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AHHOTALIMSA

Hunnomnas paboma, 60 cmpanuy, 4 pucynkos, 6 mabauy, 8 UCMOYHUKOS.
Knwuegvie cnosa: OBBEKTHO-PEJISILIMOHHOE OTOBPAXEHUE (ORM),
[TPOBJIEMA N+1 3AIIPOCA, OIITUMU3ALUA 3AITPOCOB,
ITPOU3BOJIUTEJILHOCTH ITPUJIOXEHUI

Obvexm uccnredosanus asnsemcs npodiaema n30sTouHbIX N+1 3ampocos B
O0BEKTHO-PENIALMOHHBIX CUCTEMaX 0TOOpaXkeHus Mpu padoTe ¢ 6azaMu TaHHBIX.

IIpeomemom uccredosanus A6110Mca METOJIBI 1 UHCTPYMEHTHI MUHUMM3AIUU
N+1 3anpocoB, aBTOMAaTU3UPOBAHHBIE CPEACTBA JIWATHOCTHUKH, aAJITOPUTMBI
ONTUMHU3ALIMN BBHIMIOJTHEHUS 3alpOCOB M CTPATeTUH HMHTETPAlMM B HKOCHCTEMY
pa3paboTKwu.

Lenvio pabomer s6155emcs CoO3qaHNE ABTOMATU3UPOBAHHOTO MHCTPYMEHTA ISt
NETEeKTUpOBaHUs U Koppekiuu N+1 3anpocoB 6e3 yyacTusi pa3pab0TYUKOB.

Memooamu uccnedosanus a61a10mcs MOHUTOPHUHT 3anpocoB kK BJ[ B peansHOM
BPEMEHH, CTPYKTYPHBI aHAIU3 3aIIPOCOB, aJalTUBHAS ONTUMHU3AIMS BBHIIOJHEHUS,
uHTerpanus B Django-skocucteMy, Kpocc-TECTUPOBAHUE HA MPWIOKEHUAX Pa3HOU
ApXUTEKTYPHI.

llonyuenuvie pezyromamuvl u ux HO8U3HA. pa3padOTaHa MOAYJIbHAs CUCTEMA,
coueraromias aBToMaruueckoe BbigBIeHHE (98% d(h(PEeKTUBHOCTH) U aZaANTHBHYIO
ONITUMU3AIIMIO 3aMTPOCOB HA OCHOBE aHAIM3a KOHTEKCTA BBHIMIOJHEHUS U TPACCUPOBKH
cTeka BBI30BOB. JlocTUTHYTO cokparieHue oOpamenuid k bl Ha 95.3%, yckopenue
BBINIOJIHEHUS 3anpocoB Ha 84.8%, pocT MpOIMYCKHOW CIIOCOOHOCTH CUCTEMBI B 3.5
pasa.

Hocmoeepnocms ~ mamepuanos u  pe3yiomamos  OUNJIOMHOU — pabomul.
MOJTBEPXKJEHA CPaBHUTEIBHBIM TECTHPOBAHHMEM C PYyYHOW ONTHMHU3AIMEH,
BaJMJalMe  Ha  Pa3HOPOAHBIX  BEO-TIPUJIOKEHUSX,  BOCHPOU3BOAMMOCTHIO
pe3yJbTaTOB MPU PA3IUYHBIX CLIEHAPUSIX HArpy3KU U 00beMax JaHHBIX.

Obnacmoio 803MONCHO20 NPAKMUUECKO20 NPUMEHeHUs A6asemcs pa3paboTka
BBICOKOHArpy’KeHHBIX NpuiokeHnnii Ha 0aze Django, Django REST Framework u

GraphQL c aBromaTtnueckoit unrerparueil pemenusi B CI/CD-niporieccsi.
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AHATALBIS

Lvinnomuas npaya, 60 cmapounax, 4 manoukay, 6 maoniy,, 8 kpviniy

Kniouaswis ciosvr: ABEKTHA-PRJIALIBIMHAE AJIJTFOCPABAHHE (ORM),
IIP- ABJIEMA N+1 3AIIBIT, AIITBIMI3AIIGISL 3AIIBITAY, BRITBOPYACTD
JAIIATAK.

Ab'ekmam Oacneoasanusa 3'aynseyya Tpabnema sammHix N+1 3ambitay y
a0'eKTHA-PAIIALBIMHBIX CICTAMAX aJIIOCTpaBaHHs MPHI Mpallsl 3 6azaMi Aa/13€HbIX.

Ilpaomemam Oacneoasanns 3'synaroyya MeTaabl 1 IHCTPYMEHTBI MiHIMI3allbll
N+1 3ampiTay, ayTamaTbi3aBaHblsl CPOJAKI ABIITHOCTBIKI, alrapbITMblI allThIMi3allbll
BBIKAHAHHS 3aIbITAY 1 CTPATATIl IHTATPALIbIl § SKaciCTAIMY paciparoyki.

Mbsmaui O0acnedsanmns 3'aynseyya CTBapIHHE ayTamaTbl3aBaHAW MPBUIAIBI IS
JPTAKTaBaHHS 1 Kapakibll N+1 3anbitay 6€3 ya3eny pacuparoyHikay.

Memaoami Oacnedasanns 3'synrsioyya manimopwvine 3anveimay oa By
POANbHLIM  Yace, CMPYKMYPHbl aHANI3 3anslmay, aodanmvlyHas anmulMi3aybis
gviKananus, inmazcpaywvia y Django-skacicmamy, Kpoc-macmaeanHe Ha 0a0amKax
PO3HAL APXIMIKMYpbl.

Ampovimanvia 6uIHIKI 1 IX HABI3HA: PACNPAYABAHA MOOYIbHASL CICMAMA, KA
cnanyuae aymamamviunae ewisayneHne (98% ogexmuiynacyi) i adanmulyHyio
anmuIMi3aybllo 3anvlma)y HA ACHOBE AHANI3Y KAHMIKCMY BbIKAHAHHA [ MpacipoyKi
cmoxka evikaikay. /acsenyma ckapausnue 3eapomay oa bJ[ na 95.3%, nackapanue
ebiKanauHs 3anvima)y Ha 84.8%, pocm npanyckuotl 3001bHacyi cicmamol ) 3.5 paswi.

Jaxnaonacyvs mamapuianay i 6vbIHIKAY ObINIOMHAU Npaybl. NAYBEPOHCAHA
NAPAYHATILHLIM ~ MACYIPABAHHEM 3 PYYHOU  aAnmulMi3aybslill, 8anioaybisii Ha
PA3BHACMAUHBIX  830-0A0AMKax, Y3HAVIAIbHACYIO BbIHIKAY NPbl PO3HBIX CYIHAPAX
Hazpy3Ki i ab'émax Oamwix.

Bobnacyro macuvimaca npakmelunaea npulMAHEHHS 3'ynseyya pacnpayoyka
BbICOKAHAPYHCAHBIX NpbIKIadanHay Ha 6asze Django, Django REST Framework i \\

GraphQL 3 aymamamuiunaii inmaepaywisu pawsnns y CI/CD-npayscei.



ANNOTATION

Diploma work, 60 pages, 4 figures, 6 tables, 8 references.

Keywords: OBJECT-RELATIONAL MAPPING (ORM), N+1 QUERY
PROBLEM, QUERY OPTIMIZATION, APPLICATION PERFORMANCE.

The object of the research is the problem of redundant N+1 queries in object-
relational mapping systems when working with databases.

The subject of the research are methods and tools for minimizing N+1 queries,
automated diagnostic tools, algorithms for optimizing query execution and strategies
for integration into the development ecosystem.

The purpose of the research is to create an automated tool for detecting and
correcting N+1 queries without developer involvement.

Methods of research are real-time monitoring of database queries, structural
analysis of queries, adaptive execution optimization, integration into Django ecosys-
tem, cross-testing on applications of different architecture.

The results of the work and their novelty: a modular system combining
automatic detec- tion (98% efficiency) and adaptive query optimization based on
execution context analysis and call stack tracing was developed. The system reduced
database accesses by 95.3%, accelerated query execution by 84.8%, and increased
system throughput by 3.5 times.

Authenticity of the materials and results of the diploma work: confirmed by
comparative testing with manual optimization, validation on heterogeneous web
applications, reproducibiity of results under different load scenarios and data
volumes.

Recommendations on the usage. The area of possible practical application is the
development of highly loaded applications based on Django, Django REST
Framework and GraphQL with automatic integration of the solution into CI/CD

processes.



