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Background

• Simplify usage of simulation (of bioprocesses)
• Part of larger story

• Teaching
• Development
• Sensitivity analysis
• Calibration
• Optimization
• Control system
• …

• Protect IP of model 
• Readable interaction
• Minimize installation/maintenance questions
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Background

• Simplify usage of simulation (of bioprocesses)
•  Part of larger story – Jupyter notebook with Python

• Teaching
• Development
• Sensitivity analysis
• Calibration
• Optimization
• Control system
• …

• Protect IP of model – FMU shared (i.e. not Modelica code)
• Readable interaction – FMU-explore “package”
• Minimize installation questions – Use Google Colab + Github
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Outline 

• Background
• Google Colab
• Hands on – series of screenshots Github and Golab
• FMU-explore “package”
• FMU re-use different simulation tasks
• Concluding remarks
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Google Colab

• Google provides: Gmail, Drive, Colab… 
• Colab 

• Private VM Ubuntu LTS for 24 hours in the cloud
• Jupyter notebook and Python pre-installed
• Performance like a good laptop
• Today 3 VM can run in parallell

• Colab interact with
• Drive - user
• Github - general
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Google Colab experience

• Experience over about 2 years
• Works all the time
• Updates of VM software – litte information from Google?
• Colab notebook 

• Branch of an older Jupyter notebook
• Jupyter notebook locally – transfer to Colab notebook 
• Widgets need different implementation – complicates usage
• Printing of notebook to PDF difficult…

• Wish to improve
• Centralize common setup, shorten start-up time
• Printing of notebooks
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Outline 

• Background
• Google Colab
• Hands on – series of screenshots Github and Golab
• FMU-explore “package”
• FMU re-use different simulation tasks
• Concluding remarks
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FMU-explore “package”

• Command-line interaction vs scripting
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A simple example
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Scripting using PyFMI
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Much to write at the command line
Flexibility comes at a price
Use diagram “canvas” to collect results
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FMU-explore “package”

• Command-interaction vs scripting

• Command-line interaction
• Concise
• Facilitate incremental variation of simulations

• Solution approach – workspace framework
• Introduce simplifying functions: par(), init(), simu()…
• Introduce dictionaries and lists to faciliate incremental interaction

• Same notebook – use PyFMI or FMPy under the hood
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Handfull commands 
- general code independent of application
• newplot()
• par(), init()
• simu()
• disp(), describe()

Cf Simnon (H. Elmqvist, 1975)

Benefits
• Less to enter
• Readability
• Incremental changes… 
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Implementation:
Workspace dictionaries and lists
Information to provide for the application
• parDict[] – short name for parameter and value
• parLocation[] – short name > modelica model name
• stateDict[] – states to handle simu(mode=‘cont’)
• diagrams[] – tailored standard diagram for results
                          (type list of “command line” strings) 

• sim_res[] – all simulation results stored 
                       (type FMIResult - extract numpy.ndarray)

Global variables
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Global variables?

Workspace benefit from “global variables”
• Less to type
• Facilitate study of incremental changes…

• i.e. you WANT side effects 

Little written about proper use of global variables?
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parDict[] and parLocation[]

parDict – short names and values
parLocation – short names -> modelica code names

for key in parDict.keys(): model.set(parLocation[key], parDict[key])

Focus/restrict interaction to certain parameters
 - disp() – displays only these
   pyfmi: model.get_model_variables().keys() – displays all

Good for
• Teaching situation – avoid unnecessary information
• Consultancy – a step towards protect IP… (needs to do more)

2022-01-31 J P Axelsson / Open Modelica workshop 2022 24



Handling of model state

simu(mode=‘cont’) need to set initial values
• Continuous time state
• Discrete time sampled systems (i.e. regulators)

• Continuous time – pyfmi: model.get_states_list()
• Discrete time? – today configure manually
   Interested in an automatic solution!
   Possibly pyfmi: model.get_fmu_state() …
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Application setup-file

The setup needed:
• Import needed packages including PyFMI/FMPy
• fmu_model – name of FMU 
• parDict[] – short names -> values
• parLocation[] – short names -> modelica address
• timeDiscreteStates[] – used to make stateDict[]

• newplot() – used to make different lists diagrams[]
• describe() – extend with information not in code
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FMU re-use different simulation tasks

Stimulate “Github creativity” on Jupyter notebook level?

Same FMU
• Explore effect of parameter changes
• Sensitivity analysis
• Calibration
• Optimization
• …
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Example Batch – now for calibration
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Example Batch – now for calibration
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Results from calibration
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Example Batch – now for calibration

• Convenient to integrate ”workspace items” in objective function
• parDict, parLocation,…
• simu()

• Improves readaiblity compared to “naked” PyFMI och FMPy
• Price: negligible over-head cost in simulation time

• Still, the full flexibility of scripting using PyFMI/FMPy is there
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Type of interaction with users

1. Smaller changes of culture model etc – free
2. Smaller changes of ways to interact – ex change diagram pens..
3. Larger expansions of culture model – consultancy
4. Change IEC-process parametrization to “users process-view”

1. Names
2. Factorisation of parameters
3. Simulate not in “time” but “accumulated flow”

Occasionally extended BPL and FMU-explore from user interaction
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Concluding remarks

• Colab works pretty well
• Teaching situation

• Local installation in the classroom perhaps
• Homework for students over intenet using Colab

• DEMO-situation
• Discuss around notebooks, easy to update

• FMU-explore
• Command-line interaction facilitated
• Readability improved
• Same notebook for PyFMI and FMPy
• FMI 3.0 implications?
• Larger interest?
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Links

Homepage: https://github.com/janpeter19

Ex 1: https://github.com/janpeter19/BPL_TEST2_Batch

Ex 2: https://github.com/janpeter19/BPL_TEST2_Batch_calibration

More on Colab: https://colab.research.google.com/
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