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ANNOTATSIYA:Ushbu magolada ehtimollar nazariyasining amaliy
yo‘nalishlaridan biri — Naive Bayes klassifikatori tahlil gilinadi. Klassifikatsiya
masalalarida keng qo‘llaniluvchi ushbu usul Bayes teoremasi asosida ishlaydi va
hodisalarning o‘zaro bog‘ligligini soddalashtirgan holda, ularni statistik asosda
toifalash imkonini beradi. Magola davomida Naive Bayes algoritmining nazariy
asoslari bayon etildi, shuningdek, matnli ma’lumotlarni (masalan, e-mail
xabarlarini) “spam” yoki “haqiqiy” deb ajratuvchi model C# dasturlash tilida ishlab
chigildi. Dasturiy modellashtirish orgali ushbu algoritmning ishlash prinsipi yoritildi
va natijalari tahlil gilindi. Ilmiy yondashuv orgali ushbu usulning algoritmik
strukturasi va amaliy samaradorligi ko‘rsatildi.

Kalit so‘zlar: Naive Bayes Kklassifikatori, ehtimollar nazariyasi, Bayes
teoremasi, C# dasturlash tili, klassifikatsiya, ma’lumotlar tahlili, toifalash, spam
filtrlash, statistik modellashtirish, sun’iy intellekt.
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AHHOTAIUSA:B nanHOi cTaTbe paccMaTpUBAETCS OJWH U3 MPUKIATHBIX

METO/IOB TEOPUHU BEPOSATHOCTEH — HAMBHBIN OaiiecOBCKUM KiaccudukaTop. ITOT
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HIMPOKO UCIOJIb3yeMbIH alTOPUTM KiIacCU(pUKAIMK OCHOBaH Ha (popmyiie baiieca u
MO3BOJISIET ONPEAENSITh MPUHAICKHOCTh 0OBEKTOB K KAaTETOpUSM, IMpeirosiaras
HE3aBUCUMOCTh MPU3HAKOB MEXIy coOoi. B pamkax paboThl ObLIM PacCCMOTPEHBI
TEOPETHUYECKHE OCHOBBI HAMBHOIO 0alleCOBCKOIO MOJX0Ja, a TaKXke pa3paboTaHa
nporpaMMHasi Mojenb Ha s3pike C#, kimaccuuuupyronas TEKCTOBbIE JTaHHBIC
(HanpuMep, IEKTPOHHBIE MUChMA) KaK «CIlaM» WK «HOpMalbHbIey. [IporpammHuoe
MOJICJTMPOBAHUE MO3BOJIMJIO HATJSAHO MPOJEMOHCTPUPOBATH MPUHIUI PaOOTHI
aIropuT™Ma M [pOaHAJIU3UpoBaTh ero  addexkruBHOCTh. HMccnenoBanue
NOJYEPKUBAECT BAXKHOCTb QJITOPUTMHYECKOTO MBIIUICHHS W IPUMEHEHUE
BEPOSITHOCTHBIX METOJIOB B COBPEMEHHBIX 3aJa4ax aHajau3a JaHHBIX.

KuroueBble cjioBa: HauBHBIM OalieCOBCKMI  KiIacCU(PUKATOp, TEOpUs
BeposATHOCTeH, Popmyra baiieca, s3pik mporpammupoBanusi C#, kinaccuukamnms,
aHalW3 JIaHHbIX, (UIBTpaIMs CllaMa, CTaTUCTUYECKOE MOJAEIMPOBAHUE,
VCKYCCTBEHHBII MHTEIUIEKT, BEPOSATHOCTHBIE AT OPUTMBL.

Naive Bayes Classifier: Modeling with C# Programming Language Based
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ABSTRACT:This article explores one of the practical applications of
probability theory — the Naive Bayes classifier. This widely used classification
algorithm is based on Bayes’ theorem and assumes independence among features,
which allows for efficient categorization of data. The paper outlines the theoretical
foundation of the Naive Bayes approach and presents a program model implemented
in the C# programming language to classify text data (e.g., emails) as either “spam”
or “legitimate.” The modeling process illustrates the algorithm’s logic and enables

evaluation of its classification accuracy. The research highlights the importance of
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algorithmic thinking and the application of probabilistic methods in modern data
analysis tasks.

Keywords: Naive Bayes classifier, probability theory, Bayes’ theorem, C#
programming language, classification, data analysis, spam filtering, statistical
modeling, artificial intelligence, probabilistic algorithms.

Zamonaviy davrda axborot ogimining keskin ortib borishi sababli, katta
hajmdagi ma’lumotlarni avtomatik tarzda tahlil qilish va ular asosida tez va aniq
garorlar gabul qgilish zarurati kundan-kunga oshib bormoqgda. Aynigsa, matnli
ma’lumotlarni toifalash — masalan, elektron pochta xabarlarini “spam” yoki
“normal” deb ajratish — informatsion xavfsizlik, marketing va sun’iy intellekt
sohalarida muhim o‘rin tutadi.

Ehtimollar nazariyasining amaliy natijalaridan biri bo‘lgan Naive
Bayes klassifikatori — shunday masalalarni yechishda eng samarali va sodda
algoritmlardan biri hisoblanadi. Ushbu usul Bayes teoremasi asosida tuziladi va har
bir xususiyatning tasnif natijasiga ta’sirini mustaqil deb hisoblashga asoslangan.
Garchi bu “soddalashtirilgan” taxmin bo‘lsa-da, u ko‘plab real vaziyatlarda yuqori
aniqlikdagi natijalarni beradi.

Naive Bayes klassifikatori — bu Bayes teoremasiga asoslangan va
Xususiyatlarning (features) o‘zaro mustagqilligiga tayanuvchi ehtimollik asosidagi
klassifikatsiya algoritmidir. U “Naive” deb ataladi, chunki barcha kiruvchi
belgilarning (atributlarning) mustaqil ekanligi taxmin gilinadi, bu esa real hayotda
kamdan-kam hollarda to‘liq haqgigat bo‘ladi. Shunga qaramasdan, bu algoritm
ko*plab klassifikatsion muammolarda juda samarali ishlaydi.

Bayes teoremasi quyidagicha yoziladi:

_ P(B|4)-P(4)

P(AB) = 5

Bu yerda:

P(A|B) — B hodisasi sodir bo‘lgandan keyin A hodisasining ehtimoli
P(B|A) — A hodisasi sodir bo‘lganda B hodisasining ehtimoli
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P(A) — A hodisasining boshlang‘ich ehtimoli
P(B) — B hodisasining umumiy ehtimoli
Agar bizda quyidagicha tasniflanadigan xususiyatlar bo‘lsa:
X = (X1, X2, ..., Xn)
va biz bu x to‘plam gaysi sinfga tegishli — Cy— ekanini anigqlamoqchi bo‘lsak,
Naive Bayes formulasi:

P(Cp. T, P(x;|C
P(Cy X1, X2, ..., Xn) = 9) ;(;) ilCr)

Ammo P(x) barcha sinflar uchun bir xil bo‘lgani uchun, biz fagat yuqori
giymatni topamiz:
Classify(x)=arg max[P (Cy,. [Ti=; P(x;|Cy]
Bu yerda:
* P(Cx) — har bir sinfning prior ehtimoli
* P(xi | Cx) — har bir atributning sinfga bog‘liq ehtimoli
Naive Bayes klassifikatori ko‘pincha matnni toifalash (text
classification) kabi masalalarda qo‘llaniladi. Quyida biz C# dasturlash tilida matnli
ma’lumotlar asosida xabarni “Spam” yoki ‘Normal” turiga ajratuvchi
soddalashtirilgan model yaratamiz.Biz quyidagi bosgichlarni bajarishimiz kerak:
1. O‘quv ma’lumotlari — “spam” va “normal” xabarlardan iborat matnlar

to‘plami

2. Har bir sinf (spam/normal) uchun so‘zlar soni va ehtimollarini hisoblash

3. Kiruvchi yangi xabar uchun har bir sinfga Naive Bayes formulasi asosida
ehtimol hisoblash

4. Ehtimollari eng katta sinfni natija sifatida chigarish

using System;

using System.Collections.Generic;

using System.Ling;

class NaiveBayesClassifier
{
private Dictionary<string, int> spamWords = new Dictionary<string, int>();
private Dictionary<string, int> normalWords = new Dictionary<string,
int>();
private int spamCount = 0, normalCount = 0;
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private int totalSpamWords = 0, totalNormalWords = 0;

public void Train(string text, string label)
{
var words = text. ToLower().Split(* ");
if (label == "spam")
{
spamCount++;
foreach (var word in words)
{
iIf (!spamWords.ContainsKey(word))
spamWords[word] = 0;
spamWords[word]++;
totalSpamWords++;

}
}
else
{
normalCount++;
foreach (var word in words)
{
if ('normalWords.ContainsKey(word))
normalWords[word] = 0;
normalWords[word]++;
totaNormalWords++;

¥
}
¥

public string Predict(string text)
{
var words = text. ToLower().Split(" *);
double pSpam = Math.Log((double)spamCount / (spamCount +
normalCount));

------



double pNormal = Math.Log((double)normalCount / (spamCount +
normalCount));

foreach (var word in words)
{
/l Laplace smoothing
double spamWordProb = Math.Log((spamWords.ContainsKey(word) ?
spamWords[word] + 1 : 1) / (double)(totalSpamWords + spamWords.Count));
double normalWordProb =
Math.Log((normalWords.ContainsKey(word) ? normalWords[word] + 1 : 1) /
(double)(totalNormalWords + normalWords.Count));

pSpam += spamWordProb;
pNormal += normalWordPraob;

}

return pSpam > pNormal ? "Spam" : "Normal";

}
}

Misoldan foydalanish:
class Program

{

static void Main()

{

var classifier = new NaiveBayesClassifier();

// Trening ma’lumotlari

classifier. Train("pulingiz yutib oldingiz", "spam");
classifier.Train(*'sizni bank kutmogda", "spam");
classifier. Train("dars jadvali o‘zgardi", "normal");

classifier. Train("bugun yig‘ilish soat 9 da", "normal");
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string testText = "siz pulingizni yutib oldingiz";
string result = classifier.Predict(testText);
Console.WriteLine($"Xabar: \"{testText}\" — Natija: {result}");

k
k

Ushbu model real spam filtrlash tizimlarining asosiy g‘oyasini tushuntiradi
va Naive Bayes formulasi orgali garor gabul gilishni dasturiy tarzda ifodalaydi.

Yugoridagi dasturity modellashtirish orgali Naive Bayes Klassifikatori
ganday ishlashi aniq ko‘rsatildi. Dastlabki o‘quv ma’lumotlari asosida har bir
so‘zning har bir sinfga tegishli ehtimoli hisoblab chiqildi. Kiritilgan test xabari
asosida algoritm ushbu ehtimollarni jamlab, gqaysi sinfga ko‘proq mos tushishini
aniqladi.

Muhim jihatlar:

Soddalashtirish: Naive Bayes barcha atributlarni mustaqil deb hisoblaydi. Bu
real hayotda unchalik to‘g‘ri bo‘lmasa-da, natijalar ko‘pincha juda aniqlik bilan
chigadi.

Laplace smoothing: Ba’zi so‘zlar mashq to‘plamda uchramagan bo‘lishi
mumkin. Bu holatda nolga teng ehtimollarni oldini olish uchun Laplace usuli
ishlatildi.

Model tezligi: Naive Bayes algoritmi oson va tez ishlaydi. Katta hajmdagi
matnlar bilan ham samarali natijalar beradi.

Ushbu magolada ehtimollar nazariyasining amaliy ko‘rinishi bo‘lgan
Naive Bayes klassifikatori nazariy va amaliy jihatdan tahlil gilindi. Bayes teoremasi
asosida ishlovchi ushbu usul C# dasturlash tilida modellashtirildi va matnli
xabarlarni “spam” yoki “normal” sinflarga ajratish uchun soddalashtirilgan dastur
yaratildi.

Tadqiqot natijalari shuni ko‘rsatdiki, Naive Bayes klassifikatori:
samarali,

tez ishlovchi,

va haqiqiy ilovalarda qo‘llash uchun qulay vositadir.
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Mazkur yondashuv ehtimollar nazariyasini chuqurroq o‘zlashtirish, dasturiy
modellashtirish ko‘nikmalarini rivojlantirish va real hayotdagi axborot oqimlarini
avtomatlashtirish imkonini beradi.
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