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APRIL FOOLS’ DAYAPRIL FOOLS’ DAY
i.e. overview of my TDS research theme

Mission: 
” To establish an authoritative national infrastructure 
for Dutch Natural Language Processing and Machine 
Learning to democratise Data Science technologies”

https://drive.google.com/file/d/19rYAoeihhvqEgiT-4Em8LadaxlwQQevS/view?usp=sharing
https://bit.ly/spruit-oratie


AGENDA: PART I

What is AutoML?

 Top Tools

 Primer

AutoML in Healthcare?

 Exploratory Case study in Healthcare
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Ooms,R., & Spruit,M. (2020). Self-Service 
Data Science in Healthcare with Automated 

Machine Learning. Applied Sciences, 10(9), 
Medical Artificial Intelligence, 2992.

[https://doi.org/10.3390/app10092992]

https://doi.org/10.3390/app10092992
https://www.mdpi.com/2076-3417/10/9


WHAT IS AUTOML?

What is Machine Learning?

 “A computer program is said to learn from 
experience E with respect to some class of tasks T
and performance measure P, if its performance at 
tasks in T, as measured by P, improves with 
experience E.” 

 Mitchell, T. M. (1997:2). Machine learning.-New York, NY, USA: McGraw Hill. Inc. 
isbn, 70428077.

What is Automated Machine Learning?

 “AutoML attempts to construct machine learning 
programs (specified by E, T and P), 

 without human assistance, and 

 within limited computational budgets”

 Yao, Q., Wang, M., Chen, Y., Dai, W., Li, Y. F., Tu, W. W., ... & Yu, Y. (2018). Taking 
human out of learning applications: A survey on automated machine 
learning. arXiv preprint arXiv:1810.13306.
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THE CASH PROBLEM

 a.k.a. the Combined Algorithm Selection and Hyperparameter optimization problem (CASH)
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Loss function Training set Validation set

Sum of all k-folds Set of algorithms with associated 

hyperparameter space

Set of algorithms with associated 

hyperparameter spaces

Select the minimal 
CV loss
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THE CASH PROBLEM IS A SEARCH SPACE PROBLEM
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1. Grid & Random search
2. Bayesian Optimization
3. Evolutionary algorithms
4. Reinforcement learning
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OVERVIEW OF AUTOML METHODS (2019)

Bayesian 
Optimisation

ATM 
(Swearingen et al., 2017)

Auto-WEKA 
(Thornton et al., 2013)

Auto-Sklearn 
(Feurer et al. 2015)

Hyperopt-Sklearn
(Komer et al, 2014)

TPOT 
(Olsen et al., 2016)

AutoNet 2.0 
(Mendoza et al., 2018)

Auto-keras
(Jin et al., 2018)

Layered TPOT 
(Gijsberts et al., 2017)

FLASH
(Zhang et al, 2016)

RECIPE
(de Sa et al., 2017)

AutoPrognosis 
(Alaa et al., 2018)

ML-plan
(Mohr et al., 2018)

Auto-Stacker 
(Chen et al., 2018)

PoSH Auto-sklearn
(Feurer et al., 2018)

AlphaD3M 
(Drori et al., 2018)

Auto-WEKA 2.0 
(Kolthoff et al., 2017)

Neural networks

AutoNet 1.0
(Mendoza et al., 2016)

Classifiers and/or regressors

Evolutionary 
Algorithm

Recurrent Neural 
Network

AI Planning

Legend: AutoML approach



1. PyCaret

2. Auto-SKLearn

3. MLBox

4. TPOT

5. H2O

6. …

 RapidMiner

 AutoKeras

 …

TOP 10  AUTOML TOOLS IN 2022 >> AUTOMATED MACHINE LEARNING
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https://www.the-next-tech.com/machine-learning/10-best-automl-tools-used-in-data-science-projects-for-2022/


PYCARET:
LOW-CODE ML IN PYTHON
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 https://pycaret.org/

 Start Jupyter Notebook… 
 http://localhost:8888/ads-pycaret-book

https://pycaret.org/
https://pycaret.org/
http://localhost:8888/ads-pycaret-book


AutoML Tools

Human Experts

Domain 
Understanding

Data
Insight

Data
Preparation

Data 
Modelling

Model 
Deployment

Model    
Evaluation

Cross-
Domain 

Data

© 20 22 Ma rc o Spru it

① Population health ② 
SMART analysis objectives

① Standardised 
infrastructure ② Interactive 

data exploration

① Feature engineering     
② Natural language 

processing

① Machine learning & 
Deep learning ② 

Automated machine learning

① Explainable AI & 
Transparancy                               
② AI Fairness

① Interoperable 
deployment ② ML 

Operations & security
⑥ 

⑤

③

②①

④

AUTOMATION SCOPE OF AUTOML TOOLS (ESP. PYCARET)

 In the context of 
Translational Data Science
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AGENDA: PART II

What is AutoML?

 Top Tools

 Primer

AutoML in Healthcare?

 Exploratory Case study in Healthcare
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Ooms,R., & Spruit,M. (2020). Self-Service 
Data Science in Healthcare with Automated 

Machine Learning. Applied Sciences, 10(9), 
Medical Artificial Intelligence, 2992.

[https://doi.org/10.3390/app10092992]

https://doi.org/10.3390/app10092992
https://www.mdpi.com/2076-3417/10/9


AN EXPLORATORY CASE STUDY:  AUTOML IN HEALTHCARE

 “How can we support healthcare professionals in their data mining process by applying AutoML?”
 Investigate by employing from the OpenML-CC18 open-source benchmark suite of Gijsbers et al. (2019),

 Include all medical datasets suited for binary classification problems: 4

 All AutoML methods receive 1 hour in a 10-fold cross-validation set-up to create the best pipeline on these datasets
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Dataset Data points Missing data Predictive features Class variable

Breast cancer 699 - 9 458/241

Diabetes 768 - 8 500/268

Indian Liver Patients 583 - 10 416/167

Sick 3772 6064 29 3541/231

https://doi.org/10.3390/app10092992


BENCHMARKING WITH 1 HOUR BUDGET

 Decision tree and constant 
predictor as baseline

 Significant differences per 
dataset (p < 0.001) for all 
methods

 Hyperopt performs worst

 TPOT and Auto-Sklearn 
perform best

13



BENCHMARKING WITH 4 HOUR BUDGET

 Significant differences per 
dataset (p < 0.001) for all 
methods

 TPOT and Auto-Sklearn 
perform best (again)
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BENCHMARKING AUTO-SKLEARN BUDGETS

 Increase in time budget does 
not improve performance!
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EVALUATION:  WEBAPP VS NOTEBOOK DEPLOYMENT
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Artefact A: Graphical User interface      ^^
Flask web application

Artefact B: Interactive code/text interface
Jupiter notebook >>

https://drive.google.com/file/d/18QFBhsFuHuoANQRhtXNGXufyjhC7XAIi/view?usp=sharing
https://doi.org/10.3390/app10092992


EVALUATION: REQUIREMENTS OF 5 SENIOR RESEARCHER-PHYSICIANS

 The 5 interviewees 
showed a preference for 
explainability of both 
model construction and 
model explanation
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EVALUATION: EMPIRICAL FINDINGS

 A hybrid version of the two artefacts would be 
the perfect fit for the subjects…

• Artefact A (webapp) is preferred for ‘basic’ 
operations and overview

• Artefact B (notebook) is preferred for model 
construction

18

Category Preference Score

User interaction
Upload dataset A 4/5
Create a subset B 3/5
Workflow B 4/5
Workflow explanation B 4/5
Model construction
Progress reporting B 4/5
Model construction B 5/5
Model explanation
Compare results A 4/5
Explanation missing data B 4/5
Readability A 4/5

Code-based interface Graphical user interface

More control Less control

More error prone Less errors



SOME INTERVIEW QUOTES

 “The Webapp (A) overview [of comparing results] is clearer”

 “The Notebook (B) provides me with more insight in what I am doing”

 “I do not understand all the code [in B]. 

However, being able to see the code makes it feel like I am more in control”

 “It [TPOT output] does not show an answer to my question. I do not consider this a model.”

 “Difficult to understand for me, I want to know the coefficients of the variables”

 “Let me input my time constraint options. - I want more information and choice on the type of output.”

19



CONCLUSION
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AutoML Tools

Human Experts

Domain 
Understanding

Data
Insight

Data
Preparation

Data 
Modelling

Model 
Deployment

Model    
Evaluation

Cross-
Domain 

Data

© 20 22 Ma rc o Spru it

① Population health ② 
SMART analysis objectives

① Standardised 
infrastructure ② Interactive 

data exploration

① Feature engineering     
② Natural language 

processing

① Machine learning & 
Deep learning ② 

Automated machine learning

① Explainable AI & 
Transparancy                               
② AI Fairness

① Interoperable 
deployment ② ML 

Operations & security
⑥ 

⑤

③

②①

④

 AutoML in its current state is unable to 
support researcher-physicians in their 
knowledge discovery process because 
modelling decisions and variable 
importance are not shared. 

 However, it can be used in the data 
understanding phase of their 
knowledge discovery process.



THANKS👍👍

 Contact? m.r.spruit@lumc.nl

21

AutoML Tools

Human Experts

Domain 
Understanding

Data
Insight

Data
Preparation

Data 
Modelling

Model 
Deployment

Model    
Evaluation

Cross-
Domain 

Data
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① Population health ② 
SMART analysis objectives

① Standardised 
infrastructure ② Interactive 

data exploration

① Feature engineering     
② Natural language 

processing

① Machine learning & 
Deep learning ② 

Automated machine learning

① Explainable AI & 
Transparancy                               
② AI Fairness

① Interoperable 
deployment ② ML 

Operations & security
⑥ 

⑤

③

②①

④
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