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Abstraci—Process automation in business process redesign is a
critical issue. One of the problems is related to retrieving similar
business process models (BPMs) stored in a repository based
on implicit business process model queries extracted from user
feedback. Previous studies in graph similarity focus on one-to-one
business process model (BPM) similarity; however, this approach
is considered time-consuming. This study aims to identify the
possibility of using the graph approach and Graph Edit Dis-
tance Greedy (GED-Greedy) as structural similarity methods for
measuring similarity between BPM queries and BPMs in the

sitory. The structure of a BPM can be represented as the
inter-structure and intra-structure of a graph. The structural
similarity value of the two graphs’ BPM final result is 0.91. It
means that the proposed methods from the case study could be
used for measuring structural similarity between BPMs.

Index Terms—Business process model, structural similar-
ity, inter-structural similarity, intra-structural similarity, GED-
Greedy

[. INTRODUCTION

A business process is a collection of interrelated, complex,
and complete activities within a unit or organization to produce
functional value for stakeholders [1]. A complete business
process helps the organization in achieving its primary goals
of the organization. This goal can be achieved by visually
modeling business processes using Business Process Modeling
Notation (BPMN), which can be done via formal documents
or informal documents [2].

Research business models are currently developing and
exciting issues to be carried out by many parties [3]. The
reason that supports research on business process models is to
build a clear framework for an organization to achieve organi-
zational goals. The business process model is an organizational
work model with strategic value and systematic dimensions.
Business processes can be modeled using BPMN [4].

The search for similarities between business processes is
a process to measure similarities between business processes
with the aim of modeling business processes automatically
and practically. The similarity of business processes can be

979-8-3503-2317-7 ©2023 IEEE

Ary Mazharudin Shiddigi*
Department of Informatics
Institut Telmologi Sepuluh November
Surabaya, Indonesia
ary.shiddiqi @if.its.ac.id

45

Daniel Siahaan
Department of Informatics
Institut Teknologi Sepuluh November
Surabaya, Indonesia
daniel @if.its.ac.id

measured in terms of semantics, structure, and behavior [5].
Fuertes et al. [6] measures the similarity of business processes
from a semantic point of view with the aim of reusing
existing business processes within the company. Sarno et al.
[7] measures the similarity of business processes can also be
carried out using a graph approach. The graph approach has
been widely used in solving pattern recognition in various
fields of computing [8].

Several previous studies have used various methods to
measure semantic, behavioral, and structural similarities be-
tween business processes, such as the weighted graph-based
method [9], Probabilistic Latent Semantic Analysis (PLSA)
and Weighted Directed Acyclic Graph (WDAG) methods [10],
Extended Transition Relation (ETR) method [11], System
Application and Product (SAP) Reference Model [12], struc-
tural method of weighted-tree declarative pattern models [13]
and Complete Firing Sequences (CFS) [14]. These studies
use the Natural Language Processing (NLP) approach to
find behavioral and semantic similarities between business
processes. Meanwhile, Tangkawarow et al. [5] looked for
structural similarities using the NLP approach, namely the
Jaccard method.

Structural similarity measurement using Unified Modelling
Language (UML) Class Graph (UCG) approach has been
carried out using a UML diagram case study namely class
diagrams [15] and graph approach namely states chart [16],
[17], and use case diagram [18]. In this research, we propose
an approach for modeling business process into two types of
graphs, namely inter-structural and intra-structural and calcu-
lating the structural similarity between BPMs graphs using the
GED-Greedy method.

Structural similarity between the two business process
models can be measured based on inter-structural and intra-
structural similarities. This research applied the graph-based
GED-Greedy method to measure the structural similarity
between two business processes. Measurement of similarity
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between business processes using NLP approach and graph
approach has been carried out in Tangkawarow et al. [5], Ehrig
et al. [12] and Sarno et al. [7]. While the measurement of
similarity between graphs using the GED-Greedy approach
with the case study is the UML diagram has also been
carried out in Munawaroh et al. [16], Fauzan et al. [17],
and Zulfa et al. [18]. Tangkawarow et al. [5] using the NLP
approach to measure the similarity of business process models
emphasized the semantic similarity between business process
models. Setiawan et al. [9] using the graph approach only
measured the similarity ofale business process model as a
whole but had not divided the graph into inter-structural and
intra-structural. Where as Munawaroh et al. [16] using inter-
structural and intra-structural graphs have only been applied
to UML diagrams. This study uses the case of business
process modeling using BPMN notation. Each BPMN would
be modeled on inter-structural and intra-structural graphs to
measure the structural similarity values of the two BPMs
originating from two different organizations.

II. METHODOLOGY

This research consists of several stages, namely (1) Liter-
ature study, (2) BPM data collection, (3) Data preprocessing,
(4) Measuring structural similarities between graphs, and (5)
Compiling research resuldreports. Fig. 1. shows a flowchart
of the research process to measure the structural similarity
between the two business process models using the graph
approach and GED Greedy.

[ Literature Study ]

l

[ Business Process Model (BPM) Data Collection ]

l

[ Convert BPM to Graph ]

l

Divine Graph into Inter Structural Graph &
lIntra Structural Graph

|

Inter & Intra Structural Similarity Assessment
GraphBPM using GED Greedy

[ Report Result Structural Similarity Assessment J

Fig. 1. The flowchart of this study.

A. BPM Data Collection

The BPM dataset used in this paper is obtained from
interviews at two different libraries [5]. Each BPM of the two
library units would be compared for similarity. The BPMs
used is the first BPM university for borrowing regular books

979-8-3503-2317-7 ©2023 IEEE

as shown in Fig. 2. BP M, and the second BPM university for
borrowing regular books as shown in Fig. 3. BPM, would
be compared for similarities.

o

[ —

A -
i [ e |{ e |
i I
] . r
i — ju prony | F—
i 5 '-[:-.:'.-.;: 1| [ramz O
el | | )1 | ot teaen
Fig. 2. The BEPM; regular borrowing of University®st.
N e P———
g o e | || [ | fome | = g
e Fof i, [of henien |-t
sun | ook [CRER [ S ] s —
E | | J [
| mumbar )
3
H
£ — —
e
b (] [55] [mmm
3|t | e [ i

Fig. 3. The BPM> regular borowing of University?™?.

B. Data Processing

Each BPM would be converted into Extensible Markup
Language Process Definition Language (XPDL) form and
modeled into a graph form. Fig. 4 shows the XPDL form
of BPM. Each BPM must be modeled in graph form before
measuring the structural similarity between the two BPMs.
BPM modeling into graphs would be carried out after labelling
each state and transition from the BPM. Business process
modeling uses BPNn notation [19]. The types of labels that
have been prepared can be seen in Table I.

TABLE 1

THE BPM GRAPH ELEMENT LABELS.
Type Name Label
Node Start Vst
Node End Ved
Node State Vs
Node Sequence Transition Vis
Node Message Transition Vim
Node Association Transition Via
Node Exclusive OR (XOR) Vxor
Node AND/Paralel Vand
Node OR/Inclusive Vor
Node Data Store Vs
Node Data Object Vird
Node Message Event Virm
Node Timer Event Wit
Edge Sequence Flow es
Edge Message Flow em
Edge Association ea

C. Two BPM Structural Similarity Assessment Method

BPM slruclutn similarity assessment would be divided
into two types: inter-structural similarity and intra-structural
similarity. The structural similarity measured based on the state
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Fig. 4. A snapshot of XMI file from BPM.

relationship in each BPM is called intcr-structua similarity.
Meanwhile, the structural similarity is measured based on the
attributes of each state and Lraation in each BPM, called
intra-structural similarity. The calculation of the structural
similarity between the two BPMs (strucSim (bpy, bp2)) can
be seen in Eq. (1).

strucSim(bp1, bpz) = Winger X interSim{bp1., bpa) + Wi X "
intraSim (bp1, bpz)

Where

bpy = Business Process Model First Graph,
bpa = E'ﬂness Process Model Second Graph,
Winer = Inter-structural similarity’s weight,
Wine = Intra-structural similarity’s weight,
interSim = inter-structure BPM similarity,
intrasim = intra-structure BPM similarity.

D. Assessment Inter-Structural ﬁuia’ariry of BPM

Business process modeling in the form of a graph for
the measurement of similarity is only concerned with the
relationship between states and ignores the attributes that exist
in the state and transition. First, do the BPM into inter graph
forms. Then, do the measurement of inter-structural similarity
using the GED-Greedy method.

E. Cost Matrix of Inter-Structural Similarity Assessment

C matrix is the label of the cost matrix that contains the
needed cost to make a change from the first graph as stmn
in Fig. 5. become the second graph as shown in Fig. 6. @ost
is the needed value to change from node to node. The size of
the cost matrix is (m +n) >an +mn), where m is the amount
vertices from the first graph and n is the amount vertices from
the second graph. The case study shows that the second graph
has 28 nodes and the second graph has 27 nodes. Therefore,
the resulting cost matrix would be 28427= 55 nodes so the
size of the {sulting cost matrix is 55 x 55. After getting the
size of the cost matrix, the cost matrix would be divided into
four parts as shown in Eq. (2).

. Q1| Qs
C= 2
[ Q2 | Qu } @
Where
(21 = Substitution cost from V; to V;
979-8-3503-2317-7 ©2023 IEEE
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)2 = Delete cost V; (from V; to =)
Qs = Add cost VJ; (from = to VJ; )
Q1 = Subra.lliun cost from ¢ to =
Vi = node in the first graph

V' = node in the second graph

Each quadrant of the cost matrix contains the costs formed
when changing node per node in the graphs being compared.
The GED algorithm calculates the costs incurred when making
changes to the graph, while the Greedy algorithm minimizes
the number of steps that must be carried out when making
changes to the graph. The choice of the cost quadrant in the
cost matrix is based on the number of nodes owned by the
graplao be compared.

If the number of nodes of the first graph is more than the
number of nodes of the second graph (m > nahen the first
cost selection is the second quadrant ((),). If the number of
nodes of the first graph is less than the number of nodes of the
second graph (m < n), then oose the third quadrant (Q3)
for the first cost selection. If the number of nodes of the first
graph equals the number of nodes of the second graph (m=n),
so choose the first quadrant (1) for the first cost selection.

After that, choose the fourth quadrant (), be the second
cost selection because ()4 is the minimum value that contains
the value "0”. When all values in (), have been selected, the
selection step of costs in ()4 is already complete. The final
step 1s to calculate the total cost of the selected costs.

F. Assessment Intra-Structural Similarity of Business Process
Model

Assessment of intra-structural similarity is b&d on the at-
tributes possessed by states and transitions. The intra-structural
is divided into two groups, namely state and transition. The
formula used to calculate intra-structural similarity values,
intraSim(bpy, bps), is shown in Eq. (3).

intraSim (bp1, bpz) = wes x stSim (bp1, bpz)

3
+ ey % trSim (bpy, bps2) 3

Where

bp1 = Business Process Model First Graph,

bpz = Business Process Model Second Graph,

w,y = State similarity’s weight,

i, = Transition similarity’s weight,

stSim = BPM state similarity,

trSim = BPM transition similarity

The formula for calculating intra-structural similarity values
in the BPM state, stSim(bp1, bp2 ), is shown in Eq. (4).

(n x maxCostst) — costS
n x marCostst

stSim(bp, bpa) = @

Where

bp1 = Business Process Model First Graph,

bpa Wusiness Process Model Second Graph,

1 = the number of cost values fronlhe cost matrix §,
maxCostSt = maximum cost from the cost matrix §
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costS = GED cost taken from the cost matrix S.

The value of intra-state similarity (Cost S) is obtained from
the application of the greedy algorithm. The Greedy algorithm
is used to determine the permutation with the minimum
cost value from the set of costs calculated by the GED.
Predetermined values would be stored in the cost matrix S
in Eq. (5).

Vs1Vsi VsiVs;

(3)

V .‘}'g-‘” 55 Vs ,;V Sy
Where
x = BPM first diagram’s number of state nodes

i = BPM second diagram’s number of state nodes

Next, the intra-structural similarity transition’s value be-
tween two BPMs, trSim(bpy, bps ), can be calculated using Eq.

(6).

n x maxCostTr) — costT

. (
trSim(bpl, bp2) =
rSim(bpl, bp2) n ® maxCostTr

(6)

Where

bp1 = Business Process Model First Graph

bpa n3u.~;ine.~;.~; Process Model Second Graph

n = the number of cost values taken from the cost matrix T
maxCostTr = maximum cost that might occur in the cost matrix T,

TThe transitional intra-structural similarity value (CostT)
is obtained by applying the greedy algorithm. The Greedy
algorithm is used to determine the permutation with the
minimum cost value from the set of costs calculated by the
GED. Predetermined values would be stored in the cost matrix
T in Eq. (7).

Vi Vi ViVt

T = : : )]
"’tz"’ti Vi, Vi,

Where

1 = BPM Diagram first Graph's number of transition nodes.

v = BPM Diagram Second Graph’s number of transition nodes.

I1I.

This analysis uses two business process model diagrams
(BPM, and B PM,) as examples to asses structural similarity
using the inter and intra structural graph proposes method. The
diagrams compared are from different universities.

1
A. Assessment Result of Two BPM Diagram’s Inter Structural
Similarity

RESULT AND ANALYSIS

To calculate the inler-structur similarity between two
BPMs, the BPM must be modeled in the form of a graph. The
inter graph model of borrowing 1'eguleunooks from BPM,
and BP M, which would be compared, can be seen in Fig. 5.
and Fig. 6. After being modeled into a graph, the two BPMs
would be compared, and the similarity values of the structures

979-8-3503-2317-7 ©2023 IEEE
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Fig. 6. The inter-structural graph of BP M.

would be calculated. Each cost would be entered into the cost
C matrix as shown in Eq. (8).

(L]

—

2 2

From the calculation results, the minimum permutation
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Fig. 7. The intra-structural graph of BPM;.

based on the Greedy algorithm are 1, 2, 3, 4, 5,6, 7, 8, 11,
12, 13,9, 15, 14, 16, 17, 18, 19, 20, 21, 22, 24, 25, 26, 27, 23,
54, 55, 28, 29, 30, 31, 32, 33, 34, 35, 36, 10, 37, 389, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53., so the total
cost is 11. The GED cost needed to change the in graph
of BPM; to the inter graph of BPM, is 11. Thus it can be
concluded that the inter-structural similarity value between the
inter-graph of BPM; to the inter graph of BP M 1s 0,89.

B. Assesment Result of Two BPM Diagram’s Intra Structural
Similarity

To measure the two BPMs Diagram ra structural similar-
ity values, the BPM must be modeled in the form of an intra
graph. The intra graph of the two BPMs are shown in Fig. 7
and Fig. 8.

The intra graph of BP M, as shown in Fig. 7 has 13 states
and 13 transitions, while the intra graph of BP M, as stnvn
in Fig. 8 has 14 states and 14 transitions. There are 182 state
pairs and 182 transition pairs that need to be calculated using
GED-Greedy when a change is made from the intra graph
of BPM; to the intra graph of BPM;. The calculations are
the same as in the inter-structure calculations, using the cost S
matrix. The cost S matrix is the cost obtained when calculating
the intra graph for state nodes.

Based on the cost S matrix as shown in Eq. (9), the result
of Greedy permutation is 1,2,3,4,5,6,7,8,9,10,11,12,13 with a
total cost of 3. From that permutation, the value of the GED
cost is 3. It means the value of GED cost is 3 when doing a
calculation of the values of intra-structural similarity for state
nodes based on (stSim(Bp,, Bps)) from the intra-structural
aaph of BP M, to the intra-structural graph of graph BPM,.
The value of intra-structural similarity for states between the
two graphs by following Eq. (4) is 0.88.
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Fig. 8. The intra-structural graph of BP M.
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While the cost T matrix is the cost obtained when calcu-
lating the intra-graph for the transition nodes. Based on the
cost T matrix as shown in Eq. (10), the result of Greedy
permutations is 1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, and
9. From that permutation, the result total cost is 3. It means
the value of GED cost is 3 when doing a calculation of the
value of intra-structural similarity for transition nodes based
on (tr Sim (bpy, bps)) from graph BPAM; to graph BPM, .
The final value of intra-structural similarity for the transition
between the two graphs by following Eq. (6) is 0.98.
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Assuming that the intra-structural similarity value for node
state (W, ) and node transition (W7%,) is 0.5, respectively. The
result of calculating the intra-structural similarity value of the
state nodes 1s 0.88, and the transition nodes are 0.98. The
intra-structural similarity value of BPM; and BPM, graphs
using Eq. (3l 0.93.

Based on the inter-structural similarity value is 0,89 and
the intra-structural similarity value is (.93 and assuming the
weight of inter-structural similarity (wiue- ) and the weight of
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intra-structural similarity (W, ) is 0.5 for each weight, then
the final result of structural similarity value of graph BPM,
to graph BP M; using Eq. (1) is 0.91.

IV. CONCLUSION

This study evaluates the possibility of using the GED-
Greedy and graph approach to measure the similarity between
two BPMs. The BPMs are represented as directed graphs with
labeled edges. Each business process graph can be viewed
in two forms, i.e. inter-structural and intra-structural graphs.
This study uses the two views to measure the BPM structural
similarity.

Our case study indicates that the approach could be used
to measure the similarity between two BPMs. The approach
can represent the necessary structural element of BPM and
uses it for measuring the structural similarity between two
BPMs. Our future research would be directed to measuring
the scalability of this approach in our targeted application,
i.e., BPM redesign.

This research is a collaboration among Institut Teknologi
Sepuluh November, Universitas Widya Dharma Pontianak, and

Universitas Internasional Semen Gresik Indonesia.
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