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Many unrealistic or 
oversimplifying 
assumptions

Typical Approach: BPSimulation model

Monitoring the simulation 

Leveraging Process Mining Techniques

Easy and intuitive for implementing what-
if scenarios

Context/scenario is not considered in 
determining process paths or processing timeCase Arrival
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Alternative approach: Generative models

Activity Resource Timestamp

ene1 e2

• LSTM networks used to predict the activity of 
the next event in a case, its timestamp, and the 
resource/role associated to the event


• The approach has the ability to generate 
complete sequences from scratch by repeatedly 
predicting the subsequent event.

1 Discovering generative models from event logs: data-driven 
simulation vs deep learning, Manuel Camargo, Marlon Dumas,  
Oscar González-Rojas. (PeerJ Computer Science 2021)
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Not suitable for what-if scenarios

Not global view, only on the single trace

Able to consider the features of the context/
scenario for prediction
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Easy and intuitive for implementing 
what-if scenarios

Hybrid Simulation: the Idea

Simulation 
model

Leveraging Process Mining TechniquesMonitoring the simulation

Able to consider the context/
scenario

Generative 
model



BPS Simulation 
Model 

Simulated Log Enriched Simulated 
Log

Hybrid Simulation: State of the Art

Predictive model/s

Learning Accurate Business Process Simulation Models from Event Logs via Automated Process Discovery and Deep Learning, Manuel Camargo, Marlon Dumas, Oscar González-Rojas. (CAISE 2022)



Example of Post-integration



Example of Post-integration

CHECK 
ORDER ID_Order: 1

ID_Order: 2

CHARGE 
PACK DELIVER

CHARGE 
PACK DELIVER

Simulated Log

CHECK 
ORDER



Example of Post-integration

CHECK 
ORDER ID_Order: 1

ID_Order: 2

CHARGE 
PACK DELIVER

CHARGE 
PACK DELIVER

Simulated Log

Enriched Simulated Log

CHECK 
ORDER



Example of Post-integration

CHECK 
ORDER ID_Order: 1

ID_Order: 2

CHARGE 
PACK DELIVER

CHARGE 
PACK DELIVER

8.15 8.30 8.40

Simulated Log

Enriched Simulated Log

CHECK 
ORDER

CHECK 
ORDER

CHARGE 
PACK

DELIVER



Example of Post-integration

CHECK 
ORDER ID_Order: 1

ID_Order: 2

CHARGE 
PACK DELIVER

CHARGE 
PACK DELIVER

8.15 8.20 8.30 8.408.25 8.37

Simulated Log

Enriched Simulated Log

CHECK 
ORDER

CHECK 
ORDER

CHECK 
ORDER

CHARGE 
PACK

CHARGE 
PACK

DELIVERDELIVER



Example of Post-integration

CHECK 
ORDER ID_Order: 1

ID_Order: 2

CHARGE 
PACK DELIVER

CHARGE 
PACK DELIVER

8.15 8.20 8.30 8.408.25 8.37

Simulated Log

Enriched Simulated Log

CHECK 
ORDER

CHECK 
ORDER

CHECK 
ORDER

CHARGE 
PACK

CHARGE 
PACK

DELIVERDELIVER

Resource Queue

1 Delivery Man



Problems with Post-integration

CHECK 
ORDER ID_Order: 1

ID_Order: 2

CHARGE 
PACK DELIVER

CHECK 
ORDER

CHARGE 
PACK DELIVER

Simulated Log

8.15 8.30 8.40

Enriched Simulated Log

CHECK 
ORDER

CHARGE 
PACK

DELIVER



Problems with Post-integration

CHECK 
ORDER ID_Order: 1

ID_Order: 2

CHARGE 
PACK DELIVER

CHECK 
ORDER

CHARGE 
PACK DELIVER

Simulated Log

8.15 8.20 8.30 8.408.25 8.37

Enriched Simulated Log

CHECK 
ORDER

CHECK 
ORDER

CHARGE 
PACK

CHARGE 
PACK

DELIVERDELIVER



Problems with Post-integration

CHECK 
ORDER ID_Order: 1

ID_Order: 2

CHARGE 
PACK DELIVER

CHECK 
ORDER

CHARGE 
PACK DELIVER

Simulated Log

A single  
delivery man

8.15 8.20 8.30 8.408.25 8.37

Enriched Simulated Log

CHECK 
ORDER

CHECK 
ORDER

CHARGE 
PACK

CHARGE 
PACK

DELIVERDELIVER



Problems with Post-integration

CHECK 
ORDER ID_Order: 1

ID_Order: 2

CHARGE 
PACK DELIVER

CHECK 
ORDER

CHARGE 
PACK DELIVER

Simulated Log

A single  
delivery man

8.15 8.20 8.30 8.408.25 8.37

Enriched Simulated Log

CHECK 
ORDER

CHECK 
ORDER

CHARGE 
PACK

CHARGE 
PACK

DELIVERDELIVER DELIVER



Problems with Post-integration

CHECK 
ORDER ID_Order: 1

ID_Order: 2

CHARGE 
PACK DELIVER

CHECK 
ORDER

CHARGE 
PACK DELIVER

Simulated Log

Adapted Resource Queue

A single  
delivery man

8.15 8.20 8.30 8.408.25 8.37

Enriched Simulated Log

CHECK 
ORDER

CHECK 
ORDER

CHARGE 
PACK

CHARGE 
PACK

DELIVERDELIVER DELIVER



Problems with Post-integration

CHECK 
ORDER ID_Order: 1

ID_Order: 2

CHARGE 
PACK DELIVER

CHECK 
ORDER

CHARGE 
PACK DELIVER

Simulated Log

Predicted Resource Queue Adapted Resource Queue

A single  
delivery man

8.15 8.20 8.30 8.408.25 8.37

Enriched Simulated Log

CHECK 
ORDER

CHECK 
ORDER

CHARGE 
PACK

CHARGE 
PACK

DELIVERDELIVER DELIVER



Our solution: Runtime-Integration  

Simulation 
model

Predictive 
model



Our solution: Runtime-Integration  

Simulation 
model

Predictive 
model



Our solution: Runtime-Integration  

Simulation 
model

Predictive 
model



Our solution: Runtime-Integration  

Simulation 
model

Predictive 
model

8.15



Our solution: Runtime-Integration  

Simulation 
model

Predictive 
model



Our solution: Runtime-Integration  

Simulation 
model

Predictive 
model

8.30



RIMS: Runtime Integration of Machine Learning and 
Simulation for Business Processes 

Predictive models for 
time perspective

Event Log

BPS Simulation

Model 

Data Driven Process 
Simulation (DDPS) 
approach



RIMS receipt

Definition of the DDPS elements


Training of the predictive models


Integration and run simulation
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2
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Definition of the DDPS elements1

Resources:

Operator Man: 2 resources

Stock Man: 2 resources

Deliver Man: 1 resources

Role: Operator Man

Role: Stock Man

Role: Delivery Man

Yes: 5%

No: 95%



Training predictive models2

Predictive model for Waiting time:

1) Next activity

2) End timestamp of the current activity

3) Intercase features: WIP(work-in-progress) and 

resources’ occupation

Predictive model for Processing Time:

1) Current activity

2) Start timestamp of the current activity

3) Intercase features: WIP(work-in-progress) 

and resources’ occupation
Learning Accurate Business Process Simulation Models from 
Event Logs via Automated Process Discovery and Deep 
Learning, Manuel Camargo, Marlon Dumas, Oscar González-
Rojas. (CAISE 2022)

Time series to predict the trace start times
1

2

3
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How does RIMS  perform in terms of simulation 
quality compared to other techniques?  

?
DDPS RIMSDSimLSTM

Simulation 
Model

Generative

Model

Post-Integration 
approach



Evaluation: Procedure

• 25 simulations for each simulation approach


• MAE (Mean Absolute Error) of cycle times


• EMD (Earth Mover’s Distance) of the normalized histograms of activity 
timestamps grouped by day and hour

Metrics: 
MAE e EMD



Log Type #Traces #Events #Activity Avg. Trace 
length

Confidential1000 Syn 800 21221 29 26.53

Confidential2000 Syn 1670 44373 29 26.57

Cvs Pharmacy Syn 10000 103906 15 10.39

Purchasing Example Syn 608 9119 21 15

SynLoan Syn 2000 43164 25 39

Production Real 225 4503 24 20

ConsultaDataMining Real 954 4962 16 5.2

BPI12W Real 8616 59302 6 6.88

BPI17W Real 30276 240854 8 7.96

Evaluation: Datasets
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RIMS  receipt+

Definition of the DDPS elements


Training of the predictive models:


Retrieve the queue feature from the log


Train the waiting time predictive model with the queue feature


Integration and run simulation

1

2

3

2a
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Retrieve the queue feature from the log2a

2b Train the waiting time predictive model with the queue feature
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How does RIMS+ improve the quality of 
simulation compared to approaches that do 
not use the queue feature?  

RIMS+ VS 



Evaluation: Procedure

• 25 simulations for each simulation approach


• MAE (Mean Absolute Error) of cycle times


• EMD (Earth Mover’s Distance) of the normalized histograms of activity 
timestamps grouped by day and hour

Metrics: 
MAE e EMD



Evaluation: Datasets

Log Type #Traces #Events #Activity Avg. Trace 
length Queue mean

Confidential1000 Syn 800 21221 29 26.53 9.91

Confidential2000 Syn 1670 44373 29 26.57 2.37

Cvs Pharmacy Syn 10000 103906 15 10.39 59

Purchasing Example Syn 608 9119 21 15 0.30

SynLoan Syn 2000 43164 25 39 68.89

Production Real 225 4503 24 20 1.17

ConsultaDataMining Real 954 4962 16 5.2 0

BPI12W Real 8616 59302 6 6.88 1115

BPI17W Real 30276 240854 8 7.96 1646
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Evaluation RIMS+ vs Best

• RIMS outperforms the best 
approach in MAE


• RIMS  worsens slightly in 
EMD

+

+



RIMS vs RIMS+: the impact of queue

6 Synthetic logs with 
different levels of queuing  

 



Conclusions

• New hybrid simulation approach 

• RIMS and RIMS  outperform state of the art+

Future work:

• Add the remaining perspectives


• Consider Resource Calendar


• Consider queue policies
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