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AHHOTALUA

Humnom coaepxut: 51 crtpanuny, 17 wimoctpauuid, 20 dopmyn, 14
WCIIOJIb30BaHHBIX JINTEPATYPHBIX UCTOYHUKOB.

Kurouesnbie cJioBa: AJIT'OPUTMBI, PEKOMEHJIATEJIbHBIE
CHUCTEMBI, KITACTEPU3ALIMA, ACTIVE LEARNING, MLOps, AIRFLOW,
CLICKHOUSE, MLFLOW, OPTUNA, SWING, E-COMMERCE.

O0beKTOM HCCIe0BAHMSA AJNTOPUTMBI W IPOTPAMMHO-TEXHHUYECKHUE
CPEACTBa  HHTErpAallMM  CPEACTB  KJIACTEpPU3alMM  IPU  [OCTPOCHUU
PEKOMEHIATENBHBIX CUCTEM MapKeETILIEHCa.

Heabro paboThI ABJISIETCS pa3paboratb BOCIIPOU3BOJIUMYIO,
MaclITabHpyeMyr0 ¥ SKOHOMUYECKU ONPAB/IaHHYIO HKOCUCTEMY PEKOMEHIallui, B
KOTOPOM KJIACTEPHU3allMsl CBS3BIBAET PA3HOPOJHBIE XPAHWIWINA JAaHHBIX U
pa3lInuHbIC BPEMEHHBIE TOPU3OHTHI.

MeTogaMu  HWCCJIeNOBAHHUS  AHAIIUTUYECKUUA  0030p  JIUTEpaTyphl;
nporpammHasi peanuzanus Ha Python m SQL (Airflow, ClickHouse, MLflow,
Optuna); sKkcnepuMeHTalbHas oleHka (A/B-TecTupoBaHue, CTaTUCTUYECKUN
aHan3).

Pe3yabTaTnsl padoThI:

o BrInosHeH cpaBHUTENBHBIM aHAIN3 KJIACCHUECKUX U IPaOBBIX AJITOPUTMOB
KJIaCTEepHU3allui TOBAPOB; MPE/JI0KEHA CTOXacTUYECKast MO BUKAIUs
SWING ¢ nmapameTpoM f, yCKOpHUBIILIas CXOIUMOCTh Ha = 47 %.

« [IlocTpoeH rubpuHBIN ANTOPUTM PEKOMEHAAINH (TOBapHask CXOXKECTh +
KJIACTEPHBIN KOHTEKCT + mpoMo-Bec), napmuid poct CTR 6ioka «C stum
nokynato™ Ha 10-15 % u camwxkenue noau kareropuu «lIpouee» ¢ 5,7 % no
1,9 %.

o PeanmuzoBan ckBo3Hnoit ML-kougetiep Airflow — ClickHouse — MLflow —
Optuna/Neptune — Redis ¢ aBTOMaTUYECKUM OTKATOM IIPH JIETpalallii OH-
JAaWH-METPUK.



AHATALBIA

JlpimioMHast mpana yrpeiMiiBae: 51 craponky, 17 mamonkay, 20 dpopmymn, 14
BBIKAPBICTAHBIX JIITAPATYPHBIX KPBIHILI.

KirouaBbist CJIOBBI: AJIT'APBITMBI, POKAMEHJIALIBIMHBIA
CICTOMBI, KITACTAPBIBALBISA, ACTIVE LEARNING, MLOps, AIRFLOW,
CLICKHOUSE, MLFLOW, OPTUNA, SWING, E-COMMERCE.

AD’eKTaM JacjieaBaHHSl aJIrapbITMbI 1 IparpaMHbIs CPOJKI 1HTATpaIlbIl
KJIAaCTapHBIX MeTajay Mphl Mady10Be pPIKaMEHIAlbIMHBIX CepBepay MapKeTIUIdiica

MbTaii jgaciaegaBaHHE. CTBaphlllb PAMNpPaayKaBaHYI0, MallTabaBaHYHO 1
PKaHaMiYHa a0rpyHTaBaHYIO JKaciCTAIMY pAKaMEHIAIbIH, 3¢ KiacTapbhl3albls
3’synsgenia 3BsTHOM MaMiXK pa3HapOJHBIMI CXOBIIITYaMi JAHBIX 1 PO3HBIMI YacaBbIMi
rapbI30HTaMI.

BbIHiki:

o Ilpancraynena croxacteranas maabiikansist SWING, mTo nackopsuia

KaHBEpreHUbIto Ha = 47 %.

o T'i6pbianb! anrapeiT™m «Basket Hybrid» massutiuery CTR Ha 10—15 % 1
cKapaiiy noiro kararopsi «lamae» na 1,9 %.

o PoanizaBanbl ckpa3zubl ML-kaHBeep 3 ayTaMaThIYHBIM aJIKaTaM Mpbl
narapiisHH1 aH-JTaH-METPBIK.



ANNOTATION

The diploma work contains: 51 pages, 17 illustrations, 20 formulas, 14
sources.

Keywords: ALGORITHMS, RECOMMENDER SYSTEMS,
CLUSTERING, ACTIVE LEARNING, MLOps, AIRFLOW, CLICKHOUSE,
MLFLOW, OPTUNA, SWING, E-COMMERCE.

The object of the research is algorithms and software tools for integrating
clustering techniques in marketplace recommender systems.

The goal is to design a reproducible, scalable and economically viable
recommendation ecosystem in which clustering bridges heterogeneous data stores
and multiple temporal horizons.

Research methods are literature survey; software engineering in Python and
SQL (Airflow, ClickHouse, MLflow, Optuna); experimental validation through A/B
testing and statistical analysis.

Results:

« A stochastic SWING-based clustering algorithm with annealing parameter S

accelerated convergence by = 47 %.

o A hybrid “Basket Hybrid” recommender (item similarity + cluster context +
promo weighting) increased widget CTR by 10-15 % and reduced the
“Other” category share from 5.7 % to 1.9 %.

« An end-to-end MLOps pipeline (4irflow — ClickHouse — MLflow —
Optuna/Neptune — Redis) with automatic rollback was implemented.



