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Abstract

In the evening where ranking on the search engine result pages is directly related to increasing the number of
visitors and the progress and development of a business, search engine optimization or SEO is a process that
helps to gain a higher ranking. Websites can be classified with the help of machine learning techniques based
on the quality of setting SEO guidelines. Classification algorithms are combined with each other with the aim
of increasing classification accuracy and are used as an ensemble classification model. In this article, we
implement an ensemble classification model with the help of a random forest algorithm, which places web
pages in one of the predefined classes based on SEO quality. The obtained results show that the accuracy of
the constructed model is between 70.50% and 73.17% and is more accurate than previous works in which
ensemble classification algorithms were not used. The built model can help developers build automatic
software for detecting the SEO quality of web pages.

Keywords: Search Engine Optimization, Machine Learning, Ensemble Learning, Web Page Classification,
Random Forest Algorithm.
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from sklearn.ensemble import RandomForestClassifier

clf_model=RandomForestClassifier(
n_estimators = 100,
min_samples_leaf = 16

Solas R (ganadb Joo iy a5 () S

93 4 ol asgozo ol )3 a5 cnl (S5 Hold-out e lsel
Jao sl sl phigel asgame 25 o i (19031 9 (Bj90l i
ol bl oabalonl Jao 5,Slae ot Lol (gl (g3l asgame 5 6,50
03> degemme ST L g u il Ko o8 030> degorme 45 (6390 > SLSS
5Slas ol (San 2uils lmodls IS gl o95 Oyme oaslsesl 5596
sl sl ggllas

5ol > &S c il (6,5 S5 K-fold ablite o w,lel
Srcudgios g 39 b oo ooli wl Jao 0 Slas byl sl pile
Cooud K s oodly degammo (g, (ol 3 038 0 By 1y JuB SsS
alsyo ol KoL g9y 2 0360k o o 29550 ol (59l
J3e (ol oslassl o ad o b ol 9 S o (o 1y 350l
oo S 315k 5 9 35500 1S5 5l K AT ol g5 o0 onomi
3 S oSbo b 31 )3 oS o 030l (0] dsgars i Cglito
A amlgs plogl )l eadplol als o K

o) 3,5 gl ool (sateile Lo i) Sl 3 €55 e
sy ol > se 5 Ladigas 5l oliss an amd o L jlino
2 0d gdddds Cawyd (glaedly i (s dlie (gly Wledis sanddls

D9 oo s Wodly IS olaws

W -7

plosl K-fold g Hold-out s g5, bawgs gaudids Jao oLl
s bisel Al ye (gl Wnodls pgwgs 5| HOlA-0UL iS5 )3 s amlgs
K jlsde 55 K-fOld j3g, )3 395 o odliul (g05] (slp osilosdly pgusss
S N el

a0 5S35 K el €853 (ga0ad b 02551 0 b
P Ssnd Ggr)S) 5 s ool b (olidy oy eile
S F gahaib oo elyen dy el sasleuaay [W] iagl,
K-fold 4 Hold-out ysg, ¢ 4 imgh cpl 50 sasaslyl sslas JKis
01 03,91 (1) Jos 5 (V) Jsi 9 w5 &

bgspe Hold-0ut cdls ,3 [11] imgls 53 sdelcemday cds yiSlus
K-fold cdls y> o Z50/5Y Hlabo b pue—ai Cé )3 (cabdib 13,05l 4
TEAUSY Jade b aal e oy 5S35 K o350 ds bgsye By iSTas
ity e 3 odalcanda clacdy a5 conl b p ol sl do
Sl ZYYINY o 7Y [0 oy csgale

93,5 wunled odlaiwl ] 5 a5 el (S5 MinMax ¢l Jl
0550 ouiS o0 V U - o}ugbgml)dsu)ﬂa&c\_ﬁj&dq
Siign dsulons (1) Jpop SaS & X pisn Jlo s o Al

X _ X — X _min 0)
-orm = X_max— X_min

9 X_MiN s Jboy Hlade saimyLis X_Norm .l s 4
oxmd s X g s aosly polde pSlis 5 Jils sy 4 X_max
Gl 00y Lol lade

o sl 13 ity -0-
S3bosinge Banls (553 T8 955 5 S & aitn (g plie ozl 18
e Gilisee Pl 5 opwile Sl o S Gk o [17] Jo
bl 553l (sl Jao (el cslio slo ol bl bl [18] S5 o
SWapinysS 5l Gros G131 & Ll &S 315 Jaw 5 ,Shos ot 5l
5k pelbld siludie GSiSS 5 pile 650k

o 5lidyge sladiges JBlus o (N_estimators) ol s slass
3 LS cla o Lla 4 les sl (Min_sample_leaf) S, 0,5
95 g Jae cdlu gl o] 5l a8 sin 3olas JKis v yoS]
)5 wanlgs ool

Giwaidb Joe calw -0-Y

Scikit Learn sbols’ ;5 sv90 (Solas K w265 5l gy i 45 50
&lols” K Scikit Learn «uus’ o odlitwl canaib Jao il 4l
S cul geile 0k Sl gl sl mgialin Gl 2B
ool (gl (g3l g (adle (550k pelatods (o35 52,08 (sl
S (o w8 (Aade 5 (sualb (iren

sldigas Blas g Voo plp ds Jae 0 1y LSy sl gelblys jlace
y 0950 (V) S5 S o0 5 3 V1) S 505 G g3 jlunyge
a3 Ol 1y ol b 4 plie cpl b (Bolas S anail S
359 Wodly degosme j0 48T 5D ghs y1 550 HeS YN L1y osdiay yai Jo
il o yo 3,5 bl ey Je ) o sl g emd o Bi901 300
o 98 JB CB L) wae lacolucy gel (ot CutS Wlg
&8

s Jao byl -0-F

Slsp g byl Shy daodly s alesjl alise Jolge a5 obolj]
orte obl cul YIS ,56 cundib clanit oS g9y p iyl
cilize glapt oS b)) 4 5l pel I S sl sandib o565
21 dgpg (gdudids glawi ) s byl 4y gty SST g0 )l



[2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

performance and compliance assessment based on a data-

driven search engine optimization
Information, vol. 12, no. 7, p. 259, 2021.
M. Vallez and A. Ventura, "Analysis of the SEO visibility
of university libraries and how they impact the web
visibility of their universities," The Journal of Academic
Librarianship, vol. 46, no. 4, p. 102171, 2020.

A.-J. Su, Y. C. Hu, A. Kuzmanovic, and C.-K .Koh, "How
to improve your search engine ranking: Myths and reality,"
ACM Transactions on the Web (TWEB), vol. 8, no. 2, pp.
1-25, 2014.

M. Khan and A. Mahmood, "A distinctive approach to
obtain higher page rank through search engine
optimization," Sadhana, vol. 43, no. 3, p. 43, 2018.

S. An and J. J. Jung, "A heuristic approach on metadata
recommendation for search engine optimization,”
Concurrency and Computation: Practice and Experience,
vol. 33, no. 3, p. 5407, 2021.

A. Erdmann, R. Arilla ,and J. M. Ponzoa, "Search engine

optimization: The long-term strategy of keyword choice,"
Journal of Business Research, vol. 144, pp. 650-662, 2022.
C. Ziakis, M. Vlachopoulou, T. Kyrkoudis, and M.
Karagkiozidou, "Important factors for improving Google
search rank," Future internet, vol. 11, no. 2, p. 32, 2019.
H.-J. Tsuei, W.-H. Tsai, F.-T. Pan, and G.-H. Tzeng,
"Improving search engine optimization (SEO) by using
hybrid modified MCDM models," Artificial Intelligence
Review, vol. 53, pp. 1-16.y-Y- ,

D. Cohen, O. Naim, E. Toch, and I. Ben-Gal, "Website
categorization via design attribute learning," Computers &
Security, vol. 107, p. 102312, 2021.

T. O. Ojewumi, G. Ogunleye, B. Oguntunde, O.
Folorunsho, S. Fashoto, and N. Ogbu, "Performance
evaluation of machine learning tools for detection of
phishing attacks on web pages," Scientific African, vol. 16,
p. e01165, 2022.

G. Matosevi¢, J. Dobsa, and D. Mladeni¢, "Using machine
learning for web page classification in search engine
optimization," Future Internet, vol. 13, no. 1, p. 9, 2021.
L. Deng, X. Du, and J.-z. Shen, "Web page classification
based on heterogeneous features and a combination of
multiple classifiers," Frontiers of Information Technology
& Electronic Engineering ,vol. 21, no. 7, pp. 995-1004,
2020.

P. Y. Taser, "Application of bagging and boosting
approaches using decision tree-based algorithms in
diabetes risk prediction," in Proceedings, 2021, vol. 74, no.
1: MDPI, p. 6.

A. Aldrees, H. H. Awan, M. F Javed, and A. M.
Mohamed, "Prediction of water quality indexes with
ensemble learners: Bagging and Boosting," Process Safety
and Environmental Protection, vol. 168, pp. 344-361,
2022.

Z.Chen, Q. Wu, S. Han, J. Zhang, P. Yang, and X. Liu, "A
study on geological structure prediction based on random
forest method," Artificial Intelligence in Geosciences, vol.
3, pp. 226-236, 2022.

methodology,"

Hold-out <SS ,5 <ds :(Y) Jgua

s sl STy

YAl . C=049 _ Decision trees
min_samples_leaf=16

OAVIVY - Naive Bayes

FYAN K=45p=2 KNN

. C=774x%x10°
EYLIEA  — 0.000464 SVM
EYLINA Cc=2 Logistic
regression

\RYALE n_estimators=100 Random forest

min_samples_leaf=16
K-fold SusS ,3 <ds i(Y) Jgso

L VAN _ €=049 _ Decision trees
min_samples_leaf=16

INVAL - Naive Bayes

VA K=45p=2 KNN

. C=7.74x%x10°
SELINA
Ay 6 =0.000464 SVM
SY//AR c=2 Logistic
regression
VYV n_estimators=100 Random forest

min_samples_leaf=16

Jice jl odlat wl c8F 4 g e odalie wdds @l

CutsS bl g Slrino anail )3 1) €8 Wl oo (S S5 xSk
oabatlis (oS 5 (anadl Jae jland 250 priue H9ige (5jluding
@y Olis g CaS gt 805 Gl cale Gl Fe
SIS g CosS dgue 4l o5 Sl Ll gl Glgsa b

23,8 oolatl

gy 5o Jole VY ol Lo )57 55 s doslitwl (sbaodly degoomo

WU 58 2B Jolse a8 el aS sy opl sg Ol 3
Sl p3¥ 02l sla)lS 53 el Bl Gloxies gl CudsS Sl g5 LB
oy Olrdo g oS byl Gl (26 5 (BB Jelss oS 5l
Slgicee o5 (oS 5 gl (Sl ol plow 5l eslatnl 395 o3lat
A8l gy e SIS R (e

[ I

Drivas, D. Kouis,

Giannakopoulos,

"Content

D. Kyriaki-Manessi,
management

&l
and G.
systems



[16] Dataset: https://zenodo.org/record/4416123

[17] D. Sun, H. Wen, D. Wang, and J. Xu, "A random forest
model of landslide susceptibility mapping based on
hyperparameter optimization using Bayes algorithm,"
Geomorphology, vol. 362, p. 107201, 2020.

[18] L. Yang and A. Shami, "On hyperparameter optimization
of machine learning algorithms: Theory and practice,"
Neurocomputing, vol. 415, pp. 295-316, 2020.

L gy

! Search engine optimization
2 Classification

% Random Forest

4 Ensemble Learning

5 K-Nearest Neighbors

6 Naive Bayes

7 Logistic regression

8 Qverfitting


https://zenodo.org/record/4416123

