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BDT Study

MVA Stragdy

Goal
Use the smallest set of MVA input variables to get the best
performance

Three methods we are considering
Correlation based selection
Iterative removal method
Combine both
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BDT Study

TMVA Setup

ROOT version
Switched to ROOT6.12/07, TMVA version 4.3.0
New TMVA version comes with new feature

Training setup
Signal: TTTT_TuneCP5;
Background: all bg excerpt H and HH and minor ones
70% goes to training and 30% goes to testing
Global weight and event weight same in event yield calculation
have added more interesting variables:

sphericity, aplanarity
added some nonjets variables

Dealing with negetive weight events :InverseBoostNegWeights(Boost With inverse
boostweight), Boost With inverse boostweight(Pair events with negative and positive
weights in traning sample and *annihilate* them )
4 boosting algorithm: BDT(A), BDTG, BDTB, BDTD ( all use the default
InverseBoostNegWeights)

Hyperparameters
Using the default
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BDT Study

Step by Step Correlation Selection

Step 1: choose the 20 most powerful variables as input to BDT
Step 2: keep only 1 variable from pairs with correlation>90, see
the performance
Step 3: further remove variables with correlation>80, do the
training
Step 4: add more variables on the basis of step3, repeat step2
ans step3, see if we can gain any AUC(area under ROC curve).
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BDT Study

Variables Separation Power Ranking(1Tau1E)
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BDT Study

Step1: Input Variables and Correlation
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BDT Study

Step 1: ROC

Huiling Hua (IHEP) IHEP Group Meeting IHEP 2020 8 / 46



BDT Study

Step 2

Remove variable with correlation
>=90
jets_bsore,
jets_4largestBscoreSum; remove
jets_4largestBscoreSum;
bjetsM_3pt, bjetsM_num, remove
bjetsM_num,
bjetsL_HT, bjetsL_transMass,
remove bjetsL_transMass,
topTagger_HT,
toptagger_transMass, remove
topTagger_HT,
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BDT Study

Step 2: ROC
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BDT Study

step 3

Remove Correlation > 80

bjetsL_num and bjetsL_4pt,
remove bjetsL_4pt

jets_number and jets_8pt,
remove jets_8pt

bjetsL_HT, bjetsM_HT(80),
bjetsL_invariantMass(86),
remove bjetsM_HT and
bjetsL_invariantMass,

bjetsM_invariantMass,
bjetsM_HT, already remove
bjetsM_HT

bjetsM_HT and bjetsL_HT(80)
and bjetsM_invariantMass(86),
remove bjetsM_invariantMassHuiling Hua (IHEP) IHEP Group Meeting IHEP 2020 11 / 46



BDT Study

Step3: ROC
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BDT Study

Conclusion for Correlation Removal

Figure: step1 Figure: step2 Figure: step3

We almost lost no AUC performance from step1 to step2 to step3
The resulting 11 input variables are going to be our starting point
for further corelation removal for iterative removal
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BDT Study

Iterative Removal

Procedure
Suppose we have 25 input variables for starters
For each variable, remove it and use the left 24 as inputs to BDT,
see the performance, the variable that has the least impact on the
performance is ranked as the least important( 25 TMVA training).
Now we have a 24 variable set with best performance, repeat
previous step (24 TMVA training)
plot the AUC value as a function of number of input variables
Require to be on the plateu of the curve

Implementation
A bit computation expensive to implement, could take up to 325
times TMVA training for 25 variables
Still working on my code to implement it
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BDT Study

Iterative Removal Implementation

trying to implement the vSearch code to our analysis in IHEP
cluster https://github.com/sitongan/vSearch
not sure what a TMVA wrapper is. have written an email to author
Sitong about it
Sitong is not replying to my email. I am afraid I have try to do it
myself
Have some ideas in mind of how to implement it, a bit challenging
but want to try them
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BDT Study

Combined Variable Optimization

Do correlation removal for start, keep varible list down to ≈25
while still has very good performance
Use the variable list from correlation removal and go through
Iterative Removal.
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UL BSM Jobs Preparation

UL BSM Jobs Preparation

Legacy ReReco or Legacy, aka Ultra-Legacy (UL)
What we used before is ReReco
for 2016, reprocessing is split into 2 parts. Analyzers need to
combine them all.

With HIP mitigation: Run B (RAW v1, v2), C, D, E, F (most of)
Without HIP mitigation: F (7 runs), G, H
Run2016B has two sets of RAW data containing disjoint sets of
runs. This is reflected in the strings "ver1" and "ver2"
UL2016 consists of 9 "eras": Run2016B ver1, Run2016B ver2,
Run2016C, Run2016D, Run2016E, Run2016F(HIPM),
Run2016F(no HIPM), Run2016G, Run2016H
Run2016F is split into two different reconstruction versions

"pre-VFP" (aka "HIPM" or "APV"): eras B-F (31 runs) are
reconstructed with a reconstruction including HIP mitigation, short
"HIPM".Run2016F(HIPM) has 31 runs
"post-VFP" (aka "no-HIPM"): eras F(7 runs)-H reconstructed with the
default track reconstruction.
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UL BSM Jobs Preparation

The list of datasets (for example for Nanov8) should look like as
follows:

/BTagCSV/Run2016B-ver1_HIPM_UL2016_MiniAODv1_NanoAODv2-
v1/NANOAOD
/BTagCSV/Run2016B-ver2_HIPM_UL2016_MiniAODv1_NanoAODv2-
v1/NANOAOD
/BTagCSV/Run2016C-UL2016_MiniAODv1_NanoAODv2-v1/NANOAOD
/BTagCSV/Run2016D-UL2016_MiniAODv1_NanoAODv2-v1/NANOAOD
/BTagCSV/Run2016E-UL2016_MiniAODv1_NanoAODv2-v1/NANOAOD
/BTagCSV/Run2016F-HIPM_UL2016_MiniAODv1_NanoAODv2-v1/NANOAOD
/BTagCSV/Run2016F-UL2016_MiniAODv1_NanoAODv2-v1/NANOAOD
/BTagCSV/Run2016G-UL2016_MiniAODv1_NanoAODv2-v1/NANOAOD
/BTagCSV/Run2016H-UL2016_MiniAODv1_NanoAODv2-v1/NANOAOD

TTTT signal sample is still not available in DAS, maybe I should
write to top MC contact asking about it
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Event Yield

EventSelection

MET fillters
HLT requirements

HLT_PFHT450_SixJet40_BTagCSV_p056==1,
HLT_PFHT400_SixJet30_DoubleBTagCSV_p056==1

loose preselection
tausL.size()>0, jets.size()>3, bjetsL.size()>1

Subchannel requirements
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Event Yield

MC reweighting

genWeight
prefireWeight
PileUp reweighting
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Event Yield

Event Yield
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Event Yield

Event Yield
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Event Yield

Event Yield

Huiling Hua (IHEP) IHEP Group Meeting IHEP 2020 23 / 46



Event Yield

Event Yield
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Backup

Backup

back up
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Backup

1tau0l

TCut mycuts = "tausT_number==1 leptonsMVAT_number==0
jets_number>=8 bjetsM_num>=2" 1tau0l
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Backup

Variable Importance

A ranking of the BDT input variables is derived by counting how
often the variables are used to split decision tree nodes, and by
weighting each split occurrence by the separation gain-squared it
has achieved and by the number of events in the node
This ranking is known to be unstable and sub-optimal, but widely
used within the community.
correlation information is not accounted for in TMVA Ranking.
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Backup

AUC

AUC (area under curve),The AUC metric is the area under the
signal versus background efficiency Receiver Operating
Characteristic (ROC) curve, bounded by 0 and 1, where 1 is
equivalent to perfect discrimination between signal and
background, and 0.5 represents discrimination no better than
random guessing.
increase the number of input variables to see if we gain extra AUC
we want to keep as small set of input variables as possible
importance
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Backup

Iterative Removal

A hillclimbing algorithm solves the search problem by always
going in the direction with the highest gradient. It can be naive in
the sense that it might get stuck in a local maximum instead of a
global one, but it is still a valuable and intuitive method
Among the 21 variable lists produced this way, the one that
performs the best indicates which variable, if removed, has the
least impact on the performance. This variable is ranked as the
least important, and this particular variable list is used to generate
a new batch of variable lists by again removing each variable
once.
One potential method to reduce this tendency towards local
maxima is to implement a beam search of a certain width W
We have shown that despite its tendency to get stuck in local
maxima, iterative removal performs reasonably well for the
problem of variable selection and much better than the standard
TMVA Ranking method in most cases.
ttH provide a vsearch code in github for this. code is 4 years old,
might need updation to be used in our analysis
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Questions and Next Step

Event Yield
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Questions and Next Step

Event Yield
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Questions and Next Step

Event Yield
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Questions and Next Step

Step1: Input Varible Distribution
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Questions and Next Step

Step1:Input Varible Distribution
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Questions and Next Step

Step1:Input Varible Distribution
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Questions and Next Step

Step1:Input Varible Distribution
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Questions and Next Step

Step1: Correlation
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Questions and Next Step

Step 1: OverTrainining
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Questions and Next Step

Step1: Significance
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Questions and Next Step

Step 2: Correlation
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Questions and Next Step

Step 2: Correlation
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Questions and Next Step

Step 2: OverTrainining
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Questions and Next Step

Step 2: Significance
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Questions and Next Step

Step3: Correlation

Huiling Hua (IHEP) IHEP Group Meeting IHEP 2020 44 / 46



Questions and Next Step

Step3: Correlation
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Questions and Next Step

Step3: Significance
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