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FREE SOFTWARE AS A TOOL FOR TECHNOLOGICAL ADVANTAGE AND
INDEPENDENCE IN THE DIGITAL ENVIRONMENT

Nazarii Piven

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av., 14

E-mail: nazarii.piven@nure.ua

Annotation: The paper examines the current issues of using non-commercial software as a tool for
technological advantage and ensuring independence in the digital environment. An analysis of
existing development environments, their effectiveness, relevance and application features, and a
comparative analysis of their advantages and disadvantages are conducted.

Keywords: free software, development, automation, technological independence

The modern development of automated process control systems requires high-performance
computing using open compilers and integrated development environments. Open software tools
allow you to avoid licensing restrictions, reduce the costs of implementing new technologies, and
ensure technological independence.

Using commercial development environments is often associated with significant financial costs,
vendor lock-in, and limited customization. In contrast, free IDEs such as Code::Blocks, Eclipse,
Visual Studio Code, and Geany offer a wide range of tools for programming, testing, and debugging
without the need to purchase expensive licenses.

The purpose of the work is to study existing open development environments and analyze their
effectiveness in the field of HPC for automated systems within the framework of the "smart city"
concept.

The research was conducted by conducting a comparative analysis of development environments
in terms of performance, integration capabilities, and flexibility for learning and development. The
study includes an analysis of IDE functionality and their extensibility using plugins.

Based on the analysis, the main characteristics of the development environments were determined
(Table 1).

Table 1 — Comparative characteristics of development environments.

Code:: Wisusl Stadio |  JErDrains
Characteristic " | Eclipse VS Code Geany s IntelliJ IDEA
Blocks (xomepiriitae) "
(koMepiiiiiHe)
License Free Free Free Free Paid Paid
) Java, JavaScript, )
Programming C/CH+ Ct. Python, C, C++, C#, C++, Java, Kotlin,
languages Python CH+ Python Python Python
Productivity Low High Middle Low High High
Integration
withversion |y, -oq | Builtin | Beilein Low Built-in Built-in
control
systems
Extension fyooied | Wide Wide Limited Wide Wide
possibilities
Price Free Free Free Free From $45/mn | From $149/an
Ovwner None None Partly None Full Full
dependency
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A comparison of existing solutions was also conducted, the results are recorded in Table 2.

Table 2 — Comparative analysis of existing solutions.

Characteristic Free IDE (Eclipse, VS Code) Commercial IDE (VS,1J)
Price Free From $100/an
Flexibility Open source, modifications Limited extention
Functionality Large set of plugins, limitations | Premium tools, integration with CI/CD
Performance Lighter, faster, more productive Performance-dependent
Support Developer community, forums Official technical support
Dependency Complete independence Owner dependency

The result of the comparison of existing commercial solutions is recorded in Table 3.

Table 3 — Comparison of commercial solutions

Name Owner Languages Price 2024
VS Microsoft C#, C++, Python, JS $45-$250/monthly (Pro, Enterprise)
1y JetBrains Java, KOt}?’ Python, $249/ann (Personal), $599/ann(Enterprise)
PyCharm | JetBrains Python $99/year (Personal), $249/year (Enterprise)
CLion JetBrains C, C++ $199/ann (Personal), $549/ann (Enterprise)
MATLAB | MathWorks MATLAB $860 base version + supplements

CONCLUSIONS: The results of the study confirm that the use of free IDEs is an effective
solution for developing automated systems in smart cities, as they provide high performance,
scalability, and vendor independence.

The results obtained can be used to select the optimal development environment in educational
institutions and research projects related to the automation of technological processes.
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Jlictunar UserControll.cs

using Microsoft.Web.WebView2.Core;
using System;

using System.Collections.Generic;

using System.ComponentModel;

using System.Data;

using System.Diagnostics;

using System.Drawing;

using System.Drawing.Drawing2D;

using System.Globalization;

using System.1O;

using System.Ling;

using System.Security.Cryptography;

using System.Text;

using System.Text.Json;

using System.Text.RegularExpressions;
using System.Threading.Tasks;

using System.Windows.Forms;

using System.Windows.Forms.VisualStyles;
using System.Xml.Ling;

using static Formula_Window.UserControl1.HierarchicalNodeControl;

namespace Formula_Window
{
public partial class UserControll : UserControl

{

private ComboBox _cmbMatrixOp;
public abstract class ExprNode { }
private string _pendingJsonData = null;

public class ChainNode : ExprNode

{
public string Kind;

public List<object> Items = new();

public class BigOpNode : ExprNode
{

public string Kind;

public string Index;

public ExprNode Lower;

public ExprNode Upper;

public ExprNode Body;

public string Condition;

public string IntVar;

private class NodeStyleControls

{
public ComboBox LineType;
public ComboBox LineWidth;
public ComboBox MarkerType;
public ComboBox MarkerSize;
public Button ColorBtn;

}

public class SubExpressionParams

{
public string Name { get; set; }
public string Formula { get; set; }
public string Color { get; set; }
public string LineStr { get; set; }
public string MarkerStr { get; set; }

}

private Dictionary<ExprNode, NodeStyleControls> _nodeStyles = new Dictionary<ExprNode, NodeStyleControls>();



class ValueNode : ExprNode

{

public string Name;
public bool IsVariable =>

Istring.IsNullOrEmpty(Name)

&& char.IsLetter(Name[0])

&& !'Name.Contains(«-»)

&& Name != «incompatible-type»

&& Name != «number»

&& 'Name.StartsWith(«list»)

&& 'Name.StartsWith(«matrix»);
}
private Button _floatingButton;
public class MatrixNode : ExprNode
{
public List<List<ExprNode>> Rows = new();
}
private void InitFloatingButton()
{
_floatingButton = new Button();
_floatingButton. Text = «Po3paxysatu»;
_floatingButton.Size = new Size(140, 45);
_floatingButton.FlatStyle = FlatStyle.Flat;
_floatingButton.FlatAppearance.BorderSize = 0;
_floatingButton.BackColor = Color.FromArgh(255, 100, 149, 237);
_floatingButton.ForeColor = Color.White;
_floatingButton.Font = new Font(«Segoe Ul», 10f, FontStyle.Bold);
_floatingButton.Cursor = Cursors.Hand;
int margin = 20;
_floatingButton.Location = new Point(
this.Width - _floatingButton.Width - margin,
this.Height - _floatingButton.Height - margin
)i
_floatingButton.Anchor = AnchorStyles.Bottom | AnchorStyles.Right;
_floatingButton. Visible = false;
_floatingButton.Click += async (s, e) =>

{
if (webView21 != null && webView21.CoreWebView?2 != null)
{
try
{
string rawJson = await webView21.CoreWebView2.ExecuteScriptAsync(«document.getElementByld(‘mf’).getValue()»);
if (Istring.IsNullOrEmpty(rawJson) && rawdson != «null»)
{
string cleanLatex = System. Text.Json.JsonSerializer.Deserialize<string>(rawJson);
currentLatexCode = cleanLatex;
}
}
catch (Exception ex)
{
System.Diagnostics.Debug.WriteLine(«ITomuika orpumanns LaTeX: « + ex.Message);
}
}
RunPyCalculation();
}

this.Controls.Add(_floatingButton);
_floatingButton.BringToFront();

public CalculationConfig GetCalculationConfig()
{

var config = new CalculationConfig();

var addedFormulas = new HashSet<string>();
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if (_currentRootAst != null)
config.Formula = HierarchicalNodeControl. AstToFormulaConverter.Convert(_currentRootAst);
else
config.Formula = «O»;
var varNamesInConfig = new HashSet<string>();
foreach (var kvp in inputs)
{
string varName = kvp.Key;
var ctrl = kvp.Value;
if (Idouble.TryParse(ctrl.start. Text.Replace(«,», «.»), NumberStyles.Any, Culturelnfo.InvariantCulture, out double s)) s = -10.0;
if (Idouble. TryParse(ctrl.end. Text.Replace(«,», «.»), NumberStyles.Any, Culturelnfo.InvariantCulture, out double e)) e = 10.0;
int I1dx = ctrl.cmblinestyle.SelectedIndex;
if (Ildx <0) lldx =1;
string IW = ctrl.cmblinewidth. Text.Replace(«,», «.»);
if (string.IsNullOrWhiteSpace(IW)) IW = «1.5»;
int mldx = ctrl.cmbmarker.Selectedindex;
if (mldx <0) mldx = 1;
string mSz = ctrl.cmbmarkerwidth. Text;
if (string.IsNullOrWhiteSpace(mSz)) mSz = «6»;
config.Variables.Add(new VariableParams
{
Name = varName,
Start =s,
End=e,
Color = $»{ctrl.colorBtn.BackColor.R:D3}{ctrl.colorBtn.BackColor.G:D3}{ctrl.colorBtn.BackColor.B:D3}»,
LineStr = $»{l1dx}{IW}»,
MarkerStr = $»{mldx:D2}{mSz}»
i
}
var addedNames = new HashSet<string>();
foreach (var kvp in _nodeStyles)
{
ExprNode node = kvp.Key;
NodeStyleControls style = kvp.Value;
if (node == _currentRootAst) continue;
string subFormula = HierarchicalNodeControl. AstToFormulaConverter.Convert(node);
string name = subFormula. ToUpper();
if (string.IsNullOrEmpty(subFormula) || addedNames.Contains(name) || name.Contains(«kERROR»)) continue;
addedNames.Add(name);
int lineType = style.LineType.SelectedIndex;
if (lineType < 0) lineType = 1;
string lineWidth = style.LineWidth.Text.Replace(«,», «.»);
if (string.IsNullOrWhiteSpace(lineWidth)) lineWidth = «1.5»;
int markerType = style.MarkerType.SelectedIndex;
if (markerType < 0) markerType = 0;
string markerSize = style.MarkerSize.Text;
if (string.IsNullOrWhiteSpace(markerSize)) markerSize = «6»;
config.SubExpressions.Add(new SubExpressionParams
{
Name = name,
Formula = subFormula,
Color = $»{style.ColorBtn.BackColor.R:D3}{style.ColorBtn.BackColor.G:D3}{style.ColorBtn.BackColor.B:D3}»,
LineStr = $»{lineType}{lineWidth}»,
MarkerStr = $»{markerType:D2}{markerSize}»
i
}
if (Idouble.TryParse(tb_Steps.Text.Replace(«,», «.»), NumberStyles.Any, Culturelnfo.InvariantCulture, out double steps)) steps = 0.01;
if (lint. TryParse(tb_lterations.Text, out int iter)) iter = 1000;
config.Steps = steps;
config.lterations = iter;
config.ChartName = tb_ChartName.Text;
config.Latex = currentLatexCode;
config.XLabel = th_xLabelName.Text;
config.YLabel = th_yLabelName.Text;

Color resCol = Color.CornflowerBlue;

config.ResultColor = $»{resCol.R:D3}{resCol.G:D3}{resCol.B:D3}»;
config.ResultLineType = 1;

config.ResultLineWidth = 2.0;

config.ResultMarkerType = 1;
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config.ResultMarkerSize = 6;
return config;

}

public class CalculationConfig

{
public string Formula { get; set; }
public double Steps { get; set; }
public int Iterations { get; set; }
public List<VariableParams> Variables { get; set; } = new();
public string ChartName { get; set; }
public string Latex { get; set; }
public string XLabel { get; set; }
public string YLabel { get; set; }

public string ResultColor { get; set; }

public int ResultLineType { get; set; }

public double ResultLineWidth { get; set; }

public int ResultMarkerType { get; set; }

public int ResultMarkerSize { get; set; }

public List<SubExpressionParams> SubExpressions { get; set; } = new();

}

public class VariableParams

{
public string Name { get; set; }
public double Start { get; set; }
public double End { get; set; }
public string Color { get; set; }
public string LineStr { get; set; }

public string MarkerStr { get; set; }
}

public class HierarchicalNodeControl : UserControl

private Label _IbITitle;

private FlowLayoutPanel _pniContent;

private Color _lineColor = Color.FromArgh(100, 149, 237);

public string Title

get => _IblTitle.Text;

set => _IbITitle.Text = value;

public ControlCollection ContentControls => _pnlContent.Controls;

public HierarchicalNodeControl()

this.AutoSize = true;

this.AutoSizeMode = AutoSizeMode.GrowAndShrink;

this.Padding = new Padding(15, 0, 0, 10);

this.DoubleBuffered = true;
_IbITitle = new Label

AutoSize = true,
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Font = new Font(«Segoe Ul», 9f, FontStyle.Bold),

ForeColor = Color.DimGray,

Margin = new Padding(0, 5, 0, 5)

}

_pnlContent = new FlowLayoutPanel

AutoSize = true,

AutoSizeMode = AutoSizeMode.GrowAndShrink,

FlowDirection = FlowDirection. TopDown,

WrapContents = false,

Margin = new Padding(0),

Padding = new Padding(0)

13

var mainLayout = new FlowLayoutPanel

AutoSize = true,

AutoSizeMode = AutoSizeMode.GrowAndShrink,

FlowDirection = FlowDirection.TopDown,

WrapContents = false,

Dock = DockStyle.Fill

13

mainLayout.Controls.Add(_IblTitle);

mainLayout.Controls.Add(_pnlContent);

this.Controls.Add(mainLayout);

}
public static class AstToFormulaConverter
{
public static string Convert(UserControl1.ExprNode node)
{
if (node == null) return «0»;
switch (node)
{
case UserControl1l.MatrixNode m:

{

var rowsStr = m.Rows.Select(row =>
«[« + string.Join(«, «, row.Select(cell => Convert(cell))) + «]»
)
return $»Matrix([{string.Join(«, «, rowsStr)}])»;
}
case UserControl1.DerivativeNode d:
return $»diff({Convert(d.Body)}, {d.Variable})»;
case UserControl1.BigOpNode b:
if (b.Kind == «Integral»)
return $»integrate({Convert(b.Body)}, ({b.IntVar}, {Convert(b.Lower)}, {Convert(b.Upper)}))»;
if (b.Kind == «Sumy)
return $»Sum({Convert(b.Body)}, ({b.Index}, {Convert(b.Lower)}, {Convert(b.Upper)}))»;
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if (b.Kind == «Product»)
return $»Product({Convert(b.Body)}, ({b.Index}, {Convert(b.Lower)}, {Convert(b.Upper)}))»;
return b.Kind;
case UserControl1.ChainNode chain:
List<string> parts = new List<string>();
foreach (var item in chain.ltems)
{
if (item is UserControl1.ExprNode en)
{
string subExpr = Convert(en);
if (!string.IsNullOrEmpty(subExpr)) parts.Add(subExpr);
}
else if (item is string s)
{
if (parts.Count > 0) parts.Add(s);

}
if (parts.Count > 0)
{
string last = parts[parts.Count - 1];
if (last == «+» || last == «-» || last == «*» || last == «/»)
parts.RemoveAt(parts.Count - 1);
}
return parts.Count > 0 ? $»({string.Join(««, parts)})» : «0»;
case UserControl1.OperationNode op:
string funcName = op.Op.ToLower();
string symbol = op.Op switch
{
«Addy => «+»,
«Subtracty => «-»,
«Multiply» => «*»,
«Divide» => «/»,
«Power» => «**y,
«Listy => «, «,
«Sequence» => «, «,
_=>null
3
var args = op.Args.Select(a => Convert(a)). Where(s => Istring.IsNullOrEmpty(s)). ToArray();
if (symbol != null)
{
return args.Length > 1 ? $»({string.Join(symbol, args)})» : (args.FirstOrDefault() ?? «0»);
}
return $»{funcName}({string.Join(«, «, args)})»;
case UserControl1.ValueNode v:
return string.IsNullOrEmpty(v.Name) ? «O» : v.Name;
default:

return «O»;

protected override void OnPaint(PaintEventArgs e)

{
base.OnPaint(e);
e.Graphics.SmoothingMode = SmoothingMode.AntiAlias;
using (Pen p = new Pen(_lineColor, 2))

{
e.Graphics.DrawLine(p, 5, 10, 5, this.Height - 10);
e.Graphics.DrawLine(p, 5, this.Height - 10, 15, this.Height - 10);
e.Graphics.DrawLine(p, 5, 10, 15, 10);
}
}
public void AddControl(Control c)
{

_pnlContent.Controls.Add(c);



class OperationNode : ExprNode
{
public string Op;
public List<ExprNode> Args = new();
}
class DerivativeNode : ExprNode
{
public string Variable;
public string Order;
public ExprNode Body;

public string Condition;

class NormalNode : ExprNode
{
public JsonElement MathJson;
}
bool IsRealVariable(string name)
{
if (string.IsNullOrWhiteSpace(name)) return false;
if (double. TryParse(name, System.Globalization.NumberStyles.Any, System.Globalization.Culturelnfo.InvariantCulture, out _))
return false;
if (name.Length == 1 && !char.lIsLetter(name[0]))
return false;
if (name == «+» || name == «-» || name == «*» || name == «/» || name == «"» || name == «=«)
return false;
if (name. StartsWith(«‘«) || name.Contains(«type») || name.Contains(«number»))
return false;
if (name is «incompatible-type» or «list» or «Error» or «Nothing»)
return false;
if (name.StartsWith(«\\»))
return false;
return true;
}
ExprNode ParseMathJson(JsonElement el)
{
if (el.ValueKind == JsonValueKind.Number)
return new ValueNode { Name = el. ToString() };

if (el.ValueKind == JsonValueKind.String)

{
var s = el.GetString();
if (string.IsNullOrWhiteSpace(s)) return null;
return new ValueNode { Name =s };

if (el.ValueKind == JsonValueKind.Array)
{
var arr = el.EnumerateArray(). ToList();
if (arr.Count == 0) return null;
string opName = arr[0].GetString();
if (string.Equals(opName, «Matrix», StringComparison.OrdinallgnoreCase))
{
var matrixNode = new MatrixNode();
var args = arr.Skip(1). ToList();
if (args.Count == 1 && args[0].ValueKind == JsonValueKind.Array)
{
var firstArgArr = args[0]. EnumerateArray(). ToList();
if (firstArgArr.Count > 0 && firstArgArr[0].ValueKind == JsonValueKind.String && firstArgArr[0].GetString() == «List»)
{
args = firstArgArr.Skip(1). ToList();

}
foreach (var rowElement in args)
{
var rowExprs = new List<ExprNode>();
if (rowElement.ValueKind == JsonValueKind.Array)
{
var rowltems = rowElement.EnumerateArray(). ToList();
int startindex = 0;
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if (rowltems.Count > 0 && rowltems[0].ValueKind == JsonValueKind.String && rowltems[0].GetString() == «List»)
{

startindex = 1;

for (int k = startIndex; k < rowltems.Count; k++)
{

var cell = ParseMathJson(rowltems[K]);

if (cell != null) rowExprs.Add(cell);

}
if (rowExprs.Count > 0)
{

matrixNode.Rows.Add(rowExprs);

}
return matrixNode;
}
var node = new OperationNode { Op = opName };
for (inti=1; i <arr.Count; i++)
{
var child = ParseMathJson(arr[i]);
if (child != null) node.Args.Add(child);
}
return node;
}
return null;
}
public string GlobalLatexValue { get; set; }
public string GlobalLatexEnc { get; set; }
private System.Windows.Forms.Timer _debounceTimer;
private Dictionary<string, Color> _variableColorMemory = new Dictionary<string, Color>();
private List<Color> _colorPalette = new List<Color>();
private int _nextColorindex = 0;

private void GeneratePalette()
{
_colorPalette.Clear();
double goldenRatioConjugate = 0.618033988749895;
double currentHue = 0.5;
for (inti =0; i <1000; i++)
{
currentHue += goldenRatioConjugate;
currentHue %= 1.0;
Color ¢ = ColorFromHSV/(currentHue, 0.5, 0.95);
_colorPalette.Add(c);

private Color ColorFromHSV/(double hue, double saturation, double value)

{
int hi = Convert.ToInt32(Math.Floor(hue * 6)) % 6;
double f = hue * 6 - Math.Floor(hue * 6);
value = value * 255;
int v = Convert.ToInt32(value);
int p = Convert.ToInt32(value * (1 - saturation));
int g = Convert.ToInt32(value * (1 - f * saturation));
int t = Convert.ToInt32(value * (1 - (1 - f) * saturation));
if (hi == 0) return Color.FromArgh(255, v, t, p);
else if (hi == 1) return Color.FromArgb(255, q, v, p);
else if (hi == 2) return Color.FromArgh(255, p, v, t);

else if (hi == 3) return Color.FromArgh(255, p, g, v);

else if (hi == 4) return Color.FromArgh(255, t, p, v);
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else return Color.FromArgb(255, v, p, q);

public string ProjectFilePath { get; private set; } = null;
public bool IsDirty { get; set; } = false;

public event EventHandler<string> ProjectSaved;
private Dictionary<string, (TextBox start, TextBox end, ComboBox cmblinestyle, ComboBox cmblinewidth, ComboBox cmbmarker, ComboBox cmbmarkerwidth, ComboBox cmbType,
Button colorBtn)> inputs = new Dictionary<string, (TextBox, TextBox, ComboBox, ComboBox, ComboBox, ComboBox, ComboBox, Button)>();

public Dictionary<string, VariableRange> ResultRanges { get; private set; }
private string currentLatexCode = ««;
private string _savedLatexCode = «;

private string _cachedCalculationResult = null;
public UserControl1()
{

InitializeComponent();
InitFloatingButton();

GeneratePalette();
_debounceTimer = new System.Windows.Forms.Timer();
_debounceTimer.Interval = 400;
_debounceTimer.Tick += DebounceTimer_Tick;
try
{
Pythonlnterop.Initialize();
}
catch (Exception ex)

{

MessageBox.Show(ex.Message);

private void RunPyCalculation()
{
var config = GetCalculationConfig();
string formulaToSend = config.Formula;
if (_cmbMatrixOp != null && _cmbMatrixOp.Visible && _cmbMatrixOp.Selectedltem != null)
{
string selectedOp = _cmbMatrixOp.Selectedltem. ToString();
string safeFormula = $»({config.Formula})»;
string cleanReal = «.replace(conjugate, Lambda(_v, _v))»;
switch (selectedOp)
{
case «Determinant (det)»: formulaToSend = $»det({safeFormula}){cleanReal}»; break;
case «Trace (tr)»: formulaToSend = $»trace({safeFormula}){cleanReal}»; break;
case «Norm (Frobenius)»: formulaToSend = $»{safeFormula}.norm(){cleanReal}»; break;
case «Norm (Spectral)»: formulaToSend = $»{safeFormula}.norm(2){cleanReal}»; break;
case «Singular Values (SVD)»: formulaToSend = $»({safeFormula}.singular_values())[0]{cleanReal}»; break;
case «Grammian Det (det(A.T*A))»: formulaToSend = $»det({safeFormula}.T * {safeFormula}){cleanReal}»; break;
case «Pseudo-Inverse (pinv)»: formulaToSend = $»{safeFormula}.pinv().norm(){cleanReal}»; break;
default: formulaToSend = $»det({safeFormula}){cleanReal}»; break;

}
string jsonConfig = JsonSerializer.Serialize(config);
string outputDataPath;
if (Istring.IsNullOrEmpty(this.ProjectFilePath))
{
outputDataPath = this.ProjectFilePath;
}

else

{

string tabTitle = «NewProject»;
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Control current = this.Parent;
while (current != null)
{
if (current is TabPage page)
{
tabTitle = page.Text.Replace(«+», ««).Trim();
if (string.IsNullOrEmpty(tabTitle)) tabTitle = «NewProject»;
break;
}
current = current.Parent;
}
string projectDir = Path.Combine(Application.StartupPath, «Projects», tabTitle);
if (IDirectory.Exists(projectDir))
{
Directory.CreateDirectory(projectDir);

outputDataPath = Path.Combine(projectDir, tabTitle + «.UCH»);

string mainVar = «x»;
double start = -10, end = 10;
if (config.Variables.Count > 0)
{
var xVar = config.Variables.FirstOrDefault(v => v.Name == «x»);
if (xVar !=null) { mainVar = xVVar.Name; start = xVar.Start; end = xVar.End; }
else { mainVar = config.Variables[0]. Name; start = config.Variables[0].Start; end = config.Variables[0].End; }
}
Cursor.Current = Cursors.WaitCursor;
string result = PythonInterop.RunCalculationScript(
formulaToSend,
mainVar,
start,
end,
config.Steps,
jsonConfig,
outputDataPath
)i
Cursor.Current = Cursors.Default;
this.Invoke(new Action(() => {
var owner = this.FindForm();
if (result == «OK»)
{
string baseName = Path.GetFileNameWithoutExtension(outputDataPath);
MessageBox.Show(owner,
$>)P03anyHOK 3aBepmeHo!\n» +
$»®aitn 36epexeno B:\n{Path.GetDirectoryName(outputDataPath) F\n\n» +
$»Creopeno:\n» +
$»- {Path.GetFileName(outputDataPath) }\n» +
$»- {baseName}.fo0\n» +
$»- {baseName}.OUT»,
«Yemix», MessageBoxButtons.OK, MessageBoxIcon.Information);
try
{
string chartScript = Path. Combine(Application.StartupPath, «universal_chart.py»);
if (File.Exists(chartScript))
{
var res = MessageBox.Show(owner, «Biakpurtn no0ynosauuii rpadix?», «'padix», MessageBoxButtons.YesNo, MessageBoxIcon.Question);
if (res == DialogResult.Yes)
{
ProcessStartinfo psi = new ProcessStartInfo();
psi.FileName = «pythony;
psi.Arguments = $»\»{chartScript}\» \»{outputDataPath}\»«;
psi.UseShellExecute = true;
psi.CreateNoWindow = false;
Process.Start(psi);

}

catch (Exception ex)
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MessageBox.Show(«He Branocs samyctutu neperisa rpadika: « + ex.Message);

}

else
{
MessageBox.Show(owner, $»TTomuka npu pospaxysky:\n{result}»,
«Iomuuika», MessageBoxButtons.OK, MessageBoxIcon.Error);
}
DB
}

private bool pageLoaded = false;

public void SaveProject()

{

if (string.IsNullOrEmpty(ProjectFilePath))
{

throw new InvalidOperationException(«LLmsix 1o daiimy He BcTanoeHo. Bukopucroyiite ‘36epertu sk’.»);

string content = GetUchContent();

try

{
File.WriteAllText(ProjectFilePath, content, Encoding.UTF8);
IsDirty = false;
ProjectSaved?.Invoke(this, ProjectFilePath);

}

catch (Exception ex)

{

throw new I0Exception($»He Branocst sanucaru daiin Ha quck: {ex.Message}», €X);

}
public void UpdateProjectPath(string newPath)
{
ProjectFilePath = newPath;
}
private void SetDefaultValues()
{
th_ChartName.Text = «My Chart»;
th_lterations.Text = «1000»;
th_Steps.Text = «0,01»;
th_xLabelName.Text = «Timey;
th_yLabelName.Text = «Valuex;
currentLatexCode = ««;
}
public void LoadFromFile(string uchFilePath)
{
if (IFile.Exists(uchFilePath)) return;
ProjectFilePath = uchFilePath;
try
{
string[] lines = File.ReadAllLines(uchFilePath);
if (lines.Length == 0 || (lines.Length == 1 && lines[0].Trim() == «{}»))
{
SetDefaultValues();

return;
}
string latexVal = ««;
foreach (string line in lines)
{
string cleanLine = line.Trim();
if (cleanLine.StartsWith(«chart «))
{
th_ChartName.Text = cleanLine.Substring(6).Trim();
}
else if (cleanLine.StartsWith(«latex «))

{



private async void UserControl1_Load(object sender, EventArgs e)

{

}

latexVal = cleanLine.Substring(6).Trim();
currentLatexCode = latexVal;
_originalLatexCode = latexVal;
IsDirty = false;
}
else if (cleanLine.StartsWith(«xlabel «))
{
th_xLabelName.Text = cleanLine.Substring(7).Trim();
}
else if (cleanLine.StartsWith(«ylabel «))
{
th_yLabelName.Text = cleanLine.Substring(7).Trim();
}
else if (cleanLine.StartsWith(«iterations «))
{
th_lterations. Text = cleanLine.Substring(11).Trim();
}
else if (cleanLine.StartsWith(«steps «))
{
string sVal = cleanLine.Substring(6). Trim();
th_Steps.Text = sVVal.Replace(«.», «,»);

}
if (Istring.IsNullOrEmpty(latexVal))

{
InjectLatexToWebView(latexVal);

}
IsDirty = false;

catch (Exception ex)

{

}

MessageBox.Show($»Owmmnbka urenus ¢aiina: {ex.Message}»);

finally

{
}

if (string.1sNullOrEmpty(ProjectFilePath))

{

}

tb_ChartName.Text = «My Chart»;

th_Iterations.Text = «1000»;

th_Steps.Text = «0.01»;

th_xLabelName.Text = «Time»;

th_yLabelName.Text = «Valuex;

if (webView21.CoreWebView?2 != null) return;
try

{

await webView21.EnsureCoreWebView2Async(null);

webView21.CoreWebView2.WebMessageReceived += CoreWebView2_WebMessageReceived;

if (this.IsDisposed || webView21.1sDisposed) return;

webView21.CoreWebView2.NavigationCompleted += webView21_NavigationCompleted;

string htmlFilePath = Path.Combine(Application.StartupPath, «Latex.html»);

if ('File.Exists(htmlIFilePath))
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MessageBox.Show(«Owmbka: MathEditor.html ue Haiinen»);

return;

string url = $xfile:///{htmIFilePath.Replace(«\\», «/»)}»;

webView21.CoreWebView2.Navigate(url);

catch (Exception ex)

System.Diagnostics.Debug.WriteLine($»WebView init error: {ex.Message}»);

th_ChartName.TextChanged += MarkAsDirty;
th_lterations. TextChanged += MarkAsDirty;
th_Steps.TextChanged += MarkAsDirty;
tb_xLabelName. TextChanged += MarkAsDirty;

th_yLabelName.TextChanged += MarkAsDirty;

private string _cachedLatex = «;

private string _cachedMathML = «;
private ExprNode _currentRootAst = null;
void BuildVisualTree(ExprNode node, Control parent)
{
if (node == null) return;
var nodeControl = new HierarchicalNodeControl();
Action<TextBox> styleBox = (tb) =>
{
th.BorderStyle = BorderStyle.FixedSingle;
th.BackColor = Color.WhiteSmoke;
th.Font = new Font(«Consolas», 9f);
}
switch (node)
{
case ChainNode chain:
{
string title = chain.Kind == «AddChain» ? «Chain (Sum)» : «Chain (Prod)»;
nodeControl.Title = title;

var (stylePanel, _) = CreateRichControlTable(title, chain);
nodeControl. AddControl(stylePanel);
var flow = new FlowLayoutPanel { AutoSize = true, FlowDirection = FlowDirection.TopDown, Margin = new Padding(10, 0, 0, 0), WrapContents = false };
foreach (var item in chain.ltems)
{
if (item is string opSymbol)
{
flow.Controls.Add(new Label { Text = $»[ {opSymbol} ]», AutoSize = true, Font = new Font(«Consolas», 10f, FontStyle.Bold), ForeColor = Color.CornflowerBlue });
}
else if (item is ExprNode subNode)
{
Panel wrapper = new Panel { AutoSize = true };
BuildVisualTree(subNode, wrapper);
flow.Controls.Add(wrapper);
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}
nodeControl. AddControl(flow);
break;

}

case BigOpNode bigOp:

{
var (stylePanel, _) = CreateRichControlTable(bigOp.Kind, bigOp);
nodeControl.AddControl(stylePanel);
break;

}

case DerivativeNode d:

{
string title = «Iloximna (d/d» + d.Variable + «)»;
nodeControl.Title = title;
var (stylePanel, _) = CreateRichControlTable(title, d);
nodeControl. AddControl(stylePanel);
var paramPanel = new FlowLayoutPanel
{

AutoSize = true,
FlowDirection = FlowDirection.LeftToRight,

13
string labelText = «Order:»;
bool isNumeric = double. TryParse(d.Order, out _);

if (tisNumeric)
{
labelText = $»Order {d.Order}:»;

paramPanel.Controls.Add(new Label
{
Text = labelText,
AutoSize = true,
TextAlign = System.Drawing.ContentAlignment. MiddleLeft,
Anchor = AnchorStyles.Left,
Padding = new Padding(0, 6, 0, 0)
by

TextBox txtOrder = new TextBox

{

Text = isNumeric ? d.Order : ««,
Width = 40,
TextAlign = Horizontal Alignment.Center,
Tag=d
13
styleBox(txtOrder);

txtOrder.TextChanged += (s, args) =>

{
d.Order = string.IsNullOrWhiteSpace(txtOrder. Text) ? «« : txtOrder. Text;
MarkAsDirty(s, args);

13

paramPanel.Controls.Add(txtOrder);

if (!string.IsNullOrEmpty(d.Condition))
{
var parts = d.Condition.Split(‘=");
string rightVal = parts.Length > 1 ? parts[1]. Trim() : ««;

paramPanel.Controls.Add(new Label

{
Text = « at « + (parts.Length > 0 ? parts[0] : «x») + «=«,
AutoSize = true,
TextAlign = System.Drawing.ContentAlignment.MiddleLeft,
Anchor = AnchorStyles.Left,
Padding = new Padding(0, 6, 0, 0)
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by

var tbCond = new TextBox { Width = 60, Text = rightVal };
styleBox(tbCond);
paramPanel.Controls.Add(tbCond);

if (paramPanel.Controls.Count > 0)
nodeControl.AddControl(paramPanel);

if (d.Body !=null)
BuildVisualTree(d.Body, nodeControl);

break;
}
case OperationNode op:

{
nodeControl.Title = op.Op;

var (stylePanel, _) = CreateRichControlTable(op.Op, op);
nodeControl. AddControl(stylePanel);
foreach (var a in op.Args) BuildVisualTree(a, nodeControl);
break;

}

case MatrixNode m:

{
nodeControl.Title = «Marpuusi»;
var (stylePanel, _) = CreateRichControlTable(«Matpuwsi», m);
nodeControl. AddControl(stylePanel);

var container = new FlowLayoutPanel

{
AutoSize = true,
AutoSizeMode = AutoSizeMode.GrowAndShrink,
FlowDirection = FlowDirection.LeftToRight,
WrapContents = false,
VerticalScroll = { Visible = false }

13

var table = new TableLayoutPanel();
table.AutoSize = true;
table.CellBorderStyle = TableLayoutPanelCellBorderStyle.Single;
int rowCount = m.Rows.Count;
int colCount = rowCount > 0 ? m.Rows[0].Count : 0;
table.RowCount = rowCount;
table.ColumnCount = colCount;
for (int r = 0; r < rowCount; r++)
{
for (int ¢ = 0; ¢ < colCount; c++)
{
if (c < m.Rows[r].Count)
{
string cellText = AstToFormulaConverter.Convert(m.Rows[r][c]);
Label | = new Label
{
Text = cellText,
AutoSize = true,
Padding = new Padding(5),
Font = new Font(«Consolas», 10f)
}
table.Controls.Add(l, c, r);

}
container.Controls.Add(table);
if (rowCount > 0)

{

var cmbOp = new ComboBox();



}

private (TableLayoutPanel, NodeStyleControls) CreateRichControlTable(string name, ExprNode node = null)

{

cmbOp.DropDownStyle = ComboBoxStyle.DropDownList;

cmbOp.Width = 180;

cmbOp.Margin = new Padding(15, rowCount * 10, 0, 0);

if (rowCount == colCount)

{
cmbOp.Items.Add(«Determinant (det)»);
cmbOp.Items.Add(«Trace (tr)»);
cmbOp.Items.Add(«Norm (Frobenius)»);
}

else
{
cmbOp.Items.Add(«Norm (Frobenius)»);

cmbOp.Items.Add(«Norm (Spectral)»);

cmbOp.ltems.Add(«Singular Values (SVD)»);

cmbOp.ltems.Add(«Grammian Det (det(A.T*A))»);

cmbOp.ltems.Add(«Pseudo-Inverse (pinv)»);

}

if (cmbOp.Items.Count > 0) cmbOp.Selectedindex = 0;

container.Controls.Add(cmbOp);
_cmbMatrixOp = cmbOp;
}
nodeControl.AddControl(container);
break;
}
case ValueNode v:

{

nodeControl. AddControl(new Label { Text = v.Name, AutoSize = true, Font = new Font(«Consolas», 10f), Margin = new Padding(20, 5, 0, 5) });

break;

}

if (parent is HierarchicalNodeControl hParent) hParent. AddControl(nodeControl);

else parent.Controls.Add(nodeControl);

var table = new TableLayoutPanel();

table.AutoSize = true;

table.AutoSizeMode = AutoSizeMode.GrowAndShrink;
table.Padding = new Padding(0, 0, 0, 5);

table.Margin = new Padding(0);

table.ColumnCount = 6;

for (inti =0; i <6; i++) table.ColumnStyles.Add(new ColumnStyle(SizeType.AutoSize));

table.RowCount = 2;
Action<string, int> addHeader = (txt, col) => {
table.Controls.Add(new Label
{
Text = txt,
Font = new Font(«Segoe Ul», 7f),
ForeColor = Color.Gray,
AutoSize = true,
Margin = new Padding(0, 0, 0, 2)
}. col, 0);
}
addHeader(««, 0);
addHeader(«Line», 1);
addHeader(«Width», 2);
addHeader(«Marker», 3);
addHeader(«Size», 4);
addHeader(«Color», 5);
Label IbIName = new Label
{
Text = name,
AutoSize = true,
Font = new Font(«Segoe Ul», 9f, FontStyle.Bold),
Anchor = AnchorStyles.Left,
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Margin = new Padding(0, 5, 10, 0)
}
table.Controls.Add(IbIName, 0, 1);

Action<ComboBox, string[], int> setupCmb = (cmb, items, idx) => {
cmb.DropDownStyle = ComboBoxStyle.DropDownList;
cmb.ltems.AddRange(items);
cmb.SelectedIndex = idx;
cmb.Width = 45;
cmb.Margin = new Padding(0, 3, 5, 0);
cmb.SelectedindexChanged += MarkAsDirty;

}

var cmbLine = new ComboBox();

setupCmb(cmbLine, new string[] { ««, «-», «- -», «-*-», «***» }, 1);

table.Controls.Add(cmbLine, 1, 1);

var cmbWidth = new ComboBox();

setupCmb(cmbWidth, new string[] { «0.5», «1.0», «1.5», «2.0», «3.0» }, 1);

table.Controls.Add(cmbWidth, 2, 1);

var cmbMarker = new ComboBox { Font = new Font(«MS Gothic», 9f) };
setupCmb(cmbMarker, new string[] { ««, «o», «o», «A», «O» }, 0);
table.Controls.Add(cmbMarker, 3, 1);

cmbMarker.SelectedIndex = 1;

var cmbMSize = new ComboBox();
setupCmb(cmbMSize, new string[] { «2», «4», «6», «8» }, 2);
table.Controls.Add(cmbMSize, 4, 1);

var btnColor = new Button

{
Size = new Size(22, 22),
FlatStyle = FlatStyle.Flat,
Margin = new Padding(0, 2, 0, 0)

13

Color newCol = (_colorPalette.Count > 0) ? _colorPalette[_nextColorindex % _colorPalette.Count] : Color.Black;
if (node != null)
{
int safeGuard = 0;
while (_variableColorMemory.ContainsValue(newCol) && safeGuard < 100)
{
_nextColorIndex++;
if (_colorPalette.Count > 0)
newCol = _colorPalette[_nextColorindex % _colorPalette.Count];
safeGuard++;

}
if (_colorPalette.Count > 0) _nextColorindex++;
btnColor.BackColor = newCol;
btnColor.Click += (s, €) => {
using (var cd = new ColorDialog())
{
cd.Color = btnColor.BackColor;
if (cd.ShowDialog() == DialogResult.OK)
{
btnColor.BackColor = cd.Color;
MarkAsDirty(s, €);

}
}
table.Controls.Add(btnColor, 5, 1);
var settings = new NodeStyleControls
{
LineType = cmbLine,
LineWidth = cmbWidth,
MarkerType = cmbMarker,
MarkerSize = cmbMSize,
ColorBtn = btnColor
}

if (node != null)
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{
_nodeStyles[node] = settings;
}

return (table, settings);

static bool IsComputeEngineType(string name)

return name switch

«number» => true,

«list-number» => true,

«incompatible-type» => true,

«List» => true,

«Matrix» => true,

«Add» => true,

«Multiply» => true,

«Power» => true,

_ =>false

void CollectVariables(ExprNode node, HashSet<string> vars)
{
if (node == null) return;
switch (node)
{
case ChainNode chain:
foreach (var item in chain.ltems)
{
if (item is ExprNode en)
{
CollectVariables(en, vars);
}
else if (item is string s)
{
if (IsRealVariable(s))

{
vars.Add(s);

}
break;
case BigOpNode bigOp:

if (!string.IsNullOrEmpty(bigOp.Index) && IsRealVariable(bigOp.Index))

{
vars.Add(bigOp.Index);

}
CollectVariables(bigOp.Lower, vars);
CollectVariables(bigOp.Upper, vars);
CollectVariables(bigOp.Body, vars);
break;

case ValueNode v:
if (IsRealVariable(v.Name)) vars.Add(v.Name);
break;

case OperationNode op:
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foreach (var a in op.Args) CollectVariables(a, vars);
break;
case DerivativeNode d:
CollectVariables(d.Body, vars);
vars.Add(d.Variable);
break;
case MatrixNode m:
foreach (var row in m.Rows)
foreach (var cell in row) CollectVariables(cell, vars);
break;

bool IsNumber(string s) =>

double.TryParse(s,
System.Globalization.NumberStyles.Any,
System.Globalization.Culturelnfo.InvariantCulture,

out_);

private void ScanForBigOpDefaults(ExprNode node, Dictionary<string, string> rules)
{
if (node == null) return;
if (node is BigOpNode big)
{
if (!string.IsNullOrEmpty(big.Index) && big.Lower != null)
{
string valStr = AstToFormulaConverter.Convert(big.Lower);
if (double.TryParse(valStr, System.Globalization.NumberStyles.Any, System.Globalization.Culturelnfo.InvariantCulture, out _))
{
if (!rules.ContainsKey(big.Index))
{

rules[big.Index] = valStr;

}
if (big.Upper is ValueNode vnUpper && IsRealVariable(vnUpper.Name))
{

if (Irules.ContainsKey(vnUpper.Name))

{

rules[vnUpper.Name] = «10»;

}
if (big.Kind == «Integral» && big.Lower is ValueNode vnLower && IsRealVariable(vnLower.Name))
{

if (Irules.ContainsKey(vnLower.Name))

{

rules[vnLower.Name] = «-10»;

}
ScanForBigOpDefaults(big.Body, rules);
ScanForBigOpDefaults(big.Lower, rules);
ScanForBigOpDefaults(big.Upper, rules);
}
else if (node is OperationNode op)
{
foreach (var arg in op.Args) ScanForBigOpDefaults(arg, rules);
}
else if (node is ChainNode chain)
{
foreach (var item in chain.ltems)
if (item is ExprNode en) ScanForBigOpDefaults(en, rules);
}
else if (node is DerivativeNode dn)
{
ScanForBigOpDefaults(dn.Body, rules);



else if (node is MatrixNode m)

{
foreach (var row in m.Rows)

foreach (var cell in row) ScanForBigOpDefaults(cell, rules);

}
ExprNode BuildExprNode(JsonElement el)

{
if (el.ValueKind == JsonValueKind.Null || el.ValueKind == JsonValueKind.Undefined) return null;

if (el.ValueKind == JsonValueKind.Array || el.ValueKind == JsonValueKind.String || el.ValueKind == JsonValueKind.Number)

{
return ParseMathJson(el);
}
if (el.ValueKind == JsonValueKind.Object && el. TryGetProperty(«kind», out var kindProp))
{

string kind = kindProp.GetString();
if (kind == «Normal»)

return ParseMathJson(el.GetProperty(«mathjson»));
if (kind == «AddChainy || kind == «MulChainy)

{
var node = new ChainNode { Kind = kind };
foreach (var item in el.GetProperty(«items»).EnumerateArray())
{
if (item.ValueKind == JsonValueKind.String) node.ltems.Add(item.GetString());
else node. Items.Add(BuildExprNode(item));
}
return node;
}
if (kind == «Derivative)
{
return new DerivativeNode
{
Variable = el.GetProperty(«variable»).GetString(),
Order = el.GetProperty(«order»).GetString(),
Condition = el. TryGetProperty(«conditionLatex», out var c) ? c.GetString() : null,
Body = BuildExprNode(el.GetProperty(«body»))
3
}
if (kind == «Integral» || kind == «Sum» || kind == «Product»)
{
return new BigOpNode
{
Kind = kind,
Index = el. TryGetProperty(«index», out var idx) ? idx.GetString() : null,
IntVar = el. TryGetProperty(«intVar», out var iv) ? iv.GetString() : null,
Lower = el. TryGetProperty(«lower», out var 1) ? BuildExprNode(l) : null,
Upper = el.TryGetProperty(«upper», out var u) ? BuildExprNode(u) : null,
Body = el. TryGetProperty(«body», out var b) ? BuildExprNode(b) : null,
Condition = el. TryGetProperty(«conditionLatex», out var c) ? c.GetString() : null
1
}
}
return ParseMathJson(el);
}
private void DebounceTimer_Tick(object sender, EventArgs e)
{

_debounceTimer.Stop();

if (string.1sNullOrEmpty(_pendingJsonData)) return;

try

{
using var doc = JsonDocument.Parse(_pendingJsonData);
var rootElement = doc.RootElement;

if (IrootElement. TryGetProperty(«type», out var typeProp) || typeProp.GetString() != «Expression») return;

var rootNodeJson = rootElement.GetProperty(«root»);
if (rootNodeJson.ValueKind == JsonValueKind.Null)
{
Invoke(new Action(() => {
flowLayoutPanell.Controls.Clear();
_currentRootAst = null;
if (_floatingButton != null) _floatingButton.Visible = false;
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)
return;
}
var ast = BuildExprNode(rootNodeJson);
_currentRootAst = ast;
Invoke(new Action(() =>
{
flowLayoutPanell.SuspendLayout();
try
{
flowLayoutPanel1.Controls.Clear();
_nodeStyles.Clear();
inputs.Clear();
_nextColorIndex = 0;
BuildVisualTree(ast, flowLayoutPanell);
var vars = new HashSet<string>();
CollectVariables(ast, vars);
BuildVariablesPanel(vars, flowLayoutPanell);
if (_floatingButton != null)
{
_floatingButton.Visible = true;
_floatingButton.BringToFront();

}
finally { flowLayoutPanell.ResumeLayout(); }

DB
}
catch (Exception ex) { Debug.WriteLine(ex.Message); }

private void CoreWebView2_WebMessageReceived(object sender, CoreWebView2WebMessageReceivedEventArgs €)
{

_pendingJsonData = e.WebMessageAsJson;

_debounceTimer.Stop();

_debounceTimer.Start();

using var doc = JsonDocument.Parse(e.WebMessageAsJson);

var rootElement = doc.RootElement;

if (IrootElement. TryGetProperty(«type», out var typeProp) || typeProp.GetString() != «Expression»)

return;
var rootNodeJson = rootElement.GetProperty(«root»);

if (rootNodeJson.ValueKind == JsonValueKind.Null)

{
Invoke(new Action(() =>
{
flowLayoutPanell1.Controls.Clear();
currentLatexCode = «;
_currentRootAst = null;
if (_floatingButton != null) _floatingButton.Visible = false;
if (_cmbMatrixOp != null) _cmbMatrixOp.Visible = false;
DB
return;
}

var ast = BuildExprNode(rootNodeJson);
_currentRootAst = ast;
Invoke(new Action(() =>
{
_cmbMatrixOp = null;
BuildVisualTree(ast, flowLayoutPanell);

var vars = new HashSet<string>();
CollectVariables(ast, vars);
this.Invoke(new Action(() =>

{
if (IsDirty)



IsDirty = true;
}
_cachedCalculationResult = null;
DB
BuildVariablesPanel(vars, flowLayoutPanell);

if (_floatingButton != null)
{
_floatingButton.Visible = true;
_floatingButton.BringToFront();
}
DB
}

private string _originalLatexCode = ««;

bool TryParseCondition(string condition, out string left, out string right)

left = null;

right = null;

if (string.1sNullOrWhiteSpace(condition))

return false;

var parts = condition.Split(‘=");

if (parts.Length !=2)

return false;

left = parts[0]. Trim();

right = parts[1]. Trim();

return true;

private void webView21_NavigationCompleted(object sender, CoreWebView2NavigationCompletedEventArgs €)

pageLoaded = true;

if (Istring.IsNullOrEmpty(currentLatexCode))

InjectLatexToWebView(currentLatexCode);

*
private TableLayoutPanel CreateVariableGrid(List<string> vars)

TableLayoutPanel grid = new TableLayoutPanel();

grid.AutoSize = true;

grid.Dock = DockStyle.Top;

grid.ColumnCount = 9;
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grid.ColumnStyles.Add(new ColumnStyle(SizeType.Percent, 20F));
grid.ColumnStyles.Add(new ColumnStyle(SizeType.Percent, 20F));
grid.ColumnStyles.Add(new ColumnStyle(SizeType.Percent, 20F));
grid.ColumnStyles.Add(new ColumnStyle(SizeType.Percent, 20F));
grid.ColumnStyles.Add(new ColumnStyle(SizeType.Percent, 20F));
grid.ColumnStyles.Add(new ColumnStyle(SizeType.Percent, 20F));
grid.ColumnStyles.Add(new ColumnStyle(SizeType.Percent, 20F));
grid.ColumnStyles.Add(new ColumnStyle(SizeType.Percent, 20F));
grid.RowCount = vars.Count + 1;

AddHeader(grid, «Var», 0, 0);

AddHeader(grid, «Min», 1, 0);

AddHeader(grid, «Max», 2, 0);

AddHeader(grid, «Jlinis», 3, 0);

AddHeader(grid, «Tosumnay, 4, 0);

AddHeader(grid, «Mapxkep», 5, 0);

AddHeader(grid, «Toiuuay, 6, 0);

AddHeader(grid, «Kouip», 7, 0);

introw =1;

int varindex = 0;

foreach (string varName in vars)

Label Ibl = new Label { Text = varName, TextAlign = System.Drawing.ContentAlignment.MiddleLeft, Font = new Font(this.Font,
FontStyle.Bold), AutoSize = true };

TextBox txtStart = new TextBox { Text = «-10», Dock = DockStyle.Fill };
TextBox txtEnd = new TextBox { Text = «10», Dock = DockStyle.Fill };
txtStart. TextChanged += MarkAsDirty;

txtEnd.TextChanged += MarkAsDirty;

ComboBox cmbLineStyle = new ComboBox { Font = new Font(«MS Gothicy», 10f, FontStyle.Regular), DropDownStyle =
ComboBoxStyle.DropDownList, Dock = DockStyle.Fill, Anchor = AnchorStyles.Left | AnchorStyles.Top };

cmbLineStyle.ltems.AddRange(new object[] { ««, «-», «- -», «-*-», «***» });
cmbLineStyle.Selectedindex = 1;

ComboBox cmbLineWidth = new ComboBox { DropDownStyle = ComboBoxStyle.DropDownList, Dock = DockStyle.Fill, Anchor
= AnchorStyles.Left | AnchorStyles.Top };

cmbLineWidth.ltems.AddRange(new object[] { «0.5», «1.0», «1.5», «2.0», «2.5», «3.0», «3.5», «4.0», «4.5», «5.0» });
cmbLineWidth.SelectedIndex = 1;

ComboBox cmbMarker = new ComboBox { Font = new Font(«MS Gothic», 10f, FontStyle.Bold), DropDownStyle =
ComboBoxStyle.DropDownList, Dock = DockStyle.Fill, Anchor = AnchorStyles.Left | AnchorStyles.Top };
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cmbMarker.Items.AddRange(new object[] { ««, «o», «o», «A», «O» });
cmbMarker.Selectedindex = 1;

ComboBox cmbMarkerWidth = new ComboBox { DropDownStyle = ComboBoxStyle.DropDownList, Dock = DockStyle.Fill,
Anchor = AnchorStyles.Left | AnchorStyles.Top };

cmbMarkerWidth.Items.AddRange(new object[] { «2», «4», «6», «8», «10», «12», «15» });
cmbMarkerWidth.Selectedindex = 1;

cmbLineStyle.SelectedIndexChanged += MarkAsDirty;
cmbLineWidth.SelectedIndexChanged += MarkAsDirty;
cmbMarker.SelectedIndexChanged += MarkAsDirty;
cmbMarkerWidth.SelectedIndexChanged += MarkAsDirty;

Button clrBtn = new Button();

Color assignedColor;

if (_variableColorMemory.ContainsKey(varName))

{
assignedColor = _variableColorMemory[varName];
}
else
{
if (_colorPalette.Count > 0)
{
assignedColor = _colorPalette[_nextColorindex % _colorPalette.Count];
_nextColorIndex++;
}
else
{
assignedColor = Color.Black;
}
_variableColorMemory[varName] = assignedColor;
}

clrBtn.BackColor = assignedColor;

clrBtn.FlatStyle = FlatStyle.Flat;

clrBtn.Size = new Size(20, 20);

clrBtn.MinimumSize = new Size(20, 20);

clrBtn.MaximumSize = new Size(20, 20);

clrBtn.Anchor = AnchorStyles.Left | AnchorStyles.Top;



clrBtn.Margin = new Padding(3, 3, 0, 0);

clrBtn.Click += (sender, e) =>

ColorDialog colorDialog = new ColorDialog();

colorDialog.Color = cIrBtn.BackColor;

colorDialog.FullOpen = true;

if (colorDialog.ShowDialog() == DialogResult.OK)

clrBtn.BackColor = colorDialog.Color;

_variableColorMemory[varName] = colorDialog.Color;

MarkAsDirty(sender, €);

h

if (varName != «x» && varName != «t»)

txtStart. Text = «-10»; txtEnd. Text = «10»;

grid.Controls.Add(lbl, 0, row);

grid.Controls. Add(txtStart, 1, row);

grid.Controls.Add(txtEnd, 2, row);

grid.Controls.Add(cmbL.ineStyle, 3, row);

grid.Controls.Add(cmbLineWidth, 4, row);

grid.Controls.Add(cmbMarker, 5, row);

grid.Controls.Add(cmbMarkerWidth, 6, row);

grid.Controls.Add(clrBtn, 7, row);

inputs[varName] = (txtStart, txtEnd, cmbLineStyle, cmbLineWidth, cmbMarker, cmbMarkerWidth, clrBtn);

row++;

return grid;

}
*/
private void AddHeader(TableLayoutPanel grid, string text, int col, int row)

grid.Controls.Add(new Label { Text = text, AutoSize = true, ForeColor = Color.Black }, col, row);

private async void InjectLatexToWebView(string latex)
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if (webView21.CoreWebView2 == null || !pageLoaded) return;

if (string.1sNullOrWhiteSpace(latex)) return;

await webView21.CoreWebView2.ExecuteScriptAsync($»document.getElementByld(‘mf’).setValue(‘{latex}’);»);

catch (Exception ex)

Debug.WriteLine(«Ommub6ka ornpasku 8 WebView: « + ex.Message);

private void UserControl1_DragEnter(object sender, DragEventArgs e)

if (e.Data.GetDataPresent(DataFormats.FileDrop))

e.Effect = DragDropEffects.Copy;

else

e.Effect = DragDropEffects.None;

private void UserControl1_DragDrop(object sender, DragEventArgs €)

string[] files = (string[])e.Data.GetData(DataFormats.FileDrop);

foreach (string file in files)

MessageBox.Show(«®aiin: « + file);

private void MarkAsDirty(object sender, EventArgs e)

if (IsDirty)



IsDirty = true;

_cachedCalculationResult = null;

public string ChartNameText => th_ChartName. Text;

public string IterationsText => tb_lterations. Text;
public string StepsText => th_Steps. Text;

public string XLabelText => th_xLabelName.Text;

public string YLabelText => th_yLabelName.Text;

public bool HasEmptyCriticalFields

{
get
{
return string.IsNullOrWhiteSpace(tb_ChartName.Text) ||
string.IsNullOrWhiteSpace(tb_lIterations. Text) ||
string.IsNullOrWhiteSpace(tb_Steps. Text);
}
}

public string GetUchContent()

StringBuilder sb = new StringBuilder();

string chartName = string.IsNullOrWhiteSpace(tb_ChartName.Text) ? «My Chart» : tb_ChartName. Text.Trim();

string xLab = string.IsNullOrWhiteSpace(th_xLabelName.Text) ? «Time» : th_xLabelName.Text. Trim();

string yLab = string.IsNullOrWhiteSpace(tb_yLabelName.Text) ? «Value» : tb_yLabelName.Text. Trim();

string latexToSave = string.IsNullOrWhiteSpace(currentLatexCode) ? «« : currentLatexCode;

sh.AppendLine($»chart {chartName}»);

sh.AppendLine($»latex {latexToSave}»);

sh.AppendLine($»xlabel {xLab}»);

sh.AppendLine($»ylabel {yLab}»);

sh.AppendLine(«xgrid 110;10;1»);

sh.AppendLine(«ygrid 110;10;1»);

sh.AppendLine(«legend 0; 1»);

sh.AppendLine($»curves {inputs.Count:D9}»);
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if (lint. TryParse(tb_lIterations.Text, out int glter)) glter = 1000;

string stepText = th_Steps. Text.Replace(«,», «.»);
if (!double.TryParse(stepText, System.Globalization.NumberStyles.Any, System.Globalization.Culturelnfo.InvariantCulture, out double gStep)) gStep = 0.01;
sb.AppendLine($»iterations {glter}»);

sh.AppendLine($»steps {gStep.ToString(System.Globalization.Culturelnfo.InvariantCulture)}»);

foreach (var kvp in inputs)

string varName = kvp.Key;
var controls = kvp.Value;

sh.AppendLine($»curve {varName.ToUpper()}»);

string sStart = controls.start. Text.Replace(«,», «.»);
string sEnd = controls.end.Text.Replace(«,», «.»);
if (!double.TryParse(sStart, System.Globalization.NumberStyles.Any, System.Globalization.Culturelnfo.InvariantCulture, out double dStart)) dStart = -10.0;

if (Idouble.TryParse(sEnd, System.Globalization.NumberStyles.Any, System.Globalization.Culturelnfo.InvariantCulture, out double dEnd)) dEnd = 10.0;

sh.AppendLine($»min {dStart. ToString(System.Globalization.Culturelnfo.InvariantCulture)}»);
sh.AppendLine($»max {dEnd.ToString(System.Globalization.Culturelnfo.InvariantCulture)}»);
string typeVal = controls.cmbType.Selectedltem?.ToString() ?? «Dynamic»;
sh.AppendLine($»type {typeVal}»);

Color ¢ = controls.colorBtn.BackColor;

sh.AppendLine($»color {c.R:D3}{c.G:D3}{c.B:D3}»);

int IType = controls.cmblinestyle.SelectedIndex;

if (IType <0) IType =1;

string IWidth = controls.cmblinewidth.Selectedltem?. ToString() ?? «1.5»;

IWidth = IWidth.Replace(«,», «.»);

sh.AppendLine($»line {IType}{IWidth}»);

int mType = controls.cmbmarker.SelectedIndex;

if (mType < 0) mType = 1;

string mSize = controls.cmbmarkerwidth.Selectedltem?.ToString() ?? «6»;
mSize = mSize.Replace(«,», «.»);

sh.AppendLine($»markers {mType:D2}H{mSize}»);

sh.AppendLine(«data 000000002»);

sh.AppendLine($»{dStart. ToString(«E15», System.Globalization.Culturelnfo.InvariantCulture)};0.000000000000000E+000»);
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sh.AppendLine($»{dEnd.ToString(«E15», System.Globalization.Culturelnfo.InvariantCulture)};0.000000000000000E+0005);

return sh.ToString();

public class MathLivePayload

public string type { get; set; }
public string latex { get; set; }
public string mathml { get; set; }

public System.Text.Json.JsonElement mathjson { get; set; }

void BuildVariablesPanel(HashSet<string> vars, Control parent)
{
var derivativeRules = new Dictionary<string, string>();
ScanForDerivativeRules(_currentRootAst, derivativeRules, vars);
ScanForBigOpDefaults(_currentRootAst, derivativeRules);
if (vars == null || vars.Count == 0) return;
var dependencyMap = new Dictionary<string, HashSet<string>>();
foreach (var rule in derivativeRules)
{
string v1 = rule.Key;
string v2 = rule.Value;
if (double.TryParse(v2, out _)) continue;
if (!dependencyMap.ContainsKey(v1)) dependencyMap[v1] = new HashSet<string>();
if (!dependencyMap.ContainsKey(v2)) dependencyMap[v2] = new HashSet<string>();
dependencyMap[v1].Add(v2);
dependencyMap([v2].Add(v1);

var variablesNode = new HierarchicalNodeControl();

variablesNode. Title = «Hanamrysanns sminanx (Parsed)»;

TableLayoutPanel table = new TableLayoutPanel();

table.AutoSize = true;

table.AutoSizeMode = AutoSizeMode.GrowAndShrink;

table.Padding = new Padding(0, 5, 0, 0);

table.Margin = new Padding(0);

table.ColumnCount = 9;

for (inti=0; i <9; i++) table.ColumnStyles.Add(new ColumnStyle(SizeType.AutoSize));
table.RowCount = vars.Count + 1;

intr=0;

AddHeaderToTable(table, «Var», 0, r);
AddHeaderToTable(table, «Miny, 1, r);
AddHeaderToTable(table, «Max», 2, r);
AddHeaderToTable(table, «Line», 3, r);
AddHeaderToTable(table, «Widthy, 4, r);
AddHeaderToTable(table, «Marker», 5, r);
AddHeaderToTable(table, «Width», 6, r);
AddHeaderToTable(table, «Type», 7, );
AddHeaderToTable(table, «Color», 8, r);

r=1;
inputs.Clear();
_variableColorMemory = _variableColorMemory ?? new Dictionary<string, Color>();

bool isSyncing = false;

Action<string, Action<(TextBox start, TextBox end, ComboBox cmblinestyle, ComboBox cmblinewidth, ComboBox cmbmarker, ComboBox cmbmarkerwidth, ComboBox cmbType,
Button colorBtn)>> performSync = (sourceVar, applyChange) =>



if (isSyncing) return;

isSyncing = true;

try

{
if (dependencyMap.ContainsKey(sourceVar))
{

foreach (var targetVar in dependencyMap[sourceVar])

{
if (inputs.ContainsKey(target\Var))

{

var targetControls = inputs[targetVar];

applyChange(targetControls);

}
MarkAsDirty(null, EventArgs.Empty);

}
finally
{
isSyncing = false;
}
13

foreach (var v in vars.OrderBy(x => x))

{

Label IbIName = new Label

{
Text=v,
AutoSize = true,
Anchor = AnchorStyles.Left | AnchorStyles. Top,
Font = new Font(«Segoe Ul», 9f, FontStyle.Bold),
Margin = new Padding(0, 6, 10, 0)

13

TextBox txtMin = new TextBox { Text = «-10», Width = 40, BorderStyle = BorderStyle.FixedSingle, BackColor = Color.WhiteSmoke, Margin = new Padding(0, 3, 5, 0) };
TextBox txtMax = new TextBox { Text = «10», Width = 40, BorderStyle = BorderStyle.FixedSingle, BackColor = Color.WhiteSmoke, Margin = new Padding(0, 3, 5, 0) };

ComboBox cmbLineStyle = new ComboBox { Width = 45, DropDownStyle = ComboBoxStyle.DropDownList, Margin = new Padding(0, 3, 5, 0) };
cmbLineStyle.ltems.AddRange(new string[] { ««, «-», «- -», «-*-», «***» });

cmbLineStyle.Selectedindex = 1;

ComboBox cmbLineWidth = new ComboBox { Width = 45, DropDownStyle = ComboBoxStyle.DropDownList, Margin = new Padding(0, 3, 5, 0) };
cmbLineWidth.ltems.AddRange(new string[] { «0.5», «1.0», «1.5», «2.0», «3.0» });

cmbLineWidth.Selectedindex = 1;

122

ComboBox cmbMarker = new ComboBox { Width = 45, DropDownStyle = ComboBoxStyle.DropDownList, Font = new Font(«MS Gothic», 9f), Margin = new Padding(0, 3, 5, 0)

cmbMarker.Items.AddRange(new object[] { ««, «o», «o», «A», «O» });

cmbMarker.Selectedindex = 1;

ComboBox cmbMarkerSize = new ComboBox { Width = 45, DropDownStyle = ComboBoxStyle.DropDownList, Margin = new Padding(0, 3, 5, 0) };
cmbMarkerSize.ltems.AddRange(new string[] { «2», «4», «6», «8», «10» });

cmbMarkerSize.SelectedIndex = 2;

ComboBox cmbType = new ComboBox { Width = 75, DropDownStyle = ComboBoxStyle.DropDownList, Margin = new Padding(0, 3, 5, 0) };
cmbType.ltems.AddRange(new string[] { «Static», «Dynamic» });

cmbType.SelectedIndex = 1;

Button btnColor = new Button { Size = new Size(22, 22), FlatStyle = FlatStyle.Flat, Margin = new Padding(3, 2, 0, 0), UseVisualStyleBackColor = false };

if (_variableColorMemory.TryGetValue(v, out Color varColor))

{

btnColor.BackColor = varColor;

}

else

{

Color newCol = _colorPalette[ _nextColorIndex % _colorPalette.Count];

btnColor.BackColor = newCol;
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_variableColorMemory[v] = newCol;

_nextColorIndex++;

txtMin.TextChanged += (s, ) =>
{
performSync(v, (t) => t.start. Text = txtMin.Text);
if (cmbType.Selectedltem?.ToString() == «Static») txtMax.Text = txtMin.Text;
MarkAsDirty(s, e);
}
txtMax.TextChanged += (s, €) =>
{
performSync(v, (t) => t.end.Text = txtMax. Text);
MarkAsDirty(s, e);
}
cmbLineStyle.SelectedindexChanged += (s, ) =>
{
performSync(v, (t) => t.cmblinestyle.Selectedindex = cmbLineStyle.Selectedindex);
MarkAsDirty(s, €);
Iy
cmbLineWidth.SelectedindexChanged += (s, €) =>
{
performSync(v, (t) => t.cmblinewidth.SelectedIndex = cmbLineWidth.SelectedIndex);
MarkAsDirty(s, €);
13
cmbMarker.SelectedIndexChanged += (s, e) =>
{
performSync(v, (t) => t.cmbmarker.SelectedIindex = cmbMarker.SelectedIndex);
MarkAsDirty(s, €);
13
cmbMarkerSize.SelectedIndexChanged += (s, €) =>
{
performSync(v, (t) => t.cmbmarkerwidth.SelectedIndex = cmbMarkerSize.Selectedindex);
MarkAsDirty(s, €);
13
btnColor.Click += (s, e) =>
{
using (var cd = new ColorDialog())
{
cd.Color = btnColor.BackColor;
if (cd.ShowDialog() == DialogResult.OK)
{
btnColor.BackColor = cd.Color;
_variableColorMemory[v] = cd.Color;
performSync(v, (t) => {
t.colorBtn.BackColor = cd.Color;
i
MarkAsDirty(s, €);

}
i3
Action<(TextBox start, TextBox end, ComboBox cmblinestyle, ComboBox cmblinewidth, ComboBox cmbmarker, ComboBox cmbmarkerwidth, ComboBox cmbType, Button
colorBtn)> applyVisualState = (controls) =>
{
string selected = controls.cmbType.Selectedltem?. ToString();
if (selected == «Static»)
{
controls.end.Visible = false;
controls.start. Width = 85;
controls.end.Text = controls.start. Text;
}
else
{
controls.end.Visible = true;
controls.start. Width = 40;
controls.end.Width = 40;
}
i3
cmbType.SelectedIindexChanged += (s, ) =>
{



string selected = cmbType.Selectedltem?.ToString();

if
{

}

(selected == «Static»)

txtMax.Visible = false;
txtMin.Width = 85;
table.SetColumnSpan(txtMin, 2);
txtMax.Text = txtMin.Text;

else

{

}

txtMax.Visible = true;
txtMin.Width = 40;
txtMax.Width = 40;
table.SetColumnSpan(txtMin, 1);

performSync(v, (t) =>

{

t.cmbType.SelectedIndex = cmbType.SelectedIndex;
applyVisualState(t);

by
MarkAsDirty(s, €);

13

table.Controls.Add(IbIName, 0, r);
table.Controls.Add(txtMin, 1, r);
table.Controls.Add(txtMax, 2, r);
table.Controls.Add(cmbLineStyle, 3, r);
table.Controls.Add(cmbLineWidth, 4, r);
table.Controls.Add(cmbMarker, 5, r);
table.Controls.Add(cmbMarkerSize, 6, r);
table.Controls.Add(cmbType, 7, 1);
table.Controls.Add(btnColor, 8, r);

inputs[v] = (txtMin, txtMax, cmbLineStyle, cmbLineWidth, cmbMarker, cmbMarkerSize, cmbType, btnColor);

if (cmbType.Selectedindex == 0)

{

txtMax.Visible = false;
txtMin.Width = 85;
table.SetColumnSpan(txtMin, 2);

r++;

foreach (var rule in derivativeRules)

{

string mainVar = rule.Key;

string value = rule.Value;

if (inputs.ContainsKey(mainVar))

{

var mainControls = inputs[mainVar];

if (double.TryParse(value, System.Globalization.NumberStyles.Any, System.Globalization.Culturelnfo.InvariantCulture, out double numVal))

{

mainControls.start. Text = numVal. ToString(System.Globalization.Culturelnfo.InvariantCulture);
mainControls.cmbType.Selectedltem = «Static»;

else if (inputs.ContainsKey(value))

{

var secondControls = inputs[value];

isSyncing = true;

try

{
mainControls.cmbType.Selectedltem = «Static»;
secondControls.cmbType.Selectedltem = «Staticy;
secondControls.start. Text = mainControls.start. Text;
secondControls.cmblinestyle.SelectedIndex = mainControls.cmblinestyle.SelectedIndex;
secondControls.cmblinewidth.SelectedIndex = mainControls.cmblinewidth.Selectedindex;
secondControls.cmbmarker.SelectedIndex = mainControls.cmbmarker.Selectedindex;
secondControls.cmbmarkerwidth.SelectedIndex = mainControls.cmbmarkerwidth.SelectedIndex;
secondControls.colorBtn.BackColor = mainControls.colorBtn.BackColor;
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_variableColorMemory[value] = mainControls.colorBtn.BackColor;

}
finally

{

isSyncing = false;

}
variablesNode.AddControl(table);
parent.Controls.Add(variablesNode);

private void AddHeaderToTable(TableLayoutPanel table, string text, int col, int row)
{

Label | = new Label

{
Text = text,
AutoSize = true,
Font = new Font(«Segoe Ul», 8f, FontStyle.Regular),
ForeColor = Color.DimGray,
Margin = new Padding(0, 0, 0, 5)

13

table.Controls.Add(l, col, row);

}

void BuildVariablesBox(IEnumerable<string> vars, Control parent)

var box = new GroupBox

Text = «Variablesy,

AutoSize = true,

Padding = new Padding(10),

Margin = new Padding(10)
13

var panel = new FlowLayoutPanel

AutoSize = true,
FlowDirection = FlowDirection.TopDown
%

foreach (var v in vars.OrderBy(x => x))

var row = new FlowLayoutPanel { AutoSize = true };

row.Controls.Add(new Label

Text=v,
Width = 30,

TextAlign = System.Drawing.ContentAlignment.MiddleLeft
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by

row.Controls.Add(new TextBox

Width = 100,
Tag=v
i

panel.Controls.Add(row);

box.Controls.Add(panel);
parent.Controls.Add(box);

}
private void AddComputeButton(Control parent)
{
FlowLayoutPanel btnContainer = new FlowLayoutPanel
{
AutoSize = true,
FlowDirection = FlowDirection.LeftToRight,
Padding = new Padding(20, 10, 0, 10),
Width = parent.Width
13

Button btn = new Button
{
Text = «Po3paxysaTi»,
AutoSize = true,
FlatStyle = FlatStyle.Flat,
BackColor = Color.FromArgh(100, 149, 237),
ForeColor = Color.White,
Font = new Font(«Segoe Ul», 10f, FontStyle.Bold),
Cursor = Cursors.Hand,
Padding = new Padding(10, 5, 10, 5)

btn.FlatAppearance.BorderSize = 0;

btn.Click += (s, €) =>
{

MessageBox.Show(«®opmyina He mycra, HaunHaeM pacder!»);
%

btnContainer.Controls.Add(btn);
parent.Controls.Add(btnContainer);
}
private void ScanForBigOpRules(ExprNode node, Dictionary<string, string> staticRules, HashSet<string> vars)
{
if (node == null) return;
if (node is BigOpNode big)
{
if (big.Upper is ValueNode uVal && IsRealVariable(uVal.Name))
{
vars.Add(uVal.Name);
}
if (big.Lower is OperationNode op && op.Op == «Equal» && op.Args.Count == 2)
{

var left = op.Args[0] as ValueNode;
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var right = op.Args[1];
if (left != null && IsRealVariable(left.Name))

{
vars.Add(left.Name);
string valStr = AstToFormulaConverter.Convert(right);

if (!staticRules.ContainsKey(left.Name))
{

staticRules[left.Name] = valStr;

ScanForBigOpRules(big.Body, staticRules, vars);

ScanForBigOpRules(big.Lower, staticRules, vars);

ScanForBigOpRules(big.Upper, staticRules, vars);
}

else if (node is OperationNode op)

{

foreach (var arg in op.Args) ScanForBigOpRules(arg, staticRules, vars);

}

else if (node is ChainNode chain)

{
foreach (var item in chain.ltems)
if (item is ExprNode en) ScanForBigOpRules(en, staticRules, vars);

}

else if (node is DerivativeNode dn)

{
ScanForBigOpRules(dn.Body, staticRules, vars);

}

else if (node is MatrixNode m)

{
foreach (var row in m.Rows)

foreach (var cell in row) ScanForBigOpRules(cell, staticRules, vars);

private void ScanForDerivativeRules(ExprNode node, Dictionary<string, string> rules, HashSet<string> vars)

{

if (node == null) return;

if (node is DerivativeNode d && !string.IsNullOrEmpty(d.Condition))
{
var parts = d.Condition.Split(‘=");
if (parts.Length == 2)
{
string leftVar = parts[0]. Trim();
string rightVal = parts[1]. Trim();

if (!string.IsNullOrEmpty(rightVal))
{

if ('rules.ContainsKey(leftVar))

{
rules[leftVar] = rightVal;

if ('double. TryParse(rightVal, System.Globalization.NumberStyles.Any, System.Globalization.Culturelnfo.InvariantCulture, out _))

{
vars.Add(rightVal);

if (node is OperationNode op)
{

foreach (var arg in op.Args) ScanForDerivativeRules(arg, rules, vars);
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else if (node is ChainNode chain)

{
foreach (var item in chain.ltems)

if (item is ExprNode en) ScanForDerivativeRules(en, rules, vars);

}
else if (node is BigOpNode big)

{
ScanForDerivativeRules(big.Body, rules, vars);
ScanForDerivativeRules(big.Lower, rules, vars);
ScanForDerivativeRules(big.Upper, rules, vars);

}

else if (node is DerivativeNode dn)

{

ScanForDerivativeRules(dn.Body, rules, vars);

}

else if (node is MatrixNode m)

{
foreach (var row in m.Rows)

foreach (var cell in row) ScanForDerivativeRules(cell, rules, vars);

private MatrixNode FindSquareMatrix(ExprNode node)
{

if (node == null) return null;

if (node is MatrixNode m)
{

int rows = m.Rows.Count;
int cols = (rows > 0) ? m.Rows[0].Count : 0;

if (rows > 0 && rows == cols)

{

return m;

return null;

if (node is OperationNode op)

{

foreach (var arg in op.Args)

{
var found = FindSquareMatrix(arg);
if (found != null) return found;

if (node is ChainNode chain)
{

foreach (var item in chain.ltems)

{

if (item is ExprNode en)

{
var found = FindSquareMatrix(en);
if (found != null) return found;

if (node is DerivativeNode d)

{
return FindSquareMatrix(d.Body);

if (node is BigOpNode big)
{
return FindSquareMatrix(big.Body);
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}
return null;
}
private FlowLayoutPanel CreateRichControlRow(string name, bool includeMinMax)

{

var panel = new FlowLayoutPanel
{
AutoSize = true,
FlowDirection = FlowDirection.LeftToRight,
Padding = new Padding(0),
Margin = new Padding(0),
WrapContents = false,
VerticalScroll = { Visible = false }

var Ibl = new Label
{
Text = $»{name}»,
AutoSize = true,
Anchor = AnchorStyles.Left,
Font = new Font(«Segoe Ul», 9f, FontStyle.Bold),
Margin = new Padding(0, 8, 5, 0)
13
panel.Controls.Add(Ibl);

if (includeMinMax)

{
var txtMin = new TextBox { Text = «-10», Width = 40, Tag = «min» };
var txtMax = new TextBox { Text = «10», Width = 40, Tag = «max» };

txtMin.BorderStyle = BorderStyle.FixedSingle; txtMin.BackColor = Color.WhiteSmoke;
txtMax.BorderStyle = BorderStyle.FixedSingle; txtMax.BackColor = Color.WhiteSmoke;

txtMin.TextChanged += MarkAsDirty;
txtMax.TextChanged += MarkAsDirty;

panel.Controls.Add(new Label { Text = «Min:», AutoSize = true, Anchor = AnchorStyles.Left, Margin = new Padding(0, 8, 0, 0) });
panel.Controls.Add(txtMin);
panel.Controls.Add(new Label { Text = «Max:», AutoSize = true, Anchor = AnchorStyles.Left, Margin = new Padding(5, 8, 0, 0) });
panel.Controls.Add(txtMax);

Label createPropLabel(string text)
{
return new Label
{
Text = text,
AutoSize = true,
Anchor = AnchorStyles.Left,

Margin = new Padding(10, 8, 0, 0),
Font = new Font(«Segoe Ul», 8f, FontStyle.Regular),
ForeColor = Color.DarkGray

Action<ComboBox, string[], int> setupCombo = (cmb, items, selindex) =>
{

cmb.DropDownStyle = ComboBoxStyle.DropDownList;

cmb.ltems.AddRange(items);

cmb.SelectedIndex = sellndex;

cmb.Width = 50;

cmb.Margin = new Padding(3, 3, 0, 0);

cmb.SelectedIndexChanged += MarkAsDirty;
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panel.Controls.Add(createPropLabel(«line»));

var cmbLineStyle = new ComboBox();

setupCombo(cmbLineStyle, new string[] { ««, «=», «= -», «*=», «***» }, 1);
panel.Controls.Add(cmbLineStyle);

panel.Controls.Add(createPropLabel(«line width»));

var cmbLineWidth = new ComboBox();

setupCombo(cmbLineWidth, new string[] { «0.5», «1.0», «1.5», «2.0», «3.0» }, 1);
panel.Controls.Add(cmbLineWidth);

panel.Controls.Add(createPropLabel(«marker»));

var cmbMarker = new ComboBox { Font = new Font(«MS Gothic», 9f) };
setupCombo(cmbMarker, new string[] { ««, «o», «o», «A», «O» }, 1);
panel.Controls.Add(cmbMarker);

panel.Controls.Add(createPropLabel(«marker width»));

var cmbMarkerSize = new ComboBox();

setupCombo(cmbMarkerSize, new string[] { «2», «4», «6», «8», «10» }, 2);
panel.Controls.Add(cmbMarkerSize);

panel.Controls.Add(createPropLabel(«color»));

var btnColor = new Button

{
Size = new Size(22, 22),
FlatStyle = FlatStyle.Flat,
Margin = new Padding(3, 3, 0, 0),
UseVisualStyleBackColor = false

I3

if (_variableColorMemory.ContainsKey(name))

{
btnColor.BackColor = _variableColorMemory[name];

}

else

{
Color newCol = (_colorPalette.Count > 0) ? _colorPalette[_nextColorindex % _colorPalette.Count] : Color.Black;
if (_colorPalette.Count > 0) _nextColorindex++;
_variableColorMemory[name] = newCol;
btnColor.BackColor = newCol;

btnColor.Click += (s, ) =>
{
using (var cd = new ColorDialog())
{
cd.Color = btnColor.BackColor;
if (cd.ShowDialog() == DialogResult.OK)
{
btnColor.BackColor = cd.Color;
_variableColorMemory[name] = cd.Color;
MarkAsDirty(s, €);

}
}

panel.Controls.Add(btnColor);

return panel;
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Jlictuar universal_chart.py

import sys
import os
import matplotlib.pyplot as plt

def parse_uch(filepath):

data = {
‘title’: ¢Chart’,
‘xlabel’: <X?,
‘ylabel’: ¢Y?,

tcurves?’: []

}

if not os.path.exists(filepath):
print(f»File not found: {filepath}»)
return None

try:
with open(filepath, ‘r’, encoding=‘utf-8’, errors=‘replace’) as f:
lines = f.readlines()
except Exception as e:
print(f»Error reading file: {e}»)
return None

i=0
current_curve = None

line_styles = {¢0: ¢=?, «¢17: ¢=2 €27: ¢——2 (32 (2 (r: ¢}
markers_map = {

€00’: None, ¢@1’: ¢o0’, ¢@27: ¢s’, ¢@37: ¢A> «<QU>: ¢D?,

(057: (V7, (06): ¢<¢, 107): ¢>(, 1087: (p7, (097: (*7,

(107: (+7, (11): ¢X7, 112): l'), 1137: ('7, (1’_'_7: (07,

(157: (07, (16): ¢O7
}

while i < len(lines):
line = lines[i].strip()
if not line:
i+=1
continue

if line.startswith(‘chart ¢):

datal¢title’] = line[6:].strip()
elif line.startswith(¢xlabel ¢):

data[‘xlabel’] = line[7:].strip().replace(<$’, ¢*)
elif line.startswith(¢ylabel ¢):

datal[¢ylabel’] = line[7:].strip().replace(¢$’, ¢¢)

elif line.startswith(¢curve ¢):
if current_curve:
data[‘curves’].append(current_curve)

current_curve = {
tname’: line[6:].strip(),
‘color’: ‘black’,
‘linestyle’: ¢-?,
‘linewidth?: 1.5,
‘marker’: None,
‘markersize’: 0,
tx? - []'
‘y’: [



elif line.startswith(¢color ¢) and current_curve:

val = line[6:].strip()

if len(val) == 9 and val.isdigit(Q):

r = int(val[0:3]) / 255.0

g = int(vall[3:6]) / 255.0

b = int(vall[6:9]) / 255.0

current_curvel ‘color’] =
else:

current_curvel ‘color’] =

elif line.startswith(¢line ¢) and
val = line[5:].strip()
ltype = ‘1?
lwidth = 1.5

if len(val) > 1:
ltype = valloe]
try: lwidth = float(vall1l
except: pass
elif len(val) == 1:
ltype = val

current_curve[ ‘linestyle’] =
current_curve[ ‘linewidth’] =
elif line.startswith(¢markers ¢)
val = line[8:].strip()
if len(val) >= 2:
mtype = vall[e:2]
msize = 6.0
if len(val) > 2:

(r, g, b)
‘black’

current_curve:

D

line_styles.get(ltype, ¢-’)
lwidth

and current_curve:

try: msize = float(vall[2:]1)

except: pass

current_curve[ ‘marker’] =
current_curve[ ‘markersize

elif line.startswith(¢data ¢) and
try:
count_str = line[5:].stri
count = int(count_str)

for _ in range(count):

i+=1

markers_map.get(mtype, None)

’] = msize
current_curve:

pO

if i >= len(lines): break

row = lines[i].strip(
if not row: continue

parts = row.split(¢;?)
if len(parts) >= 2:
try:
vx = float(parts[0].replace(¢D’, ‘E’).replace(¢,’, ¢.?))
vy = float(parts[1l].replace(¢D’, ‘E’).replace(¢,’, ¢.?))
current_curve[“x’].append(vx)
current_curve[‘y’].append(vy)
except:
pass
except:
pass
i+=1

if current_curve:

)
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datal[‘curves’].append(current_curve)
return data

def plot_chart(data):
if not data or not data[‘curves’]:
print(«No data to plot.»)
return

plt.figure(figsize=(10, 6))
plt.title(data[‘title’], fontsize=14)
plt.xlabel(data[¢xlabel’], fontsize=12)
plt.ylabel(data[¢ylabel’], fontsize=12)

for ¢ in datal‘curves’]:
if not c[‘x’]: continue

mk = c[*marker’]
if mk == ‘none’: mk = None

plt.plot(c[¢x’], c[¢y’],
label=c[¢name’],
color=c[‘color’],
linestyle=c[‘linestyle’],
linewidth=c[¢linewidth’],
marker=mk,
markersize=c[ ‘markersize’])

plt.grid(True, linestyle=‘--’, alpha=0.7)
plt.legend()

plt.tight_layout()

plt.show()

if __name__ == «__main__»:
if len(sys.argv) < 2:
print(«Usage: python universal_chart.py <path_to_uch_file>«)
input(«Press Enter to exit...»)
else:
file_path = sys.argv[1]
chart_data = parse_uch(file_path)
if chart_data:
plot_chart(chart_data)
else:
print(«Failed to parse UCH file.»)
input(«Press Enter...»)



Jlictunr calculator bridge.py

import sympy

import sys

import os

import subprocess

import json

from sympy import conjugate

def write_out_metadata(config, uch_path, var_name, start_val, end_val, step_val):

try:

base_name = os.path.basename(uch_path)
proj_name = os.path.splitext(base_name)[0]
out_path = os.path.splitext(uch_path)[0] + «.0UT»

chart_name = config.get(‘ChartName’, ¢Chart’)
latex_eq = config.get(‘Latex’, ¢Equation’)

tO_str = f»{float(start_val):.1f}»
tf_str = f»{float(end_val):.1f}»
dt_str = str(step_val)

def format_row(coll, col2, col3):
return f»{coll:>17} {col2:<50} {col3:>25}»

content = []

content.append(f»{proj_name}»)

content.append(«INPUT DATA GENERALISED REPRESENTATION»)
content.append(header_line)

input_count = 4

content.append(f» COUNT OF THE VARIABLES = {input_count:02d}»)

content.append(f» VALUES’S LABEL = {chart_name}»)

content.append(f» VALUES’S CAPTION = CALCULATION FOR EQUATION {latex_eq}»)

content.append(separator)

content.append(f» VARIABLES’ NAMES VARIABLES”
VALUES»)

content.append(separator)

content.append(format_row(«t0», «INITIAL VALUE (Start)», tO_str))
content.append(format_row(«tf», «FINAL VALUE (End)», tf_str))
content.append(format_row(«dt», «INTEGRATING STEP», dt_str))
content.append(format_row(var_name.upper(), «INDEPENDENT VARIABLE», base_name))

content.append(separator)

content.append(header_line)

content.append(«OUTPUT DATA GENERALISED REPRESENTATION»)
content.append(header_line)

subs = config.get(‘SubExpressions’, [])
output_count = 1 + len(subs)

content.append(f» COUNT OF THE VARIABLES = {output_count:02d}»)

content.append(f» VALUES’S LABEL = {chart_name}»)

content.append(f» VALUES’S CAPTION = RESULT OF {latex_eq}»)

content.append(separator)

content.append(f» VARIABLES’ NAMES VARIABLES’
VALUES»)

content.append(separator)
content.append(format_row(«RESULT», «CALCULATED FUNCTION VALUE», base_name))

for sub in subs:
s_name = sub[‘Name’]
content.append(format_row(s_name, «SUB-EXPRESSION VALUE», base_name))

content.append(separator)
content.append(header_line)

with open(out_path, «w», encoding=«utf-8») as f:
f.write(«\n».join(content))

return True
except Exception as e:
print(f»Warning: Could not write .OUT file: {e}»)
return False
def get_fortran_code(f_str, main_var):

f_str = f_str.strip(Q)
if f_str.endswith((¢+’, <=7, <%’ ¢/?)):
f_str = f_str[:-1]

MEANNINGS

MEANINGS
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VARIABLES’

VARIABLES”
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try:
expr = sympy.sympify(f_str)

expr
expr

expr.doit()
expr.replace(conjugate, lambda x: x)

user_s = sympy.Symbol(main_var)
loop_s = sympy.Symbol(*‘loop_var’)
expr_subs = expr.subs(user_s, loop_s)

return sympy.printing.fcode(expr_subs, source_format=‘free’, standard=95)
except Exception:
return «0.0d0»

def generate_and_calculate(formula_str, var_name, start_val, end_val, step_val, full_config_json, output_path):
try:
config = json.loads(full_config_json)

extra_vars = {}
all_variables = config.get(‘Variables’, []1)
for v in all_variables:
if v[¢Name’] != var_name:
extra_vars[v[¢Name’]] = v[¢Start’]

base_vars_upper = [v[¢Name’].upper() for v in all_variables]
sub_expr_codes = []
seen_formulas = set()

for sub in config.get(‘SubExpressions’, [1):
name = sub[‘Name’]

if name == «RESULT» or name in seen_formulas:
continue

code = get_fortran_code(sub[‘Formula’], var_name)

seen_formulas.add(name)
sub_expr_codes.append({
‘Name’: name,
¢Code’: code,
“Color’: sub.get(¢Color’, ¢150150150°),
‘Line’: sub.get(‘LineStr’, ¢11.5’),
‘Marker’: sub.get(‘MarkerStr’, ¢006’)
b

declarations = []

initializations = []

for p_name, p_val in extra_vars.items():
declarations.append(f» double precision :: {p_name}»)
val_str = str(p_val).replace(¢,”, ¢.?)
initializations.append(f» {p_name} = {val_str}do»)

res_color = config.get(‘ResultColor’, ¢100149237°)
res_line = f»{config.get(‘ResultLineType’, 1)}{str(config.get(‘ResultLineWidth’, 2.0)).replace(¢,’, ¢.’)}»
res_markers = f»{config.get(‘ResultMarkerType’, 0):02d}{config.get(‘ResultMarkerSize’, 6)}»

total_curves = len(all_variables) + len(sub_expr_codes) + 1

vars_block = ««
for v in all_variables:
v_name = v[¢Name’]
color = v.get(¢Color’, ¢000000000°)
line = v.get(‘LineStr’, ¢11.0?)
marker = v.get(‘MarkerStr’, ¢016’)
val_expr = «loop_var» if v_name == var_name else f»{v_name}»

vars_block += f»««

write(10, ¢(A)’) «curve {v_name.upper()}»
write(10, ¢(CA)’) «min {str(v[¢Start’]).replace(*,’, ¢.”)}»
write(10, ¢(CA)’) «max {str(v[‘End’]).replace(¢,’, ¢.”)}»
write(10, ¢(A)’) «color {color}»
write(10, ¢(CA)’) «line {line}»
write(10, ¢(A)’) «markers {marker}»
write(10, ¢(A, I9.9)7) «data «, (f_N + 1)
do f_idx = @, f_N

loop_var = start_v + f_idx * step_v

write(10, ¢(ES24.15E3, «;», ES24.15E3)’) loop_var, {val_expr}
end do

KKK

subs_block = ««
for item in sub_expr_codes:
subs_block += f»««
write(10, ¢(A)’) «curve {item[¢‘Name’]}»
write(10, ¢(A)’) «color {item[‘Color’]l}»
write(10, ¢(A)’) «line {item[‘Line’]1}»



write(10, ¢(A)’) «markers {item[‘Marker’]}»
write(10, ¢(A, I9.9)°) «data «, (f_N + 1)
do f_idx = 0, f_N
loop_var = start_v + f_idx * step_v
result_val = {item[‘Code’]}
write(10, ¢(ES2u4.15E3, «;», ES24.15E3)’) loop_var, result_val
end do
LLK

filename_only = os.path.basename(output_path)

file_root_name = os.path.splitext(filename_only)[0]
chart_name = config.get(¢ChartName’, ¢My Chart’)

latex_code = config.get(‘Latex’, ¢¢)

x_label = config.get(‘XLabel’, ¢Time?’)

y_label = config.get(‘YLabel’, ‘Value’)

iterations = config.get(‘Iterations’, 1000)

steps_str = str(config.get(‘Steps’, 0.01)).replace(*,’, ¢.?)

fortran_src = fr»««
program main
implicit none
integer :: f_idx, f_N
double precision :: loop_var, result_val, start_v, end_v, step_v
{chr(10).join(declarations)}

f_N = {iterations}

start_v = {str(start_val).replace(¢,”, ¢.’)}d0O

end_v = {str(end_val).replace(¢,’, ¢.?)}d0

step_v = {steps_str}do
{chr(10).join(initializations)}

open(unit=10, file=¢{filename_only}’, status=‘replace’, action=‘write’)

write(10, ¢(A)’) «chart {chart_name}»

write(10, ¢(A)’) «latex {latex_code}»

write(10, ¢(A)’) «xlabel {x_label}»

write(10, ¢(A)’) «ylabel {y_label}»

write(10, ¢(A)’) «xgrid 110;10;1»

write(10, ¢(A)’) «ygrid 110;10;1»

write(10, ¢(A)’) «legend 0;1»

write(10, ¢(A, I9.9)°) «curves «, {total_curves}
write(10, ¢(A, I0)’) «iterations «, f_N
write(10, ¢(A, A)’) «steps «, «{steps_str}»

{vars_block}
{subs_block}

write(10, ¢(A)’) «curve RESULT»
write(10, ¢(A)’) «color {res_color}»
write(10, ¢(A)’) «line {res_line}»
write(10, ¢(A)’) «markers {res_markers}»
write(10, ¢(A, I9.9)°) «data «, (f_N + 1)
do f_idx = 0, f_N
loop_var = start_v + f_idx * step_v
result_val = {get_fortran_code(formula_str, var_name)}
write(10, ¢(ES24.15E3, «;», ES24.15E3)’) loop_var, result_val
end do

close(10)
end program main
LK

base_dir = os.path.dirname(os.path.abspath(output_path))
f90_path = os.path.join(base_dir, f»{file_root_name}.f90x»)
exe_path = os.path.join(base_dir, f»{file_root_name}.exe»)

with open(f90_path, «w», encoding=‘utf-8’) as f:
f.write(fortran_src)

startupinfo = None

if os.name == ‘nt’:
startupinfo = subprocess.STARTUPINFO()
startupinfo.dwFlags |= subprocess.STARTF_USESHOWWINDOW

res_compile = subprocess.run([«gfortran», f90_path, «-o», exe_path, «-03»],
capture_output=True, text=True, startupinfo=startupinfo)

if res_compile.returncode != 0:

return f»Error: Compilation failed.\\n{res_compile.stderr}»

res_run = subprocess.run([exe_path], capture_output=True, text=True, startupinfo=startupinfo, cwd=base_dir)

if res_run.returncode ==

write_out_metadata(config, output_path, var_name, start_val, end_val, step_val)
return «OK» if res_run.returncode == 0 else f»Error: Runtime failed.\\n{res_run.stderr}»

except Exception as e:
return f»Error: Python exception: {str(e)}»
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Jlictuar WebView.cs

using Microsoft.Web.WebView2.Core;
using System;

using System.Collections.Generic;
using System.ComponentModel;

using System.Data;

using System.Diagnostics;

using System.Drawing;

using System.IO;

using System.L.ing;

using System.Reflection;

using System.Text;

using System.Text.Json;

using System.Text.RegularExpressions;
using System.Threading.Tasks;

using System.Windows.Forms;

using System.Xml.Ling;

namespace Formula_Window

{

public partial class MainForm : Form

{

private int _clickedTablndex = -1;
private bool isLoading = true;

private Dictionary<string,

(TextBox

start,

TextBox
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end,ComboBox

cmblinestyle,ComboBox cmblinewidth,ComboBox cmbmarker, ComboBox cmbmarkerwidth, Button colorBtn)>

inputs

= new Dictionary<string, (TextBox, TextBox,ComboBox,ComboBox, ComboBox, ComboBox,

Button)>();

public Dictionary<string, VariableRange> ResultRanges { get; private set; }

private string currentLatexCode = «;

private ContextMenuStrip _tabContextMenu;

public MainForm()
{

InitializeComponent();

tabControl1.TabPages.Add(«+»);
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InitTabContextMenu();

private void InitTabContextMenu()

{

¥

_tabContextMenu = new ContextMenuStrip();

var itemRename = _tabContextMenu.ltems.Add(«Rename / Save As...»);
itemRename.Click += (s, €) => { RenameViaSaveAs(_clickedTabindex); };

var itemClose = _tabContextMenu.ltems.Add(«Close»);
itemClose.Click += (s, ) => { CloseTab(_clickedTabindex); };

_tabContextMenu.ltems.Add(new ToolStripSeparator());

var itemOpenFolder = _tabContextMenu.ltems.Add(«Biakputn manky

itemOpenFolder.Click += (s, €) => { OpenTabFolder(_clickedTablIndex); };

var itemShowOUT= _tabContextMenu.ltems.Add(«Binkputu .OUT daiiny);
itemShowOUT.Click += (s, ) => { OpenOUT(_clickedTabindex); };

var itemShowF90= _tabContextMenu.ltems.Add(«Binkputu kox .F90»);
itemShowF90.Click += (s, €) => { OpenF90(_clickedTablIndex); };

var itemShowGraph= _tabContextMenu.ltems.Add(«IToka3zaru rpadix .UCH»);
itemShowGraph.Click += (s, €) => { ShowUCH(_clickedTablndex); };

var itemOpenUCH=_tabContextMenu.ltems.Add(«Biakputu .UCH»);
itemOpenUCH.Click += (s, €) => { OpenUCH(_clickedTablIndex); };

private bool pageLoaded = false;

private void EnsurePlusTab()

{

bool hasPlus = false;
foreach (TabPage tab in tabControl1. TabPages)

{
if (tab.Text == «+») hasPlus = true;
}
if ("hasPlus)
{

tabControl1.TabPages.Add(«+»);
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}
}
private void ShowUCH(int index)
{

if (index < 0 || index >= tabControl1.TabCount) return;

if (tabControll.TabPages[index].Controls.Count > 0 &&
tabControl1.TabPages[index].Controls[0] is UserControll uc)

string uchPath = uc.ProjectFilePath;

if (string.IsNullOrEmpty(uchPath))
{

MessageBox.Show(«IIpoekr 1me He 36epekeno. CrodaTky
30epexith Qaiin.», «YBaray, MessageBoxButtons.OK, MessageBoxlcon.Warning);

return;
}
if (IFile.Exists(uchPath))
{

MessageBox.Show($»@aiin =~ we  3maiineno:\n{uchPath}»,
«ITomunxka», MessageBoxButtons.OK, MessageBoxIcon.Error);

return;

try

string scriptPath = Path.Combine(Application.StartupPath,

«universal_chart.py»);

if ('File.Exists(scriptPath))
{
MessageBox.Show(«Ckpunt  universal chart.py He
3HaMIEHO B TAIIli TIPOrpaMu.», «IToMHIKay);

return;

ProcessStartInfo psi = new ProcessStartinfo();

psi.FileName = «pythony;
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psi.Arguments = $»\»{scriptPath}\» \»w{uchPath}\»«;
psi.UseShellExecute = true;

psi.CreateNoWindow = false;

Process.Start(psi);
}
catch (Exception ex)
{
MessageBox.Show($»ITomunka 3aIycKy Python:
{ex.Message}», «Ilomuikay);
}
}
}
private bool LoadSession()
{

string sessionFile = Path.Combine(Application.StartupPath, «session.txt»);

if ('File.Exists(sessionFile)) return false;

try

string[] lines = File.ReadAllLines(sessionFile);

if (lines.Length <= 1) return false;

int activelndex = 0;

int. TryParse(lines[0], out activelndex);

bool filesLoaded = false;

for (inti = 1; i < lines.Length; i++)
{
string path = lines[i]. Trim();
if (File.Exists(path))
{
CreateNewTab(path);

filesLoaded = true;
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catch
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if (activelndex >= 0 && activelndex < tabControl1.TabCount - 1)
{

tabControl1.SelectedIndex = activelndex;

return filesLoaded:;

return false;

private bool RestoreSession()

{

tabControl1.TabCount - 1)

string sessionFile = Path.Combine(Application.StartupPath, «session.txt»);

try
{

string[] lines = File.ReadAllLines(sessionFile);
if (lines.Length < 2) return false;
int activelndex = 0;

int. TryParse(lines[0], out activelndex);

bool anyTabLoaded = false;

for (inti=1; i <lines.Length; i++)

{
string path = lines[i]. Trim();
if (File.Exists(path))
{
CreateNewTab(path);
anyTabLoaded = true;
}
}

if (anyTabLoaded && activelndex >= 0 && activelndex <
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tabControl1.SelectedIndex = activelndex;

return anyTabLoaded,;

}
catch
{
return false;
}
}
private void PerformFirstLaunchSetup()
{
string baseDir = Path.Combine(Application.StartupPath, «Projects»);
if (!Directory.Exists(baseDir)) Directory.CreateDirectory(baseDir);
string projName = «NewProjectly;
string projFolder = Path.Combine(baseDir, projName);
string fullPath = Path.Combine(projFolder, projName + «.UCH»);
CreateNewTab(fullPath);
SaveSession();
}
private void MainForm_Load(object sender, EventArgs e)
{

EnsurePlusTab();
string sessionFile = Path.Combine(Application.StartupPath, «session.txt»);
if ('File.Exists(sessionFile) || new FileIlnfo(sessionFile).Length == 0)
{
PerformFirstLaunchSetup();

else

bool success = RestoreSession();



if (success)

{
PerformFirstLaunchSetup();
}
}
}
private void webView21 NavigationCompleted(object

CoreWebView2NavigationCompletedEventArgs e)
{

pagelLoaded = true;

private void MainForm_DragDrop(object sender, DragEventArgs e)

{
string[] files = (string[])e.Data.GetData(DataFormats.FileDrop);
foreach (string file in files)
{
MessageBox.Show(«®aiin: « + file);
}
}

private void MainForm_DragEnter(object sender, DragEventArgs €)

{
if (e.Data.GetDataPresent(DataFormats.FileDrop))
{
e.Effect = DragDropEffects.Copy;
}
else
{
e.Effect = DragDropEffects.None;
}
}

protected override bool ProcessCmdKey(ref Message msg, Keys keyData)

{
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sender,
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bool isCtrITab = keyData == (Keys.Control | Keys.Tab);
bool isCtrIShiftTab = keyData == (Keys.Control | Keys.Shift | Keys.Tab);

if (isCtrlTab || isCtrIShiftTab)

{
int realTabCount = tabControl1.TabCount - 1;
if (realTabCount <= 1) return true;
int currentindex = tabControl1.SelectedIndex;
int nextindex = currentindex;
if (isCtrlTab)
{
nextindex++;
if (nextIndex >= realTabCount) nextindex = 0;
}
else
{
nextlndex--;
if (nextindex < 0) nextindex = realTabCount - 1;
}
tabControl1.SelectedIndex = nextIndex;
tabControl1.Focus();
return true;
}

return base.ProcessCmdKey(ref msg, keyData);

¥

private void tabControll_Drawltem(object sender, DrawltemEventArgs €)
{

var tabControl = sender as TabControl;

var tabPage = tabControl. TabPages[e.Index];

Rectangle tabRect = tabControl.GetTabRect(e.Index);
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bool isPlusTab = (e.Index == tabControl. TabCount - 1);

if (isPlusTab)
{
TextRenderer.DrawText(e.Graphics, «+», new Font(e.Font.FontFamily,
12, FontStyle.Bold),
tabRect, Color.Black,
TextFormatFlags.HorizontalCenter
TextFormatFlags.VerticalCenter);

}

else

{
const int closeBtnWidth = 20;

Rectangle closeRect = new Rectangle(
tabRect.Right - closeBtnWidth,
tabRect. Top,
closeBtnWidth,
tabRect.Height);

Rectangle textRect = new Rectangle(
tabRect. X,
tabRect. Top,
tabRect.Width - closeBtnWidth,
tabRect.Height);

TextRenderer.DrawText(e.Graphics, tabPage.Text, e.Font, textRect,
Color.Black,
TextFormatFlags.VerticalCenter | TextFormatFlags.Left |
TextFormatFlags.EndEllipsis);

using (var fontX = new Font(e.Font.FontFamily, 9, FontStyle.Bold))
{
TextRenderer.DrawText(e.Graphics, «X», fontX, closeRect,
Color.Red,
TextFormatFlags.VerticalCenter |

TextFormatFlags.HorizontalCenter);
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private void OpenTabFolder(int index)
{

if (index < 0 || index >= tabControl1.TabCount) return;

TabPage page = tabControl1l.TabPages[index];
if (page.Controls.Count > 0 && page.Controls[0] is UserControl1 uc)

{
string path = uc.ProjectFilePath;

if (Istring.IsNullOrEmpty(path) && File.Exists(path))
{

Process.Start(«explorer.exe», $»/select, w{path}\»«);

else

MessageBox.Show(«®aiin mie He 30epe)KHO Ha JHCKY.»,

«ITomunxkay, MessageBoxButtons.OK, MessageBoxIcon.Information);

}
}
}
private void OpenOUT (int index)
{

if (index <0 || index >= tabControl1.TabCount) return;

TabPage page = tabControl1.TabPages[index];

if (page.Controls.Count > 0 && page.Controls[0] is UserControl1 uc)

{
string uchPath = uc.ProjectFilePath;

if (string.IsNullOrEmpty(uchPath))
{
MessageBox.Show(«CmouaTky 30epexiTh MPOEKT.», «YBaray,
MessageBoxButtons.OK, MessageBoxIcon.Warning);

return;
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string outPath = Path.ChangeExtension(uchPath, «.OUT»);

if (File.Exists(outPath))

{
try
{
Process.Start(«notepad.exex, outPath);
}
catch (Exception ex)
{
MessageBox.Show($»He Bmanocst BiakpuTe OGJIOKHOT:
{ex.Message}»);
}
}
else
{

MessageBox.Show($»@aiin .OUT He 3muaiineno:\n{outPath}»,

«ITomunxka», MessageBoxButtons.OK, MessageBoxIcon.Error);

}
}
}
private void OpenF90(int index)
{

if (index <0 || index >= tabControl1.TabCount) return;
if (tabControl1.TabPages[index].Controls[0] is UserControll uc)

{
if (string.IsNullOrEmpty(uc.ProjectFilePath)) return;
string f90Path = Path.ChangeExtension(uc.ProjectFilePath, «.fo0»);
if (File.Exists(f90Path))
{
Process.Start(«notepad.exe», f90Path);

else

MessageBox.Show(«®aiin koxy .f90 He 3HaiinEHO.»);



148

}
}
}
private void OpenUCH(int index)
{
if (index < 0 || index >= tabControl1.TabCount) return;
if (tabControll.TabPages[index].Controls[0] is UserControll uc)
{
string path = uc.ProjectFilePath;
if (Istring.IsNullOrEmpty(path) && File.Exists(path))
{
Process.Start(«notepad.exey, path);
}
}
}

private void tabControl1l_MouseDown(object sender, MouseEventArgs €)

{
for (int i = 0; i < tabControl1.TabCount; i++)

{
Rectangle tabRect = tabControl1.GetTabRect(i);

if (tabRect.Contains(e.Location))

{
if (e.Button == MouseButtons.Left)

{

Rectangle closeButton = new Rectangle(tabRect.Right -

20, tabRect.Top + 4, 15, 15);
if (closeButton.Contains(e.Location))

{
CloseTab(i);

return;

if (i ==tabControl1.TabCount - 1) return;
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tabControl1.DoDragDrop(tabControl1.TabPages]i],
DragDropEffects.Move);

return;

else if (e.Button == MouseButtons.Right)

{
if (i ==tabControl1.TabCount - 1) return;
_clickedTablndex = i;
tabControl1.SelectedIndex = i;
_tabContextMenu.Show(tabControl1, e.Location);
}
}
}
}
private string EnsureProjectStructure(string fullUchPath)
{

string folderPath = Path.GetDirectoryName(fullUchPath);
string fileNameNoEXxt = Path.GetFileNameWithoutExtension(fullUchPath);

if (!Directory.Exists(folderPath))

{
Directory.CreateDirectory(folderPath);

string uchFile = Path.Combine(folderPath, fileNameNoOEXxt + «.UCH»);
string outFile = Path.Combine(folderPath, fileNameNoEXxt + «.OUT»);
string f90File = Path.Combine(folderPath, fileNameNoEXxt + «.f90»);

if ('File.Exists(uchFile)) File. WriteAll Text(uchFile, «{}»);
if ('File.Exists(outFile)) File.WriteAllText(outFile, ««);

if ('File.Exists(f90File)) File.WriteAll Text(fO0File, «! xom dpoprpan»);

return uchFile;
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private void CreateNewTab(string filePath = null)

{

potentialName + «.UCH»);

if (filePath == null)

{
string baseDir = Path.Combine(Application.StartupPath, «Projects»);
if (!Directory.Exists(baseDir)) Directory.CreateDirectory(baseDir);
inti=1;
while (true)
{
string potentialName = «NewProject» + i;
string potentialFolder = Path.Combine(baseDir, potentialName);
if (!Directory.Exists(potentialFolder))
{
string  uFile = Path.Combine(potentialFolder,
filePath = uFile;
break;
}
i++;
}
}

EnsureProjectStructure(filePath);

string title = Path.GetFileName(filePath);
TabPage newTab = new TabPage(title);

newTab.Tag = filePath;
newTab.ToolTipText = filePath;

var uc = new UserControl1();

uc.Dock = DockStyle.Fill;
uc.ProjectSaved += (s, newPath) => {
newTab.Text = Path.GetFileName(newPath);

newTab.Tag = newPath;

SaveSession();
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uc.LoadFromFile(filePath);
newTab.Controls.Add(uc);
int insertldx = tabControl1.TabCount;
if (tabControll.TabCount > 0 && tabControll.TabPages[tabControl1l. TabCount
- 1].Text == «+»)
insertldx = tabControl1.TabCount - 1;

tabControll.TabPages.Insert(insertldx, newTab);
tabControl1.SelectedTab = newTab;
if (newTab.Controls.Count > 0)

{
newTab.Controls[0].Focus();
}
}
private void tabControl1_Selecting(object sender, TabControlCancelEventArgs e)
{
if (e.TabPage !'= null && e.TabPage.Text == «+»)
{
e.Cancel = true;
this.Beginlnvoke(new Action(() =>
{
CreateNewTab(null);
D)
¥
}
private TabPage GetTabAt(Point point)
{
for (inti = 0; i < tabControl1.TabCount; i++)
{
if (tabControll.GetTabRect(i).Contains(point))
{
return tabControl1.TabPages[i];
}
}
return null;
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private void tabControl1_DragOver(object sender, DragEventArgs e)

{
if (le.Data.GetDataPresent(typeof(TabPage)))
{
e.Effect = DragDropEffects.None;
return;
}

Point clientPoint = tabControl1.PointToClient(new Point(e.X, e.Y));

TabPage hoverTab = GetTabAt(clientPoint);

if (hoverTab == null | tabControll.TabPages.IndexOf(hoverTab) ==
tabControl1.TabCount - 1)
{
e.Effect = DragDropEffects.None;
}
else
{
e.Effect = DragDropEffects.Move;
}

private void tabControll_DragDrop(object sender, DragEventArgs €)

{
Point clientPoint = tabControl1.PointToClient(new Point(e.X, e.Y));

TabPage targetTab = GetTabAt(clientPoint);

TabPage draggedTab = (TabPage)e.Data.GetData(typeof(TabPage));
if (targetTab != null && draggedTab !'= null && targetTab != draggedTab)

{
int targetindex = tabControl1.TabPages.IndexOf(targetTab);
if (targetindex >= tabControl1.TabCount - 1) return;

tabControl1.TabPages.Remove(draggedTab);

tabControl1.TabPages.Insert(targetindex, draggedTab);
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tabControl1.SelectedTab = draggedTab;

¥

private void TabControll_Selecting(object sender, TabControlCancelEventArgs €)

{
if (e.TabPage != null && e.TabPage.Text == «+»)

{

e.Cancel = true;

CreateNewTab(null);

¥

private void SaveSession()

{

var linesToSave = new List<string>();

int idx = tabControl1.SelectedIndex;
if (idx >=tabControl1l.TabCount - 1 && tabControl1l.TabCount > 1)
idx = tabControl1.TabCount - 2;

linesToSave.Add(idx.ToString());

foreach (TabPage tab in tabControl1.TabPages)
{

if (tab.Text == «+») continue;

if (tab.Tag !'=null)

{
linesToSave.Add(tab.Tag.ToString());

string sessionFile = Path.Combine(Application.StartupPath, «session.txt»);

File.WriteAllLines(sessionFile, linesToSave);

¥

private void MainForm_FormClosing(object sender, FormClosingEventArgs e)

{

bool hasUnsavedChanges = false;



string unsavedFilesList = «;

foreach (TabPage page in tabControll.TabPages)
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{
if (page.Text == «+») continue;
if (page.Controls.Count > 0 && page.Controls[0] is UserControl1 uc)
{
if (uc.IsDirty)
{
hasUnsavedChanges = true;
unsavedFilesList += $»\n- {page.Text}»;
}
}
}
if (hasUnsavedChanges)
{

var result = MessageBox.Show(
H»Y Bac € He30epeskeHi 3MiHH
daitnax: {unsavedFilesList}\n\nBu to4HO x0uere Buitti? (3MiHu Oyze BTpaueHo)»,

«HesbepexeHi gani»,
MessageBoxButtons.YesNo,
MessageBoxIcon.Warning,
MessageBoxDefaultButton.Button2);

if (result == DialogResult.No)

{
e.Cancel = true;

return;

SaveSession();

private void OpenToolStripMenultem_Click(object sender, EventArgs €)
{
using (var ofd = new OpenFileDialog())

{
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ofd.Filter = «®aiinsr rpadukos (*.UCH)|*.UCH»;

if (ofd.ShowDialog() == DialogResult.OK)

{
foreach (TabPage tab in tabControl1. TabPages)
{
if (tab.Tag '= null && tab.Tag.ToString() ==
ofd.FileName)
{
tabControl1.SelectedTab = tab;
return;
}
}

CreateNewTab(ofd.FileName);

}
}
}
private void NewToolStripMenultem_Click(object sender, EventArgs e)
{
using (var fbd = new FolderBrowserDialog())
{
fbd.Description = «BeibepuTe narnky st CO3IaHuUsI IPOEKTa;
if (fbd.ShowDialog() == DialogResult.OK)
{
string projName = «NewProject_» + DateTime.Now.Ticks;
string fullPath = Path.Combine(fbd.SelectedPath, projName,
projName + «.UCH»);
CreateNewTab(fullPath);
}
}
}

private void exitToolStripMenultem_Click(object sender, EventArgs €)
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this.Close();

private void SaveAsToolStripMenultem_Click(object sender, EventArgs €)

{
RenameViaSaveAs(tabControll.SelectedIndex);
}
private void RenameViaSaveAs(int index)
{

if (index <0 || index >= tabControl1.TabCount) return;
if (tabControll.TabPages[index]. Text == «+») return;

TabPage page = tabControl1.TabPages[index];

if (page.Controls.Count > 0 && page.Controls[0] is UserControl1 uc)
{

using (var sfd = new SaveFileDialog())

{

sfd.Title = «36epertu NpoexT sIK...»;
sfd.Filter = «UCH Project (*.UCH)[*.UCH»;
sfd.FileName = Path.GetFileName(uc.ProjectFilePath);

if (sfd.ShowDialog() == DialogResult.OK)

{
string newUchPath = sfd.FileName;
string newDirectory =
Path.GetDirectoryName(newUchPath);
string newFileNameNoExt =

Path.GetFileNameWithoutExtension(newUchPath);

string oldUchPath = uc.ProjectFilePath;

if ('string.IsNullOrEmpty(oldUchPath) &&
File.Exists(oldUchPath))

string oldDirectory =
Path.GetDirectoryName(oldUchPath);
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string oldFileNameNoExt =

Path.GetFileNameWithoutExtension(oldUchPath);

string[] extensionsToCopy = { «.f90», «.OUTy,

«.exe» }

foreach (var ext in extensionsToCopy)
{
string oldFile =
Path.Combine(oldDirectory, oldFileNameNoEXxt + ext);
string newFile =

Path.Combine(newDirectory, newFileNameNoEXt + ext);

if (File.Exists(oldFile))

{
try
{
File.Copy(oldFile,
newkFile, true);

}

catch (Exception ex)

{

MessageBox.Show($»He Branocs ckonitoBatu ¢aiin {ext}: {ex.Message}»);

}

else

string f90Path = Path.Combine(newDirectory,

newFileNameNOEXxt + «.f0»);

string outPath = Path.Combine(newDirectory,

newFileNameNoEXxt + «.OUT»);

if ('File.Exists(f90Path))
File.WriteAllText(f90Path, «! Fortran code herey);



158
if ('File.Exists(outPath))
File.WriteAllText(outPath, ««);

uc.UpdateProjectPath(newUchPath);

uc.SaveProject();

page.Text = newFileNameNoEXxt;

page.Tag = newUchPath;

page.ToolTipText = newDirectory;

SaveSession();

MessageBox.Show($»I1poexT  ycmimmbo — 30epexeHo
sx:\n{newFileNameNoEXxt}», «¥Ycmix», MessageBoxButtons.OK, MessageBoxIcon.Information);

}

private void SaveToolStripMenultem_Click(object sender, EventArgs e)

{

if (tabControll.Selectedindex < 0 | tabControll.Selectedindex >=
tabControl1.TabCount) return;

if (tabControll.SelectedTab.Text == «+») return;

if (tabControll.SelectedTab.Controls.Count > 0 &&
tabControll.SelectedTab.Controls[0] is UserControll uc)
{

if (string.IsNullOrEmpty(uc.ProjectFilePath))

{
SaveAsToolStripMenultem_Click(sender, e);

return;
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}
try
{
uc.SaveProject();
string cleanTitle = tabControll.SelectedTab.Text.Replace(«*»,
««).Trim();
tabControl1.SelectedTab.Text = cleanTitle;
}
catch (Exception ex)
{

MessageBox.Show($»ITommka npH 30epeKeHH]

daitmy:\n{ex.Message}», «ITommakay, MessageBoxButtons.OK, MessageBoxIcon.Error);

¥

private bool CloseTab(int index)

{

if (index <0 || index >= tabControl1.TabCount) return false;

if (tabControll.TabPages[index].Text == «+») return false;

TabPage page = tabControl1.TabPages[index];

if (page.Controls.Count > 0 && page.Controls[0] is UserControl1 uc)

{
string projectPath = uc.ProjectFilePath;

string projectDir = Path.GetDirectoryName(projectPath);

string folderName = new DirectorylInfo(projectDir).Name;

if (uc.IsDirty)
{

tabControl1.SelectedIndex = index;
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var result = MessageBox.Show(
$»IIpoekr ‘{page.Text}’ Mae HesbepeskeHi
3minn.\n36epertu ix?»,
«30epeKeHHSY,
MessageBoxButtons.YesNoCancel,

MessageBoxIcon.Warning);

if (result == DialogResult.Cancel) return false;

if (result == DialogResult.Yes)

{
if (string.IsNullOrEmpty(projectPath) |
folderName.StartsWith(«NewProjecty))
RenameViaSaveAs(index);
else
uc.SaveProject();
if (uc.IsDirty) return false;
}

if (folderName.StartsWith(«NewProject»))

{
try
{
if (Directory.Exists(projectDir))
{
Directory.Delete(projectDir, true);
}
}
catch (Exception ex)
{
Debug.WriteLine($»He Bmanocs MOYMCTUTH IAKY
{folderName}: {ex.Message}»);
}
}
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tabControl1.TabPages.RemoveAt(index);
page.Dispose();

int realTabsCount = 0;
foreach (TabPage t in tabControl1. TabPages)

if (t.Text 1= «+») realTabsCount++;

if (realTabsCount == 0)

{
this.Close();

return true;

return true;

¥

private void closeMultipleToolStripMenultem_Click(object sender, EventArgs €)

{
for (int i = tabControl1l.TabCount - 1; i >=0; i--)

{
if (tabControll.TabPages[i]. Text == «+») continue;
bool closed = CloseTab(i);
if (Iclosed) break;

}

private void closeToolStripMenultem_Click(object sender, EventArgs e)

{
CloseTab(_clickedTabindex);

public class VariableRange

{
public double Start { get; set; }
public double End { get; set; }
public double Step { get; set; }

i
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Bwmict o6uncntoBasibHOTO sigpa {90
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program main

implicit none
integer :: f_idx, f N

double precision :: loop_var, result_val, start_v, end_v, step_v

f N =1000
start v =-10.0d0
end_v =10.0d0
step_v =0.01d0

open(unit=10, file="NewProject5.UCH’, status=‘replace’, action=‘write”)

write(10, ‘(A)’) «chart My Charty»
write(10, ‘(A)’) «latex X+x»
write(10, ‘(A)’) «xlabel Timey»
write(10, ‘(A)’) «ylabel Value»
write(10, ‘(A)’) «xgrid 110;10;1»
write(10, ‘(A)’) «ygrid 110;10;1»
write(10, ‘(A)’) «legend 0;1»
write(10, (A, 19.9)) «curves «, 2
write(10, ‘(A, 10)’) «iterations «, f N
write(10, ‘(A, A)’) «steps «, «0.01»

write(10, <(A)’) «curve X»
write(10, ‘(A)’) «min -10»
write(10, ‘(A)’) «max 10»
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write(10, ‘(A)’) «color 1721212425

write(10, ‘(A)’) «line 11.0»
write(10, <(A)’) «markers 016»
write(10, (A, 19.9)’) «data «, (f_N + 1)
dof idx=0,f N
loop_var =start v+ f _idx * step_v
write(10, <(ES24.15E3, «;», ES24.15E3)’) loop_var, loop_var

end do

write(10, ‘(A)’) «curve RESULT»
write(10, ‘(A)’) «color 100149237
write(10, ‘(A)’) «line 12y
write(10, ‘(A)’) «markers 016»
write(10, (A, 19.9)’) «data «, (f_ N + 1)
dof idx=0,f N
loop var =start v+ f idx * step_v
result_val = 2*loop_var
write(10, ‘(ES24.15E3, «;», ES24.15E3)’) loop_var, result_val

end do

close(10)

end program main
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JOJATOK T

[Iporpamuuii koag MOBOIO python st BUpilIeHHS piBHSAHHS MeToJ0oM ['ayca



IIporpamunit ko1 MoBoto Python 1uist BupimeHHs piBHSHHSI MeToqoM [ayca
import numpy as np

def gaussian_elimination(A, b):

n = len(b)

M = np.hstack((A, b.reshape(-1, 1))).astype(float)
print(«[ToyaTkoBa po3MIMPEHA MATPHUIIS:»)

print(M)

print()

for i in range(n):

max_row = np.argmax(np.abs(M[i:, i])) + i

MI[i, max_row]] = M[[max_row, i]]
print(f»lonoBHeHa MaTPHILIS MiCHs 3aMiHU PSAKIB {i}:»)
print(M)

print()

for j in range(i+1, n):

factor = M[j, i1/ M[i, ]

Mj, i:] -= factor * M[i, i:]

print(f»JJonoBrena MaTpuiyst micis BugaseHHs psiaka {j} {i}:»)
print(M)

print()

X = np.zeros(n)

foriinrange(n-1, -1, -1):

x[i] = (M[i, -1] - np.dot(M[i, i+1:n], x[i+1:])) / M[i, i]
print(fsBektop pitreHsst miciast KpOKY 3BOPOTHOI 3aMiHM {n-i}:»)
print(x)

print()

return x

A =np.array([

[2,-1,0,0,0,0,0,0,0],

[-1,2,-1,0,0,0,0,0,0],

[0,-1,2,-1,0,0,0,0,0],

[0,0,-1,2,-1,0,0,0,0],

[0,0,0,-1,2,-1,0,0,0],

[0,0,0,0,-1,2,-1,0,0],

[0,0,0,0,0,-1,2,-1,0],

166



167
[0,0,0,0,0,0,-1,2,-1],

[0,0,0,0,0,0,0,-1, 2]
D

77
C_u=np.array([
[1, 0],

[0, 11,

[1, 0],

[0, 1],

[1, 0],

[0, 1],

[1, 0],

[0, 1],

[1,0]

D

C_v =np.array([
[1,0,1,0,1,0,1,0,1],
[0,1,0,1,0,1,0,1,0]
D

B = np.array([
[2, -1,

[-1,2]

D
f_u=np.array([
(11,

(0],

[11,

(01,

[11,

(01,

[11,

[01,

(1]

D

f_v =np.array([
[11,
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[0]

D

M = np.block([
[A, C_u],
[C_v, B]

D

f = np.vstack([f_u, f_v]).flatten()
solution = gaussian_elimination(M, f)
a = solution[:9]

b = solution[9:]

print(«BekTop pitieHHs a:»)
print(a)

print()

78

print(«BekTop pimieHns b:»)
print(b)

print()

a, b
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JIOJIATOK ]I

JleMoHCTpamiitH1i1 MaTepian
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Ne noxky- . 0J1aTKOBI
FIOKY ITo3naueHHs HaiimenyBanHs H. A .
MEHTa B1JIOMOCTI
TekcToB1 IOKyMEHTH
1 [NONK. XXXXXX.03 I13 IlosicHIOBaaBEHA 3aIIMCKa A4, 85 c.
JonaTkoBi MaTepianu
Jonmatox A
2 OnyO:ikoBaHi pe3yabTaTh A4, 5c.
3 Honatok b
[IporpaMHa yacTuHa IPOEKTY A4, 70 c.
Honarox B
Bwmict obuuncnoBanbHoro siapa f90 A4, 3 c.
Honatok I'
[Tporpamuuii ko MmoBoro python A4, 4 c.
JUIsL BUPILIIEHHS! PIBHAHHS
Honarok /]
JleMoHcTpauiifHui MaTepiai A4, 10c.
IMOUK. XXXXXX.03 BJ
3MiH. | ApK. Howmep noxym. [Mipmuc| data
Po3po0. [Tiens H.II. C@ Po3po0bka crcremu Jlitepa) Apkym | ApkymriB
Mepesip. Pomamos IO .B. po3mi3HaBaHHs iHpOpMaLiHHUX H 1 1
MO3HAYOK JIJIsl aBTOHOMHHUX
HaBiraii MoGiIbHOrO poboTa Ha Kadenpa KITAP
IH.kOHTD. CTapolly6ueB M.I. CKJIQJICBKOMY KOMILIEKCI XHVYPE
3atB. Hesmonos I.111.




