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Introduction
BPM & Process mining

it's BPM, but upside-down.

Using process mining, you can turn the traditionally top-down approach of BPM on its head.
process in a bottom-up fashion. You

Business process management
Madel (BPM) is usually a top-down
approach. You start by designing don't need to have a model of your

your process in a high-level model. process to analyze it — Process
Process Mining . 1ing uses the history data in your
Then, you configure a system for o v y

IT systems.
T managing and controlling your T ¥s
process. Your IT system already records all

: ) steps of your process in execution.
: This system then coordinates work 7
. Execution ys ' Lagging With process mining, you get a

between your employees, and other
. . process model from these data.
resources in your organization. ,
This way, your real process, and

Process mining can analyze your

Configuration

Organization Organization '
actual business rules, can be
discovered automatically.
9 BSCLas Source: https://fluxicon.com/technology/
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Introduction

Process mining framework
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Van der Aalst, W. M. P. Process mining - discovery, conformance and enhancement of business process.
Springer-Verlag Berlin Heidelberg, 2011. 4



Introduction

Port process

Discharging

E/'wmne {3 Loading
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Truck Truck
Vessel Yard crane Yard Gate

Sutrisnowati, R. A., Pulshashi, I. R., Bae, H., Jeon, D., and Sul, S.-O. Time-gap analysis considering multi-dimensional perspective for process
performance evaluation. ICIC Express Letters Part B: Applications (ISSN 2185-2766) 9, 5 (2015), 1435-1440.
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Overall framework on how process mining can be applied to container han
dling process data.

Analyzing a multi-dimensional perspective of container handling process in
respect to execution time

Colored Petri net simulation for container handling process with a variatio
n size of yard trucks and gantry cranes
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Analysis Framework

' : Resource Analysis

Deleting null cases Container process Quay crane analysis Simulation analytics

Advanced analytics

Yard crane analysis
Yard block occupancy

Truck job pattern
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Preprocessing

Deleting null cases

VESSEL CONTAINER_NO MCHN_ID MCHN_TP_CD FULL_EMPTY JOB_TYPE POD BLOCK_BAY JOB_START_DT JOB_END_DT OUTSERVICE

V1 CO1 QCo1 QC M DS-QUAYSIDE KRPUS M-08 20180106200118 20180106200250 NULL
V1 CO1 YTO1 YT M DS-MOVE  KRPUS M-08 20180106200250 20180106200736 NULL
V1 Co1 YCO1 YC M DS-YARDSIDE KRPUS M-08 20180106200736 20180106200908 NULL
V1 CO1 NULL NULL M GO JPHKT NULL 20180202200041 AC1

There are 21 cases of Gate Out activity having empty start timestamp.
So all 21 cases (100 rows of events) are removed from the merged data

R B AFCHOF 1 455 BSCLAB
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Process analysis

Process model discovery

Anomaly flows (indicated in red):
- Cases only contain Gate Out activity (7071)

- Gate out activity directly follows Discharging move (371)
- Without using a truck to move from QC Discharging activity to Loading Yard activity(27d)
- Loading move activity directly follows Gate In activity (371)
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Process analysis

Heat map flows: Activity vs activity DS-Move

Relative Frequency
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Process analysis

Filtering out anomaly flows
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Process analysis

Conformance checking

g Bitness: 98101104
The model conforms 98.91% of event logs
B e Model flexibility: 23.53%

process
model

Event log Heuristics Petri Net Conformance
Miner Checking
[ Analysis - Conformance Checker (2}
# |Log.. Fitness | Precision | Structure
1 o2 |a .
1 AAC..|= [ Model-related Measures
1 |AAC..
1 |AAC.. Fitness:
1AM 0.98915046
1 AW
1 |ACC. ac:
1 AFL. i
1 |AKL.
: :g: Diagnostic Perspective H Token Counter Failed Tasks [ | Remaining Tasks [ | Path Coverage [ | Passed Edges
1 AcC |~
‘ Select Fitting ‘ ‘ Invert Selection Selected Instances in % 1005
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38473 74,565

Process analysis

Job processing time distribution
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RESOURCE ANALYSIS

Quay crane
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Quay crane movement analysis
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Quay crane movement analysis
Vessel 02
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Quay crane movement analysis
Vessel 02




Quay crane dual-cycle analysis

= Vessel Wil @ @ @

. The proportion of dual cycle is ‘ 1 !
quite low in each quay crane ‘ ‘

584
68.8 secs

209

2.3 mins

—_— @ (m)

29 BSCL
; -'.‘nus 23 http://bsclab.pusan.ac.kr 19

iness & Service Computing




- Quay crane utility to duration related KPI

%)

Utility
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RESOURCE ANALYSIS

Yard crane
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x-axis: block-bay position

™ Sporadic TC33 job in between
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YC Workload analysis

Workload of TC11 in one day (Jan 15t 2018)

File Mining Analysis Conversion Exports Window Help
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RESOURCE ANALYSIS

Yard block
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Block Occupancy

Block M-Z
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RESOURCE ANALYSIS

Truck job pattern
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Truck job pattern

Proportion of DS-Move in Discharging jobs
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Truck job pattern

Proportion of LD-Move in Loading jobs
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ADVANCE ANALYTICS

Petri net simulation

I —
tﬁ Sirgietn -’BSCLAB

I‘USAN NATIONAL u;\IJERSITY "‘, Business & Service Computing http://bSClab.pusal’l.aC.kr



Advance analytics

Event log
VESSEL CONTAINER_NO MCHN_ID MCHN_TP_CD FULL EMPTY JOB_TYPE POD BLOCK BAY JOB_START_DT JOB_END_DT OUTSERVICE
V1 o1 QCOo1 QC M DS-QUAYSIDE  KRPUS M-08 20180106200118 20180106200250 NULL DS-QUAY SIDE LD-YARDSIDE
(complete) (complete)
Vi1 Co1 YTO1 ' M DS-MOVE KRPUS M-08 20180106200250 20180106200736 NULL 7385 16840
V1 o1 YCO1 YC M DS-YARDSIDE ~ KRPUS M-08 20180106200736 20180106200908 NULL
1 0.099
2385 1640
¥ 2
> ¥ .
: DS MOVE LD-MOVE
Discovered process model | . pice) (complets)
2385 1640
LD YARDSIDE 3. 4 LDt MOVE nd 5 LD_QUAYSIDE 238 5 1 6 40
e S el )] 3 v v
L > < DS-YARDSIDE LD-QUAYSIDE
ot [ CIIMYSIDE i 1 DEMME  ni_2 D5 ¥ARDSIDE C (complete) (complete)
€ onvert to 2385 1640
—i
C OO~ cons
simulation model
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Advance analytics

Petri net simulation model generation

VESSEL CONTAINER_.NO MCHN_ID MCHN_TP.CD FULL_EMPTY JOB.TYPE POD BLOCK BAY JOB_START DT JOB_END_DT OUTSERVICE

Vi co1 Qco1 QC M DS-QUAYSIDE  KRPUS M-08 20180106200118 20180106200250 NULL
Al o1 Y101 \a M DS-MOVE KRPUS M-08 20180106200250 20180106200736 NULL
Vi co1 YCo1 YC M DS-YARDSIDE ~ KRPUS M-08 20180106200736 20180106200908 NULL W h ‘t . f . I ‘t . I t .

e et s ekl e Orpsisbens
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e
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Minimum
Maxis i Arithmetic Mean
Activity (in i G Standard Deviation | Geometric Mean | Sum (in Minutes)
Minites) (in Minutes)
Seconds)
DS-MOVE 130 37.916666666666664 | 10.931936673654778 [ 304.7802079163517 | 587 2336847444213 | 26072.716666666667
DS-QUAYSIDE (92.0 1.5333333333333334 |1 5333333333333334 | 0.0 01 0000000000015 | 3657.0
DS-YARDSIDE (92.0 15333333333333334 |1.5333333333333334 | 0.0 01 00000900000152 | 3657.0
IDMOVE  [oo |3 7esasosssosssss [691s1arerst a6 saonaemssiss [oo 11340 833353333334

Process
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[ ]
Advance analytics
__

............... BEM| el defenvannnainafennnnnsannnaransnania@bennnrnnnaransnnsen 814005 B8C assnasnannarsassarsassassassnnss 00487 C/6REC 1m0 By 71T -CONLANIGIS rnannasnasrasrassansnnnnnnnannasnans
HHFAM 2 7 84 81,168 sec 0.0496 c/sec 3,716 containers
ZHH| A 3 7 104 80,770 sec 0.0498 c/sec 3,729 containers
ZHH| e 4 6 94 93,958 sec 0.0428 c/sec 3,212 containers
ZHH| A 5 6 84 94,124 sec 0.0427 clsec 3,188 containers
ZHH| LA 6 6 104 93,934 sec 0.0428 c/sec 3,205 containers
FHH| 2 7 5 94 112,876 sec 0.0356 c/sec 2,664 containers
XH| A 8 5 84 113,037 sec 0.0356 c/sec 2,680 containers
ZHH| LA 9 5 104 112,656 sec 0.0357 c/sec 2,664 containers
ZHH| A 10 4 94 141,680 sec 0.0284 c/sec 2,130 containers
RHH| A 11 4 84 141,712 sec 0.0283 c/sec 2,126 containers
ZHH| A 12 4 104 141,674 sec 0.0284 c/sec 2,130 containers
ZHH| 7 13 3 94 188,047 sec 0.0214 c/sec 1,595 cases
THH| A 14 3 84 188,032 sec 0.0213 c/sec 1,594 cases

A ZH| g




Conclusion & future works

o. . Calellision:
— In port logistics, terminal operating systems records every job happens during container handling process.
— Using these recorded logs we conducted a thorough analysis using process mining technique.

— Given a port logistics process is a complex process wherein many types of equipment are used, we divided the re
cords into several perspectives that each one, later, are analyzed.

— Based on the analysis that we do on the data, we found that significant improvement needed to increase the perf
ormance of each equipment for container handling process

— However, the main concern is the abstraction level of jobs is too grain and particular jobs, i.e., rehandling in yard,
are not included in this analysis
e  Future works:
— To obtain a more comprehensive analysis, we would like to analyze a more detail job abstraction level
— Include vessel perspective and road truck perspective that are not included in the present analysis
—  With feedbacks from the domain expert, a recommendation systems can be generated for better operation
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