Calculate pt class Tutorial

Jingyu 11.10



Access my code

https://github.com/Joy-whale0321/INTT-EMCAL/tree/main/InttSeedingTrackDev/ML4Reco/Implement
(will be released on sPHENIX SiCalo repo when | finished)

PtCalculator compute the pt
e PtCalculator.h
* PtCalculator.cc

Makefile: Compilate PtCalculator class

PtCalcMLTutorial.C: A tutorial for you

others
* export_to_onnx.py: turning the ML model weights and scaler to onnx and json format

* model_MLCombined.onnx, model MLEMD.onnx, model MLEproj.onnx, scaler_MLEproj.json: model weights and
scaler



PtCalculator Class

This class can run independently of Fun4All; it is not derived from SubsysReco. You
can call it freely and multiple times as a standalone utility.

It takes a input struct (which depends on the chosen method) and directly

produces an output PtResult, which contains the reconstructed pt along with some
additional information.



Five approaches to calculate pt, and the perform.

ss Method

MethodEMD,
MethodEproj,
MethodMLEMD,
MethodMLEproj,
MethodMLCombined

Output Struct:

ruct PtResult

t pt_reco = std::numeric_limits<float>::quiet_NaN();
Dok = F e; :

std::string err;
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Note: lack of truth higher-pT data causes the model to tend to underestimate pT now



Different input struct and consistent interface

Consistent to ComputePt Func.

using AnyInput = std::variant<InputEMD, InputEproj, InputMLEMD, InputMLEproj, InputMLCombined>;

Each method has its corresponding input. Inputen

EMD_Angle = o.f;
EMD_Eta = ©.f;
1t EMD_Radius = 0.f;

ruct InputEproj

at Energy_Calo = 0.f;
Radius_Calo = @.f;
Z _Calo = 9.7F;
Radius_vertex = 0.f;
at Z_vertex = 0.°T;

ruct InputMLEMD

std: :vector<float> features;

ruct InputMLEproj

std::vector<float> features;

ruct InputMLCombined

std::vector<float> features;




PtResult ComputePt(Method method, const Anylnput& input) const

ComputePt receives the Method value(enum) and a variant Anyinput.
Based on the selected method, it fetches the matching input struct from the variant, dispatches to the
corresponding compute implementation, and returns a unified PtResult containing the reconstructed pT, a

success flag, and an optional error message.

PtResult ComputePt(Method method, const AnyInput& input) const;

PtResult ComputeEMD(c nputEMD& in

PtResult ComputeEproj - InputEpr

PtResult ComputeMLEMD(c - InputMLEMD& in)
PtResult ComputeMLEproj nputMLEproj& i
PtResult ComputeMLCombine st InputMLCombined&

PtResult PtCalculator::ComputePt(Method method, const AnyInput& input) const
i,
1

try

switch (method)
{
case Method: :MethodEMD:
return ComputeEMD(std: :get<InputEMD>(input));
case Method: :MethodEproj:
return ComputeEproj(std::get<InputEproj>(input));
case Method: :MethodMLEMD:
return ComputeMLEMD(std::get<InputMLEMD>(input));
case Method: :MethodMLEproj:
return ComputeMLEproj(std::get<InputMLEproj>(input));
case Method: :MethodMLCombined:
return ComputeMLCombined(std: :get<InputMLCombined>(input));
default:
return PtResult{.pt_reco = NAN, .ok = false, .err = "Unknown method"};

}

catch (const std::bad_variant_access&

return PtResult{.pt _reco = NAN, .ok = false, .err = "Input type does not match method"};




others func. of PtCalculator class

* Please first refer to the comments provided in the code.



A tutorial PtCalcMLTutorial.C

* remember change the path of model weight and scaler to yours

$ root -b -q PtCalcMLTutorial.C

Welcome to ROOT 6.28/04 https://root.cern |
(c) 1995-2022, The ROOT Team; conception: R. Brun, F. Rademakers |
Built for linuxx8664gcc on May @8 2023, 02:44:07 |
From tags/v6-28-04@v6-28-04

With c++ (Ubuntu 11.3.0-1lubuntul~22.04) 11.3.0

Try .helpi/-.2°, "Jdeme:, ‘.license’, ‘.credits’, ‘.quit [ .q

Processing PtCalcMLTutorial.C...
[init] OK

[EMD-analytic] ok=1 pt=8 err=""
[Eproj-analytic] ok=1 pt=1.8 err=""
[MLEMD-2D] ok=1 pt=2.9584 err=""
[MLEproj-7D] ok=1 pt=5.18625 err=""
[MLCombined] ok=1 pt=9.36326 err=""




MethodEproj

pr = Esinf EMCEN L]
¥
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SiCaloPt::InputEproj in;

in.Energy Calo = 1.8;

in.Radius_Calo = 93.5;
.Z_Calo = (G
.Radius_vertex = 0.0;
~Zivertex = 0.0;

calcTutorial.ComputePt(SiCaloPt::Method: :MethodEproj, SiCaloPt::AnyInput{in});

std:coutNdae
<<
<<

[Eproj-analytic] ok=" << r.ok
pt=" << r.pt_reco

err=\"" << r.err << "\"\n";




MethodEMD

SiCaloPt: :InputEMD in;
in.EMD_Angle 9.025;
in.EMD_Eta 0.00;
in.EMD_Radius 9355

calcTutorial.setParCeta(0.2);
calcTutorial.setParPower(-1.09);

auto r = calcTutorial.ComputePt(SiCaloPt::Method: :MethodEMD, SiCaloPt::AnyInput{in});
std::cout << "[EMD-analytic] ok=" << r.ok

<l Nl Rt DI ECc

<< " err=\"" << r.err << "\"\n";

e fh pT = par_Ceta-(Adp par_Power)
= i 4o/ o
3 " ;
= ;«f Func. setParCeta() and setParPower() to setting parameters
£ H ;“ default: par_Ceta = 0.2, par_Power = -1 not consider eta-dependent now
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MethodMLEproj

Train_modell - [INTT_R,Z + calo_R,Z,E]

[INTT_R,Z + calo_R,Z,E]
Hyper parameters:

* batch_size=1024, epochs=200, Ir=5e-5, val_ratio=0.3

Loss function: Relative resolution, MLP1: 3hidden Iayer, hidden_dim=256
- pt_reSO = (yb _ pred) / (yb + 16'6) 1e-6 to prevent division by zero.

Increase the weight inside the peak,

® WE|ghtS = (pt_reSO.abS() < 02)f|0at() * 2.0 + 1.0reduce the influence of outlier data points
e loss = ((pt reso) ** ) *x Weights)_mean() Use squared values instead of absolute values to

make the peak position closer to zero.

« if val_loss < best_val_loss: Saved best model

std: :vector<float> featsMLEproj = 18.8, 5.0,
15075 j
100.0, 50.0, 8.0 };

SiCaloPt: :InputMLEproj in{featsMLEproj};
to r = calcTutorial.ComputePt(SiCaloPt::Method: :MethodMLEproj, SiCaloPt::AnyInput{in});
::cout << "[MLEproj-7D] ok=" << r.ok
<< " pt=F << p.pt reco
<< " err=\"" << r.err << "\"\n"; 11




MethodMLEMD

model visualization

Train_model2 - [1/AD] [

epochs=500. N
Loss function: ;
* pt_reso =(yb - pred) / (yb + 1e-6)
* weights = (pt_reso.abs() < 0.2).float() * 2.0 + 1.0 )
* main_loss = ((pt_reso) ** 2 * weights).mean() LILX
* monotonic_loss requires pt to decrease as the angle increases; \[_ MLP2: 3hidden Iaver, hidden_dim=256

e lambda_mono =0.3 otherwise, oscillations may occur. ? =

* boundary_loss
* [0.5,1, 2,10, 15, 25, 50, 100, 200] ->[0.0961, 0.1922, 0.3844, 1.922, 2.883, 4.805, 9.61, 19.22, 38.44] :
¢ lambda_boundary = min(0.005 * epoch, 0.2)

* loss = main_loss

Add boundary conditions outside the data range to
ensure that the pt estimate is sufficiently elevated
* +lambda_mono * monotonic_loss at small angles.

- Iambda_boundary * boundary_loss Dyna!’nlc.welghtmg to prevent affecting data
learning in the early stages.

std: :vector<f > featsMLEMD = {15, @};

SiCaloPt: :InputMLEMD in{featsMLEMD};

= calcTutorial.ComputePt(SiCaloPt: :Method: :MethodMLEMD, SiCaloPt::AnyInput{in});
::cout << "[MLEMD-2D] ok=" << r.ok
<< " pt=" << r.pt_reco

<< " err=\"" << r.err << "\"\n";

12




MethodMLCombined

Gated Fusion Model

Aiming to combine the prediction results of two existing models to achieve higher accuracy.
Using a Gate Network to dynamically adjust the weights based on the input.

This Gate Network takes the prediction values from both models as input and learns, through
training, the optimal weighting strategy under different input conditions.

After training, the network dynamically generates two weights, w1l and w2, for each event to
combined the predictions from 2 model

Model A From (y,, yg) -> study a weight (w1, w2)
Prediction

Gate
Notwork Weighted Final
Sum Prediction

fully
Model B connected

Prediction

Y=wi-Ya+ws yp, wi+wy=1

std: :vector< > featsMLCombined = {8.0, 9.5};

SiCaloPt: :InputMLCombined in{featsMLCombined};
calcTutorial.ComputePt(SiCaloPt: :Method: :MethodMLCombined, SiCaloPt::AnyInput{in});
::cout << "[MLCombined] ok=" << r.ok
< << r.pt_reco
<< err=\"" << r.err << "\"\n";




worked on rcf, have not test on condor now

e get onnx on rcf sphnxuser05

cd ~/Downloads

wget https://github.com/microsoft/onnxruntime/releases/download/v1.19.2/onnxruntime-linux-x64-1.19.2.tgz
tar -xf onnxruntime-linux-x64-1.19.2.tgz

mkdir -p ~/opt/onnxruntime

cp -r onnxruntime-linux-x64-1.19.2/include ~/opt/onnxruntime/

cp -r onnxruntime-linux-x64-1.19.2/lib  ~/opt/onnxruntime/

e get json on rcf sphnxuser05

mkdir -p ~/opt/nlohmann/include/nlohmann

wget -0 ~/opt/nlohmann/include/nlohmann/json.hpp \
https://raw.githubusercontent.com/nlohmann/json/v3.11.3/single_include/nlohmann/json.hpp

SeedingTrackDev/MLUReco/Implement/src$ root —-b -q PtCalcMLTutorial.C

Change the Path on Makefile:
ORT _PREFIX=/sphenix/u/jzhang1/opt/onnxruntime
JSON_INC=/sphenix/u/jzhang1/opt/nlohmann/include

[MLCombined] ok=1 pt=9.36326
/sphenix/ angl/testcodedall/INTT-EMCAL/InttSeedingTrackDev/MLUReco/Implement/src$




Thanks for your attention



