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Annotatsiya: Mazkur magolada mutatsion testlashning ikki asosiy
to‘sigi— ekvivalent mutantlarni aniqlashning yechib bo‘lmas muammosi
va yuqori hisoblash xarajatlarini katta til modellari (LLM) yordamida
hal etish imkoniyati korib chiqilgan. LLM-modulning ikki vazifasi —
ekvivalent mutantlarni  filtrlash va talaba profilisa moslab
tushuntiruvchi teskari aloqa generatsiyalash loyihalangan. Tahlil shuni
ko‘rsatdiki, LLM lar dastur semantikasini chuqurroq qamrab ekvivalent
mutant aniqlashda istigbolli natija beradi, biroq “gallyutsinatsiya” va
noto'gri takliflar xavfi saqlanib qoladi. Shu bois inson nazorati (human-
in-the-loop) zarurligi asoslangan.

Kalit so‘zlar: sun’iy intellekt, katta til modeli, LLM, ekvivalent
mutant, mutatsion testlash, shaxsiylashtirilgan teskari aloqa,
gallyutsinatsiya, human-in-the-loop.

Annomauusn: B cmamve paccmampusaemcs,  B803MOMNCHOCMb
pewenus 08yxX OCHO8HbLX NPENnsSmMcmeull MymaluoHH020 Mecmupos8aHus
— Hepa3peuwumol npoobiemvl 8blA6JIeHUS IKEUBATICHMHBIX MYMAHIMO8 U
BLICOKUX BLIUUCTIUMETIBHBLX 3AMPAM — € NOMOULbI0 DOIbULUX A3bLKOBLLX
mooeneii (LLM). Cnpoexmuposansvt 0se yuxkuuu LLM-mooyns:
dunbmpayus IK6UBATICHMHLIX MYMAHIMO8 U 2eHepaluus 00vacHaOWell
obpammoll cea3u ¢ yuémom npouss cmyoenma. AHQIU3 NOKA3AJ, UIMO

LLM, anybowce oxeamwvieas  CeMAHMUKY  RPOSPAMMbL, — OQAIOM
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nepcneKmueHovle  pe3yibmambv. 8  8blABJEHUU  IKBUBAJICHMHLX
MYMAHMO8, 00HAKO COXPAHACMCS PUCK «RAJIIOUUHAUUL) U HEBePHBLX
pexomeHoauuli. B cesasu ¢ amum 060cH08aHA HE0OX00UMOCMb KOHMPOJIS
co cmoporbt uennosexa (human-in-the-loop).

Knwuesvte csoroea: uckyccmeernuvili uHmMessiekm, 00sbuLas
a3vikosas moodenv, LLM, sxeusanienmmubili MYymaHm, MYyMAauUOHHOe
mecmuposarue, NnepCoOHAIUUPOBAHHAS obpamHas C8A3b,
eannyuHauus, human-in-the-loop.

Abstract: This article examines the possibility of addressing two
main obstacles of mutation testing — the undecidable problem of detecting
equivalent mutants and high computational costs — using large language
models (LLMs). Two functions of an LLM module are designed: filtering
equivalent mutants and generating explanatory feedback tailored to the
student’s profile. The analysis showed that LLMs, by more deeply
capturing program semantics, yield promising results in detecting
equivalent mutants; however, the risk of “hallucinations” and incorrect
suggestions remains. Accordingly, the need for human oversight (human-
in-the-loop) is substantiated.

Keywords: artificial intelligence, large language model, LLM,
equivalent mutant, mutation testing, personalized feedback,
hallucination, human-in-the-loop.

Kirish (Introduction)

Mutatsion testlashning ta’limda qo‘llanilishini cheklovchi ikki
asosly to‘siq mavjud. Birinchisi — ekvivalent mutantlar muammosi: asl
dastur bilan barcha kirishlarda bir xil ishlaydigan, ammo sintaktik
jithatdan farqli mutantlar; bu muammo uch o‘n yildan beri yechib bo‘lmas
(undecidable) deb tan olingan va real loyihalarda ularning ulushi 4%-—

39% ni tashkil etadi (Tian et al., 2024). Ikkinchisi — har bir mutantni
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alohida i1shga tushirish tufayli yuzaga keladigan yuqori hisoblash
xarajatlari (Jia & Harman, 2011).

Katta til modellari (LLM) kod bilan bogliq masalalarda dastur
semantikasini chuqur gamrab, bu muammolarni hal etishda istigbolli
vosita sifatida namoyon bo‘lmoqda. Tadqiqgotning maqsadi — LLM
yordamida  ekvivalent  mutantlarni  filtrlash va  talabaga
shaxsiylashtirilgan teskari aloga beruvchi modulni loyihalash va
asoslashdan iborat.

Metodlar (Methods)

Tadqgigotda LLM ning ekvivalent mutant aniqlashdagi
samaradorligi bo‘yicha empirik ishlar tahlil qilindi (Tian et al., 2024);
LLM-modulning ikki vazifasi loyihalandi — (1) mutant va asl kod
juftligini semantik taqqoslab ekvivalent mutantlarni filtrlash, (2)
talabaning kuchli va zaif tomonlari profiliga moslab tushuntiruvchi
teskari aloga generatsiyalash; generatsiya sifati ekspert baholash bilan
tekshirildi (Roest, Keuning & Jeuring, 2024).

Natijalar (Results)

Tahlil va loyihalash quyidagi natijalarni berdi:

1) Filtrlash: LLM lar dastur semantikasini chuqurroq qamrab,
ekvivalent mutantlarni filtrlashda an’anaviy usullarga nisbatan
1stigbolli natija berdi; bu mutation score ning aniqligini va baholashning
1shonchliligini oshiradi.

2) Shaxsiylashtirilgan feedback: GPT-4 tipidagi modellar
asosida talaba xatolarini samarali ko‘rsatuvchi, yechimni oshkor
gilmaydigan shaxsiylashtirilgan teskari aloga generatsiyalash

mumkinligi tasdiglandi.
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3) Xarajatlarni kamaytirish: ekvivalent mutantlarni avtomatik
filtrlash inson tomonidan qo‘lda tekshirish hajmini kamaytirib,
hisoblash va mehnat xarajatlarini qisqartiradi.

Shu bilan birga, LLM tomonidan generatsiya qilingan teskari
alogada noto‘gri takliflar va “gallyutsinatsiya” (mavjud bo‘lmagan
muammoni ko‘rsatish) xavfi aniqlandi (Roest, Keuning & Jeuring, 2024).

Muhokama (Discussion)

LLM-modul dissertatsiyaning integratsion komponenti bo‘lib,
mutatsion testlashning ikki tarixiy cheklovini yumshatadi: baholash
xarajatini kamaytiradi va teskari alogani shaxsiylashtiradi. Bu UIIP
platformasida mutatsion baholashni amaliy va miqyoslanuvchan qiladi.

Asosiy cheklov — gallyutsinatsiya xavfi: LLM noto‘g‘ri yoki mavjud
bolmagan xatoni ko‘rsatishi talabani chalg‘itishi mumkin. Shu sababli
teskari aloga to‘liq avtomatlashtirilmasligi, balki o‘qituvchi nazorati
(human-in-the-loop) bilan birga qo‘llanilishi zarur. Shuningdek, LLM
natijalari modelga va so‘rov (prompt) sifatiga bog‘liq bo‘lib, izchillikni
ta’minlash qo‘shimcha sozlashni talab qiladi.

Xulosa (Conclusion)

Sun’iy intellekt (LLM) mutatsion testlashning ekvivalent mutantlar
va yuqori hisoblash xarajatlari muammolarini yumshatib, uni ta’limda
qgo‘llashni amaliy qgiladi. LLM-modul ekvivalent mutantlarni filtrlash va
shaxsiylashtirilgan teskari aloga generatsiyalash orqgali baholash
aniqligi va pedagogik qiymatini oshiradi. Gallyutsinatsiya xavfil tufayli
inson nazorati saqlanib qolishi va prompt sifatini ta’minlash keyingi
tadqiqot vazifasi bo‘lib gqoladi.
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