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ДОДАТОК А 

СЛАЙДИ ПРЕЗЕНТАЦІЇ 
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ДОДАТОК Б 

ПРИКЛАДИ ПРОГРАМНОГО КОДУ 

using System; 
using System.Linq; 
using GameSituationsStatistics.Models; 
 
namespace GameSituationsStatistics.Prediction.LogisticRegression 
{ 
    public class LogisticRegressionService : IPredictionService 
    { 
        private const double tolerance = 1e-4; 
        private const int testSetPercentage = 70; 
 
        public TrainedModel TrainModel(TrainingSet set) 
        { 
            if (set.X.Length != set.Y.Length) 
            { 
                throw new ArgumentException("Training set: input matrix lenght not equal to 
output lenght."); 
            } 
 
            var m = set.X.Length; 
            var n = set.X[0].Length; 
 
            var averages = new double[n]; 
            var ranges = new double[n]; 
 
            var x = new double[m][]; 
 
            for (var j = 0; j < n; j++) 
            { 
                var max = set.X[0][j]; 
                var min = set.X[0][j]; 
 
                for (var i = 0; i < m; i++) 
                { 
                    averages[j] += set.X[i][j]; 
 
                    if (set.X[i][j] > max) 
                    { 
                        max = set.X[i][j]; 
                    } 
 
                    if (set.X[i][j] < min) 
                    { 
                        min = set.X[i][j]; 
                    } 
                } 
 
                averages[j] /= m; 
                ranges[j] = max - min; 
            } 
 
            for (var i = 0; i < m; i++) 
            { 
                x[i] = new double[n]; 
 
                for (var j = 0; j < n; j++) 
                { 
                    x[i][j] = (set.X[i][j] - averages[j]) / ranges[j]; 
                } 
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            } 
 
            var trainSet = x.Take(x.Length * testSetPercentage / 100).ToArray(); 
            var testSet = x.Skip(trainSet.Length).ToArray(); 
 
            var trainSetY = set.Y.Take(trainSet.Length).ToArray(); 
            var testSetY = set.Y.Skip(trainSet.Length).ToArray(); 
 
            m = trainSet.Length; 
 
            var thetas = new double[n + 1]; 
            var nextThetas = new double[n + 1]; 
            var alpha = 0.001; 
 
            double cost = 0; 
            double newCost = GetCostFunctionValue(nextThetas, trainSet, trainSetY); 
 
            do 
            { 
                cost = newCost; 
 
                for (var i = 0; i < nextThetas.Length; i++) 
                { 
                    thetas[i] = nextThetas[i]; 
                } 
 
                var functionDifferences = GetNewFunctionDifferences(thetas, trainSet, 
trainSetY); 
 
                double sumTheta0 = 0; 
 
                for (var i = 0; i < m; i++) 
                { 
                    sumTheta0 += functionDifferences[i]; 
                } 
 
                nextThetas[0] = thetas[0] - alpha * sumTheta0; 
 
                for (int j = 0; j < n; j++) 
                { 
                    double sum = 0; 
 
                    for (var i = 0; i < m; i++) 
                    { 
                        sum += functionDifferences[i] * trainSet[i][j]; 
                    } 
 
                    nextThetas[j + 1] = thetas[j + 1] - alpha * sum; 
                } 
 
                newCost = GetCostFunctionValue(nextThetas, trainSet, trainSetY); 
 
            } while (Math.Abs(cost - newCost) > tolerance); 
 
            var testSetAccuracy = testSet 
                .Select(s => GetFunctionResult(nextThetas, s) < 0.5 ? 0 : 1) 
                .Zip(testSetY, (trainedResult, actualResult) => trainedResult == actualResult) 
                .Where(isEqual => isEqual) 
                .Count() / (double)testSetY.Length * 100; 
 
            return new LogisticRegressionTrainedModel(nextThetas, averages, ranges, 
testSetAccuracy); 
        } 
 



71 
 
        private double GetFunctionResult(double[] thetas, double[] x) 
        { 
            if (thetas.Length != x.Length + 1) 
            { 
                throw new ArgumentException("Training set: thetas lenght does not correspond 
to parameters length."); 
            } 
 
            double sum = thetas[0]; 
 
            for (int i = 0; i < x.Length; i++) 
            { 
                sum += x[i] * thetas[i + 1]; 
            } 
 
            return 1 / (1 + Math.Pow(Math.E, -sum)); 
        } 
 
        private double[] GetNewFunctionDifferences(double[] thetas, double[][] x, double[] y) 
        { 
            var functionDifferences = new double[y.Length]; 
 
            for (var i = 0; i < y.Length; i++) 
            { 
                functionDifferences[i] = GetFunctionResult(thetas, x[i]) - y[i]; 
            } 
 
            return functionDifferences; 
        } 
 
        private double GetCostFunctionValue(double[] thetas, double[][] x, double[] y) 
        { 
            var m = y.Length; 
            double sum = 0; 
 
            for (int i = 0; i < m; i++) 
            { 
                var functionResult = GetFunctionResult(thetas, x[i]); 
                sum += y[i] * Math.Log(functionResult) + (1 - y[i]) * Math.Log(1 - 
functionResult); 
            } 
 
            return -sum / m; 
        } 
    } 
} 
 
using System; 
using System.Collections.Generic; 
using System.Linq; 
using System.Text; 
using System.Threading.Tasks; 
using System.Windows; 
using System.Windows.Controls; 
using System.Windows.Data; 
using System.Windows.Documents; 
using System.Windows.Input; 
using System.Windows.Media; 
using System.Windows.Media.Imaging; 
using System.Windows.Navigation; 
using System.Windows.Shapes; 
using Autofac; 
using GameSituationsStatistics.Core; 
using GameSituationsStatistics.IoC; 
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using GameSituationsStatistics.Models; 
using Microsoft.Win32; 
 
namespace GameSituationsStatistics.UI 
{ 
    /// <summary> 
    /// Interaction logic for MainWindow.xaml 
    /// </summary> 
    public partial class MainWindow : Window 
    { 
        private IStatisticsService service; 
        private TrainedModel trainedModel; 
        private TrainingSet trainingSet; 
        private TrainedModel TrainedModel 
        { 
            get { return trainedModel; } 
            set 
            { 
                trainedModel = value; 
 
                if (trainedModel == null) 
                { 
                    predictionPanel.Visibility = Visibility.Collapsed; 
                } 
                else 
                { 
                    predictionPanel.Visibility = Visibility.Visible; 
                } 
            } 
        } 
        private TrainingSet TrainingSet 
        { 
            get { return trainingSet; } 
            set 
            { 
                trainingSet = value; 
 
                if (trainingSet != null) 
                { 
                    fileNameTextBlock.Visibility = Visibility.Visible; 
                    trainModelButton.Visibility = Visibility.Visible; 
 
                } 
                else 
                { 
                    fileNameTextBlock.Visibility = Visibility.Collapsed; 
                    trainModelButton.Visibility = Visibility.Collapsed; 
                } 
            } 
        } 
 
        public MainWindow() 
        { 
            InitializeComponent(); 
 
            var builder = DependenciesRegistrator.Configure(); 
            service = builder.Resolve<IStatisticsService>(); 
        } 
 
        private void LoadDataSetButton_Click(object sender, RoutedEventArgs e) 
        { 
            OpenFileDialog openFileDialog = new OpenFileDialog(); 
 
            if (openFileDialog.ShowDialog() == true) 
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            { 
                LoadDataSet(openFileDialog.FileName); 
            } 
        } 
 
        private void LoadDataSet(string pathToDataset) 
        { 
            TrainingSet = service.LoadTrainingSet(pathToDataset); 
 
            outputTextBox.Text += $"Training set records number: {trainingSet.Y.Length}, 
characteristics number: {trainingSet.X[0].Length}\r\n"; 
 
            fileNameTextBlock.Text = pathToDataset; 
        } 
 
        private void TrainModel() 
        { 
            var date1Ticks = DateTime.Now.Ticks; 
            var customtrainedModel = service.TrainCustomModel(TrainingSet); 
            var date2Ticks = DateTime.Now.Ticks; 
            TrainedModel = service.TrainAccordModel(TrainingSet); 
            var date3Ticks = DateTime.Now.Ticks; 
 
            // 1 ms = 10000 ticks 
            outputTextBox.Text += $"Custom model accuracy: {customtrainedModel.Accuracy}, work 
time ticks: {date2Ticks - date1Ticks}\r\n"; 
            outputTextBox.Text += $"Custom model weights: {string.Join(", ", 
customtrainedModel.Coefficients.Select(x => Math.Round(x, 1)))}\r\n"; 
            outputTextBox.Text += $"Accord.NET model accuracy: {TrainedModel.Accuracy}, work 
time ticks: {date3Ticks - date2Ticks}\r\n"; 
            outputTextBox.Text += $"Accord.NET model weights: {string.Join(", ", 
TrainedModel.Coefficients.Select(x => Math.Round(x, 1)))}\r\n"; 
        } 
 
        private void PredictNewValuesButtonClick(object sender, RoutedEventArgs e) 
        { 
            var input = newValuesInputTextBox.Text.Split(',', ';').Select(x => 
Convert.ToDouble(x)).ToArray(); 
 
            var date1Ticks = DateTime.Now.Ticks; 
            var output = Math.Round(TrainedModel.PredictValue(input), 2); 
            var date2Ticks = DateTime.Now.Ticks; 
 
            newValuesOutputTextBox.Text = output.ToString(); 
             
            outputTextBox.Text += $"Prediction time ticks: {date2Ticks - date1Ticks}\r\n"; 
        } 
 
        private void TrainModelButton_Click(object sender, RoutedEventArgs e) 
        { 
            TrainModel(); 
        } 
    } 
} 
 
using BasketballGameSimulator.BaseEcsLogic; 
using BasketballGameSimulator.Core.Components; 
using BasketballGameSimulator.Core.Entities; 
using BasketballGameSimulator.Core.Entities.Enums; 
using BasketballGameSimulator.Core.Utils; 
using System; 
using System.Collections.Generic; 
using System.Linq; 
using System.Text; 
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using System.Threading.Tasks; 
 
namespace BasketballGameSimulator.Core.Systems 
{ 
    public class OffenseSystem : GameSystem 
    { 
        private Ball ball; 
        private List<OffensivePlayer> offensivePlayers; 
        private List<DefensivePlayer> defensivePlayers; 
 
        private Dictionary<CombinationType, Action> combinations = new 
Dictionary<CombinationType, Action>(); 
        private CombinationType combination; 
        private int combinationStep; 
 
        public OffenseSystem(Ball ball, List<OffensivePlayer> offensivePlayers, 
List<DefensivePlayer> defensivePlayers, CombinationType combination) 
        { 
            this.ball = ball; 
            this.offensivePlayers = offensivePlayers; 
            this.defensivePlayers = defensivePlayers; 
 
            this.combination = combination; 
            combinationStep = 1; 
 
            combinations.Add(CombinationType.PickAndRoll, PickAndRoll); 
            combinations.Add(CombinationType.KhnureNew, KhnureNewCombination); 
        } 
 
        public override void Process() 
        { 
            var playerWithBall = GetPlayerWithBall(); 
 
            // 1. If there is no plater with the ball, don't change anything. 
            if (playerWithBall == null) 
            { 
                return; 
            } 
 
            var playerWithBallDistanceToRim = GetDistanceToRim(playerWithBall); 
            var playerWithBallDistanceToDefender = 
GetDistanceToClosestDefender(playerWithBall); 
 
            // 2. If player with ball is under the rim and is uncontestant then shot. 
            if (playerWithBallDistanceToRim < GameConsts.MIDRANGE_SHOT_RANGE 
                && playerWithBallDistanceToDefender > GameConsts.CONTESTANT_SHOT_RANGE 
                && playerWithBall.ShotComponent.LayupUncontestantShotPercentage > 
GameConsts.LAYUP_PERCENTAGE_TO_SHOT) 
            { 
                Shoot(playerWithBall); 
                return; 
            } 
 
            var playersWithoutBall = offensivePlayers.Where(x => x != playerWithBall); 
            var playersWithoutBallDistancesToRim = playersWithoutBall.ToDictionary(x => x, x 
=> GetDistanceToRim(x)); 
            var playersWithoutBallDistancesToDefender = playersWithoutBall.ToDictionary(x => 
x, x => GetDistanceToClosestDefender(x)); 
            var playersWithoutBallDistancesToPlayerWithBall = 
playersWithoutBall.ToDictionary(x => x, x => GetDistanceBetweenEntities(x.MovementComponent, 
playerWithBall.MovementComponent)); 
 
            // 3. If there is a free player without ball under the rim pass him the ball. 
            foreach (var playerWithoutBall in playersWithoutBall) 
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            { 
                if (playersWithoutBallDistancesToRim[playerWithoutBall] < 
GameConsts.MIDRANGE_SHOT_RANGE 
                && (playersWithoutBallDistancesToDefender[playerWithoutBall] - 
GameConsts.CONTESTANT_SHOT_RANGE) / 
GetPlayerDefender(playerWithoutBall).MovementComponent.Speed > 
                    playersWithoutBallDistancesToPlayerWithBall[playerWithoutBall] / 
GameConsts.PASS_SPEED) 
                { 
                    if ((playerWithBall.MovementComponent.X <= CourtSizes.RIM_CENTER_X && 
                        playerWithoutBall.MovementComponent.X <= CourtSizes.RIM_CENTER_X) || 
                        (playerWithBall.MovementComponent.X >= CourtSizes.RIM_CENTER_X && 
                        playerWithoutBall.MovementComponent.X >= CourtSizes.RIM_CENTER_X)) 
                    { 
                        Pass(playerWithoutBall); 
                        return; 
                    } 
                } 
            } 
 
            // 4. If player with ball is at the mid-range distance and he is uncontestant then 
shot and his percantage is high then shoot. 
            if (playerWithBallDistanceToRim < GameConsts.THREE_POINT_SHOT_RANGE 
                && playerWithBallDistanceToDefender > GameConsts.CONTESTANT_SHOT_RANGE 
                && playerWithBall.ShotComponent.MidRangeUncontestantShotPercentage > 
GameConsts.MIDRANGE_PERCENTAGE_TO_SHOT) 
            { 
                Shoot(playerWithBall); 
                return; 
            } 
 
            // 5. If there is a free player without ball at the mid-range distance and his 
mid-range percentage is high pass him the ball. 
            foreach (var playerWithoutBall in playersWithoutBall) 
            { 
                if (playersWithoutBallDistancesToRim[playerWithoutBall] < 
GameConsts.THREE_POINT_SHOT_RANGE 
                && (playersWithoutBallDistancesToDefender[playerWithoutBall] - 
GameConsts.CONTESTANT_SHOT_RANGE) / 
GetPlayerDefender(playerWithoutBall).MovementComponent.Speed > 
                    playersWithoutBallDistancesToPlayerWithBall[playerWithoutBall] / 
GameConsts.PASS_SPEED 
                && playerWithoutBall.ShotComponent.MidRangeUncontestantShotPercentage > 
GameConsts.MIDRANGE_PERCENTAGE_TO_SHOT) 
                { 
                    if ((playerWithBall.MovementComponent.X <= CourtSizes.RIM_CENTER_X && 
                        playerWithoutBall.MovementComponent.X <= CourtSizes.RIM_CENTER_X) || 
                        (playerWithBall.MovementComponent.X >= CourtSizes.RIM_CENTER_X && 
                        playerWithoutBall.MovementComponent.X >= CourtSizes.RIM_CENTER_X)) 
                    { 
                        Pass(playerWithoutBall); 
                        return; 
                    } 
                } 
            } 
 
            // 5. If player with ball is at the three point distance and he is uncontestant 
then shot and his percantage is high then shoot. 
            if (playerWithBallDistanceToRim >= GameConsts.THREE_POINT_SHOT_RANGE 
                && playerWithBallDistanceToDefender > GameConsts.CONTESTANT_SHOT_RANGE 
                && playerWithBall.ShotComponent.ThreePointUncontestantShotPercentage > 
GameConsts.THREE_POINT_PERCENTAGE_TO_SHOT) 
            { 
                Shoot(playerWithBall); 
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                return; 
            } 
 
            // 6. If there is a free player without ball at the three point distance and his 
three point percentage is high pass him the ball. 
            foreach (var playerWithoutBall in playersWithoutBall) 
            { 
                if (playersWithoutBallDistancesToRim[playerWithoutBall] < 
GameConsts.THREE_POINT_SHOT_RANGE 
                && (playersWithoutBallDistancesToDefender[playerWithoutBall] - 
GameConsts.CONTESTANT_SHOT_RANGE) / 
GetPlayerDefender(playerWithoutBall).MovementComponent.Speed > 
                    playersWithoutBallDistancesToPlayerWithBall[playerWithoutBall] / 
GameConsts.PASS_SPEED 
                && playerWithoutBall.ShotComponent.ThreePointUncontestantShotPercentage > 
GameConsts.MIDRANGE_PERCENTAGE_TO_SHOT) 
                { 
                    if ((playerWithBall.MovementComponent.X <= CourtSizes.RIM_CENTER_X && 
                        playerWithoutBall.MovementComponent.X <= CourtSizes.RIM_CENTER_X) || 
                        (playerWithBall.MovementComponent.X >= CourtSizes.RIM_CENTER_X && 
                        playerWithoutBall.MovementComponent.X >= CourtSizes.RIM_CENTER_X)) 
                    { 
                        Pass(playerWithoutBall); 
                        return; 
                    } 
                } 
            } 
 
            combinations[combination](); 
        } 
 
        private void PickAndRoll() 
        { 
            var playerWithBall = GetPlayerWithBall(); 
            var playerWithBallDefender = GetPlayerDefender(playerWithBall); 
            var pickPlayer = GetPlayerByNumber(5); 
 
            if (pickPlayer == playerWithBall) 
            { 
                pickPlayer = GetPlayerByNumber(4); 
            } 
 
            if (combinationStep == 1) 
            { 
                pickPlayer.MovementComponent.ToX = playerWithBallDefender.MovementComponent.X; 
                pickPlayer.MovementComponent.ToY =  
                    playerWithBallDefender.MovementComponent.Y - 
pickPlayer.MovementComponent.Radius - playerWithBall.MovementComponent.Radius; 
 
                if (pickPlayer.MovementComponent.X == pickPlayer.MovementComponent.ToX && 
                    pickPlayer.MovementComponent.Y == pickPlayer.MovementComponent.ToY) 
                { 
                    combinationStep = 2; 
                } 
            } 
 
            if (combinationStep == 2) 
            { 
                Dribble(playerWithBall, CourtSizes.RIM_CENTER_X, CourtSizes.RIM_CENTER_Y); 
 
                if (playerWithBall.MovementComponent.Y <= pickPlayer.MovementComponent.Y) 
                { 
                    combinationStep = 3; 
                } 
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            } 
 
            if (combinationStep == 3) 
            { 
                pickPlayer.MovementComponent.ToX = CourtSizes.RIM_CENTER_X; 
                pickPlayer.MovementComponent.ToY = CourtSizes.RIM_CENTER_Y; 
 
                var playerWithBallDistanceToRim = GetDistanceToRim(playerWithBall); 
                 
                if (playerWithBallDistanceToRim < GameConsts.MIDRANGE_SHOT_RANGE) 
                { 
                    Shoot(playerWithBall); 
                    combinationStep = 4; 
                } 
            } 
        } 
         
        private void KhnureNewCombination() 
        { 
            var firstPlayer = GetPlayerByNumber(1); 
            var secondPlayer = GetPlayerByNumber(2); 
            var thirdPlayer = GetPlayerByNumber(3); 
            var fourthPlayer = GetPlayerByNumber(4); 
            var fifthPlayer = GetPlayerByNumber(5); 
 
            var playerWithBall = GetPlayerWithBall(); 
 
            if (combinationStep == 1) 
            { 
                if (playerWithBall == null) 
                { 
                    return; 
                } 
                else if (playerWithBall != firstPlayer) 
                { 
                    Pass(firstPlayer); 
                } 
                else 
                { 
                    Dribble(firstPlayer, 7.5, 9); 
 
                    secondPlayer.MovementComponent.ToX = 4; 
                    secondPlayer.MovementComponent.ToY = 6; 
                     
                    thirdPlayer.MovementComponent.ToX = 5; 
                    thirdPlayer.MovementComponent.ToY = 2; 
 
                    fourthPlayer.MovementComponent.ToX = 4; 
                    fourthPlayer.MovementComponent.ToY = 7; 
 
                    fifthPlayer.MovementComponent.ToX = 10; 
                    fifthPlayer.MovementComponent.ToY = 3; 
 
                    if (AreAllPlayersStanding()) 
                    { 
                        combinationStep = 2; 
                        return; 
                    } 
                } 
            } 
 
            if (combinationStep == 2) 
            { 
                var secondPlayerDefender = GetPlayerDefender(secondPlayer); 



78 
 
 
                thirdPlayer.MovementComponent.ToX = secondPlayerDefender.MovementComponent.X; 
                thirdPlayer.MovementComponent.ToY = secondPlayerDefender.MovementComponent.Y - 
0.5; 
 
                if (IsPlayerStanding(thirdPlayer)) 
                { 
                    combinationStep = 3; 
                    return; 
                } 
            } 
 
            if (combinationStep == 3) 
            { 
                secondPlayer.MovementComponent.ToX = CourtSizes.RIM_CENTER_X; 
                secondPlayer.MovementComponent.ToY = CourtSizes.RIM_CENTER_Y; 
 
                thirdPlayer.MovementComponent.ToX = fourthPlayer.MovementComponent.X; 
                thirdPlayer.MovementComponent.ToY = fourthPlayer.MovementComponent.Y + 0.5; 
 
                if (IsPlayerStanding(thirdPlayer)) 
                { 
                    Pass(thirdPlayer); 
                    combinationStep = 4; 
 
                    return; 
                } 
            } 
 
            if (combinationStep == 4) 
            { 
                if (ball.BallState == BallState.Dribbled) 
                { 
                    Shoot(thirdPlayer); 
                    combinationStep = 6; 
                    return; 
                } 
                else 
                { 
                    secondPlayer.MovementComponent.ToX = fifthPlayer.MovementComponent.X + 1; 
                    secondPlayer.MovementComponent.ToY = fifthPlayer.MovementComponent.Y; 
 
                    thirdPlayer.MovementComponent.ToX = fourthPlayer.MovementComponent.X - 
0.5; 
 
                    if (IsPlayerStanding(thirdPlayer)) 
                    { 
                        combinationStep = 5; 
                        return; 
                    } 
                } 
            } 
 
            if (combinationStep == 5) 
            { 
                if (playerWithBall == thirdPlayer) 
                { 
                    Shoot(thirdPlayer); 
                    combinationStep = 6; 
                    return; 
                } 
            } 
        } 
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        private void Pass(OffensivePlayer player) 
        { 
            ball.MovementComponent.ToX = player.MovementComponent.X; 
            ball.MovementComponent.ToY = player.MovementComponent.Y; 
            ball.MovementComponent.Speed = GameConsts.PASS_SPEED; 
            ball.SetPassedBallState(player); 
        } 
 
        private void Shoot(OffensivePlayer playerWithBall) 
        { 
            var distanceToDefender = GetDistanceToClosestDefender(playerWithBall); 
 
            var randomNumber = RandomGenerator.Generate(); 
 
            var distanceToRim = GetDistanceToRim(playerWithBall); 
 
            if (distanceToRim < GameConsts.MIDRANGE_SHOT_RANGE) 
            { 
                if (distanceToDefender < GameConsts.CONTESTANT_SHOT_RANGE) 
                { 
                    ball.BucketComponent.IsShotSuccessful = randomNumber < 
playerWithBall.ShotComponent.LayupContestantShotPercentage; 
                } 
                else 
                { 
                    ball.BucketComponent.IsShotSuccessful = randomNumber < 
playerWithBall.ShotComponent.LayupUncontestantShotPercentage; 
                } 
            } 
            else if (distanceToRim < GameConsts.THREE_POINT_SHOT_RANGE) 
            { 
                if (distanceToDefender < GameConsts.CONTESTANT_SHOT_RANGE) 
                { 
                    ball.BucketComponent.IsShotSuccessful = randomNumber < 
playerWithBall.ShotComponent.MidRangeContestantShotPercentage; 
                } 
                else 
                { 
                    ball.BucketComponent.IsShotSuccessful = randomNumber < 
playerWithBall.ShotComponent.MidRangeUncontestantShotPercentage; 
                } 
            } 
            else 
            { 
                if (distanceToDefender < GameConsts.CONTESTANT_SHOT_RANGE) 
                { 
                    ball.BucketComponent.IsShotSuccessful = randomNumber < 
playerWithBall.ShotComponent.ThreePointContestantShotPercentage; 
                } 
                else 
                { 
                    ball.BucketComponent.IsShotSuccessful = randomNumber < 
playerWithBall.ShotComponent.ThreePointUncontestantShotPercentage; 
                } 
            } 
 
            ball.MovementComponent.ToX = CourtSizes.RIM_CENTER_X; 
            ball.MovementComponent.ToY = CourtSizes.RIM_CENTER_Y; 
            ball.MovementComponent.Speed = GameConsts.SHOT_SPEED; 
 
            ball.SetShotBallState(); 
        } 
 
        private void Dribble(OffensivePlayer playerWithBall, double toX, double toY) 
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        { 
            playerWithBall.MovementComponent.ToX = toX; 
            playerWithBall.MovementComponent.ToY = toY; 
            ball.MovementComponent.X = playerWithBall.MovementComponent.X; 
            ball.MovementComponent.Y = playerWithBall.MovementComponent.Y; 
            ball.MovementComponent.ToX = toX; 
            ball.MovementComponent.ToY = toY; 
            ball.MovementComponent.Speed = playerWithBall.MovementComponent.Speed; 
 
            ball.SetDribbledBallState(playerWithBall); 
        } 
 
        private OffensivePlayer GetPlayerWithBall() 
        { 
            if (ball.DribbledBy != null) 
            { 
                return ball.DribbledBy; 
            } 
 
            foreach (var offensivePlayer in offensivePlayers) 
            { 
                if (Math.Abs(offensivePlayer.MovementComponent.X - ball.MovementComponent.X) < 
GameConsts.ERROR 
                    && Math.Abs(offensivePlayer.MovementComponent.Y - 
ball.MovementComponent.Y) < GameConsts.ERROR) 
                { 
                    ball.SetDribbledBallState(offensivePlayer); 
                } 
            } 
 
            return null; 
        } 
 
        private double GetDistanceToRim(OffensivePlayer player) 
        { 
            return Math.Sqrt( 
                        Math.Pow(player.MovementComponent.X - CourtSizes.RIM_CENTER_X, 2) + 
                        Math.Pow(player.MovementComponent.Y - CourtSizes.RIM_CENTER_Y, 2)); 
        } 
 
        private double GetDistanceToClosestDefender(OffensivePlayer player) 
        { 
            var minDistance = double.MaxValue; 
 
            foreach (var defensivePlayer in defensivePlayers) 
            { 
                var distance = Math.Sqrt( 
                        Math.Pow(player.MovementComponent.X - 
defensivePlayer.MovementComponent.X, 2) + 
                        Math.Pow(player.MovementComponent.Y - 
defensivePlayer.MovementComponent.Y, 2)); 
 
                if (distance < minDistance) 
                { 
                    minDistance = distance; 
                } 
            } 
 
            return minDistance; 
        } 
         
        private double GetDistanceBetweenEntities(MovementComponent movementComponent1, 
MovementComponent movementComponent2) 
        { 
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            return Math.Sqrt( 
                    Math.Pow(movementComponent1.X - movementComponent2.X, 2) + 
                    Math.Pow(movementComponent1.Y - movementComponent2.Y, 2)); 
        } 
 
        private OffensivePlayer GetPlayerByNumber(int number) 
        { 
            return offensivePlayers.FirstOrDefault(x => x.PlayerComponent.Number == number); 
        } 
 
        private DefensivePlayer GetPlayerDefender(OffensivePlayer player) 
        { 
            return defensivePlayers.FirstOrDefault(x => x.DefenseComponent.GuardedPlayer == 
player); 
        } 
 
        private bool IsPlayerStanding(OffensivePlayer player) 
        { 
            return !player.MovementComponent.ToX.HasValue || 
                !player.MovementComponent.ToY.HasValue || 
                (Math.Abs(player.MovementComponent.ToX.Value - player.MovementComponent.X) < 
GameConsts.ERROR && 
                        (Math.Abs(player.MovementComponent.ToY.Value - 
player.MovementComponent.Y) < GameConsts.ERROR)); 
        } 
 
        private bool AreAllPlayersStanding() 
        { 
            foreach(var player in offensivePlayers) 
            { 
                if (!IsPlayerStanding(player)) 
                { 
                    return false; 
                } 
            } 
 
            return true; 
        } 
    } 
} 
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ДОДАТОК В 

ТЕЗИ НАУКОВО-ТЕХНІЧНОЇ КОНФЕРЕНЦІЇ «SCIENCE AND SOCIETY» 
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