
 

 

CERN Summer Student 2018 
Project Report 

 
 

Cross Validation 
Improvements in TMVA 

 
 

Mohammad Uzair 
mohduzair9@gmail.com 

 
 

Supervisors: 
 

Dr. Lorenzo Moneta 
Mr. Hans Kim Albertsson Brann 

 
 
 

August 29th, 2018   

 

mailto:mohduzair9@gmail.com


Cross Validation Improvements in TMVA - CERN Summer Student 2018 
 

 
 

TABLE OF CONTENTS 
 

PROJECT PROPOSAL 3 

 

TASKS ASSIGNED 3 

 

BACKGROUND 4 
VALIDATION IN MACHINE LEARNING 4 
CROSS VALIDATION 5 
K-FOLD CROSS VALIDATION 5 
STRATIFIED K-FOLD CROSS VALIDATION 7 

 

IMPLEMENTATION OF THE TASKS 9 
TUTORIAL INTRODUCING CROSS VALIDATION 9 
EXTENDING THE PLOTTING FUNCTIONALITY 13 
IMPROVING CROSS VALIDATION FOLD GENERATION TARGETING UNBALANCED 
DATASETS - IMPLEMENTING STRATIFIED SPLITTING 14 

 

FUTURE IMPROVEMENTS 15 

 
   

2 



Cross Validation Improvements in TMVA - CERN Summer Student 2018 
 

PROJECT PROPOSAL 

 

TMVA is a machine learning framework primarily targeted at enabling physics                     
research and is distributed as part of ROOT. This project sets out to improve the                             
validation tools, and cross validation of TMVA. Cross validation is an important tool for                           
making the most out of limited data sets trading increased data efficiency for                         
decreased computation efficiency. This is relevant to HEP applications since                   
experiments are limited by the prohibitive cost of running detector and reconstruction                       
simulation. Tasks include: implement and evaluate the performance of different cross                     
validation splitting functions; extend the current implementation to seamlessly handle                   
nested cross validation; evaluate and compare the performance of the TMVA                     
implementation to industry standard libraries using physics datasets; parallelise                 
training and evaluation. 

 

TASKS ASSIGNED 
 

❏ To update and design a new tutorial on TMVA Cross Validation using jupyter                         
notebook and make it available online through SWAN. 

 

❏ To improve the presentation of the newly designed tutorial notebook by extending                       
the plotting functionality i.e. to introduce a new feature of drawing an average                         
ROC curve. 

 

❏ To improve the cross validation fold generation especially targeting unbalanced                   
datasets i.e. to implement a new technique for making cross validation folds                       
known as stratified splitting. 
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BACKGROUND 

VALIDATION IN MACHINE LEARNING 
 

Validation is a technique in machine learning by which we split our dataset into train                             
and test sets. Training set is the set of data points which the model can see and learn                                   
from while test set is used to evaluate this model.  

 

Validation does not only allow us to estimate the expected error of the trained model                             
but also provides us an honest assessment of the performance of the model that is                             
trained. 

 

For instance, if we have 20 data points in the dataset and we decide to split it up into                                     
train set (70%) and the test set (30%) then out of these 20 points, 14 points will end up                                     
in train set and the rest of 6 points will comprise the test set. 
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CROSS VALIDATION 
 

Problem with Validation is that the error estimate is highly variable as is dependent on                             
the percentage of dataset chosen as the test set. If we use a large amount of our data                                   
for testing then the error estimate can be very precise but the error will be high                               
because a small subset of the data will be used for training. Similarly, if we use a small                                   
amount of data for testing then the test error might be much lower but it not be                                 
precise as we did not use enough data points for testing. This problem especially                           
arises when we have small datasets. In this case we ideally want to use all the data for                                   
training and all the data for testing. One method to do something like this is Cross                               
Validation. 

 

 

K-FOLD CROSS VALIDATION 

 

We essentially need a method in which we can use all the data for training and all of                                   
them for testing. K-Fold Cross Validation provides does exactly that.  

 

In K-Fold Validation we split our data into K subsets. Then for each of the K subsets                                 
we use them once as a test set and use all the other K-1 sets for training. After we                                     
have used all the K subsets once for testing we average over all the errors to get an                                   
error estimate of our trained model. This way we are able to use full dataset for                               
testing and full dataset for training. 

 

For instance, if we have 20 points in our dataset and we decide to take K=5 then we                                   
will have 5 folds with 4 data points in each. Then we will use folds 2, 3, 4 and 5 for                                         
training and fold 1 for testing. After this we will use folds 1, 3, 4 and 5 for training and                                       
fold 2 for testing and so on. 
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STRATIFIED K-FOLD CROSS VALIDATION 
 

In some cases there can be large imbalance between the distribution of classes in the                             
dataset. Some classes may have very small amount of data points while some may                           
have unusually large amount of data points. 

 

The problem then arises that if we use random splitting for fold generation then, some                             
folds can have a different ratio of distribution than the whole dataset. This might                           
increase the error of some of the folds as they are not representing the data                             
distribution as it was. 

 

To rectify this problem we use a technique called Stratified splitting for dividing our                           
data into the folds. The data in this technique, is split randomly but making sure that it                                 
follows the actual distribution of the whole dataset. 

 

For instance, if we have 20 data points and we split them using random splitting then                               
our distribution can be as follows which is for sure not a true representation of the                               
distribution of the actual dataset. 
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But on the other hand, using stratified splitting solves this problem efficiently while                         
maintaining the randomness of the fold generation.  1

 

 

 

 

  

1 https://towardsdatascience.com/cross-validation-in-machine-learning-72924a69872f 
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IMPLEMENTATION OF THE TASKS 
 

TUTORIAL INTRODUCING CROSS VALIDATION 
 

Old and outdated tutorial on TMVA Cross Validation was updated to introduce the                         
Cross Validation in TMVA to the users. This tutorial is made and implemented on                           
jupyter notebook using C++ kernel and is also made available through SWAN for                         
online viewing and running. Screenshots of this tutorial is shown below: 
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EXTENDING THE PLOTTING FUNCTIONALITY 
Currently, the users only had the feature to view ROC Curves of the individual folds                             
only. But sometimes we might want to view the average behaviour of our trained                           
model especially when performing Cross Validation. 

Hence, a new feature of drawing the average ROC curve is implemented and added                           
to the code base which allows the users to now view the average ROC Curve of the                                 
trained model using Cross Validation. This is also added to the new tutorial to provide                             
an example of how to use this. 

Following screenshots show how we can use this functionality: 
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IMPROVING CROSS VALIDATION FOLD GENERATION     
TARGETING UNBALANCED DATASETS - IMPLEMENTING     
STRATIFIED SPLITTING 
As mentioned above, stratified splitting is much better than random splitting.  

 

It allows us to split the dataset randomly into K folds while also maintaining the actual                               
distribution of the whole dataset and making sure that each fold is a true                           
representation of the real dataset. 

 

Hence Stratified splitting is now introduced in TMVA Cross Validation and is available                         
to use for the users. If set KFalse random splitting is used and if set KTrue stratified                                 
splitting is used for fold generation. 

 

An example of how to use is available below:  
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FUTURE IMPROVEMENTS 
 
❏ Weighted Stratified Splitting is an improvement over Stratified Splitting that not                     

only makes sure that the fold generation follows the same distribution as the                         
whole dataset but also make sure that the data is distributed in a way that each                               
fold has the equal weighted data points. This little improvement over the stratified                         
splitting can be added to TMVA Cross Validation to provide much efficient Cross                         
Validation for the users. 

 

❏ TMVA GUI is an interesting and useful part of the TMVA functionality. IT allows the                             
user to view data visually after training the model. Unfortunately, this feature is                         
only available locally and can be shown to users online using the notebook.                         
Another improvement that can be made is to investigate the feasibility of                       
integrating the TMVA GUI with the tutorial notebooks and make it available online 
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