CoBpeMeHHBbIE TIPOOJIeMBI HHTEIUICKTYalbHBIX cUcTeM. PecnyOnukanckas HayqHO-npakTHieckas koHdepenuus. [pxuzak, 18-19 anpens 2025 .

Cnucok Jurepatypbl

1. Carrasco-Garcia, Patricia-Maria, Dolores Maria Frias-Jamilena, and Ana Isabel Polo-
Pefia. "Virtual tours: the effect of artificial intelligence and intelligent virtual environments on
behavioral intention toward the tour and the tourist destination.” Current Issues in Tourism (2025):
1-26.

2. Florido-Benitez, Lazaro. "The role of cybersecurity as a preventive measure in digital
tourism and travel: a systematic literature review." Discover Computing 28, no. 1 (2025): 28.

3. Mihajlovi¢, Iris. "Experiences and Technologies Of Smart Tourism: An Analytical
Approach To Literature Review." In Book of Proceedings—Selected Papers of the 122nd
International Scientific Conference on Economic and Social Development—,, Advances in Tourism,
Digital Technologies and Economic Strategies “, 2025 pp. 1-14.
and phygital tourism experiences: implications and future research directions.” Information
Technology & Tourism (2025): 1-10.

5. Balula, Ana, Gillian Moreira, Antonio Moreira, Elisabeth Kastenholz, Celeste Eusébio,
and Z¢lia Breda. "Digital transformation in tourism education." Tourism in Southern and Eastern
Europe 5 (2019): 61-72.

6. Snyder, Hannah. "Literature review as a research methodology: An overview and
guidelines.” Journal of business research 104 (2019): 333-3309.

7. Torres-Carrion, Pablo Vicente, Carina Soledad Gonzalez-Gonzalez, Silvana Aciar, and
Germania Rodriguez-Morales. "Methodology for systematic literature review applied to
engineering and education.” In 2018 IEEE Global engineering education conference (EDUCON),
pp. 1364-1373. IEEE, 2018.

8. Thilakaratne, Menasha, Katrina Falkner, and Thushari Atapattu. "A systematic review on
literature-based discovery: general overview, methodology, & statistical analysis." ACM
Computing Surveys (CSUR) 52, no. 6 (2019): 1-34.

9. Filieri, Raffaele, Elettra D’Amico, Alessandro Destefanis, Emilio Paolucci, and
Elisabetta Raguseo. "Artificial intelligence (Al) for tourism: an European-based study on
successful Al tourism start-ups.” International Journal of Contemporary Hospitality Management
33, no. 11 (2021): 4099-4125.

10. Tuo, Yanzheng, Jiankai Wu, Jingke Zhao, and Xuyang Si. "Atrtificial intelligence in
tourism: insights and future research agenda.” Tourism Review 80, no. 4 (2025): 793-812.

11. Doborjeh, Zohreh, Nigel Hemmington, Maryam Doborjeh, and Nikola Kasabov.
"Artificial intelligence: a systematic review of methods and applications in hospitality and
tourism.™ International Journal of Contemporary Hospitality Management 34, no. 3 (2022): 1154-
1176.

NORAVSHAN XULOSA TIZIMLARI QOIDALAR BAZASINI GENETIK
ALGORITMLAR BILAN OPTIMALLASHTIRISH

Egamberdiyev Elyor Hayitmamatovich
Muhammad al-Xorazmiy nomidagi Toshkent axborot texnologiyalari universiteti, Axborot
texnologiyalarining dasturiy ta’minoti kafedrasi katta o‘qituvchisi
elyor.egamberdiyev88@gmail.com

Annotatsiya: Ushbu tadgiqot tabiiy tanlanishdan ilhomlangan kuchli evolyutsion usul
bo‘lgan genetik algoritmlar (GA) yordamida Noravshan xulosa tizimlarini (FIS)
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optimallashtirishning ilg‘or yondashuvini taqgdim etadi. An’anaviy FISni ishlab chiqish qoidalar
bazasi va tegishlilik funksiyalarini evristik sozlashga asoslanadi, bu esa samarasiz bo‘lishi
mumkin. ushbu tadgigot FISning qoidalar bazasini tizimli optimallashtirish imkonini beradi, bu
esa garor gabul qilish tizimlarining anigligi, moslashuvchanligi va mustahkamligini oshiradi.
Tajriba natijalari shuni ko‘rsatadiki, tizimning ishlashini saqlab qolgan holda qoidalar bazasining
murakkabligi sezilarli darajada kamayadi. Shuningdek, tadgigotda global optimallikka erishishda
seleksiya, krossover va mutatsiya kabi GA operatorlarining ahamiyati yoritilgan. Ushbu
integratsiya real vaziyatlarga moslasha oladigan intellektual tizimlarni ishlab chigishga yordam
beradi, bu esa ekspert tizimlari, avtomatlashtirish va boshgaruv ilovalari uchun istigbolli
natijalarni tagdim etadi.

Kalit so‘zlar: Noravshan xulosalar tizimi (FIS), Genetik algoritm (GA), Qoidalar bazasini
optimallashtirish, A’zolik funksiyalarini sozlash, Evolyutsion hisoblash, Intellektual tizimlar,
Qaror qabul qilish, Nochiziqli tizimlar, Boshqaruv tizimlari, Sun’iy intellekt (SI)

OIITUMM3ALIUA BA3BI IPABUJI CUCTEMbBI HEYETKOI'O BBIBOJA C
IMOMOIBIO T’EHETUYECKHUX AJITOPUTMOB

AHHOTanus: B 1aHHOM HCClIeOBaHUM NIPEACTABIIEH MEPENOBOM MOAXOA K ONTUMH3ALUU
cucreM Heuerkoro BbiBoja (CHB) c wucnonp3oBanueM renernueckux airoputmoB (I'A) -
MOILHOTO 3BOJIFOI[MOHHOTO METO]1a, BJIOXHOBJIEHHOI'O €CTECTBEHHBIM 0TOOpoM. TpaguimoHHas
paspabotka FIS ocHOBaHa Ha »JBPUCTHYECKOW HACTpoiike O0a3pl TpaBua ©  (QyHKIMA
pPENEeBAaHTHOCTH, YTO MOXET ObITh HEIPPEKTHUBHBIM. IJTO HCCIEAOBAHHE IO3BOJISET
CHCTEMaTH4YeCKH ONTHMU3HpOBaTh 0a3y mpaBuia CHB, 4TO MOBBIMIAET TOYHOCTH, THOKOCTH U
HAJECKHOCTb CUCTEM IPHUHATHSA PEUICHUH. DKCIIEPUMEHTaIbHbIE PE3YJIbTAaThl IIOKA3bIBAKOT, YTO
CIIO)KHOCTh 0a3bl NpPaBWJI 3HAYUTEIBHO CHMKAETCA NIPU COXPAHEHUM MPOU3BOAUTEIBHOCTH
cucTeMbl. B nccienoBaHnyu Takke MoAYepKUBAETCs BAXKHOCTh TaKUX onepaTopoB I'A, kak oToop,
KPOCCHUHTOBEp M MyTalus, JUId AOCTHXKEHHs ITI0OAJbHOW ONTUMAaNbHOCTH. Takash MHTerpaunus
IIOMOTaeT pa3padaTbIBaTh MHTEIIEKTyalIbHbIE CHCTEMBI, CIIOCOOHBIE aJaITUPOBATHCS K pealbHbIM
CUTYyalusIM, oOecrieunBasi MHOrooOeIatoIIe pe3yabTaThl JUIsl SKCIEPTHBIX CUCTEM, TPHIIOKEHUN
ABTOMAaTHU3ALMU U YIIPABJICHUS.

Kurouesnblie cioBa: Cucrema HeueTkux BbiBos10B (CHB), I'enernueckuii anroputm (I'A),
Ontumuzanus 6a3sl nmpaBui, Hacrpoiika ¢(yHKIMI uYigeHCTBA, DBOJIOMUMOHHOE HCYHCICHHUE,
Wurtennexryansupie  cuctemsl, Ilpunsarue pemenuii, Henuneitnsle cucremsl, CHCTEMBI
ynpasneHusi, ckycctBenHbli uatemiekt (MN)

OPTIMIZATION OF THE FUZZY INFERENCE SYSTEM RULE BASE USING
GENETIC ALGORITHMS

Annotation: This study presents a state-of-the-art approach to optimize fuzzy inference
systems (FIS) using genetic algorithms (GA), a powerful evolutionary method inspired by natural
selection. Traditional FIS development relies on heuristic tuning of the rule base and relevance
functions, which can be inefficient. This study systematically optimizes the FIS rule base, which
improves the accuracy, flexibility, and robustness of decision systems. Experimental results show
that the complexity of the rule base is significantly reduced while maintaining the system
performance. The study also highlights the importance of GA operators such as selection,
crossover, and mutation to achieve global optimality. Such integration helps develop intelligent
systems that can adapt to real-world situations, yielding promising results for expert systems,
automation, and control applications.
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Kirish. Ushbu tadgigotning magsadi Noravshan xulosa chiqgarish tizimlarini (FIS) goidalar
bazasini optimallashtirishga qgaratilgan bo‘lib, genetik algoritmlar (GA) asosiy optimallashtirish
usuli hisoblanadi. GAlar tabiiy tanlanish jarayoniga taglid giladi, shuning uchun ular murakkab,
ko‘p modalli, chizigli bo‘lmagan va stoxastik masalalarni optimallashtirish uchun juda samarali.
Qolaversa genetic algoritmlar mutatsiya bosgichida ANFIS modeli taqdim gilmagan giodalar
bazasini ham ishlab chigilishi ko‘zda tutilgan. Odatdagi FISni ishlab chigishda qoidalar bazasi,
tegishlilik funksiyalari va tizim natijalari o‘rtasidagi munosabatlar ko‘pincha noma’lum bo‘ladi.
Anfis goidalar ishlab chigish uchun sinov va xato usullari go‘llaniladi, ammo GAlar yanada tizimli
va samarali muqobil variantni taklif etadi.

GAlardan foydalangan holda, Anfis global optimal yechimlarga erishishi, ularning
ishonchliligi, funksionalligi va umumiy samaradorligini oshirishi mumkin. Genetik algoritmlar
ANFIS modelining fitness funksiyasidan foydalangan holda optimallashtiradi. Ushbu
optimallashtirish yondashuvi ANFISga qoidalar bazasini samaraliroq gayta ishlash va murakkab
real vaziyatlarga moslashish imkonini beradi.

Noravshan ma’lumotlar mashinalarga inson tajribasini go‘shish va kirish ma’lumotlarga
asoslanib o‘z qoidalar bazasini yaratadi. Odatda kirish parametrlarining tegishlilik giymatlaridan
kelib chigib qoidalar sonini oldindan taxmin gilish mumkin. Ammo katta ma’lumotlar bilan
ishlanganda qoidalar soni cheksiz oshib ketadi. Bu esa o‘z navbatida tizimning sekin ishlashiga
sabab bo‘ladi. GA optimallashtirilishi bilan ANFIS goidalarini teng kuchli bo‘lgan goidalar yoki
kuchsiz bo‘lgan goidalar olib tashlanadi[1].

Matematik modellarning murakkabligi va inson tafakkuri o‘rtasidagi tafovutni bartaraf etish
uchun Noravshan mantiq muhim yechim sifatida paydo bo‘ldi. 1965-yilda professor Lotfi A.Zade
tomonidan ishlab chigilgan ushbu innovatsion nazariya inson bilimlarini lingvistik o‘zgaruvchilar
yordamida gamrab oladi. Aniq to‘g‘ri/noto‘g‘ri qiymatlar bilan shug‘ullanadigan an’anaviy ikkilik
mantigdan fargli o‘larog, Noravshan mantiq Noravshan to‘plamdagi har bir elementga tegishlilik
darajasini tayinlaydigan tegishlilik funksiyalarini aniglash orqgali noravshanlikni modellashtiradi.

AUpa(x)xUxA Fazodagi noravshan to‘plam har bir elementni O va 1 orasidagi qiymatga
akslantiruvchi tegishlilik funksiyasi bilan aniglanadi, bu to‘plamga tegishli bo‘lgan darajani
ifodalaydi:

1a(x):U - [0,1]

Uremprature (X)X Masalan, tegishlilik funksiyasi ma’lum bir haroratning ganchalik "ilig"
ekanligini aniglashi mumkin, bunda 1 ga yaqin giymatlar "ilig" to‘plamga kuchliroq tegishlilikni
ko‘rsatadi.

Noravshanlik gabul gilgan holda, Noravshan mantiq tizimlarga ha yo‘q bilan emas balki ular
o‘rtasidagi giymatlar bilan ham ishlash imkonini beradi. Fuzzifikatsiya jarayoni uchburchak yoki
Gauss tegishlilik funksiyalari kabi tegishlilik funksiyalari yordamida aniq kiruvchi ma’lumotlarni
Noravshan giymatlarga aylantiradi:

2
HGaussian(X; €, 0) = exp (— (xzo.;:) )

co bu yerda - funksiyaning markazi, sigma o esa uning kengligini aniglaydi. Ushbu
o‘zgartirish tizimga Noravshan yoki taxminiy kirishlarni yanada moslashuvchan tarzda talgin
qgilish imkonini beradi.
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Anfis noravshan Kirishlardan garorlarni chigarish uchun *“agar-unda' qoidalaridan

foydalanadi. Odatiy Noravshan qoida quyidagicha be‘lishi mumkin:
IF x,is Ay AND x, is A, THEN y =B

A;A,x,x,B bu yerda va - va kirishlarni ifodalovchi Noravshan to‘plamlar, va - Noravshan
chigish.

Noravshan kirishlarga ishlov berilgandan so‘ng, defazzifikatsiya jarayoni ko‘pincha og‘irlik
markazi usulidan foydalangan holda noravshan chigishni aniq giymatga aylantiradi:

J att5(y) * ydy
J aus(y)dy

ug (y)BABuU yerda - chiquvchi noravshan to‘plamning tegishlilik funksiyasi, va - mumkin
bo‘lgan chigishlar sohasi.

Professor Zadening ishi boshgaruv tizimlari, garor gabul gilish va sun’iy intellekt kabi
sohalarda ingilob qildi. Uning nazariyalari tizimlarga murakkab, real dunyo sharoitlariga
moslashuvchan, insoniy fikrlash yondashuvi bilan moslashish imkonini berdi [2-4].

Genetik algoritmlar (GA) katta yechim maydonlarini o‘rganish uchun samarali qidiruv
mexanizmini ta’minlash orgali Noravshan xulosa chiqarish tizimlarini optimallashtirishda muhim
rol o‘ynaydi. GA tizimning ishlashini yaxshilash uchun Anfis goidalar bazasini populatsiya giladi.
Undan keyin tanlash, krossover va mutatsiya kabi asosiy operatorlarni o‘z ichiga oladi[5].

f(x)yexpectedyactualponylyatsiyani initsializatsiya gilish gadami har biri Noravshan
qoidalar turli konfiguratsiyalarini ifodalovchi yechimlarning tasodifiy to‘plamini yaratadi. Anfis
tizimining fitnes funksiyasi har bir yechimning ganchalik yaxshi ishlashini baholash uchun
ishlatiladi. Odatda, bu funksiya kutilgan va amaldagi ishlab chigarish o‘rtasidagi fargni
minimallashtirishi mumkin.

n
Fl) = Y (fPected - ygetuatyz
i=1

Tanlash operatori eng yaxshi ko‘rsatkichlar bo‘yicha eng yaxshi ko‘rsatkichlarni aniglaydi
va keyingi avlodga o‘tkazadi.

Krossover operatori nasl goldirish uchun ikkita ota-ona eritmasining genetik ma’lumotlarini
birlashtiradi:

Crew = aPy + (1 — )P,

Bu yerda P;P,a va - boshlang‘ich papulatsiya va krossover tezligi.

Mutatsiya avlodlarga tasodifiy o‘zgarishlarni kiritadi, bu esa GAga gidiruv maydonining
yangi giymatlarni o‘rganish va erta konvergensiyadan gochish imkonini beradi. Mutatsiya odatda
quyidagicha ifodalanadi:

My, = P 4+ 8N(0,1)

P&N(0,1)bu yerda - yechim, mutatsiya gadami va normal tagsimlangan tasodifiy miqdor.

Ushbu operatorlar birgalikda ishlaydi, bu esa GAlarga gidiruv va ekspluatatsiyani
muvozanatlash, Noravshan goidalar optimal to‘plamini samarali izlash imkonini beradi. Bu
yondashuv GAlarning mahalliy optimallarga tushib golishining oldini olishga yordam beradi va
ularni murakkab, ko‘p modalli optimallashtirish vazifalariga mos keladi. Bundan tashqari, GAlar
bir nechta vazifalarni hal giladi, masalan, maksimal aniglikni ta’minlagan holda hisoblash
murakkabligini minimallashtirish va tizim cheklovlariga moslashishi mumkin, bu esa real
amaliyotda tizimning optimal ishlashini ta’minlaydi[6-16]
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Non-linear Optimization of ANFIS Rule Base
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Grafik genetik algoritm yordamida ANFIS qoidalari soni avloddan avlodga ganday
kamayishini ko‘rsatadi. Dastlab, pasayish tez, keyin asta-sekin bargarorlashadi.

Tadgiqot natijalari Noravshan xulosa chigarish tizimlarini optimallashtirishda, xususan,
garor gabul gilish jarayonlarining aniqligi va samaradorligini oshirishda genetik algoritmlarning
ta’sirini ko‘rsatadi. Shuningdek, ular ushbu algoritmlarning turli sohalardagi murakkab va ko‘p
girrali muammolarni hal qilish imkoniyatlarini ko‘rsatadi. Tadgigot natijalari yana shuni
ko‘rsatadiki, genetik algoritmlarni Noravshan xulosa tizimlari bilan integratsiyalash garor gabul
qgilish jarayonlarining umumiy samaradorligi va anigligini oshirishi mumkin. Shuningdek, olingan
natijalar Noravshan xulosa tizimlarini optimallashtirish uchun genetik algoritm parametrlarining
eng samarali kombinatsiyasini aniglash uchun chuqur tajriba va tahlil o‘tkazish muhimligini
ta’kidlaydi[30] [36]. Natijalar shuni ko‘rsatadiki, parallel hisoblash usullari va ilg‘or gidiruv
strategiyalarini joriy etish Noravshan xulosa tizimlari uchun optimallashtirish algoritmlarining
samaradorligi va natijadorligini oshirishi mumkin[37] [13] [23].
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MA’LUMOTLARNI INTTELLEKTUAL TAHLIL QILISHDA CRISP-DM
METODOLOGIYASINING FAZALARI (MA’LUMOTLARNI TAYYORLASH FAZASI)

Matchonov Shohruh Matkarim o‘gli
Jizzax shahridagi Qozon (Vo‘lgabo‘yi) federal universiteti filiali “Ragamli ta’lim
texnologiyalari markazi” rahbari
shohruhmachonov@gmail.com

Annotatsiya: Mazkur ishda ma’lumotlarni inttellektual tahlil gilishda CRISP-DM
metodologiyasining o‘quv ma’lumotlarini tayyorlash fazasiga etibor garatilgan. Chunki bu faza
modelni ishlab chigishda vagtning 80% gacha bo‘lgan miqgdorini o‘z ichiga oladi. O‘quv
ma’lumotlarini tayyorlash fazasi bosgichlari rasmlar orgali tushuntirilgan, ma’lumotlarni modelga
o‘gitish yondoshuvlari ko‘rsatilgan va mashinani o‘qitish injinerlari va ma’lumotlar analitiklari
uchun etibor berishlari kerak bo‘lgan ma’lumotlar aytib o‘tilgan.

Kalit so‘zlar: CRISP-DM, Anamaliya, Dataset, Mashinali o‘gitish, Ma’lumotlarni
intellektual tahlil gilish, o‘quv ma’lumotlari, ma’lumotlarni tozalash.

9TAIIBI IPUMEHEHUSA METO/10J0I'MA CRISP-DM B
HUHTEJUJIEKTYAJIBHOM AHAJIM3E JAHHBIX (3TAII IOJAI'OTOBKU JJAHHBIX)

AHHoTanusi: B ganHON paboTe BHHUMaHUE YIEIEHO STamy IOATOTOBKH OOYyYaroIIux
nanHbIx Metoaosiorun CRISP-DM npu vHTEIEKTYaIbHOM aHalv3e AaHHbIX. [IoToMy 4TO 3TOT
stan 3aHuMaeT 10 80% BpemeHu pazpaboTku monenu. [llarm sTama MOATOTOBKW JaHHBIX IS
00y4eHHUsT OOBSICHSIIOTCS C TMOMOIIBIO0 MILTIOCTPALUMA, TPEICTABICHBI MOAXOABl K OOyYECHHIO
JAHHBIX B MOJIENIH, a TaKXe YIMOMUHAIOTCS COOOpaKeHHS ISl WHKEHEPOB MO MAIIMHHOMY
00yYEeHHIO U aHATTUTUKOB JaHHBIX.

KuaroueBbie cioBa: CRISP-DM, Anamanus, HaGop mannpix, MammaHOE 0OydeHue,
WuTennekTyalbHbIN aHaTN3 JaHHBIX, JAHHBIE O0OYYEeHHsI, OUUCTKA JTaHHBIX.

STAGES OF APPLICATION OF CRISP-DM METHODOLOGY IN DATA
MINING (DATA PREPARATION STAGE)

Abstract: This paper focuses on the training data preparation stage of the CRISP-DM
methodology in data mining. Because this stage takes up to 80% of the model development time,
the steps of the training data preparation stage are explained with illustrations, approaches to
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