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Abstract

Given the proliferation of social media and e-commerce platforms, and the
resulting massive amounts of data, there is a pressing need to adopt machine
learning and natural language processing (NLP) to organize and process the

content shared on these platforms with minimal time and effort.

There is also a need to study sentiment analysis and opinion analysis to
build a system that analyzes what people write to express their opinions, whether

through text, tweets, or emojis.

Previous studies have focused on customer evaluation, as seen in e-
commerce advisory systems. These studies analyze shopping carts, customer
product selection, and navigation patterns, and research has further emphasized
the technologies and algorithms used in prediction processes to improve
prediction accuracy. In this research, we identified the complex behaviors of
customers by allowing partial affiliation to multiple groups, which better reflects
reality (where the customer is in more than one behavioral category). We used
fuzzy clustering (FCM algorithm) and took into account the browsing time factor,
discounts, and the calculation of the new Feature parameter, which depends on
several factors, taking into account customer loyalty, understanding their
behavior, and predicting it to know which customers only browse without buying

or who make a purchase immediately.
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data.cs

customer_purcha

1 Age,Gender,AnnualIncome,NumberOfPurchases,ProductCategory, TimeSpentOnWebsite, LoyaltyProgram,DiscountsAvailed

2 4p,1,66120.26703867795,8,0,30.56850115500193,0,5,1
28,1,23579.773583036514,4,2,38.240096505544105,8,5,0
4 27,1,127821.3884316501,11,2,31.633211501604148,1,8,1
5 24,1,137798.62311954965,19,3,46.167058811662955,8,4,1
6 31,1,99300.96422833315,19,1,19.823591862495636,8,8,1
7 66,1,37758.11747465244,14,4,17.827492934546504,0,2,8
8  39,1,126883.38528613503,16,3,42.0885383519448804,1,4,1
9 64,1,39787.35072401292,13,2,17.198291539622134,1,8,0
18 43,8,182797.30126911662,28,1,6.823474556808846,0,3,0
11 20,1,63854.02187998285,16,8,38.57246639277682,8,5,1

12 66,1,66199.00302914612,11,1,1.4155319628243697,1,5,1
13 78,1,83556.71813301867,11,2,42.173009325776514,8,4,1
14 54,8,114467.22896014203,0,2,17.626043673393056,1,5,1
15 64,1,31880.893223136034,17,8,22.753472516233717,1,1,8@
6 19,1,187485.66801127621,7,1,28.26032122753378,1,4,1
17 78,1,670490.50888802246,2,4,21.805007608816204,0,0,8
18 51,1,120174.20886637547,13,4,21.803776000014348,0,8,1
10 18,1,128374.40585188613,0,2,16.763262423676642,8,4,0
A S7.A_7174A_ARRAPRAARGAT 12 .7 4R _ARARTITAZAGIA0T7 A_ 2. A

Kaggle cilily sae 8 (3)J<al
4 Glialgl) clilbdl pacat
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import pandas as pd
from sklearn.preprocessing import LabelEncoder
df=pd.read_csv('customer_purchase_data.csv")
print(df)
print(df.describe())
#agac JS 832488l aidll 2e yaje
print (df.isnull().sum())
numeric_columns=df[['PurchaseStatus','DiscountsAvailed','LoyaltyProgram’,'Time
SpentOnWebsite','NumberOfPurchases']]
for col in numeric_columns:

df[col].fillna(value=df[col]. mean,inplace=True)
dff' Gender']=df['Gender'].map({1:'M",0:'F'})
df=dff(dff' Age']>0)&(df[ Annuallncome’]>0&(df[ NumberOfPurchases']>0))]
df=df.drop('PurchaseStatus‘,axis=1)
df.to_csv('clean_customer_purchase_data.csVv',index=True)

print(df.head()

JAdl ¢ panll) (Fie Taad )l Ciliualgl) adaly agki Caon i) Gl dules L) lal) ()

51 MinMaxScaleralaaiuly {0,1} sae ) daadyll clivalgll Jysa SIS L (miaaill (1) ¢ gt
-(Normalization) aulailly evsle 1385 4pad3ll Slaalsll (GUai s g1l StandardScaler aaaius
import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

from matplotlib.colors import Normalize

import skfuzzy as fuzz

from sklearn.preprocessing import StandardScaler, OneHotEncoder

from sklearn.compose import ColumnTransformer
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from sklearn.decomposition import PCA
df= pd.read_csv('clean_customer_purchase_data.csV')
dff'PurchaseToTimeRatio']=df.apply(

lambda row:row['NumberOfPurchases']/ row[ TimeSpentOnWebsite'] if
row[' TimeSpentOnWebsite'!=( else (),axis=1
)
dff'DiscountUsageRate']=df.apply(

lambda row: row['DiscountsAvailed']/row['NumberOfPurchases' if
row['NumberOfPurchases'|!=() else (),axis=1
)
df.fillna(0,inplace=True)
new_features=df[['PurchaseToTimeRatio','DiscountUsageRate’,'LoyaltyProgram’,
'ProductCategory']]
#Holbalgll aagl
scaler=StandardScaler()

x_scaled= scaler.fit_transform(new_features)
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;

CSV ke 0 eMasdl SUL Belyd
( customer_purchase_data.csv)

Aoyl UL yoye
(kg Olelasyl basaiall all il 312)

:4a),lgad) Jabada -2

)

Sl aales .1

S9hkall adll dalla
Baghkall bl Lsasy dsa il asill Buogiall hus -
(M/F) I gl Jugas -
dounall it Siladl B> -
PurchaseStatus 3gac > -
203 cile b aakiiall Sl Bis -

[ (it agn)

)

dddaiall CUlI 6213
(clean_customer_purchase_data.csv)

!

sl Clypiiall s
- PurchaseToTimeRatio
- DiscountUsageRate

)

Alasial Oljall aog5
StandardScaler

]

Fuzzy C-Means dsj)lg> Gukad
3 = Cleganall das -
(M= 2 dubuall Jolns -
1000 = gl A<, 0.005 = duisl

¥

uanill 5 e Jyaaall
Ak S cla¥l Glags -
(np.argmax) &esanall g -
(Max_Membership) stail &3 el -
T

| oplssll Gubi 2
alual

¥

v

¥

argans JS pailad wlus Sleganall jShhe poye
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I PCA duojss Gubs ]

PRTRETIT—
(slanall Silaass (STyall lgsi1)
¥

sadliall il bikall puy
(Sl pghis Syl olh)

daa) lsal) Jalada (4)Js

130

Qi gayey Jubss 3



VR aglad) Al oA daaly daa
Jsaa daaa 2026 sl 16 231 48 daal

el lsdd Jee -3
CSay lia (Sl K-Means 4w lsd Jis e Gle gaaal) 2o 3aa3 2 1ile ganall a3e yaai—]
Gsiue 23y A (M) Aplacall Jales 35 degane o SS1 ) i of 3aaly by ddail

anll b Ayl

(155 Ayl 038 e pana S ) Ll Ay ol o iy i IS0 5o L) clags Glua2
L) pae 35 (0) dally Ao ganall JalS e laiil ) 1 Al 5l G {0, 1} O Weia
oy maall LN lisie e el legendl JShe Cuint 2 redesanal Sha Epani-3
Lelany)

oY S Qb Alla ) eyl daall (S ALl lshaal) ) S5 Bl Aa j)sil-4
(0-001 D) il dsie 3o JNA (n by i) Laypy LS € S L) oy
(100 M) eyl yall il 2

# algorithm
n_clusters=3
cntr,u,u0,d,jm,p,fpc=fuzz.cluster.cmeans(x_scaled.T,n_clusters,2,error=0.005,m
axiter=1000,init=None)
cluster_membership=np.argmax(u,axis=0)
df['Cluster']=cluster _membership
AU aeail] ila glas dalal
df'Max_Membership'J=np.max(u,axis=0)
taesl) 3AT milil -4
panis o3 cJaanll Y5 SlieY) Gpme 33V Claasal) Jamas LAl Jame Gl B lsall Gaadsi aay
e sanay e Dlanll o)) Jane de gana (a Ciloganall c2a N_Clusters=3) cile sane DG 8 o Dlaal)
@laall CahaVly  luall s giall alag) b laayy ((eSeal) Y5 Ao sanag o Danll Gilianas Jons
(Opalia (L) WiShe o ol degane IS Chiay (Sapg cbomall Jarag ol Jare e JS
13 amsy Y1 S5 (G piie (5L
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# i sane JS (alilad delh

cluster_stats=df.groupby('Cluster').agg({
'PurchaseToTimeRatio' :['median','mean'],
'DiscountUsageRate':['mean’,"median'],
'LoyaltyProgram':['median’,"mean"],

})-reset_index()

print("\n e seaall (ailiad:')

print(cluster_stats)

centers_original=scaler.inverse_transform(cntr)

# 3Shall Gaye

centers_df=pd.DataFrame(centers_original,columns=['PurchaseToTimeRatio','Di

scountUsageRate','LoyaltyProgram','ProductCategory'],index=[f'ic saaalli+1}'

for i in range(n_clusters)])

print(" e saaalliS) pai")

print(centers_df.round(2))

e et pRobas
Cluster PurchaseToTimeRatio DiscountlUsageRate LoyaltyProgram
median mean mean median median mean
8 8 8.318941 @.592185 8.366736 @.250000 8.8 9.@
1 1 8.355183 @.788689 8.371182 ©8.214286 1.8 1.8
2 2 ©.338736 0.976055 9.400158 @.250008 8.8 9.9

e sana) Gailad(4) JSal

Oleganea Il 351 5 ac
PurchaseToTimeRatio DiscountUsageRate

e gamalll 8.58 8.34
Icgana 11D 8.67 8.32
s gamall3 8.64 8.36

Gl sand) 38ha (5) IS

e %40 5 V) e sandd) (e %60 Mid) Giic senadl (o lagie sDeall Gy oS S
G el 05 o Sl (e A3 g Aima Glagliinl araal 8 ac by Les (L6 e sanll
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ClIS gy () S5 Al A sana (30 S
#customer

print("\n customer in group:")

for customer in range (8):
print(f\n customer{customer+1}:")
for cluster in range (n_clusters):

print(f'—group{cluster+1}:{u[cluster][customer]:.2f}")

customer

in group customer3: customers: customer?:
customerl: -groupl:8.85 -groupl:8.2832 groupl:8.86
groupl:8.84  _group2:8.89 -group2:0.86 group2:8.85
g:gﬁgifg-g; -group3:0.85 -group3:0.11 group3:8.89

customerd: customers: customers:
;gEEET?gzél -groupl:8.04 -groupl:@.e7  Eroupl:e.es
grounge:is —group259.22 -group2:e.e6 group2:9.98
group3 .41 -group3:9.93 -group3:0.88 group3:0.85

e ganall BV el o Lasil iy (6) JSal
J<iy e gandll Jial PCA aladiuly 2 A1 4 e alad) Jolis iy o Sy LS
Ay gy ) 25 Sl a ) B S
#alaaniul Al =i pea
pca=PCA(n_components=2)

principal_compents=pca.fit_transform(x_scaled)

I bidl PLa oo FCM Lgaaa ) A il e senall Jfias Joad e
icsana (e Y oy ALy ek AN Tl Adliae Ao gana 3] JS Jiay Sin
sla¥l clayy jlelayy A lalud) Lial 288 jlgly) 8 sl (alpha=0.7) déla sl .
le ganall 3She aaad ot LS ((blall aaa 5 3863l ) Glegenall Jpee <
relld ey V) U5 Taladd) e
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#alaaniul ala) =l pea
pca=PCA(n_components=2)
principal_compents=pca.fit_transform(x_scaled)
#apll ail) slac)
plt.figure(figsize=(12,8))
colors=["red','blue’,'green’]
# Lsmall G (Ol Ganad we Ll o)
cluster_membership=np.argmax(u,axis=0)
for i in range(n_clusters):
plt.scatter(

principal_compents|cluster membership==i,0],

principal_compents|cluster membership==i,1],

c=colorsi],

label=f'Cluster{i+1},

alpha=0.6 )

# Cleseadl o )

centers_pca=pca.transform(cntr)
plt.scatter(

centers_pcal:,0],

centers_pcal:,1],

marker="x,

s=200,

c="black’,

label="cluster centers' )
plt.xlabel('principalcompents1')
plt.ylabel('principalcompents1')

plt.title('fcm cluster')

134



VR e‘,ld\;\.hdu oA daaly daa

BYTCQVEUR 2026 als 16 222l 48 laal)
plt.legend()
plt.grid(True)
plt.show()
p e sanall Sy Aalaial) Cle genall gy Sl IS
fom chuster
[« . [° X o e
2 % £ ] L Y
K] - - ' L P * Yoy ‘o
Eﬁ ‘ * [ ] r ~.‘ “\io y
l‘E o * ° ) LI ‘,.. o .
g . ~ k: m,
E& . .“0.,.‘\.. -...‘l,'.o .
al " \ |;. . . ] .
" * e . )

2
priscipalcompentsl

e ganall Sha ae Ala1sal Cile geaall(7) S

S oYy el Jamay oll) Jame dnli e sSanll Gl s (Say LaS

38l 8y e sene S A Sl 30 sl (g A sall (e A aill) e panall Jsee

35 el o Em oV 1) el (ys ) mimgys sailad) de sanall o Aygiaall 358 S

el 32l Lavie dopeall oVl Jiy add) (s llly Jaoall e 28l Lavie o¥sd) aae ey

1 35S ALl s W) e Adaliae olglly Bla) sk A e Jaladll ey sl
) min gy

colors=["red','blue’,'green’]

n_samples=1000

LoyaltyProgram_colors=['black’,'gold’]

plt.figure(figsize=(12,8))

for i in range(n_samples):
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dominant_cluster=np.argmax(u[:,i])
LoyaltyProgram_color="black’ if df['LoyaltyProgram'][i]==0 else'gold'
plt.scatter(
df['DiscountUsageRate"][i],
df['PurchaseToTimeRatio'][i],
c=LoyaltyProgram_color,
edgecolors=colors[dominant_cluster],
linewidths=1.5,
alpha=(.7,
s=70
)
plt.xlabel('DiscountUsageRate')
plt.ylabel('PurchaseToTimeRatio')
plt.title(‘grouping’)
plt.legend(handles=
[
plt.Line2D([0],[0],marker='0",color="w',label='group1' ,markeredgecolor="red’),
plt.Line2D ([0],[0],marker='0",color="w',label='group2’,markeredgecolor="blue’),
plt.Line2D
([01,[0],marker='"0",color="w',label='group3',markeredgecolor='green’),
])
plt.show()
53 aenll amg 5Sy Al de genall 8 Miad ile ganall ain Al Bladl) oY) J<El) o)
giall oYy agaly AL Claenay e o bl Jave
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.Iil' ] ] . ] 5

L] 1 3 4 ]

N
¢anll ilews (8) el
Ao sanall ¢ Danll o Laii) ledaY Diad csaslll de ganall ¢Daall ¢ L) cilayd i o) (San WS
A8laE sy Lyl o5 e panall Janll oLl 58 5l A5 yeal) (ol TGl (g 5 1Y)
s gy SV Uy sealy) sl
# ) de ganall lalads
plt.figure(figsize=(1,6))
sc=plt.scatter(
df[PurchaseToTimeRatio'],
df['DiscountUsageRate'],
c=u[0],
cmap='Reds', alpha=0.7, s=100)
pIt.coIorbar(sc,IabeI='group degree’)
plt.title('fcm *)
plt.xlabel('PurchaseToTimeRatio')

plt.ylabel('DiscountUsageRate')
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plt.grid(True)

plt.show()
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plt.subplot(2,2,4)
for i in range(n_clusters):
plt. hist(
ufi,:],
bins=20,
alpha=(0.5,
label=f'Cluster{i+1}'
)
plt.xlabel('membership degree’)
plt.ylabel(*frequeny’)
plt.title('member ")
plt.legend()
plt.tight_layout()
plt.show()

asiti Jal (e (FPC) Partition Coefficient auwiill 483 jise Jie unlie slasiol i
t oY) saidl) e FPC af Ciias Cus .3l aenill 539
daalll e genall Jliae gaeni FPC>=0.8 =
diu_.q d;\.ﬁ cA RECN @u\;ﬂ 0.6<=FPC<O-8 =
fuzzy:0.621 : ca 45Ul aueail) da,
relld gy Y1 2
@ pbuall it
print(f'center group :\n{scaler.inverse_transform(cntr).round(2)})
print(f'fuzzy:{fpc:.3f}')
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e Adath JS L5 (e (i o8 el 3298 an@il Silhouette Score (e ladin) Sy
i (1,17) G Aadl 2ol AT e panay 3)lio L san LlEs
(Uas) Ao genall 3 ()65 8 Ll ) oo apendl) o Y i (<1)
(AT oo Bumy e sana (e A L)) Slies maenill of ) i (1)
cagaall (e Ay Lkl (0)
: ) sl e dagill; Silhouette Score Lulie lua a3 Uiny s
Silhouette Score:(.379

1) gy U 2 Sl

Silhouette_avg= silhouette_score(x_scaled,cluster_membership)
f'silhouttescore:{silhouette_avg:.3f)"(print)
Letiiat 25 Sk, lal  Aiall eSlaall oLl sle )i ae da aenil) o dnlad) dagl) s
Ll alal) il 8 LS sl ity llall i i an s aendl) iy s 8
ani g bl (pe dibide pLudl e Cile genall il andl Jia Byl aladind L€y ellyy HLall <1
2 asall )i
G e Lilah (i g FCM 45 )53 () (Iterations i Pochs) culysall sl duwally L
Sar oS0 (LSl oafY) sl ) gl o il ganall SShe (& pia 55 Jie) sl oy
GV Dbl ands TES g Cagus WA 3 Error i Maxiter Jie clales Japa aadiill
e LAY by e adula 5 el @bty e FCM alasiuly anill 5Slaal die b de gane
Léj 2‘-’..)17."-‘ :’\.A;\AS tale m=2 2\73.1\_\@\ Jaza ﬁmiﬁ e X FPC (i ?:"‘ﬂ\ u.;eglsa ol
S 13 sala @lela) dra (50 Apladall (e Laulic Ay s « Fuzzy C-Meansciliyks
Al NV 2 gy o jie (S Aese
x_train,x_test,=train_test_split(x,test_size=0.3,random_state=42)
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scaler=StandardScaler()

x_train_scaled=scaler.fit_transform(x_train)
x_test_scaled=scaler.fit_transform(x_test)

# paill Slily e z3saill (s

n_clusters=3

max_iter=100

m=2
cntr,u_train,u0,d,jm,p,fpc_train=fuzz.cluster.cmeans(x_train_scaled.T,n_clusters
,m,error=0.005,maxiter=max_iter,init=None)

#oapull lily e = 3sall i

train_clusters=np.argmax(u_train,axis=0)

# A il e = 3sall o

# LAY clly e sl

u_test,u(,d,jm,p,fpc_test=
fuzz.cluster.cmeans_predict(x_test_scaled.T,cntr,m,error=0.005,maxiter=max _it
er)

#pc laa
fpc_test=fuzz.cluster.cmeans_predict(x_test_scaled.T,cntr,m,error=0.005,maxit
er=max_iter)[-1]

print(f" fpc(train):{fpc_train:.3f}")

print(f'fpc(test):{fpc_test:.3f}")

# cysall we cappaill sale)

n_epoch=5

best fpc=0

best_model=None

for epoch in range (n_epoch):
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cntr,u,uO,d,jm,p,fpc=fuzz._cluster.cmeans(x_train_scaled.T,n_clusters,m,erro
r=0.005,maxiter=max_iter,init=None)
if fpc>best_fpc:

best fpc=fpc

best_model=cntr
print(f{epoch+1}:fpc={fpc:.3f}")

# 5l 2351 Jumdl oladiiad
u_test_best=fuzz.cluster.cmeans_predict(x_test_scaled.T,best_model,m,error=0

-005,maxiter=max_iter) [0]

fpc(train):0.614
fpc(test):e.
S:fpceB.614

fohs ) Al e AlaY) Wikl mual gl e Jgan) anyy

SFCM \gie Cidsi ) 3aadl Ageayiyl) ASslaad) il ganall o La—1

el
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gana O Cun gsame dags 4l diee S5 Clegane (A Leasndl 03 o Sleall &S 5ku Lalaif 320 Ll
il el Clegenall She 8 CDUAYs canlgll (g5l e genall mren 8 dyguaall Cilan
S 13 itiall LS degana 48 Alle Aad 4l bl Jaea IS 13 Mia weSlaall (o S L
o e dad Al IS 6 Glhenal) Jaee W cpamiiall (sl degene ¢b dnidie died
Vsl IS oGy palls Cpaign ) Ao sane (sod Aumiiia Aad culS 13y (g pall Aulias Ao gans
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e saae JS Jah ualiall Glula sae A)lie Cile ganall (a Juadll 3393 (500
Calinski-Harabasz Davies—-Bouldin Silhouette s} \sall
520 0.91 0.41 K-Means
610 0.73 0.48 FCM
FCM 4 )5a e K-Means duelsa 455lia (1)Jsaal)
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claud) DA (e caieil) saad Dlaall GLSghs 282y agdll sa )]l Cndl 3a Con IS
a3 e S Qaendl 0585 un) Jumdl JS85 plgl) (e Lae Banie e gead ad) o Lat¥ly
Jale iV ey 383 25 (FCM de) i) alaal) poeatl) Liadiind caad) 1aa g o(4Sska
eV G Y1 aes dalsall o2 e slaie YL s Feature il s Cilyamalls minaill ()
Alany a st OIS 1) Lagd Jrandl A8pnay 4y 5atilly Jrandl sl agd Sy LA (e (sl rinall ¢ Vsl
vy Aglans ashy o (Saal) (ya ol dah bl

Al e s (e 1A GaSl (g peadly Jianll et Gile saaall G Jalaill dapla )
Cods o Al i il (M) dpluall dales loal Leiey cboaill (e lia (S cAiaa
(G IS A Al saas 8 Ji 8 olal) Adle bl ae Jaladlly (JSI G 5l
o 2 il of WS dial) o Laliall ae Juiil) ey Sl )z sy 8305 Aol 0 35l
Cllall e 88 3lge g Lygumall Cuaaty Sl clilee s A0V IS 3$al Jlpdall LsY)
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Al ) e Laily cApluall Lalill (e g 35ail 1 api o Candl s Aanl e Y
zsalll ZUl a8 A pEIY) sylaall Ay & DA acy edaall dllu agh 8 Claidl ol
IS g cagin AS e A8 sk Jalatl LIES) ) 5ajiie S e Dlaad) by ae dalaill e JlEY)
Cilasiall 538 eantiy Apluall Lygaell Gilags DA e alal) oda L Jalas ) eVl Jis
Al (gl panads Jie dilee Clelal Ly &S5 desene IS pailiad
Lol Akl acos ceDlaadly LlEaVly Vol maby shis (Clageadll ol s
LAl ac s dalail 8 4] e Lhua sy Ay saanl] oy aladid (e WS L cilaadlly culaially
G A Aa JlieY) b 2al Ly olati 3aaly degane ) daenl) ol o LA ading ¥ Cuny
Al A5l (pe JUEY) e lusall 3 ae iy o) Sy ¢ bt jshaie (s 48 sk Jalail 520
pailadll aa Aipdll Clehay) Culi Cuny digiay Lasads J8 Glaghinl ) oSl
adiiaal) i)y ULl 25an Cpanm i) il sy (Jiliall s Jsee JS) A ladl) AL
e i 38 e Dlaall eli (o LS ccililall 33a s leeatlind s oaes Cile saad) dands il 28 )
Jalall Sl Jhally (Solall Jalail) o peadl (b Canall i) dadll JiaB e as - al)
#Saall Cistoa Cunat e 5506 £aalins Aadal at Slfins s 8 Wbl g Ly ¥
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