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Analysis and simulation of mobile edge
computing architecture in fifth
generation networks

Abstract:

Fifth generation networks support a wide variety of applications
with high computational costs that need storage and computation
through low latency and large bandwidth¢ and this corresponds to
increase in network challenges« especially those related to response
time« increased traffic and communication costs. This called the
need for an advanced and distributed computing architecture that
operates near the end-user devices that produce and consume data to
meet these requirements« especially reducing latency« using the
bandwidth to its maximum potential« calculating and storing data..
(Mobile Edge Computing-(MEC)) technology achieves this goal
and is considered a basic support technology in the implementation
of 5G and highlighting its services and applications« so this research
aims to theoretical study of the (MEC) structure proposed by the
European Telecommunications Standards Institute(ETSI)<and
demonstrate how services on (MEC) hosts are used by applications
on UEs in a 5G network. The Simu5G simulator was used to model
the (MEC) and 5G network« in order to obtain some performance
indicators of this integrated architecture< such as packet delay:«
transmission time and SNR« as well as downlink and uplink traffic.
Simulation results showed that increasing the size and number of
applications sent leads to an increase in network delays on both
uplinks and downlinks.

Keywords: fifth generation networks< edge computing¢ cloud
computing« Simu5G
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Glually 3lsall (i Jis o L Ayl DG Gl 06 3 LY aed .8
s o dglen Jlany el aslall lea oSy LAY Y Dlaidl (e
s o s (MEC)ge andi ¢ il Jf Sal (Sl el yd
ddsladl) sangl (Ko . (MEC) jlea S0 dipmm g ddais o li) )
L emal) e Clangd) Giliy Aplad) S8 Gles (MEC) e dial
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Glalkey) @y s-laal el e wasll aag Wa L[20] A e

(MEC) dada 4 lgle ol (Kol cdabadl

« iIFogSim ¢ loTSim-Edge Simu5G « EdgeCloudSim)Jic

Al (a A3)l6a (2)dsaal) asa <laye s (Italtei-MEC (Eclipsefogo5
Al (ailadd) aes lieY) 8 3330 ae )
Allal) s8laall ol G A3ylia 1(2) Jsaal

Simulator Vlrtuz;lllzatlo Network | Orechestr RIN Location Trim
loTSim-Edge yes common No yes yes No
EdgeCloudSim yes common yes yes yes yes
iFogSim yes Up to 4g no yes yes No
Eclipse Fogo5 yes common no yes yes No
Italtel i-(MEC) yes Up to 5g yes yes yes yes
Simu5g yes Upto 5g yes yes yes yes

b adie) Gl Al ailadl) auea Gisy SIMUSG o cuiiy Jsaall 138 (s
Ll

Simus5G « i aill 3.4.1

Gl ¢ 1l 488 Ll Slay g3 (OMNETH Jee ) e SIMUSG adiay
G kil LYY alall Llie adadinl 2y [18] 4SLOU) AL 55
Gl Jiid iy el Clpige Gull g oSl (S &y & laa) ) zlas
ladilie cpn CVLaN) yie el lgiany po Jualsi Alagsy et Cilangy alaill
d Al Glaagll G Bl dals JS 4 alealsS dead Al ((Le3llsy)
Jiagy G+ aad alaanily Glaagl) doluiay SKaall 35 daulp Sas ployinl
Network —(NED)) adauly Lagdahlly <oy dlidly claiy) op&
—INE - clile & gl a8 iy A8l caay 43l (definition
(3)Jsall 8 dalasd) AUl paliall dadely el 138~ .Initialization
SIS Ay
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UE ; ghlodeE u UFE
a i

T ree | upe o -
e [ we il ew | -
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TCF J LIDF | LIDP T3l &
L - L" - . 1 . . . . E
. _—
& ] :Ih. e F [ = =
N | er ]
e 2 —1 i - ~
NE HIC UE ] pEp ~er || PPP
1 - Ceg— — X ",

leiadai SIMUSGriy Al jpabiall 1(3) I

(User Plane ))ge JS 4ada SIMUSG  jig :4dl) palie dada .1
Sle 5l Y 13 oY Bl .(gNodeB) 5 (UE) s Function—(UPF
Aanlal) G5 Al A axdiud)l (sgie b ey A splia) Aada
o JalSIL Sl (sgie Jidd dald Agasi sasag e SIMUSG (ssisg
«(carrierAggregation) Jalsall auead saa llia @lld ) 2Lyl (3l
Al Claglea o dale syl o Lliall (e Gisally 18 (e JS (S du
J18] AV Ahaaill lansl) ddandsy gl Sy ()

(MEC) alai (sgine cilisSa dakai 40Ke) SIMUSG iy : (MEC) dadai .2
Gsime U€a dadal L =5 .(OSS) 5 (UALCMP) 5 Gusiall (Jin lgrsen
daidl ey (VIM) dualmdV) 4l 4l e Jie (MEC)canias
Judil APl Ll Glasglly (MEC platform manager—(MECPM))
igaill Aadly (MEC)iaid lgwsi daaill casglly ((MEC) cilipls
A Y|

L Gl P e (MEC)alis s (UE) Jelss aiy :(UE) jlgad) dadai .3
s b Jhad¥l Al dhin s JSY) L[17] 5 Gukts (UE) (ks
Jell) e Yssee Sleall Gl 058 Wi ((MEC) Gadais UE (o il
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oS [17I(MEC) Gudss eles) o Jiie el callayy (MEC) alx as
dadll (illayy UE s oy 3 asanyll e3all o UE Gula of oz i)
38U e eia JS ol UE axsise o)y ¥ ) il 5o Sleall Guks o
alatinl 8 Lih Jueall Tay Bl (MEC) alail dessd) calls ) dgalslls
Gaail (e ((MEC) ki oLl Sleal) Gaad oS3 o) any Lgllaall daasl)
171 SIimusG 1 Gasla f Glals o6& of UE
Ay aildlieg sacld 4l ((MEC) ki JS (Al blk) clibdl) dadai .
JavaScript Object Notation— ale P 0 Gl dada
Jalsal 2P Jgaall (e 584 slls cApplication Descriptor . ..nsJSON
J171(3) Jsasll B Gdiay &5 . (MEC) alas 3 Gudaill dajs

JSON Cile b 5agasally (gaadaill Caay ) lyie)l) £(3) Jsaal)

AppDid Gkl Ciualy e

App Name (MEC) (gaukai ani
AppProvider St 4y glhaall 3asgl) and

kel

AppServiceRequired Gadail) A A i) claadd)
VirtualComputeDescriptor uaslls SJS\M\) dugal) 3ylsa

( dallaallBasgg

(MEC ) aud 3any ég oy SIMUSG i :(MEC) claxd dqdai .
o2 2% L ilexdl) o3¢l Angad) A5Y) Zilall aniis )y (ServiceBase
QA Glaglae daad 5 adsall dexd L e dbaill sl
Ji b Wé (Radio Network Information Services—RNIS).a; a3l
(56) 4% o dars (MEC)cisae b lestll 348 A4S sn anias

.Simu5g Slax aladiul
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:SIMUSG aladiuly asag JUe 3.5

Glead Dlginl e Say 43S MUMECHoOSE 5yl #5802 JBAI 138 4
1AL Al dgy (4)JSal mlng Ladsdl st A a3V, (MEC)
Cleals 3 Gl iliad) UES (pediius sial ae dlaidl 5G 5 (MEC)
baws IS [2] 3)lbaass [1] 8)kass [0] B)lans ccthlans &35 Ll .(New Radio-NR)
sl Jaay G2l (JSON) Cile dlaudyy Cigasalls L paladl (UE) Gl L
virtualDisk=10 sl o3 4 4 Aslhdl a3V
ati L(5)Ja) (S dscasally (virtual memory=10).virtualCPU=1500«
OF chlaad) &l 2555 . 10M/S Ae s (5G) Aud Jals Age Aalise & ilylund)
Osinas e (MEC) ol Gally plall dihie Jis laie Lyl a5
422 MEChost2 jy . widlly (ualcmp) s (MEChost2) 5 (MEChostl)
Dlsall (4)dsand) mlasy AN dpluad)l 3lsall agal add (Sly cla adgall s
. (MEC) Capae JS xie e dalidl

MecTwoMecHosts
channelControl
_' - routingRecorder
u
Y ual%mp

mecOrchestratol” °“%ﬂtor

S 0 ler bmdet
gNodeB1 ﬁ '
(arnerAggregatnon

mecHost1 mecHaost2

5G (MEC) J alilaall iul) dy :(4)J<al
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Suiaa I8 ae EJ);}A‘ J)\)AM .(4) d}ﬁ&“

3, gl MEC) Host1) MEC) Host2)

RAM 32 32

Disk 100TB 100TB
MIPS Million Instruction 40000 500

per Seconds

Galail) 201l 3818 (500 MIPS) B Canaall 3yl of Jsaall 138 (e ity
dendl) elliay Capaall 138 ) (e a2 )l e (1500 MIPS) (il o3 )
Sl

=

OO~ hWNRE

20 ],

23 3}

Gralaill Ay glaall 3lsall (e V) aal) £(5) IS

Sl sasasall claal) aladid 5y (ol muag s Jlad) 138 (e uludY) Caxgl)
g Alaidl UEs 336l o sasagell cliphill Jé
S olall dihie ) Jsaal) die [17] Lha ddhic e @lam all; gNodeB
analls peeal o apasd) Gulill DA e @bl N Gy Lba
Cum cadgall Aadd a Ay Laadll 8 Jull, .(UEWarningAlertApp)
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el (saa) JLEA) 5 .60M Layld Caad il dikiey laall dilie L

G il i dpald Caadiels 2 5laal) Loajh bl = il duns ya 508 EDU)

tdabie OB lpae pa Al ) LY SIMUSG s
Adba ) aUsill b Sa pn Aalie Jiley sae Jlay) i 401 Alsyall L1
CGmie J e o) Cipcadl) a5y 3l syl L2
k)l gl Al 1) Ayl L3

Giy Adhiad) JUaill e o Aupall Jiluyll Caan :AdeY) dajall 3.5.1

AUl Jaaloil

ia o il e gl e @lln :UEy gNodeB (i Jiluwydl =
Airframe 4.3)a; HARQFeedback )y cullasdll

sl daga et cul 1 Aads Byl JS Juayt 38l s dyaan L
aan ol ) Sy edit dejal) oda of Lde .oSa3 cilagles g3l gNoOdeB
(channel quality indicator-CQl) sldll sasa e Ao AVl sSL
15 N0 go s dad aly (SLOU JLy) 38 325a (ubie ) ey (530
Adle sasa ()15 A5 ey Laiy (aglall Lmiiie saga 3 Ll 0 s Cum
OF Bagdl splid) a8 . duadl Gaxll oIS (CQI) dad @y WIS [18]
saya eyl Jalsall puan qia g oo b Jala 25 35l sa5a Laxy CQI
ek AaBgiall dagill s3ag (JANNS ag Yy e slisdl O 15 flo gead
(6) Jsan

0,082 LteAme : Pushreedback Band CQU[*j={ 1), 12,12 1o, 18,15, 12, 18 19 12 12 1eh 18 o, 18 18 18 1 o he 12 1o o)

UE ;gNodeB [y Jiluyll Jalsi (e daslil) cilasledllz(6) JS)

Hybrid automatic ~-HARQ) = =is daja Ju) fay cllaadlall Jols ey .2

<l 1 aasy gNodeB 5 [2] sjlnd) o Wdlay) & s ¢(repeat request
o HARQ i We sl dasiad 3 Gall )ludl Zojall oda mic .Ul
Media access sl 4kl & <UD Gesall Jal) i Sl 4
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oo illig (UEs 5 gNodeBs (4 4SLI 5Ll e (control-(MAC))
z~aill)  (Forward error correction-®FEC))ius; bl @j
o OSa [25] JLwy) salels manll i o UadY) LIS gl (s UadDU el
aaall Y Jll LU ACK Lhal Al ) (HARQ) iy
(7) JSall 4 el .Jidll (e yea (NotAcknowledgement-NACK) i
Hle damll < Sua (HARQFeedback e gsiny i Jaid) (0 e3a

Bl i o U cBlawdl 8 NACKs e )il &5y ol LACK

pdu_ has been sent and received correctly
H-ARQ TX: feedback received for process 0 codeword O resultis ACK

hargFeedback daja Jals dagis +(7)Jal
Sle 53 53B (g5l anny gNodeB ) Airframe daia [2] 3yl Juys .3
(Block Error Rate— 5 (SNR) (i 3yluall laglis) o3 Al sl e Slagles
(8) JSill mymy . (CQI) 5Ll 335 e (AU Uad Jaes) (BLER))
Al & A Airframe deja (e lakaic

**%* Background Cell Interference

RealisticChannelModel::getSINR - distance from my gNb=117.71 . DIR=UL

bgCell - ext[*] - multi[*] - recvpwr[3.48336e-09] - sinr[££.4Y]

bler computation: [ itxMode=1] . [ cqi-1=14] . [ snr=44]

RealisticChannelModel::error direction UL node 2051 remote unit MACRO Band 3 SNR 44 CQl 15 BLER 0 success probability 1
RealisticChannelModel:: error direction UL node 2051 total ERROR probability 0 per with H-ARQ error reduction 0 - CQI['°]
this is your luckly day (0.157752 > Q) -> Receive AirFrame

Handled Airframe with 1D 697 with result RECEIVED

Airframe daja (e cl:m Jl)) :(8) Ji
On Blall w38l ey (30 OMS 22y 1@ AY) pualind) G Jlaal) pLiS) =
&) Ysas a2V il o JlaW) ela) fays «gNodeB s UEs
S5y ey duan La)ll aany CNSSsl dijee La Sy . (MEC)
gNodeB (p Jla¥l xe  (User Datagram Protocol-(UDP))Jaill
Transmission  JsSsisy axiieg dwii sl Ay Janss oy 48 UPF
il yealiall (s (58Y) eLa) Jla 4 (Control Protocol—(TCP))
W Bl 3855 ddhe Saall e diphall 03gy (@5isas Gsarae S a)all
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ansl Jlea s UPF Jlaily yais & (UPF) ae gNodeB Il fas
Gl PR e valemp 5 (MEC) diias ae Jla¥) ;5 050 (3
shnae aaf die gty UESpe Tay Jua¥) of ciam 6V dlajall diicy
—Airframeisan—ria daja—alaadle dajs) Jall Jdudadll slaasuly (MEC)
(TCP 44» ~UDP a4a
3, :0Orchestrator dhulsyy (MEC) Cisaa jLd) 45U dajall 3.5.2
il Jals e @iaill 2 UE 5 gNodeB ¢y Vil el all 43091 dlaal)
@A Qllll (MEC) Guia S ualemp Juy Cua (MEC) sy ciliSa oy
Jiia e Lidy (MEC) Cinae ol (g Guial) 3iah olld 2ay . leall Gl adllay
dagi (9) IS s Lkl AU lsally Aeadll dgag e Sy Gulal
o Guidl Sy dus (paaliad) isadl o 0 (MEC) Cinme jlis) ddee
il asay oo Cany S Gudall Jiie o LY AU bkl ol Canae cod]
O Guiall Ctiy o a5+ syl Jals UES adge ppand dexd Allad) o2 3l
Hlse 534y (MECHost]) sy Gakaill 138 Jial 481S e (MECHOSt2) 2))5e
b mase s LS MECHostl e (MEC)Guki ol iy dpillyy .44
O e pl) (o lsall Cua e Jumdl) Cinadl) 4558 (9) S (30 23 el
LYl G Y] ((MECHOSt2) duaie e s3sase adiiisall lgaling ) dessl)
e splidl 1 8 6l L Gadail) tasasy S Slsdl) e V) aall T 2
Canae o 33sa5e daas (MECHost]) o baglis) &5 o) Gakail) ellgin of
.(MECHost2) lyaai, Cilida

20 Initializing module MecTwoMecHosts. mecHost1. MECWamingAlertApp['] , stage 13

21 INFOVirtualisationinfrastructureManager :: instantiateMEApp - MECWarningAlertAPP[Y] instanced

22 INFO:VirtualisationinfrastructureManager :: instantiateMEApp - currentMEApps: 3/ 100

23 INFO: MecQrchestrator :: startMECApp - new MEC application with name: MECWarningAlertApp instantiated on MEC host[ ]
(omnetpp ::cModule)mecHost1 id=13 at 192.168.5.2 : 4003

(MEC) Casiae ,lid) dlee :(9) J<al
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todieiad Jolg lia Alall oda o ¢ gudatl) dlgba 3.5.3

Gubll i L) 2y UE 3uka eeodtiuy :WarningAlertPacketStart .1
(MEC) (uli asid chime dibic ddhe (MEC) Guli oo led il
(Hypertext ))Jiluy Ba g0 MECHoOs2, Aalall adgall dada aladiuly
&) gNodeB (1 Zajall o2 asag &4 La (Transfer Protocol—-(HTTP
Sl alilayl UE Gula sy dus cdihidl Glagles oo (MECHostl)
O s Lae Agplall hadll dihie oHla UES 06 Gl 3 L \gidle cany
(MEC) (ki j3) Symays - shadl) dihaie ) Joaall Dlla 8 25 J5Y) a5l
Glaal (sou UE Gulas Al Wy casil) Jaaety asy dkaiad) ) bl Jody
(HTTP POST) US55 aadiiay .z lady saall 3ysall el 3 of ) sy
C sl Ly L

risk = "2 4] Hlie sl A Jis e (g4ia3 :WarningAlertPacketinfo .2
agnsis Jsdall el oli) 2y jladll dilaie Wdsing )bl ol jas o Lila 'true
e UE Guls L)) 4l & gNodeB igas I (MECHost]) jyadl e
ddeny fay 4lh adgdl) dexd Gl 8 (MECHost2) oY bk, .Airframe
dabie L) 5ladl Jsa0 2ny ((MECHoOst]) ddaulsy \gindlee afie illy 4l
o Leaxie LAY g Gyail (HTTP PUT) JsSsigy iy hall
ai UE Gl 1) alle) 5yl Sledd) o L) 2y 4500l dakaiall a3yl
in deddl e daal) el Al Jlgyl el
risk " s 01 daiall aalsd G2 G e (WarningAlertPacketStart)
3y (HTTP DELETE) JsSsisy alasiuly adgll Cids iy & .= fales
5 (MECHostl)ge JS aladin) & A€y . ladll dilaia (e g5Al
Sy Gkl dalleal V) axdig G bl a4 (MECHost2)
ialall sl ded gy (MECHost]) gl ol Loaaall adsall deaal
saaaall clflhaYl lihlie P e Glaglaall o380 mllayy (MECHoOSt2)
) laally pasieadd) ) Jaf G 28]l
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dalles Jane zliny Gudail) o ol LS 5 gadadl) 3jfge clia)ly B3 3.5.4
< Y (MECHost2) o gy (4) Jsasll DA (a5 .MIPS 1500
Cul 1) Guidl la) 48S e G Jal e Gl LAalal sda
Aad sty asfin cleudi & (MEC) duadd dabiall 3)lsall i)l
iag€; (MECHostl) 4ad s 1) (MECHOSt2) xie sl
(Galill Jiie clay Juadl) ojlicly (MECHOSE2)Guiall s
el o3 Gy @A) dad) ¢3a (10) JS&) xasy

20 Initializing module MecTwoMecHosts. mecHost2.MECWarningAlertApp[Y] , stage 13

21 INFO:VirtualisationInfrastructureManager :: instantiateMEApp - MECWarningAlertAPP[Y] instanced

22 INFO:VirtualisationInfrastructureManager :: instantiateMEApp - currentMEApps: 3 /100

23 INFO: MecOrchestrator :: startMECApp - new MEC application with name: MECWarningAlertApp[¥] instantiated on MEC host[ ]
(omnetpp ::cModule)mecHost2 id=14 at 192.168.6.2 : 4003

(MECHOS12) 315 32l 223 &l cilaaY) :(10) Jal
gl 3.5.5
P (e Capaill s clsall (o a8l it SHay (pduiad) G131
ad (MEC) Capae of Wil (MEC) daie 3 4exdll dsay las
il Slia) gl oSl LGulill 4l i W a1 aad
iagill iy (MECHOSt2) (e 5T 3)lse clliey (MECHoOStT ) s
(10) JSal 8 minge sa LS g
Ay Jhy) & o e ahall e Ji s dla 2
Jsas s (MECHost2) 4kuls (WarningAlertPacketinfo)
L (MECHostl) as (ba Jelé 2ag ¥ &M 3l ) Airframe
Al ST 4l Jang
splbandl G aidie JUEE ey i Al deled) Dlapkaill dually W3
(MEC) Canme Jd o colaadlly ciliphll oo 2 o 58 canliall

Al

31



el Jaall il B ((MEC) Adiiial) 43lad) A ga 43yt BlSlaa g Julas

:3Slaall .4
e daaia UE 2aly axdiiee Jlea spylisadl o8 8 8a) @ gylid) Ciay 4.1
Sl (giune G Joady 43 bl iy M) UPF s laysay Juan 3l gNB
(MEC) Cawae N Uil UPF sasy Jugp .5G 4S8 aodial (g
e A leduys ClLdl Capadll mlled router amsi Slea A e 2l
Gilangs 288 Als Joa Ll Glagleall pan ) spylinad) 138 Cangy L pasiud)
DA (e eIV Al 5. (MEC) Canmey dlagipall 40lll) dlasally Alsidll UE
Aa o S SNR 5 Loy (gays caisl ol Jie el <Y1 o181 Gunlia
e liall dlaglls dagledl dlagll o 55l

(50 B) iy ey, anny VOIP (&40 Taaly Gkt UE aniioy s3lSlaal) juw 4.2
i ol Al oda b sacLal) Alally ddaled) Alaa sl il Ay ) sISall Jaih
26w ) UE ddlay 40w ) gNB 4l avs

VOIP-UL kst Jusyy saelall dlagll & sacball dlagh Jdo Jlay) Jalas
Jodtiy aghy oM Gubill ewy . (MEC) Cawame 1) & gNB U il
(50 B)iajl aas eyl Jasai UE cuila (e 5 VoIPReceiver cauadll
Juxn i VolPSender (aukill Jlaiy) ddiag «destAddressJlusy) olsics
acball Aasll Je bl g0 A8 )a (11) I8 miasy - Caguall 03

20000 - ) )
§_ B mac 4k e daliy)
=
215000 m rlc ik e daliy)
<
%10000 I Fids sie 5l il Luali)
5 5000 - i s AL ]
@ ] I Caadatll
5 "
£ 0 - I I I |

saclall bl o salgial) s all AS5a 1(12)J8l
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Jolis oy Cum Aglpadl) Ala e e g all A plane o (12) S (e 2Dl
Se dalall el (13) dSall maagy JUE 5 adlal) g hallasy il
Radio link control- s MAC Jie 4S:i)) (e ddlida ¢ lal die saclLall dlasll

Al el da),MIRLC

0.009 -
0.008 - B MAC e il
0.007 - BRLC e LAl
0.006 - fy
0.005 -

Mean uplink delay(s)

0.004 -
0.003 -
0.002 -
0.001 -
0 T T

saclall dagl e Jaugl el o(12)dga
DAl Jeanan Gl caalal) U aadtad) Slea go syl 138 8 ) Jim
I e Jly¥) oy (13)d8al Layny AdleaY) VOIP iy, Jlsy) e <Y
.gnB ; Router 5 UPF

0.002 - gnB

£ &n

S

< 0.0015 - Router
£ ' UPF
S =

S E o001 -

ZE

5 © 0.0005 -

[ =

]

s 0 -

Jlss¥) ) dansia 1(13)Ja
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S UE Wluss Al 250 ases zellag 43Y gnb s asage 5al 5T of Baadll
Syl s2 22y SNR geamaall 1) 5Ly daws (14) 0S80 G WAl 4020

.Uplink e
60 -
H mean SINR measured at
50 - feedback computation

Mean SINR

B mean SINR measured at
40 - transmitted packets
30 +
20 +
10 -
0

ozl 1Y) s £ (14) JSa

feedbackSNR (e ;I ()5S 2l Jlsy) axy 33l SNR e ) Laadad) (e
Qb s G (il (e feedback daaly))l clagledly dalxie 3,880 oY
Aluyall SNR (e Jil Leiasd (5688 SN Jalaillg sliall Cag yay 355t cala sladll
VOIP-DL uki Jusyy dlalell dliagll i :dlaglgd) dagl o Jlapyl Jalas
Guki Jadn o UE il e @l Lt ) alall e bl
cils (e & LUE e Jlai¥) dsie 2aays VOIP ik, 8 (VolPReceiver)
Gubkis Aoyl aaa (destAddress = ug(0)) deadll 2 anadll
Dealilly oyl 3a e JS alay) 5 WUE ) bl Jusy 3 (VoIPSender)
Al Alagl e bl s 5 3a (15)dSal G .SNR 5 Jlsy¥) ()
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20000 - B mac 4k aic aality)
—
[a]
® 15000 - Brlc 3k e daly)
5
o Gndaill
< ik vie Al daliy)
g > .
b=

1

Alalell Alagl) Jluy) s 8 salgiall g sl 4Sa £(15) sl
e ddaudy badg o bl ge 39a ahee of (15) JS& e B
Sl (16)JSal maasy JUE 5 aalall o Linllaa s culiladl ks oy G 48054l
Ayl 43015 RLC 5 MAC (e S aie  Jawsll pualal

0.005 -
B MAC 2ie Al

0.0048 - B RLC aic yalil)

0.0046 - el s
0.0044 -

0.0042 -

0.004 -

0.0038 ]

0.0036 -

ol (17)dsa
5 MAC ik Jie 353l Ge Adlis shal 4 doasy Sl o Ladldl o
ey die ddadgll dagl e 589 sl Joasys ((4-5ms) o #oluRLC
DAl e Ji A oaa b Jlpy) sl o L Baadlal e A dlaY IVOIP

mea Downlink Delay
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oo (17)d8al sy JUE 1) gnB e Juss 230 ¥ Uplink e i)
.(MEC) s Router 5 UPF s (S yie dlalell dlagll e §ynindl Jlusyy)

0.000006

0.000005

0.000004

0.000003
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Practical study of external corrosion in
oil transport pipelines depending on
different factors

Tarek Aiashee* D. Ahmad Salamah** D. Hassan Hamed ***

ABSTRACT

The research aims to study the corrosion state of steel samples from the
oil transport pipeline connecting the Banias and Tartous oil estuaries, in
several locations of the line, in a practical way depending on the lost
weight method, taking into account the most important factors affecting
external corrosion such as one-way transportation roads and railways.
Iron, rivers, high and medium voltage lines, in addition to the physical
and chemical properties of the soil.

The study showed that the aforementioned external factors have a
significant impact on erosion. The closer the points are to those factors,
the greater the erosion rate, and the higher the chloride and carbonate
ratio in the soil, the higher the erosion rate. It was also noted in the study
that there is a site that shows great erosive risk, and must be monitored
periodically. And taking appropriate measures to protect against
corrosion, by isolating with special materials that give more effective
protection, or raising the intensity of cathodic protection.
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Abstract

Prediction the value of chaff cloud’s RCS (Radar Cross Section)
before launching it is considered one of the decisive factors in tactical
applications in general and electromagnetics in particular. It is impossible to
calculate RCS for a cloud consisting of millions of elements with different
lengths scattered randomly and subjected to surrounding conditions of the
environment that affect the chaff cloud shape and behavior; such as wind
speed, atmospheric pressure, temperature, size of the elements, total dipoles
number, material they are made of, distance from the radar, and many
others... Not to mention the impossibility of estimating the electromagnetic
reflection from the cloud, due to the complexity of the electromagnetic
coupling between its elements and describing its nature. This research
proposes use artificial intelligence techniques, especially neural networks, to
predict RCS value, by choosing the appropriate neural network structure.

The process of designing and training the appropriate (NN) neural
network is a complex issue because there are no clear rules for it. NN
structure differs according to the application and its inputs. In this research,
the appropriate network was designed, trained and tested to reach a correct
RCS prediction based on the values of the newFasant program specialized in
simulating chaff clouds beside to practical researches in this area.

Keywords: Chaff cloud, Neural Networks, Radar Cross Section, Passive
jamming
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Collaborative Filtering
Recommendation Systems Performance
Boosted with Machine Learning Models

Eng. Mohammed Deeb®,  Dr. Nasser Abu Saleh?
Faculty of Informatics Engineering, Al-Baath University

Abstract

Research and studies on recommendation systems are constantly
increasing due to their importance in providing recommendations in
various scientific, educational, entertainment, and especially
commercial fields. There are many types of recommendation
systems, but the most famous and most widely used are
Collaborative Filtering (CF) systems. CF recommendation systems
make recommendations to target users by finding linear
relationships between the users' past interactions (ratings) with
items. However, they suffer from several problems such as Cold
Start and Data Sparsity resulting from the lack of ratings for the
item by each user. These problems can be solved by harnessing
new data other than ratings on which CF recommendation systems
only depend, through machine learning (ML) models that can take
advantage of all the features of the items and users available in the
data set, as most ML models are able to learn from linear
relationships and nonlinearity between dataset features to obtain
good predictive results of ratings. In this paper, we will use ML
models to enable CF systems to obtain better predictive results for
ratings. The results of the study showed the superiority of the
proposed methodology over each of the results of ML models and

8 Master's student - Department of Software Engineering and Information Systems, Faculty of
Informatics Engineering.
* Professor Dr. - Department of Software Engineering and Information Systems, Faculty of
Informatics Engineering.
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CF systems separately, and the merged models with stacking
methods achieved the highest improvement rates, especially for the
applied proposed model resulting from merging the Stacking
XGBoost model with the Matrix Factorization ALS system. We
used the Book Crossing dataset that contains books and users’
features, and the ratings that express user interaction with the
books, and the predictive performance measure of the models and
systems used in the study is Root Mean Square Error RMSE.

Keywords— Machine Learning || Collaborative Filtering || Stacking || Ensemble
|| Gradient Boosting.

96




rlua gl puali o Gud daaa o 2023 ale 18 2l 45 alaall Cadl dadly Alaa

tdadiall —1
ol (sl A SN ailpall plana 3 Dty ¥ eda ol dpagill dakf
Camny Aplailly g il cdpaletll dpalall EV sl Calite b dadlall il )
Gaall o enal ailsall Gl (e Ladiall laiially cilogleall Jilgdl saills sl
polalial by Lol claiidl @b s Galpinl Greadiud) e
Abi e Gadl G Jodadl agally doshall <l ) ALYl (agiDluadl
Lay (Opeadinnall 43 a2 s 4] Zling Lo ) Jseasll 3aell cilatinally Silidasal)
Bl ki ) bl Juadl dlag) e (50 dasill LeklY oIS
tohs [14] i sae ) dende dpagl) dadil L[6] (peatiusa) Gilalialy
(Ol pdaaill e (b e cssinall o adieall Bl (Ayslatl) 350
Anslaal) 3l o saciedd) lalas, Laaia) €Y1 duagl dakail Cilagie (e
Glapty 5il) Gph oo da il claiidl (e Al aady a8 3 3 [22] CF
Glatial ae ALl Grerdiuall el Gn 4lEl day P Ge @l
dlag) DA e Sl pariiinal) (Ll alad oy (KU B gLy
el legll L (Sl leps) S ae AGL) a@Dle i o Aplad bl cildle
sty ) o dagpall clesll ([20] dpaally dagpall GlagEll lag oo
Lo dapday (Bl Boastie (unlie Gpb e il JS0 Glatiall leaafy axiil)
(oS o cang) AL ((ang) Aplal) e ¢ pualic s latia (e adlsall el 4asis
Gilsa by 3% (38e G o) Slatiad (el 5l (5 (e 3) 2330 230 Jlae
Jpemally g SN adsal) agly S ed Apiaal) Clapll doally Wl . (325
(Lo it elydy Jidlis cdagyhaall Glatiidl g padiedl cdlels DA e lele
paxiuaall oy (o (g Gl IS cqinall Galpaial (alibe LIS LS die )
ot lede Ll Gadat S A cleg@ll &) L calaiiall Sl il o Ul
Ry,; <layii dbghias axdins Apsbel) sildl) dakal L pdlal mopal) il (g
¥ Y Glawdill e JlE sae o goiat Adghiad) @l o latially U peddivall

97



AN alas gz dlady L 3haf 33 jaal) 4 ghasl) 5l o Baatnall 4y gl Aol

dise 52 5agmsall pualially Cilatiiall (o CVY) Cilydie and anlgll aaiiall (K
sy Cua (Data Sparsity (bhaall Ale) el A5 adde 3l L1 b
A ALLYL [10] Bsiall clagill 48] 32 52 Al Gilajide dpagill sl
8 bl B ilapd aae gl o agd cilas ¥ saaall (Sl el
Al o3y ccargll Cpariiall luagill ani A aa IS5 dua gl dakail Jee
o dpa il dalail Bl celly 1) diLay L[10] Cold Start sl ¢ MY e
pasiad) Clagil aa i€l (padtiivel) Cilagdil G Agladl) Bl Hladiuly Lai
Gl o S Al Clae a3 Yy cleae Lobin SV alay) die Cangl)
ohll e daedl aag 2] ClenEll 3 gem dalal) el pal mal ol saly
o latially cpeatiualy Lalall Gl ges a2 S gAY cll),
(il Cilanass maali b aalid ally el Gl alay A Glilaaall de gana
Gl daalall AN s z3la J[11] AN et giley el ol e
Gl (e aeill DA e (S)) laiiall claggty sl e Jexd Ll
(lapill) Carglly Loty Lagd 5agiall Gllaeall Glie o Agdadll yes dpdadl)
53l & Ll Aaglall Culd Galadll Zaaldll AN G 23l aodiiia il
Sl e paliilly CF dgslaill skl uld dpagll daaly gpull o101 48
o lagilly sl AV e 23l aladiad (PIA e bl Lpa sl Aol
b et cyladlly duhall Galy Ld LCF dacasl) dadadl ol 354l
Cangs Aglaill 5ldl) e sainall dpagil) dadaify A1 et i jlsd e iy
Ll 48y daglie DA (e i e Juadl Alagls Auball Al il e Jguanl
il (e zisai Juaidl slaids RMSE (gl Wt 28y Lulie aladinly gyl
Ll 8 Lol A et 23l oS Uad il clpan gy 5315 A il
(21 4] SVR acall dgaia (e <[26 ¢19] KNN Yl (lyal) 1 JUIS o
(31 ¢16] LightGBM Cawall =,xll 505e3 ¢[25 <17 5] RF dlsiall dyal
alasiuly Al dwed) £ 3l apead & .[29 7] XGBoOSt yaill gyl e

98



rlua gl puali o Gud daaa o 2023 ale 18 2l 45 alaall Cadl dadly Alaa

Llpdall L)) (LR all syl cMean bausidl @ as [12] LanSs 35l 4
Lol Zsletll 35080 <l i gill dadail Lol . XGBOOSt yaill =yxill 5y5e3 (RF
Al b aadiin ([10] zisall o sadiadly 58000 e sadieall ) auis
il e sadieally User-based CF axdiual) e sadieal) dpagl) ol
sl il slaay 30l e (padies dpag iy tem-based CF
SGD  Jlsiall zymll lags (puad Jiply [30 28 (18] MF dagadl
ALS dliiall gyl Sl all;

JAN PRI LI N

e 08 e Al ML 23l (e S ed o Ll ajiie ladgas 36 aais
o el e Jganlly luagl dadail JSUie Ja Caagy day)Y) CF il
Jaa e By o Ml el (e JS e Juadl

Gilayl 3 dexdidl [32] Book Crossing & deadival ildasall e sana
Opeadinsall Dilaply Gpeddivsally (ISI (e JS1 Gilae (g5a3 Baae ilulig
asiics Gl gy 53LAN 2l o Uad¥) 555 agitall all (ya Alad LS el
AlalSie dphas Clilars e gana (o Jpaall GHhlly ilblead) (10 222ll 2l
Mgt il Juadl apaing plaill ¢ ha dalla

slals Python 4al alasiuly “Amazon Books Scraper” guki sk ¢l
salaill el e oSl Glyse e Al cala Cangs <llas (Qt Designer
Book Crossing cilhsall dcsene & 3asasall 33U ailly ¢Uadl) o
Qlal il Jd e Gulal) aadind of oSary Al (§ dessiod)
skl gdse sl Bse S gl e ey Cilaslaa

Dl 4y RMSE gyl Uadll 283 jlas sa aodivd) ¢)aY) (ulie las
saga Jumdl <l zalatl) loal 8 RMSE alainly Liad Ut gyl a5l
I Cun e Jead) alaY Lo Led 2 3laill A3yl elgilial)ls B plaa o L
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#1338 (8 RMSE e cilS LS i 3 (i€l culagiy adgil) 8 gyl
bl 3 saill (gl

Alaally ellyy oS lagil cilad il Juadl a0 ey 5 e Jganll -
Aagiid) z3lilly CF dakaly ML 3l oy

i b el Glagially Jlael e dhaami 2 sl IS Guie Caa ) il
ML zila e caam 3 syl (CF Labaly gpull oY) 5500 8 ML 73l
Ginil) Dangia halade x4 5 (i) 13 b dadial) daagially COF Akl
5 5@l dpaill Gllars goane cliyg dallae dlaje 4 daiadl Jaall cilshs
ehaly bl 3lall splaas by o lailly Cililanall desanas ) iapad
o A Jeagil) 5 Le Gyt llg 6 5jaall o Adlialy mibial) Tyl <l culladl)

Al o3a ey

Al @l Jlel) -2

Clagie aladinly dua sl dadail ety Culiy il cluhally el e sl
A Gl 3l e sadies Adliss

Al 5 alal) Akl o)l e panill 3yl ks 50 A [3] 4 G 8l
Jae & AV et (e el Ol (e 2l lipdat 2l Caedd Eum (CF
i LeDlA Iy ¢ Algdiall Gaally maall ¢ 3aill caranill lgiay cdpgladll 35lal)
Jdaill KNN- Y1 ol e «CF dadail e saae g5l o o il il
-Neighborhood MF sl ddgaaadl Jdaall Jidsilly MF ddgaaadl lalal)
el 3 ) CF Aalaly (punll o)1 3 Lsd dyyatll culilial) <yl
odlie 8 KNN Jis dgen CF Lokl 320 apeatl gl oY) G gl
Clbeall degane aladinl & Abdiad bl Jdaill Jie g8 CF 73l
s aladin) 5 . RMSE g4 aatiidl gl Uadll 48y (ulias (Movielens
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O Opendl) A el ) Qs %205 il Gllasdll de sena (0 %80
zisa ) el Z3lal) e el ddla) Auball ~5E .%2.76 5 %0.87
cJazmdl 48y e Jpeanll aenll

o 3adiaall Bl pany cpma Jae el 21l [23] "oppsals Sl o gialll N
O ) coelil bl gy )Ll 38y AlKGe Jal CF s (ssiall
Lagal @yhalls ssinall o sadieall Aaal) el o cai ol Juadl - jial) gial)
oo Laase el Claal ML AR e 23l plasialy ogialll 6 s e
ralial) o aendinal) dlay) dlee day Can caagil) Aadail Aaldl) gl dlaye
slag g Adlaiall Gildamall e aladiul S Caagdl aadiiall dgliadl )yl
raliall il i W38 et il ML g3l dal e i desana
DA el cacall dgatie Al tlaa e 30l ML z3la aladi) 2 st
oo JS aatinl 8 a8 Gl desesal daaly WLl Cauadll
sacl8 wige (o aOUOU Apal Clie (ila ) A8LaY (FilmTrust 5 Movielens
Y (MAE gyl Uaall 38y Lulie aladind 5 IMDB DU (gl cililasns
KNNHybrid (NBIB) »3sail & FilmTrust cildasal) de sane b elaf Juail
zisal (& Movielens dcgens & ol Juadl; (MAE=1.38 i
Ll aliadl & Al cjelsl \MAE=0.74 ., KNNHybrid (SVMIB)
LYY eV Al e ldarall Jal e B il a2 A il
adinall OF gsletll 34l allii (g S lgath ey Lngo (oinlill 81 [27] 6
SVR acall dgaie poaiie AY) et adsal phidinly jeaiall ey aadid) e
Oe S aladin) 2 Gllasal) deganad Ll Wl MLR aaeiall el laadNly
MAPE ol sl Uadll 383 ulie (S5 (Hetrec2011 5 Movielens

dad Jumdl Caei SVM s MLR alasinly daidall dimgll ylall G Al <yl
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diaall CF s (e J %11 Y %9 (et sy <1.161 5 1.66 MAPE
painl) ey aadiisd) e

Tasad ad o adiad da e dpngia OF dslad 5l allas ofaldl o8 [24] 8
Sl blae) laghs & ) cilamid) Glay Word2Vec 46w XGBoost
Boill Cugll aBse o Gllasall desene Glie s & aadieall G 35
LA;\ :UAL.AEJL} C)ﬁ.d\ CJ}Q.\S‘ _)U:\;Y %20} t._u_.).i'\u %80 2\-\-&-&-\ JLQSQ‘} cJer
Ngie 3aaa ae GLES)s 2 bty cildarad) 4Ll Glana s Caglati Sllee ¢yl
zasall ebl ccladl P e L gpal) Uadll 280wl MAE, RMSE
anie foafie Aglgdall B :fie oAV ML zilal daally moaly (35 il
L ohall sy caell

Aalail iy AV ola 3y pladiil 8 saes Aege il 48U Ll
aladinly CF dakail auaty duhall oda 8 agiins . dumdl (58 clal <l dpas
lgipliay (uaaSill (3ylas dyadlly ddluall e saeaiall dadall AN e zil
(CF Gaa gl Aadail e AV alas 2 3at s (g il e gz 3 9ai Jumdl sl

réad) 8 desdioal) cldiilly el leadl -3

ainally [1] diladl) e aaiadll) Zadal) A1 aled o 23l 5 adiiy Casll 13
sal) Cangy @lldy ([O] zilad 4 Aadiuly aguns ) ALyl o(Oladl e
2l cpuat il CF dpn il dadail oy 48 ghina o lie) pl (i€l cilagiy
Maglie] 5 4t CulS Lae Juadl 48y Cilua s lysay aaiil alal) 038

dgaie toaiie KNN Y1 (hpall 1 JUIS o duhal) 8 Leadiod) MLz 3L
ol i (LIghtGBM Caall =yl 5pe3 (RF Zglsdall 4l (SVR aeall
fohs LanSE 3yl 4 Aol Aalu) duedl) #3lal) gt 2 . XGBOOSE il
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wadll oall s (RE &edall ) (LR il jlaasy) (Mean law gl
User— axiudl e sadiedll duhall 8 axiiuis CF dukf LI .XGBoost
Cpiina Apag laig ¢ ltem-based CF jaiall e sadixally based CF
ol Lo st iy MF Zisiiadll Llall Jiail) tleay zdeall e
Jraiilly i o Jas 23 & LALS 45l (g jraall Cilagydlly SGD il siiall
L9 &

da yilal) dppgiall (gadai e Ailil) ziladl) —1-3

G layill A giad sdaeS il AN alad 23l pladial e Al adied
e op dghall e DL jais G CF dpagl ddail leendius
Gllarall ey HUI g AEY) JSLia dag e(peaiiioally oSl Adlaiall ciliasall
Gy Ll Bydgiall clagil) e haid acied ) CF dalail L Jlas
Tmgid B 3 e [2] Cperdiedly ) e S Al Ly Leg 4kl
bladl as 5shin sshd dajiall dagially zalaill #5d "laall’ B8, "Gl

i) Asliay Gl ehals Al Cldad) desane Cilopdis Y abealls
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Amazon Books Scraper

U

Dataset Creation

Data Collection

Data Preprocessing

Features Engineering

U

ML Testing
Trainin[: dataset {Dr.'_}
dataset

dc gana Cilasuidliy daddiual) CF dakiijy ML gl 83 aa Jaad) cighiyg dagial) diagl) duagia (1) lakaial

Machine Learning

SVR

Random Forest
XGBoost

LightGBM

Splo4sAD + Buiung JaaweiediadAH

Stacking

Linear Regression (LR)
Random Forest (RF)

XGBoost

Recommender System

User-hased CF (UBCF)

[tem-based CF (IBCF)

MEF-ALS

UEEH G00GA ol

spIo4snd + Juung selawelediadiy SpIO4SAT + Sulun) JatawelediadApy

104

L
=
|
-
-

Proposed Systems

UBCF_SVR

UBCF_Random Forest

UBCF_XGBoost

UBCF_LightGEM

UBCF_STK_Means

36 proposed models
- from merging 9 ML
© models with 4 CF

© Systems.

ALS_LightGBM

ALS_STK_Means

ALS_STK_XGBoost (Best)

ML or CF Dataset

Trainset: DmorR(Dy,)

Valid. set : 5-Folds CV

Test.set : Dw or R(D¢y)

Proposed CF_ML Dataset
Train.: R(Dy,) U R(Dy,)

Valid, set : 5-Folds CV

Testing set: R (Dcr)

Baseline Systems

Total ratings average

| Base CF Recommenders
?

Evaluation Metrics

Comparisons & Results
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el Lagle —4
alei = 3lad zrad b s jiall Lngially dafiall Jaall Clshad maagy (3ildl Laladdl)
dadiisall Clilanall de sens e dallaas pen 4Ty CF dyagill Aokl o 41V

liaaly ccillanall de gena iy lgalatind & ) Gylall K3 e Gl b
(1) Tabasall cAuhyall eha) o Wagha) &5 A

Ao il cildara ds gana £l dallae dda e —1-4

A @l Gaia s [32] Book Crossing cillass Zesese jlodls Lidd
sl o Ayslall lgildane Gasla ) agay @lldg [15 ¢13] (AY) Slady) Leass
&) zbas Al sasisal) Glidasalls ¢ Uadl e aedl (gsad (oSl il G 3) 6ES
Gllare degens o Jpanlly lblarall QLIS Glasa Ciig moaaals dallas

B A ghge dalla il iy dpaled) ylailly lagl) 8 alaaiud dalla

se (3o ESH e g sy coaolay A3l Liad Limayy Ul (1) IS eaiasy
«Qt Designer PyQt5 :aillill calkally Python dal Leadin) 3) ekl 5Ll
Gubill as8 . urllibe Matplotlibe Pandas« BeautifulSoup. requests. re
ASBN el (g)lmall QLS a8y alasiinly ¢y55ll adise (o oSl el
Gubkill mew .SQLite ddas Glhars 32l A suaall Gl a3 S
QUL Lalall sl dadia ) Jssaslly Lala & Al oSl Gl gine Galatiuly
ey Y Elall Ll i Lehasiny CSV Gile ) sty (o)l b
Ghpall s ddee oUW dlalall oUadYl iy ccladl Gla e JleSiul
3aclE (8 sasasall IS e Glalainl mass cdese B Leie Canll Al
P ppiiall i€l sae Hekay Jlas) bbie o Jpandls daud)ll Gllaad)
S e Adjpray dglead) 205 Adhe (Says cclisall ila lee o LT Clsid) apen

Al el @l L it ) e UadY) sae s Leada 5 )
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im0 680 O
ISBNs to fetch Fetch Errors All Books

Add new books ISBNs to fetch their contents from Amazon.com In Books count Fetched count

ctop/myFiles/my_projects/Python_proj/Amazon_Scraper/files/isbns_to_fetch.cov & retch n B H Save Fetched

ISBNs to fetch Fetched books

0431157410 Stella Payneis

forty-two,
0345441184 How Stella Got Literature & divorced, a high-  Signet Reissue
a 0671867136

Her Groove Back 1= McMillan g GenreFiction —  ered edition

investment
analyst, mother..

1998

In Marien

Zimmer Bradley's
The Mists of Marion Zimmer  Literature & Genve Fiction  Masterpiece, we  Ballantine 15t
Avalon Bradley Fiction seethetumult  edition

and adventures

of Camelot's ...

2000

Queen of
Suspense Mary
Pretend You Mary Higgins  Mystery, Thriller  Thrillers & Higgins Clark  Packet Baoks
Don'tSesHer  Clark & Suspense Suspense brings us Reprint edition
anotherNew York
Timesbestsellin..

1998

A New York

Times

Bestsellerighte... Large Print Press
yearsago, two st edition

men found the

decomposed ...

Consale

Large Print Press (o Mystery, Thriller

- Qs For Quarry & Suspense Mystery

2003

The Four InThe Four

]

.Amazon Books Scraper aall gubil (1) Jsi

ol Galill Pl e Lo Bagaall lag lgapaaaty Gllasall Caplatyy L
amaal Giagy dpaill Glbeal) o s Gldee Gk ) ALY ¢ Gald)
Alaly cllaed) degane Ll dfiae 3aa Clie zhaduly il laay
o Uhaan (5S0 13a5 9] Gaeatiially Sl Glagdiy 3l dilas) Gl
Alee Guda 20 L lgale yladlly Auhall o)l ALE A4k AlalSie Clilaes 4o sana
e dsanlly len Led QB ol ddee dagutl daaal) Clpall o dgsual)

il s

axatil (Stratified Splitting) Adall sl aladinly cilinll Lol aladiuly L
Jsanll @lliy il %80 %20 cansis captiy JLa) e sena ) cililanal
Sl opiiilie Ol B Jeseaa o Joandly mAll Al i e

SN lapdt] 486 g0 B Caial A e Jganl)
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OLiaY Aada¥y 23kl sagal jleaS MAE 5 RMSE lhadll ddy ulia Leddi
Sl &aadlly (Hyperparameters Tuning sylea) dlaje 8 lsiahlll Juadl
JU Aalall @il ad (e BSaall Y LEAY) 28K a4, A Grid Search
il ol 3 clahlll Juadl e Jgeanll glacal CF dudaily ML z3la (g
o Jsanlly 75l meiall Guliiy modll Clilee b lealasinl Ladail)y 3l
dapl aladiuly el il iy Aalall el splee Cus bas dlaie mili
(5-folds Cross Validation) cusill de sanal Gilapudi 5 e adaléiall (3aadill

[8]
) Oole ahainly Loaf L 2 clilialy mitil) laal dlead doally Wl
AadailS A ¥ CF dakal o cpuadll caus 4al e gl 45)lies RMSE
iz A med b el meiall (e Aailil) disgal) bl Baseline (b

L Jass ML
rqladll =5

Gl elgdl —1-5
.(Windows 10 Pro 64bit, Core i3 @ 2.5GHz, RAM 4GB) Jsasa cauls —

Xeon Processors @ 2.3Ghz, ) Google Collaboratory dulaw Jae 444 —
-l & haiaY Word2Vece il cuyxil dllyg (RAM 12.72GB

Windows 11 Home 64bit, Core i5 @ 2.6GHz, RAM ) Jsean auls —
.(8GB
NumPy, Pandas, Matplotlib, Seaborn, Sklearn \&liSas o5l 4al Laadial

s A L Wl ey gl Aadily g3y cilia)lad) aen oy 2
oo 3 Gllaes Cle lal Luasu dgaly 53 Guld elyy bl dalled
Sy Apegey Glhbie o Jpasll o Jd bl dallees ogs)ll
Python & R =) 4,61 Anaconda Jupyter Notebook Jae iy Liexiiuly
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il I8 il sunyll Gges Aalyll Y slaaly illasSlal) S e 508 o
Markdown alasiuly dmayd) oS G35

Glbral) 4 gana —2-5

lad Cua ([32] Book Crossing cubilul) sacld oo daxdiall cilidasdll de gana
giaal Cilagdilly LS Gty LglalSs ey il Culasl Bla Gk
pmdle claiall 336 ool ol G Ciiesd) Jia bl Slise s
& A Lgihe b llall a6 el Lo i€l iy Gl @l e o(dadl) (S e
Liads Lawi 20 Ge i Y Lo agd ) Cpadiiveally i€l Lié SLaals Liah . Lgida
L Gl alay) Jigwdtl Standardization cildazal) degene Chljie 4 suiy
desane Lal ()6 1Sa, caplinll (apliey dilaall e sadiadl] #3lall ol
G LS Gl 8 deasiea) @lialls (1) dsaa 9] Auhall Juadl) cilasal)

(2) Jsad
Aapall Lgtiatlae ayg 38 cilibl) dsgara paa (1) Jsaa

BX Book Crossing larall 4 gana

dallaall aas ialledl i Lailadll

14,239 1,149,780 Sl dac

1,091 278,858 Cpeadina) dac

603 271,379 i) dac

97.8356 % 99.9985 % Alal) Jans
26.94 % : yaall

REQTRN] 3e~4 % :alsal 32588 all s
2e—-4 % : _all

[1, 10] [0, 10] Slansl) Jlae

69 14 Clall 22e

[9] [32] A
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) 3 AaAieally Aardiuall cfiall (2) Jsa

da Alually daadical)l fjaal) Ciua gil)
user_Age pxiidl e
book_year_of_publication QLS s &l
book _num_pages Gladiall aac

user_ratings_mean

e.\;_u.d'“ ) Glandi Jaza

book _title length

S lyie Jsh

book_word_counts

DAL XS

w2v_lemmatized _title 100
_ephocs PCA 1

325100 53 sl (sl Jilal ISV 53dl)
lemmatization ilee lgale (Buhaall CoSH (o glial

w2v_lemmatized _title_100
_ephocs_PCA 2

23 100 53 sl ()oKl sl 260l 330l
lemmatization dlee leale (Bauaal) CoSH ) lial

book_isbn_mean_ratings

S iy Jana

book_isbn_counts_ratings

) landil) aae

book_author_mean_rating

alse JS0 il Jane

book_author_count_rating

Calge JS1 Gl dae

rating_1 1 Al ¢l QUK lan®s 2o
rating_2 2 el culd QUK Cilay dae
rating_3 3 il cld QUSY ey axe
rating_4 4 2@l ld QUK il aae
rating_5 5 il cld QUSY ey axe
rating_6 6 dadl) il Ul ey axe
rating_7 7 Al ld QUSH Clayis aae
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rating_8 8 Al culd UKl Cilay dae
rating 9 0 Zadll ) QUK chlan®s o
rating_10 10 dadl) oy Qs Clapdi sac
min_Ri QU i
max_Ri QSN s e
median_Ri Qb IS bl das o))
count_RIi Qb IS bl aae
min_Ru aaiusall it
max_Ru il apii e
median_Ru pxiinee JSI Calapil Ly ol
count_Ru padficee JS1 lagiill aae

dpeal) Glapiill ppes Cada 5 38 [0-10] Aallaall U8 cilagill Jlaal dpually
el agil 3) ¢ pantiva) (g 8yl ad) implicit dieall cilegl) Jis Y
[1-10] Jaall eca explicit 3yilu daae Cilawdl anily Jpashy aly QLS ae

Sl alac) 52 oo a5l

ol £ ani yulea ~3-5

Wadll 48y (el CF dalaily ML z3la g o180 (uliie€ duhall 3 Lieaiind
Lieadiuls ML 73l 325 LY dually W ((RMSE Wadll aope hangia s
«CF dakail s35a ,laay (MAE Glaall Uadl) Lo sic) ol 48y (ulias (RMSE

tduzail ¢V (S sl @l Chpa LS Eua

ZNz =7 ZNz (# — r.)z
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4o jibal) ciliaglally CF dakaify ML 73l 5ylaag sy Jalse —4-5
L tatl) ATY) alad 7 3lad el Blaay quui —1-4-5

desane e o il AN e ezl 5 iy yleey asii sslaall o3 b
W) bl e deseae zisa JUG Y Al 8 dediud) Gl
Sle e lidy Whplae die 3Ll @l 5u0 48y e sl Al Hyperparameters

:(3) dsaa .Underfitting (misidlly Overfitting 1o jaall conliill A5 ain

ML 3l §laa b Lasiiosal) clialll) o (3) Jsta

ML Model Parameter  Range Best
KNN n_neighbors 5,10, 20, 50, 75, 100, 150 20
SVR C 5,10, 20, 50, 75, 100, 150 50
Epsilon (e) 0.01,0.1,1,2,3 1
n_estimators 200, 700 200
RF max_depth 1,3,5,10, 20, 30 5
max_features ‘auto’, 'sqrt’, 'log2' ‘auto’
n_estimators [1, 200] 90
LightGBM max_depth 1,4,58 4
learning_rate 0.01, 0.05, 0.1, 0.5 0.05

n_estimators XGBoost uses ‘fit’ method 111
max_depth  to tune its parameters and 4
learning_rate returns the best ones. 0.05
tree_method fast and memory efficient ‘hist’

XGBoost
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LusSa 7 3lad oyl aladiialy AY) alad 7 3lad S —2-4-5

Gty =il o ety dwae AT alad il 4 oladiuly g8 3shall oda 8
z3sa g S Auhall aadis sl STy 5o il e Jsaall A3 5shadl)
«Linear Regression _Lall jlaiy) (Mean ratings culapll alall Jas siall

XGBoost yaill yull 335 (Random Forest 4. siall 4:la)

CF diagill dakil cifyiall 3plaag cu i —3-4-5

sadieall) Aagy ¥ Al 3 5alal) Aadai] il jiahly Syleay Capdiy asEi boladll 28 A
((SGD (ALS Zigiadl Llall Jiaill cordivedl o 3adinall ¢ paiall e

Alie alulS loldie) 2y lgie dakal Jumdl o Jgeanll Cargy cllg L(4) Jsan
s el Angial) (Badal (pe Aalll L) 3l ae

CF Ak §plaa & dasiioal) cliial)lll o (4) Jgoa

CF System Parameter Range Best

User-based  k (neighbors) 1, 3,5, 10, 20, 30, 50 10

Iltem-Based k (neighbors) 1, 3,5, 10, 20, 30, 50 5

SGD k (latent features) 1,5, 10, 20, 50 20
epochs 1,5, 10, 15, 20, 25, 30 20
ALS k (latent features) 1, 2,5, 10, 20, 50, 100 20
epochs 1, 10, 20, 30, 40, 50 30

da el dagiall 339 Aiagl) gl e Uy —4-4-5

o Al eyl dpagl) Lkl Ldats e 5SE o da i) Lagiall agE
Opmads Ll £ EY) (ldand) Al AGa o paliall Ciagy AN At 23l
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QelS G bl yey Al G pas P e lagilly gyl 618

il iblasall de ganae Cljie

Aalail o € e AapyY) Al gz 3lailly dusedll A9 alad 23l e S ed &
Jumdl iy ol a0 & ie Cpad z3sal 36 o Joantd day¥1 Ayglaill 5yl
el el Gaudat I Al A glerl) 550 adai] 4 Las

da i)l Amgial) Jale (o Byemal) ¥ oled) o e sana adii (Jlal) Jas o
Ul ALS_STK_XGBoOst zexall zisaill Hlidin liag ciajiall g3l aaY

MF-ALS .l xs Stacking XGBoOst _uSill 3503 mad (e

L) Ao sanas Cuyi de sene ) ey D ASH Cildaedl) de ganay Vsl s

+(3) Usleall 8 LS (CF Aakatl lidl deganas ML £ 3l

D = Dry U Dy U Dep 3)
ML z3las el dyleay iy Taie HLEAY Gyl Cile gane a5 2xy
Dy S5y il Dy e genal KNN 2350 aladind ) dsbad) mas

Ry <SU readioed) cilaniy 5@l Jal e

R\KNN = KNN(Dyy|Dr,) (4)
asi Ausedll ML #3lai (o i€ Graddiinall gl it e Jsumnl) 2ay
LK) Ry, lilans de sana (5) Alslaall b AlT Lt 23t 4 2lasinly LganaSy
roasis AaY) GlusSall Jd e deatiud) dweddl ML zila Glapi o
ML 73l clpaii Gl #3508 XGBOOSt z3sai aladin) Al (6) Aalaall

~

Rpre gy Slapilly Qi e Jpumall Zusedl
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ﬁML = (RKNNI ﬁSVRI RRF! ﬁLGBN! ﬁXGB) (5)

ﬁstk_xgb = Stk—xgb(RML) (6)
DUy Drp ol desene (el addiuin CF dpagil 4ol Ll
CF il ol clisias J€il R Glepiill e laih aaiis 3 D
DLy )X de gaaaS Dy Slap@l ALS plas aladiad 4000 Aslaal) maa s

Raps el cilsaty e Jgmall Do oy

Rys = ALS(R(Dcr)|R(Dr))) (7)

A el 23l Ausedl dndall ML zile s e Jsanll 2
Gl degene ol aa lened asii (ML z3ls asl @lss R(Dyyy))
b LS da i) Aaenal) dpagl) dakily dalall il de gess uail R(Dyy)
:aalll) ddalal)

Proposed

Training RProposedTraining = ﬁ(DML) U R(DTr) (8)
dataset:

daedd) dagidl debd) Cyal (8) Aslea)l 4 leyill ddshiae addids
Glepiilly Al il e Jsasll Hlaadd R(Dep) Slepdi ddsiian;
CF dpagill dakail il aa g lial

Stacking zisa ey (4o gl £yl alaall gl Glua (9) Aalad) ma s
lagiil g lial & il degens O 3 ALS duagill alas oo XGBoost

i) luti A LAY desenes Lpulad) (il Ao gene pe GuaSill £ 3
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Ala) clled) s S0 ge JE o2 plaa¥) e gl Ll
(lensl)
Proposed R, stk xgp = ALS(R(Dcp)|R(Dry) U Rypie xgn) 9)
Opeadiiveall 5w a0 ulu) Jelea€ R lagiil) angie ALS alan aadiy
Al Lngiall Gubsi any (Sl5 ()l $OEY) ASEe Jay Lee syaall yualially
a3l Slasi e JS gsane ausic e Hle ) Jalae aay geall dleny
LS XGBoost (uasill =358 Jie ML 73l e daalll cilagiill ) Adlay L

Al AL

_ 1 . -~ ..
Rpasetine = N 2 R((l:])lDTr) + z Rstk_xgb(lr]) (10)
ij ij

(el Jlae ce Aa)lall il Gpnds a6k Aaled) il e Jseanll a

ol LS el e 25 [1, 10] Jladll ann e i€ Cilasis Ala 3 )

R\Proposed fre [1' 10]
RProposed = min(r € R) Jfr<1 (11)
max(r € R) Ifr> 10

Jal e el i o Jpeaally Zajiall Aadasl) oLy Liad 8 ()5S Dlally
Jisi . elal) CF dakuly ML zila pe (gl Ll d3)lidd il e Jsaanl)
ziill RMSE adll ) af (e gaendll o Glua diph 4000 daledl

Lol Uil dally Akl

BaselineRMSE—[CF,ML,Proposed|RMSE "
BaselineRMSE

Improv. Percent =

100 (12)
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Opeanl) Gl (38l 281 455080 —5-5

o lened (B el maially dpea il Aalaily LonunaSis AV) alas 2 3las G (i
Lzl el

AN alan Aaal ae gy o Aaalill zdlailly Apagil) dakil (g Alie gl
st e lgiwad ca uldy (RMSE (g5l Uadl) 48y jlama sladialy ol
ddy aially oyl degane b (iS) Lol alall Lausidl Baseline (L)
3kl GullS CF da il kel doally el Cansi Liay ¢1.69 (g5l Uas
aasill Lalail po A dat 2 3lad gred b i) rgiall (Bukal (e Aailil) Aisgl)
((4) dsaly (3) Jdsall ¢(2) Jdsall 8 deadiual chlaidal) xag (5) dsas
g0 (s CF dalaily ML 7 3laill o Sy JUaall 35anlly slandl 4 Lle

Z3all IS AT et 3l e il Jumdl G (4) Sl (2) JSal e Jaadls
3 i) o saciea) z3lall ae 33)Ea Igbm xgb of [l e sadiedl
Gty izl 1.3075 1.3025 1.327 g5l RMSE Uaall 483 o8 s
ool alaill dually gl %22.7 5 %22.99 5 %21.79 sbd (s
e il il Caeti Gl 3yl G Lagl Jaadly .y mean cileyiill Jaw sie
RMSE i Stk_Xgb z3sail cuilS dag Juadl am leusa$s o500 MLzl
feagll WUn G Lad By .%32.31 cpesd Ay 1,145 gsla
RMSE = )| Jusi oy CF dalail 3L duilly (505 ¢laf Juadl 38 MF_SGD

cafiill %1521 Aty alaa) 7 el Ay (ppuant Apuaiy 1.43
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Laadls dagyY) Apa il Aadaily AV alad 23l grad & A jiall Lpmgiall (Baadi day
G Gl i s 28 Aaadall 3Ll apea O (4) IS5 (3) JSa e
G Lo meall e e Gaaall (ellY) dpagll s sy () oladl)
Ayl dadail e S e AV Al 3l eny Addadl dagiall gilad) of ans
%30 I %15 G sl Gmead cas ciia IBCF, UBCF, MF_SGDel
Z3lall & Jaad La Ly_mean Gulud) alailly (ulud) CF ol e JSU dally
Gof Alle Cpat cuw 3a 8 MF_ALS duagl oUs o didaall da il
allai s StK_XGD (a3 z3sai ety O 75ie zhgal Jumdl G Cam 60+
elal ey %63.65 ) Jeai Gpend At el a2 52y MF_ALS dpa il
J<alls (2) Jsall (MF_ALS (bl alail daally @llyy RMSE=0.605 (g5
y_mean lagill lassie alul alaill Ly %64.22 Gaead Ay o3)

(4) S
Lasiiiowal) CF L) Lalaify AY) alas gz 3lad plac clilaial (5) Jgas
Jlaidy) Jalsll auy)
base CF Collaborative Filtering Recommenders (Baselines)
knn K Nearest Neighbors
svr Support Vector Regressor
Igbm Light Gradient Boosting Machine
rf Random Forest
xgb eXtreme Gradient Boosting
stk_means Stacking Means
stk_Ir Stacking Linear Regression
stk_rf Stacking Random Forest
stk_xgb Stacking eXtreme Gradient Boosting
base_ ML Machine Learning Models (Baselines)
MF_ALS Matrix Factorization Alternating Least Squares
MF_SGD Matrix Factorization Stochastic Gradient Descent
IBCF Item-Based Collaborative Filtering
UBCF User-Based Collaborative Filtering
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AN alas zilady L gl

83 jaal) A glait) 3 lal) o Sadinall dua gil) dakif

CoorREREPE
roONDOI®
[slelelsl=YT=T]

base_ML
MF_ALS

N

ROOT MEAN SQUARE ERROR (RMSE)

—&— base_ML

——MF_ALS —@—MF_SGD

IBCF === UBCF

base_CF | knn

1.6647 0.6596

MF_SGD = 1.4339 1.1482

IBCF
UBCF

base_ML
MF_ALS
MF_SGD
IBCF
UBCF

1.6198 1.3556
1.6810 1.3510

IMPROVMENTS PERCENTAGE(%) FROM CF BASELINES

—o—MF_ALS —@— MF_SGD

i - -3~ =8 & - =
4 4 4 4 g 4 —
svr lgbm rf xgb stk'_qr;nea stk_Ir stk_rf | stk_xgb
1.3430  1.3549 | 1.3072 1.3227 1.3024 1.3027 1.2984 | 1.2804 1.1447
0.6587 0.6544 @ 0.6543 0.6509 0.6474 0.6514 0.6458 @ 0.605Dk
1.1491 1.1512 1.1555 1.1485 1.1491 1.1597 1.1536 @ 1.1465
1.3528 1.3218 1.3358 1.3189 1.3144 13165 1.2960 1.1660
1.3572  1.3122 1.3284 1.3106 1.3093 1.3071 1.2889 1.1554

—&— base_ML

IBCF === UBCF

o

—ld

o
v

o
v

o
v

o
v

o
v

==

o
v

v

base_CF knn

o|lOo|O| O

20.59
60.38
19.92
16.31
19.63

bl CF Lty Zuailly RMSE e (el canss (3) Jeiil

svr

19.89
60.43
19.86
16.48
19.26

lgbm

22.7
60.69
19.72

18.4
21.94

rf

21.79
60.7
19.42
17.53
20.97

118

xgb

22.99
60.9
19.9

18.58

22.03

stk_mea
ns

22.97
61.11
19.86
18.85
2211

stk_Ir

23.22
60.87
19.12
18.72
22.24

stk_rf

24.29
61.21
19.54
19.99
23.33

stk_xgb

32.31
63.65%
20.04
28.02
31.27
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IMPROVMENTS PERCENTAGE(%) FROM Y_MEAN BASELINE

—&—base_ML —&—MF_ALS MF_SGD IBCF  ==¢=UBCF

)

o o
60 < & & & 4 v 4 ) 4 e

30 o~ M
. - v o .

base_CF knn svr lgbm rf xgb stk:]rsnea stk_Ir stk_rf | stk_xgb
base_ML 20.59 19.89 22.7 21.79 22.99 22.97 23.22 24.29 32.31
MF_ALS 1.56 61 61.05 61.3 61.31 61.51 61.72 61.48 61.82 64.22%
MF_SGD | 15.21 32.1 32.05 31.93 31.68 32.09 32.05 31.43 31.79 32.21
IBCF 4.22 19.84 20.01 21.84 21.01 22.01 22.28 22.15 23.37 31.05
UBCF 0.6 20.11 19.75 22.41 21.45 22.5 22.58 22.71 23.79 31.68

.ubuls Ratings cilayiill Jaugial 4uilly RMSE o (i) caud (4) Jill
:4E8lial)g zul -6

iy (el @ el ral RMSE o) gral) o) cljlie DA (g
¢llys CF dakal e 3580 ML zilai & Laadls CF dalaily ML 7 3lail (sl
s Aghall Bl Gl Ao gene Cline e padind z3laill @l G gy
s gl Biall L axiig ) dpagl) debil ae Al lein Led dgadl)
Gluag adl 48 Glaghes 208 Y Al Ratings oSl pandiinall cilapds
‘Amazon sl Gulill IS a8 (ML il lgeas Al el e gdm
daxdiuall Gilbdasall de ganal 3a0a Gl Gla & Hla 90 Books Scraper”
CilS Gaead oy ol Juadl &) L lgaldase 4LlS5 Glaias L o Undl) o
Lol @llyg mpnll 3pes e adieal)l padVls SladY) e sadeall zilall
lhaly cililanal) & cplally Sbady) iy 3yl bl e Jalaill e L3y
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Gradient Decent sl Laga pusill Gylal lealadinl s Aladl (ggamll
.optimization

ol Al e %22+ Gauad oy gl Jumdl dag¥) GaaSill 5yl Credd
oSl 3l o am cAsaddl ML 2 3Lt il Lgasand DA (e @l g adindll
Al Cus %30+ laiay @ylall Gl e Gpest Ay ola Juail 3 stk_xgb
Op Ashall s Al B e Al e 3y e g el 53 gy

el ML = 3lad (e Asslill cilapdil) s ooy Sllasall Sy

el e JH OIS a8 cla@ly sl 8 CF dyagill dalal) gpumil) o130 dailly
ey Aadaly] @l ax3is 3 % 15.21 @l gauad A Jef o 3 MLz 3L
e o Apbdll ey Aadll el e 32l (ol ang Vs bl jrerdid)
Oo Jumdl o oy (50 61wl Aage Cilasles a2 ) CSU5 periinsall

ML et Al &l

o llias 8 CF dakul po ML £ 3l ey (3 A il Gamgiall (hukad DA (4
Omenill Cats o5l oY) Aal e (35t CF dpagll dadal dajie ol
ML 3t Culsaii geads Aila) G ) comatll Gadat Jd 4ay)¥) CF Ll dalalyl
Al K 38 CF dakail U (e deddiiceal) (iSU praddiieal) Cilagdi] Jaal) 48 5iina
Glharall gy )Ll @Y G Jagy AalalY] el o1 sl 8 bl 50
sae ol leday L Ll 5y 5iall lagill A8 sy CF Al Lgie Jlas

ML 3l alasinly L 5ol S (e eyl

IBCF juaiall e adindl dpagl oUail sl ad G Jaadl o(5) JSall e

Lial LS 4l Gy olal) sae 3045 e (Underfitting) (msaie IS caliy

483 (e JlEy Leo Ciglly dileia ye palie e lilas Cangl e lglis J8f U

e ) LelaY 5@l A8 e Cpend dsedall dagidl dalal) Law ¢ gl

Obaad) sae 53l ae oI ) Badls ML 73l U8 (g Lo foaiiall cilagsil)
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Obaall Glepsn G 3 dagial) AaaBl gyl oY) 3 mlas) g s
Mg otiall ML cilepii e Lgdgant Cangll po Lol ST canpal

1769
N 1.6
=
e
2 1.5
3 CF Recommender with
& - —e— UBCF  —— IBCF_kn —®— IBCF_stk_xgb
3~ IBCF =+~ IBCF_rf
w
H i . S e o ————————— o -+
o 1.34
£
)
o
o 1.2

510 20 30 50 70 100 150 200
Number of neighbors

A jilally (ule) IBCF Aalaif (ya J<t RMSE (b)) (uliie 45)laa (5) Jeil

3adisall CF daaly I da i) 4adadl o)d Jeadl A ans clladl DA e
alai e (e Aailill dajial) Aakad i<y MF ddgiadl Lelall Jdaill e
%60+ (s an Alle Cppat Caiy e ¢lal ML 73l g0 MF-ALS 4pal)
e el ML z3la e daslill sl oUasly 15l J6F Wl 3 uludU daaly
Gsas o adimy MF_ALS oUas o) gAY CF dualy da i) dalal)
et il Cangd) ) Jseasll gl dghins Cnaas 8 Qy P AilS i
i Clepiill Jassgiey Q A8 shinall Apghy Alpde ay (8 sheadll Angly Liad . (Sas
LS s WYL ALS il ¥ il ML z3la e sl calagiil) dals) dylec
o Jiie Juatio J<8 G steadl o IS Ol Cuaay a5y ALS 5 (SGD 3
e U8 8 bl el Laadin o UaaVL 1l J8 ALS Jeay Lo 138 cdials))
OsSH L sl J3Y Q ddsiiadl Agn Alee J 2Ky (T <6) oSl

Adghiadl a8 L ol Cuaail Gl
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Root mean squared error (RMSE)

ATy alad gz lady W ghal 53 jaall A glatl) 5 AN o Badinall dua gil) ok

self.P = 3 * np.random.rand(self.k, n_users)
self.Q = 3 * np.random.rand(self.k, n_items)
# Avg. rating for each movie

self.Q[@, :] = self.R[self.R != 0].mean(axis=0)

SGD; ALS iiyhay MF e sadiaall CF Zalail & (7 ¢6) il e Jaadls
il ) e dlasale cilipead s 8 dsjidl ML z3la ae daedl
AN DA Jaadl (&g ¢ ulaY) CF AaladU ducally o€l randiieal) calay

v (@ 6) JLall b adl ) cepochs capsi 5y50 20 aie gyyhall (gl
RMSE Uaall (ulie & 1aadls SGD ik & ranks duwlSl el axe 30l

vie it AKE o2 dUnderfitting mddiall sl A e Jay Lea alas
el e pally bl o r3saill 3538 axey HLEAYS capull Uad (e 2Ly
Sl Y A Dbl ST 8 ALS diph Wl cliall e el e lewys e

(16) ISl e 3y50 20 Ao 31alS 3300 20 22y (gt Ll

71 SGD Recommender

1 —=— SGD

T =& sGD_rf
| =+- SGD_stk_xgb

e~

with 20 epochs:

— SGD_knn

— T T T T T
5 10 20 40 60 80 90
Number of latent features (ranks)

ML 73l e Aol SGD dpa sill daail ()

KNN, RF, Stacking XGBoost

Ly
o

1.8
m
vl
= 1.6
e
5 ALS Recommender with
5144 20 epochs:
3 —— ALS
E ALS_stk_xgb
T 1.2 == ALS rf
= —+- ALS_knn
o
£
=1
£

hod
@

N

5 10 20 40 60 80 90
Number of latent features (ranks)

ML 73l e dnedall ALS duagill dalaif ()
KNN, RF, Stacking XGBoost

ranks Al cfisall sac9 RMSE Uadl) (ula ¢ 48al) (6) Joil
MF dgiaall alad) Jolasl) CF Lakiif 3
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Root mean squared error (RMSE)
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g ol yaall Al Gy (SGD Akl dpilly 4l (7) JSall e Laadl
3 WS aif a3 oK1y SGD Ll dpa gl JUsi e Stacking XGBoost
s Aaead) ALS dabail pe 33y Uadll Gulie J8 LIS Capxil) cilys aae
33k &) (@ 7) JS8 Ge ity g a0 b Aa Jumdl Y Ao pun Jus
Lyl Calitl) A5 e J5 e g o1 ) Jsaasll SGD a clysall s
Glall by Vs cpal) Glie aa Sy mual Sl of 3 (Overfitting
5350 20 2ny sl Wagll 5l ¥ 3 hia) ST g8 ALS digyla L saaal

(17) S AualSh il dae alajl sl sy

- pT =Ll A e e == 2.0
,-—*‘_——
W CV‘-]T 1.8
1 =
SGD Recommender models « 1.6 1
— o
. :zlg_ranl;s_stt_xgz 5 ALS Recommender models
60_ranks_stk_xgb v 14 —e— 10_ranks_stk_xgb =+= 90_ranks_stk_xgb
goiranksis k,ng § 121 »— 20_ranks_stk_xgb ~ —#- 20_ranks_base
B rahks”shaxg o —»— 60_ranks_stk_xgb ~ —4— 90_ranks_base
—#=- 20_ranks_base S
—4— 90_ranks_base g 1.01
. \i\
0.6 i # P P4 > >
510 20 40 60 80 90 100 510 20 40 60 80 90 100
Number of epochs Number of epochs
. - - - - o8 . . - - - - <5 /5
Stacking XGBoost Stacking XGBoost

epochs eyl ¢y ga 3309 RMSE Uaill (ulia (s 4D} (7) JSil)
MF dighaall Lalad Jiasl) CF daksif

Labaly) st 4y o S5 Y oranks &l Jalsall 33y G Gaw e Jaadl
ciel ) ML zila e dailll clep@ll Juaty ALS 4 dajiall Al
Jalsall aae 32l &) Lasdls SGD dayyhal dsailly W (CF dadail culaysi 48 5iime

dallae 48l ePlgiul Jallby capall dles aae 3 3ak) ki ranks dlSl)
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Chaddl 226 Hlaa) 5 dajiall ol S ) Jgagl) dnl&aly ST 580,
Y o(4) dsaall b LS Lgie Jaad) jlidly o Aesene o HLEAY) ey AL
cJaad ] calS dialS 3300 20

s» (ALS_stk_xgb) Stacking XGBoOst as ALS zaxall allaill of & jii 13gy
Ui ded jeal o @pn ol 23 e o gise Judl
SS1 sag b)) A z3sa e %64.22 e sy RMSE=0.6051
gl Vs eggnt ol el U Jpeagll sase s g ) 2l Yy oy
ol e s S Lgallee A0S o ST 3SI0 ) dallee A8Ua
Baseline ) (slul apdi aladiuly asii dajiall fagiall Gl el 1) dalayl
3l 1385 (Cold Start A<l Ja) aaall (a5 (el 455 4o (rating
Ll Gilae bl oyl de ganay ddleiall lenill Jangia (e 3he sa
oo Al clegl) 355 o 3 ((10) AR 3 (e 58 WS (ML z3la il
) Glagill Al A8a e a3 CF dalall 4 i@l ddghias & ML
Glaag o goliany a3l Greadiad) i il ool o oSl Lalil)
bl Cpal degene I ML il Zilalyy casead) o cuSl Jumily
WDl 8 e sa LS ((Sparsity) jieall A il e Wl Wl CF dakady
Jilig CF dalail & culapiill 4 ghine b 53 g80al) Cilapiilly solly L Ll 3) ¢(9)
G A (10 ¢1) ol Jlae zyla il paen pagiiy Uiad Liagl L jfinl) s
ol lae (10 ol oY) ol e €06 T a3V aall e Ji dad
clagilly sl 48y 3 Load Aagsy 505
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Al -7

Gsdlel wise o KU Cilaslaas Ciae sy asly Ghulad Liedd el 14 &
Bse sl Jigie QS Y Gleglae cila b aie 3alilY) pfalll Sy
.Q))'LJ

Aasin 8 ML AN Wt z3la jis o asfi dagiie Lngie Lo L
slicly JalS (<0 iSlly cpardinall clipad ddadl) s Aphadll L
oo danlll oSl peadiedl clagdyy CF dpasill dalai] cilan®s 48580as
ML 3

dagiiall Ll Z3lall G wilially Uyl (e desane Caadl ha b Liedd
Sl llias 3 el daxtiind) CF dpagill dalaily ML AN a2 3l
Axg¥) (el CF dalail e~ jidall mgiall (355 el milis

alatl ulS il Ay (gpall 2181 Lali e il Jumil G L Laas
ouSil) dapk Gl 3 (Stacking XGBoost alaill z3sai e zeddll ALS
Dbials ez Slatll Ay e Ajlially o B2 il caedd 55 XGBOOSE Hlasiuly
e AL Alle Gpunt A o8 8 ML Alage (e lagiil) Jasinlg ALS
Al e «%63.65 ) Jumi Gulud) alaill Lailly Gl a3l
Operiinual) lapil alall Jawgiall sa millly lhlaall A aadial Gulud!
Ll %64.22 cpeat dad Giag (y_mean) cuwxill desenae & KU

sl ALS ol
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sl s laal) gb;lj aenilly (Sl 3aaate Gilinh aladio) (Say B

e olee os (8] Gllaae Glesane o el meiall Gl (Sa
o) Gulaill Ly (AT dadily #ila o el meial 358 Ll s
opshi (Saall (e 43lE U g3l e ilaslaally el Gilay sl (g2
Joaall finlll ey Lee gled adse (8 Aibidall cilaiiall gaes Jadid
ralicy dlaiial 3aaa Gl Glesene oliyy Glaglaall (0 ds £ o

Aede Glal) el 8 i ddlias

oadle tJie cpagalll & Ay cluhy b laaiiu) oSe Al bl aal
Sar Y gl Liads i€l b e Greaiioadl 358y5 QS gsine oo
osally pasall @l e Al ZlALY Gueall Al SIS aladn

Jazmdl e gpan oldf @ld dalail e Jgeanlls

126



rlua gl puali o Gud daaa o 2023 ale 18 2l 45 alaall Cadl dadly Alaa

References gl

[1] Abanda A, Mori U, and Lozano JA, 2019. "A review on distance
based time series classification"”, Data Mining and Knowledge
Discovery, vol. 33, no. 2, pp. 378-412.

[2] Al-Ghuribi SM and Mohd Noah SA, 2019. "Multi-Criteria Review-
Based Recommender System-The State of the Art", IEEE
Access, vol. 7, pp. 169446-169468.

[3] Bar A, Rokach L, Shani G, Shapira B, and Schclar A, 2013.
"Improving Simple Collaborative Filtering Models Using
Ensemble Methods", in Multiple Classifier Systems, vol. 7872,
Z.-H. Zhou, F. Roli, and J. Kittler, Eds. Berlin, Heidelberg:
Springer Berlin Heidelberg, pp. 1-12.

[4] Basak D, Pal S, and Patranabis DC, 2007. "Support vector
regression”, Neural Information Processing-Letters and Reviews,
vol. 11, no. 10, pp. 203-224.

[5] Breiman L, 2001. "Random forests"”, Machine learning, vol. 45, no.
1, pp. 5-32.

[6] Burke R, Felfernig A, and Goker MH, 2011. "Recommender
Systems: An Overview", Al Magazine, vol. 32, no. 3, pp. 13-18.

[7] Chen T and Guestrin C, 2016. "XGBoost: A Scalable Tree Boosting
System", Proceedings of the 22nd ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining - KDD
'16, pp. 785-794.

[8] Choi 1Y, Oh MG, Kim JK, and Ryu YU, 2016. "Collaborative
filtering with facial expressions for online video
recommendation”, International Journal of Information
Management, vol. 36, no. 3, pp. 397-402.

[9] Deeb M and Saleh N, 2019. "Performance Evaluation of Learning
Models in Comparison with Recommendation Systems by
Studying Data Features", Journal of Al-Baath University, vol.
41, pp. 11-52.

127



AN alas gz dlady L 3haf 33 jaal) 4 ghasl) 5l o Baatnall 4y gl Aol

[10] Ekstrand MD, 2011. "Collaborative Filtering Recommender
Systems”, Foundations and Trends® in Human—Computer
Interaction, vol. 4, no. 2, pp. 81-173.

[11] Fernandez-Delgado M, Sirsat MS, Cernadas E, Alawadi S, Barro S,
and Febrero-Bande M, 2019. "An extensive experimental
survey of regression methods", Neural Networks, vol. 111, pp.
11-34.

[12] Goyal A and Kaur R, 2016. "A Survey on Ensemble Model for
Loan Prediction”, International Journal of Advanced research
and Innovative Ideas in Education (IJARIIE), vol. 2, no. 1, pp.
623-628.

[13] Huang X, Yang Y, and Bao X, 2017. "Grid-based Gaussian
Processes Factorization Machine for Recommender Systems”,
in Proceedings of the 9th International Conference on Machine
Learning and Computing, pp. 92-97, Singapore Singapore: ACM.

[14] Jalili M, Ahmadian S, lzadi M, Moradi P, and Salehi M, 2018.
"Evaluating Collaborative Filtering Recommender
Algorithms: A Survey", IEEE Access, vol. 6, pp. 74003-74024.

[15] Kannan R, Ishteva M, Drake B, and Park H, 2016. "Bounded
Matrix Low Rank Approximation”, in Non-negative Matrix
Factorization Techniques, G. R. Naik, Ed. Berlin, Heidelberg:
Springer Berlin Heidelberg, pp. 89-118.

[16] Ke G et al, 2017. "Lightgbm: A highly efficient gradient
boosting decision tree”, in Advances in Neural Information
Processing Systems, pp. 3146-3154.

[17] Kern C, Klausch T, and Kreuter F, 2019. "Tree-based Machine
Learning Methods for Survey Research", in Survey Research
Methods, vol. 13, pp. 73-93.

[18] Koren Y, Bell R, and Volinsky C, 2009. "Matrix Factorization
Techniques for Recommender Systems”, Computer, vol. 42, no.
8, pp. 30-37.

128



rlua gl puali o Gud daaa o 2023 ale 18 2l 45 alaall Cadl dadly Alaa

[19] Kotsiantis SB, Zaharakis I, and Pintelas P, 2007. "Supervised
machine learning: A review of classification techniques”,
Emerging artificial intelligence applications in computer

engineering, vol. 160, pp. 3-24.

[20] Li G and Chen Q, 2016. "Exploiting Explicit and Implicit
Feedback for Personalized Ranking", Mathematical Problems
in Engineering, vol. 2016, pp. 1-11.

[21] Saberioon M, Cisai P, Labb¢ L, Soucek P, Pelissier P, and Kerneis
T, 2018. "Comparative Performance Analysis of Support
Vector Machine, Random Forest, Logistic Regression and k-
Nearest Neighbours in Rainbow Trout (Oncorhynchus
Mykiss) Classification Using Image-Based Features"”, Sensors,
vol. 18, no. 4, p. 1027.

[22] Sarwar B, Karypis G, Konstan J, and Reidl J, 2001. "Item-based
collaborative filtering recommendation algorithms”, in
Proceedings of the tenth international conference on World Wide
Web - WWW '01, pp. 285-295, Hong Kong, Hong Kong: ACM
Press.

[23] Sattar A, Ghazanfar MA, and Igbal M, 2017. "Building Accurate
and Practical Recommender System Algorithms Using
Machine Learning Classifier and Collaborative Filtering”,
Arabian Journal for Science and Engineering, vol. 42, no. 8, pp.
3229-3247.

[24] Shahbazi Z, Hazra D, Park S, and Byun YC, 2020. "Toward
Improving the  Prediction Accuracy of Product
Recommendation System Using Extreme Gradient Boosting
and Encoding Approaches", Symmetry, vol. 12, no. 9, p. 1566.

[25] Shreyas R, Akshata DM, Mahanand BS, Shagun B, and Abhishek
CM, 2016. "Predicting popularity of online articles using
Random Forest regression”, in 2016 Second International
Conference on Cognitive Computing and Information Processing
(CCIP), pp. 1-5, Mysuru, India: IEEE.

129



AN alas gz dlady L 3haf 33 jaal) 4 ghasl) 5l o Baatnall 4y gl Aol

[26] Song Y, Liang J, Lu J, and Zhao X, 2017. "An efficient instance
selection algorithm for Kk nearest neighbor regression”,
Neurocomputing, vol. 251, pp. 26-34.

[27] Thakkar P, Varma K, Ukani V, Mankad S, and Tanwar S, 2019.
"Combining User-Based and Item-Based Collaborative
Filtering Using Machine Learning”, in Information and
Communication Technology for Intelligent Systems, vol. 107, S.
C. Satapathy and A. Joshi, Eds. Singapore: Springer Singapore,
pp. 173-180.

[28] Tu X, Liu S, and Li R, 2017. "Improving matrix factorization
recommendations for problems in big data”, in 2017 IEEE 2nd
International Conference on Big Data Analysis (ICBDA)(pp. 193-
197, Beijing, China: IEEE.

[29] Xu AL, Liu BJ, and Gu CY, 2018. "A Recommendation System
Based on Extreme Gradient Boosting Classifier”, in 2018 10th
International Conference on Modelling, Identification and
Control (ICMIC), pp. 1-5, Guiyang: IEEE.

[30] Yu H-F, Hsieh C-J, Si S, and Dhillon IS, 2014. "Parallel matrix
factorization for recommender systems"”, Knowledge and
Information Systems, vol. 41, no. 3, pp. 793-819.

[31] Zhang H, Si S, and Hsieh C-J, 2017. "GPU-acceleration for Large-
scale Tree Boosting”, CoRR, vol. abs/1706.08359.

[32] Ziegler C-N, McNee SM, Konstan JA, and Lausen G, 2005.
"Improving  recommendation lists  through  topic
diversification”, in Proceedings of the 14th international
conference on World Wide Web - WWW '05, p. 22, Chiba, Japan:
ACM Press.

130



Caisd g 2023 e 18 amll 45 alaall Gyl daaly s

dagyall Slgalll §hi pnnt g9 dyanlll
i,g-ggmh 402421]

U 89 .a :A%a )
(el dzala — dlagll 448

wadlall
Crays clgr B ) lebgn e pans alad b Agmaa Ll ua il 0y
Gk s Auhy Ll alull @lll Al 8 agiaclue Chagy Llgihi agle
elally [ Gl as dedddl Capnll Bl maaal 8 dgialll OIS dagial
illane degana ol )l Gyl 13gdy ./ alalls [oa/ slally [l o Ually /Lf
Ll axdind s dpiall) LIS dmgiall ae Adblgie LK) A gual) Ol
Gl degana g paal hlats . lgia pead s Gaell B0 el Lo ol 8
e JmdV) iy culal gualaie to Wyjladls laslae) e W 4 Y K ol
ol Aplll Gliaidl auy Ly addll Luals ll) e aclay 3
LS @iy g L Dlile galiny aladinly 40Kl chlidd dadall ciliaially Ailasy)
Glharall degene o Uliany LK 8 Cagyall o3l cawdy) aalsall ypans (e
Y V) il 8 L D) oKy Sil5 3hail) il Lpliall S

— i Gl Ael) aded — dgalll LK) dsgidl cdalial) clald)

LGhill il Cillars Ae sane — Ayl Lall) dpspn — AadEA) Clsal)

131




Lo pouln adilal) 4 jal) ) guadl) (3l gromedd (o Apiall] 4padis) Apgiall (gadald ciliina 4 gana ol

Constructing a Dataset
to Apply Verbotonal Method
for Automated Pronunciation Correction
of Emphatic Arabic Sounds

Abstract

It is difficult for non-Arabic speaker to learn some Arabic letters,
especially those which do not exist in other languages. In order to
help foreigners to learn Arabic pronunciation properly, we studied
the feasibility of applying verbotonal method as a new
pronunciation correction method, taking emphatic letters as a case
study. For this purpose, a dataset of audio files of proper words is
necessary. We had to construct this dataset as it is not available for
Arabic. Verbotonal method has been applied in practice to foreign
learners using well prepared training words and appropriate
techniques of correcting the target voices. The curves of statistical
results and spectral verbal signals were drawn using special
computer software (MATLAB). As a result, the most appropriate
positions of emphatic letters in words have been determined to
clearly show their characteristics. Finally, a dataset of proper words
for pronunciation correction has been constructed to be used, later,
in automated correction.

Key words: Verbotonal method — teaching Arabic for foreigners —
emphatic sounds — Arabic Language automation — dataset for
pronunciation correction.
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