== WHY DO WE WANT TO DEVELOP A TOOLBOX?

We want a toolbox to:

« accesibilize the use of techniques
« develop and try new ideas faster
« colaborate better together.
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== WHAT IS A USEFUL TOOL?

A good tool:

« solves one specific problem
« uses a software-independent standard for its inputs and outputs
+ has enough documentation and examples.
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EXAMPLE OF A REALLY GOOD TOOL: STRIKE-GOLDD

The STRIKE-GOLDD toolbox:
« isafree and open-source
« does identificability and observability
analysis
« avoids bad surprises
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Abstract
Motivation: STRIKE-GOLDD is a toolbox that analyses the structural identifiability and observability of possibly non-
linear, non-rational ODE models that may have known and unknown inputs. Its broad applicability comes at the ex-
pense of a lower computational efficiency than other tools.
Results: STRIKE-GOLDD 4.0 includes a new algorithm, ProbObsTest, specifically designed for the analysis of rational
models. ProbObsTest is significantly faster than the previously available FISPO algorithm when applied to computa-
tionally expensive models. Providing both algorithms in the same toolbox allows combining generality and compu-
tational efficiency. STRIKE-GOLDD 4.0 is implemented as a Matlab toolbox with a user-friendly graphical interface.
Availability and implementation: STRIKE-GOLDD 4.0 is a free and open-source tool available under a GPLv3 license,
Itcan from GitHub at Idd.
Contact: afvillaverde@uvigo.gal

yi i y data are available at Bioinformatics online.
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Do you always use STRIKE-GOLDD
before running an identification? Why?



== THE PYTHON VS. MATLAB DILEMMA

Not using STRIKE-GOLDD is a huge opportunity cost!
Not using software-independent standards leads to...

« ineficient workflows that promote reinventing the wheel
« the Python vs. MATLAB dilemma
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== EXAMPLE

We developed a data-driven method which:

« infers the structure of a model from experimental data
« but requires the measurement derivatives

There are many methods to approximate derivatives:

« PyNumbDiff is a Python package that implements many of them
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== TWO OPTIONS

Option 1: Do everything in Pyton

Python

—_— .

method

State-space Slmullate ’— - PyNUmDIf [ TI Our data-driven
synthetic data Measurements . method
model derivatives
Option 2: Do everything in MATLAB
MATLAB
— —— 5
Simulate T — Calculate Our data-driven
State-space |———» Measurement
synthetic data Measurements derivatives .
model derivatives
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https://mermaid.live/edit#pako:eNpVUsuO2zAM_BWDp93ACfxOLBQLbNfHDVo0PdXeg2IxsRBZMmSpbRrk3yu_itS6mORwZkjpBrViCAQqeRLqV91Qbbz3b5WspOe-3h7PmnaNt1rtX7-_v35eraYC4xprw5UcwUOmCMqng6EG131Ha_Q-HfWL1zpy8fwxIb6G5YG3VjjMVO2v0jRoeO0xauiCissvVo-ZNdP8J8qZCk2j2ACa9cLyaY-0txpblKZfVIrov_zUzNAxUePYRtysFJVvVNQPhh5gMxtKNsDnbZirQNfmnbgQpOPy4vdGqwuSo6D1ZYEVgbdev7hxl7HHsAgX31M1WkxM1WhxP1XjSfXxgA9nzRkQoy360KJu6RDCbWitwK2yxQqI-2V4olaYyt3q3bV1VP5Qql06tbLnBsiJit5FtnOrxoJTd9Htv6x2g6N-U1YaIFG6HUmA3OA3kCzeZGGaJ0GQx3mehIkPVyBhFmwShwySPM2CNNneffgzqgab3S6MoizeZVm8zaI09IFaow5XWS-ekHGj9H56i-OTvP8FtRTNwQ

What would you do?
Option 1: Do everything in Python

Option 2: Do everything in MATLAB



What would you do?
Option 1: Do everything in Python — not use MATLAB

Option 2: Do everything in MATLAB —> not use PyNumDiff



THERE IS A THIRD OPTION

Option 3: Use MATLAB and Python
Use a file that can be read and written by:
+ MATLAB

« Python

We used CSV (comma-separated value)

Ei Editor - fhome/nobel/Sync/01 projects/20240516175

measuremeants,csv | +|
time, S

a, 9.776472253346296
1, 10. 052920466753

2, 9.80448932023831
3, 9.26396045149152
4, B8.89834079526365
S, 8.488393753393

G, 7.98900315435451
7, 7.48229372443102
g, 5.81250854721334
9, 5.17441818357685
10, 5. 39309965164657
11, 4.12607487888249
12, 2.82217592629237
13, 1.79117503806432
14, 0.880007877525141
15, -0.0783014096252128
15, 0., 205818536922681
17, 0.0632117190556855
18, 0.0272348018775476
19, ©.103071491534313
20, b.0522836633408699
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== THE WORKFLOW WE USED

PyNumDiff

CSV files

Measurement
derivatives

Measurements

MATLAB

Our data-driven
method

Simulate

State-space
synthetic data

model



https://mermaid.live/edit#pako:eNptUltvmzAU_ivoPHVREtmGkIKmSl15bLZomfYw6IOLDwEJ25Gxt7Eo_30u1Kkq1bz4XL7LOfgMtRYIOVSq6fWfuuXGRo_fK1WpyJ_BPR8NP7XRYrG7__F4_2WxmAsFKW8OlltcDSdeY_T52dxF0lP1n57mjj0tD510ve-Zq8OobIu2qyPBLQ9dcfnNmSmzEqb7jeqVCm2rxWsTKvGBoYfDz6jpehyunmh5s0M-OIMSlR2Ck4K9y88CAr0at17x2vexzH70TlTQ2LNyP351suia5j0sQAsSrVZ3fvywhiksaPA4V1mgm6ssOJ2rcSB8-2AJR9MJyK1xuASJRvKXEM4v0Ar8aiVWkPurwIa73lb-n1487MTVL61lQBrtji3kDe8HH7mTXz0WHffjymvW-JnQPGinLOQsySYSyM_wF_I0Xqd0kyWEZHGWJTRZwgg5Tck6YZstSbJNSjbJ9rKEf5MqWd_eUsbShLCYpluaejburD6Mqg6eUHRWm938EqcHefkPmEXKNQ

== WE AVOID THE OPPORTUNITY COST

With this workflow, we:

 use MATLAB for (almost) everything

« only need to know the bare minimum of Python:

« how to load and save a CSV
« how to use PyNumDiff

The advantages:

« we avoid the opportunity cost
« we solve the Python vs. MATLAB dilemma
« the workflow is flexible
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== WE CAN EASILY USE REAL EXPERIMENT DATA

Python
PyNumDiff

CSV files

Real —
Measurement
experiment Measurements T
derivatives
_ -
State-space S:m{laf Our dal;—d:ven
model synthetic data metho

.
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https://mermaid.live/edit#pako:eNptUsGOmzAQ_RU0p21EIuMQAqhaabscNy3aVD0UevDiISCBQcZul0b59zp4HWnVtS_2vDfz3nh8hmrgCCmUou6GP1XDpPKenktRCs-sSb-cJBsbb7U6PHx_eviyWlkgI8XdUTGF62lkFXqfX-S915tS3adflpEHxbHtdWc4Fp1moRpUbeVxpphjbYtvWi6RNZftbxRvpVA1A38joeAfGHo8_vDqtsPp5iko7g7IJi2xR6Em5ySj7-JWgKNRY8oo3ngfy-SzcSKcRk6LfP6q-6yt6__T8rB4RtZZBXwdjcZV0fUaeuv1vbHp6BlZAnngXuyG23YsSp2yRalryqLba7H3G3w4yZZDqqRGH3qUPbte4XxNLcFMoccSUnPkWDPdqdKM_2LSRiZ-DkPvMuWgTw2kNesmc9OjmRJmLTMv09-i0rSP8nHQQkFK42QpAukZXiGNtpso2CUhIck2ScIg9GGGNIjIJqS7PQmTXUR24f7iw99FlWziOKA0oiSO6Z6YNB-YVsNxFpXzhLxVgzzYT7v83cs_bCDWYA

== WE CAN EASILY ADD MORE TOOLS

Real
experiment

Python
PyNumDiff

CSV files

Measurement

Measurements

derivatives

\ Julia

New and fancy | /|
toolbox

State-space
model

Simulate

synthetic data

MATLAB

Our data-driven
method
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== WE NEED A STANDARD

The weakness of this workflow is that:

we need software-independent standards
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