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Process mining: Linking events to models
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Outpatient processes in SNUBH
A manufacturing process

L 3 4 in Samsung Electronics
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Trace clustering - examples

Cases Logs
Cases Logs 1 (A,John),(B,Sue),(C,John),(D,Pete)
1 (A,John),(B,Sue),(C,John),(D,Pete) ‘ 2 (A,John),(C,Mike),(B,John),(D,Sue)
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Trace clustering

[ analysis - Trace Clustering 522520000

61 9 Cases \ SOM Clustering (Euclidean)
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414 cases
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Conformance Checking: measuring fitness

No. of Instances Log Traces No. of Instances Log Traces No. of Instances Log Traces
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[Prof. van der Aalst]
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The Two Most Important Quotes In Business

Your #1 business mistake is that you're running your business blind!

"If you can't measure it, you can't improve it - Peter Drucker -

. o ! Read more: http://www.growthink.com/content/two-most-important-quotes-business#ixzz4kHTfgjYu
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Recent works

Digitalisation

Visibility
How can an autonomous response be achieved? ————

* Model Discovery

What will happen?

Transparency
* Process Mining + Machine Learning

Why is it happening?
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Ve

Predictive
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What is happening?

Prediction
* Process Mining + Al

Adaptability
Computerisation ' Connectivity Visibility

* Process Mining + Optimization +
Simulation + RPA
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Visualization
Understandable Process Model Discovery
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Visualization
Understandable Process Model Discovery
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Cho, M., Park, G., Song, M., Lee, J., Lee, B., Kim, E., "Discovery of Resource-oriented Transition Systems for Yield Enhancement in Se
miconductor Manufacturing." IEEE Transactions on Semiconductor Manufacturing, Vol. 34, No. 1, pp. 17-24, 2021.
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Transparency
Finding Concept Drift

Data
Preparation

Extracting & Trace
Preprocessing stream

Association
metrics

Embedding
vectors

Sliding window
approach
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Vector representation
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Prediction (PM +Al)

Process performance prediction
Next event prediction

Pattern: Delay on B - Delay on C - Delay on D

Delay Predicted problematic point

01:00 ~ 02:00 02:00 ~ 03:00 03:00 ~ 04:00

History Future

Park. G. Song, M.*, "Predicting Performances in Business processes using Deep Neural
Networks” Decision Support Systems, Volume 129, 10.1016/j.dss.2019.113191, February 2020
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Prediction (PM +Al)

Predicting Performances in Business Processes using Deep Neural Networks

Annotated Transition System
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Park. G. Song, M.*, “Predicting Performances in Business processes using Deep Neural
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Adaptability(Process Mining + Optimization)

Prediction .ﬁ Resource Allocation a Business Process

results Utilized in (Non-clairvoyant Online Job Shop Scheduling) Achieves Improvement

Phase 1:

Phase 2:

Gl e EIEm meeE Online resource scheduling

construction
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<Result of resource allocation>

Park, G., M., Song., “Prediction-based Resource Allocation using LSTM and maximum flow and
minimum cost algorithm” In International Conference on Process Mining (ICPM), Aachen, Germany,
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Adaptability(Process Mining + Simulation)

Simulation Model Generation

Decision
Miner

Case D

[ activity

case 27
case 31
case 26
case 33

¥ ¥
Performance Pmlce.g?
Analysis Miner
Organizational T

Miner // - \ /_lﬁ
y \_/g

Rozinat, A., Mans, R. S., Song, M., van der Aalst, W. M. P,, "Discovering simulation models."

Process Mining Workshop invited by Professor Wil van der Aalst Information Systems, VOl 34' NO. 3’ pp 305_327, 2009
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Applications in Korea

= Three major application areas

« Manufacturing Industry: POSCO, Hyundai Heavy Industries, Samsung Heavy Industries, Samsung
electronics, Samsung Electro-Mechanics, etc.

« Healthcare Industry: SNU Hospital@Bundang, SNU Hospital@Boramae, Samsung Seoul Hospital, etc.
« Finance Industry: KB
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Manufacturing Process Analysis

Manufacturing
Event log

Process Mining

Process
Analysis

Resource
Analysis

Time
Analysis

Quality
Analysis

Process Analysis

Time Analysis

Resource Analysis

Passing Yield Analysis

Facility Standard Analysis

«Discovery Process Models
«Conformance Checking
«Bottleneck Analysis

« Animation Analysis

«Process Pattern Analysis

«Working, Waiting, L/T
Performance Analysis

«Performance Analysis for
one task or machine

«Dotted chart analysis for
performance checking

«Time analysis of Working,
Waiting, and L/T

*Performance Operating
Rate Analysis

«Resource Network
Analysis
«Organizational Model
«Task by Matrix

«Machine analysis for
product family

«Passing Yield Analysis for
One lot

«Passing Yield Analysis for
One task

«Passing Yield Analysis for
One machine

«Change graph of passing
yield

«Facility Standard Analysis
for passing yield

«Facility Standard Analysis
for Lead Time

«Facility Standard Analysis
simulation
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Proposed Method — Motivation

Motivation Example
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i
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1Sl lhmhnurlln Week
17-21 Oct.

We extracted a process
model from process event
logs with ProM.

Unfortunately, the model is
too complicated, so hard to
understand.

To find bottlenecks, we
simulated the model with
process logs but couldn’t
get any insight due to
model complexity.

ALY
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Process Model & Bottlenecks

= Step5. (Optional) Repeat Step3-4 to find a narrower bottleneck
within each process boundary.

;’ H Processi3

: 1= (waiting time)
HH

18 B

Bottleneck Analysis within
Process Boundary2

Process13

Timg
Waiting Time Distribution of Process13

Process Model within Process Flow
Process Boundary2 Simulation

1SMI Manufacturing Weok di"a!“l’
1721 Oct. m:“ 12/18

‘Process Mining Framework

= Phase ll: Conformance Test

= Find the difference between the currently known process model
and the real event logs.

= From this analysis, (1) unused flow and (2) hidden flow are found.

Hidden flow

Conformance Index

Currently known ‘;:".._ L? Real process
Unused flow IJJ
: fitness = 0.89
89% OK

process model e from event logs
émparison
\
= 11% NOK

Sttt ot e Pnvsuned
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Congestion analysis in FAB
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Bottleneck Analysis
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Process Mining & Digital Twin

SIMULATION
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Simulation Al+ML Optimization
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Process Mining & Digital Twin

Digitalization (loT)

Process Mining Workshop invited by Professor Wil van der Aalst
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Process Mining & Digital Twin
Adaptability - Self-Optimizing
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Process Mining & Digital Twin
Adaptability - Self-Optimizing
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Process Mining & Digital Twin
Simulation model generation framework

Process discovery

Trace clustering

Organizational mining

Queue discipline discovery

[Direct-Follows Graph]

Complex business process
- Cluster cases with similar control-flow

[Complex business process]

[clusterl] [cluster2] [clusterN]
== T +T
= cee e
: : =
[= £ (&

Relationship among resources in process
-> Social Network Analysis, Role discovery

[Social Network] [Role Discovery]

Process Mining & Machine Learning

[clusterl]

Cluster assignment

Assign new cases to cluster
-> Classification model

it

Decision point analysis

Predict next activity at each decision point
-> Classification model

Resource allocation

Predict what resource should work for this
case
- Classification model

Resources

Discover queue discipline

-> Correlation analysis
Correlation of
[First In First Out] arrival-execution

0006000 .. -:

[Last In First Out]

[Randomly]

Activity duration prediction

Predict activity duration
- Regression model

* Execution time
* Sojourn time=waiting time + execution time

Simul

ation

analysis*

[ Control-flow ]
Process discovery, Trace clustering, Cluster assignment, Decision point

cluster2

I

Business Process Simulation

[ Activity ]
Activity duration prediction*®

[ Resource ]
Resource allocation*, Queue discipline discovery

*Qrganizational mining based feature selection method

Activity A

Activity £

Process Mining Workshop invited by Professor Wil van der Aalst




Process Mining & Digital Twin

Simulation model generation framework

H = . o o
CH7 | HA 7 22| E(Queue Disdpline Discovery)
[First In First Out]
Arrival order(x) 1 2 3 4 5 .o~
Execution order(x) 1 2 3 4 5 Xy~
°_°_°_°_° Strongly positive correlated
[Last In First Out]
Arrival order(x) 1 2 3 4 5
Execution order(x) 5 4 3 2 1 Ty = ~1
Strongly negative correlated )
[Randomly]
Arrival order(x) 1 2 3 4 5
Execution order(x) 2 4 1 5 3 Ty ~ 0
m—o—e Uncorrelated
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FIFO

LIFO

2019-02-02 2019-02-03

RANDOM

2019-02-04

pred_time aft 6 aft 12 aft 24 aft 48

ACTUAL WEIGHT 2019-02-01 7140 12590 1182.0 1119.0
PRED_WEIGHT 20190201 7350 13050 12930 12100

pred_time aft 6 aft 12 aft 24 aft 48

ACTUAL WEIGHT 2019-02-01 7140 1259.0 1182.0 1119.0
PRED_WEIGHT 2019-02-01 7280 12600 11960 11210

2019-02-05 2019-02-06 2019-02-07 2019-02-08 2019-02-09

pred_time aft 6 aft 12 aft 24 aft 48

ACTUAL WEIGHT 2019-02-01 7140 1259.0 1182.0 1119.0
PRED_WEIGHT 2019-02-01 7280 12600 11960 11210

ACTUAL WEIGHT
PRED_WEIGHT

z019-02-10



Process Mining & Digital Twin
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Healthcare Process Analysis

Healthcare Process AnaIyS|s

Outpatient Inpatient Clinical Healthcare
Process Process Pathway Simulation

Outpatient Process Inpatient Process Clinical Pathway Healthcare Simulation

« Process Discovery » Length of Stay « CP Matching Rate * Healthcare » Detailed Analysis
« Matching Rate Analysis Analysis Simulation Model for Personal
Analysis « Pattern Analysis « Performance Development Clinician
« Animation Analysis « Problematic Analysis « Personal Clinician « Consultation Room
. Pattern Analysis Patients Detailed « CP Variation Scheduling Scheduling
NECT Analysis Analysis « KIOSK
Analysis « Statistical Analysis « CP Development Redistribution
(LOS predictive « Payment
Model) Simulation
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Figure 1. Outpatient care mega-process model derived from domain experts.
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Kim, E., Kim, S., Song, M., Kim, S., Yoo, D., Hwang, H., Yoo, S. “Discovery of outpatient care process of a tertiary university hospital using process
mining.” Healthcare informatics research, Vol. 19, No. 1, pp. 42-49, 2013.
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Performance Sequence Analysis Frequency Time (Min)
p0 Consulting room assignments - Consultation 99 135
1 Registration of an outside referral document -> 16 38
P Registration of an outside referral document
5 Consulting room assignments 2 Consultation 2>
P Issuance of prescription = Reservation for visit > Payment
p3 Preparation for test > Test > Payment 2> Test
p4 Consulting room assignments 2 Consultation 2 Payment
5 Consultation 2> Consulting room assignments >
P Preparation for test > Test - Reservation for visit > Payment
06 Consulting room assignments - Consultation 2>

Reservation for visit > Payment
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Healthcare Process Simulation:

Process Simulation Methodology

Data Preparation Process Mining Analysis Simulation Model Analysis

Hospital Information System _
Process Discovery Creating a

: :
Arrival Rate Analysis | | |
CPOE LIS

_ _ _ Simulation Simulation
Service Time Analysis Model Scenario
Evaluation Analysis

Resource Analysis

<Process Simulation Analysis Framework>
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Simulation Analysis - KIOSK

Kim, E., Kimg, S., Cho, M., Song, M., Yoo, S. “Simulation of optimal number of outpatient payment KIOSK estimation using process
mining.”, Proceedings of the 2013 Korean Society of Medical Informatics Spring Conference, Asan Hospital, Korea, June 13-14, 2013.
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Simulation Analysis - KIOSK

T o O AL ol

600.00

500.00

400.00

300.00

200.00

100.00

0.00

0%

50%

100%

150%

200%

220%

240%

260%

280%

300%

Increasing
ratio

0%

50%

100%

150%

200%

220%

240%

260%

280%

300%

# payment

1265.7

1894.8

25293

31675

38014

4030.1

52934

4542.6

4801.7

5067.3

Total time

10.17

10.17

10.18

10.21

10.34

10.57

11.27

12.59

14.80

18.51

Waiting
time (s)

0.00

0.03

0.24

1.46

9.40

27.98

89.01

191.70

307.89

500.61

Kim, E., Kimg, S., Cho, M., Song, M., Yoo, S. “Simulation of optimal number of outpatient payment KIOSK estimation using process
mining.”, Proceedings of the 2013 Korean Society of Medical Informatics Spring Conference, Asan Hospital, Korea, June 13-14, 2013.
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Process Mining + Optimization + Scheduling
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Cho, M., Kim, K., Lim, J., Baek, H., Kim, S., Hwang, H., Song, M., Yoo, S., "Developing data-driven
clinical pathways using electronic health records: The cases of total laparoscopic hysterectomy
and rotator cuff tears." International Journal of Medical Informatics, Vol. 133, 104015, 2020.
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Data preparation

* Outlier elimination
» Data aggregation

I

Activity homogeneity Trace homogeneity
evaluation evaluation

*« AUS * TA heatmap

* VOT, VOF « TND

Process inspection
using process mining

* Trace alignment
* MRCPM
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N
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Lim, J., Kim, K., Song, M., Yoo, S., Baek, H., Kim, S., Park, S., Jeong, W., "Assessment of the feasibility of developing a clinical
pathway using a clinical order log", Journal of Biomedical Informatics, Vol. 128, 104038, 2022.
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Conclusion: Process Management

‘Process Discovery: PM (discovery)

‘Process Monitoring:

PM (discovery + conformance checking) + Real Time/Big DATA
‘Process Prediction: PM + ML + Al
‘Process Optimization: PM + OR

*Process Improvement: PM + Al + SIMULATION



R, $Z|| =
Conclusion: Digital Twin

Data Driven Rapid Model Generation

« Process Model* Discovery: PM

 Rules/Prediction Model Discovery: PM + ML + Al

DT Monitoring & Improvement

« Process Monitoring: PM (Discovery + Conformance)
* Process Optimization: PM + OR

* Process Improvement: PM + Al + SIMULATION
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Conclusion: Stages in the Industrie 4.0 development path

Digitalisation
How can an autonomous response be achieved? ————
|
What will h ?
at will happen x
v X
2 X
- Why is it happening?
What is happening? I w
Predictive
Computerisation Connectivity Visibility Transparency capacity Adaptability

loT/Big Data

»

a

Machine Learning/Al/Process Mining

»

A

Optimization/Simulation

a
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Agenda

Keynote
Prof. van der Aalst: Object-Centric Process Mining: Moving from 2D to 3D process analytics
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