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Real-Time Customer Behavior Analysis for E-Commerce Businesses

Using Hybrid Data Mining Techniques
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Abstract

This research aimed to 1) develop a real-time customer behavior analysis model by integrating data mining
techniques, and 2 ) compare the performance of hybrid data mining techniques with traditional data analysis
methods. Data collection was carried out using Web Scraping and APIs to extract information from e-commerce and
social media platforms such as Shopee, Lazada, and Amazon, focusing on customer purchasing behavior, including
product reviews, customer comments, and service feedback. The evaluation of the model's performance was
conducted using standard metrics, including accuracy, precision, recall, F1-score, processing speed and scalability

to handle large datasets.
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The research findings indicate that the hybrid data mining technique significantly enhances the real-time
analysis of customer behavior. The model combining Clustering and Classification achieved the highest accuracy of
92.50%, with a processing speed of up to 1.8 seconds. When comparing the performance of the hybrid data mining
technique with traditional data analysis methods, the results show that the hybrid model outperforms single-
technique approaches, particularly the combination of K-Means and Random Forest, which also achieved an
accuracy of 92.50%. These findings can be applied to develop real-time customer behavior analysis modelsto assist
businesses in decision-making and effective marketing strategy formulation. Additionally, the model can be utilized

in e-commerce systems and social media platforms to enhance customer satisfaction and engagement.
Keywords: Customer Behavior Analysis, Real-Time, E-Commerce Business, Hybrid Data Mining Techniques
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Forest (n_estimators=100, max_depth=15)
Deep Learning $9ufiU | LSTM (units=128, dropout=0.2, epochs=30, AATIFANOANTINAULIAT LAz
Statistical Methods batch_size=64), Transformer (heads=8, Usmﬁuiamaiums?‘ga

d_model=512), Logistic Regression (12, lbfgs),

Bayesian Models

Rule-Based Mining Apriori (min_support=0.03, min_confidence=0.5), ﬁumﬂ{]mmﬁuﬁuéua&ﬁu
321U Machine FP-Growth, Gradient Boosting (Ir=0.1, ALIUElUNIAIAN S0l
Learning n_estimators=200), XGBoost (max_depth=6,

(r=0.05, n_estimators=150)

91nm3197 1 W Hybrid Approach Iumsﬁwuﬂumaﬁmmmmﬁagﬂuﬁmﬁummsﬁ']mauazﬁﬂﬂﬁﬁwﬁayjaﬁ
Liudadusazdudougs feaugluuvvedtuealisumsuss funafmeyed oyaiieafuilaiUio uileuse dvsnnog 1
Jusssy

%v’umauﬁ 5 nMsneaaunazUsziiiung (Model Evaluation & Comparison) Iu%umaUﬂWiwﬂaaULLazUszLﬁuwaiuLma
iAfuldutsyndoyanentu 2 dw Téud dndl 1 e Training Set Yovas 70 wavduil 2 AoTest Set fovay 30 Tneld
msutsuuudy (Random Split) ieliulatiieyaisaesyniimanszanesmosendnunzedvasinaue uonanissldld
wiatla k-fold cross-validation (k=>5) ifisUsgiiuananaiiosuas e sisiud1veslanaluseumsvnaesiiusnsnefu - 1aean
19n18989015 overfitting LLasLﬁmmmmL%’aﬁamamaé“wéﬁlmuLmaLmeiL%'EJuifLLuuﬁéaau (Supervised Learning)
Fanunazgninnalnglfinasiunnsgiu 1A Accuracy, Precision, Recall wag Fi-Score iioUsiiuaanugniestagsau
waEANNANNTIlUMIUENLYY SERIIAAE@REN I UEN (Varoquaux & Colliot, 2023)

Tunsdlvealunafiiunisuszananauuuiealml idu Tuinadilfinadaandudis vien15130usidedn saufu
MTIATIZIOUNTULIAN %QﬂﬂimﬁwﬂuLf?mimai%'mmL%’ﬂumiﬂszmawa (Processing Speed) waghiaely (Latency)
Fe¥aszernmpovaussieteyafiiiwnuuuseiiies fs Scalability voasguurumsvaasufuyateyasuinsma 9
\leginssuvannsnvewvunalilagligadeuszanam gavine {338 ldthnadnsves Hybrid Data Mining Model
und3guiitsuiulunanuusain 1y dulifFedule Luduuudie uaznisanassladadin (Logistic Regression) d4l4
mndwedidorflunsintuiazmagey iiefinsaniuumauulsuiadanuldiuisuilufunuuaiug anu

wagANUaNsabunMsUSuldiuannunsalasauns el

NAN3IY
1. uan1sAnwuae fiauluean1sin e vimganssugnAuuutealml wuhnmsldinatiamii ooy awuulauia

ANUN50UILUSE AV NI NUBIN AT IE UL ULAAINRALUTE NOUMEENL LN VEN AIANSI9T 2
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3197 2 NamIRWIlRaNM TR IZngRAnssugnAwuUSEalngd

I3
AT
R , . e PNAYNFBA Tums
walla S LNEES Jod1iin
voluaa Uszanana
i)
Clustering $3ufiu annsodwungndeenilungu | fedldminens
Classification (K-Means Ifoghauiug uazanunsn Aouimesadlelitoyadnuiu
N ° 92.50 1.80
32U Random Forest) wensningAnssuvesgniudiay | W0
neulaRTu
. ' o a I a P 2 2 aa P o w
Deep Leaming $auiu anansnuazideyangAnssu sosldyatayaninisiFusddiu
P o ' A v
Statistical Methods (LSTM maa@nﬂﬂuaﬂwmz Time-Series | nanategraminzay elild
e 4 s s o cdad 89.70 2.10
99NV Logistic Regression) LLawﬂizamﬁquﬂumﬁ HAANINAYIEIR
MANTOL
Rule-Based Mining 3aufiu | anansoadengeuleafiudugr | deauiuusemnstimesvaeng
' a & o = o a &
Machine Leaming (Apriori | szwinengfnssunisdevesgnm | wesleslivsnzay faviuend
Ve C aw o - - 88.30 2.40
3auffu XGBoost) wazgaelinmsnensalngfinssudl | \ia Overfitting
AUy

Nnmsed 2 wamstiaunlumasomedamiestoyauuulevin awnsnagulii mslfinada Clustering Sy
Classification (K-Means 333U Random Forest) fians usiuggeaniosas 92,50 tilefisufumaiindu q wazawnn
wsngugnénldognedussaninm Fealimemensaimginssugnéifulusgnauiugunnty enilsinumadeaisody
n¥nensnonininedguilodfeyadiuiunnn d1miumaia Deep Learning $2u U Statistical Methods (LSTM $amffu
Logistic Regression) ﬁm'lml,aiu&‘imgjﬁ%aaas 89.70 a4 wzﬁ’usﬁayjawqamiuQﬂﬁ']ﬁﬁé']é’umma’l (Time-Series)
Tasaunsodaslumsemamscinuiduseswginssugninlfedned ustasriaveimadad Aodduseldyedoyadd
mMsdaddunaethamnzay Saziilunaealinadnsiiliuiug Snaneliafiany Rule-Based Mining $amiu Machine
Learning (Aprior 311U XGBoost) fiemuusiugregisosas 88.30 lnewiunisadangdenleafiannsaszyngnssumsie
¥03gnfn LU woPnssumste msrdnAudn eaunsataslimenensaluiliunistevesgnéutugitu desiaues
weflaiirosuiufesufuusimniinesvesngifeuledlimnzauiondndostiym Overfitting

Tuyunesvasmuniilunisuszaiana wudn Clustering saufiu Classification $ransgean (1.80 3undl) sedasun
fo Deep Learning $aufiu Statistical Methods (2.10 3u1#l) uazgavie Rule-Based Mining 33317 Machine Learning (2.40
Funih) Fawansliiiuiusinadin Deep Learning wae Rule-Based Mining axlvinadnsudusilusyfuiia uidesuanuigneg
nalumsUssananaiinniu lumsieneilueded fideldnenfunes Acer Intel(R) Core(TM) i3-N305 1.80 GHz Ram
8.00 GB

2. ‘\]’1ﬂﬂ’]iL‘U%EJ‘ULﬁEJUU%aVl%ﬂW‘WGUENL‘l’lﬂﬁﬂmﬁmsﬁaylaLLUUI@U%WTUL‘Vlﬂﬁﬂﬂ'lﬁLﬂﬁﬂzﬁ‘ﬁayjmmuﬁﬂLau MsUseidly

nadnsveslunalagldimiinunsgu BalinansiSeuiieudsnisnei 3
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397 3 NamaUSeuiieulssdvsnnresmatiamiesdoyawuulauiafumplinnslinssidayawuunaiiu

NS
. . . - . Tums ANLALT
MAUA ANUNFDY AIULLNUYT ANUITAN ANUONAA
? ) Uszanana vasluna
(i)
Hybrid Data Mining 92.50 91.81 90.70 91.20 1.80 g
(K-Means i Random
Forest)
Hybrid Data Mining (LSTM 89.70 88.50 89.20 88.80 2.10 BN
S2ufU Logistic Regression)
Traditional Decision Tree 84.20 82.80 83.10 82.90 3.4 Yunang
Naive Bayes 78.50 76.30 77.10 76.70 2.90 Junang
Logistic Regression 80.90 79.40 78.60 79.00 2.70 Junang

311A157971 3 iiduladnidenmalin Hybrid 9119w 2 3Ukuundn Lawn Hybrid Data Mining (K-Means $3ufiu
Random Forest) wa Hybrid Data Mining (LSTM 23 ffu Logistic Regression) tita13s utiteu futnadawuusiia éud
Decision Tree, Naive Bayes uay Logistic Regression Lilpsanninasanaia Hybrid fideniidnuaslassadrsfiunnsinefu
NA1IAD WUINIILINHAIUNITIANGH (Clustering) fun13TUUNYT8LAN (Classification) TuauefiLuImafae s
MINATITATIE U (Time Series) WhAUiEveadn Weldmsieudiovasvioufisdsyavdnmaes Hybrid Approach
Tufiffivannvate lun1sussidulssdnsaluiea Lol inanisussiduiinnuindedie §3dsldutyatoyasendu
Yrrnaew (Training Set) way Yanaaay (Testing Set) ludnsndn 70 uar 30 Inensduwuy Stratified Sampling \o3n
dodvesamatona uazuenani 1ginsldivedia kfold crossvalidation (k = 5) ieussdiurussavsnmludosfu
wazihAuadsanmsmaaesuiar seunldUsznaulumside fildussavsnmiuandumsed 3 nandadonadnives
k-fold crossvalidation §1uau 5 58U Litelviful a3 Tuimalsifl bias 9Mnn1sutstoyaifissnsufior uasawnsoaziiou
auusiugwesTumalfesnauriaseied mnudilumsUssnanagninan ssozaiadsreseuresn sussidudae aiun
\epsneuanosiiszyl Whemeadi 2

= '

dumella Hybrid L4 Rule-Based Mining usfagaauiilumsiumsuuuuidennudusiususlivmngand i
msthuisuifisufumededlflumsvineuuunsdouduuiifaou iesnladléjadumsinnadamginssulusei
yaradn edeidesialum sianisfudeyaiifisunifunuasdsuuasiaites Selimunsalinainsiiaonndos
futhmnevesmsidelufumsieneidoyauuudealnl fowmi Hfedadenldimaiauuy Rule-Based waglu
m319UTsuLigundn uadiasiansunludnuugiaSudimiunisiiasigniguuuu (Pattem Discovery) Lgn@1ann
NHANTIEEITe et aueraMTUSeu vl seansaweeamedavilesdoyauwuuleusafumeatinnsiiesei doya

wuunnfnlugUbuunsm Asnmi 2
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Comparison of Hybrid and Traditional Data Mining Technigues
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i 2 HansilSeuliisulssavsnnveamaliamilesdeya

ANl 2 anunsaagulit luaveanedamiissdeyauuulauinimugnieuar stdvsnmasninsldinada
wuuien Tesame K-Means Sauffu Random Forest fAmenugnaessesay 92.50 Way LSTM 531U Logistic Regression
fimmgniasioay 89.70 AladwiAtiarluudvesrmanugnies uazamudiena uonand enuslumsszaiana
fuaﬂ:uLmaLwﬂﬁﬂmﬁaa‘ﬁayjauwlau%mé’aL%'m'jﬂl,mﬁﬂﬁu’uamﬁaamﬂmmm’t%miﬂizmamamwmu WagMTNATIEN
arduiaeanatlumsUssananadena nramsesgidatioudiou wuh

1. idiesdoyauuulsuiraunsosmdefvesusasinaiadnl oo iy vilaunseliareitoyaldfudasa s
warlufilaseadng

2. mildms3oudidedn swfumaoutertenilimusiieneideyal fulusiulssameiiletoyatina
Fudounasfimuivasuutasuuulaundin

3. aliauuusadu Wy fulidnduls wesuduuuiwenslinadnsinngintiluvinsd wiidedinguaa

wnguarAuaINIaluMITassutayaruale)

djUuazafiusenanIive

1. namsimunlunalaglimaiamdesdeyanvulovianandiiiuin arunsafinyssansanlunisiene
ngAnssugnmuuusalmiliedaiidudfy laelumansdnngusufiunsduunussiamiimaugndiosgegnsesas 92.50
Famngdmsumsduunngugninldegnsuiugr vuefimsSoudidedn fmmiugnies fevar 89.70 uay Rule-Based
Mining fiFemugnies $esay 88.30 Fedlmummnzaslumsnennsaiwuldunginssuvesgné Tuaweniiausaily
Uszgndlflunagninmsnmaiivausy Msuimsiamagninesgsiad reuid fldesnediusydvtnm wansinunilaosedas
fua1uATe 04 Sreenivasa & Nirmala (2019) 11uideiiiauslunanisuusthauduuuleuiaidudeyamuiumis
(Hybrid Location-Centric Prediction: HLCP) SsanunsaiFsuinginssuvosflia uislussesduuay svavenaldognad
UseAvisnm Taednflsdednunzngfinssu fufsuuuamnuudun 1wy anuiivieanwerma wamsvinaeuandli fiudd
HLCP fiuszAvanimgeaniTitifulumsvhueanudeanisvesld nsianzlumue1 Mean Reciprocal Rank (MRR) wag Hit
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Rate (HR) Taglsimeuusiugn¥osay 94.35 uonanil sAfuves Li & Lei (2022) Ithiausluinauuuleuiauazmssiy
Joyadmiumsiasendeyavualvgjvesdreuidsy Inglumanisuuzindumlugsiadaeudisemedeyavuislng laeds
Mneluladmsvaeusmdeya (Data Fusion) uarBumesidalunnasands (Intemet of Things) Taefinsidenldaxutilash
(Embedded System) lunsiimuunanesudaemiiss aimiiisiusiy deru uagnsesdoyasinundsteyadi
srenvaneRadiEnmaiendu (Recall Rate) vaslumaunanasy Bromdise it uginhlueail #355ugd (Word
Matching) fs¥evas 5 Fauandliifiuiuumaiiviauedussdvsnmlumsneuaussamudomsvesgliliang

2. maBeuilsulssansnmuesmeaiiadosteyauuuleuiafumeliom Sianeideyauuuiniy wansfne
FAiiud Twaillfmedaniiostoyauuuleviadauuiuduasdsavinmganhmsliiveiafier Tasiamns K-Means
$2uffu Random Forest #ilsimnanuusugn Sovas 92.50 war LSTM $aufu Logistic Regression #ilsmanuusugn Sovay
89.70 wenanil luwaleusnanusnUssananaldidond esanends msUszaranauuuLIL (Parallel Processing) uay
mMaeianiuia (Streaming Analytics) Lﬁaamxamaﬂumsﬂssu’;amaﬁayja HAANGAING1D @OARRBINUI1UITY
93 Anand & Hughes (1998) Baldtinausuumamsyadeyauuulevia tioudletodiiavesnsounmndauuuusndiu
TngutsUssanvesss uuleuianusedul fiuiusvesosduse noumelussuu wagiausuumislun skaussuuiia
UsrAvBnmgedu sniidedinanadaliinaus msUsuusdaneifiu k-Nearest Neighbors Humsinsses e afi p
nMsnauiuieiedisUssamiiion was n1sidoulesfudanesfiuneiugnisu dlevmihninuosuenn3tad St
Usgavsninues k-NN lumsdnnmsidimineuuunnney (Regression) dlenBsuisufunnmeuuudain yenanienise
%84 Chhabra et al. (2023) lfhmsinneidadisuifisuieiumsussiduiansufiinuveaneiamsyadeyal aeld
wnsmsFeudidednuuulouin ddldvhmansaaouUseavsnmuesnailan a3 suiuedadeaasgiu 1wy Support
Vector Machine (SVM), Random Forest (RF), J48, Neural Networks Wag Naive Bayes 52184 LLUUﬁi’WaaﬂﬂﬁL%EJuiL%ﬁﬂ
L¥u Recurrent Neural Networks (RNN), RNN-LSTM (Sigmoid, Tanh tiag Rel.U) NANISNAADIWAAI 1ML RNN-LSTM
(ReLU) fidnsanugniosgegn Sovay 97 deduduiuummemsiFeudidsdnuuulevdnamunsaiiseauiuglunsduun
UssLamdeyaidanududouldegaiiusyavinmm uara1uideues Bakirarar, Cosgun & Elhan (2024) el uld
o3 wwnamsyadeyanuulawin iumssaunauaiamsydoyavanssUuuiieL st Avsmnuazandodi finy oe
wiazweile legld yadoyadrasauaryadoyalsaiudniauain UCH nanisvinaesuansliliid @ Matthew’s Correlation
Coefficient (MCO) iutuiilonunaionsuazemduiudsrh futsdasrgeiu Sntdouh Tuealsuinaunsoiiia
AnuiugresmsTuunUspLavldRnhmensyedeyauuuLAL

daiausuus
v a4 o aw 1%
taiausuusamansIdeluly
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System) Liteii U3 AVBNMUBINALNEN N INAIA
2. WU Hybrid Data Mining Miaun@uil anunseihluldiu Big Data Analytics tietaelvigsiansesdnnisteya
yabngausaUszutanalAstu andeRanan warimeuwiuglunisiiasizideya laeawgluemanvnssud
feamInismansaiuwilduvesgnAiuuusealnl
o av & .
taiausuuslunsidensesialy
1. asiinsfnwinisdilueamiesdoyauuulauia lldiudeyaaingnaivnssudu 9 iy n153u guam

MIR5ATUNSHBLNY (Fraud Detection) wiaUsgsiiuinlumanimunianuanuisolunisyieaulanluusunfiuansneiu
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