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ABTOMATH30BAHE BUSIBJIEHHSA TA KJIACU®IKAIISI HEOJJHO3HAUYHOCTEM
Y BUMOTI'AX 10 ITIPOI'PAMHOTI'O 3ABE3INEYEHHA IT-IPOEKTIB3
BUKOPUCTAHHAM BEJIMKUX MOBHUX MOJAEJIEU TA RAG-TEXHOJIOI'TM

[Ipobriema 3abe3rneyerHs SKOCTI BUMOI Ha PaHHIX €Tarax XUTTEBOIO YNKITy PO3POOKH HAOYBAaE KPUTUYHOIO 3HAYEHHS /1S
YCrIiXy MporpamMHuX MpoeKTIB, a/mKe HAasBHICTb JIHIBICTUYHUX Ta CEMAHTUYHUX HEOHO3HAYHOCTEH y Crieyndikalisix € OfHIEr 3
TO/IOBHUX TTPUYNH BUHUKHEHHS AEQEKTIB, NEPEBUTPAT OIOQKETY Ta 3pUBIB TEPMIHIB peastizauii. PyyHe peeH3yBarHHs AOKyMeHTalii €
HAaAMIPHO TPYAOMICTKUM Ta Cy6 EKTUBHIUM IIPOLIECOM, @ TPAAULIVIHI aBTOMATU30BAHI IHCTPYMEHTHU HA OCHOBI NPaBs1 YacTo reHEPYIoTH
BUCOKUY PIBEHB XUOHNX CIPAaLIOBaHb Yepe3 HE3AATHICTb PO3YMITU KOHTEKCT. BUKODUCTAHHS BE/IMKNX MOBHUX MOJENEN BIAKPUBAE
HOBI MOXJINBOCTI /151 CEMaHTUYHOIO aHasii3y TEKCTY, MPOTe iX MPSME 3aCTOCYBAHHS YCKIIGAHIOETLCS CXWIbHICTIO 40 ra/ioymHalivi 1a
ITHOPYBAaHHSIM CrieUn@idYHOI TEPMIHOJIONTT POEKTY.

Y crartTi 3anpornoHoBaHo ribpuAHm METOL BUSB/IEHHS HEOJHO3HAYHOCTEN Y BUMOIrax 40 MporpaMHOro 3abe3reyeHrHs], Lo
6a3yEeTbCs Ha IHTerpawii BESIMKMX MOBHUX MOAE/EN I3 TEXHOJIOIIED ITOLLYKOBOIo 4OrOBHEHHS reHepaLlii (RAG). 3anporioHoBaHmi rmigxig
TPYHTYETBCA Ha ABOAreéHTHIV pXITEKTYpi, SKa NMEPEABAYAE MOCAOBHY B3AEMOLIN0 areHTa-IAeHTUGIKATOPa A1 NEPBUHHOI lribTpaLii
BUMOI Ta areHTa-Kiacu@ikaropa A4/15 ix r/iimboKoi cCeMaHTuYHOI Turizawii 3rigHo 3i ctangapTom IEEE 830. Metog oxoriitoe T1aki eTany,
K CEerMeHTauisi TEeKCTy, AMHaMIYHE 36araqyeHHs 3arnTiB KOHTEKCTOM i3 6a3u 3HaHb POEKTY, 3aCTOCYBaHHS CTPATErii JIaHUIOKKA
MIDKYBaHb A/151 F€HEPALYIi OSICHEHD Ta CTPYKTYDHMA NaPCHHI pe3y/ibTaTis.

EKCIIEPUMEHTY MPOBEAEHO HA CIIELIa/I30BaHOMY AATACETI 3 JOMEHY TE/IEKOMYHIKAaLIV, 1o MicTuT 1983 Bumorn, OTpuMari
Pe3y/IbTaTV 3aCBIAYN/IN IEPEBAry PO3pPOob/IEHOro ribpnaHoro MeToay Ha 6asi mogesni Flan-T5-Large Hag 6a3osumu riigxogamm (Zero-
Shot ta Few-Shot): meTog 3abe3neqye Precision 87%, nosHoty Recall 91% ra F1-score 89%. [J0AaTKOBO MiATBEPLAKEHO EPEKTUBHICTb
BUKOPUCTaHHS RAG 4/151 BHUXKEHHS KiJIbKOCTI XMOHUX CrPaLIlOBaHhb Ha BY3bKOCIIELIa/30BaHIN TEXHIYHIV IEKCHLI Ta ITPOAEMOHCTPOBAHO
34aTHICTb CUCTEMU H3AABATH IHTEPIPETOBAHI OSICHEHHS BUSIB/IEHNX AEQDEKTIB. Pe3y/ibTatvt JOBOASTS, O IHTErpPaLiss KOHTEKCTHO-
opieHToBaHux LLM-areHTiB iCTOTHO MigBULLYE DiBEHb aBTOMATU3ALI Ta HAAIMHOCTI MPOLECY ayauTy BUMOI Y CyHacHuX CEPEJOBULLAX
PO3POBKH.

Kto4oBsi ciioBa. BUMOMV [0 NpOrpamMHoro 3a6e3reyqeHHs, HEOAHO3HAaYHICTb, BemKi MOBHI Mogen, RAG, Flan-T5, Chain-of-
Thought, aBToMaTn3aLlis NEPEBIPKAL.
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Khmelnytskyi National University

AUTOMATED DETECTION AND CLASSIFICATION OF AMBIGUITIES IN
SOFTWARE REQUIREMENTS OF IT PROJECTS USING LARGE LANGUAGE
MODELS AND RAG TECHNOLOGIES

The problem of ensuring the quality of requirements in the early stages of the development life cycle is of critical importance
for the success of software projects, since the presence of linguistic and semantic ambiguities in specifications is one of the main
causes of defects, budget overruns and disruptions in implementation deadlines. Manual review of documentation is an excessively
laborious and subjective process, and traditional automated rule-based tools often generate a high level of false positives due to the
inability to understand the context. The use of large language models opens up new opportunities for semantic text analysis, but their
direct application is complicated by the tendency to hallucinations and ignoring specific project terminology.

The article proposes a hybrid method for detecting ambiguities in software requirements, which is based on the integration
of large language models with the technology of search-addition generation (RAG). The proposed approach is based on a two-agent
architecture, which involves the sequential interaction of an identifier agent for initial filtering of requirements and a classifier agent
for their deep semantic typing according to the IEEE 830 standard. The method includes such stages as text segmentation, dynamic
enrichment of queries with context from the project knowledge base, application of the Chain-of-Thought strategy for generating
explanations, and structural parsing of results.

The experiments were conducted on a specialized dataset from the telecommunications domain containing 1983
requirements. The results obtained demonstrated the superiority of the developed hybrid method based on the Flan-T5-Large mode/
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over the basic approaches (Zero-Shot and Few-Shot): the method provides Precision 87%, Recall completeness 91%, and Fl1-score
89%. Additionally, the effectiveness of using RAG to reduce the number of false positives on highly specialized technical vocabulary
fs confirmed and the system'’s ability to provide interpreted explanations of detected defects is demonstrated. The results prove that
the integration of context-oriented LLM agents significantly increases the level of automation and reliability of the requirements audit
process in modern development environments.,

Keywords: software requirements, ambiguity, large language models, RAG, Flan-T5, Chain-of-Thought, verification
automation
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MOCTAHOBKA IMPOBJIEMMU Y 3ATAJIBHOMY BHUI'JISIAIL
TA ii 3B’S130K 13 BA’JKIMBUMU HAYKOBUMH YU ITPAKTUYHUMU 3ABJIAHHAMHU

VY cy4acHUX ZOCIHIIKEHHIX Y cepl po3poOKH IporpaMHOTo 3a0e3neueHHs mpodaeMa 3a0e3eUeHHS TKOCTI
BUMOT Ha PaHHIX eTamax »XUTTEBOrO IUKIy HaOyBae 0coOnMBOi aKkTyasJbHOCTI. BHMOrM BHCTYMalOTh OCHOBHUM
3ac000M KOMYHIKAIlil MK CTOPOHAMHE TPOIIECy PO3POOKH, TOMY IXHS UiTKICTh Ta OJHO3HAYHICTH € BUPIMIATLHUMUA
Uit yemixy npoekty [1, 2]. HasgBHICTH JMHTBICTHYHHX a00 CEMaHTHYHHX HEOJHO3HAYHOCTEH y crenrQikarisx
NPU3BOJUTH JI0 PI3HOTO TIyMadyeHHsS 3aBIaHb YYaCHHKaMH PO3pOOKH, L0 CIPUYMHSE BUHUKHEHHS AC(EKTiB,
MEPEBUTPATH OFOJKETY Ta HEOOXIMHICTh CYTTEBHX JOOMpAIfOBaHb Ha Mi3HIX cTamisx [3, 4]. AHamiThuHi AaHi
CBi/14aTh, 1110 3HAUHA YaCTHHA IPOTPAMHHX 3001B 3apOKY€ETHCS caMe uepe3 KOMYHIKalliifHi po3puBH min yac dikcauii
BUMOT [5, 6].

Py4yna mepeBipka AOKyMeHTalii 3aJIMIIAETHCS TPYJOMICTKUM, CYO’€KTHBHHM Ta CXHJIBHUM JIO TIOMHIJIOK
MpOLIECOM, SIKHH CKJIAAHO MaciuTaOyBaTH. ICHyIOWl aBTOMAaTH30BaHi IHCTPYMEHTH, IO 0a3yIOTBCS Ha JICKCHKO-
CHHTAaKCHYHHX TMpaBmiax abo kimacnyHux wmeromax NLP (manpukian, QuARS), gacto 3abe3medyroTh Jmimie
MIOBEPXHEBUH aHANI3 TEKCTy, BOHH I'€HEPYIOTh BHCOKHI piBeHb XMOHMX CIpalOBaHb, OCKUIBKH HE BPaxOBYIOTh
TIMOOKI CEeMaHTHYHI 3aJIe)KHOCTI Ta crieludigHmiA KOHTEKCT MpeaAMeTHOT oomacTi [7].

OcTtaHHI TOCATHEHHS Y cepi MTYIHOTO IHTEIEKTY, 30KpeMa MosiBa BEIUKUX MOBHHUX Moneneit (LLM) ta
TpaHC(HOPMEPHUX aPXITEKTYp, BIIKPWIA HOBI MOXKIIMBOCTI JJIS IiIBUIICHHS SIKOCTI aHai3y BuMoOT [8, 9]. Bemmki
MOBHI MOjieNi 3[aTHI BUKOHYBaTH TJIMOOKMI CEMaHTHYHHUK Po30ip, BUSBISATH NPHUXOBaHI HETOYHOCTI Ta HAaBITH
reHepyBaTH NOSICHEHHS IIPUYMH HEOITHO3HAYHOCTI, BAKOPUCTOBYIOUN MeXaHi3Mu MipKyBaHHs [10].

3aiMIIaEThCsl HEBHMPILICHWM IMTAHHS ajanTalil yHIBEpCalbHMX MOBHHX Mojeneld 1o crerudiku
KOHKpeTHHX mpoekTiB. Cami nmo co6i LLM cxuipHi g0 "ramouuHanii" Ta irHOpyBaHHS By3bKOCHEIiali30BaHOT
TEPMIHOJIOTIT UM apXiTEeKTYPHUX 00OMEKEHB, 1110 3HIIKYE JOBIpPY J10 pe3ynbrariB ix podortu [11]. BincyTHicTs goctymy
MOJIEJI 10 aKTyaJbHOTO IJIocapilo Ta 0a3u 3HaHb MPOEKTY MPHU3BOAUTH JI0 MOMHIIKOBOI KilacH(iKalii KOPEeKTHHX
TEXHIYHUX BUMOT SIK HEOJTHO3HAUHHX.

TakuM YHHOM, aKTyaJbHOIO HAayKOBO-IIPAKTHYHOIO 3a7adyelo € pO3poONeHHs TiOpHIHOTO METoIy
ABTOMATH30BAaHOTO BHSBIICHHS HEOJHO3HAYHOCTEH, SKWIl IO€AHYE AaHANITHYHY MOTYXHICTh BEJIMKHX MOBHHX
MoOJIeJIeH 13 TEXHOJIOTIEI0 TTOITYKOBOTO ormoBHEeHH: reHepatlii (RAG). Bukopucranas RAG mo3BomuTh 3a0e3ne9nTh
JTUHAMIYHE BpaXyBaHHS KOHTEKCTY MPOEKTY, MIABHUIUTH TOYHICTH Kiacuikamii Ta MiHIMI3yBaTH KiJbKICTh XHOHUX
CIIPAIOBaHb MOPIBHSIHO 3 0230BUMHU METOIAMH.

AHAJII3 JIOCJIJI)KEHD TA TYBJIKAIIA

[IpobnemaTka HEOIHO3HAYHOCTI B TEXHIYHIN JOKyMeHTamii Oyma BHepiie [eTaJbHO OINCaHa B
(hyHIaMEHTAIBHUX JOCHIDKEHHSX, 1€ 1€ SBUIIE XapaKTepHU3YEThCS K CTaH, KoM 3a(iKCOBaHI BUMOTH OTPUMYIOTh
BiIMiHHI, a iHOAI ¥ CymepewINBI TPaKTyBaHHS DI3HMMH YYaCHHKaMH XKUTTeBoro mukiy [12, 13]. Ilomampurmii
PO3BUTOK L€l TEMaTUKH MPOJEMOHCTPYBaB, 10 OCHOBHA IPUYMHA KPHETHCS y crieluini MpupoaHOi MOBH, sKa
NPOSIBISIETHCS YePe3 MOJTiCEMit0, CHHTAKCHYHY BapiaTHBHICTB Ta HEJIOCTATHIO BU3HAUEHICTh KOHTEKCTY, 1110 CTBOPIOE
TaK 3BaHWI CEMaHTHYHUI PO3PHB MK HAMIpOM aBTOpa Ta CIPUHHATTSIM po3pobOnuka [14, 15].

Cyu4acHi OrIsiIu MiJKPECIO0Th, 10 PYYHI METOJU PELEH3yBaHHS € TPYAOMICTKUMHU Ta Cy0’€KTHBHUMH,
TOJI SK TpaaWIiiHI aBTOMaTH30BaHI iHCTpyMeHTH (Hampukian, QuARS) marors cyrreBi oOmexenHs. Oxpemi
JIOCJIIJPKEHHS aKIEHTYIOTh yBary Ha TOMY, IO CHHTAKCHYHI MiIX0/u, sIKi 0a3yrOThCSl Ha JKOPCTKUX IIpaBWIIaX Ta
nra0JIoHax, YacTO TEeHEPYIOTh BHCOKHH piBeHb XHOHUX CIIPalOBaHb, OCKUIBKH OMNEPYIOTh IOBEPXHEBHMHU
CTPYKTYpaMH TEKCTY 1 He 3/1aTHI OXONUTH MNINOMHHUI CEeMaHTUIHUHN 3MiCT BUMOT [16].

[TosiBa METOIiB MAIIIMHHOTO HABYAHHS T4 BUKOPHCTAHHS BEKTOPHUX MPEICTABICHb CTAJIN BaKIIHBUM €TAIlOM
€BOJIIOIIIT aHali3y BUMOT, OCKUIBKH JO3BOJWIIM TEPEHTH BiJ TOMIYKY KIIOYOBHX CIIB O OIIIHKA CEMaHTHYHOI
O6mmmspkocti [17]. [Momanmpmn migxoau, 10 BUKOPUCTOBYIOTH €MOEAMHTH AOMEH-CHEIU(PITHUX MOB, 3a0e3MeHriIn
MIEBHUI PiBEHb QIANITUBHOCTI, MIPOTE BUSABWIIKMCS 3aJIS)KHUMH BiJ] HASBHOCTI BEJIMKUX PO3MIUYE€HUX KOPITYCiB ITaHUX,
AKkuX y cdepi imkeHepii Bumor kputuyno Opaxye [18]. /lomaTkoBi mOCTIUKEHHS HiITBEPIXKYIOTH €(EKTUBHICTH
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pexumiB Zero-shot ta Few-shot B ymoBax nedimury maHNX, AEMOHCTPYIOUH 3IATHICTH MOJIENEH PO3PI3HATH
CEeMaHTHYHI BiATIHKHA 03 MOBHOLIHHOTO JOHaBYaHHA [19].

CyrTeBuit nporpec y cdepi BUABICHHS HEOJHO3HAYHOCTEH CTAB MOMIIMBHUM 3aBASKH PO3BUTKY BEJIMKUX
MoBHUX Mozeneld (LLM) Ta tpaHcopmepHHX apXiTekTyp. Y HU3II CydacHHX pPOOIT HAroJoOIIyeThCs, IO
BUKOpUCTaHHA Mojeneili cimerictea GPT abo TS mo3Bossie 3MiHUTH miaXif Bij OiHapHOI Kiacugikaiii 10 TITHO0KOro
aHAJITUYHOTO pO300py 3 TeHepaliero NosicHeHb. CHCTEMaTHYHI OTJISIIA OCTaHHIX POKIB JEMOHCTPYIOTH (DOPMYBaHHS
HOBUX MinxoniB, ne LLM BHKOPHUCTOBYIOTBCS SIK IHTEJICKTYaJIbHI areHTH, 3/1aTHI A0 «PO3YMHOTO MipKyBaHHS» Ta
BpaxyBaHHS ITUPOKOTO JIHTBICTHIHOTO KOHTEKCTY [20].

Mogpeni Ha OCHOBI TpaHC(HOpPMEpIB BIAKPIIM MOXJIMBICTH 3aCTOCYBaHHS IIEPENOBHX TEXHIK, TaKMX K
ctparteris naHmoxkka MipkyBadb (CoT - Chain-of-Thought), mo mamo 3mory He numre BUSBIATH AedekTd, a i
3a0e3nedyBaTi IHTEPIIPETOBAHICTh PE3YIBTATIB IS iHKeHepiB. [lomanbmni MOCTiKeHHS TIOKa3aIH, 10 iHTeTparlis
30BHIIHIX 0a3 3HaHP depe3 MexaHi3M RAG mo3Bomsie CyTTEBO 3HU3UTH piBEeHb TANIOIMHAIIN Ta 3a0e3NCYUTH
(haKTOJOTI9HY TOYHICTB IPH POOOTI 31 CTICIIU(ITHOIO MTPOEKTHOIO TEPMIHOJIOTIEI0, SMYIITYIOUN MOEIH CITUPATHCS Ha
HajaaHi 1okas3u [21].

HesBakaroun Ha JOCSTHYTHH Mporpec, HU3Ka Mpo0iieM 3aIHIIA€ThCsl BIAKPUTOIO. 30KpeMa, akTyallbHUMU
3aJIMIIAIOTHCS MUTAHHA afanTauii yHiBepcanbHux LLM 10 By3bKocIeliaai3oBaHUX JTOMEHIB 0€3 BUCOKOBapTICHOTO
JIOHABYAHHS, MOJOJAaHHSA MPOOJIEMH «KaTacTpoGiuHOro 3a0yBaHHS» KOHTEKCTY Ta 3a0e3MedyeHHs CTaOlIbHOCTI
BUXIZIHUX JaHUX. BifcyTHICTH TiOpUAHUX apXiTEKTyp, sKi O MOETHYBaJM THYYKICTh T€HEPaTUBHHX MoOJeNeil i3
TOYHICTIO JJETEPMIHOBaHUX HPaBHJI, 0OMEXKY€E IPOMUCIIOBE BIIPOBADKEHHS TAKUX cHcTeM [22].

OTxe, cydacHi JOCIHIHKEHHS IEMOHCTPYIOTh nepexin Bix knacnaaux NLP-meTomis [23,24].10 KOHTEKCTHO-
OpIEHTOBaHMX areHTHUX cucreM Ha 0a3zi LLM. lle cTBOpioe mepenyMoBH Il pO3pOOIEHHS HOBHX METOIIB, IO
MOEIHYIOTh CEMaHTHIHY TOTYKHICTh HeHpoMepek 13 HaAiHHICTIO repeBipku ¢akTis yepe3 RAG.

®OPMYJIOBAHHS IIJIEA CTATTI
Metoto poOoTH € po3pOOICHHS Ta eKCIepUMEHTalIbHa IepeBipka riOpHAHOTO METOAY aBTOMAaTU30BaHOIO
BUSIBJICHHSI Ta Kiacu(ikanii HEOJHO3HAYHOCTEH Yy BHMOrax [0 IPOrpaMHOro 3a0e3Me4YeHHs 3 BUKOPHUCTAHHIM
BEJIMKMX MOBHHUX MOJelieil. 3anponoHOBaHMM MiAXiJ CHPSMOBAaHMN Ha MiJBUIIEHHS TOYHOCTI Ta MOSCHIOBAHOCTI
aHaJIi3y 3aBJISIKU JIBOXETAIHi 00poO1li Ta TMHAMIYHOMY BpaXyBaHHIO KOHTEKCTY MPOEKTY.

BUKJIAL OCHOBHOI'O MATEPIAJTY

3anpornoHoBaHui MeToJ| 0a3yeThCsl HA BUKOPUCTAaHHI TIOPUAHOI apXiTEKTypH, IO TMOEIHYE TeHePaTHBHI
MOJJIMBOCTI BEIIMKAX MOBHHX MOJENEH 13 TEXHOJOTi€lo ToIlrykoBoro momoBHeHHs (RAG). Horo kommnemnmis
IPYHTYEThCSA Ha JEKOMIIO3HWINIi 3aJadi aHami3y BHMOT Ha J[Ba IOCIHIAOBHI eTamu: igeHTH(IKAIi0 MOTCHIIHHUX
mpobieM Ta TXHIO MOTIIHONICHY CeMaHTHYHY KiIacudikariito. Takuid miaxiJ J03BOJISIE HIBEIIOBATH OCHOBHI HEIOMIKA
npsMux 3anuTiB 10 LLM — CXWIBHICTE O TaNIONUHALINA Ta ITHOPYBAaHHS BY3BKOCIICI[Iai30BAHOTO KOHTEKCTY
TIPOEKTY.

Cxema MeToly BKIIIOYA€E TaKi OCHOBHI €TaIly, SIK OoNepeaHs 00poOKa i cerMeHTallis TeKCTy, iaeHTHdiKaris
HEeoJIHO3HauHOCTel 3a Jjoromorod RAG-dinbrpanii, a Takox ¢iHanpHa Kiacudikauis 3 aBTOMATHYHUM
(dopMyBaHHIM TOsICHEHb. KodkeH eTar peasi3yeThCsi OKpEMHM IMPOTPaMHHMM areHTOM, 10 3a0e3nedyye THy4YKiCTh
HaJIAIITYBaHHS Ta MOXKJIMBICTh He3aJIeXKHOT ontumizauii Mmetpuk noBHotH (Recall) Ta rounocrti (Precision) . 3aranbHy
CXeMY apXiTeKTypH OJaHO Ha PUCYHKY 1.

Ha erani inentudikanii ¢yHKIiOHYe areHT-ineHTH(IKATOp, 3aBIaHHSIM SKOrO € MEepBHHHA (UIBTpaLis
BuMor. /Iy iboro (popMyeThCsi KOMIIO3UTHHH 3aIUT, 0 00’€HYy€e TEKCT BHMOTH, JICKCHYHI MapKepH (CIOBHHK
Tpurepis) Ta akTH 3 6a3u 3HaHb MPOEKTY (OIUC apXiTEKTypH, Tiocapiil) . Bukopucranus RAG no3Bosisie [uHAMivHO
BepuiKyBaTH TEXHIUHI TEpMiHM, BiJICiIOIOYM XMOHI CIpalloBaHHS Ha abpeBiaTypax 4M cHenuQiuHMX Ha3Bax
KOMITOHEHTIB. Pe3ynbTaToM eTarry € olliHKa BIIEBHEHOCTI MOJIEINI: SIKIIO BOHA IIEPEBUIIYE IIOPOTOBE 3HAUCHHS, BUMOTa
TiepelacThCsl Ha HACTYITHHUI piBEHb OOPOOKH.

I'mnboxuit anHami3 BUKOHYeThCS AreHToM-KiacmgikaTopoM i3 3aCTOCYBaHHSM CTpaTerii JIaHITIOKKA
MipKyBaHb. 3aMiCTh ITPOCTOI KiIacuikallii, MOAEIb ITOCIiJOBHO BUKOHY€ JIHTBICTHYHUH po30ip, 3iCTaBIEHHS O3HAK
i3 TakcoHomiero ctangapty IEEE 830 ta rerepanito TEKCTOBOTO TIOSICHEHHS TPUYMHHM Ie(EKTY, [1e TO3BOJISIE HE JINIIIS
BHSIBUTH JICKCHYHI, CHHTaKCH4HI 4YM pedepeHIiifHi HeOqHO3HAUYHOCTi, a ¥ HaJaTH IHXECHEPY apryMEeHTOBaHHH
BHCHOBOK JUJIs iX BUIIPABIICHHSI.

AHAJII3 EOGEKTUBHOCTI 3AITPOITIOHOBAHOI'O METOY
MerTor0 eKcrepuMEeHTaNbHOI YacTHHM € KiJIbKiCHa i SIKICHA OLiHKa e(QEeKTUBHOCTI 3alpoIlOHOBAHOTO
riOpuHOrO MeTOy BUSIBJICHHS Ta Kiacudikauii HEOAHO3HAYHOCTEH y BUMOrax JI0 NPOrpaMHOTO 3a0e3MeUeHHs 3
BUKOPHCTAHHSM BEJIMKUX MOBHHMX Mojeinei. OCHOBHa yBara NMpUAIISIETbCS OLIHIOBAHHIO 3/IaTHOCTI METO/AY TOYHO
ineHTH(hiKyBaTH ceMaHTHU4HI JedeKTH 3 ypaxyBaHHSIM cHeun(IYHOTO KOHTEKCTY IPOEKTY, a TaK0XX BH3HAYCHHIO
BIUMBY TexHoJorii RAG Ta cTparerii JlaHII0KKa MipKyBaHb Ha IOKa3HUKH TOYHOCTI Ta MOBHOTH aHai3Yy.
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JocmimkeHHs TIPOBOIMIIOCS Ha crermiani3oBaHii T IMHOKHHI JaTaceTy
«Cornelius_2025 user_story ambiguity dataset» , 1110 OXOILTIOE IPEIMETHY 00JIaCTh TeJIeKOoMYHikanii. Habip nanux
Mictuth 1983 Bumorn, cepen skux 890 (44,9%) MaroTh MiATBEPIKCHI SKCIIEPTAMU HEOTHO3HAYHOCTI, a 1093 (55,1%)
€ KOpeKTHMMH. Bubip 1pOro j0oMeHy 3yMOBJICHMI BHCOKOIO HAaCHYEHICTIO crienudikamiii CKiIaJHOI TEXHIYHOIO
TEPMIHOJIOTIEI Ta abpeBiaTypaMu, IO J03BOJISE 00’ €EKTUBHO MEPEBIPUTH CTIMKICTh MOJEICH JI0 «TaTIONUHALINY Ta
XUOHHX CIPalLlOBaHb.

OrniHroBaHHS BUKOHYBaocs 3a MeTpukamu Precision (Tounicts), Recall (IToBHoTa), F1-score (cepenue
rapmonivne) Ta Classification Accuracy (TOYHICTh MYJIBTHKIACOBOT KIacuikarii).

/ Bxia: Bumory go N3 /\ Etan 1: MonepeaHa odpodka

. CermeHTauif

(ATomapHi chparmexsTi)

ETan 2: RAG-0ineTp (lgeHTrdikalif)

A

QopMyBaHHA 3anuTty Hopm?nzaa_uiﬂ
(Texct + Jlekcukod + Baza 3HaHs) (HwxHin pericTp)

O6pobka signosigi LLM
(Yu BUABNEHO HEOQHOZHAYHICTL) \r Etan 3: Knacudikauia (CoT)
aK
\ - NaHuoxok Qymox

(AHanis -= Tun - MoRCHEHHR)

Hi MapcuHr signosige

Etan 4: 30ip peayneraris

~ CTpYKTYpyBaHHA BUCHOBKIB <

A

/ Buxia: CTpyxkTypOBaHMit BUCHOBOK /

Puc. 1. Cxema MeTOly BUSIBJICHHSI HEOJIHO3HAYHOCTEI y BUMOTaXx /10 IPOrPaMHOro 3a0e3ne4enHs

OnHUM i3 KITFOYOBMX YMHHUKIB, IO BIUIMBAIOTH Ha SKICTh aBTOMAaTH30BaHOTO aHANi3y BUMOT, € HasIBHICTb
KOHTEKCTHOI 00i13HaHOCTI — TOOTO BpaxyBaHHsI HE JIMILE JIHTBICTHYHUX O3HAK TEKCTY, a W OIKCIB apXiTEeKTypH
CHCTeMH, TTocapiro Ta 6i3Hec-noriku. Knacuani miaxoau (Zero-Shot) 4acTo irHOPYIOTH I1i 3aJI€KHOCTI, CIIPHHMAIOYH
BY3BKOCTICIliasli30BaHi TepMiHH SK MOMHIKH. 11106 OIiHUTH BIUIMB 3aIIPOTIOHOBAHUX apXiTeKTypHuUX pimenb (RAG ta
areHTHa JEKOMIIO3HIIis), OyI0 MPOBEICHO MOPIBHAHHS TPHOX CHEHAPIiB!

1. Zero-Shot — npsime Buxkopuctanas LLM 6e3 101aTKOBOTO KOHTEKCTY;

2. Few-Shot — Bukopucranus LLM 3 HagaHHAM IeMOHCTPAIifHAX ITPHUKIIA/IIB;

3. 3anponoHoBaHuUi MeTOJ i3 BUKOpUcTaHHAM RAG, arenris Ta CoT.

[NopiBHsIBHI pe3yibTaTi e)eKTHBHOCTI METO/IB HaBeAEHO y Tadmumi 1.

Tabimns 1
IopiBHsIILHMIA aHANI3 e)eKTHBHOCTI MeTO/1iB BUSIBJICHHSI HEOJJHO3HAYHOCT el
Meton Precision (TouHicTb) Recall (IToBHOTa) F1-score
Zero-Shot 0.62 0.54 0.58
Few-Shot 0.74 0.65 0.69
3anponoHoBaHUI METOJL 0.87 0.91 0.89

Sx BUAHO 3 TaOJMI, 3alMpPONOHOBAHWN TiOPWAHUNA METON JEMOHCTPYE CYTTEBY IlepeBary 3a BciMa
KITIOYOBUMH MeTpukaMu. 3HaueHHs Precision 3pocio 3 0.62 (y Zero-Shot) mo 0.87, mo cBiguuTh po €(HEeKTHBHICTH
mexaHisMy RAG y ¢inbrpaunii xubHuX cripaitoBanb Ha TexHiuHiN jekcui. [Tokasnuk Recall nocsr pisus 0.91 (mpotu
0.54 y 6a3zoBoMy cueHapii), 110 HiATBEP/KYE NPABUIBHICTD HANAIITYBAHHS areHTa-iJIeHTH(IKaToOpa K «IIUPOKOTO
¢inbTpay, 31aTHOrO (iKCyBaTH HAlIMEHI 03HAKH HOTEHIIHHUX MPOOJIEeM.
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Huspki 3HaueHHs MeTpuK g minxoxy Zero-Shot (F1-score = 0.58) € ouikyBaHHME, OCKUIBKH 130JIb0BaHa
BiJl KOHTEKCTY MOJIENIb CXHMJIbHA JIO T1IIEPKOPEKIii — MOMUIIKOBOT KiIacudikallii KOpeKTHUX abpeBiaTyp (HampHKiaz,
Ha3B cepBepiB "S1", "GW1") sk He3po3yminux TepMiHiB. BupoBamkenns Few-Shot miaxoay nokpanmio pe3ynbTatu
(F1 = 0.69) 3aBasku ananrauii Moneni no ¢opmary 3aaadi, MpoTe JHMIIE ITOBHA apXiTEKTypa 3 1H €KLIEI0 3HaHb
JTO3BOJIHJIA TOCATTH TIoKa3HuKa F1-score Ha piBHi 0.89.

Ha nactymHOMYy etani gocitiKeHHs 0yI0 MpoaHali3oBaHO 3JaTHICTh METOAY PO3PI3HATH crenu(iuHi THIIH
HeoaHO3HauHocTel 3rigHo 3i cranaaproM IEEE 830, me BakIMBO AJsl NPaKTHYHOTO 3aCTOCYBAaHHS, OCKUIBKU Pi3Hi
TUOHN eeKTiB BUMAraloTh PI3HWUX CTpaTerii BumpaBieHHSA. ToOdYHICTh KiIacH]ikamii I OCHOBHHX KaTeropiit
HEOJHO3HAYHOCTEH HaBEJCHO Y Ta0muIi 2.

Tabmuus 2
TounicTs KTacudikarii 3a THHaMu HEOHO3HAYHOCTEH
Tun Heono3HauyHocTi (Kiac) TounicTh K1acugikanii (Accuracy) Yacrtka y Bubipui
CemanTnysa (Semantic) "84.8%" Bucoka
Coepu aii (Scope) "82.3%" Cepenns
Bukonasus (Actor) "83.8%" Cepenns
Ipuiimanns (Acceptance) "77.0%" Huspka
Ipiopwureris (Priority) "68.8%" Jly’xe Hu3bKa

PesynbraTi mokasanu, 1o MeTox 3abe3rnedye BHCOKY TOUHICTH JUISi HAWOUIBII MOIIUPEHUX Ta CKIIaTHHUX
kateropii: cemantumdHnx (84,8%) ta pedepenuiiianx (Actor — 83,8%) HEOOHO3HAYHOCTEH, L€ MiATBEPIKYE
e(heKTHUBHICTH CTpATETIi JIAaHIFO)KKA MipKYBaHB, SKa JO3BOJISIE MOJIENI BUKOHYBATH TTTHOOKMI CHHTAaKCUIHUH po30ip
Ta BCTAHOBJIIOBATH JIOTIYHI 3B’SI3KH MIX €JIEMEHTaMH BUMOTH (HANpHUKIAl, pe3oiorito anadopn). [Jemo HmxIuit
pe3ynbTar I Kateropii mpiopureTi (68,8%) MOSCHIOETHCS IXHBOIO MAaJIOI0 MPEACTABICHICTIO Y HABYATHHOMY
KOHTEKCTI, [0 € THIIOBUM I He30aIaHCOBAaHUX PEAbHHX AaTACETIB.

Otmxe, pe3yabTaTH EKCIEPHUMEHTIB IMIATBEP/PKYIOTh, IO IHTErpamis BEJIMKUX MOBHHX MoOJeleH 3
KOHTEKCTHOIO 023010 3HAHb Ta areéHTHOIO apXITEKTYPOIO A03BOJISIE BUPILIUTH POOJIEMY «CEMAaHTUYHOT'O PO3PUBYY.
3anpornoHOBaHUi METOJ| HE JMIle BHABIAE NedekTu 3 BucoKoro TouHicTio (0.87), a il 3a0e3meuye iX KOpPEKTHY
THUII3aLiI0 Ta IHTEPIpEeTalilo, 0 CTBOPIOE MIAIPYHTS Al HOro e(EeKTHBHOIO BUKOPHCTAHHS B MPOMHCIOBHX
npolecax ayJJuTy BUMOT.

BUCHOBKH 3 JAHOI'O JOCJIAKEHHA
I MHEPCIHEKTUBU NNOJAJIBIINX PO3BIJAOK Y JAHOMY HAIIPSMI

VY Xomi mpoBeNeHOTro IOCHTIHKEHHS OYyJl0 po3poOiIeHO, peali3oBaHO Ta EKCIEPUMEHTAIBHO TEepEeBIpPEHO
riOpuHUIA METOoJ] aBTOMAaTH30BaHOTO BUSBJICHHS Ta KiacH(ikalii HEoOJHO3HAYHOCTEH y BUMOTax /10 HPOrpaMHOTO
3a0e3neueHHs] 3 BUKOPUCTAHHAM BEJIIMKHUX MOBHHUX Mozeield. OCHOBOIO MiJXOIy CTaJO MOEIHAHHS T€HEPaTUBHUX
MosxxmBoctedt LLM i3 rexHonoriero RAG, mo 103Bommio 3a0e3nevn T KOHTEKCTHY OpiIEHTOBaHICTh aHali3y. Moienb
Flan-T5-Large y mnoenHaHHI 3 areHTHOIO apXiTEKTYpOIO IPOJEMOHCTpYBaja 3[aTHICTh He Jume (ikcyBaTH
JIHrBiCTHYHI NedekTy, a it BepudikyBaTH TEXHIUHY TEPMIHOJIOTIO Yepe3 0a3y 3HaHb MPOEKTY, €HEKTHUBHO JONAI0YN
npo0JieMy «raIOLUHALI» Ta ITHOPYBaHHS KOHTEKCTY.

ExcriepuMeHTabHI pe3yabTaTH HiITBEPANIN CYTTERY liepeBary 3aporoHOBaHOTO TiOPUIHOTO METOAY Hall
6azoBumu migxomamu. llopiBHsHHS 3i crueHapismu Zero-Shot ta Few-Shot mokasanmo, mo po3poOneHuil MeTon
3abe3neuye Halikpanii nokasHuku: Precision gocsirae 0.87, Recall — 0.91, a Fl-score — 0.89, 3Ha4HO mepeBHIYIOYN
pe3ynbrat 0azoBoro BukopuctaHHs LLM (Fl-score 0.58 mms Zero-Shot ta 0.69 mms Few-Shot). 3naueHHs
MyJIbTHKIIAcCOBOI TOYHOCTI (0.83) CBIqUUTE ITPO KOPEKTHY THITI3aIliI0 BUSBICHUX Ae(eKTiB 3rifHo 3i crannaptom IEEE
830 Ta 371aTHICTH CHCTEMH HaJaBaTH PEJICBAHTHI MTOSCHEHHS.

OcoOnuBe 3HaueHHS Mae BIPOBAPKeHHS MexaHi3My RAG Ta aBoxeranHoi oOpoOku naHux. JlomaBaHHS
JMHAMIYHOTO KOHTEKCTY IPOEKTY JO3BOJMJIO MiHIMI3yBaTH KUIBKICTh XMOHMX CIIpallOBaHb Ha crerudidii
TEeXHIYHIA JIEKCHUIll, 110 CTaJ0 KJIIOYOBUM (aKkTopoM 3pocTaHHS TodHOCTI 3 0.62 mo 0.87 mopiBHsAHO 3 6a30BUM
cienapiem. lle migTBepmKye, mo e(QeKTUBHUI aHai3 BHUMOT MOTpeOye BpaxyBaHHS HE JIMIIE YHiBEpCATbHHUX
JHTBICTUYHUX MPABUIL, a W apXiTEeKTypHUX 0OMEKEHb Ta IJI0Capito KOHKPETHOI MPeIMETHOI 00JI1acTi.

[IpoBenenuit anami3 e(eKTHBHOCTI cTparterii JaHIIOKKAa MIpKyBaHb 3acBiM4MB ii KPUTHYHY pOIb Y
BHpIIICHHI CKJIATHUX CEMaHTHYHMX 3a1a4. Bukopucranas CoT 103BOAMIIO0 JOCATTH BUCOKOI TOYHOCTI PO3ITi3HABAaHHS
st cemanTuaHUX (84,8%) Ta pedepentiitnux (83,8%) HeoTHO3HAYHOCTEH, 3a0€3MEUNBIIH TTHOOKY THTEPIIPETAIlit0
3B’sI3KIB MiX eJeMeHTaMH BUMOT. He3Bakaroun Ha 30UIBIICHHS CEpEIHBOTO Yacy oOpoOKH a0 2,6 C, TAKHN ITiIXi]
3abe3nedye HeoOXiAHY apryMEHTALIIO0 pillleHb, TIEPETBOPIOIOYH MOJIETIb Ha «BIPTYaJIbHOTO EKCIIEPTay.

3aranom pe3yiabTaTH poOOTH MiATBEPPKYIOTh AOLIIBHICTH 3aCTOCYBaHHs TiOPHIHMX apXiTeKTyp Ha 0asi
LLM y 3agagyax aynuTy BUMOT. 3alpONIOHOBAHMH MeTOJ| 3abe3leuye BUCOKY TOYHICTh Ta 00’ €KTHBHICTH aHAII3y
3aBIISIKM 1HTerpalii KOHTEeKCTHUX 3HaHb, 3MEHIIIYE€ HaBaHT)KCHHS Ha aHATITHKIB HIIIXOM aBTOMAaTH3alii pyTHHHHUX
NIepeBIPOK 1 CTBOPIOE MIATPYHTS 1Sl BIPOBAKEHHS IHTEIEKTYIbHIX aCHUCTEHTIB Y POLIECH PO3POOKH ITPOrpaMHOTO
3abe3nedeHHs.
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