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[Abstract]

This study deals with the reverse engineering design method for the search for factors in the YouTube algorithm, focusing on
the application of machine learning and deep learning. YouTube is the most popular content platform and advertising platform for
content creators. Despite the fact that many users around the world use YouTube for business and entertainment purposes,
YouTube's algorithm has not been disclosed. Thus researchers tried to explore it using a reverse engineering design method.
Therefore, many variables highly correlated with the number of views of video content were identified through the design of the
machine learning method. Additionally, the prediction accuracy of machine learning and deep learning was checked by the
variables. Researchers expect that the results of this study will make a positive contribution in practice, such as providing insight

into what are important factors for increasing the number of views and subscribers.

Molo] : RRE, Haid ojilald

19
oRl

ot
e
!
i)
ol

Keyword : YouTube, Deep Learning, Machine Learning, Reverse Engineering, Algorithm

http://dx.doi.org/10.9728/dcs.2022.23.6.1123 Received 23 April 2022; Revised 23 May 2022
This is an Open Access article distributed under Accepted 25 May 2022
@ the terms of the Creative Commons Attribution

A Non-CommercialLicense(http://creativecommons. *Corresponding Author; Sang-Ho Lee
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the Tel: +82-51-663-5204

original work is properly cited. .
E-mail: leeshow@empas.com

Copyright (©) 2022 The Digital Contents Society 1123 http://www.dcs.or.kr ~ pISSN: 1598-2009  elSSN: 2287-738X


https://crossmark.crossref.org/dialog/?doi=10.9728/dcs.2022.23.6.1123&domain=http://journal.dcs.or.kr/&uri_scheme=http:&cm_version=v1.5

C| X" 2El = &5 =&X|(J. DCS) Vol. 23, No. 6, pp. 1123-1130, Jun. 2022

T =7
WAS) ATz e} Held $88 5
Stk Wnbd A8 o] Aol s U ES ] £

7ol wheh vherst UMOVP ‘@741%1 Ao, 191 v
= 5343 F7leta 9l

obsol7] 4% = AlF OPJ_’— 3z L@Q& =
grjrje] =5 Aleehs vitlol7t H5ker) 2,
B(YouTube) EHAFE2 vlr|o] Arkat 4|7} gibshA] o
= tiEARQ oot} fFHE o] &H|RE 7F
Asshe dErte] Ay FEela A4 2z Zd
Ag]olleE(creator)E°]
t]o] AejAle] T},

FEHE HEY IRI3E B8 Fdl= AefdolEEo]
FaL o], A WA, A A4, Super Chat 2 Super
Sticker, FFH Premium 79& =8 T U= 715& Al
F8kaL ArH 1], fFEE AAAQ] daelEs F3l 19 A
oo ol A A& e ol el s At 5
—FH 22k AR A4 dige] vk, Bl g

= Whgste] oS AT 2]. FER S }
SN vk glom A& 0w WAy
= WAl J|HEZA o7 Felxo] X34
S7FehH ol e o= T2 Hof 9l

TRz 23|55 Fol7] S EA e ARSAPE
FrirEol HERS o T3 Gdolvt, XS A 75 ol
=Fo] Hojof ARAE ?'SH ok 7Fs Aol okl
[ A L TR wZo) thek &
AEES eUeHA L %Oj”% A, A E’—Eﬂf:g] RERS
ofe] Ay, & dSAE o7 =97}
i AZIGAL Adrgskar ITH 1. f-RH g7 A "] gl 4
e dy, dRe ]'

), fme I, =
74‘?57120 Rl J)r ﬁé@% 254 ggrk vk ghare]oel W

19 m
tlo
X
i
_O‘ﬂ
N
Ho
:?1:1
i)
oifl
QL
rr
=)

JQHNN

=0
e
2

Ve A

1 lo
N
tot
4>
=':
L
—
¥
5
o
> r
r—‘::ll
e
NS
Hi
fo
2
r*O

A }43401 S %‘!91501 olel
X%l%ié&i | Z3)gre) F521E S8 AFARL
o3t Aoz 7s),

rHo of

http://dx.doi.org/10.9728/dcs.2022.23.6.1123

. Op
sof el wat A@er 5‘@.01 olgt m=dd
:[1[3 419} YouTube Data Tools
15 Sl A7AES 9E4ES
) HolHE &-83t] Tor‘TErE daE|Ee] 24 olsE
Ealsh= A7 E1E ATk e AR T°TE H 3 Al
A BEomRY mEe AddlolE ] Zvkete] dargEs
e GATIo A58 BN A e s
Eg ARQ] WA AJAE] AYH 7|+ BAEHE A 8%
o] BaLEglrk 28 al fRHEA Q7] s 7 &
H= 9 4F 7He] S BAee AT 219 AselAe
T A, Y AN 55, JRE 59N 55 4 U2
(4, 7191, 23] %, Fohe 59t dole 4 5o WAES
=
S

o= 7]—9] }\sz(jjr,]. A Zor B

RLE

2

gl

A 5ol ASHATE 2 Qo=
%0}04 Frelol et g8t A A
o) A7E $F e A7k muHAcH9I-[11]. &

76)\:11—.0_ 81—%40& UE“T%?:)‘J_— ‘J%L;q%o ‘—ﬂ'

Sk 2, Al g e B83to] WIS 1+ gk

fs T

il il
AE glstar, e d s} Hefd WA ow oS daglss
3|

A2 d(machine learning)& AE8e] AAY E3),
74e] ¥ o] ERkE Azl 0w AR} g5
2 RS FAH3ES AR LSl wAly
AL HAFETE Folxl ShEdolHERYH FEF
(feature)2 &<5(training/learning)dtal A4 Al(decision
boundary)E 3o} o]F- J=s= AJ2E HolEe] 54 #
o 7xkste] dlojElY] S e 7ﬂ74(test/generalization)é}
= AR JgE Halede Folxl vlolE o] FHaE

TE3h= 3"l 2 2l(pattern classification)#]¢F Lo
A& S 543 3 FA(regression)wAlE sl dsh=d| A
L7}, sk wlel X =8kF(supervised learning),

W] X =85 (unsupervised learning), WX ok
(semi-supervised learning), Z3}8k5(reinforcement
learning) 9] 47HX 2 FEE L} A T8kl A9} 98 T
A Fehs Aoz JYghel digh FHikS & ol oigh

VEs F3 g5l WalolH, - (classification) 2@



3} 39 (regression) @A AREETH12]. BHFEIL &
FHolE 9 dolE(x, v) F shrF Axkglelm drare]gol
w2} 714 ¥ el Al (support vector machine), 2JAFAHE
2]5 9 (decision tree modeD5o] ) 3|HAEAL sH4H)
ofEfell A wEEF Ao RNE AL 9 ghs A4
53 Aol AR [13] MIX=eh5- gkt E2%k
S AlFsA 2 wlolE] HEEAE Fgk, T mer

olezty} Z#zte] dlojE|(labeled data)$} EE2+= dolg

a I

(unlabeled data)g 37 AH&sh= ghsialoltt. Zalehs
2 Aol uigh F=ms Algsia JEe JEz S8R
2 AFEA &= sEEeltt12]. # Al e A=t
& WSl AREE o] §ate] X3)4E A5k, A
B 5, FEARF T2 A5k

ez} 22 Alole] Wi
A

Aol Hest 548 FEss daugFolth 5% 9l
o] 71329 H=wH(shallow network)@ Helde] AlZmo]
AR FEIE Holx|ut A Hel M= J=e 7 Alo] A
25 ¢ o e rdygd 5 gtk 54| ok
T3 241914 1A oA S o] 1% Fe] Al
H| 2|2 Fgtrhs Holl vlal] A AETA 24w o
g o] &3 AFH ndS A8 Aol gATH AS
& AETre] Aol o)EshA| @il AFso® Ho|E o] 54

7 a3}

< F27FseA =}, BRI 5 25 5§, ©
= %ol Mdnslict[12],[14].

Held 7lse] AeH AW e ApRIEY, Alths
=014, 45417 S convolutional neural network:
CNN), 3]7AxAE 32 (recurrent neural network: RNN)
o] ok o] T G2 Eok= CNN[14], 2852 5 Al
AG dlolEx]2]ol] RNNo| = ARg-#vt[12],[14].

CNN-2 417 shd ddgol 7)x38l “X| 94 712+
TE4S AA oA A= (convolution)dhe] 417 2]
AZYEE THehs WHoR W] Vs UiFE 4%
ol RNN2 A AG dolEol] A3t 2= Uyt A4
oA 7t AL AYAZEoR AAsta 2| AZAE
o=y ddo] wrg e}t & A3 oA = Aol
& &3l dlole o] AIZHA]1 wigle) digl] Relg]o] Vs
A AN AEALSTM 5SS AR Eo}
5ol 1 o3 S5 AE dlAsh g AL
14]. & A7eMe A5 daEs 78S S8

= g
deid dugEog AL LS ol

Ry

oo fo Qb 11 8 ol |1 &
oo, m

Mg
N

O
Z,
Z,

o g

2-4 Y EYAEQHSZIAE

Ay ¥HAEx= %7] Yali Amit &  Donald
Geman(1996)[15]%} Tin Kam Ho(1998)[161¢] <A+ <&k
T} Breiman(2001)°] A|AeF Y == 23K randomized
node optimization)$} ®i7(bagging)S FAlo] ARE3
CART(classification and regression tree)& ©|-838}al
AL Q= EPER 7S Lol AE BAoltH17].

A ¥P2E 2= ) EgVE ==(node)$t oA
(edge)®] 3o m FAEM ATTZE olEth WY xuH~
Ex vro] A EAED(Decision Tree) 52 &<531= W
How IFUolHE SHHTE o oRPAHEL] F2E A
& AdshE AL B 70 S EAIE dshs RHo]
t}. of7]oA JAFAH Eg](decision tree)= Sl e g
ol E& g AL EF(classification)s= AL Del, 3]HE
F(regression tree)x™ FW:-=(terminal ¥+ leaf node)
tjolE o] it gks ARESle] AFghs Fg8 = RS weith

i ¥y AE= H4FQ T (variable importance)E A}
st daE Msb (18], A WA Feature

importance®} Permutation feature importance©]t}.

Feature importance: 501% 2o A feature”} o5
Arlol] Feke- v = HAEE SA S ohst featuredl] 7]
Hisko] of| & Rdlo] EE = HollA 7 feature= 43
(e}

S At} 7} featurew SHH 22 H7E=H feature 71
Ars ZRgo EAIETH19]. Permutation importance($=2
F25)E dF W2 feature 5 shE WA g3 &
1S SAEkL A5 AF STl Wt feature™ T8
T5 33k ot 20]. oW feature”} 53 H3kS
Sh= A%, 7L features AAS o] 5 dF Q& F7kech
I A = qoH19]. B AFellAE 7] 2714 WS AL
3lo] gl ST Uigk MFF s EEeh
. Atk

AT fRE Al Ee] 51 G5 HelEE
o) oA, 285, Y
shat, waled g}
T8 mkth 9174 of

u
!
T

o

=2 O
ol=98
!l .
A

&
I
o
>
=
=
&
o
)
&
32
o

3-1 97 2A4e 23

Aol Ee G 23159 Y TEARE 7] 9
o weaih, 28leet AY FEASE of @l WIS} Yt
AT wer] FQshaat ek 1w 285et A T
A58 Se7] AE A A Gl el s
ofok k=] 712 BEIY 717 HY 7128 o | MAE
3} A} 30 A Helskel 3 B

AN
-0,
i
:

http://www.dcs.or.kr



CI X" 28Il = 5t5|=FX|(J. DCS) Vol. 23, No. 6, pp. 1123-1130, Jun. 2022
ATEA 10 FRE S T FEHE e I- FrRBA FE3 W5 F 157001, sE dlolEj=
4 AEr|Eom oW WEd AuuArE =271 7hste] 7T7he] WQlES 7R Theetdith g Hlely
A=A 20 FRE G 3 oW S 4 = 771 7FE ¥ EE 83 8l AlQsta & 14719 WelE
WAL =271 < 4433 S92 Table 13 2t
ATEA 3 FHE A FEAEE oW WS A A ID 7IEem FEdlely A7, 45 doldHe 0%
WA} =271 A9 F 12,66471] dddlely ARE SHsIqlth g%
FddlolEl &= 239 0~109 4, ALETEATE 0~199
3-2 H|o|E| &1t A2 ow G g7l A g3l FHYES T 58S vE
wiolek maleld ot Held o o529 Ages Fol7] flaiA
i el A vt ARE 5 &2 AFelM= & = 391 30% o)’ 7F3re] THIY dlolHE AAISHIT
FH SYFAA Agshs G4 BEES APl 955 Sl
A Heole] AEY 7IHew FESINtE AZESC: 3-3HI0|E &4
Python 3.9 W& ARESISITE o], AH7]E A, A4
B 32 4RE s volHE 58 5 Atk fRE 4 Al Es E8g Al #2415 98l Decision
= ERHE Vees g TRE F 3R ERdhs Tree Regression W& ol-8sto] HAlefds WdsiglaL
g Music, Pet & Animals, People & Blogs, Feature Importance®} Permutation Importance®] =2

Entertainment, News & Politics, Education®] 67}4] 7}
arg)et wyE HAolE o] §adit A9 F= o R §l%laL,
AHFZL 13] ) AF7]ER] 50715 o8] Aol E3
HHE 223590 7|2k 2021 129 11€3 A 7%
16,19470, 23]5= 7|5 8,200719] Ho|H & FE3}th

E 1. #elel &1} 7k
Table 1. Extracted and processed variables
Variables Method Select
Relevance ranking extracted 0
Number of likes extracted O
Number of dislikes extracted 0
Number of views extracted 0
Preferred registration extracted X
Number of comments extracted O
Category extracted X
Registration time extracted X
Exposure periods processed 0]
Title of videos extracted X
Number of words_Title processed 0]
Frequency of searching word_Title processed (0]
Channel title extracted X
Number of subscribers extracted O
Channel ID extracted X
Video running time extracted 0
Video description extracted X
Number of words_Description processed (0]
Frequency of sgarching processed 0
word_Description

Video tag extracted X

Number of words_Tag processed

Frequency of searching word_Tag processed
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from sklearn model_selection import trein_test_split
w_traind, x_testi, y_trainl, y_testi=train_test_split{x1, v, test_size=0.2, rendom_stete=2021}

MeoroionTresRegrestor 2 WANS
from sklearn,tree import DecisionTreeRegressor
HE TS man_depih &I
tress=[]
for depth in range{1, 20}
tree=DecisionTreeRegressor (mex_depth=depth, min_semples_lesf=10, rendom_stete=20213
tree fit(x_trainl, v _trainld
trees, append{t ree}
accs=|]
for depth in range(1, 20%
idx=dept h=1
tree=trees[idx]
mcc=tree,score(x_testl, y_test1)
accs, append{acc)
H TG man_depfhd I¥ TR o0
import metplotlib,pyplot as plt
plt . figureifigsize={10, B3}
plt.plot{rangs{1, 20}, &ccs)
plt .grid(}
plt .show(}

FELE WANCE FHFE aim rawple_lesd £
# (52| & e
HHT DY B2 (F OO0 HTY )

mode | =0ecisionTreeRegressor (max_depth=7, min_semples_lesf=7, random_stete=20213
mode| . fit{x_traim, y_traini}

A= & FE IFIE K
wl=node| .predict {x_train1}

plt scatter(y_trainl, yi)
plt,show(}

HirafnEf ferf MAE EF Eor

MAECy_trainl, y1)
WAE(y_testl, v)
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Fig. 5. Views & Subscriber prediction source code of DTR

import tensorflow as tf

from tensorflow import keres

from tenzorflow keres, lavers import Input, Denze, BetchMormalizetion
from tenzorflow keres, models import Sequential, Model

from tensorflow keres,cal lbacks import EerlyStopping

kerss. beckend. clesr_sessiond}

ooy 7
mode | =Sequent ial {}
model , eddiDenze(?d, activet ion="relu’, input_shepe={1Z,))) oo 2%
mode |, edd{Batchhormal izet ion{}}
model , edd{Denze{46, activet ion="relu’ )}
mode |, edd{Betchhormel izet ion{))
model , sddiDenze{48, activet ion="relu’ )}
mode |, edd{Batchhormal izet ion{}}
model , edd{Dense{Z4, activetion="relu’}}
mode| , edd{BatchMormel izet ion{J)
model , sdd{Denze{1, activetion="relu’}}
model , compile{opt imizer="adan’, loss="mse')
es=Ear lyStopping{monitor="val_loss', min_delte=0,
pat ience=100, verbose=1, restore_best_weights=True)
history=model fit{x_trainl, v_trainl, epochs=2000, betch_size=32,
werbose=1, validation_dete={x_test1, y_test1), callbacks=[es]}

s ET g
yll=mode| predict {x_test1)
yl2=mode |, predict{x_traini}
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MAE(y_testd, w11}
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Fig. 6. Views & Subscriber prediction source code of
CNN
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Fig. 8. Subscribers prediction result of DTR and CNN
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