
   
    

««    
 » (    «      » ) 

 

 

 

     

     

 

 
 

 
Я  Я 

Ъ       
Ч    

 
 

   
    

09.04.02      
   

 12001673  

   

 
 

 
 

  

. . .  . . 
 

 

   
 « .  » 

 .  

 

 

 

 

 

 
 

 2019 



4 
 

 

 

 .............................................................................................................. 5 

1      ....................... 8 

1.1     ............................................ 8 

1.2       .............. 13 

1.3       

 ............................................................................................... 20 

1.4    ................................................ 21 

2      ............... 24 

2.1     ................... 24 

2.2    ..................................................... 28 

2.3     .............................................. 33 

2.4 Π    ......................................... 36 

3      
 .................................................................................................................... 40 

3.1     .................. 40 

3.2    ............................................................... 54 

 ..................................................................................................... 57 

Π  Π   ........................................... 59 

  ................................................................................................. 61 

 

 

  



5 
 

 

 

 ,     –    

,          , 

   ,     

 . 

       .   

          

 ,    ,    .  

,      ,   

 ,      ,   

  .       

   .  

 . .   «     

»   : «     

    , ,   

   . 

       

   .    

 :  ,   

 ,  ,  

 (   ),    . 

     .   

  ,  ,   

 ,  ,      

    .  

     ,  

        ,   

,    .  



6 
 

       

 ,     ,    

». 

        

 MS Office Excel,       

.     ,   

Statistica  Autobox, ForeCAST Pro, KORUS  Forecast.  

      

   . 

     

       . 

     

     .  

      

       

,       

,    . 

       

     . 

       

 : 

−        

   ; 

−    ,    

; 

−    -  

  ; 

−      

        



7 
 

       

; 

−      

      ; 

−       

      

  . 

   ,  , , 

  , . 

      

 :     

,   ,   

 ,    

     ,  

      , 

  . 

       

     .   

   ,   

  ,    

 . 

      

,       

,     .    

   . 

     : 

   ,    

,     .  

    65 ,  35 

, 2   . 



8 
 

1      

 

 

1.1     

 

       ,  

    ,   

  .       

   .      

       .  

       

   .   

    ,    

        . 

       ,  

       .  

   : 

−       .  

−  .     

 :   ,    

 ,     . . 

−    .    , 

   ,     

.      ,  

       

[1]. 

       

,   ,   

     .     

          



9 
 

 ,   .     

Autobox, ForeCAST Pro, KORUS | Forecast  ,  

 ,      

, ,     

 .        

  . 

     STATISTICA,  

    ,     

        (  1). 

 

 

 1 -    STATISTICA 

 

STATISTICA      ,  

        

 .  ,       

    .  

   –     

.       , 



10 
 

        

.    

    «1 :  8.  

 »    ,   

        

    ,    

 .  

  «1 : »  ,   

   ,   

 .      ,  

          

    .    

   ,      2.  

 

 

 2 -         

 

        

KORUS  Forecast  ForeCAST Pro.      

    3. 



11 
 

 

 3 -    KORUS FORECAST 

 

KORUS FORECAST     

 .    «  

»     .  

       

,      , 

        

     :  

−         

   ; 

− ,       

; 

−           

    (      

); 

−         , 

    ; 

−    ; 



12 
 

−    - ; 

−    ; 

−          

, ; 

−       . 

  4    ForeCAST Pro.  

 

 

 4 -    FORECAST PRO 

 

Novo Forecast,      

,         

  -   , ,  

, , , .     

      3000+  

 .       

.         

    . 



13 
 

  ,   ,  

 .     

   ,  .   

     Novo Forecast Enterprise 

   . 

         

 MS Office Excel.      

,    ,  

    ,  , 

 .           

   .      

       

  . 

 

1.2       

 

  ?      , 

  .        

    . ,   

        

    . 

 . .,  .Π.    «    

  »     

: « , ,    

,       

  .     

  ё  .  



14 
 

   ,       

 20–60 %     (  

)  .  

        

: ,    ,  

   - .  ,    

       (  ),  – 

,  ,  (  ), , ,  

  ,        

(  ).    ,     

,    . 

       

    .  ,  -

     ,  . 

,        

 ». 

. .    «   »  

   : 

−   ;  

− - ,  .  

   ,  «    

–          

  .      

     (5-7 )   

   ,    

 .         

  -   - ,   

  .     

.        

      .   



15 
 

  « », «  »,  «   

» («  »),     ». 

 . .   «   ,   » 

    ,  

   1. 

 

 1 -     

  ,   
 

  
 

   
 

, 
  

 
 

 
  

 
 

   
 

 

 -
 

 
 

 

  

 , 
   

 
 
 

, 
 

 
  

 
, 
 

  
 

, 
 

. 
 , 

 
  

,  
  

, 
 

 
 

  
  
 
 

, 
  

 
 

 
 

 

 

  
: «  

 
 

 — 
 

  — 
 

 
 
» 

  
 

 
  

  
  

 
 

 
 

. 
 

 
. 

  

 



16 
 

       

    [2].      

-     -  , 

       .  

      . . .  

    «    

»       . 

  -    

,       .  

  —   , 

        

    [3].  

         5 

. 

        

, ,        [4]. 

      

    ,    

 .  ,    

, . .      

. 

. .      «  

  » ,  «   

       

 ,      

.       

      

. 

 



17 
 

 

 

      

   .     

   ,    [5].  

         

,          

       

   .     

:    ,   

   [6];   ,   

 ,  ,    

 ,    .  

      

       .  

 5 -      



18 
 

         

 [7].      

 .     

, . .     

     .   

 : ,  (  

 ANN  )      

 [8].    ANN   

 ;   ,  

    ;   

      .  

       

     .    

       

 [9]. 

   -  . 

    : ,   

      ; 

      (    ANN) [9], 

      . 

      

  ;    . .   , 

    ;    

   [10]». 

        . 

         

   . 

    .    

     .   

       . 



19 
 

  -  .    

 :        

   .    

         

   .    —  

 .       

  .     

  ,     

.   :    

    ,  

   .      

    .   

  .   – 

     .  

 –   . 

   ,       

  « » ,  , 

 ,      

. 

       

  .      

      

 . 

  ,       

  (  )      

.      ,    

        ,     

,   ,    

    . 

 



20 
 

1.3       

  

 

      

   . 

  ,      

   MAPE –     

: 
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using System; 
using System.Collections.Generic; 
using System.ComponentModel; 
using System.Data; 
using System.Drawing; 
using System.Linq; 
using System.Text; 
using System.Threading.Tasks; 
using System.Windows.Forms; 
 
namespace WindowsFormsApp1 
{ 
    public partial class Form1 : Form 
    { 
        public Form1() 
        { 
            InitializeComponent(); 
        } 
 
        private void Form1_Load(object sender, EventArgs e) 
        { 
            periodCBox.Enabled = false; 
            cycleCheckbox.Checked = false; 
            seasonPeriodBox.Enabled = false; 
            seasonCheckBox.Checked = false; 
        } 
 
        private void checkBox1_CheckedChanged(object sender, EventArgs e) 
        { 
            if (cycleCheckbox.Checked) periodCBox.Enabled = true;  
            else periodCBox.Enabled = false; 
        } 
 
        private void seasonCheckBox_CheckedChanged(object sender, EventArgs e) 
        { 
            if (seasonCheckBox.Checked) seasonPeriodBox.Enabled = true; 
            else seasonPeriodBox.Enabled = false; 
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        } 
 
        private void button2_Click(object sender, EventArgs e) 
        { 
            MessageBox.Show("   ", " "); 
            OpenFileDialog openFileDialog2 = new OpenFileDialog(); 
            openFileDialog2.Filter = "Files|*.cvs;*.xls;*.xlsx"; 
            openFileDialog2.Title = "Select a file"; 
 
            if (openFileDialog2.ShowDialog() == 
System.Windows.Forms.DialogResult.OK) 
            { 
                MessageBox.Show("   ", " "); 
                //    button2.Text = openFileDialog1.FileName; 
                //    comboBox2.Items.Add(openFileDialog1.FileName); 
                //    comboBox2.SelectedValue = openFileDialog1.FileName; 
            } 
        } 
 
        private void groupBox2_Enter(object sender, EventArgs e) 
        { 
            
             
        } 
 
        private void button1_Click(object sender, EventArgs e) 
        { 
            OpenFileDialog openFileDialog2 = new OpenFileDialog(); 
            openFileDialog2.Filter = "Files|*.cvs;*.xls;*.xlsx"; 
            openFileDialog2.Title = "Select a file"; 
 
            if (openFileDialog2.ShowDialog() == 
System.Windows.Forms.DialogResult.OK) 
            { 
                MessageBox.Show("   ", " "); 
                //    button2.Text = openFileDialog1.FileName; 
                //    comboBox2.Items.Add(openFileDialog1.FileName); 
                //    comboBox2.SelectedValue = openFileDialog1.FileName; 
            } 
        } 
    } 
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} 
 

using 
System;  

using System.Linq;  
using System.Windows;  
using System.Windows.Controls;  
using OxyPlot;  
   
namespace NDtw.Visualization.Wpf  
{  
    public partial class DtwMatrixPlot : UserControl  
    {  
        public DtwMatrixPlot()  
        {  
            InitializeComponent();  
        }  
   
        public static DependencyProperty DtwProperty =  
            DependencyProperty.Register(  
                "Dtw",  
                typeof (IDtw),  
                typeof (DtwMatrixPlot),  
                new FrameworkPropertyMetadata(null, (d, e) => 
((DtwMatrixPlot)d).OnDataChanged()));  
   
        public IDtw Dtw  
        {  
            get { return (IDtw) GetValue(DtwProperty); }  
            set { SetValue(DtwProperty, value); }  
        }  
   
        public static DependencyProperty DrawDistanceProperty =  
            DependencyProperty.Register(  
                "DrawDistance",  
                typeof(bool),  
                typeof(DtwMatrixPlot),  
                new FrameworkPropertyMetadata(false, (d, e) => 
((DtwMatrixPlot)d).OnDataChanged()));  
   
        public bool DrawDistance 
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        {  
            get { return (bool)GetValue(DrawDistanceProperty); }  
            set { SetValue(DrawDistanceProperty, value); }  
        }  
   
        public static DependencyProperty DrawCostProperty =  
            DependencyProperty.Register(  
                "DrawCost",  
                typeof(bool),  
                typeof(DtwMatrixPlot),  
                new FrameworkPropertyMetadata(false, (d, e) => 
((DtwMatrixPlot)d).OnDataChanged()));  
   
        public bool DrawCost  
        {  
            get { return (bool)GetValue(DrawCostProperty); }  
            set { SetValue(DrawCostProperty, value); }  
        }  
   
        public void OnDataChanged()  
        {  
            if(DrawCost && DrawDistance)  
                throw new Exception("Only one of the values can be drawn 
at once, 'cost' or 'distance'.");  
              
            double[][] matrixValues = null;   
            if(DrawCost)  
                matrixValues = Dtw.GetCostMatrix();  
            if (DrawDistance)  
                matrixValues = Dtw.GetDistanceMatrix();  
   
            var dtwPath = Dtw.GetPath();  
            var xLength = Dtw.XLength;  
            var yLength = Dtw.YLength;  
            var cost = Dtw.GetCost();  
            var costNormalized = Dtw.GetCost() / Math.Sqrt(xLength * 
xLength + yLength * yLength);  
   
            var plotModel = new PlotModel(String.Format("Dtw norm by 
length: {0:0.00}, total: {1:0.00}", costNormalized, cost))  
                { 



65 
 

 
                    LegendTextColor = DrawCost || DrawDistance ? 
OxyColors.White : OxyColors.Black,  
                };  
   
            if (matrixValues != null)  
            {  
                var maxMatrixValue = 0.0;  
                for (int i = 0; i < xLength; i++)  
                    for (int j = 0; j < yLength; j++)  
                        maxMatrixValue = Math.Max(maxMatrixValue, 
Double.IsPositiveInfinity(matrixValues[i][j]) ? 0 : 
matrixValues[i][j]);  
   
                for (int i = 0; i < xLength; i++)  
                    for (int j = 0; j < yLength; j++)  
                    {  
                        var value = matrixValues[i][j];  
                        var isValuePositiveInfinity = 
Double.IsPositiveInfinity(value);  
   
                        var intensityBytes = isValuePositiveInfinity ? new 
byte[] { 0, 0, 0 } : GetFauxColourRgbIntensity(value, 0, 
maxMatrixValue);  
                        //var intensityByte = (byte)(255 - Math.Floor(255 * 
intensity));  
                        plotModel.Annotations.Add(new PolygonAnnotation  
                        {  
                            Points =  
                                new[]  
                                {  
                                    new DataPoint(i - 0.5, j - 0.5), new DataPoint(i 
+ 0.5, j - 0.5),  
                                    new DataPoint(i + 0.5, j + 0.5), new 
DataPoint(i - 0.5, j + 0.5),  
                                },  
                            StrokeThickness = 0,  
                            Selectable = false,  
                            Layer = AnnotationLayer.BelowAxes,  
                            Fill = OxyColor.FromArgb(255, intensityBytes[0], 
intensityBytes[1], intensityBytes[2]),  
                        }); 
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                    }  
   
                for (int i = 0; i < 30; i++)  
                {  
                    var intensityBytes = GetFauxColourRgbIntensity(i, 0, 
29);  
   
                    plotModel.Annotations.Add(new RectangleAnnotation  
                    {  
                        MinimumX = -39,  
                        MaximumX = -25,  
                        MinimumY = -i - 6,  
                        MaximumY = -i - 5,  
                        Selectable = false,  
                        Fill = OxyColor.FromArgb(255, intensityBytes[0], 
intensityBytes[1], intensityBytes[2])  
                    });                         
                }  
   
                plotModel.Annotations.Add(new TextAnnotation  
                {  
                    Position = new DataPoint(-24, -5),  
                    HorizontalAlignment = HorizontalTextAlign.Left,  
                    VerticalAlignment = VerticalTextAlign.Middle,  
                    StrokeThickness = 0,  
                    Text = "0"  
                });  
   
                plotModel.Annotations.Add(new TextAnnotation  
                {  
                    Position = new DataPoint(-24, -34),  
                    HorizontalAlignment = HorizontalTextAlign.Left,  
                    VerticalAlignment = VerticalTextAlign.Middle,  
                    StrokeThickness = 0,  
                    Text = String.Format("{0:0.00}", maxMatrixValue),  
                });  
            }  
   
            var matrixPathSeries = new LineSeries("Path")  
            {  
                StrokeThickness = 1, 
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                Color = OxyColors.Red,  
            };  
   
            for (int i = 0; i < dtwPath.Length; i++)  
                matrixPathSeries.Points.Add(new 
DataPoint(dtwPath[i].Item1, dtwPath[i].Item2));  
   
            plotModel.Series.Add(matrixPathSeries);  
   
            var seriesMatrixScale = (xLength + yLength) * 0.05;  
   
            for (int variableIndex = 0; variableIndex < 
Dtw.SeriesVariables.Length; variableIndex++)  
            {  
                var variableA = Dtw.SeriesVariables[variableIndex];  
                var variableASeries = variableA.OriginalXSeries;  
                var variableB = Dtw.SeriesVariables[variableIndex];  
                var variableBSeries = variableB.OriginalYSeries;  
   
                var minSeriesA = variableASeries.Min();  
                var maxSeriesA = variableASeries.Max();  
                var normalizedSeriesA = variableASeries.Select(x => (x - 
minSeriesA) / (maxSeriesA - minSeriesA)).ToList();  
                var matrixSeriesA = new 
LineSeries(variableA.VariableName);  
   
                for (int i = 0; i < normalizedSeriesA.Count; i++)  
                    matrixSeriesA.Points.Add(new DataPoint(i, (-1 + 
normalizedSeriesA[i]) * seriesMatrixScale - 1 - seriesMatrixScale * 
(variableIndex + 1)));  
   
                plotModel.Series.Add(matrixSeriesA);  
   
                var minSeriesB = variableBSeries.Min();  
                var maxSeriesB = variableBSeries.Max();  
                var normalizedSeriesB = variableBSeries.Select(x => (x - 
minSeriesB) / (maxSeriesB - minSeriesB)).ToList();  
                var matrixSeriesB = new 
LineSeries(variableB.VariableName);  
   
                for (int i = 0; i < normalizedSeriesB.Count; i++) 
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                    matrixSeriesB.Points.Add(new DataPoint( -
normalizedSeriesB[i] * seriesMatrixScale - 1 - seriesMatrixScale * 
(variableIndex + 1), i));  
   
                plotModel.Series.Add(matrixSeriesB);  
            }  
   
            plotModel.Axes.Add(new LinearAxis(AxisPosition.Bottom, "    
Series A") { Maximum = Math.Max(xLength, yLength), 
PositionAtZeroCrossing = true});  
            plotModel.Axes.Add(new LinearAxis(AxisPosition.Left, "         
Series B") { Maximum = Math.Max(xLength, yLength), 
PositionAtZeroCrossing = true });  
              
            MatrixPlot.Model = plotModel;  
        }  
   
        /// <summary>  
        /// Generate heatmap color  
        /// </summary>  
        /// <remarks>Thanks to Eddie Yee Tak Ma: 
http://eddiema.ca/2011/01/21/c-sharp-heatmaps/ </remarks>  
        public static byte[] GetFauxColourRgbIntensity(double val, 
double min, double max)  
        {  
            byte r = 0;  
            byte g = 0;  
            byte b = 0;  
            val = (val - min) / (max - min);  
            if (val <= 0.2)  
            {  
                b = (byte)((val / 0.2) * 255);  
            }  
            else if (val > 0.2 && val <= 0.7)  
            {  
                b = (byte)((1.0 - ((val - 0.2) / 0.5)) * 255);  
            }  
            if (val >= 0.2 && val <= 0.6)  
            {  
                g = (byte)(((val - 0.2) / 0.4) * 255);  
            } 
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            else if (val > 0.6 && val <= 0.9)  
            {  
                g = (byte)((1.0 - ((val - 0.6) / 0.3)) * 255);  
            }  
            if (val >= 0.5)  
            {  
                r = (byte)(((val - 0.5) / 0.5) * 255);  
            }  
            return new byte[] { r, g, b };  
        }  
   
        /// <summary>  
        /// Generate heatmap color (grayscale)  
        /// </summary>  
        /// <remarks>Thanks to Eddie Yee Tak Ma: 
http://eddiema.ca/2011/01/21/c-sharp-heatmaps/ </remarks>  
        public static byte[] GetGrayscaleRgbIntensity(double val, 
double min, double max)  
        {  
            byte y;  
            val = (val - min) / (max - min);  
            y = (byte)((1.0 - val) * 255);  
            return new [] { y, y, y };  
        }  
   
        private const double AspectRatio = 1;  
        protected override void 
OnRenderSizeChanged(SizeChangedInfo sizeInfo)  
        {  
            //keep aspect ratio  
            if (sizeInfo.NewSize.Width / sizeInfo.NewSize.Height > 
AspectRatio)  
            {  
                MatrixPlot.Width = sizeInfo.NewSize.Height * 
AspectRatio;  
                MatrixPlot.Height = MatrixPlot.Width / AspectRatio;  
            }  
            else  
            {  
                MatrixPlot.Height = sizeInfo.NewSize.Width / 
AspectRatio; 
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                MatrixPlot.Width = MatrixPlot.Height * AspectRatio;  
            }  
        }  
    }  
} 

  
<?xml version="1.0" encoding="utf-8"?>  
<Project ToolsVersion="4.0" DefaultTargets="Build" 
xmlns="http://schemas.microsoft.com/developer/msbuild/2003">  
  <PropertyGroup>  
    <Configuration Condition=" '$(Configuration)' == '' 
">Debug</Configuration>  
    <Platform Condition=" '$(Platform)' == '' ">AnyCPU</Platform>  
    <ProductVersion>8.0.30703</ProductVersion>  
    <SchemaVersion>2.0</SchemaVersion>  
    <ProjectGuid>{D8F86136-A2B6-48EB-A36A-
49B1265A07E2}</ProjectGuid>  
    <OutputType>library</OutputType>  
    <AppDesignerFolder>Properties</AppDesignerFolder>  
    <RootNamespace>NDtw.Visualization.Wpf</RootNamespace>  
    <AssemblyName>NDtw.Visualization.Wpf</AssemblyName>  
    <TargetFrameworkVersion>v4.0</TargetFrameworkVersion>  
    <TargetFrameworkProfile>Client</TargetFrameworkProfile>  
    <FileAlignment>512</FileAlignment>  
    <ProjectTypeGuids>{60dc8134-eba5-43b8-bcc9-
bb4bc16c2548};{FAE04EC0-301F-11D3-BF4B-
00C04F79EFBC}</ProjectTypeGuids>  
    <WarningLevel>4</WarningLevel>  
  </PropertyGroup>  
  <PropertyGroup Condition=" '$(Configuration)|$(Platform)' == 
'Debug|AnyCPU' ">  
    <DebugSymbols>true</DebugSymbols>  
    <DebugType>full</DebugType>  
    <Optimize>false</Optimize>  
    <OutputPath>bin\Debug\</OutputPath>  
    <DefineConstants>DEBUG;TRACE</DefineConstants>  
    <ErrorReport>prompt</ErrorReport>  
    <WarningLevel>4</WarningLevel>  
  </PropertyGroup>  
  <PropertyGroup Condition=" '$(Configuration)|$(Platform)' == 
'Release|AnyCPU' "> 
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    <DebugType>pdbonly</DebugType>  
    <Optimize>true</Optimize>  
    <OutputPath>bin\Release\</OutputPath>  
    <DefineConstants>TRACE</DefineConstants>  
    <ErrorReport>prompt</ErrorReport>  
    <WarningLevel>4</WarningLevel>  
  </PropertyGroup>  
  <ItemGroup>  
    <Reference Include="OxyPlot, Version=2013.1.2.1, Culture=neutral, 
PublicKeyToken=638079a8f0bd61e9, processorArchitecture=MSIL">  
      <SpecificVersion>False</SpecificVersion>  
      
<HintPath>..\packages\OxyPlot.Wpf.2013.1.2.1\lib\NET40\OxyPlot.dll</
HintPath>  
    </Reference>  
    <Reference Include="OxyPlot.Wpf, Version=2013.1.2.1, 
Culture=neutral, PublicKeyToken=75e952ba404cdbb0, 
processorArchitecture=MSIL">  
      <SpecificVersion>False</SpecificVersion>  
      
<HintPath>..\packages\OxyPlot.Wpf.2013.1.2.1\lib\NET40\OxyPlot.Wpf.
dll</HintPath>  
    </Reference>  
    <Reference Include="OxyPlot.Xps, Version=2013.1.2.1, 
Culture=neutral, processorArchitecture=MSIL">  
      <SpecificVersion>False</SpecificVersion>  
      
<HintPath>..\packages\OxyPlot.Wpf.2013.1.2.1\lib\NET40\OxyPlot.Xps.
dll</HintPath>  
    </Reference>  
    <Reference Include="System" />  
    <Reference Include="System.Data" />  
    <Reference Include="System.Xml" />  
    <Reference Include="Microsoft.CSharp" />  
    <Reference Include="System.Core" />  
    <Reference Include="System.Xml.Linq" />  
    <Reference Include="System.Data.DataSetExtensions" />  
    <Reference Include="System.Xaml">  
      <RequiredTargetFramework>4.0</RequiredTargetFramework>  
    </Reference>  
    <Reference Include="WindowsBase" />  
    <Reference Include="PresentationCore" />  
    <Reference Include="PresentationFramework" />  
  </ItemGroup> 
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  <ItemGroup>  
    <Page Include="DtwByVariablePlot.xaml">  
      <Generator>MSBuild:Compile</Generator>  
      <SubType>Designer</SubType>  
    </Page>  
    <Page Include="DtwMatrixPlot.xaml">  
      <Generator>MSBuild:Compile</Generator>  
      <SubType>Designer</SubType>  
    </Page>  
    <Compile Include="DtwByVariablePlot.xaml.cs">  
      <DependentUpon>DtwByVariablePlot.xaml</DependentUpon>  
    </Compile>  
    <Compile Include="DtwMatrixPlot.xaml.cs">  
      <DependentUpon>DtwMatrixPlot.xaml</DependentUpon>  
      <SubType>Code</SubType>  
    </Compile>  
  </ItemGroup>  
  <ItemGroup>  
    <Compile Include="Properties\AssemblyInfo.cs">  
      <SubType>Code</SubType>  
    </Compile>  
    <Compile Include="Properties\Resources.Designer.cs">  
      <AutoGen>True</AutoGen>  
      <DesignTime>True</DesignTime>  
      <DependentUpon>Resources.resx</DependentUpon>  
    </Compile>  
    <Compile Include="Properties\Settings.Designer.cs">  
      <AutoGen>True</AutoGen>  
      <DependentUpon>Settings.settings</DependentUpon>  
      <DesignTimeSharedInput>True</DesignTimeSharedInput>  
    </Compile>  
    <EmbeddedResource Include="Properties\Resources.resx">  
      <Generator>ResXFileCodeGenerator</Generator>  
      <LastGenOutput>Resources.Designer.cs</LastGenOutput>  
    </EmbeddedResource>  
    <None Include="packages.config" />  
    <None Include="Properties\Settings.settings">  
      <Generator>SettingsSingleFileGenerator</Generator>  
      <LastGenOutput>Settings.Designer.cs</LastGenOutput>  
    </None>  
    <AppDesigner Include="Properties\" />  
  </ItemGroup>  
  <ItemGroup>  
    <ProjectReference Include="..\NDtw\NDtw.csproj">  
      <Project>{572EB90F-7F5D-484D-A701-C7FF1556FE32}</Project> 
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      <Name>NDtw</Name>  
    </ProjectReference>  
  </ItemGroup>  
  <Import Project="$(MSBuildToolsPath)\Microsoft.CSharp.targets" />  
  <!-- To modify your build process, add your task inside one of the targets 
below and uncomment it.   
       Other similar extension points exist, see Microsoft.Common.targets.  
  <Target Name="BeforeBuild">  
  </Target>  
  <Target Name="AfterBuild">  
  </Target>  
  -->  
</Project> 

 
 

,   DTW 
 
using System; 
using System.Collections.Generic; 
using System.Linq; 
using System.Text; 
using System.Collections; 
 
namespace DTW 
{ 
    class SimpleDTW 
    { 
        double[] x; 
        double[] y; 
        double[,] distance; 
        double[,] f; 
        ArrayList pathX; 
        ArrayList pathY; 
        ArrayList distanceList; 
        double sum; 
 
        public SimpleDTW(double[] _x, double[] _y) 
        { 
            x = _x; 
            y = _y; 
            distance = new double[x.Length, y.Length]; 
            f = new double[x.Length+1, y.Length+1]; 
 
            for (int i = 0; i < x.Length; ++i){ 
                for (int j = 0; j < y.Length; ++j){ 
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                    distance[i, j] = Math.Abs(x[i] - y[j]); 
                } 
            } 
 
            for (int i = 0; i <= x.Length; ++i) 
            { 
                for (int j = 0; j <= y.Length; ++j) 
                { 
                    f[i, j] = -1.0; 
                } 
            } 
 
            for (int i = 1; i <= x.Length; ++i) { 
                f[i,0] = double.PositiveInfinity; 
            } 
            for (int j = 1; j <= y.Length; ++j) { 
                f[0, j] = double.PositiveInfinity; 
            } 
 
            f[0, 0] = 0.0; 
            sum = 0.0; 
 
            pathX = new ArrayList(); 
            pathY = new ArrayList(); 
            distanceList = new ArrayList(); 
        } 
 
        public ArrayList getPathX(){ 
            return pathX; 
        } 
 
        public ArrayList getPathY() { 
            return pathY; 
        } 
 
        public double getSum(){ 
            return sum; 
        } 
 
        public double[,] getFMatrix() { 
            return f; 
        } 
 
        public ArrayList getDistanceList() { 
            return distanceList; 
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        } 
 
        public void computeDTW() { 
            sum = computeFBackward(x.Length, y.Length); 
            //sum = computeFForward(); 
        } 
 
        public double computeFForward() { 
            for (int i = 1; i <= x.Length; ++i) { 
                for (int j = 1; j <= y.Length; ++j) { 
                    if (f[i - 1, j] <= f[i - 1, j - 1] && f[i - 1, j] <= f[i, j - 1]) { 
                        f[i, j] = distance[i - 1, j - 1] + f[i - 1, j]; 
                    } 
                    else if (f[i, j - 1] <= f[i - 1, j - 1] && f[i, j - 1] <= f[i - 1, j]) { 
                        f[i, j] = distance[i - 1, j - 1] + f[i, j - 1 ];                     
                    } 
                    else if (f[i - 1, j-1 ] <= f[i , j - 1] && f[i - 1, j - 1] <= f[i-1, j ]) { 
                        f[i, j] = distance[i - 1, j - 1] + f[i - 1, j - 1 ]; 
                    } 
                } 
            } 
            return f[x.Length, y.Length]; 
        } 
 
        public double computeFBackward(int i, int j) 
        { 
            if (!(f[i, j] < 0.0) ){ 
                return f[i, j]; 
            } 
            else { 
                if (computeFBackward(i - 1, j) <= computeFBackward(i, j - 1) && 
computeFBackward(i - 1, j) <= computeFBackward(i - 1, j - 1) 
                    && computeFBackward(i - 1, j) < double.PositiveInfinity) 
                { 
                    f[i, j] = distance[i - 1, j - 1] + computeFBackward(i - 1, j); 
                } 
                else if (computeFBackward(i, j - 1) <= computeFBackward(i - 1, j) && 
computeFBackward(i, j - 1) <= computeFBackward(i - 1, j - 1) 
                    && computeFBackward(i, j - 1) < double.PositiveInfinity) 
                { 
                    f[i, j] = distance[i - 1, j - 1] + computeFBackward(i, j - 1);     
                } 
                else if (computeFBackward(i - 1, j - 1) <= computeFBackward(i - 1, j) 
&& computeFBackward(i - 1, j - 1) <= computeFBackward(i, j - 1) 
                    && computeFBackward(i - 1, j - 1) < double.PositiveInfinity) 
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                { 
                    f[i, j] = distance[i - 1, j - 1] + computeFBackward(i - 1, j - 1); 
                } 
            } 
            return f[i, j]; 
        } 
 
 
    } 
} 
 
 


