»)

I+1+1+1
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FIGURE 6. Process models mined from event logs Ly — L,.

FIGURE 7. Role hierarchy graph of L.

paper, the event logs which have a role structure similar to
log Ly are selected. More concretely, data sets L1 — L4 repre-
sent the building permit approval processes of four different
cities. They have similar role structures and different process
structures compared to Ly. After some pre-processing, it can
be used as a comparative data set.The activities contained in
the log Lo and the corresponding execution roles are shown
in Table 2. The activities contained in the log L; — L4 and the
corresponding execution roles are shown in Table 3.

B. EXPERIMENTAL METHOD

In the experiment, we compare four methods as shown
in Table 4.

60924

FIGURE 8. Role hierarchy graph of L; — L.

It should be noted that the Graph Edit Distance (GED)
method in M1 and M2 methods comes from the method in
literature [30]. The main difference is that M1 converts the
process model into a directed graph and then calculates the
GED and M2 calculates the GED based on the role hierarchy
graph. M3 and M4 are proposed in the part IV of this paper.
And the weights of all graph operations in the experiment are
setto 1.

C. EXPERIMENTAL MODEL

Different methods use different models for calculation. The
models mainly include process model, role relationship net-
work and role hierarchical relationship network.
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The process models of event logs Ly — L4 are obtained role hierarchy relation networks are shown in Fig. 10 (a)-(e)
by Prom 6.6 tools and the Alpha algorithm. The cor- below.
responding mined process models are shown in Fig. 6.
The role hierarchy graph of Ly is shown in Fig. 7, D. RESULT AND DISCUSSION
and the role hierarchy graph of L; — L4 is shown in 1) EXPERIMENTAL RESULTS
Fig. 8. The above models of event logs L; — L4 and Ly are used to
The role relation networks mined from Lo — L4 by using calculate the similarity by four methods M1, M2, M3, M4.
Algorithm 1 are shown in Fig. 9 (a)-(e) below. And the The results are shown in Table 5:
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TABLE 3. Actvities and roles in Ly — L,.

Role Activity
R1 a,b
R2 c,d, f
R3 e, g h,
R4 i,],
RS k,I,m
R6 0,p

TABLE 4. Methods for comparison.

Method number Experiment Method
Graph edit distance based on process
M1
model
Graph edit distance based on role
M2 .
hierarchy graph
Extended Graph edit distance based on
M3 .
role relation network
Extended Graph edit distance based on
M4 . .
role hierarchy relation network

TABLE 5. Experiment results.

o Method Ml M2 M3 M4
LI&LO 04667 | 0.8333 | 0.7795 | 0.801
L2&L0O 04937 | 0.8333 | 0.825 | 0.762
L3&L0 0.5542 | 0.8333 | 07393 | 0.710
L4&LO 0.6097 | 0.8333 | 0.8135 | 0.758

The results can be shown as line chart in Fig. 11.

2) DISCUSSION

(a) From the experimental results, the result of M1 is rela-
tively low, while the result of M2 is much higher. By ana-
lyzing the specific reasons, we can find that the four models
and the original model are quite different in activities and
environment. But the purpose of the processes is similar.
It has similar role hierarchy structure so that the similarity
based on role hierarchy is relatively higher and the similar-
ity based on process model is lower. Although the results
of M2 is relatively high, this approach cannot differentiate
processes properly, i.e., the same values for all processes.
This is because M2 considers the interaction of roles without
taking the specific level of interactions into consideration.
Therefore, compared with M3 and M4, M2 does not make
much sense for role interaction comparison.

(b) The result of M3 proposed in this paper also has rel-
atively high similarity calculation results because the four
models and the original model are similar in process purpose,
role setting and role interaction.

(c) The method M4 proposed in this paper considers the
role hierarchical relationship compared to M3. Because the
role hierarchy relationship of the four models is different from

60926
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FIGURE 11. Experiment result.

that of the original model, the results of the method M4 is less
different from that of M3. The results are almost reduced, but
the impact is not significant. This is in line with expectations.

(d) From the applicability perspective, process similarity
calculation based on role relationship can be used in various
scenarios. For example, two processes are similar in terms
of traditional structure and behavior, but their execution effi-
ciency differ greatly. This can be attributed to the different
execution roles of these two processes. Then, we can find
the differences between two processes based on the role
hierarchy relation network, and modify the role structure of
the low efficiency process according to the role level rela-
tionship of the high efficiency process. In addition, when
the similarity of the two processes at the activity level is
very small, activities can also be modified based on the role
similarity.

VI. CONCLUSION

With the rapid development of social network, more and
more attention has been paid to the organization, role and
other aspects of business processes. A role is the executor
of an activity, and the adjustment of the role affects the
whole process. This paper measures process similarity by
constructing two models. One is the Role relation network
based on work delivery between roles, and the other is the
Role hierarchy relation network based on role relation net-
work and role hierarchy graph. The proposed methods can
be used in scenarios where the process activities are quite
different but the execution roles are similar. In addition, when
the process activities are similar but the execution roles are
different, which leads to low process efficiency, the proposed
method can also be used to find the differences in the role
relationship to help adjust the role structure and optimize the
process configuration.

Based on the experimental evaluation, we can see that
the process similarity measure based on role relationship
can handle some limitations of existing process similar-
ity measure, and measure process similarity from a differ-
ent perspective. In the future, we plan to evaluate, adjust
and optimize the processes from the perspectives of activ-
ities and roles by calculating the similarity of business
processes.
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