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Machine Learning



How do people learn?




And this is Machine Learning!




Traditional Programming

Machine Learning

We train the algorithm on known data sets and we want
to find the answer for the unknown cases so we ask the
computer to do this.
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A data set which is produced by Monte Carlo simulations (11,000,000 events)
It has 28 features and a mixture of Higgs and background events

The 21 features are Kinematic properties measured by the detectors in the
accelerator

The last 7 features are functions of the first 21 features

Outputs are Higgs (Signal) or Background

We train our method on this known data set and try
to use the method for the unknown data set
that is produced as a result of collisions
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Machine Learning



ROOT, Machine Learning — TMVA

Toolkit for Multivariate Data Analysis

Bunch of methods that provides a ROOT-integrated machine
learning environment

It includes Rectangular cut optimization, Boosted/Bagged
decision trees, Artificial neural networks, ...

IMVA
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TMVA

Training Phase

Test Phase

~AZ

Applying the trained method to unknown dataset
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A technique for assessing how a trained method will perform when
applied to an independent dataset

Splitting the data set into complementary subsets, training the method on
one subset and testing on the other one

Every data point gets to be in a test set exactly once
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Cross Validation

" Complete dataset

® Training dataset ®  Test dataset
fold1 fold2 fold3 fold4 fold5

error

error

error

error

error

Y K-fold cross validation (k=5)
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1t iteration — Calc.

2" iteration — Calc.

3" jteration — Calc.

4% jteration — Calc.

5t iteration — Calc.

Calculate
avg. error




Receiver Operating Characteristics -> ROC

We want to maximize these quantities.
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Cross Validation: PlotROC()
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PlotROC — Small Higgs DataSet (1,000,000 events)
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Parallelization

fold1 fold2 fold3 fold4 fold5

[ J
<— Thread 1
- More difficult to Implement :
needs locking — no Global Variable
- More "light weight" form of <— Thread 2
concurrency
- There is less context per thread
than per processor — Ui
[ J
. o H
- Easier but in some cases slower IR
- Processors are insulated from each
other . . <— Thread 5
- Error in one processor cannot bring

down another processor
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Parallelization

ThreadPool — Multithreading

TProcPool —Multiprocessing




TProcPool and ThreadPool

Create a pool of threads (ThreadPool) or processors (TProcPool)

Change the main part of the code that we want to execute in parallel to a

Lambda Function
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20 Folds

1,000,000 Events

Entries 6
Mean 1.788
Std Dev 1.08

5 6 7
Number of Processors




Outlook




Computer Science

Machine Learning

PlotROC()

ROOT Classes for Parallelization
Parallelized CrossValidation

Decision Trees
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Thank you all very much
for your attention!
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