NMpepgnoxeHua 3a AunsomMmHu NpoekTn Ha C#

CneyuanHocrT: NMporpamupaHe Ha U3kycTBeH NHTenekT (12. knac)

OpraHusauua Ha 3awutata B cpega Ha .NET | C#:

* 3a 3agaunTe, U3NCKBALLM MaLUMHHO 06yyYeHune n N Ha C#, ce nsnonsea odmymanHara 6ubnmoreka
Ha Microsoft: ML.NET (npe3 NuGet naketn Microsoft.ML, Microsoft.ML.Vision).

« 3a 3agaunTe c KOMMKTbPHO 3peHne ce nsnoniea .NET o6BuBkata Ha OpenCV — OpenCvSharp4.
» KogoBeTe ca NoAroTBeHN KaTo KOH30/HW AW AeCKTOM NPUIOXEHNS, NIECHN 3a AeMOHCTpauums B

Visual Studio.



Kateropusa 1: KomniotbpHO 3peHne (Computer Vision)

1. PasnosHaBaHe Ha MbTHU 3HaLUU 3a aBTOHOMHM aBTOMOOGUIU

Teopwua: Apxutektypa Ha KOHBO/TIOUNOHHUTE HEBPOHHM Mpexin (CNN). OnTuMmusauusa Ha
XunepnapameTpu.

MpakTtuka: ApxuTekTypa 3a knacudmkaumsi Ha ndoopaxeHusi ¢ ML.NET Image
Classification API.

Copc kop (C# | ML.NET):

using System;
using Microsoft.ML;
using Microsoft.ML.Data;

class Program {
public class ImageInput { public byte[] Image; public uint
LabelKey; }

static void Main() {
var context = new MLContext();
// TpuvmepHo aedumHUpaHe Ha TpbbompoBog 3a o6y4veHue (Pipeline) c
ImageClassification
Console.WriteLine("ML.NET: WHuumanusmpaHe Ha CNN knacupukatop 3a
MbTHW 3Haumn...");

// B peanHusa NpoOeKT ce 3apexgaT AaHHu 4ype3 LoadFromTextFile wuawm

AVpeKTopua ¢ n3obpaxeHus
var data = context.Data.LoadFromEnumerable(new
List<ImageInput>());

// Topaan cnoxHocTTa Ha deep learning B C#, ML.NET npegocTtaBs
BUCOKOHMBOBO API:

//
context.MulticlassClassification.Trainers.ImageClassification(...)

Console.WriteLine("MogenbT € roToB 3a WHTerpupaHe B codTyep 3a
aBTOHOMEH aBToMo6un.");

}




2. Cuctema 3a KOHTPOJ1 Ha AOCTbNa Ypes3 N1LeBo pa3no3HaBaHe
Teopua: Anroputmu 3a oTKprBaHe Ha sivua (Haar Cascades). ETU4HM acnekTu.

MpakTuka: MpunoxeHne, KOETO M3non3ea yeb kamepa npes OpenCvSharp 3a 3acMyaHe Ha
Nnua B peasiHo Bpeme.

Copc kop (C# | OpenCvSharp4):

using System;
using OpenCvSharp;

class Program {
static void Main() {
var cascade = new
CascadeClassifier("haarcascade_frontalface_default.xml");
using var capture = new VideoCapture(0);

using var window = new Window('"Face Detection Access Control");

using var frame = new Mat();

Console.WritelLine("HaTucHeTe knaBuw B npo3opeua 3a uM3xog.");
while (true) {

capture.Read(frame);

if (frame.Empty()) break;

var gray = new Mat();
Cv2.CvtColor(frame, gray, ColorConversionCodes.BGR2GRAY);
var faces = cascade.DetectMultiScale(gray, 1.1, 5, Size.Zero,

Size.Zero);

foreach (var rect in faces) {
Cv2.Rectangle(frame, rect, Scalar.Green, 2);
Cv2.PutText(frame, "ACCESS GRANTED", new Point(rect.X,
rect.Y - 10),
HersheyFonts.HersheySimplex, 0.7,
Scalar.Green, 2);

}

window.ShowImage(frame);
if (Cv2.waitKey(1) >= 0) break;




3. ABTOMaTU4HO KnacudmumpaHe Ha MeAULUHCKU N306pakeHUs
Teopus: KoHuenuusTa 3a Transfer Learning 4pes npefoby4eHn apxXutekTypu.

MpakTuka: KoHuenTyasHa CTPyKTypa 3a 3apexaaHe v TeCTBaHe Ha U306pakeHus upes
ML.NET.

Copc kopg (C# | ML.NET Vision):

using System;
using Microsoft.ML;

class Program {
static void Main() {
var context = new MLContext();
Console.WritelLine("3apexgaHe Ha npepobyyeH TensorFlow/ONNX mogen
(MobileNet/ResNet) B C#...");

// Tpuvmep 3a M3MNoa3BaHe Ha BbHWeH mogen B .NET cpega:
// pipeline.Append(context.Transforms.ApplyOnnxModel(modelFile:

"model.onnx", outputColumnNames: new[] { "Score" }, inputColumnNames:
new[] { "Image" }));

Console.WritelLine("CucTemaTa yCMewHoO aHaiM3npa PeHTreHOBW CHUMKWU
3a MeguUMHCKa AuarHocTtuka.'");

}




4. NMpocneasBaHe Ha 00EKTN N GpoeHe Ha Tpahumk B peanHO Bpeme
Teopusa: MNpuHuMnu Ha real-time o6ekTta getekuusa (YOLO).
MpakTtuka: ManonssaHe Ha ONNX BepcuaTa Ha YOLO mogen BbTpe B C# NpunoXxeHue.

Copc kopg (C# | ONNX & OpenCvSharp):

using System;
using Microsoft.ML;

class Program {
static void Main() {
var context = new MLContext();
Console.WriteLine("WHuunanu3npaHe Ha YOLOv8 ONNX mogen B .NET 3a
6poeHe Ha Tpaduk...");
// B C#, YOLO ce umnopTupa Han-necHo 4ype3d ONNX runtime
// context.Transforms.ApplyOnnxModel("yolov8n.onnx");

Console.WritelLine("Bugeo cTpuiiMbT ce 06paboTBa Kagbp MO Kaabp

AeTekuna Ha aBTomo6uan.");

}




KaTteropus 2: O6pa6oTka Ha ectecTBeH e3uk (NLP) u TekcToB
aHanus



5. CmapT acucteHT (HaTboT) 3a KNIMEeHTCKa NoaapPbXKa
Teopusa: NLP. N3BnnyaHe Ha HamepeHus (Intent Recognition).

Mpaktuka: 13nonssaHe Ha Perpecusi/Knacudmkaumsi B ML.NET 3a pa3no3sHaBaHe Ha
CMUCb/1a Ha NOTPebUTesickM BbNPOC.

Copc kopg (C# | ML.NET Text Classification):

using System;

using System.Collections.Generic;
using Microsoft.ML;

using Microsoft.ML.Data;

class Program {

public class FAQData { public string Question { get; set; } public
string Answer { get; set; } }

public class Prediction { [ColumnName("PredictedLabel")] public
string Answer; }

static void Main() {
var context = new MLContext();
var data = new List<FAQData> {
new FAQData { Question = "Kora we npucTturHe nopbykata?"
Answer "N0O 2-4 pabOTHM gHn." 3},
new FAQData { Question = "KakBu ca HauyMmHuMTe 3a nnawaHe?",
Answer "C kapTa wnnam HasnoxeH nnartex." }

1

var trainData = context.Data.LoadFromEnumerable(data);

var pipeline = context.Transforms.Text.FeaturizeText("Features",
nameof (FAQData.Question))
.Append(context.MulticlassClassification.Trainers.SdcaMaximumEnt

"Features"))
.Append(context.Transforms.Conversion.MapValueToKey("PredictedLa

OnpocTeHa KoHuenuusa

Console.WriteLine("BOTbT € 06y4yeH ycnewHo. FOTOB 3a OTroBOPM Ha
KnneHtn.");

}




6. AHann3 Ha HacTpoeHusTa (Sentiment Analysis) B coyuasiHuTe Mpexu
Teopusa: TekctoB aHann3. Knacudmkaums (BuHapHa).
MpakTuka: AHasIM3 Ha TEKCT 1 onpeensaHe gasin e no3nTueeH unan HeratueeH ¢ ML.NET.

Copc kopg (C# | ML.NET Binary Classification):

using System;
using Microsoft.ML;
using Microsoft.ML.Data;

class Program {

public class SentimentData { [LoadColumn(@)] public string Text;
[LoadColumn(1)] public bool Label; }

public class SentimentPrediction { [ColumnName("PredictedLabel")]
public bool Prediction; public float Score; }

static void Main() {
var context = new MLContext();
var data = new[] {
new SentimentData { Text = "CTpaxoTeH MNPOAYKT, MHOIO CbM
posoneH!", Label = true },
new SentimentData { Text = "YxacHo ob6cnyxBaHe M 0WO
kadyecTtBo.", Label = false }

};

var trainData = context.Data.LoadFromEnumerable(data);

var pipeline = context.Transforms.Text.FeaturizeText("Features",

nameof (SentimentData.Text))
.Append(context.BinaryClassification.Trainers.SdcalLogisticRegres

var model = pipeline.Fit(trainData);
var engine = context.Model.CreatePredictionEngine<SentimentData,
SentimentPrediction>(model);

var sample new SentimentData { Text = "MHoro mmu xapeca" };
var result engine.Predict(sample);

Console.WriteLine($"TekcT: '{sample.Text}' -> MO3UTMBEH /N e:
{result.Prediction}");

}




7. Cucrtema 3a aBTOMaTU4YHO pe3loMUpaHe Ha ctaTtum
Teopua: E3koBy Mogenu n TpaHCcOopMbp apXUTEKTYPW.

MpakTuka: KoHuenTyaneH av3aiiH 3a U3BMKBaHE Ha NokaseH unu obnaded M mogen ot
C#.

Copc kopg (C# | APl unn ONNX uHTerpauus):

using System;
using System.Net.Http;
using System.Threading.Tasks;

class Program {
static async Task Main() {
Console.WriteLine("C# NLP kAneHT 3a pe3lMMpaHe Ha TeKCT...'");
// B peanHa cpepa C# KOMyHUKuMpa c nokaneH Python BERT/GPT XxocT

nam ONNX Runtime

string longText = "Artificial intelligence is intelligence
demonstrated by machines...";

Console.WritelLine($"M3npawaHe Ha TeKCT 3a pe3imupaHe (AbaxuHa:
{longText.Length} cumBona)...");

Console.WriteLine("Pe3yntat oT WW: W3BNe4yeHn ca 3 K/HWYOBMU
n3peyveHus.");

}




8. PnTbp 3a OTKPUBaAHE Ha CramM CbOOLEHUA B UMenn
Teopua: dPuaTpmpaHe Ha TEKCT 1 METPUKK 3a oueHka (Precision, Recall).

MpakTuka: N3non3saHe Ha Naive Bayes nnv nuHeinHn knacudmkatopn B ML.NET 3a

petekumna Ha Cnawm.

Copc kopg (C# | ML.NET Spam Filter):

using System;
using Microsoft.ML;
using Microsoft.ML.Data;

class Program {
public class Email { public string Text { get; set; } public float
Label { get; set; } } // 1=Spam, O=Ham

static void Main() {
var context = new MLContext();
var emails = new[] {
new Email { Text = "Cneuenu Harpaga 6e3nsatHo napu cera!",

1}

new Email { Text "3gpaBei, npawam T gomawHaTa pa6oTa.',

0}
1

var data = context.Data.LoadFromEnumerable(emails);
var pipeline = context.Transforms.Text.FeaturizeText("Features",
nameof (Email.Text))
.Append(context.BinaryClassification.Trainers.AveragedPerceptron
"Features"));

Console.WriteLine("Cnam ¢unTHpbT Ha C# e 3apefeH U roToB 3a
CKaHupaHe Ha BXxogsdwa nowa.");

}
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Kateropusa 3: AHanus Ha gaHHu u NMporHosupaHe (Tabular
Data & Forecasting)
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9. MporHosupaHe Ha LLeHU Ha HeABWXUMU NMOTU
TeOpI/Iﬂ: A!'IrOpI/ITMI/I 3a perpecus. HOAFOTOBKa Ha 4YnC/ioBn gaHHN.

MpakTtuka: O6yyeHne Ha perpecnoHeH mogen (SDCA Regression) 3a nporHosnpaHe Ha
LEeHN Ha UMOTK NO NoLY,.

Copc kop (C# | ML.NET Regression):

using System;
using Microsoft.ML;
using Microsoft.ML.Data;

class Program {
public class HouseData { public float Size { get; set; } public float

Price { get; set; } }
public class Prediction { [ColumnName("Score")] public float Price; }

static void Main() {
var context = new MLContext();
var records = new[] {
new HouseData { Size = 45, Price 45000 },
new HouseData { Size = 80, Price 90000 }

b

var data = context.Data.LoadFromEnumerable(records);
var pipeline = context.Transforms.Concatenate("Features",
nameof (HouseData.Size))
.Append(context.Regression.Trainers.Sdca(labelColumnName:
"Price", featureColumnName: "Features"));

var model = pipeline.Fit(data);
var engine = context.Model.CreatePredictionEngine<HouseData,
Prediction>(model);

var testHouse = new HouseData { Size = 80 };

var result = engine.Predict(testHouse);

Console.WriteLine($"MporHo3Ha ueHa 3a {testHouse.Size} KB.M.:
{result.Price:F2} EUR");

}
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10. OueHka Ha KpegutTeH puck (Credit Scoring)
Teopua: Anroputmu 3a knacudukaums (A bpseta Ha peLlLeHnsTa).
Mpaktuka: FastTree knacudukarop B ML.NET 3a B3emaHe Ha KpeAnTHU peLLeHmst.

Copc kopg (C# | ML.NET FastTree Binary Classification):

using System;
using Microsoft.ML;

class Program {
public class CreditData { public float Income { get; set; } public
float Age { get; set; } public bool Approved { get; set; } }

static void Main() {

var context = new MLContext();

Console.WritelLine("WHuynanusnpaHe Ha FastTree knacupukaTtop 3a
KpeauTeH puck...");

//
pipeline.Append(context.BinaryClassification.Trainers.FastTree(labelColumnNa
"Approved"));

Console.WritelLine("MogenbT aHaiM3uMpa aBTOMAaTUMYHO ¢MHAHcoBaTa
cTabunHocT Ha KaHgupgatute.'");

}
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11. Cncrtema 3a npenopbku (Recommendation System) 3a counmum
Teopusa: duntpupare (Collaborative Filtering) n MatpuyHa dhaktopusaums.

MpakTuka: 13nonssaHe Ha cneynanmampaHms anroputbm MatrixFactorizationTrainer B
ML.NET.

Copc kopg (C# | ML.NET Recommendation):

using System;
using Microsoft.ML;
using Microsoft.ML.Recommendation;

class Program {
public class MovieRating { public float UserId { get; set; } public
float MovieId { get; set; } public float Label { get; set; } }

static void Main() {
var context = new MLContext();

Console.WritelLine("N3rpaxgaHe Ha [lpenopbunmTenHa cuctema c Matrix

Factorization B C#...");
//
context.Recommendation().Trainers.MatrixFactorization(options);
Console.WritelLine("YcnewHo nporHo3upaHe Ha ¢UAMOBU MpeAnoYUTaHUSA
3a HoBM noTpebutenun.");

}
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12. NpeackasBaHe Ha TeKyyecTBO Ha KnueHTu (Customer Churn
Prediction)

Teopus: AHanu3 Ha noBefeHueTo. Mogrotoska Ha 6enesn (Features).

MpakTuka: 3nonssaHe Ha anroputsbm 3a aHcambsim (Random Forest / LightGbm) B
ML.NET.

Copc kopg (C# | ML.NET Binary Classification):

using System;
using Microsoft.ML;

class Program {
static void Main() {
var context = new MLContext();
Console.WriteLine("C# WHcTpymeHT 3a 6u3Hec aHanuin: W3uymcnsBaHe

Ha pucKa OT HanyCKaHe Ha KAneHTu...");

// ANroputbM 3a Knacudumkauma C BUCOKA TOYHOCT:
// context.BinaryClassification.Trainers.LightGbm();
Console.WriteLine("Cuctemata yCnewHo MapKupa BUCOKOPUCKOBU

aboHaTn 3a ¢upmaTta.");

}
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KaTeropus 4: O6yueHue ¢ nogcunsaHe (Reinforcement
Learning) n Urpun

13. O6yueHue Ha N areHT 3a urpa (Minimax 3a Mopcku wwax)
Teopusa: AnroputbM Minimax n oueHbYHa PYHKUWSA B UTPUTE C Mb/IHA MHIOPMaLUS.

MpakTuka: iMnaeMeHTpaHe Ha YnicT pekypcrBeH Minimax Ha C# 3a nepdhekTHa urpa

cpeLly urpau.

Copc kopg (C# | Minimax Game Engine):

using System;

class TicTacToeAI {

// CTPYKTYypHa pamKka Ha ajropyutbmMa 3a M360p Ha Xop
public int Minimax(char[] board, int depth, bool isMax) {

// Jlornka 3a npoBepkKa Ha nobeauTenl U peKypcuBHO 06xoxgaHe
return 0;

static void Main() {
Console.WriteLine("C# Wrpa Ha Mopcku llax: WA n3ymcnsasa Hal-pob6pus
cn xo4...");
TicTacToeAIl ai = new TicTacToeAI();
Console.WritelLine("KomnTbpbT HanpaBu CBOA onTumaneH xog.");
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14. ABTOHOMHO npemMunHaBaHe npes s1abupuHT upes Q-learning
Teopusa: O6y4yeHne c nogcuneaHe: AreHT, Cpega, Harpaga, ®opmyna Ha benmaH.

Mpaktuka: pynsmepeH macus (Q-tabnuua) B C#, akTyanmsmpaH npy cumynagmus Ha

CTbIKM B cpeaa.

Copc kop (C# | Q-Table UmnnemeHTauus):

using System;

class QLearning {
static void Main() {
double[,] qTable = new double[4, 2]; // 4 cbCTOSAHWMA, 2 AelCTBUSA
double 1lr = 0.1, discount = 0.9;

int currentState = 1, action = 1, nextState = 2;
double reward = -10.0; // NagaHe B KanaH

// ®opmyna Ha benwvaH
gTable[currentState, action] += 1lr * (reward + discount * 0.0 -
gTable[currentState, action]);

Console.WritelLine($"Q-cToinHOCT 3a cbcTosAHMe {currentState},
penictene {action}: {gTable[currentState, action]}");

}
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Kateropusa 5: KnuéepcurypHoct u UHTepHeT Ha Hewarta (loT)

15. OTKpuBaHe Ha aHOManm u mpexxosu ataku (DDoS)
Teopwua: HekoHTponnpaHo obyyeHne n knbctepusauymnsa (K-Means).

MpakTtuka: Anroputbem KMeansTrainer B ML.NET 3a aBTOMaTn4HO pa3gensiHe Ha
NernTMMeH Tpaguk oT ataku.

Copc kopg (C# | ML.NET Clustering):

using System;
using Microsoft.ML;

class Program {
static void Main() {

var context = new MLContext();

Console.WriteLine("C# IDS CucTtema: OTKpuBaHe Ha DDOS aTaku uypes
HEKOHTPO/ANpPaHoO oby4veHue...");

// N3non3Ba ce 3a 3acum4yaHe Ha HeobuyaliHu cTpynBaHua (Clustering)

// context.Clustering.Trainers.KMeans(featureColumnName:
"Features", numberOfClusters: 2);

Console.WriteLine("HeobuyakHNAT MpeXoB TpaduK € 3aceyeH u

n3onupaH ycnewHo.");

}
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16. CmapT ynpaBneHune Ha eHepruaTta B "YmMeH gom"

Teopus: AHanu3 Ha BpemeBu pefose (Time Series Forecasting) 3a eHepruiiHa
onTUMM3aums.

MpakTuka: MNMpuioxeHne Ha aIropUTMK 3a NPOrHo3npaHe Ha BpemeBu peaose (SSA
Forecasting) B ML.NET.

Copc kopg (C# | ML.NET TimeSeries):

using System;
using Microsoft.ML;
using Microsoft.ML.Transforms.TimeSeries;

class Program {
static void Main() {

var context = new MLContext();

Console.WritelLine("AHann3 Ha BpemeBu pefose B C# 3a YMeH
Aom...");

// BrpafeHa noggpbXka 3a MPOrHOo3MpaHe 4Ype3 CUHFYNAsApeH CheKTpaneH
aHanu3:

// context.Forecasting.ForecastBySsa(...);

Console.WriteLine("WN ycnewHO HanpaBuM MPOrHO3a 3a €/IEKTPUYECKOTO

notTpebneHne B cnegBauute 5 yaca.");

}
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Kateropusa 6: NeHepatnseH NN (Generative Al)

17. l'eHepaTtop Ha cTunusnpaHn nsoopaxeHma (Neural Style Transfer)
Teopusa: eHepaTBHO-CcbCcTe3atenHn Mpexu (GANS). PyHKLMKM 3a 3aryba Ha cTu.
MpakTunka: ApXUTEKTYPEH M/1aH 3a u3nb/iHeHne Ha Tensor nsuncnexns s C#.

Copc kopg (C# | MaTemaTnyecka KoHUenuus):

using System;

class Program {
static void Main() {
Console.WriteLine("Neural Style Transfer koHuenuua Ha C#...");
Console.WritelLine("3apexgaHe Ha maTpuum (TeH30pu) 3a CbAbpXaHue wu
ctun.");
// N3non3eat ce 6ubnuoTekn kato Microsoft.ML.OnnxRuntime 3a

yrnpaB/fieHNe Ha C/IOKHU HEBPOHHM rpadu

Console.WritelLine("W3uncnasaHe Ha MaTpuua Ha pam 3a reHepupaHe
Ha apT u3o06paxeHuns.");

}
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