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i Al-Based C++ Code Generation for
Fitting Models iIn FITTER_WEB
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g What is fitting?

J Process of optimizing model parameters to describe experimental data (spectra, particle
distributions).

% A986LETA/MLIT 2026

| (ORID2028 ) O Quality measured by x? (chi-squared):
N 2
e 1 Z (f(xi) _Yi>
N — Npar o Ayi
N - Number of data points
Npar - Number of model parameters

f(x) - Model prediction
y; + Ay; - Measured values with errors

How physicists use fitting?

L Test hypotheses by comparing models with experimental data.
1 Extract physical parameters (e.g., radii, amplitudes) from noisy data.

Minimize y?to ensure scientific accuracy.
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History of FITTER application

« 2003-2008

Fitter is a standalone C++ program on Linux\Windows aimed to fit a chosen
theoretical multi-parameter function through a set of data points. Respective
theoretical models are implemented in it.

2012 Additional theoretical models implemented.

2022

i Web-version of FITTER was developed as a standalone web-service.

2023-2024
Deploying and optimizing FITTER_WEB in JINR cloud infrastructure.

¢ 2025 -WHO WILL CODE THE MODELS?..
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How Al Simplifies Model Implementation

%8 4 CORE IDEA:
Wy S 08 Physicists describe models in LaTeX = Al generates optimized C++ code
User Input: Al Output:
) LaTeX formula (e.g., scattering model) ) Ready-to-use TF1 ROOT function
] Parameter constraints ] or editable prototype

Current prompt (subject to further studying)

Convert the following LaTeX formulas to C++ code to create a TFl function in ROOT:
The original LaTeX is unchanged as a comment

The function is strictly in the format 'TF1* getFCN()'

All auxiliary calculations are inside getFCN() as lambdas

For a one-dimensional integral, use ROOT::Math::Integrator

For a multidimensional integral, use ROOT::Math: :IntegratorMultiDim

Detailed parameter comments

Here is the conversion formula: latex code of formula with parameters here

it ]
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New FITTER_WEB workfl

(im] Fitter x +

(&) © Hebesonacko | hips//10.220.18.114

General Minimization Pars

Smooth fit function over X errors in data

Use X errors
Method

Chi-square ~

Linear fit —
Fit Options

095 +

Integral Use range

Best errors Improve fit results
All weights =1 Add to list

Empty bins, weights=1 Use Gradient

Draw Options
No Drawing

Do not store/draw

0 0.6183002

Clear Fit

H R UroBbl HauaTb NOMCK, BBEAMTE 34€Ch 3aNpoC
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ROOT Canvas Editor

10*

Console

Help
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A LaTex file with example formula

2 AR6BLETA/MLIT 2026
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{\bf Spherical shell} of the outer radius $R {1}$ and the inner

1@) = 4|@(QR,) - (§—j)3d>(QRz)]2+B radius $R_{2}$

sint —tcost
(t) =3 3 \begin{egqnarray*}

I(Q) &=& A \left[ \Phi(QR 1)-

\left (\frac{R 2}{R 1}\right)~3\Phi(QR 2) \right]*2 + B \\
\Phi (t) &=& 3\frac{\sin t-t\cos t}{t*3}

\end{egnarray*}

Initial values for the parameters are: $R {1} = 655, SR {2} = 208
The parameter values $R {1}§, $R _{2}$ and A are strictly
greater than zero.
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The code appears In the Editor tab

[im] Fitter x 4+ = a *
@] © HeSesonacho | hitps//10.220.18.114 a %y Ol & .. 0
1966 1LETA / MLIT 2026 Datar Apot.dat N o |

GR'D'ZOZS Func: SphericatShell » m m ROOT Canvas Editor Console Help

General Minimization Pars Adva

Smooth fit function over X errors in data

Use X errors
Method

13 1f (std::abs(t) < ) return 1.0;
14 return * (std:isin(t) - t*std::icc
Linear fit — 095 + 16
- . 17 / apn 1(Q) = A * [Phi(Q*R1
Fit Options le* x, double®
Bxopna

Chi-square ~

Integral Use range 20
Best errors Improve fit results 22

All weights =1 Add to list 24

Empty bins, weights=1 Use Gradient
Draw Options

2/ R1;
No Drawing

31 const double term = phi{tl) - std: ) = phi(t2);

32 return A * term * term + B;
Do not store/draw ‘ = return erm erm +

O 34
35 / z
Q 0.6185002 3& i s 208, 4);

HaY
39 func->SetParameter

48 func->SetParameter(
41 func->SetParameter(
42 func->SetParameter(

44 /F W e na
45 func->SetParName
45 func->SetParName
47 func->SetParName (
48 func->SetParName(

58 return funcs

Clear

H R UroBbl HauaTb NOMCK, BBEAMTE 34€Ch 3aNpoC
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Fitting by function from Al
[im] Fitter x 4+ = a *
@] © HeSesonacho | hitps//10.220.18.114 a %y Ol & .. 0
1068 LETA / MLIT 2026 3 Patar | apot dat R o |
\ “GRID'2025 Func: SphericalShell S o | HoonEENE B Goek GRS

Apof.dat

General Minimization Pars Advanced

Smooth fit function over X errors in data

Use X errors
Method

Chi-square v
Linear fit — 095 +
Fit Options
Integral Use range
Best errors Improve fit results
All weights =1 Add to list

Empty bins, weights=1 Use Gradient
Draw Options ‘

No Drawing

Do not store/draw ‘

Q 0.6183002 O

13:33

4 . & ) ENG
H R UroBbl HauaTb NOMCK, BBEAMTE 34€Ch 3aNpoC L-RE S 02072005 tJ
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PRSI Fitting a function written by the user

1966 LETA/ MLIT 2026 . pata Apof.dat VA o |

3 . ROOT Canvas  Ed Comole  Hel
GRID’2025 Func: SphericalShell o m m 2 S elp

Apof.dat

General Minimization Pars Advanced

Smooth fit function over X errors in data

Use X errors
Method

Chi-square v
Linear fit — 095 +
Fit Options
Integral Use range
Best errors Improve fit results
All weights =1 Add to list

Empty bins, weights=1 Use Gradient
Draw Options ‘

No Drawing

Do not store/draw ‘

Q 0.6183002 O

. - - 13:34
H /O YroBbl HauaTb MOWCK, BBEAWTE 34eCh 3anpoc fi AT DG 03.07.2023 L‘_"
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Fitting a function generated by Al Fitting a function written by the user

kkskkskkkkkkkskkkskkskkskkskkskkkkskkskkkkskkkkkkkk 3k 3K 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 5k sk 3k sk 3k Sk sk 5k sk ok 3k ok sk ok sk sk sk sk sk kok k
Minimizer is Minuit / Migrad Minimizer is Minuit / Migrad

Chi2 = 688.425 Chi2 = 688.425

NDf = 42 NDf = 42

Edm = 9.55216e-09 Edm = 9.5182e-09

NCalls = 215 NCalls = 215

R1 = 61.1049 +/- 0.190481 Outer radius = 61.1049 +/- 0.190485

R2 = 39.2687 +/- 0.256541 Inner radius = 39.2687 +/- 0.256545

A = 5.34815 +/- 0.0950282 Amplitude = 5.34815 +/- 0.0950293

B = 0.00253013 +/- 0.000207522 Background = 0.00253013 +/- 0.000207522

1
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Code comparison

TF1* getFCN() {
auto phi = [](double t) -> double {
if (std::abs(t) < 1e-12) return 1.0; // NMpeaen npn t>0
double sin_t = std::sin(t);
double cos_t = std::cos(t);
return 3.0 * (sin_t-t*cos_t) /(t *t * t);
b
// OcHoBHasa dyHKuma 1(Q) = A [D(QR) - (R2/R1)* O(QR,)]* + B
auto mainFunc = [phi](double* x, double* p) -> double {
// NapameTpbl:
// pl0] = A (amnautyna)
// p[1] =B (doH)
// p[2] = R1 (BHelwwHKi1 paguyc)
// p[3] = R2 (BHYTpeHHMI pagmyc)
double Q = x[0]; // NepemeHHan Q
double QR1=Q * p[2];
double QR2 = Q * p[3];
double ratio = p[3] / p[2];
double ratio3 = ratio * ratio * ratio;
double term = phi(QR1) - ratio3 * phi(QR2);
return p[0] * term * term + p[1];
|3
// Co3panue TF1 pyHKUMM C 4 napameTpamu
TF1* func = new TF1("SphericalShell", mainFunc, 0, 100, 4);
// YcTaHOBKa HavanbHbIX 3HAaYEHWIA NapameTpoB
func->SetParameter(0, 1.0); // A = 1.0 (BpemeHHOe 3HayeHue)
func->SetParameter(1, 0.0); // B = 0.0 (BpemeHHOe 3HaueHune)
func->SetParameter(2, 65.0); // R1 =65
func->SetParameter(3, 20.0); // R2 =20
// meHoBaHue napametpos ans yaobcrea
func->SetParName(0, "A");
func->SetParName(1, "B");
func->SetParName(2, "R1");
func->SetParName(3, "R2");
return func;

}

user

#tinclude <TF1.h>
TF1* getFCN(){
auto fcn =[] (Double_t * x, Double_t * p)

{

auto phi =[] ( const Double_t & x)

{

Double_tres=1;

if (x) res=3*(sin(x)-x*cos(x))/(x*x*x);

return res;

|3

Double_t q = x[0];

Double_t r2r1 = p[1]/p[0];

Double_tres = phi(q* p[0])-phi(q*p[1])* (r2rl *r2rl1 *r2rl1);
return p[2] * res * res + p[3];

|3

TF1* modelFCN = new TF1("SphericalShell", fcn, 0, 1, 4);
modelFCN->SetParNames("Outer radius", "Inner radius", "Amplitude",
"Background");
modelFCN->SetParameters(65, 20, 1, 0);
return modelFCN;}
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Possible benefits of Al in our app

G A96BLETAMUIT 2026 1

L /GRIDZ2028, ) ] Reduced time and resource costs.

J Physicists and biologists can focus on the challenges of scientific problems
without spending their time learning C++.

. Artificial intelligence analyze large amounts of data, so it offers optimal
approaches for coding. Its work is based on trained models that recognize
patterns in millions of lines of code.

1 Fewer errors: typos and syntax issues.

] Quick prototyping.

|

I‘ L
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Current problems to be solve

. Switch to the home neural network deployed on the LIT servers.
) Select the optimal LLM (large language model).

L Optimize the prompt to ensure the repeatability of the generated model
code.

1 Extend the fitter so that it can accept files with the extension .pdf.

J Develop an interface so that the user can add additional instructions to the
prompt located inside the fitter.

11th International Conference "Distributed Computing and Grid-technologies in Science and Education” 7-11 July 2025 15



OR,NuUC,
e F K,
5 5ORY OF e @
6C°mputing angy G
v/

i’ses"icrA/ MLIT 2026
'GRID'2025

GRID'2025

Thanks for your
attention
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