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CpaBHHUTEJILHBIN aHAJN3 HCIOJIb30BAHUA OTKPBITHIX

Mo/ieJiell HeHPOHHBIX ceTell B TeCTUPOBAHUM
NMPOrpaMMHOTI0 00ecrneyeHust

Jlarano K.B., CII6I'Y, Cankr-IletepOypr st134891@student. spbu. ru

AHHOTANUA

B crarpe paccmarpuBaeTcsl MCHOJIb30BaHHE OTKPBITHIX OOJBIINX
sI36IKOBBIX Mogpeneit (LLM) HefipOHHBIX ceTel U OolleHuBaeTcs 3¢-
(pexTHBHOCTH UX TpMeHeHus B TectupoBanu REST API. Penena
3ajJaya CO3/laHusl IPOrPaMMHOIO Kofa JJIs1 aBTOMAaTU3UPOBaHHBIX
MPOBEPOK TECTOBHIX CLIEHAPHEB 1 IIPOBE/IEH CPABHUTEIIbHbIN aHAIN3
3¢ PeKTUBHOCTH BHIIOJIHEHHSI [TOCTABIEHHO! 33aJja4 HA OCHOBaHUH
TMOKa3areJiell BBIOPaHHBIX METPHK.

BBegenne

B nponecce pazpadorku [1O 0ObIYHO BBIAEISIOT HECKOJIBKO 3TaroB [[1], Ta-
KHX KaK IUTaHUPOBaHKe, pa3paboTKa, TeCTUpoBaHue 1 ip. Ha npakTvke BO3HMKaeT
HEo0X0OUMOCTb 3(p(EKTIBHOTO BHIIOIHEHHSI KQKA0TO U3 3TUX 3TAroB. B maHHON
CTaThe peyvb MoiiaeT 00 3Tare TeCTUPOBAHUS, IIPOBOIAIIEMCS P IIOMOILH ABTO-
MaTU3alliy, B TOM YHCJIE C UCMIOIBb30BAaHUEM CPEJICTB MCKYCCTBEHHOI'O MHTEJIIEK-
Ta. DTO NO3BOJIAET YMEHBUIUTh TPYJ03aTPaThl Ha BHIIOJTHEHNE PYTUHHBIX 3a/1a4 [0
PYYHOMY TECTHPOBAHHIO IPOrpaMMHOro obecrieuenus [2]. imu, Haripumep, sBJIs-
I0TCSI COCTaBJICHUE YEK-JINCTOB, UX TPOXOXKJECHHE C IIEJIbI0 BBISBICHHS J1e(DeKTOB
00BEKTa, aJanTalys CyIEeCTBYIOINX KeiiCOB M pa3paboTKa HOBBIX B ClIydae M3-
MeHeHHs (PyHKLMOHAIA.

ITocTanoBka 3aJaYM

ITpu rectupoBanuu REST API Bo3HuKaet 3ajaua npoBepKu padoTOCTIOCOOHO-
cti API-MeTon0B, TOCKONIBKY IMEHHO OHM 00ECIIeUNBAIOT B3aUMOJEHCTBUE MEX-
1y KOMIIOHEHTAMHU CHCTEMBI, a TaKke OOMEH JaHHBIMHU MEX1y KOHEUHBIM 1071630~
BaTesieM U cepBepoM. [IpoBepka padoTocnocodHoct API-MeTon0B HauMHAETCsI
C TIOJrOTOBKM YEK-JIUCTA, COCTOSIIEr0 U3 HEOONIbIINX KEHCOB M OCHOBAHHOTO Ha
OITMCaHHBIX B JOKYMEHTalUK TpeOoBaHMAX K paccmarpuBaeMomy APIL. Camu keit-
CBI JJOJDKHBI OBITh aTOMAapHBIMU M COJIEPKATh CIIEAYIONIHE TTPOBEPKH:

¢ COOTBETCTBHUEC Tpe6OBaHI/IHM OOKYMEHTAIIUU;
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* KOPPEKTHOCTb MOJIy4aeMbIX JaHHBIX: KOJ CTaTyca, 3aroJIOBOK, TEJIO OTBETa
U JIpyroe;

* TpaHWYHBIC 3HAUCHUS,
* 00paboTKa HEBAJIMHOTO BBOJA;

* OTCYTCTBHE HEOXKMAAHHBIX apTehaKTOB ¥ OIIMOOK (HaprUMep, SXX) IpH OT-
KPBITUY CTPAHHULIBL.

OO6beKkTOM TeCTUPOBaHUsI Oy/IeT ABIsIThes myOanuHoe AP Petstore, copepxa-
mee 3arnpocs! pa3aeix Tamos: GET, PUT, POST u DELETE. I'enepanus aBroTe-
CTOB OyneT ocylecTBisAThCs i pazaena API non nazeanuem Per [3].

Kpurepusimu cpaBHUTEJILHOTO aHaIM3a Oy/IeM CUUTATh:

1. CpenHee MOKpbITHE SHAMOUHTOB pasiena Pet — cpeanee apudmeTndeckoe
OTHOIIIEHUIA KOJIMYECTBA POTECTUPOBAHHBIX CTATYC-KOIOB OJHOTO SHJIIO-
MHTA K KOJIMYECTBY €ro BO3MOXKHbBIX CTATyC-KOJIOB;

2. OO1iiee MOKPBITHE CTATYC-KOJOB pasjesia Pet — OTHOIIIEHHE KOJIMYECTBa BCEX
NIPOTECTUPOBAHHBIX CTATYC-KOAOB pa3jeia Pet k KonuyecTBy Bcex BO3MOX-
HbIX (HEYHUKAJIbHBIX) CTATyC-KO/IOB pasjeina Pet;

3. OOiiee MOKpbITHE SHAMOUHTOB API — OTHOIIIEHUE TIOJIHOCTHIO TPOTECTUPO-
BaHHBIX HJMOUHTOB (Y KOTOPBIX ObUIM MPOTECTUPOBAHBI BCE 3asIBJICHHBIC
CTaTYC-KO/bl) K KOJIMUECTBY BceX HANOUHTOB API;

4. Obmee nokpeITHE cTaTyc-kogoB APl — OoTHOIIEHME BCeX MpOTECTUpOBaH-
HBIX cTaTyc-KoJoB Bcero API K KOJM4IecTBy BCeX BOBMOXKHBIX (HEYHHKaIb-
HBIX) cTaryc-konos APIL.

Llenb paGoTHl — OMUpPAsCh HA MOAXOJ, OIMKMCAHHbIN B UcchenoBanun [4)], ome-
HHUTb ¥ CPAaBHUTH 3P (PEKTUBHOCTh NPUMEHEHHU I COBPEMEHHBIX SI3BIKOBBIX MOJIEJIEH
IUIs1 pa3pabOTKH TECTOBBIX ClieHapHeB. byem reHepupoBaTh TECTOBBIE CLICHAPUH
NP TIOMOIIX OOJBIIMX SI3BIKOBBIX MOJEJIEH M OLICHMBATh KauyeCTBO PE3YJIbTaTOB.
HefipoHHble ceTu noryyaT 3aroTOBJIEHHBIA IPOMIIT C OIUCAHUEM TECTOBBIX CLie-
HapUeB, KPUTEPUAMU NIPUEMKH U aCTIEKTAMH TECTUPOBAHUA [5].

Oxu1aeMbIM pe3yIbTaTOM SIBJIAIOTCS CKPUITHI Ha si3bIke Python, ucnons3yio-
e OubIMoTEKH pytest U requests U cofiepKallie aBTOMATH3UPOBAHHbIC TECTHI.

CueHapusiMM TECTHPOBAaHHS Oy/leM CUMTATh TECTHI OTIEJIBHO B3SITBIX MOAY-
Jieii (unit-TecThl) U TI00AIbHBIE CKBO3HBIE TIPOBEPKH (pyHKIMOHATA (end-to-end-
TecTsl). [l mepBoi rpymnbl Kax el Buj paccmarpuBaemoro HTTP-3anpoca noa-
BEPrHETCs TECTUPOBAHUIO OCHOBHOT'O (DyHKIIOHAA (TIPSIMOE UCTIONb30BAHKE, T10-
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3UTHBHbBIE KEHChI) ¥ BaIWJAIMK OTHPABISEMbIX JaHHBIX (HEBEPHOE HCIIONb30-
BaHKE, HETaTHBHBIE Keiichl). Bo BTOpOM cilyyae Lie/iblo POBEPOK SBJISETCS MO-
MCK OIIMOOK NP COBMECTHOM HMCIOJIb30BAHUM KaXJIOW KOHEYHOM TOYKM B API
(endpoint-a), n3yveHue BIMsHUsA endpoint-oB Opyr Ha Opyra, a Takke IMOUCK
HEOXKHUIaHHBIX apTe(aKTOB, IPOTUBOPEYAIINX TEXHUUECKOMY 3aJaHHIO.

C03,uam/le ABTOMATU3UPOBAHHLIX TECTOBLIX CIICHAPHUEB

Bt noaroTossieH eAMHbINA IPOMIIT CJIEAYIOIIETo BUaA:

ano:
1. API - https://petstore3.swagger.io/

2. openapi.json amozo API ¢ onucanuem 3HOnouHmos u cmamyc-K0008 -
https://petstore3.swagger.io/api/v3/openapi.json

Heawv: Hanucamv asmomamusuposanivle npogepku Ha Python ¢ ucnoavsosa-
Huem bubauomexu pytest (gpaiin main.py), obecneuus MaxcumansbHoe NOKpbimie
mecmamu pazoena Pet uz paccmampusaemozo API.

3aoauu:

* 1IPO8AAUOUPOBANTL SHONOUHMbL NO UMEIOULeliCSt OOKYMeHMAauuu (noayuums
04151 Kaxc0020 6ce ONUCAHHbIE 8 OPEenapi.json cmamyc-Koobt)

nposecmu 00un end-to-end keiic ¢ ucnoavsoganuem CRUD-onepayuti pas-
Oeaa Pet (ecau ecmvb HECKOALKO 3aNpOCO8 00UHAKOB020 MUNd, mo nocie-
008aMeNbHO 8b136ANb KANCObLIL)

* 006a8UmMb HECKONbKO MeCmo8 HA He2amueHble NposepKu (He6anuoHble
dannwle ¢ body/header u m.o.)

* 00uwee KoAuuecmeo npogepox O0NNCHO Oblmb He MeHbute 10

* obecneuumov UHMeZPAYUI0 c030a8aemo20 gatina main.py (2eHepupyemviii)
u 20mo6ozo aiina metrics.py (3a0am Hudce) 0AA AHAAU3A NOKPLUNUSL
API czenepuposannvimu mecmamu. Pesyavmamol mempuk 004%4CHbL b160-
OUMbCsi NOC.Ae 8bINOAHEHUS. MECHO08 8 KOHCONb 8 MOM Jdce NopsioKe, Umo 8
Odokymenmayuu (cHauana pasoen Pet, 3amem 6ce ocmaneHoble).

C monHbIM TeKCcTOM (haiina metrics.py MOXXKHO O3HAKOMUTBCA B [5].

TectupoBasch Takue Heitpocetn, kKak Chat GPT-40, Deepseek (6a30BbIil u
R1), Gemini (2.0 Flash u 2.5 Pro), Grok 3 u Qwen2.5-Max. Pe3ynpTar cpaBHu-
TEJIFHOTO aHa3a paboThl HEHPOHHBIX CeTel ¢ TOUKM 3PEHMS MIPUBEAEHHBIX MET-
PMK OXapaKTepu30BaH B Tabnuuax [l u B
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Deepseek | Gemini 2.5 Pro | Grok 3
Kon-Bo urepanuit 10 ycnexa 3 4 3

Kosn-Bo crenepupoBaHHBIX TECTOB 10 25 24
IIponieHT BepHO BBITOJHEHHBIX 90.0% 84.0% 91.7%
Cpennee nokpbitie 3Ha1n0uHTOB Pet | 71.9% 75.0% 86.5%
IoxpeiTHe cTatyc-konos Pet 71.4% 71.4% 85.7%
Oobiee nokpeiTue sHAMONMHTOB API | 15.8% 21.1% 26.3%
Oo61mee nokpeitie cratyc-kopos API | 33.3% 33.3% 40.0%

TaGmuna 1: CpaBHUTESbHBIM aHATN3 Pe3yabTaTOB paboThl HEUPOHHBIX ceTeil (ycheliHoe
BBITIOJIHEHHE).

ChatGPT | Gemini 2.0 | Qwen2.5- | DeepThink
-40 Flash Max (R1)
Kon-Bo urepaunii 3 5 5 )
J0 ycriexa
Kon-80o CIreHEpHUPOBAHHbBIX 12 13 16 15
TECTOB
Tlpouent nepHo 100.0% | 46.2% 100.0% | 66.7%
BBITTOJIHEHHBIX
Cpeanee nokpuiTue 38.1% | 36.5% 333% | 44.8%
SHIIIONHTOB Pet
Tokpbrtie cratyc- - 33.3% 333% | 42.9%
KoJ0B Pet
Obmee nokperrie 0.0% 10.5% 5.3% 10.5%
SHAouHTOB API
OGuiee nokpsiTye craryc- | 15.6% 15.6% 20.0%
konoB API

TaGmuna 2: CpaBHUTESIbHBII aHATIM3 Pe3YJIbTATOB PabOTHl HEUPOHHBIX CeTeil (BBIIOJIHEHO C
OMUOKAMH).

Wroru paboTsl Kax/10ii N3 HEMPOHHBIX CEeTeit:

* Grok 3: Jlan xopolee nepBoHavanbHOE MOKpbITHE (~50% pns craryc-
KOJIOB ¥ SHJIIOMHTOB) U KAYECTBEHHBIE TECTHI (~85%, BBINOJHUIOCH YCIIEIL-
Ho 11/13).

Ha BTOpOI7I HUTEepall1 3HAYUTECJIbHO YBEJINYNJI KOJIMYECTBO TECTOB (HO‘ITI/I B
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JIBa pa3a), TeM CaMbIM MOBBICUB MOKPHITHE A0 86%. XOPOIIIO CTPYKTYpUPO-
BaJI TECTHI 110 TPYIIIaM U METO/IaM — e2¢, TO3UTHUBHbIC, HeraTHBHBIC,

* Gemini 2.5 Pro: Ha nepBoii e urepanuy nokasai JJOCTOIHbIE pe3yibTa-
TBl — CpeJjHee NOKPhITUE 75%, IOKPBITUE CTAaTyC-KOAO0B 71%. 3a HECKOJIBKO
CJIEAYIONIMX UTEPALil yAaI0Ch COXPAaHMB TH MOKa3aTes N YBEJIUIUTD IIPO-
HEHT YCTIEIIHBIX TeCTOB 10 84%.

Kox comepxut 0oJbIIoe KOIMYECTBO KaUECTBEHHBIX MPOBEPOK, a TaKKe
YEeTKO pas3felicH IO TPYIIIaM TeCTOB (TIO3UTHBHBIE, HEeTaTHBHBIE, e2¢e). OT-
JeJTbHO CTOUT OTMETHUTh BBICOKYIO JETAJIM3AIIMIO CLIEHAPHEB BHY TP MHOTHX
TECTOB;

* Gemini 2.0 Flash: M3navaneHO MasneHskoe nokpeitie (11.5% B cpennem
NpU TECTUPOBAHUM SH]MIOMHTOB) U HU3KOE KauecTBO TecToB (23.1% ycnem-
HbIX). Ho mocJie HecKobKUX UTepaluii pe3ysibTaT yIaJloch B HECKOJIBKO pa3
yayuiuTh (10 53% 1 34% cOOTBETCTBEHHO);

* Deepseek: I110x0 Hauan ¢ TOYKM 3peHUs ycreltHOCTH TecToB (40%), HO B
WTOTE BBINOJHII NOCTABJICHHYIO 33711y, PO MUHUMAJIBHBIN TOPOT TI0
HEKOTOPBIM METPHUKAaM.

Ha BpIxone mosydeH CTpyKTYpPHUPOBAHHBIH KOJ C KOPOTKMMH KOMMEHTapH-
sIMH, KOTOPBII YETKO BBITIOJHSET 33JaHHBIC NHCTPYKLINH (aTOMapHbIE TPO-
BEPKHU, e2e-ClieHapyii, BApUATUBHbIE HEraTUBHbIE TECTHI);

* DeepThink (R1): B Havasxe BbIaT JOCTATOYHO HU3KHUI MPOLIEHT yCIeEI-
HBIX TecToB (40%) u nokpeiTus (30% 1151 SHATOUHTOB U 28% AJs CTaTyC-
konoB). Ha BTOpOIi MTepaluy HECKOJBKO YIyUIIWI MOKa3aTesH, OJHAKO
BCE CJIEAYIOIIME TOMBITKA 3HAYUTENIBHO YXYOIIAIN pe3yibTaT (COKpaTh-

JIOCh YUCJIO HpOBCpOK, HOKpBITI/I€ 110 HECKOJIbBKUM MeTpI/IKaM CTaJIO MECHbBIIIE
10%).

Kon cTpykTyprpoBaH 1o BIIy TPOBEPOK (IIO3UTHBHBIE, HETATUBHBIE U €2¢€),
a TakXke CHaOKeH Te3UCHBIMI KOMMEHTapHSIMU;

* ChatGPT-40: [Jan Herutoxoe NepBOHAYaJbHOE IOKPHITHE, HO HEBEPHO
BBITIOJIHWJI TIOCTABJICHHYIO 3a/lady — MPOBEPSJI BXOAUMOCTh IOIY4YE€HHOTO
CTaTyC-KO/Ia B CIIMCOK ONMCAHHBIX BMECTO TOTO, YTOOBI TECTHPOBAThH KaX-
Il 13 HUX. Ha cienyiomux urepanusax HeJIerHTUMHO U3MEHWII CTPYKTYPY
(paiina, n3-3a yero yacTh METPUK MEpECcTaa 0TOOPaKaThCs;

¢ Qwen2.5-Max: 13HauaJIbHO HE CTIPaBUJICS C TIOCTABJICHHOU 3a/1aveil, T.K.
Ha MPOTSDKEHIY HECKOJIPKUX UTEpaIvii He BRIBOAMI MeTpUKH. [Tocie siBHOTO
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UCTIPaBJICHUs 3TOTO JeheKTa METPUKH OTOOPA3UITUCh, OTHAKO 32 HECKOJIBKO
WTeparuii MUHIMAJTbHbIE TIOPOTOBbIC 3HAUYCHHUSI TAK U He OBUIM TOCTUTHYTHI
(octanucs B npeaenax 30%).

3akJrouyeHne

[Tpu ToM, uTO HekoTopble LLM Juib 4acTHYHO peayin30Basi 0003HAUYEHHbIS
TpeOOBaHM s, KaxkAast MOZIEJIb CMOTJIa CTeHEPUPOBATh MUHUMAIBHBII HA0OD CKpHUII-
TOB C aBTOMAaTU3UPOBAaHHBIMU TecTaMK JaHHOTO API. TToHOCTBIO € TOCTaBIEHHON
3agaveii cripaBuics Toiabko Grok 3. C He3HaUMTENIBHON MOTPEIIHOCTBIO, HO TOXKE
ycnemHo cripaBumchk Gemini 2.5 Pro u DeepSeek. OctanbHble Mopem He CMOT-
JI1 UCTIPABUTL BO3HUKIIME B XOJEC 3aITyCKOB OU_II/I6KI/I WJIN TIOBBICUTH IMOKa3aTCJIn
METPHK 10 MUHUMAaJIbHBIX YPOBHEIA.
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