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JIOJTATOK A
CJIAUJIM IPE3EHTAIII
£ l\v XHYPE
Kadeapa Ml
L) ATtecTaujimMHa poboTta marictpa

[JocnipgeHHA meToais dopmanidauii Ans
irPOBUX CUTYaLN

BukoHas cT. rp. M3Cm-18-1 LyTees |.B.

KepiBHuWK K.T.H., gou,. Kayk |.B.

7

l O6’eKT gocnigKeHHA — irpoBui npouec.
Mpeamer pocnigKeHHA — MOAENHOBAHHA iIrPOBUX CUTYaLLin.
3apavi gocnipgKeHHn:
® NOpiBHAHHA moaenen popmanisauii irpoBMX CUTyaLin;
® 0bpaHHA HanbinbLW BiANOBIAHUX Moaenei;
® OTPUMaHHA HeobXigHWX BXiAHUX AAaHUX ANA TeHepyBaHHA
Mmozenemn;
* BUOIp MEeTPUK AN8 NOPIBHAHHA Modeneun;
® nporpamHa peanisaujis obpaHux mogenein;

® NOPIBHAHHA OTPUMAHUX PE3yNbTaTiB.
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N s

AKTYAJIbHICTb POBOTH

® 33/1EXKHICTb Y KOMAHAHUX iIrPOBUX CUTYaLAX pe3ynbTaTis Big 6aratbox
napameTpis (y TOMy 4ucAai Big 0coBAMBUX NapamMeTpiB rpaBsLiB);

® BiACYTHICTb 3ara/fibHO 3aTBEPAKEHUX MOLENEMN, WO OAHO3HAYHO
[03BONAKTL NepeabaymTi BiporigHicTb pesynbTaTy rpu;

® CKNaAHICTb B OTPUMAHI peanbHUX AaHUX ANA moaenei, aki 6 Ao3BoAnAm
TPEHEPY BM3HA4YaTU TPAEKTOPIKO PO3BUTKY KOMKHOTO 3 rpasLiiB.

N 7

OCHOBHI BUAN KOMITHOTEPHOITO MOAENTKOBAHHA:

* pisnuHe moaentoBaHHs; x

* AvHamiyHe abo uncensHe mogentosanHsa; K
® imiTauiHe moaentoBaHHS; \/

® CTaTUCTUYHE MOAENIOBAHHSA; \/

* indpopmauiiine mogentoanHa. D




64

N

Logistic Regression Example

CTATUCTNYHA MOAE/b

F(X) = 1+ e6X

ne 0 = (6y,0,,...,0,) — koediuieHTH Mmoaeni, 0X = 6y + 0, x; + -+ 0,, * x,,.

/|

« Boundary
« False samples

« True samples

N

MIHIMI3ALIA ®YHKLIT NOTICTUYHOI PETPECII

J©) = ) (¥ 1og F(X) + (1= ¥)-log(1 = F(X)))
=1

ne F(X) — 3HadeHHs JIOTICTHYHOI perpecii.

m
0 =6 — o ) (FOX) = ¥) -,
=1

e xj" — TIapaMeTp il HOMEPOM j 3 Habopy X;.
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IMITALLIMHA MOZE/b

IMmiTalitHe MoaeNntoBaHHA NONArae B ONUCI NPaBWA Ta NOTIKKU AjA rpaBLiB nig Yac

irpoBoro npotecy. MpuKknagn npasun:

7

* AKLLO BiACOTOK BNYYAHHA BUCOKMIM TA HEMAE 3axMCcHMKaA, TOLl KMAOK Y KOWMUKK;

* AKLWO rpaseub 6e3 m'aya TA 3 HUM HEMAE 3axMCHUKa, TOAI nac rpasuo;

* AKLLO 3axucHMK paneko Big csoro rpasus, TOLI pyx oo rpasus;

* AKLWLO knpok 3asepwwusca, TOAI KiHeub rpu.

ECS

Exfendadle _—
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Lt ERIEE
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TEXHONOrII
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Pe3ynbtat poboTH CTAaTUCTUYHOI MoAeni

B ' Statistics

Load Dataset| D:\Yué6a\lunnom (maructp)\PickAndRollDataset.tit  (Train Model

Training set records number: 89, characteristics number: 61

Custom model accuracy: 74.1, work time ticks: 251055

Custom model weights: 2.3, -0.1,0.3, 0.6, -0.9, 0.8, 0.1, 0.6, -04, -0.6, -0.2, 0.4, -1, 0.4, 0.6, -0.5, -1, -0.4, 0, 0.4, 0.4, -0.6,0.3, 0.5, 0.4, -0.7, 0.4, -0.3,
-08,-06,0.1,01,-04,03,03,02,02,-0.1,04,03,0,0,-07,-07,0,-0.3, -0.1,0.3, -06, -0.2, 04, 0.3, 0.4, 04, 0.5, -08, -0.6,0.2,-0.1,04, 0.1, 0.4
Accord.NET model accuracy: 55.6, work time ticks: 731543

Accord NET model weights: 29.6, 6.5, 8.8, 0.6, -24.8, 248, -16.8, 17.9, 254, 23,74, 65,-6.2, 17.4,107.2,-31.9,-112.1, -429,-11.2, 82,79, -105,

13,48, 43,-53.4 295, -15.1, 7, 7.6, 1.6, -37.6, -186.4, 33.7, 34.1, -12,26.7, 8, 7.3, -13.4, 0.7, 178.6, -43.1, 8.8, 24.1, 295, -8.3, -6, -155, -74, -83,
35,-66,-69,95,-78,-72,-91,-68,-7.5,74,04

Prediction time ticks: 20050

Accuracy: 74.1 VS 55.6

11.7,33,0.78,09,0.31,0.66,0.09,0.06,3.8,51,4.3,0.61,0.98,032,04,0.1,0.52,64,5.1,4.249,1.849,78439,12811.2373346391 |Predict| 0

Pe3ynbtat poboTH imiTauinHoi mogeni

B !Initialize Parameters

Simulation | Find Params | Batch Simulation

Load Dataset| D:\Yuéba\Aunaom (maructp)\PickAndRollDatasetCheck.txt [Train Model

Records for prediction number: 27, characteristics number: 61
Accuracy: 76%. Average prediction time: 68992

Accuracy: 76
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MopiBHAHHA moaenemn

ImiTaniiinmii Meton  CTaTHCTHUHHI METOT

HeoOxiaHicTh HaBYaHH Hi TaK
HeoOxiaHicTh Jaracery Hi TaK
HeoOxianicTs peTensHOro nijidopy .
) Hi TaK
XapaKTepUCTHK MO
HeoOGxiHicTE 3aBIaHHSA TTPaBHIT )
) _ TaK Hi
TOBETIHKH 06’ €KTIB
LlBuaKicTs nependaueHHs O(R) 0(n)
3aneskHICTh alNroOpHTMY BiJT )
L ) TaK Hi
npeameTHoi odacti
TounicTb (JU1s 0OpaHOi NpeaMeTHOT
76% T4%

obacti) 13

\7 BUCHOBKU ” C/

B pe3ynbtati pobotn 6ynun nopieHAHI mogeni popmanisauii irpoBux cutyauii. HaibinbL
BiZnoBiAHMMMK Bynu obpaHi imiTaLiiHa Ta cTaTUCTUUHA moZenb. Bynu chopmoBaHi AaTaceTtm
AR HAaBYAHHA CTAaTUCTUYHOI Mogeni Ta 06paHi HaCTyNHI METPUKKM 1A NOPIBHAHHA MoAenei:

* WBMAKICTb HABYAHHSA;
* LIBMAKICTb NepeabadeHHs;
* TOYHICTb.

Mporpamya peanisauia 060x mogenen NoKasana, Wo imitauiiHa mogens He notpebye
HaBYaHHA, CTaTUCTMYHA MOAENb AAE TOYHMIA Pe3ynbTaT AULIe NPU HAABHOCTI rAPHOro JaTtaceTty
i3 TOYHO NigibpaHMMK XapaKTepUCTUKaMK. Peanisauis anroputmy CTaTUCTUYHOI MoZeni He
3a/1e3KUTb BiA NnpeameTHOoi obnacTi. Ha oaHOMyY W TOMY 3K AaTaceTi imiTauiliHa Mmoaenb nokasana
TOYHICTb 76%, a CTaTUCTUYHA Mmoaent — 7 4%.

Pesynbtatv gocnigxeHHs onybnikoBaHi Ha 15-il miXHapoaHii HayKoBiM KoHdepeHLii «Science
And Society».




JIOJIATOK B
TIPUKJIAJIA TIPOTPAMHOTO KOTY

using System;
using System.Ling;
using GameSituationsStatistics.Models;

namespace GameSituationsStatistics.Prediction.LogisticRegression

{

public class LogisticRegressionService : IPredictionService
{

private const double tolerance = le-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[1i][7j];
if (set.X[i][j] > max)
{
max = set.X[1][j];
}
if (set.X[1i][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 = ©; j < n; j++)

{
x[1][]J] = (set.X[1][]] - averages[]j]) / ranges[j];



trainSetY);

}

var
var

var
var

m =

var

var
var
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trainSet = x.Take(x.Length * testSetPercentage / 100).ToArray();
testSet = x.Skip(trainSet.Length).ToArray();

trainSetY = set.Y.Take(trainSet.Length).ToArray();
testSetY = set.Y.Skip(trainSet.Length).ToArray();

trainSet.Length;
thetas = new double[n + 1];

nextThetas = new double[n + 1];
alpha = 0.001;

double cost = 0;
double newCost = GetCostFunctionValue(nextThetas, trainSet, trainSetY);

do
{

cost = newCost;
for (var i = @; i < nextThetas.Length; i++)

thetas[i] = nextThetas[i];
}

var functionDifferences = GetNewFunctionDifferences(thetas, trainSet,

double sumTheta® = 0;

for (var i = 0; i < m; i++)

{
}

nextThetas[@] = thetas[@] - alpha * sumThetao;

sumTheta® += functionDifferences[i];

for (int j = @; j < n; Jj++)

¢ double sum = 9;
for (var i = 0; i < m; i++)
t 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) < 8.5 ? @ : 1)

.Zip(testSetY, (trainedResult, actualResult) => trainedResult == actualResult)
.Where(isEqual => isEqual)

.Count() / (double)testSetY.Length * 100;

return new LogisticRegressionTrainedModel(nextThetas, averages, ranges,
testSetAccuracy);



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 = @; i < x.Length; i++)
{
sum += x[1i] * 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 = 9;
for (int i = 0; i < m; i++)
{
var functionResult = GetFunctionResult(thetas, x[i]);
sum += y[i] * Math.Log(functionResult) + (1 - y[i]) * Math.Log(1l -
functionResult);
}
return -sum / m;
}

using System;

using System.Collections.Generic;
using System.Ling;

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;



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.lLoadTrainingSet(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 datelTicks = 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 - datelTicks}\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 datelTicks = 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 - datelTicks}\r\n";

}
private void TrainModelButton_Click(object sender, RoutedEventArgs e)
{
TrainModel();
}

using BasketballGameSimulator.BaseEcslLogic;

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.Ling;

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) ||
(playerwWithBall.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(1l);
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);



0.5;

0.5;

thirdPlayer.MovementComponent.ToX
thirdPlayer.MovementComponent.ToY

if (IsPlayerStanding(thirdPlayer))
{

combinationStep = 3;
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secondPlayerDefender.MovementComponent.X;
secondPlayerDefender.MovementComponent.Y -

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 -
if (IsPlayerStanding(thirdPlayer))
{
combinationStep = 5;
return;
}
}
}
if (combinationStep == 5)
{
if (playerWithBall == thirdPlayer)
Shoot(thirdPlayer);
combinationStep = 6;
return;



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 movementComponentl,
MovementComponent movementComponent2)

{
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return Math.Sqrt(
Math.Pow(movementComponentl.X - movementComponent2.X, 2) +
Math.Pow(movementComponentl.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 ||
Iplayer.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;
}



JIOJIATOK B

TE3U HAYKOBO-TEXHIYHOI KOH®EPEHLIII « SCIENCE AND SOCIETY»

JOCJILTKEHHA METO/IIB ®OPMAII3AIIL 171 ITPOBHX CHTYAIIH

IIYTEED 1.B.

cmydenm zpynu I13Cum-18-1,

xagedpa [Ipozpavmuol Mxcenepit, daryavmem Komun'iomepuix Havw,
Napriecvruil HayionasHull YHigepcumem padioerexmporixu

M. Xapxie, Vipaina

I'pa — MATEHICTE MHOJHHH 3 MOJeMBAHHA {HINOMO BHIY JUAIBHOCTL 3
POZBAKATEHOK 9H HABYATEHOK MeT0w. [ pa NpoXoJIHTE 34 MEEHHMH NpPaBHIaAMH, TKI1
BCTAHOBTOIOTE OOMEEEHHA Ha mi rpasua [1].

V rp1 Mode OpaTH YYACTh OJHH 200 KIMBKA MPAaBIME. ¥ Ipi, 0 pO3paxoBaHa Ha
OJHY MOJHHY, TPABElEb CTABHTE Heped coDOK CKIATHE 3aBJaHHA, AKe HAMAaracTeCH
pO3E'A3aTH, JOTPHMYIOUHCH BCTAHOBAEHHX 114 cebe mpaemn Irpe gas Oarateox
TPABLIE 9acTO CTABIATE Iepel coD0K 2aBJaHHA BHTPAaTH, 3A00VTH nepeMory Hal
IHIOTHMH, TOOTO I'pa € 3MaraHHaMd. ¥ Irpax 3 elTeMeHTAMH 3MaraHHi TPaBll MOKYTH
VTEOPIOBATH KOMaHIH — KOIEKTHEH, AKi HAaMaraiTeCd JOCATTH CIOUMBHOI MeTH.
BianoeiaHl irpH HasHBAKOTHCA KOMaHIHEMH [2].

MeTow MOJZETHOEAHHA, YV TOMY HHCOL 1 irop, € 3100yTTA, 0O0po0Ka,
NpeacTaBleHHs | BHKOPHCTAHHA i1HbopMami mpo o0'eKTH, AKI B3aeMOIUIOTE MUK
coGO0m0 1 J0BHAIHIM cepegoBHmmeM [3]. 3aBaKknH MOJeTIOBAHHIO 1TOp Ta METOIIE
NPHAHATTA pPiIeHs B HHX MOMHA 3PO3YMITH SKd TaKTHKA € BHIPIIHOK abo
IPOrPamIHO.

Mopemopanua — e mpouec CTEOPEHHA MOJEM A1 NOJATBIION0 JOCTTKeHH
o6’exra (mpouecy, apuima). [ndopmamfina MOJeIL — L ONHC BAKTHEHX /14 MeBHOTO
JOCTKeHHA BIacTHBROCTEHR o0'exrta. Koumn'ioTepHa mogens — me iHdopmamiina
MOek, peaTi20BaHa 3a JOTOMOT 0K NMPOrPaMHOro CepeIoBHINa.

Ob'exToM JocmTEeHHs Jadoi podorH € mpouec rpH.  Ilpeaderom

AOCTIIKEHHA € METOOH MOJeTHOBAHHA ITPOBHX CHTVALIL.
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CTEOpeHHA pIZHHX MOPOrpaMHHEX MoJenefl IrpOBHX [PONECIE JOMOMOMKE
HAITIAJHO OMIHHTH Ta MOPIEHATH XapakTepHCTHEH ITOp cepel] AKHX 1 HMOBIPHICTE
nepeMors ado mporpamy Bid BEHKOPHCTOBYEAHHA IeBHOI ctparerii. Taka mporpama
JOMOMOKE 0OHPATH KOPHCTYEAYY HEOOXITHY TAKTHKY 3a/I€#HO B ITPOEOT CHTVALNT,

3agaverd JOCTITEEHHA € MOPIEHAHHA MOJeTeH IrPOBHX IPOLECIE 3 METOH
oOpaHHA Kpamoi B 3aMe:KHOCT] BIJ KOHTEKCTY.

YV saralpHOMY BHOAZKY NOBeIIHKA JOCALTAYBAHOI CHCTEMH S ONHCYETBCH
sakoHOoM dvHEEDioHVEaHHD Y(t) = F(X,V,H,t), ae X = (xy,%5,...,X,), — BEKTOp
EX{THHX BINTHEIE (cTHMVME), Y = (¥4, Va2, oo, Vyn) — BEETOpP BHXITHHX CHIHAE
(BiaryEie, peakmii), V = (vy,vs, .., 0) — EEKTOp BINIHEIE 30BHIIIHEOTO
cepegoeama. H = (hy, ha, ..., h;) — BexTop BIacHHX mapamerpie cHcTeMH [4]. 3akoH
G VHKIIOHYBAHHA MOM¥E€ MaTH BHITIA] CJIOBECHOTO INpaBHIa, TabIHI, aIropHTIMY,
$VHEDI, CYKYIHOCTI JOTIMHHX VMOE 1 T.J. Y pa3si, KOTH 33K0H (JVHKIIOHVEAHHA
MICTHTE 9ac, FTOBOPATE HOpPO JHHAMIYHI MOZENi Ta cHcTeMH. HampHKIag, posriH i
raTeMyEaHHA ACHHXPOHHOTO JEHTYHA, NMepexiTHHH Mpolec B TAHIOSL, IO MICTHTE
KOHZeHcaTop, (YHEUIOHYBAaHHA OOYHCTIOBANEHOI Mepexi, CHCTEMH MacOBOTO
oOCTYTOBYBAaHHA. Y BCIX DOHX BHIAJKAX CTaH CHCTEMH, 3 3HAa9HTE 1 i1 MoJem,
IMIHFOETECH 2 INTHHOM Jacy.

AKmo NoBegIHKA CHCTEMH ONHCVETRCE 3akoHoM Y = F(X,V,H) . mo =He
MICTHTE 9ac t SBHO, TO MOBa HOe Opo CTATHYHI MOJEN Ta CHCTEMH, BHPINIeHHS
CTAIOHAPHHX 33734 1 T.0 HanpHknag: pospaxyHOK HeMHIAHOIO IaHIora
NOCTIAHOTO CTPYMY, 3HAXO/KEHHA CTAaIl[iOHAPHOTO pOIMOAUIY TeMIepaTypH B
CTEPEHI NPH NOCTIHHHX TeMIepaTvpax HOro KIHINE, GOpPMH IPVEHOI IITIBKH,
HATATHYTOI Ha Kapkac, mpodiIn MBHAKOCTEH B CTATOMY Hepediry B asKoi pIIHHH 1
T.O.

$VHENOHYEAHHA CHCTEMH MOXEHAZ POS[IAIATH AK IOCTUIOBHY 3MIHY CTaHIB
q.(t),g2(t), ...,q,.(t) . aEHMM BIINOBITAOTE JeAKI TOYKH B OaraTOBHMIPHOMY
thazopoMy mpocTopl. besma Beix Towok A = {a,,da,,..,4,}, 0 BIAOOBLIAKTE
BCUTAKHM CTaHaM CHCTEMH, Ha3HBalOTh IMPOCTOPOM cTaHIE ob'ekTa (ado momemt).

Kommif peamzami mpolecy BIAOOBIAAaEe oJHA (a30Ba TPacKTOpid, M0 OPOXOIHTE

83



84

qepes QeAKi TOYKH 3 MHO®HHH A. fAKIo MaTeMaTHYHA MOJeTb MICTHTR eJeMeHT
BHOAJKOBOCTI, TO BHXOJZHTE CTOXACTHYHA KOMN'IOTEpPHA MOJens. B oKpeMoMy
BHOAJKY, KOMH IapaMeTpH CHCTEMH 1 30BHIIIHI BIUIHBH OJHO3HAYHO BH3IHAYAIOTH
BHX1JHI CHTHATH, TOBOPATE PO AETEPMIHOBAHY MOJEb.

[Tig KoM IOTepPHHM MOJEMIOBAHHAM B HalIHPmOMY ceHcl OVIeM0 pO3yMITH
Mpouec CTBOPEHHA 1 JOCILDKeHHS MoJeaei 33 JOMOMOroKw KoM oTepa. BHILISOTE
HACTVITHI BHJIH MOJeTIOBAHHA

=  izpune mMogemoraHHA [4]. Koumn'ioTep - 4acTHHA eKCOepHMEHTAIRHOL
VCTAHOBKH abo TpeHakepa, BiH COpHiNMAE 30BHIIIHI CHTHATH, 3MICHIOE BIAMOBITHI
PO3PAXVHEH 1| BHJAE CHIHAIH, 0 KePVIOTh PIIHHMH MaHimyiaropamu. Hanpurnaz,
HABYATEHA MOJeTs /MITAaka, N0 MpeicTaBade cobolp KablHy, BCTAHOBIEHY Ha
BIAMOBLIHHX MAHIUTYIATOPAX, 3 €JHAHHX 3 KOMI'I0TepoM, AKHH pearve Ha mii miaoTa
| 3MIHIOE Haxua KaliHH, MOKajaHHA NPHIATIE, BHI 3 UTFOMIHATOPA 1 T.1., IMITYIOHH
MOTIT PeaTEHOTO NTAKA,

—  AauHAaMi¥He a00 YHCeTBHE MOJEMIOBAHHA, IO MPHMYCKAE YHCENBHE PIIIEHHA
CHCTEMH anredpaiMHEx 1 JndepeHIATEHHX PIBHAHE CIoco0aMH 00MHCIIOBATEHO
MATEMATHKH 1 [MpPOBeJeHHA OO0YHCIIOBATRHOIO eKCTIEPHMEHTY [pPH  PI3HHX
mapaMerpax  CHCTeMH, TMOYaTKOBHX  YMOBaX 1 3OBHUNHIX  BIUIHEBax [5].
BHKOPHCTOBYETECA JIA MOJETIOBAHHA PI3HHX (IIHYIHHX, CLOJOTIMHHX, COMATEHHX
Ta IHIIHX ABHII KOMHBAHHA MAATHHKA, NOMIHPEHHA XBHM, 3MIHA YHCEIBHOCTL
HAceTeHHA, TTOMYIALL] 1[BOTO BHIY TBAPHH 1 T.1.,

= IMITamfHe MOJeMIOBAHHA [OJIATAE B CTBOPEHHI KOMI'IOTepHOI mporpamu (ado
MakeTa Mmporpam), Mo IMITYE NOBSJIHKY CKAATHOI TEXHIMHOI, eKOHOMIMHOI 9H 1HIIOL
cucTeMH Ha EOM 3 HeoOxigHow TouHicTIO [6]. DIaitamifiHe MoJemioBaHHA
nepeadadae GpopMaTLHHA ONMHC TOTMEKH QYHKIOHYEAHHA JOCTDKYBAHO! CHCTEMH 3
MIHHOM Wacy, AKHH BpaxoBYe CYTTEBl B3aeMoli il KOMIOHEHTIB 1 3abeamedye
NPOBeJEHHA CTATHCTHYHHX eKCHepHMeHTIE, OO0'eKTHO-OpIEHTOBAHI KOMIT IOTEpHI
CHMYZIA BHKOPHCTOBYKOTBCA A0  JOCAVIKEHHA I[OBEJIHKH  eKOHOMIMHHX,

G1OTOTIMHHX, COLIANBHEX Ta IHIIHX CHCTEM, 14 CTBOPEHHA KOMII IOTEPHHX Ir0p, TaK



3BAHOT0 «EBIPTYAlBHOTO CEBITY», HABYAIBHHX NporpaM 1 aHiMami. HampHrmam,
MOJeIEs TEXHOIOTIYHOTO IPOIecy, aepoapoMy, JeSK0K ramys BHpOOHHITEA 1 T 0.

— CTaTHCTHYHE MOJEIOBaHHA BHEOPHCTOBYETBCH IS BHBYEHHA CTOXACTHIHHX
CHCTEM 1 CKIANacThCA B 0araTopazoBoMy NPOBeIeHHI BHIPOOVEZHE 3 MOJATBIIORD
CTAaTHCTHYHOK 00po0KOK OTpHMAaHHX pesyasTamTe [7]. [Tomi0H1 Mogeml JO3BOIAIOTE
EHEYaTH IOBEIIHEY ECIIAKHX CHCTEM MacOEOTO 0OCIVTOBVEAHHA,
DaraTonpolecOPHHX CHCTeM, 1HQOpMAaIHHO-O00YHCIIBANEHHE MepeE, pI3HHX
JHHAMIYHHX CHCTEM, Ha AK1 BIIHEAKTH BHNIAJKOEBl YHHHHEH. CTAaTHCTHYHI MOJEM
2aCTOCOEVIOTBCA IPH BHPUINEHH! IMOBIPHICHHX 230349, a TAKOXK IpH 00poOll BeIHKHX
MacHEIE J3aHHX (IHTepPOOIAIA, eKCTPAamoIALid, Perpecii, KOpPeIdlld, po3paxyHOK
mapaMeTpiE posmoauTy 1 T.74.). BOHH BIAPI3HAKOTECE BiI JeTepMIHOBAHHX MOJETeH,
BHEKODHCTAHHA AKHX mepeqdadac dHceNbHE pIIIEHHA CHCTeM anredpaiiamx ado
audepeHIIATEHEX PIEHAHE, 200 3aMIHY JOCTIEVEAHOTO O0'€KTa JeTepMIHOBAHHM
ABTOMATOM;

— iHbopMamifine MOJETIOBAHHA TIOMATAE B CTEOPeHH1 iHdGoOpMamiiHoi smomem,
TOOTO CYKVIHOCTI COEMIATEHHM YHHOM OPraHI20BAHHX JaHHX (3HAKIE, CHTHAME), MO
ELO00PAKA0TE HAHOLIBII CYTTEEL CTOPOHH JOCILTEKVEAHOrO 00 eKTa. PO2p13HAIOTE
Ha04YHI, TpadutHi, aHIMAIMAHL, TEKCTOBl, TaOmH4Hi 1HGopMamiim vozem. Jo HHX
BIOHOCATECA BCUTAKL CXeMH, rpadH, rpadikH, TA0OMHIN, TarpaMH, MATHOHER, aHIMaIni,
BHEOHaHI Ha EOM, B ToMy uHcm UHdpoBa KapTa 30pAHOTCe Heda, KOMI WOTepHA
MOJETs 3EMHOI MOBEPXHL 1 T.I;

—  MOJETBAHHA 3HAHE Nependadac moOVIOBY CHCTEMH IITYYHOTO 1HTENEKTY, B
OCHOBE! AKOI MeEHTE 0aza 3HaHp JeAKol mpeaMeTHOI 00JacTi (MAacTHHH pPeaTbHOTO
CeITY). bBasnm 3HaHp CcEKIagawTecd 2 GakTie (Jauux) 1 nopasda. Hanpuwnaz,
KOMII I0TEpHA MporpaMa, AKa BMIE TPATH B IAXH, TOBHHHA OMepyBaTH 1HQOpMAaIEo
npo «3J10HOCTL» PISHHX MAXOBHX (uryp 1 «3HaTH» mpaBuna rpu. o JaHOTo BHIY
MoJeTef BIAHOCATE CEMaHTHYHI Mepedi, JOTIMHHX MOJeTl 3HaHB, eKCIOepTHI
CHCTEMH, JTOTIMHL ICPH 1 T.4. JIoriuH MOJeN BHKOPHCTOBVIOTRCA A4 IMpedcTaBIeHHa
JHAaHb B EKCHePTHHX CHCTEMax, 14 CTBOPEHHA CHCTEM WITYYHOrO 1HTEIeKTY,

SJiﬁCHEHHH MOTIMHOTO EHCHOEKY, JOBEIJCHHA TCOPCM, MATCMATHYHHX NCPETBOPCHD,
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noGyaoEH poGOTIE, BHKOPHCTAHHA IPHPOTHOI MOBH A1 crulkveaHHa 3 EOM,
cTBOpeHHA edeKTY BIPTYANBHOI peaTbHOCT] B KOMM'IOTEPHHX ITPax 1 T.1.

Ar Oyn0 HapeJeHO BHINYE, ITPOE1 MOJEM € OJHER 3 FPYI KOMI TEpPHOTrO
MOJ@MFBAHHA, STPVIOBAHHX 33 [UIAMH MoAemoBaHHa. CrnoYaTtky Teopid irop
BHEOPHCTOBYVEATACA ANA OMHCY | MOJEMIOBAHHA NOBEJIHKH THOJCEKHX ITOITYIALIH.
Neaxi JCCTUIHMKH BBRKAKOTh, IO 33 J0MOMOTOK BH3IHAYEHHA pIBHOBAarH B
EIAMOBLIHHX ITPaX BOHH MOXKYTE NMeped0adHTH MOBEIIHKY THOJCEKHX MOMVIAL B
curvami peansHoi koHdporTami Takuii maxia A0 Teopii 1Top OCTAHHIM HacoM
MI0AeTHCA KPHTHIN 2 KUTBEOX MpHYHH [§).

[IpunymeHHs, 0 EBHKOPHCTOBVIOTBCA NPH MOJETIOBEaHHI, HaH4acTime
NOPYIIVEOTECA B peansHoMY EHTT1L JOCTIHHKH MOKVTE IPHOYCKATH, IO TPaBIi
OOHPAKTE MOBEJIHKH, MAKCHMIZVIOYH IX cYMapHy BHTOZY (MOJENE eKOHOMIYHOTO
MOJHHH), OJHAK Ha MpPaKTHOl MOJICEKY MOBEIIHKY HaCTO He BiJIOBLTAE I
nepeayMoel. IcHye Oesmd MNOSCHEHs NHeOTO G(eHOMEeHa — HepalnoHATBHICTE,
MOJeNMKEAaHHA OOroBOPEeHHA, 1 HABITE pPI2HI MOTHEH TpPaBIE (BKIOYAH0TH
aneTPYVizM). ABTOPH TEOPETHKO-ITPOEHX MOJendell 3alepedyioTh Le, KakydH, mo ixX
MPHIYINEHHA aHATOTIYHI TMOTJIOHHM TIPHITYMeHHAM vV disum. ToMy HaBITE SKOO X
NPHIVIDEHHA HE 3aEEJH EHEOHVIOTHCA, TEOpLA ITOpP MOKE BHKOPHCTOBYBATHCA 4K
PO3YMHA 12aTBHA MOJENE, 33 aHATIOTEK 3 TAKHMH 3K MOJETAMH Y dizHI.

[THTAHHA IPO BHOIP CTPATETI B IFPOBOMY MPOIEC] 3aTHINAETECE BIIKPHTHM Ha
JaHHf 9ac. Ak 33a2Ha9An0CH paHINIe, KOMIT KTepHe MOJeTHEAHHSA E KOHTEKCT] Teopii
Irop MOXEe JOMOMOITH THOJAM OOpaTH MpaHEIBHY CTPaTeriid B OVAb-AKiH CIIPaEL:
BIHCKOB1 Jii, TOMTHEA, eKOHOMIKA, CIOPTHEHI Ta KOMIM'KOTEpHi ITPH 1 Tak Jami.
Bzaram, MOXHA NepeTHTH HACTYIIHL 03HAKH TPH:

—  VYACHHEH Ta iX cTpaTerii;

— IIOTiKa MOBEJIHKH YIacTHHEKIE,

— HECIMEBOATAHHA IHTEPECiE VIACHHEIE;

—  B3aEMOMOB’ A3aHICTEh MOBEIIHKH VIACHHKIE;

— HafBHICTE MIPAEHT TPH, MO 3HAKTE VC1 VIACHHEH.
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Ty#e KOPHCHHM MiIT OH OYTH IHCTPYMEHT, [0 JOTOMIT OH MOJETIOBATH OVIE-
AKY CHTYAL1l0, 3a0aBaTH NPaBHIA FPH Ta JOTKY yYacHHKIE. OCHOBHO 3aJa4el0, 1o
HeoOX1JHO BHKOHATH Mepe] po3podKo TAKOTO IHCTPYMEHTY € MOPIBHAHHA CIOCODIB
KOMII' IOTEPHOTO MOJETIOBAHHA Ta 0DpaHHA HAfKpamoOro 3 HHX 3alekHO BiJ Luiel
MOJeT0BaHHA. [IpHragaeMo OCHOBHI BHIH KOMI HOTEPHOTO MOAETIOBAHHA:

~  tizHaHEe MOJETIOBAHHA;

—  AHHAMI4He ado YHCeIbHEe MOJeIIOBAHHA,
—= iMITaUiHHe MOJeTIOBAHHA,

—  CTATHCTHYHE MOJETHOBAHHA,

-~ indopManiiive MOgETIOBAHHEA,

-  MOJAeTIOBAHHA 3HAHB.

PiaguHe MOJSMIOBAHHA JOMOMArae MepeTBOPHTH isHYHI CHIHATH Ha
KOMIT'IOTEPHI 1 MepeJaTH ix B ICHYIOUY MOJeNs 3 JOTIKOK eMyIhOBAHOTO ABHINA.
[left criocid MoJeTIOBaHHA HAATO 3a7€KHTE B NpeJMeTHOi 00/JacT1 1 He JO3BOIHTE
CTBOPHTH €IHHHI y3aralsHeHH 1HCTPYMEeHT MOJe/IIOBaHHA irpoBoi curyami. OTxe,
ueli crocid He 3aJ0BUIBHAE MOCTABIEHI MeT1.

MuHaMIMHe MOJETIOBAHHA J00pe MIXOJHTE JI8 CHCTeM, Je HITKO
NPOCTYAYIOTECA 3AKOHH, WI0 MOMKHA ONHCATH MaTeMAaTHYHHMH QopMyIaMH Ta
pieHAHHAME. [Iporpama, mo eMyJIOBaTHMe HHCEIBHY Mogens, OyJe BHMAraTH BiJ
KOPHCTYEa4a BBOJY MATEMATHYHHX PIBHAHE, IO OMHCYIOTE cHcTeMmy. ITicas meoro
BOHA TOBHHHA OyJe BHBECTH pe3yIbTAT PO3E’'43aHHA PIEHAHHA. Taka CHCTeMa
norpedyeaTHMe MepEHHHO! 0OpoOKH KopHCTYBaden, TOOTO CTBOPEHHA CHCTEMH
PIBHAHE Mepe] BHeCeHHAM iX v mporpamy. Llefi maxig motpedye J0JaTKOBHX
HAYKOBHX 3HaHb V KOPHCTYEa4a, OT#E UUIBOBA ayAHTOPIA TAKOTO JOJATKY 3HAYHO
IMeHIYeThCA. OKpiM TOro, He KOKHHH IrpOBHIl mpolec MOMHA JerKo 3aBJaTH 3a
AOMOMOTOK CHCTEMH PIBHAHB, BoHe Moe OVTH JyKe BETHKOK 1| FPOMO3IKOK0, OTHKE
noTpedyBaTHME BETHKOI KITBKOCT1 9acy. ILT0coM Takoi MOJeM € TOMHITE, MIHYCAMH
€ HeoOXITHICTE MaTeMaTH9Hoi NepBHHHOI OO0poOKH MIOJHHOK Ta CKIATHICTE
cucTenmH. [Iporpama, mo peamsye Taky MOJeIb MOBHHHA THINE BHPIIIYBATH CHCTEMH

piBHARE. HafnomHpeHIIo0 TporpaMoo, o 3a10BUIkHAE TakuM muan € Wolfram.
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DMiTamARe MOJEMTIOBAHHA [TOIATAE B OMHCI MPABHI Ta JOTIKH Oif TPARIIE T
gac irpoeoro mpomecy. OTEe, KOpPHCTYVBady HeoOXigHO OyJe 3aBJaTH B Iporpami
JTOTIKY ITPOBOTO IPOLECY 23 JONOMOTOK EBI3YVATBHOTO KOHCTPYKTOpa. JIIOOHHA He
NOBHHHA OVJe MaTH 3HaHHA B JOJTEOBHX cdepax. BoHa NnHme MaTHMe 3IHATH
IpaEHTa TPH Ta MaTHME 3aEJaTH OCHOBHY IOMIKY M rpaeme. Ilicad zamyciy
eMVIE IPOIecy MOKHA Oyae MoDaTHTH PezyiIETAT BHDOPY TiEl 9H IHIO] TAKTHEH.
MigycoM OBROTO METOIY € BEIHEA MPOMOZIKICTE JOTIKH, 4 OTHe BeIHKHH 9Hac Ha
BEEJEHHA JaHHX BiJ KOPHCTYBa4da. [HIMHEM MIHYCOM € CEIAJHICTE aHIMAaIii JOriKH
rpH. Po3po0HTH YHIBEEPCATEHHHA crocid OMHCAaHHA aHIMamil JOTIKH KOPHCTYBAad9eM €
OVEe CKIATHOK 33aJadero, 00 ICHYE HAOTO BETHEA KUTBKICTE TiH, D0 BE1I00pAKAETRCA
no-pizHoMY. OTEe, aHIMald NOBHHHA OVIE EXe 3a0porpaMOoBaHa B CHCTEMI, IO
HaKTagac 00MEEEeHHA Ha IpeIMeTHY 00NacTh BHEOPHCTAHHA IPOTPaMH.

3agavuerd CTAaTHCTHYHOTC MOJENIOEBAHHA € 201p 1 IOPIEHAHHA pE3YILTATIE
eMYIAIi B 3aMeKHOCT1 Bi BXIAHHX manux. Maro4dn pennky 0asy 3HaHB, MPOTPaMH,
MO pPeamsyIoTh K MOJENIb, MOEVTE MOBEPHYTH BIPOTAHICTE PISHOMAaHITHHX
Pe3yIETATIE. BHEOPHCTOBYIOMH Wi PESYILTATH MOKHA CTBOPHTH CTATHCTHEY IIO
PI3HEM TapaMeTpaM CHCTeMH. [ OMOBHHM MIHYCOM IBOTO MITXOIY € MOoTpeda B
BeIHElH 0331 3HaHe. TakoX KOPHCTVEaY MOEHHEH PO3YMITH, AKI O2HAKH BIH MOXe
EHEOPHCTOBYEBATH 237714 JOCATHEHHA HAATOYHIIOrO pe3yasTaTy. [ImocoM € mpocTa
podoTa 2 mporpaMor0, mo moTpedye THIIE AMVCEY.

IadopManiiina MoAeTs THIIE J03BOMAE 33 JOMOMOTOK KOMIT FOTEPHHX 3ac001B
HarTATHO 3MOJEeTHEATH IpeIMeT 9H ApHIne. BoHa He MICTHTE B co01 HIEKOI JOTIKH,
TOOTO HE 3MIHIOETRCA 3 acoM. OT:Ee BOHA He MIXOIHTE A4 MOJeTHEAHHA ITPOBHX
IPOLECiE.

Mogens MOJEeTIOBAHHA 2HAHL CXOMEA Ha IMITAIMHHY MOZens. BoHa Takox
MOJETI0E JOTIKY TPaEliE Ta MPaBHIa IPH. 3 iHmoOro OOKY pIMIeHHA Wiel MOZem
MOMEYTE 3a7eKTH He Bl 3aMpOorpaMOBaHHX MpPaBHI a BiJ HABYAHHA HAa TAKHX JKe
CHTVAIAX, 0 MaTH MICIe B MHHYI0MY. L[4 9acTHHA MOJeIOBaHHA 3HAHE CX0Ka Ha

CTATHCTHYHY MOJSIb.
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BpaxoByHOMH aHAM3 ICHYIOMHX CHOCODIE MOJESMIOBAHHA KOMI KOTEPHHX
CHCTEM B KOHTEKCTL CTEOPEHHA Y3aralbHIOKYOr0 KOHCTPYVETOPA JOTIKH 1rop MOXKHA
BHIUTHTH Bl OCHOBHI MOJ@M, 0 HeoOXITHO MOPIBHATH. IMITAUIfHE MOJEIIOBAHHA
Ta CTATHCTHYHE MOJSMIOBAHHA.

3akoH QYHKINOHVEAHHA MaE HACTYITHHA BHIIAT

Y(t) = F(X,V,H,t), (1)
ae X = (xy,%3,..,X,) , — BEKTOp BXI|JHHX BIMHEIE (cTHMymE), VY =
(Vi) V2y oey Vi) — BEKTOP BHXITHHX CHTHAME (BIATVKIE, peakmiil), V = (vy, va, o, 1)
— BEKTOP BIUIHEIE 30BHIMHEOTO cepegobuma, H = (hy, hy, .., h;) — BeKTOp BIACHHX

napaMeTpiB CHCTeMH, £ — [ac,

[Mpu MOJeTIOBaHHI IFPOBHX CHTValiil He OyJeMo BpaxoBYBaTH BIUTHB
J0BHIMIHLOTO cepeqoBHma. Axmo OyayTe SKICE 30IIHINIHI MapaMeTpH, 1o
EIVTHEAKTE HA Xi4 TpH, OVAeMO BBAKATH IX BXITHHMH IapaMeTpaMH. 3agadero
pOOOTH € CTEOPEHHSA V3aralsHeHOro KOHCTPVEKTOPA ITPOBHX CHTYALI, ToMY CHCTeMa
HEé MOMKE MAaTH HIAKHX crnemudidHEx a4 npeauerHol obmacTi mapamerpis. OEpiM
TOro, CTATHCTHYHHA crocid MOJeTOBaHHA He 3alekHTh B 9acy. Big sanexuTts
JTHINE BAJ BXATHHX JaHHX Ta ICTOPHIHHEY JaHHX.

Orxe, ana iMiTamifHoi Mogem dQopMyna 3akoHY QVHEIIOHYEAHHE Mae
HacTvneu# suraaq; ¥(t) = F(X,t), a gna cratucTHdsoi Mogem — Y = F(X), ae F -
G VHKLIA, M0 FreHepyeThCA Ha OCHOB! BEIHKOT KUTRKOCTL ICTOPHYHHX JaHHX.

3agadero JaHOTO JOCHUTKEHHA € MOPIBHAHHA UHX GVHKIME 3a JONOMOro
NporpaMHOro 3adesnedeHHA J18 MOJEMIOBAHHA ITPOBHX CHTyauiii. OCHOBHHMH
XapakTepHCTHKAMH J/18 MOPIBHAHHA €

— IBHIKICTE POOOTH;
—  CEJIAJHICTE 3MIHH MOJEN!;
—  TOYHICTE MOJENI.
CTaTHCTHYHA MOJeTb J03BONAE MependadgaTH pe3yIbTaT IrpoBoi CHTVAWil Ha

OCHOBl BeMHKOI KUIBKOCTI icTOpHYHHX nMaHmx. Otxe, 8 dopuym V = F(X) ans



CTAaTHCTHYHOI perpecii F — mojens, mo Oyiaa sreHepoBada Ha IHX Jadux. Jaa
KOKHOI CHTyami ¥y Hac € Hadlp MOapaMeTpiB, IO XapakTepHIVIOTE CHCTEMY.
IlosHaunmo ix BekTOopoM X = (%, %5, .., %,). J8 N — L& KUIBKICTE NapaMeTpie
mogem. KomxuHoMmy Habopy mapaMeTpiE BAANMOBIAae sHadeHHd V. [losHaumMo Hadip
icTopHYHHEX gauux ak X, = (X, X5, .., X)), 2 #adip suavens ¥, = (¥, Vs, ..., Vi),
Je m — KAIBKICTE Hadopie JaHHX. BHEKOPHCTOBVIOUH 11 HalOpH MH MOEeMO
noovayeatds ¢yHrummo F ., mo Oyle MAKCHMAIBHO OMH3BKO 3aJ0BUIBHATH
BiaHOmeHHO ¥, & F(X,). OTpHMaBImH Taky QVHELO MH 3MOMEeMO OPOTHOIVBATH
3HAYeHHA MOJEST JA14 HOBHX BXLIHHX Jadux. [lefi anams HasHBaeTbCA
perpeciium[9].

[cHYIOTE PI3HOMAaHITHI perpeciiimi Metoan. OO eKTOM JOCTUTKEHHA € ITPOBL
CHTYaLil, oTie Haf9acTiIHMH pesyasTaTaMH € Birpam 4 mnporpam irpoka. Tobrto
sanexua smimHa ¥V ogna dopuyvan mogem Y = F(X) € xareropuiimowro. B Takmx
BHMAOKAX 3aCTOCOBVIOTH [OTICTHUHY perpecito [10]. JloricTHuHa perpecia mae

HECI}’HHHﬁ EHIJIAD.

F(X) = T =ax (2)

ge 8 = (8y,084,..,0,) — koedimients mogem, X = G, + 6, - x; + -+ 0, -

TD.II;II. IHAYEHHA 3A7eKHOT 3IMIHHOI MOMKHO 3aMIHCATH HACTYIIHHM THHOM:

F:[l' F(X) =05

0, F(X) < 0.5 ©)

Hna orpuManHa GyHKm F(X) Heobx1aH0 MiHIMIZVBATH QYHKLIO:

T

J8) = ) (¥i-logF(X) + (1= ¥)-log(1 — F(X,))) @

I=1
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Ina MiFiMizami GyHEDT HeoOX1THO, o0 MOXITHA BiT mif GVHKINT M0 KOoEHIA
3 3aMeEHHX 3MIHHHX JOopieHIOBama (O, Todto gns  komdHoro j € [0, n]

- a
EHEOHVEBAaTHMETHCA PIEHAHHA 29, J(g) =0.

[IporpaMHO TaKe pPIEHAHHA MOXKHA BHPIDHTH JeoMa choocodamu. Toure
BHpINIEHHS DIBHAHHA Mae CKIAgHy (QOpMyTy Ta 2afiMae 0arato 9acy 1 pecypcis.
ToMy nporpaMHO BHEOPHCTOBRYIOTE 1HITHE CIIOCIO.

BiH nomarae B iHimMamszami 6, 8, ..., 6,, EBAIAIKOEHMH YHCIAMH, T3 3373HHA
EHNATEOBOTO YHCTA o. [1cOf UEOTO OI4 KOMEHOTO Ej-, e j € [0,n] eHEOHVIOTE

HACTYIIHY OMEpali:

6,=6,—a ) (F(X)—¥)-x, (s)
i=1

ae x; — mapamMeTp M HoMepoM j 3 Hadopy X;.

17 omepaiia MOBTOPIOETBCA JMA KOXKHOTO §; JOKH KOXHHH 3 HHMX He Oyie
IMIHKOBATHCA.

3Mi1HA JaHOI MOJEIl IOMATAE B 3MiHI YCBOTO Hadopy ICTOPHYIHHEX JaHHEX. TodT0
I Q0JAaBaHHA HOBOTO MMapaMeTpy MOIem HeoDdX1gHo HOro JoJaTH B KOXEHHH Hadip
X, .aei € [0,m]. ITicis uporo MoJens HEOOXITHO 3aHOEO NepepaxyearH. TodTo gaa
IMIHH MOJell He0OXITHO [OBHICTH) MOBTOPHTH TPOUEC CTEOPEHHT MOJEL.
IIleHaEIcTE Ta TOYHICTE MOEIHBO [POAHAMIVBATH TUIBEH [MCIS OPOTPaMHOTO
ENPOBATEEHHET MOJSTL.

(OCHOBHOK IVMEOK IMITAOAHOI MOZem € 3aBJaHHA KOPHCTYEAUeM JIOTIKH
TpH, MO [A03BOMAE CHMYIHOBaTH ICPOBHH [OpOlec Ta NPHIAMATH KOMI KOTepoM
pumerHs. HafimomHpeHIIIHM cIocof0M CHMYIALLL ITPOEOT0 Opouecy € maxig ECS
(Entity-Component-System) [11].

[Tig 9ac CTEOPEHHA TPH B DPOTPaMi € JYiKEe BeIHEA KUTBKICTh THIIE CYTHOCTEH,

IO MAKTE CEKIAZHY iepapxino. II[od He ZyOMIOEATH MOTIKY 9YacTo 23 JOMOMOTON
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VCMAAKVBAHHA KJIACIE CIUIEHY JIOTIKY BHHOCATE y Das0BHA Kiac. Ale Jyxe HacTo
TAKa JOTIKA MOKe BHHHKATH Y KJacax IIo 30BCIM He MMOB'A3aHH OJHH 3 ogHun. Came
B TAaKHX BHMagkax Jomomarae ECS. Vea mporpaMa moJuIfeTsCA HA TPH HACTHHH:
CYTHOCT!, KOMIIOHEHTH TA CHCTEMH.

KouMnoHeHTH — 1e 00 eKTH-KOHTeHHepH, M0 He BOJIOJIOTE BJIACTHBOCTAMH, a
BHCTYIAKTE CXOBHIIAMH A18 KOMNOHeHTIE. KoMnoHeHTH — me GIOKH JaHHX, 110
BH3HAYA0Th BCUIAKI BIACTHEOCTI OyAb-AKHX IrpoBHX 0D0'exkTiE abo momil. Beil m
JaHi, 3PYIOBAHI B KOHTeifiHepH, oOpoOMMIOTECA JMOTIKOK, AKA ICHYE BHEIIOHMHO Y
BHIVIAZL CHCTEM — WHCTHX KTAciB 3 MEeBHHMH MeTOJaMH 714 BHKOHAHHA. [[aHui
NaTepH € He3aleKHHM B OyIb-AKOro JBHAKA 1| MOXe OYTH peamsoBaHHil baratema
cnocofanu. Came ToMy Uedl naTepH MAXOAATE I04 O3B’ 43aHHA MOCTABICHOT 3371341,
Becl cyTHOCTI, CHCTEMH 1 KOMIIOHEHTH ITOBHHH1 Jech 30epiraTHcd | SKHMOCE YHHOM
IHILIOBATHCA — BCe Le € OCoDAHBOCTAMM peamizami kokHoro ECS pimenHa aua
KOHKPETHOTO JBHKA.

[lepeBaror CTATHCTHYHOTO METOXY MOJSMIOEAHHA € Te, 0 OJHAKOBHHA maxia
MOke OVIH BHKOpHCTAHHH 118 Oyae-skoi mpeamerHoi obnmacti. Kopueryead
NOBHHEH 00PAaTH XapaKTePHCTHKH CHCTEMH, IO BBAMAE BILTHEOBHMH JJIA BHXITHOTO
3HadeHHA. [1ic14 UBOro BiH 30Hpae BeaHKHH JaraceT, CKIAJAETHCA 3 BUANOBLIHOCTI
Ha0opy 3HAYEHE XapaKTepHCTHK CHCTEMH Ta BHXIIHOrO 3HadeHHA. KopHcTyeBawy
HeoOXITHO THINE NepeBecTH Il XAPaKTePHCTHEH B 9HCIOBHH dopumar. Hegomkoum e
HeoOXITHICTE B BeIHKOMY JaTaceTl NI TOYHOTO pesyasrary. [IpH smiEl mogem,
HANPHKIA, NpPH JOJABAHHI XAPAKTEPHCTHEH, HeoOXIJHO 3MIHHTH Bech JATAceT 1
3HOBY HAaBYHTH MOJENE HA HOBOMY JaTaceTi.

Mna naramitnol Moaem HeMa norpedH B Jataceri. HeoOX1qHo JTHIIE CKIACTH
AviEe JeTanbHHH Habip npaepun. TodHICTE MoZem Oyae 3aJeaTH BLN LIX [PAaBHIT
noBediHEH o0’exTiE. M4 3MIHH MoJem HeoOXiOHO JHImEe JoJatH ado BHIAIHTH
npaenna nopemiHkH. ToOro, 3MiHA IMITAmHOI MOJEm NOPOXOAHTE JIErmle HLK
cTaTHCTHYHOI. TakoE IUHOCOM IMITAIIAHOI MOJem € BIUACYTHICTE HeoOXLIHOCTI
HABYaHHA. [ 0NOBHHM HEJOMEKOM IMITAIMHHOI MOJEI € 3ANeEHICTE BL MpeIMeTHOl

obmacti. TodTo A4 3MIHH IPABHI TPH HeoOX1IHe NPOrpaMHe BTPYYaHHA eKCIepTa.
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