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Abstract— Companies in the world have been considered
fraud as a crucial problem. The fraud can be caused by many
things, including data manipulation and anomalies in business
processes or standard operational procedures (SOP). Anomalies
have several types; two of them are a wrong decision and a
wrong pattern. A wrong decision, which is not in accordance
with the standard list in SOP, occurs as a result of making wrong
decisions. On the other hand, the wrong sequence of activities is
called a wrong pattern. For detecting those two anomalies, this
paper proposed a graph-based method. The graph-based
method creates rules for detecting a wrong pattern by
measuring the similarity between traces of SOP and the process
and checks the attributes of activities to detect a wrong decision.
The evaluation uses an event log of the credit application process
in a bank. Based on the evaluation, the proposed graph-based
method gains 100% for the accuracy value in checking wrong
pattern and wrong decision.

Keywords— fraud, wrong decision detection, wrong pattern
detection

I INTRODUCTION

So far, fraud has become a severe problem that is difficult
to handle in various sectors, including the banking sector. It is
stated that the gross organization income is decreasing around
5% every year [1]. Because no system is perfect and without
loopholes, the business of making a secure system is always
something that is constantly being developed. Thus, given
these statements, identifying fraud by the anomaly detection
algorithm is a must.

There are several anomaly detection algorithms; one of
them is process mining. Process mining forms a process model
containing sequence or parallel relationships, i.e., XOR,
AND, and OR [2] based on the event log [3]-[6]. Analyzing
the process model based on the logs provides many benefits
for various aspects, including fraud detection [7].

This paper proposed a graph-based algorithm as the new
process mining method to identify two types of anomalies.
Those types are a wrong pattern and a wrong decision because
this paper focuses on detecting anomalies related to activities
and relationships. The graph-based method creates rules for
detecting a wrong pattern by measuring the similarity between
traces of SOP and the process and checks the attributes of
activities to detect a wrong decision. The proposed algorithm
is built-in Neo4j, a graph-database application.

The proposed graph-based algorithm will be evaluated
with an event log and SOP of the credit application process in
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a bank. The results of the proposed algorithm will be equipped
with an accuracy calculation based on a confusion matrix.

II.  RELATED LITERATURE

A. Fraud

Definition of fraud is the abuse of organizational systems
[8]. When fraud occurs in a business process, the complete
SOP (Standard Operating Procedure) can be used to overcome
it. Things that are not following the SOP can be categorized
as fraud [9]. In order to deal with frauds, anomaly detection
algorithms must be presented. In short, an anomaly occurs
when an error occurs in the component log. It can be an event
that is not registered in the logs or an event that is registered
in a duplicate [10]-[12]. In the business processes, there are
six types of anomalous attributes or fraudulent behavior [9],
[13]. But, this paper will only focus on the two of them, which
are wrong decision and wrong pattern. As the name suggests,
wrong decision is a type of anomaly that occurs as a result of
making wrong decisions and not following the standards listed
in standard operating procedures (SOP). Meanwhile, wrong
pattern is a type of anomaly that occurs due to the wrong
sequence of activities, which is not following the sequence of
activities stated in standard business processes [9].

B. Bank Credit Application Process

SOP of credit application process in a bank is showed in
Fig. 1. The first activity carried out is receive applications,
namely receiving credit applications. The data received is in
the form of statutory and regulatory documents required for
credit applications.

Check for completeness is an activity to check the
completeness of the legal and regulatory document provided
by the creditor. If the document is incomplete, the get more
info activity will be executed to make sure the creditor knows
what to do to complete the document. This activity can be
repeated until the document is totally completed. Once done,
the next process is to check the loan amount.

Check loan amount is the activity of checking the amount
of money to be loaned to the creditor. After that, system will
perform checks for loan amount if the loan amount is more
than 500. However, system will perform checks for small
amount if the loan amount is less than or equal to 500. If the
loan amount is more than 500 but the next activity is “perform
checks for small amount”, then the process is wrong decision,
and vice versa. Then, the make decision is executed. It will
decide whether the creditors get their request approved or not.
If the credit application is rejected, system will notify
rejection and the finish application activity can be executed.
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Fig. 1. SOP of Credit Application Process in a Bank

If the creditor does not get any rejection notification,
then the start approval activity is executed. System will
notify the acceptance and the creditor will deliver the credit
card to complete the approval. Finally, the creditor can
finish the application.

As previously explained, SOP can be used as a
reference for detecting fraud. In this paper, check wrong
decision can be done with analyzing SOP and the event log.
Note that in SOP, there is always a condition that must be
required in order to proceed to the next step. Then, it can
be concluded that it is a wrong decision if the attribute of
event log does not meet the requirements in SOP.
Meanwhile, checking for wrong pattern in this process can
be done by analyzing the similarity between SOP graph and
event log graph.

C. Jaccard Similarity

Jaccard Similarity or Jaccard Coefficient is one of
several methods used to measure similarities between sets.
The larger the value of the Jaccard Coelfficient, the higher
the similarity of the sample [14]. In some cases, Jaccard
Similarity can be used to calculate word similarities, detect
paperwork plagiarism, and to diagnose computer damage.
In this research, the Jaccard Similarity is used to find the
wrong pattern in a business process [15]. The mathematical
representation of the Jaccard Similarity is shown in Eq. (1).
Meanwhile, the Jaccard Similarity algorithm in Neo4j is
gds.alpha.similarity jaccard(4, B).
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TABLE L EVENT LOG
Case_ID Activity Time Attributes
PP1 Receive Application 103:282/1A6M null
PP1 Check for Completeness 1 03 /385/le null
PPI1 Get More Info 103:/580/1A6M null
PP1 Check Loan Amount 1 03/583/1A6M 650
PPI Perform Checks for Loan 3/8/16 ull
Amount 11:08 AM
PP1 Make Decision 1 13:/181/1A6M No
PP4 Finish Application 3/8/;?\/[3 4 null
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TABLE II. THE QUERY MODELING EVENT LOG INTO GRAPH-
MODEL
No | Code
Load Event Log File
1 LOAD CSV with headers FROM "file://LoanProcess. csv" AS
Line
Merpe (CActwvity{Caseld:line.Case ID. Name:hne Activity.
Time:line Trme. Attributes:line Attributes})
2 LOAD CSV with headers FROM "file:///LoanProcess.csv” AS
Line
Merpe (:CaseActivity {Name:line Activity })
Create SEQUENCE Relationships
3 MATCH (c:Activity)
WITH COLLECTIc) AS Caselist
UNWIND BANGE(D. Size(Caselist) - 1) as idx
WITH Caselist[idx] AS s1. Caselistfidx+1] AS 52
MATCH (b:CazeActivity).(a:CaseActivity)
WHERE s1.Caseld = 52 Caseld AND 51 Name = a Name AND
52 Name = b Name
MERGE (a)-[r-SEQUENCE]-(b)
Create XOR Relationships
4 MATCH (b)-[r]-=(a)
WHERE size((b)—=())>1 AND size((a)~—())=1 AND ( size{(a)-
()1 OR size((a)—()1 )
CREATE (b)-[ XORSPLIT]->{a)
DELETE«
5 MATCH (b)-[r]-=(a)
WHERE ( size((b)—()1 OR size((b)—()-1 ) AND
size{(a)=—-())~1
CREATE (b)-[ XORJOIN]-=(a)
DELETE ¢
Create AND Relationships
6 | MATCH (a)--[r]-(b)-[s]-+(c)
WHERE  size((b)—-(j)~1 AND size{(c)—>()size((b)}—()
AND size((a)—=() Fsize((b}—>()) AND not (a}-[-SEQUENCE]-
={b) AND not {c}-[:SEQUENCE]-=(b)
MERGE (a)=-[:ANDSPLIT]-(b)-[: ANDSPLIT]->(c)
DELETE«rs
7 | MATCH (a)- b= (®)<Is1H0)
WHERE size((b)<—()>1 AND size({(c)—>())size((b)<—0)
AND size((a)}—()Fsize{(b)<—()) AND not (}-[:ANDSPLIT]-
MERGE (a)-[-:ANDIOIN]-=(b)=-[-:ANDJOIN]-(c)
DELETE s
Create Invisible Task
8 MATCH (cy-[r]4{b}-[z]-=(a)
WHERE ( TYPE(s=XORSPLIT' AND TYPE(r=XORJOIN
CREATE (i:Invisible Task {Name: "Inv_Task"})
WITHb. 1. c. 1.5
CALIL apoc create relationship(b. type(s), {}. 1) YIELD rel as
relation]
CALL apoc.create relationship(t. type{r). {}. ¢) YIELD rel az
relation?
DELETE 1
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TABLE IIL THE QUERY TO CREATE 12 PROCESS MODEL

Create Node Activity and Relationships

Create Node Activity and Relationships

CREATE

(ra:SOP_ProcessX {Name:'Receive Application'}),
(cfc:SOP_ProcessX {Name:'Check for Completeness'}),
(gmi:SOP_ProcessX {Name:'Get More Info'}),

(cla:SOP_ProcessX {Name:'Check Loan Amount'}),
(pcfla:SOP_ProcessX {Name:'Perform Checks for Loan Amount'}),
(pcfsa:SOP_ProcessX {Name:'Perform Checks for Small Amount'}),
(md:SOP_ProcessX {Name:'Make Decision'}),

(sa:SOP_ProcessX {Name:'Start Approval'}),

(dcc:SOP_ProcessX {Name:'Deliver Credit Card'}),
(na:SOP_ProcessX {Name:'Notify Acceptance'}),
(nr:SOP_ProcessX {Name:'Notify Rejection'}),

(ca:SOP_ProcessX {Name:'Complete Approval'}),
(fa:SOP_ProcessX {Name:'Finish Application'})

(ra)-[: XORJOIN]->(cfc)-[: XORSPLIT]->(cla)-[: XORSPLIT]->(pcfsa)-
[:XORJOIN]->(md)-[:XORSPLIT]->(nr)-[: XORJOIN]->(fa)

TABLE IV. CYPER FOR CHECKING WRONG DECISION

No Checking Wrong Decision

1 MATCH (a:Activity)

WITH collect(a) AS Caselist

UNWIND RANGE(0, Size(Caselist)-2) AS idx
WITH Caselist[idx] AS s1, Caselist[idx+1] AS s2
MATCH (b:Activity {Name:'Check Loan Amount'})

WHERE sl Name = b.Name AND sl.Caseld = b.Caseld AND
sl.Attributes > 500 AND s2.Name = "Perform Checks for Small
Amount' OR sl Name =b.Name AND s1.Caseld =b.Caseld AND
sl.Attributes <= 500 AND s2.Name = 'Perform Checks for Loan

1. Relationships in SOP Process 1

CREATE

(ra)-[:XORJOIN]->(cfc)-[: XORSPLIT]->(gmi)-[: XORJOIN]->(cfc)-
[:XORSPLIT]->(cla)-[:XORSPLIT]->(pcfla)-[: XORJOIN]->(md)-
[:XORSPLIT]->(sa)-[: ANDSPLIT]->(na)-[:ANDJOIN]->(ca)-
[:XORJOIN]->(fa)

2. Relationships in SOP Process 2

CREATE

(ra)-[: XORJOIN]->(cfc)-[: XORSPLIT]->(gmi)-[: XORJOIN]->(cfc)-
[:XORSPLIT]->(cla)-[: XORSPLIT]->(pcfla)-[: XORJOIN]->(md)-
[:XORSPLIT]->(sa)-[: ANDSPLIT]->(dcc)-[: ANDJOIN]->(ca)-
[:XORJOIN]->(fa)

3. Relationships in SOP Process 3

CREATE

(ra)-[:XORJOIN]->(cfc)-[: XORSPLIT]->(gmi)-[: XORJOIN]->(cfc)-
[:XORSPLIT]->(cla)-[: XORSPLIT]->(pcfla)-[: XORJOIN]->(md)-
[:XORSPLIT]->(nr)-[: XORJOIN]->(fa)

4. Relationships in SOP Process 4

CREATE

(ra)-[:XORJOIN]->(cfc)-[: XORSPLIT]->(gmi)-[: XORJOIN]->(cfc)-
[:XORSPLIT]->(cla)-[: XORSPLIT]->(pcfsa)-[: XORJOIN]->(md)-
[:XORSPLIT]->(sa)-[: ANDSPLIT]->(na)-[:ANDJOIN]->(ca)-
[:XORJOIN]->(fa)

5. Relationships in SOP Process 5

CREATE

(ra)-[:XORJOIN]->(cfc)-[: XORSPLIT]->(gmi)-[: XORJOIN]->(cfc)-
[:XORSPLIT]->(cla)-[: XORSPLIT]->(pcfsa)-[: XORJOIN]->(md)-
[:XORSPLIT]->(sa)-[:ANDSPLIT]->(dcc)-[:ANDJOIN]->(ca)-
[:XORJOIN]->(fa)

6. Relationships in SOP Process 6

CREATE

(ra)-[:XORJOIN]->(cfc)-[: XORSPLIT]->(gmi)-[: XORJOIN]->(cfc)-
[:XORSPLIT]->(cla)-[:XORSPLIT]->(pcfsa)-[: XORJOIN]->(md)-
[:XORSPLIT]->(nr)-[:XORJOIN]->(fa)

7. Relationships in SOP Process 7

CREATE

(ra)-[:XORJOIN]->(cfc)-[: XORSPLIT]->(cla)-[: XORSPLIT]->(pcfla)-
[:XORJOIN]->(md)-[:XORSPLIT]->(sa)-[:ANDSPLIT]->(na)-
[:ANDJOIN]->(ca)-[: XORJOIN]->(fa)

8. Relationships in SOP Process 8

CREATE

(ra)-[:XORJOIN]->(cfc)-[: XORSPLIT]->(cla)-[: XORSPLIT]->(pcfla)-
[:XORJOIN]->(md)-[:XORSPLIT]->(sa)-[:ANDSPLIT]->(dcc)-
[:ANDJOIN]->(ca)-[: XORJOIN]->(fa)

9. Relationships in SOP Process 9

CREATE

(ra)-[:XORJOIN]->(cfc)-[: XORSPLIT]->(cla)-[: XORSPLIT]->(pcfla)-
[:XORJOIN]->(md)-[:XORSPLIT]->(nr)-[: XORJOIN]->(fa)

10. Relationships in SOP Process 10

CREATE

(ra)-[:XORJOIN]->(cfc)-[: XORSPLIT]->(cla)-[: XORSPLIT]->(pcfsa)-
[:XORJOIN]->(md)-[: XORSPLIT]->(sa)-[: ANDSPLIT]->(na)-
[:ANDJOIN]->(ca)-[: XORJOIN]->(fa)

11. Relationships in SOP Process 11

CREATE

(ra)-[:XORJOIN]->(cfc)-[: XORSPLIT]->(cla)-[: XORSPLIT]->(pcfsa)-
[:XORJOIN]->(md)-[:XORSPLIT]->(sa)-[:ANDSPLIT]->(dcc)-
[:ANDJOIN]->(ca)-[: XORJOIN]->(fa)

12. Relationships in SOP Process 12

CREATE

Amount'

SET s2.Information ='It is a wrong decision’

RETURN s2.Caseld as Case_Id, sl.Attributes as Atribute ,
s1 Name as From, s2 Name as To, s2.Information as Result

2 MATCH (a:Activity)

WITH collect(a) AS Caselist

UNWIND RANGE(0, Size(Caselist)-2) AS idx

WITH Caselist[idx] AS s1, Caselist[idx+1] AS s2

MATCH (b:Activity {Name:'Make Decision'})

WHERE s1.Name = b.Name AND sl .Caseld = b.Caseld AND
sl.Attributes = 'Yes' AND s2.Name = 'Notify Rejection' OR
s1.Name = b.Name AND s1.Caseld = b.Caseld AND s1.Attributes
='No' AND s2.Name = 'Start Approval'

SET s2.Information ='It is a wrong decision’

RETURN s2.Caseld as Case_Id, sl.Attributes as Attribute,
s1.Name as From, s2 Name as To, s2.Information as Result

TABLE V. THE QUERY FOR ADDING “NO” PROPERTY
MATCH SET

(a {Name:'Receive Application'}), a.no=l,

(b {Name:'Check for Completeness'}), b.no=2,
(c {Name:'Get More Info'}), c.no=3,

(d {Name:'Check Loan Amount'}), d.no=4,

(e {Name:'Perform Checks for Loan Amount'}), | e.no=5,
(f {Name:'Perform Checks for Small Amount'}), | fno=6,

(g {Name:'Make Decision'}), g2.n0=7,
(h {Name:'Start Approval'}), h.no=8,
(i {Name:'Notify Rejection'}), 1.n0=9,
(j {Name:'Notify Acceptance'}), j-no=10,
(k {Name:'Deliver Credit Card'}), kno=11,
(I {Name:'Complete Approval'}), L.no=12,
(m {Name:'Finish Application'}) m.no=13
TABLE VL CYPER FOR CHECKING WRONG PATTERN

Pseudocode

Code

count <- 0
for every process in SOP:
for every trace in event log:
similarity <- method of
checking similarity(trace,process)
if count==0:
if similarity > 0.0:
count <- 1
if count ==0:
trace is wrong pattern

MATCH (a:Activity {Trace})
WITH collect(a.no) as No_activity
MATCH (b:SOP)

WITH No_activity,

b,collect(b.no) as No_ActivitySOP
RETURN No_activity,
No_ActivitySOP,
gds.alpha.similarity.jaccard(No_act
ivity,No_ActivitySOP) as
similarity

[II.  RESEARCH MODEL

A. Change SOP into Graph Model

The next step is to change Standard Operational
Procedure (SOP) into graph-model by using Neo4j. In the
bank credit application process there are 13 activities and 4
relations i.e., XORSPLIT, XORJOIN, ANDSPLIT, and
ANDIJOIN. The SOP is divided into 12 sequential process
model i.e., 6 process models with iteration and 6 others
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without iteration. The 12 process models will be used for
matching the process model in event log with the process
model in SOP. The query structure to create 12 process
model shown in TABLE III. SOP_Process(X) in this table
means the SOP Process number X where X-value numbers
1 to 12. For example, SOP_Process1, SOP_Process2, until
the last SOP_Process12.

B. Checking Wrong Decision

In SOP, there are several attributes that determine what
activities will be carried out after doing the previous
activity. There are 2 activities, namely "Check Loan
Amount" and "Make Decision".

In the "Check Loan Amount" activity, there is an
attribute in the form of the loan amount that can determine
the activity to be carried out next. If the loan amount is
more than 500, the next activity is "Perform Checks for
Loan Amount", if the loan amount is less than equal to 500
then the next activity is "Perform Checks for Small
Amount". If the two conditions occur in reverse in the
implementation, in this case it is called a wrong decision.

The second activity is "Make Decision". There are
attributes in the form of strings "Yes" and "No". If the
attribute is "Yes" then the next activity is "Start Approval"”,
if the attribute is "No" then the next activity is "Notify
Rejection”. Just like the previous case, if the opposite
occurs it is called a wrong decision. To find all wrong
decision in business process model, the cypher shown in
TABLE IV.

C. Checking Wrong Pattern

To find a wrong pattern in the business process model,
this research uses the Jaccard similarity algorithm, which is

Sequence

Inv_Task

Fig. 2. Event Log Graph-Model

XOR Split| | XOR Join

(1) )

Join Join Split

Fig. 4. SOP Process 2

available in Neo4j. The step taken is adding a new property
in the form of "no" from numbers 1 to 13 on all activity
nodes. Here is the description of each “no” property: (1)
Receive Application (2) Check for Completeness (3) Get
More Info (4) Check Loan Amount (5) Perform Checks for
Loan Amount (6) Perform Checks for Small Amount (7)
Make Decision (8) Start Approval (9) Notify Rejection (10)
Notify Acceptance (11) Deliver Credit Card (12) Complete
Approval (13) Finish Application. The detail of query to
add property "no" is shown in TABLE V. After adding "no"
properties, the next step is to make a match and collect "no"
property from each activity of the model process in the
event log with the process model in the SOP. After that,
calculate the similarity of activity in event log process
models with 12 SOP process models. The pseudocode to
find wrong pattern in business process shown in TABLE
VI. The first step is matching all activities of trace or
Caseld on eventlog, for example MATCH (a: Activity
{Caseld: PP1}). Next, match activities in SOP_ProcessX.
Then, the similarity can be calculated by Jaccard Similarity
algorithm.

IV. RESULT AND DISCUSSION

A. Graph Model

The results of modeling the event log in TABLE I into
a graph that have been carried out using the algorithm in
the TABLE II can be seen in Fig. 2. Meanwhile, the graph
of the SOP is shown in Fig. 3 to Fig. 14. Fig. 3 to Fig. 8 is
a process model of the SOP by looping the activity “Check
for Complete™ to “Get More Info” then returning to “Check
for Complete”. Meanwhile, Fig. 9 to Fig. 14 are the process
models of the SOP without iteration.

i 9
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XOR Split| | XOR Join
XOR Join 2 XOR Splll 4 XOR Split,
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Fig. 5. SOP Process 3
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Fig. 6. SOP Process 4
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Fig. 7. SOP Process 5
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Fig. 8. SOP Process 6
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Fig. 9. SOP Process 7
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Fig. 10. SOP Process 8
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Fig. 12. SOP Process 10
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Fig. 13. SOP Process 11
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Fig. 14. SOP Process 12

TABLE VII.  WRONG DECISION RESULT

Case _Id [ Attribute From To Result
PP2 1000 Check Perform Checks “Itisa
Loan for Small wrong

Amount Amount decision”

TABLE VIII.  SIMILARITY RESULT

Case ID Similar with
PP1 SOP Process 3, SOP Process 9
PP2 SOP Process 10, SOP Process 11
PP3 SOP Process 10, SOP Process 11
PP4 Not similar with all SOP processes

B. Wrong Decision

In the TABLE IV, the algorithm for finding wrong
decisions in the money loan business process model has
been explained. From all the matches, the result is shown
in the TABLE VIII.

Based on TABLE VII, the “Check Loan Amount”
activity on Case ID PP2 has the Attribute of 1000 USD. If
according to the SOP, the next activity to be carried out is
"Perform Checks for Small Amount" because the loan
amount is more than 500 USD. Therefore, PP2 is a wrong
decision caused by wrong activity after "Check Loan
Amount".

C. Wrong Pattern

Based on the algorithms mentioned above, checks are
carried out and the results are listed in TABLE VIII. In
Case PP1 which is compared with SOP Process 1, there is
a similarity with a value of 0.0. This means that there is an
activity on PP1 which is not the same as the activity in the
SOP. Then in the comparison of PP1 with SOP Process 3,
all the similarity values are the same and there is no 0.0.
This means that all activities on PP1 are similar to those in
SOP Process 3. Thus, PP1 is not a wrong pattern. In the
same way, it can be concluded that PP2 and PP3 are also
not the wrong pattern. Meanwhile, from all PP4 checks
with each SOP process, the similarity value that appears is
always 0.0. It means that PP4 is the wrong pattern.

D. Accuracy Calculation

Based on the results obtained, the accuracy of the
algorithm will be calculated using a confusion matrix. As
in the previous explanation, the first step is to determine
True Positive (TP), False Positive (FP), True Negative
(TN), and False Negative (FN). Then the accuracy can be
calculated with the formula (TP+TN)/(TP+FP+FN+TN). If
the value of accuracy is close to 1, then the algorithm is
nearly perfect.

1) Calculate Accuracy of Wrong Decision

Based on the wrong decision algorithm results, a
comparison of the predicted results with the actual results
in TABLE IX can be shown. So it can be determined 1 TP,
0 FP,0 TN, and 3 FN.

Accuracy = ———x100% =100% (3)

1+0+0+3

2) Calculate Accuracy of Wrong Pattern

Based on the wrong pattern algorithm results, a
comparison of the predicted results with the actual results
in TABLE X can be shown. So it can be determined 1 TP,
0 FP,0 TN, and 3 FN.
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Accuracy = —>— x 100% = 100%  (4)

1+0+0+3

TABLE IX.  COMPARISON OF THE ACTUAL AND PREDICTED RESULTS

Case_ID Actual Predicted

PP1 Not wrong decision Not wrong decision
PP2 Wrong decision Wrong decision
PP3 Not wrong decision Not wrong decision
PP4 Not wrong decision Not wrong decision

TABLE X. COMPARISON OF THE ACTUAL AND PREDICTED RESULTS

Case_ID Actual Predicted

PP1 Not wrong pattern Not wrong pattern

PP2 Not wrong pattern Not wrong pattern

PP3 Not wrong pattern Not wrong pattern

PP4 Wrong pattern Wrong pattern
CONCLUSION

According to the aforementioned experimental results,
it can be concluded that process mining using a graph-
based method can be used to detect a wrong decision and a
wrong pattern in business processes, especially in the credit
application process in a bank. Before detecting frauds, the
event log and SOP are modelled into graph models. In order
to check whether a wrong decision occurs or not, we have
to pay attention to SOP. Several attributes determine what
activities will be carried out after doing the previous
activity. If the conditions occur in reverse in the
implementation, in this case, it is called a wrong decision.
In this process, PP2 is a wrong decision caused by
inappropriate activity after "Check Loan Amount".
Meanwhile, to find a wrong pattern in the business process
model, this research uses the Jaccard similarity algorithm,
available in Neo4j. In this process, it can be concluded that
PP4 is a wrong pattern because the similarity value between
SOP and event log that appears is always 0.0.

In this research, the algorithms used to find a wrong
decision and a wrong pattern have a value of accuracy
100%. However, some queries have to be executed
manually to get answers to the problems being researched.
So that this method can be maximized with other software
to solve this problem; thus, this method needs to be
reviewed and retested to obtain more accurate results.
Hopefully, in future research, this method can be used and
developed to detect other anomalies.
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