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Abstract

In this paper, we develop an Al-based recommendation system that matches the specifications of smartphones from company 'S'.
The system aims to simplify the complex decision-making process of consumers and guide them to choose the smartphone that
best suits their daily needs. The recommendation system analyzes five specifications of smartphones (price, battery capacity,
weight, camera quality, capacity) to help users make informed decisions without searching for extensive information. This
approach not only saves time but also improves user satisfaction by ensuring that the selected smartphone closely matches the
user's lifestyle and needs. The system utilizes unsupervised learning, i.e. clustering (K-MEANS, DBSCAN, Hierarchical
Clustering), and provides personalized recommendations by evaluating them with silhouette scores, ensuring accurate and reliable
grouping of similar smartphone models. By leveraging advanced data analysis techniques, the system can identify subtle patterns
and preferences that might not be immediately apparent to consumers, enhancing the overall user experience. The ultimate goal
of this Al recommendation system is to simplify the smartphone selection process, making it more accessible and user-friendly
for all consumers. This paper discusses the data collection, preprocessing, development, implementation, and potential impact of
the system using Pandas, crawling, scikit-learn, etc., and highlights the benefits of helping consumers explore the various options
available and confidently choose the smartphone that best suits their daily lives.
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2.1. K-MEANS
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2.3. Hierarchical Clustering
Hierarchical Clustering
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2.5. Silhouette Score
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3. Optimization of Recommender System

4t
rat
>
|>
px
10

X
O
rlo
i
=]
m
10
A
=1}
i}
=
1o
A
rot
n

)
re
ot
rn
>
ro
mjo

A TE HEH 2= ottt
Hole =& EANME, M2F & A Z2HOl HoHE
SEoZN, AlX"EOl O FEd FHE2 ¥ o+ Us
ECHE OfEetch ool FAM2| EHAMM= +=&E HolE
A2l SAMME, s8E HoHE 232HE L12F0
et ez gHstn Hetshs Yol ofRofT of

4 o &

>
oo © 1 ox

Bl

3.1. Data Collection

2 AFoM ARBE S

2014 H2EH M=E HE 2HE2E 2023 3 9 X EA|
Mg 2"X] 'S'ARel 34 ZH[o[X|olM & AZ St
HOIEHE #+T3IUCE (Y00,2023 & Jo, 2023; Yoo, 2023).

2 REOME Sl RAES S NY SESULH

SAfS] ADLEES| HE AT

2 1orlo

AA
AE3 e Python 2t0|E22{2|2! BeautifulSoup & &3l
Pandas 2@ Numpy & AR83t0| diLtol CO|E ZUe=z

Hatsto] A3 HOojE Mg FHSIRUCH (Yoo, 2023; Jo,
2023; Yoo, 2023).

3.2. Data Preprocessing

473 GlolE BOIM MyBH ChE2n e 7Y
oL M42 Aoy SUYN AW BRI} ASYS
M7stel #Zo®  A8®  HolH Mg wEm
SAHYY S50 ABE #F HALE Table 1 I 2T

(Jeong, 2021).

Table 1: Variants used for Clustering

Feature Meaning
Price Released Price(Won)
Battery Battery Capacity(mAh)
Weight Product Weight(g)
Camera Resolution Camera Resolution(MP)
ROM Product Storage(GB)

Price's T HMZFSl F1IHE  UEfL=  CIOIHLY
Battery'= oY HMEZSl & HiE2] 8FES LIEHH

CO|E{O|Ct. 'Weight'= ADFEES| 2HE LtEHHCE Camera

Resolution’ AOEEQ|l MM ozt JAE  LEHH=
ClOJE{o|Ct. DOFX|3f ‘ROM'2 AOEES XE g2
LtEfLlE=  ClolEo|Ct =E HE2 A&d  Ho|HQ|
£dE JtX|n AolM o] HHE HFIHE S A5H
ClOlEOlM HEE CO|EHZE Hetsts HEE Table 2 2
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Table 2: Process of convering categorical data from
continuous data

Feature

Continuous Categorical
100,000 <= Price < 1
300,000
300,000 <= Price < 2
500,000
Price 500,000(Won) <= Price 3
< 700,000
700,000 <= Price <
900,000
900,000 <= Price
Battery < 3,000
3,000 <= Battery < 3,500
3,500 <= Battery < 4,000
4,000 <= Battery < 4,500
4,500 <= Battery
Weight < 160
160 <= Weight < 200
200 <= Weight
Camera Resolution < 10
10 <= Camera
Resolution < 20
20 <= Camera
Resolution
ROM <128 1
ROM 128 <= ROM <= 256 2
256 < ROM 3

EN

Battery

Weight

N|=2|WOIN| =2 || |WIN (= O

Camera
Resolution

w

'Price’, ‘Battery’, ‘Weight’, ‘Camera Resolution’, 'ROM'Q]

M-S £F FULE Us2=2M, Z#F Ul Mol
ZAES2 RFARE 542 SRS =0, 222H
=MoM ool = AFs ¥€d¥ =+ UM o=
S AHY L0215 HE SHS SYSHA A7 et
mEn des o 2 Z=HE = U iFH, Zuye=z
AFERHOIA JHQIstEl FHE MISts Al2HEel dsS
SYBHA AlZIC

3.3. For Each Clustering used in the Experiment,
Hyperpareters

Table 3 2 Zf 22{AHF0OML XXl 5t0|mut2t0|Eof
Ztst Ljgo|ct Slo|mIft0lEE =S W2 Silhouette
H

2IE3HCEH K-MEANS = 2 Of|A| 50 77tX| Cpst

2
A 0| Cisf SAHEES F™dsta ZfZio| it
Silhouette Score £ Al&tot Zat ZF2AH £ 50 47t
08625 = Jt& = LIRCL DBSCAN 2 ‘eps'(0|R2
Holst= A2l YAZHRt ‘min_samples’(diA  ZEQIEE
Holste 0|9 A& )0 Thet HHGUES He WHE eps
U2 01 5H 29 WX min_samples #{2 2 £E 14 7K

HSAIZ|HN MBS s"T Ao eps = 01 ~ 06
min_samples = 2 O Ci3t Silhouette Score &= 0.9999 £
MY sA LURtd Lo|lx HQIETVL 1 Jf AEEUCL
Hierarchical Clustering Ol M& S2{AH =& 2 2§ 100 7tX|
HSIAIZ|HAN 2F S AHE Z0H0| Cisl Silhouette Score £
Botet Zat 69 Ho| 22{AEQ|l #=7t Silhouette Score
0.9981 2 7t = LIRACH

Table 3: Hyperprameters for each Clustering

Model Hyperparameter
K-MEANS n_clusters = 50
DBSCAN eps = 0.1 ~ 0.6, min_samples

=2
n_clusters = 69

Hierarchical Clustering

‘Sihoueme scores for differentnumbers of dusters

e

1 [ 7 z 2 2 E o GsoB8D
Hurberof e

Figure 1: Silhouette Score for Hyperparameters of K-
MEANS

Sihouette Scores for Various eps and min_samples

min_sampses.

Figure 2: Silhouette Score for Hyperparameters of
DBSCAN
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Figure 3: Silhouette Score for Hyperparameters of
Hierarchical Cluster

4. Experimental Results and Performance
Evaluation

4.1. Experiment Environment
= MM Znet AHBE Z2{2HY ZH2 Google

Colab 2+40|A  Pandas, Numpy,
2t0|E32|E 0|83t ALY

scikit-learn 59|

4.2. Actual Test Results and Performance
Evaluation

Zt ZAHY ZES ALETI0] 'S'AISl ADIEE KE
AW JtAS =830 AMEXZE 21071 HiEZ] 27 24,
izt 3tE, ROM 2 AT MEsIY =H 2ot LIeEE
HYMCE F=H Zote= CHSOF 22 3 74X =4H0| ok A
HE AF2X7F MEHSE 5 JHX| B RE %= FH
AOEE AES ZHCL 5 HM FH ADEE AEO|
574 OI2tY AR 4 7kX] EH0 = FH ADEE 4F0|
E30| =Lk N HE 1 £2, 2 &% FH AOEE ME
=8 2 =7 500 ool B2 1 =9, 2 =9, 3 =9
AEN W 3 X EE0 HE 3 =8 4E2 2
E3TICH 3.3 A HZIUE DBSCAN OfA LO|= HEOIET}
ot 7 AEE NE A" JtAo| A0 Helstn AEXIt
o AIYS MEIZ siH 3 7ol S{AHE st =H
AOEE HE £82 526HA LD L0o|= ZEQIEJ
AEE MNE 2"t A E22'Price’ 22 300,000 <=

Price < 500,000, ‘Battery’s&2 Battery < 3,000, ‘Weight'
HE&22 160 <= Weight < 200, ‘Camera Resolution’ £&2
Camera Resolution < 10, 'ROM’ 222 ROM <128 2| &7
LERECE

—_

MR - Br AR

Figure 4: Results of K-MEANS and Hierarchical Clustering
applying DBSCAN noise points

£371 WE2 2Y(man, pical) $A() TN IR - G2 AEAX(HE 2%) (68,1)

Priority

Figure 5: Results of DBSCAN applying noise points of
DBSCAN
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5. Conclusion and Future

£ dFe SAS ADEE ME AW, J7HAZ 28310
SAHZE 8%t ADEE AR FH AAEE FHE
SHRACE & 3712l S2AHEE AFESH0] Silhouette Score &
St BIIE SQICE DBSCAN 2 3 7|&0| fastx| e
HEBES MdAMst?| Fddile 32 E20FUCL olzst
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