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Process Discovery

Event Log

Process Discovery -
Algorithm ®

Process Model
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Presenter
Presentation Notes
Mention focus on activities, implicit notion of state



State-based Processes

1 2016-03-01 Registered
1 2016-03-04 Diagnosed
1 2016-03-07 In Treatment
2 2016-03-03 Registered
2 2016-03-05 Diagnosed
3 2016-04-01 Diagnosed
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Presenter
Presentation Notes
However, state information is sometimes directly available

State entry: from this moment until the next state entry the process is in this state.


Multi-perspective State-based Processes

Asleep, not hungry Awake, hungry

[ J
Awake, not hungry Awake, eating
— Not hungry Awake

Homeostatic Process Nutrition Sleep
Perspective Perspective
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Presenter
Presentation Notes
Single process can have multiple perspectives of state information, e.g. …

Perspectives can be seen as projections of process

Interaction is complex for increasing numbers, therefore focus on visualising and quantifying relations


State-based Process Discovery
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Presenter
Presentation Notes
We propose the following approach for the discovery of models for complex state-based processes.


Running Example

In treatment,
Test planned

n treatment
Waiting on
result

n treatment
New test
needed

In treatment,
Results ready,

Diagnosed, Healthy,

needed Results ready Results ready

Healthcare Process

Registered

Diagnosed

In treatment

S 8 |

Patient
Perspective

Not started

lanned
Waiting on
result
New test
needed

Lab Testing
Perspective

Results ready
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Presenter
Presentation Notes
Simple healthcare process


State Log

1 2016-03-01

Registered

Not started



Presenter
Presentation Notes
State entry: from this moment until the next state entry the process is in this state.


State Log

1 2016-03-01

Registered

Not started

1 2016-03-02

Registered

Test planned
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Presenter
Presentation Notes
State entry: from this moment until the next state entry the process is in this state.


State Log

1 2016-03-01 Registered Not started

1 2016-03-02 Registered Test planned

1 2016-03-04 Registered Waiting on results
1 2016-03-09 Registered Results ready

1 2016-03-10 Diagnosed Results ready

1 2016-03-11 In treatment Results ready

1 2016-03-21 Healthy Results ready

2 2016-03-01 Registered Not started
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Presenter
Presentation Notes
State entry: from this moment until the next state entry the process is in this state.


State Log

2016-03-01
2016-03-02
2016-03-04
2016-03-09
2016-03-10 Diagnosed
2016-03-11 In treatment
2016-03-21 Healthy
2016-03-01 Registered

Registered

N R R[RP[RPR|[RP|RP|R
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Presenter
Presentation Notes
State entry: from this moment until the next state entry the process is in this state.


State Log

1 2016-03-01 Not started

1 2016-03-02 Test planned

1 2016-03-04 Waiting on results
1 2016-03-09

1 2016-03-10

1 SRR Results ready

1 2016-03-21

2 2016-03-01 Not started
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Presenter
Presentation Notes
So, multiple logs can be created from one state log


State-based Process Discovery
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1. Discovering
State Multi-perspective
Log Models 2. Creating
@ Simplified
Views
3. Computing
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Relations
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Presenter
Presentation Notes
We propose the following approach for the discovery of models for complex state-based processes.


Discovering Multi-Perspective Models

* |[nput: State Log
e Log for the entire process
o 1 per perspective

« Output: State Machine (SM)
« SM for the entire process
« 1 SM per perspective

« Assumptions:
 Perspectives and their possible states are known
« At each point in time, the state of all perspectives is

known



Presenter
Presentation Notes
State entry: from this moment until the next state entry the process is in this state.


Discovering Multi-Perspective Models

« Trivial discovery approach:
 Create a node for each state
« Draw an arc if one state changes into another

_ Registered

2016-03-01
2016-03-02 Diagnosed
B —— Registered
2016-03-09
2016-03-10 Diagnosed
2016-03-11 In treatment
2016-03-21 Healthy
2016-03-01 Registered

N R R[RP[R[R|RP|RP

Patient State
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Presenter
Presentation Notes
Number of states blows up because of combinations.


State-based Process Discovery

= = 7]

Log :
2. Creating
Simplified

Views

3. Computing
Behawoural

P35

Conf: 0.4
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Presenter
Presentation Notes
We propose the following approach for the discovery of models for complex state-based processes.


Creating Views

« State Machines can be complex,
with many states and transitions

* Focus analysis on part of process

 Three operations to create simplified views:
e Removing a transition
e Abstracting from a state
e Aggregating two states
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Removing a Transition

Not started Not started

Test planned

Waiting on
result
Results ready

Test planned

Waiting on
result
New test
Results ready

New test
needed
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Presenter
Presentation Notes
Can do this based on frequency of transition observation.

Miners like the IvM do this


Abstracting From a State

1 2016-03-01 Not started

1 2016-03-02 Test planned

1 2016-03-04 Waiting on results
1 2016-03-09 New test needed
1 2016-03-09 Test planned

1 2016-03-11 Waiting on results
1 2016-03-21 Results ready

1 2016-03-22 New test needed
1 2016-03-22 Test planned
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Presenter
Presentation Notes
Can do this based on frequency of state observation or on state sojourn time.


Abstracting From a State

Not started

Test planned

Waiting on results

Test planned

Waiting on results

Results ready

1 2016-03-01
1 2016-03-02
1 2016-03-04
1 2016-03-09
1 2016-03-11
1 2016-03-21
1 2016-03-22

Test planned
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Presenter
Presentation Notes
Can do this based on frequency of state observation or on state sojourn time.


Abstracting From a State

Not started

Test planned
Waiting on
result
New test
needed

Results ready

Not started
Test planned

Waiting on
result
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Presenter
Presentation Notes
Can do this based on frequency of state observation or on state sojourn time.


Aggregating Two States

1 2016-03-01 Not started

1 2016-03-02 Test planned

1 2016-03-04 Waiting on results
1 2016-03-09 New test needed
1 2016-03-09 Test planned

1 2016-03-11 Waiting on results
1 2016-03-21 Results ready

1 2016-03-22 New test needed
1 2016-03-22 Test planned
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Presenter
Presentation Notes
Can do this based on frequency of state observation or on state sojourn time.


Aggregating Two States

1 2016-03-01 Not started

1 2016-03-02 Test planned

1 2016-03-04 Waiting on results

1 2016-03-09 Results ready +
New test needed

1 2016-03-09 Test planned

1 2016-03-11 Waiting on results

1 2016-03-21 Results ready +
New test needed

1 2016-03-22 Test planned
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Presenter
Presentation Notes
Can do this based on frequency of state observation or on state sojourn time.


Aggregating Two States

Not started

Test planned
Waiting on
result
New test
needed

Results ready

Not started

lanned

Waiting on
result

New test needed
+

Results ready
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Presenter
Presentation Notes
Can do this based on frequency of state observation or on state sojourn time.


State-based Process Discovery

State
Log D
3. Computing
Behavioural
Relations
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Presenter
Presentation Notes
We propose the following approach for the discovery of models for complex state-based processes.


Behavioural Relations

Registered, In treatment,

Registered Test planned

Mot started
Test planned
Waiting on
result
Mew test
needed

n treatment
Waiting on
result

Diagnosed

n treatment,
New test
needed

In treatment, ’

esults ready,

Diagnosed, Healthy,
Results ready Results ready

Results ready
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Presenter
Presentation Notes
Give example of co-occurrence of “In treatment” with the other four states.

Also, which transitions are observed when in a given state, and vice versa.

Interested also in how much time do we spend where


Behavioural Relations

Registered

Diagnosed

I8

Mot started

Test planned

Waiting on
result

New test

Results ready needed

4

Registered, In treatment,
Mot started Test planned

In treatment,
Waiting on
result

ered,

anned

Registered,
Waiting on
result

In treatment,
New test
needed

In treatment,
Results ready

Diagnosed, Healthy,
Results ready Results ready
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Presenter
Presentation Notes
Give example of co-occurrence of “In treatment” with the other four states.

Also, which transitions are observed when in a given state, and vice versa.

Interested also in how much time do we spend where


Quantifying Behavioural Relations

« Similar to association rules
e In treatment -2 Waiting on results

* Use similar metrics
e Support
 Confidence
o Lift
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Quantifying Behavioural Relations

« Expected time

* Entire process - 14 days
- In treatment - 10 days

= Test planned - 4 days

= Waiting on results - 2 days

= Results ready - 4 days

10 days

=71%
14 days

* Support(ln treatment) =
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Quantifying Behavioural Relations

« Expected time

* Entire process - 14 days
- In treatment - 10 days

= Test planned - 4 days

= Waiting on results - 2 days

= Results ready - 4 days

- Confidence(In treatment > Waiting on results) =

2days - 20%
10 days
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Presenter
Presentation Notes
Confidence is estimated conditional probability


Quantifying Behavioural Relations

Registered

Diagnosed

I8

Mot started

Test planned

Waiting on
result

New test

Results ready needed

4

Registered, In treatment,
Mot started Test planned

In treatment,
Waiting on
result

ered,

anned

Registered,
Waiting on
result

In treatment,
New test
needed

In treatment,
Results ready

Diagnosed, Healthy,
Results ready Results ready
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Presenter
Presentation Notes
We can also be Waiting on results in other states than in treatment!


Quantifying Behavioural Relations

« Expected time

* Entire process - 14 days
- Waiting on results > 5.5days (3.5 + 2), 51:5:;': = 39%
- In treatment - 10 days
= Test planned - 4 days
= Waiting on results - 2 days
= Results ready - 4 days

» Lift(In treatment - Waiting on results) =

20%
- =0,51
39%

SLIDE 31



Presenter
Presentation Notes
Only half as likely to be waiting on results if you know that you’re in treatment, as compared to the whole process

If they know what is wrong then lab tests are faster

Lift = 1 is uninteresting

Lift expresses difference between confidence and unconditional probability


=
State-based Process Discovery
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Presenter
Presentation Notes
Need interactive visualisation to show all statistics!

Do we actually know any of these state-based processes?


Evaluation

 BPI Challenge 2012
e Loan application process at a Dutch financial institution

e 262.200 events & 13.087 cases

* Perspectives:
o State of the client’s application — A events
o State of the institution’s offer — O events

 What manual work is performed (the state of human
resources involved) — W events
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Presenter
Presentation Notes
BPI Challenge 2012 is another example



BPI Challenge 2012

e
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Presenter
Presentation Notes
Heuristics Miner: too complex result due to many interactions.


BPI Challenge 2012
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Presenter
Presentation Notes
Inductive visual Miner: not informative result.

Conclusion: we’re not there yet for state-based processes. Problem is attempts to mine one big model are not likely to work.


Evaluation
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Presenter
Presentation Notes
Spaghetti combination, structured perspectives

However, for real evaluation you have to interactively explore the results.




Conclusions

« Traditional discovery approaches have difficulties with
complex multi-perspective processes

« State-based process mining gives simple models
* Interactive exploration to investigate the complex relations

* Available as a plug-in for ProM 6: CSMMiner
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Future Work

Flexible perspective notion
 Create sub-logs, e.g. activity clustering, decomposition
« Allow interactive updates

Quantify interestingness
« Of relations between perspectives
» Give suggestions of states and transitions for aggregation or removal

Artifact-centric process mining
* Perspective with multiple case IDs
« E.g.1 order with 3 invoices

Show other behavioural relations between perspectives
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Questions?
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