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Annotatsiya: Ushbu maqgolada logistika va amaliy matematikaning murakkab
masalalaridan bo'lgan "Eng katta mustagil to'plam” (Maximum Independent Set) va
"Grafni bo'yash" (Graph Coloring) kabi NP-giyin masalalarni yechishda mashinali
o'rganish usullari tahlil gilinadi. An'anaviy algoritmlar o'rniga Graflar neyron tarmoglari
(GNN) hamda Graflar konvolyutsion tarmoglari (GCN) arxitekturalarini go'llash orgali
masalalarning yechim tezligini oshirish magsad gilingan.

Kalit so'zlar: Graflar neyron tarmoglari (GNN), Graflar konvolyutsion tarmoglari
(GCN), NP-giyin masalalar, kombinatorik optimallashtirish, eng katta mustaqil to'plam,
grafni bo'yash, xabarlar uzatish (message-passing).

METO/IbI PEHIEHUS NP-TSI)KEJIBIX 3AJIAY C UCITOJIb30BAHUEM
UCKYCCTBEHHBIX HEMPOHHBIX CETEM

Boarunbaes lllyxpaTxkon KomuikanoBu4
HHoyenm, Hamaneanckuti 20cyoapcmeenHulil yHugepcumem
PaxumoB booyp:kon Mabpyg:axoH oriiu
Mazucmpanm Hamaneanckozo ¢unuana Meoswcoynapoonozo ynueepcumema Kumé 6
Tawkenme

AHHOTAIMA. B 0anHOU cmambe aHanusupyomcs Memoovl MAUUHHO020 00y4YeHus OJis
peuwenuss maxkux NP-mpyounvix 3adau, xkak «MakcumanvHoe He3a8UCUMOE MHOMCECHBO»
(Maximum Independent Set) u «Pacxkpacka epaga» (Graph Coloring), komopwie agnaomcs
CILOJNCHBIMU 3A0aUamu T0SUCTUKU U NPUKIAOHOU Mamemamukuy. Llenvto pabomul senisemcs
nosviuleHue CKOpOCmU peuleHus 3a0ai nymem HPUMEHEHUs apXumekmyp epagosbix
netponuvix cemetl (GNN) u epaghosvix ceepmounvix cemeti (GCN) 83amen mpaouyuonHvix
ANOPUMMOB.

KiroueBble ciaoBa: cpaghosvie meviponnvie cemu (GNN), epaghosvie ceepmounvie
cemu (GCN), NP-mpyonvie 3a0auu, KOMOUHAMOPHASL ONMUMU3AYUS, MAKCUMATbHOE
He3a8UCUMOe MHOICECMBO, PACKPACKA 2pagha, nepedada coobujenuti (message-passing).
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Abstract: This paper analyzes machine learning methods for solving NP-hard
problems such as Maximum Independent Set (MIS) and Graph Coloring, which are
challenging problems in logistics and applied mathematics. The goal of the paper is to
improve the speed of problem solving by applying graph neural network (GNN) and graph
convolutional network (GCN) architectures to replace traditional algorithms.
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Kombinatorik optimallashtirish masalalari logistika, ta'minot zanjiri va aloga
tarmoglarini rejalashtirishda keng targalgan. Birog, bu masalalar amaliyotda NP-giyin
sinfiga kiradi, ya'ni hozirgacha ularga polinom vaqt (polynomial time) doirasida aniq
hisoblash algoritmlari topilmagan [1]. Graflardagi ma'lumotlar hajmining ortishi bilan
an'anaviy aniq algoritmlarning hisoblash vaqti eksponentsial ravishda oshib ketadi [2].
Bunday vaziyatga yechim sifatida sun'iy intellekt va mashinali o'rganish, aynigsa, Graflar
neyron tarmoglari (GNN) usullaridan foydalanish muhim ahamiyat kasb etmogda [3].
Neyron tarmoglari taklif giladigan yechimlar 100% anig bo'Imasa-da, juda yugori hisoblash
tezligi evaziga amaliyot uchun qoniqarli suboptimal yechimlarni tez orada tagdim eta olish
imkoniyatiga ega [4].

Tadgiqot doirasida neyron tarmoglar yordamida hal gilish uchun ikki asosiy masalaga
e'tibor berilgan:

1. Eng katta mustaqil to'plamni topish: Grafning mustaqil to'plami shunday
tugunlardan iboratki, ularning hech biri o'zaro girra bilan tutashmagan bo'ladi. Bu
masalaning magsadi — berilgan G grafdan eng ko'p tugunlarni o'z ichiga oluvchi eng katta
mustaqil to'plamni aniglashdir [5]. Ushbu masala resurslarni tagsimlash va jadval tuzishda
muhim ahamiyatga ega.

2. Grafni bo'yash masalasi: Har bir tugunga shunday rang berilishi kerakki, go'shni
tugunlar har xil rangda bo'lishi lozim [6]. Magsad — eng kam ranglardan (xromatik son)
foydalanib to'g'ri bo'yashni amalga oshirishdir. Zamonaviy tadgigotlar ushbu masalani
Graph Convolutional Networks (GCN) yordamida hal etish samaradorligini ko'rsatmoqgda
[7,8].

Graflar noyevklid fazaga mansub bo'lganligi sababli, standart konvolyutsion neyron
tarmoglarini (CNN) ularga bevosita tatbig gilish mumkin emas. Shuning uchun GNN
(Graflar neyron tarmoglari) va GCN (Graflar konvolyutsion tarmoglari) modellarining
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ixtisoslashtirilgan arxitekturasi ishlab chigilgan. Modelning ishlashi *"Xabarlar uzatish"
mexanizmi asosida tashkil etilgan. Ushbu mexanizmda har bir tugun o'z qo'shni tugunlardan
ma'lumot yig'adi va shu asosda 0'z holatini yangilaydi. Hisoblash jarayonini soddalashtirish
va vagtni tejash maqgsadida tizim Encoder-Decoder arxitekturasi bilan ta'minlangan. Dastlab
katta hajmdagi kiruvchi graf "Encoder" orqgali kichik vektorli fazoga o'tkaziladi; so'ngra
asosly blokda bir necha "message-passing” gadamlari bajariladi va yakunda "Decoder"
yordamida tugunlarning ranglarga yoki guruhga mansublik ehtimolligi bashorat gilinadi.

GNN va GCN modellarining turli modifikatsiyalari (GraphNetwork, MPNN,
CommNet, Deep Sets, GraphSAGE va boshgalar) kompyuter simulyatsiyalarida sinovdan
o'tkazilib, xatoliklari tahlil gilindi. Tajribalar "xabarlar uzatish" gadamlari sonini 1 dan 15
gacha oshirib borish orgali amalga oshirildi. Tahlil natijalari quyidagi xulosalarni ko'rsatdi:

- Xabarlar uzatish gadamlari ta'siri: Qadamlar soni ortgani sayin modellarning
anigligi ham ortishi tajribada isbotlandi.

- Qirralarni hisobga olish: Qirralarni inobatga olmaydigan modellar (Deep Sets va
Graphindependent) 0% aniqlik ko'rsatdi; bu esa kombinatorik masalalarda tugunlararo
bog‘lanishlarning ahamiyatini tasdiglaydi.

- Mustaqil to'plam masalasidagi natijalar: CommNet modeli eng yaxshi natijani
gayd etdi; bu model masalani yechishda 30-40% aniqlikka erishdi. MPNN (28-33%) va
GraphNetwork (20-33%) natijalari esa biroz pastroq bo‘ldi. GCN modellaridan fagat
GraphSAGE (10-15%) ijobiy o'rganish gobiliyatini namoyon etdi.

- Grafni bo'yash masalasidagi murakkablik: Bu muammo eng katta mustaqil
to’plam muammosidan murakkabroq ekanligi namoyon bo‘ldi; dastlabki o'qitishda faqat
CommNet (3-4%) va MPNN (1-2%) modellar minimal muvaffagiyatga erisha oldi.

GNN modelarini NP-giyin graflar nazariyasi masalalariga tatbiq etishda mutlag aniq
yechim hosil gilish imkoni yo'gdek tuyulsa-da, lekin juda yuqori tezlikda amaliy jihatdan
foydali yechimlar olish mumkinligi ko'rinadi (30-40% gacha). Chuqur o'rganish
texnologiyalarining bunday kombinatorik vazifalarda tatbigi logistika, marshrutizatsiya va
jadval tuzishda alternativ hamda tezkor yechimlarni taklif etishi shubhasizdir.
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