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Outline:

« Who am|1?
 TMVA
e C++

 Python and Jupyter notebooks
« HTML

Booking Next

method output * slide
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TMVA output can be very formidable!

15 August 2016
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Booking method: BDT
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: Weight expression for class 'Signal’:

: Weight expression for class 'Background':

DataSet Name: datasetl
Splitmode is: "RANDOM" the mixmode is: “SAMEASSPLITMODE"
Create training and testing trees -- looping over class "Signal™

Create training and testing trees -- looping over class “"Background”

Mumber of events in input trees (after possible flattening of arrays):

Signal -- number of events : 6888  / sum of weights: ¢
Background -- number of events : 6888  / sum of weights: ¢
Signal tree -- total number of entries: Goee
Background tree -- total number of entries: 6888

Preselection: (will NOT affect number of requested training and testing e
Mo preselection cuts applied on event classes

: Weight renormalisation mode: "NumEvents": renormalises all event classes

such that the effective (weighted) number of events in each class equals
number of events (entries) that you demanded in PrepareTrainingfndTestTre
... i.2. such that Sum[i=1..M_j]{w i} = M_j, j=8,1,2...
... {(note that N_j is the sum of TRAINING events (nTrain_j...with j=Sign:
..... Testing events are not renormalised nor included in the renormalis:
--» Rescale Signal event weights by factor: 1
--» Rescale Background event weights by factor: 1
Mumber of training and testing events after rescaling:

Signal -- training events ;1888 (sum of weights: 1e88) - r
Signal -- testing events : 5288 (sum of weights: Seea) - r
Signal -- training and testing events: 6@88 (sum of weights: 66B8)

Background -- training events : 1eed (sum of weights: 1eea) - r
Background -- testing events : 5888 (sum of weights: seea) - r

Background -- training and testing events: 6288 (sum of weights: G@8@)
Create internal training tree
Create internal testing tree
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My task structure:

Integration of

TMVA Output .
: -
TMVA into Jupyter jupyter
-
notebooks ‘
| ' |

Improve Transform
TMVA output TMVA output

in terminal into HTML
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Improve ITMVA
Output from
terminal
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Before:

After:
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: Dataset[datasetl]
: Dataset[datasetl]
1 Dataset[datasetl]
: Dataset[datasetl]
: Dataset[datasetl]
: Dataset[datasetl]
: Dataset[datasetl]

! Boocking method: BDT DataSet Mame: datasetl
: Dataset[datasetl]
: Dataset[datasetl]

Splitmode is: “RANDOM" the mixmode is: "SAMEASSPLITMODE"

: Create training and testing trees -- leoping over class "Signal”

! Weight expression for class 'Signal’:

: Create training and testing trees -- looping over class "Background”

: Weight expression for class ‘Background':

LR

Mumber of events im input trees (after possible flattening of arrays):

Signal -- number of events : geee /o sum of weights: ¢
Background -- number of ewvents : 6008/ sum of weights: ¢
Signal tres -- total number of entries: oo
Background tree -- total number of entries: &@@@2

Preselection: (will NOT affect number of requested training and testing e
Mo preselection cuts applied on ewvent classes

¢ Weight renormalisation mode: “MumEvents"™: renormalises all event classes

such that the effective (weighted) number of events in each class equals
number of events (entries) that you demanded in PrepareTrainingAndTestTrs
i.e. such that Sum[i=1..N_j]{w_i} = N_j, j=0,1,2...
(note that N_j is the sum of TRAINING events {nTrain_j...with j=5ign:
..... Testing events are not renormalised nor included in the rencrmalis:
--> Rescale Signal event weights by factor: 1
--» Rescale Background event weights by factor: 1
Mumber of training and testing events after rescaling:

Signal -- training events : 1808 (sum of weights: 1leee) -
Signal -- testing events 1 50008 (sum of weights: Seee) -
Signal -- training and testing ewvents: 6088 (sum of weights: &@@@)

Background -- training events 1 108 (sum of weights: leee) -
Background -- testing ewvents : 5008 (sum of weights: Seee) -

Background -- training and testing events: 6008 (sum of weights: 62e@)

Factory

DataSetFactory

Booking method: BDT

[datasetl] : WNumber of ewvents in input trees
¢ Number of training and testing ewvents

: Signal --
Background --
Background --
Background --

training events 1 1e0d

testing events

training and testing events: &0@@

training events
testing events

training and testing events: 6000

Integration of TMVA Output into Jupyter notebooks




Before:

After:
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DataSetFactory
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: Booking method: BDT DataSet Mame: datasstl -
T Dotaset|datasetl] | Sletmoae 1s: RAMDOM™ the mixmode 1s: ~SAMEASSPLITMODE™

: Dataset[datasetl]
: Dataset[datasetl]
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: Dataset[datasetl]
: Dataset[datasetl]
: Dataset[datasetl]
: Dataset[datasetl]

[ Weight expression for class 'Signal’:

] Weight expression for class 'Background':
Mumber of events in input trees (after pos

Signal -- number of events
Background -- number of events
Signal tres -- total number of ent
Background tree -- total number of ent

--> Rescale Signal

Factory

DataSetFactory

Booking method

I : [datasetl :IN
» Number o rai

Signal -- training events

Signal -- testing ewvents

Signal -- training and testing events:

Background -- training events

Background -- testing ewvents

Background -- training and testing ewvents:
: BDT

umber of events in input trees
ning and testing events

awar

zible

flatten

H =1 [ )

H 1515 5]

ries:
ries:

s HL,II'IIEE[" o Er‘alnlng Ell'ia EESElﬂg EUEHES d Eer‘ FESCEIlﬂg:

5298
6333
12a8@
5393
6333

[s1e]elE]
[s15]5]5]

--» Rescale Background event weights by factor: 1

) Create training and testing trees -- leooping over class "Signal”

] Create training and testing trees -- looping over class "Background”

ing of arrays):

Josum of weights:
/ sum of weights:

Preselection: (will NOT affect number of requested training and testing e
No preselection cuts applied on event classes
i Weight renormalisation mode: “"NumEvents™: renormalises all event classes
such that the effective (weighted) number of events in each class equals
number of events (entries) that you demanded in PrepareTrainingAndTestTr:
i.e. such that Sum[i=1..N_j]{w_i} = N_j, j=8,1,2...
(note that M_j is the sum of TRAINING events (nTrain_j...with j=5ign:
..... Testing events are not renormalised nor included in the rencrmalise
event weights by factor: 1

weights:
welghts: Seee)
weights:
weights: 1eee)
weights:
weights: s@@@)

: Signal --
Background --
Background --
Background --

training events 1 1eaa
testing events 1 5008
training and testing events: 60O
training events : loea
testing events HT 2]

training and testing events: 608

Integration of TMVA Output into Jupyter notebooks
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Before:

Factory

. Booking method: BDT DataSet Mame:

datasetl

After:

DatasetFactory . Dataset[datasetl] : Splitmode is: "RANDOM"™ the mixmode is: "SAMEASSPLITMODE™ Factory © Booking method: EDT

DatasetFactory . Dataset[datasetl] : Create training and testing trees -- looping over class "Signal™ ... : o
patasetractory : Dataset[datasetl] : weight expressicn for class 'signal': ™" Datasetractory i [datasetl] : wumber of events in input trees
patasetFactory . Dataset[datasetl] : Create training and testing trees -- looping over class "Background" ... : Wumber of training and testing events
DatasetFactory . Dataset[datasetl] : Weight expressicn for class 'Background': ™" e e T T
ratasetractory . Dataset[datasetl] : Number of events in input trees (after pass:ble flattening of arrays): : signal -- training events ]
patasetractory ' Dataset[dataset1] : signal -- number of events :e@e2 [/ sum of weights: ¢ : signal -- testing events -
DatasetFactory + Dataset[datasetl] : Background -- number of events poeeed S sum of weights: ¢ : signal -- training and testing events: ceea
DatasetFactory . Dataset[dataset1] : Signal tree -- total number of entries: &8 . Background -- training events . 1pea
ratasetractory . Dataset[dataset1] : Background tree -- total number of entries: Goee . Background -- testing events ——
DatasetFactory . Dataset[datasetl] : Presslection: (will MWOT affect number of reguested training and testing e\ : Back 4 t d testi - e
DatasetFactory . Dataset[datasetl] : No preselection cuts applied on event classes : ackground -- training and festing events:
DatasetFactory . Dataset[datasetl] : Welght renormalisation mode: "NumEvents": renormalises all event classes ' ) . )

Datasetractory . Dataset[datasetl] : such that the effective (weighted) number of events in each class equals DatasetInfo i Correlation matrix (Signalj:

DatasetFactory . Dataset[datasetl] : number of events (entries) that you demanded in PrepareTrainingandTestTrs e e memmmms—emm- e

atasetFactory ¢ Dataset[datasetl] : . 1.e. such that Sum[i=1..M_jl{w_1i} = N_j, J=8,1,2... varl vara var3

DatasetFactory . Dataset[datasetl] : . (note that N_Jj 1s the sum of TRAINING events (nTraln_j...with j=Sign: varl: +1.88@ +08.386 +8.597

ratasetractory . Dataset[dataset1] : ..... Testing events are not rencrmalised nor included in the renormalis: var?: +@.386 +1.898 +9.696

Datasetractory i Dataset[datasetl] : --» Rescale Signal event weights by factor: 1 vard: +@.597 +8.696 +1.088

ratasetractory ¢ Dataset[datasetl] : --» Rescale Background event weights by factor: 1 i

DatasetFactory . Dataset[datasetl] : Number of training and testing events after rescaling: . - ; .-

DatasetFactory . DALESEE[GALASEEL] © mmmmmmmm e o e o m oo o oo e DatasetInfo » Correlation matrix (Background):

patasetractory . Dataset[datasetl] : signal -- training events : 1ee@ (sum of weiphts: 1e@e) - r cTTTTTTTmoTmTTmmmmmmmmm AT

Datasetractory . Dataset[dataset1] : signal -- testing events : S@ee (sum of weights: seee) - 1 : varl Varl Vars

DatasetFactory . Dataset[datasetl] : Signal -- training and testing events: £@00 (sum of weights: &088) : varl: +1.8e@ +@3.856 +2.314

DatasetFactory . Dataset[datasetl] : Background -- training events 1 1888 (sum of weights: 1@@@) - o : vari: +@8.855 +l.e2e +=2.927

DatasetFactory . Dataset[datasetl] : Background -- testing events : e (sum of weights: seea) - r : var3d: +8.914 +8,927 +1.08e

DatasetFactory . Dataset[datasetl] : Background -- training and testing events: c@pe (sum of weights: coee) e

DatasetFactory : Dataset[datasetl] : Create internal training tree DatasetFactory i [dataseti]

DatasetFactory . Dataset[datasetl] : Create internal testing tree .

g:ﬁ:g:ﬁigig . Dataset[datasetl] : cCorrelation matrix (Sigmal): Factory : Booking method: MLP

g:ﬁgg:ﬁiggﬁ ; varl: +1fg£é +e?§§§ +e?2;3 MLF E [datasetl] : Create Transformation "N" with events from all classes.
ratasetInfo : varz: +@,386 +1.889 +8.59: ' . . ;

DatasetInfo : Var3: +@.,597 +@.695 +1.898 Morm ! Transformation, variable selection :

DatasetInfo § e : Input : variable ‘"varl® <---» OQutput : variable "varl®
patasetInfo . Dataset[datasetl] : Correlation matrix (Background): : Input : variable ‘"var2® <---» Output : variable ‘var2®
DatasetInfo e : Input : variable 'var3® <---» Qutput : wvariable 'var3’'
DatasetInfo : varld vara2 var3

DatasetInfo ' varl: +1.88@ +2.856 +@8.914 MLP : Building Metwork.

patasetInfo : var?: +08.856 +1.888 +8.927 i Initializing weights

patasetInfo : vard: +98.914 +2.927 +1.808

patasetInfo et

DatasetFactory . Dataset[datasetl] :

Factory . Booking method: MLP Dataset Mame: datasetl

MLP . Dataset[datasetl] : Create Transformation "N" with events from all classes.

Norm » Transformation, variable selection :

Norm o Input : wvariable 'varl' {index=28). <---» Output : variable "varl' (index=8)

Horm » Input : wvariable "var2' (index=1}. ¢---» Output : variable 'war2' (index=1)

Norm » Input : variable 'vara' (index=2)}. ¢---3 Output : wariable "var3' {(index=2)

MLP ¢ Building Metwork

MLP ¢+ Initializing weights
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Before:

Factory
DatasetFactory
DatasetFactory
DatasetFactory
DatasetFactory
DatasetFactory
ratasetractory
DatasetFactory
DatasetFactory
DatasetFactory
ratasetractory
DatasetFactory
DatasetFactory
DatasetFactory
ratasetractory
DatasetFactory
DatasetFactory
DatasetFactory
ratasetractory
DatasetFactory
DatasetFactory
DatasetFactory
ratasetractory
DatasetFactory
DatasetFactory
DatasetFactory
DatasetFactory
DatasetFactory
DatasetFactory
DatasetFactory
DatasetFactory
ratasetInfo
ratasetInfo
DataSetInfo
patasetInfo
ratasetInfo
ratasetInfo
DataSetInfo
patasetInfo
patasetInfo
ratasetInfo
DataSetInfo
patasetInfo
patasetInfo
ratasetInfo
DatasetFactory
Factory

HMLP

Morm

Horm

Horm

Morm

MLP

MLP

15 August 2016

. Booking method: BDT DataSet Mame: datasetl
. Dataset[dataset1]

. Dataset[datasetl] :
. Dataset[datasetl] :
. Dataset[datasetl] :
. Dataset[dataset1]

. Dataset[dataset1] :
. Dataset[datasetl] :
. Dataset[datasetl] :
. Dataset[dataset1]

. Dataset[dataset1] :
. Dataset[datasetl] :
. Dataset[datasetl] :
. Dataset[datasetl]

. Dataset[dataset1] :
. Dataset[datasetl] :
. Dataset[datasetl] :
. Dataset[datasetl]

. Dataset[dataset1] :
. Dataset[datasetl] :
. Dataset[datasetl] :
. Dataset[datasetl]

. Dataset[dataset1] :
. Dataset[datasetl] :
. Dataset[datasetl] :
. Dataset[datasetl]

. Dataset[dataset1] :
. Dataset[datasetl] :
. Dataset[datas

splitmode is: "RANDOM" the mixmode is: "SAMEASSPLITMODE"

Create training and testing trees -- looping over class "Signal™ ...
Weight expression for class "Signal': ""

Create training and testing trees -- looping over class "Background" ...
Weight expression for class "Background': ™"

Number of events im input trees (after possible flattening of arrays)

signal -- number of events ;622 [/ sum of weights:
Background -- number of events T ee28 [/ sum of weights:
Signal tree -- total number of entries: &8

Background tree -- total number of entries: Goee
Preselection: (will WOT affect number of reguested training and testing e\
No preselection cuts applied on event classes
Welght renormalisation mode: "NumEvents": renormalises all event classes
such that the effective (weighted) number of events im each class egquals
number of events (entries) that you demanded in PrepareTralningandTestTrs
vew 1.€. such that Sum[i=1..MN_Jj]{w_i} = N_3j, J=8,1,2...
... [note that W_j is the sum of TRAINING events (nTrain_j.
..... Testing events are not rencrmalised nor jncluded in t
--» Rescale Ssignal event weights by f
--» Rescale Background event weights
Number of training and testing eve

.with j=Sig
ormali

rescaling:

Signal -- training events
Signal -- testige events
Signal -- traj and testing ev

: Correlation matrix (Background):

varl

var2 Var3

varl: +1.888 +@.856 +8.914
var2: +8.856 +1.888 +8.927
vard: +8.914 +2.927 +1.880

. Dataset[datasetl]
. Booking method: MLP Dataset Mame: datasetl
. Dataset[datasetl] : Create Transformation "N" with events from all classes.

» Transformation, variable selection :

o Input : wvariable 'varl' {index=28). <---» Output : variable "varl' (index=8)
: Input : variable "var?"' {index=1}. ¢---» Output : variable 'war2' (index=1)
» Input : variable 'vara' (index=2)}. ¢---3 Output : wariable "var3' {(index=2)
¢ Building Metwork
¢+ Initializing weights

After:

Factory

DatasetFactory

tasetInfo

DatasetFactory
Factory
MLP

Norm

MLP

Integration of TMVA Output into Jupyter notebooks

: Booking method: BDT

: Wumber of training and

)

[datasetl] : Number of ts in input trees
ing events

» Signal 120
» Signal 1 Sega
iz ing events: Gega
S

Seaa

ion matrix {Signal)

varl var2 vars3
? +l.08@ +8.386 +8.597
arz: +@.386 +1.888 +2.69%6
var3d: +8.5%7 +8.69%6 +1.088

: Correlation matrix (Background):

varl vara var3
varl: +1.ea@ +8.856 +2.914
vard: +@.856 +1.888 8,927
vari: +08.914 +8.927 +1.889

[datasetl] :

: Booking method: MLP

[datasetl] : Create Transformation "NW" with events from all classes.

: Transformation, variable selection :

: Input : variable 'varl® <---» Qutput : wvariable 'varl
: Input : variable 'var2" <---» Qutput : wvariable 'var2
: Input : variable 'var3® <---» Qutput : variable 'var3

; Building Metwork.
: Initializing weights



Transform TMVA
Output into HTML
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Transform TMVA output into HTIVIL

* Define a Python function

 transform(output, error)

* lIdentify patterns from the TMVA Output and transform
them into HTML

* Regular expressions

15 August 2016 Integration of TMVA Output into Jupyter notebooks 11



Transform TMVA output into HTIVIL

 Return HTML output and error

 Make the output more appealing to the user

e Use jupyter notebook as interface

15 August 2016 Integration of TMVA Output into Jupyter notebooks 12



Swan and Jupyter notebooks

e Create and share documents
which contain code and rich
text elements

 Support more than 40
programming languages

« SWAN: CERN Service for
editing notebooks and

sharing them through
CERNbox

(i) TMVA_Dataloader aussared)
File Edit View Insert Cel Kemel Help

B+ % |2 B 4|+ H B C Meidown v = || CelTooloar

A ROOT

Data Analvsis Framework

TMVA

DataLoader Example

Declare Factory
In [1]: TMVA::Tools::Instance();

rials/master/inputdata.root™);

inputrFile = TFi 1 op http
= e en(

15 August 2016 Integration of TMVA Output into Jupyter notebooks 13
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Transformed elements into HTIVIL:

 Change font style and size

« Emphasize output class

« Specify datasets — add some color
* Create tables

Transformed Next
elements slide

15 August 2016 Integration of TMVA Output into Jupyter notebooks 14




Without
HTML:

With
HTML.:

15 August 2016

DataSetInfo . [datasetl] : Added class "Signal”
: Add Tree 5ig of type Signal with 6688 events

Font style
Font size
Header
Dataset color

DataSetinfo . - [dataset1]: Added class "Signal”
- Add Tree Sig of type Signal with 6000 events

Integration of TMVA Output into Jupyter notebooks
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Without
HTML.:

With HTML.:

Header
Font size
Font style

15 August 2016

-

DatasetInfo

: Correlation matrix (Signal):

varl vard var3
varl: +1.68068 +8.3286 +8.597
vard: +8.386 +1.8868 +0.6%96
vard: +8.597 +8.6%90 +1.868

DataSetinfo :

- Correlation matrix (Signal):

vari

varZ

var3

vari:

+1.000

+(.386

+0.597

vare:

+0.386

+1.000

+0.696

var3:

+0.597

+0.696

+1.000

| Table |

Integration of TMVA Output into Jupyter notebooks
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-
WlthOUt DatasetFactory : [datasetl] : Number of events in input trees
HTML' : Number of training and testing events
" : Signal -- training events : 1eas
: S5ignal -- testing events : 5Ba8
: Signal -- training and testing events: o6oeo
: Background -- training events : 108s
: Background -- testing events : Sees
: BackEr‘Gund - - tr‘aininE and testing avents: 656808

DataSetFactory : - [dataset1]: Number of events in input trees
With - Number of training and testing events
HTM L ) Signal training events 1000
Signal testing events 5000
Signal training and testing events | 6000
Background | training events 1000
Background | testing events 5000
Background | training and testing events | 6000

15 August 2016 Integration of TMVA Output into Jupyter notebooks



Without HTML.:

BOT
Factory
MLP
Factory
BOT
Factory
MLP
Factory
BOT

TFHandler_BOT

Factory

TFHandler_MLF

15 August 2016

: [datasetl] : Ewvaluaticn of BOT on testing sample (186888 events)
: Elapsed time for evaluation of 18668 events: &.268 sec
: Test method: MLP for Classification performance

: [datasetl] : Ewvaluaticn of MLP on testing sample (18888 events)
: Elapsed time for evaluation of 18608 events: @.8293 seC
: Test method: BODT for Classification performance

: [dataset2] : Ewvaluaticn of BODT on testing sample (186888 events)
: Elapsed time for evaluation of 18688 events: &.218 sec
: Test method: MLP for Classification performance

: [dataset2] : Ewvaluaticn of MLP on testing sample (186888 events)
: Elapsed time for evaluation of 18608 events: @.8383 secC
: Evaluate classifier: BODT

[datasetl] : Loop over test events and fill histegrams with classifier response.

: Wariable Mean RMS [ Min Max ]
varl: @.eeerylez 1.65695 [ -5.8991 4.7635 ]
vard: -8.e8631c4 1.57E5 [ -5,2452 4.83@@ ]
vard: -@.ele3dvae 1.73E5 [ -5.3863 4.5436 ]

: Evaluate classifier: MLP

: Wariable Mean RMS [ Min Max ]
varl: B.888774 8.35913 [ -1,2824 1.8914 ]
vara: B.8724a92 @.36669 [ -1,1391 1.2844 ]
var3: B.879125% 8.37282 [ -1,8685 1.8782 ]

With HTML.:

BDT:
Factory :
MLP :
Factory :
BDT:
Factory :
MLP :
Factory :
BDT:

‘TFHandler_BDT

. [dataset1]: Evaluation of BDT on testing sample (10000 events)
- Elapsed time for evaluation of 10000 events: [1;31m0.28 sec[0m
: Test method: MLP for Classification performance

- [dataset1]: Evaluation of MLP on testing sample (10000 events)
- Elapsed time for evaluation of 10000 events: [1;31m0.0661 sec[0m
: Test method: BDT for Classification performance

: [dataset2]: Evaluation of BEDT on testing sample (10000 events)
- Elapsed time for evaluation of 10000 events: [1;31m0.365 sec[0m
: Test method: MLF for Classification performance

: [dataset2]: Evaluation of MLFP on testing sample (10000 events)
. Elapsed time for evaluation of 10000 events: [1;31m0.0346 sec[0m

: Evaluate classifier. BDT

. [dataset1]: Loop over test events and fill histograms with classifier response...

Variable | Mean REMS  [Min Max

vari 0.00077102|1.6695|-5.8991 47639

Factory :

-TFHandler_MLP

var2 -0.0063164 [1.5765|-5.2454 | 4.8300

var3 -0.010870 |1.7365|-5.3563 |4.6430

: Evaluate classifier: MLF

Variable | Mean RMS Iin Iax

Integration of TMVA Output into Jupyter notebooks

vari 0.066774)0.35913(-1.2024|1.0914

var2 0.079492)0.36669 [-1.1391|1.2044

vard 0.079125)0.37282(-1.0685|1.0783

18



Summary:

* Cleaner TMVA Output
* User-friendlier TMVA Output

* Machine Learning
 Programming languages

C+ </>

HTML

15 August 2016 Integration of TMVA Output into Jupyter notebooks 19



Notebooks:

* Original TMVA Output

* Improved TMVA Output - without HTML

* Improved TMVA Output — with HTML
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http://nbviewer.jupyter.org/github/iml-wg/tmvatutorials/blob/master/TMVA_DataLoader.ipynb
http://nbviewer.jupyter.org/github/salbulena/final-presentation/blob/master/TMVA_DataLoader-.ipynb
http://nbviewer.jupyter.org/github/salbulena/final-presentation/blob/master/TMVA Dataloader Html-Copy2.ipynb

Thank you!
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