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The Optimum location and optimum power for
distributed photovoltaic generation using the
analytical method in a radial distribution network

**Engineer: Osama Zaini *Dr: lzzat hasn

Abstract

Studies of integrating distributed generation with the electricity
network have increased due to the increasing interest in renewable
energies sources to reach an environmentally friendly solution that
meets the purpose as an alternative to fossil fuels that are depleting
with the industrial progress that consumes them.

Determining the optimal location and the optimal capacity of the
distributed generation is very important in order to minimize total
power losses and improve the voltage level.

In this article we have determined the optimum location and
optimum power of distributed generation installed in a radial
distribution system with uniformly distributed, centrally and
increasing load using analytical method.

The mathematical relationships of the proposed method were also
deduced when a uniformly distributed load and these relationships
were applied to a radial distribution network to verify the validity
of our findings.

Key words: distributed generation, optimal placement, optimal
size, analytical method, power losses.

*Professor, department of electric power engineering, faculty of mechanical and
electrical engineering, Tishreen university, Latakia, Syria.

**postgraduate student, department of electric power engineering, faculty of
mechanical and electrical engineering, Tishreen university, Latakia, Syria, email:
Osama.Zi1989@gmail.com, tel: +963996699340

12


mailto:Osama.Zi1989@gmail.com

4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

Cary 3

o ey e e 2024 als 10 231 46 sl

-

tdadia -1

et olyeSl) adgil Lpsedl) Al aladin) g aldl Sall gae e

Bl sl gyl Aaglall Dl Gl gey 5Sl W e @y s

Go sl ASas (b Adgas oS 2l e BS BaeS ey (b A <)
sl Gl darin e dpda il ) g o Sl

b deall B3l A ismseSl Al e Aatlll (lesad SY) Aldad) Cigladl)
¢agall adati 3iealy Adlaiall JSLaal) ¢he Uainl) adlie o ey i) 6l Allal)

el i g dyleal

fan Laledl Jilsal) (g 2gall Shiid ety deUain) adlie (5 2y ole (S0
gl Claagl Bl AeUaial )y Jiel) adgall aaad ey 1A ) alas Jlas &

JA1T] sdl) Sl ool g dgad) aslai aes Jal e g uin Aigaia s oS

paradill Guatl Glubal e paell Slis g s oS g5 sall ad gl dlal dually
£isal) ulsll Ball delmially JiaY) adsall i 505 lile L)) LS . iV
& el alail el dgall Cpuats deUain) adlial ) aall Jeagl) )
i g ysal) gl el deUainlly JieY) adsall apaad dilise Ciliagie ek
Jall I Jpasll (355 dman Gpb o ) Aldas clsal e L) cilagiall 238

L JiaY!)

Coagr sl sl i) adpall ypaatl LS ags Gsialdl a8 [5] aapall 8
Jally sl SlSes 2ilae s

meta-heurisitic Firework (FWA) suaa 4 )lsa 2ds 23 [6] aspall (A

13



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

alde ol @llyy A,dl) S50 sale) AlShe dad 400ld)) dnase dpa))lsn (A5

sl g gie Gpeads deUaiaY|
cisally Hiall AeUxiul) apaail Aoy Gy pai)lsd #8) 5 [7] asiall A
S A iy Ao Ui adlie e iVl Sad Uil el adall Jul
de Uiy qge Jumdl (o ) Sygha Uy (33 LSy Aagesy Akl 038 L Cora

T

ChiahlS adgll A< aglaadl Y aal e Gl anud [8] aajall 8
JiY) adgally ial) deUainl) aail g5sall il delbind agaa ) diLayly
gl L (all Clually 4l dlae LSl 438 A4kl 228 g )sall il
omS i

g eSl o) Caghial JiaY) sl Alad 458 [9] pasall A sialdl o8
Adgall deliuy) adlie Qi aaly cdy 3 Leled i A8 JSE silels
SlieVh lalill andil) dae))lss 280 S LASUEN dgall (sgiee Sajads ddleay)
laasll sy JiYl adsally Sl dyeaill desene aadl Su plld Ll
sl s 8 Aisa g Sl

tj}d\ aaanl 3laall AAUS uae e A L;ﬂ)ug e Cbﬁ\ & [10] @)‘d\ o
Chad) G s Gy sl Al (5 gy 68 Al Aane S Y
G zisad o laa¥) & dagiall diphll ddled cldy LAA adliey dgal)
. . wJ L..ﬁh.&ﬂ 38 C}‘Q Q‘jﬁiﬁ .5 - S\ QQ‘}@\ L—g & ..-. “ ew‘ ‘e "”" @J}S

g g S A8l Adass

14



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

Cary 3

o ey e e 2024 als 10 231 46 sl

Afigns 680 20N Bl aE A s Tags gsilsal) 258 [11] aasall b
Ylsall pns c Aplall peat AL o Ly w48 e b
il o dilal) ala lSlae e 40 Alle Lelia Ll Hsa plasiuly dabid)
RIS O R UWE TS W VOPRVEN Y I N EECHPPVRCH Y. g W R g -

sl liles Ly adll adlia cagall i e %200

eisall paail moate Hdse o @l aaa s med a5 [12] amsell A
Al Q] ghsall gl saagl Aeliad) Cales Bl delaudly iV
zoe A o jasal 13 Gy (Ul 3006) Jreatl) 201K 305 de i)
JiaY) asally Jia¥) aysill Gyl o Ly Auladll deUain) adlie Chiite e
Lladl) A8l 505 . yd5e JS ecand Apulnll oLVl JiY) delawy) Jaleg
gl ssina s Jrandll AL Gpuaty S S5 a8l Jal 1 dga)lly

80y Aglgdally (Ol axe) Cpeddll eV EG Auy &5 [13,14] Cpmasal)
A0l adlies Aol Gl o Asaall & Gl axes dedsd) Clalgal 258
i) adsall Hlal) die Glldg aysll lSud

G (b gsall Al amgh dalia@ly il Bl ~5h & [15] panell (A5

O b pals Bl M) S e psal) M 3 Ol Gy (ALY

Uil 438 63 g0

e pdial) gl Al padd Adidaall ABY) L daalye w5 [16] aasall b
sl Al 3 sanaial A8l jalias

15



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

G5 Aabal Jsns Hlasly Jiel) adgal)l waat damgie a5 [17] aapall 8
bugidl aeall @l ayall Aaladf & Baall degall clalgally dy)Uadl 538
AU A Lal Aabiie Aagais $ladY Aoy zisel aladiuly paidiallg

& el bl pdnal caball dedll SlagY Auy (sialll 608 [18] aaell A
ey JieY) adsall HLaeY) Cpxy 32V ae Jasgiall agall cld agysill S
i dsyll zised DA e UG Aelua & el Glalll i)
el Agpal) Andail) alad aladiuly dls 5 o3y dlakisl

G zhw s AL Gl ge Auhall oda 8 dediall ZiLaY) (K
Ay Galdll sl 280 LS, daliiie dgen Alad dldanll dayhall duzly))
A e Bl o Bukat & lall () el 4S madagiy 3)sS3all Jranil
paal Ayl o3 il W L luly e COB (e ddlge Aplial Leled ais
tots VI L i ) el Casnas gl ulsill Bl G Ui s JeY) adisal

A dsally Aally Sl dayla (1

Byl dia) 3y DA dagl) aas (2

sk 5 Gaias Wy )< eyl Jai ¥ (3
s 28 ) (g0 Ahds Glun b (aliel 2y (4

A Bl de Uiy i) gal) dipad 2] sy Aasuss 28 (5
NI

Uy Aejse Jlead) (5% Loxie llall s Jola Lipplll o3 Jlas’ (6

16



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

Cary 3

o ey e e 2024 als 10 231 46 sl

sad)anfe caad) deani =2

JidY) adsally i) Ze i) aad PIA e agysill Gl 50 5al)
Ll dagylal) Auh LAY sasa sty Aigas el gisall Al Cilasg]
AGE o ghsall gl B dellinlly JieY) adsall paail dacalll e

B35 83 pa g Aaliiia Jlea] e Ao lad )58

t0d)gag dual) 48y 00 -3

ol aliiie < de)se clpiahl cld Jail) Jaghad liel 5y Joladl) daysl
& sl lall alege AL Aandly Ll Jgla e 3aals delially dagliall

:[19], [20] Al 48ally Jany (Z) dinibass (U) 4lsks Jii Laad (X) Alaiil

I1(x)
= [ Ja G0 ax (1)
0

Ll JES T (x) ol s
P dcUainy) adlea u,JL‘\;\a ‘éJL”JL_U
Ploss

:fou[

1?.R.dx (2)

X
J Ja(x).dx
0
AUl A (e adbis Sy (il Algig X Aalill (G 2gadl 8l
Vdrop(x)

=ff]d (x).dx.Z.dx (3)

17



Muﬁwﬂ\ 43y jal) ?‘MUG-IJAAJJQSM £ sl gl ey Ao Uaiad g JidY) b sal)
dLelad s

raliily Ao oa Agan Alla 1 J6Y) At 1-3

gl Abla) sy 3 deUaiuy) adlial Luall clidal) s 1-1-3

i3 gal)
]#x) :[20] Al A8kl Al o2 & olall 480S axs

l l JaGO =1 @)

@ VW lag W Vo

|x0 X 0

A A e Juasi (2) b (4) 3D Lags

2

g~
Qo
[%5)
1%5)
O‘:
—_

X
Jldx
0

= ZR.I243 (5)

u
Rdx—f[lx]szx—j .x2.R.dx
0

£3sall gl Ailm) U8 cdaall b Adleay) delain) aglie (5) WD) o
s Lle Laliiie Usgea Alal

Ll b Ll Ll o] caal) daglie s R

okl il saal (xp) wsadl B il ) ogisdl adgll Al xe W
CSay ALY o o gl deall Jls AES A il Jlaa) bl (gg)

18



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

Cary 3

o ey e e 2024 als 10 231 46 sl
I(x)
(X
f]d(x).dx 0 <x< Xo
=4% (6)
f]d(x)dx_ldg X0 < x=< u
\o

O] (Al gsall Al Aila) aay seall Galiaily Aelainy) aglie laas

il e
X0 x 2
Pyoss =] [j]d(x).dx‘ .R.dx
(o) 0
U X
X0 0
2
Vdrop(x)
X
ﬂ]d(x)dx.z. dx 0<x<x,
= < Oxo x x x (8)
Jjjd(x)dx.z.dx+f f]d(x)dx—ldg z.dx xp< x=<u
kO 0 X0 0
{(7) 4B b (4) B (mpes
Xo x 2 u x 2
PlOSS=f |:J1dx Rd.x+ f fldx—ldg .R.dx
0 0 xo 0

19



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

X0 u
=f R.Iz.xzdx+j [12.x2.dx — 2.1.1;4.x.dx + I3,.dx] . R
0

X0

u u u
= R.J Iz.xz.dx—Z.R.j I.14.x. dx+R.f 12,.dx
0 X X0

0

1
= Poss = §-12-Ru3 —R.L155(u? —x3)

+R.15,(u — x,) (9)
(%0) J wally (9) bbedl Guis ghsall algll Ji) adsall o Jpuanll
fdall Lol
dpP
d;":S =0 214, 1.R.xg—13,.R =0
= Xy
Iag

cialls SIS Janll 43385 a5 anlsl) (g5l A Ui Jaley 35l a5l auins o
@'}A\ Alall e eﬁA\ ol Mae AUy adlee kil badll 30 e

105 caliadl)
Lag
u
:j]d(x).dx
0
u
= f].dx
0
=Lu (11)
Ji JY) gisall adsil) adge e Jiass (10) Dl 3 (11) Al Gages
die Uy Glea

20



A sl 5 Ay 341 5 ASSsall Apuatigh) o gl Aluades ) Ay Alna

i Al Oma e 2024 als 10 ) 46 aall
I.u
=20
== 12
=5 (12)
:(9) Al & (12) 5 (1) GiEdal) s
= Ploss
1
=—.I2.Ru®
12 v (13)
& gosall ulall ddla) ey ghaall LK A lUaial) adlie Lylad (13) A8l
LY sl

sty Tgg J Al (9) Aolaall (5385 g5l alsill Bl dellind) Cilusal

Dbl
dP
055 = 0 = —I.R(u? —x%) + 2.R(u — X0).Igg = 0
dlyg
= Idg
I.(u+x
= g (14)
2
St ey i) adsall e doass (14) 5 (10) cridalbaall il Jally
tcaliaall gygall adgall
1
Xo = §u'1dg
_Z, 15
= § U ( )

(9) A i (15) Al Lases

21



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

el JiY) pisdl 8 gsall adgill dilia) aey delind) adlic Uyhat (16) 48
. Sl

18 0all agil) ABLl) g 38 agal) Jaggd Andaly ) ABDal) zliSi) 2-1-3

g3 0all gl dbls) )8

il (3) D) (e

t V) e Jomni (3) ABlall b (4) ADall (et

u x u
Varop) =jj1.d(x).Z.dx=jI.x.Z.dx
0 0 0
=>Vdrop(u)
=05.1.Z.u (17)
35l Al Aalm) 8 el T Liass (17) 35Dl
185 gall agil) ABL) ay
) e Jeans (8) Al 4 (4) Al mnsai
Xo u
=J l.x.Z.dx + f].x.Z.dx—Idg.Z.dx
0 Xo
Xo u u
=f l.x.Z.dx + fl.x.Z.dx— fldg.Z.dx
0 Xo Xo

22



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

Cary 3

o ey e e 2024 als 10 231 46 sl

u

=JI.x.Z.dx

0

u
- jldg.Z.dxﬁ Vdrop

Xo
_1
2

J.Zou? =14, 7Z.(u—x,) (18)

oble e Jeani (18) 4D 3 (15) ADkall iapes

1 5 2 1
Vdrop(u)=§.I.Zl.u —§.I.1Z.Z<u—§u)
==.1.2Z.u*——=.1.Z.u?
72 e
Vdrop(u)
= 0,05.1.Z.u? (19)
£55al) il Aalia) 2y 2gall Lasan ALY o3a Jias
338 e Adgaa Adla (ALY WY 2-3
AU AL Aa oda b Ll 46K Law
u
I.x OSXSE
I(u—x) ESx<u
Ja(x)
V, I 0
) u X X 0

23



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

Gl dhany GBSy JalSiy (s (e anss qaijilly dnllll @lghall ¢ Lol
22U )

23
Pioss Z%IZ-R-uS 21D

E5all 215 Ailm) U8 de i) aflie A 038 Jici

X0

_ u

)

delainy) Glua J8 Giladll ghsall sl eV adgal) Lphaes (22) 28l

. Shiall

Gy b JiY) adsall 3 gsall adgill ddlin) ey delUain) adlie laws il
ATV
1 2 5
Ploss = %1 .R.u (23)
Alall oda b Fiall 4t Ui il any Ciliaall g sall lill JiY1 psall asy
SNl ARl 38

xo = 0,446.1,
Lug
=l 24
=z lu 29
: IS Al o3a b Ao Uain] alia ()5S
Pioss = 2.1073.12. R.uS (25)

24



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

Cacy -

o ey e e 2024 als 10 231 46 sl

Al Adgaa Al :AAIEN AW 3-3

LS Ala o3 b Ll 28BS il

Ja(x) =1 (u—x) (26)

Ja()

A

LS Jlant DAl 038 8 Al
A A (e Lealin sy 5l 25l A8Lia) 8 deUainY) adlia

P,ss = 0,133.12.R.u° (27)
1058 e W) s J Caliad) sl a5l (i) ol

X0
=0,29.u
oo Ll 2y JiY) aigall 8 psal) Al ddlin) aay deUainl) adlia Uil
PRAPTYI|
P,oss = 0,0155.12. R. u5 (29)

f bl €y el die Usil apn 2my Ciliadl) 550l aulill (i) sl

25



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

x, = 0,225.u,

lag

2 2

i) isall b Fidl) e Uil £ sall gl AiL) 2ey de i) adlae Uil

;) A8l e el

Ppss = 9,4.1073.12. R.u5 (31)

oDl ddy uA Abtadl) A8 Jall el o) l8al) i jai 4-3

gisally Bl AeUid) ayaad 4Dk Alall JSA) Akl Algaal) a5 Agenl
p LIS s S

d d

d_xoploss = mploss

=0 (32)
Fanilly Ll Ueags 0 Bl )l D) e Sl (29) Alsladdl Ja Jany

ol e 6l 201U gl adll (il Ao Uin) Aaiiie Algan o gy ol
Jeall Jleal 0 %67

Jeall Jlea) e %80 gisall adsill Bial) delUaia¥) Gl 538 e A geal dyllyy
Jaall Jlea) (0 %80 sal5iall Al seall dpuallyg

el Jsh (e 0,33 daliiie Ageal duailly g8 sall gl il adlsall Wl
Jlea¥ duaillys cgiaall Jsha (e 0,446 535 Agaal Luallys Aledl) dga

ABlally il 58 (A i) Gl s g3l Jsha (e 0,225 3305

26



@uws,@ggubmwm@mm pslad) Alade
) Al o

Cacy -

O Qe 2

Giayl) dzala dlaa
2024 ale 10 2221 46 Aaall

e lad ai gl Aud o Al ) cilidal) g —4

ash ALl Lpal)ll G daa (e Sl aa IS8 Gue Lo agdl

sanll el 8 [20] Gples) delad ms i o cilidlall ol Gul

.thIJ\ Ja «.sj LS ('8..\..3\)344 cE)'S)A c:\ALl\A) iy’ |

| | | | 1 | |
*>r+FFFFFEFFP

BUS1

BUS2

BUSS

BUS4

BUSS

BUSE

Lol ayss A4Sl (1) Jsal

BUSY

BUSE

BlISS

[

BUS10

BUZ11

1

BUS12

I

BUZ13

:[20] J Jsand) b daninge sl ASud clialyly

2zl el (2) sasl

leal | 20 = buld) aea R=0,538 2/Km X=0,4626 Q2/Km | <)l

Jaal [Kv] | Ll
[MW] 2,5Km = cyslatie plasly (o A8Lal)

[MW] Sl S das | g8

13 12 11 10 9 8 7 6 5 4 3 2 1| seall

39| 03| 03| 03| 03] 03] 03] 03] 03| 03| 03| 03| 03| 03| dekuiwe
2,94 10,06 | 0,12 0,18 | 0,24| 03]0,36 042|036 03]024|0,18|0,12] 0,06 | 35y
3,511045(042039(036|033| 03027024 |021]0,18|0,15|0,12] 0,09 | 35

daliile Agas A 1-4

(5) ADad) p o 35l 2l Ailia) U8 AcUainY) 28lie

Ppss = 409,39[kw]

27




A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

:(12) 4Dl e a2y JiY) deUain] Glus i g sal) 2 6ill JidY) a5l

~u_ 30 150k
Xo =5 =5 = [fkm]
bl L) (3815 13a 5 sdaall Canaliia & g sall agil) aaag g
WD (e et b JLY) adsall 3 g 5sall gl dila) ey deUain) adlie
:(13)

Pioss—newr = 102,308[kw]

05 Allad) o3a 6 deUinY) adlie (aliad dgsiall Aol

Pyss — P
loss reduction,; % = [ loss loss nem] .100

Ploss
~ [409,39 _ 102,308] 100 = 759
- 409,39 PR T 90

Oe %67 Jalai a4l Bl deUainl) Glua any gsal) adgll e adisall
2(15) 28 (e oot iy (g3aall Jas

1 1
X, = gu = 5.30 = 10[km]
9 bl e gsall Al aay a6
G Tl e Uinlys JiY) adisal) 3 g sal) 2l il Adlia) 2ey Ao U] adlie
:(16) 4@ (e
Pioss—newz = 45,329[kw]

p s Alall o2 b Ao UsinY) adlie (aliasy A siall Al

28



e slaall g s 15 Al Apursigh) sl Al ) Ay Alna
o Al s 2024 ale 10 22 46 aal)

Pioss — Pross—
Loss reduction,% = [ oss loss newz] .100
Ploss
_ [409,39 — 45,329] 100 = 88 89%
- 409,39 U T R

((17) Al (e oy g5l 2l Adlia) U 2gall Jasn L
Varop1 = 2,541[kv]
1g0sall 2 gill d8lia) 8 agal) dasagd 4y sall Al

v 541
dropt +100 = 12,7%

AU, % = 100 =

n
:(19) 4Bl (10 3¢l Jasad Crmy £5al) 21l AdLia] myg

Varopz = 0,256[kv]

35l sl Alia) 3ay 2gall Jagsed Ay giall Al

Varop2 . 0,256

AU,% = 100 =

* 100 = 1,28%

n

33 e Adgan Adla 2-4

$(21) A (e o g sal) Al A8l J6 e Uiny) adlia

Ppss = 119,351[kw]

29



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

WD (e et b JLY) adsall 3 g isall il dila) ey deUain) adlie
:(23)

Pioss—news = 151557[kW]
Pt | PN IPRYY uﬁ Ao i) ailas aladsy 4o giall Aul)

P, —P
loss reduction, % = [ loss loss nem] .100

Ploss
3 [119,351 - 15,557] 100 = 86.96%
- 119,351 ST T PR

G Tl e Uiy JiaY) adigal) 3 g sl Al gil) A3La) ey deainY) adlie
:(25) Dl (e

Poss—newz = 9r958[kW]

f ot AcUaiu] adlia (aleany dygiall duall s

Pyes — P
loss reduction,% = [ loss loss newz] .100

Ploss
B [119,351 — 9,958] 100 = 91 65%
- 119,351 ST T IR0

30



e slaall g s 15 Al Apursigh) sl Al ) Ay Alna
o Al s 2024 ale 10 22 46 aal)

e dgaa Adla 3-4

H(27) A (e e g sl Al AiL) J6 e Uin) adlia

Pioss = 1211,091[kw]
WD) (e et b JiY) adsall 3 g 5sall gl dila) ey deUainY) adlie

:(29)

Pioss—newr = 141,09[kw]
1SS Al e & dcUainy) adlaa ealadsy 4, giall 4l

Py — P,
loss reduction,% = [ oss loss nem] .100
Ploss

_ [1211,09 — 141,09
B 1211,091

].100 = 88,35%

bl Aelia¥ly JieY) adgad) B gisall adsll Aila) aey delliud) sl
$(31) ADall (e Caneas

Pioss—newz = 85,446[kw]

b AcUain) adlie Gamliay gl dual) o<

P...—P
loss reduction,% = [ oss loss newz] .100
Ploss
B [1211,091 - 85,446] 100 = 92 949
- 1211,091 ST T TR

31



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

AuGBlial)g zui -5

sl Pa e Gpealy)) Bl Gl ity oyl sl il Qe o
:[19], [20] Ju

dabide A gan &\)j e ool gl gyl Judal) il (2) Jsaal)
Cilaall gl alsill Jia¥) adsall JaY (]

JuY) pdsal) 3 Caliad) g sall il Eose A Oen

adlie mliasl Ao Ugaal) g5l
P X P,
% s Ui loss 0 loss

y Bl Jea

75% I12.R.u3/12 > 12.R.u3/3

u

86,94% i12.R.u5 = ﬁlz.R.uS
320 2 | 960 35 daa
88,34% 0,0155.72.R.u¥ 0,29.u| 0,133.12.R.1| e Jaa

32




4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

Cary 3

o ey e e 2024 als 10 231 46 sl

Ciliadl) £ 5all algill Fidl) de sty JiY) adisall JaY (o

(il e Usinlyy JiaY) adsall (& Caliaall ghsall il Eise A o5
28laa (aldds) A Pioss Iag X0 Pioss
% dclaiuy)
88,89% L, 5 2 1 I2.R.u3/3
’ —R.I% —1. -
27 3% 3¢
91,67% 2107312 RuS |1 ,10446.u| 23 , .
’ —1. ——J2.R.
5" 960 Y
92,93% 9,4.1073I2.R.u® 2, 2 ]0225.u 0,133.12.R.u°

£isall gl Bl delaiily JiaY) adgall dplill i) aat (2) Jsaadl S
pOs S o Gabill iy dug el Aadadl dally delinY) adlie Juil
Al adse aaad iy Ledie allai S0 Aellin) adlie Jlaa) pamiddy Jeled
algll ) deUaind) Slia) 2 e olld ) dila) i) JSEIL gl
Sl sl o Jpanll L ST dellinl) adlie & (@lidd) mua) g5l
Sl gsal) gl Bia¥) gl o Bl Bl deUiin) (5hs ge gsal) 2l
oo - oliall A Uil ae sl algill el adsall a5y Ledie Jaall (g
Qllyy 3Spey pliiie Joad Al 4ndi 58 g gal) adgill i) adsall ()l 5 a0 dals
oo lele Ulan Al Aald) ciliaiad) Gape s ad JieY) adsall aaas s 3

33




A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)

dslad p g

bl daa cagly Jal g 8 (Dl dhy 3 Laays Aallal) daplall e

X0u

lgde Llas 3

.......

Aadaig :\JJ.A; .a
adlie Maaly g55al) wlsill dilmy Bl delaiay JieY) adsall (2) S

dc Uaiwy)

Cua Aaliiall Wgeall zilaidl Ll sall gl Bl gllsall sy (2) J<
Aol i3 ge sy sy g3sal) Al ) adsall Jhay g3 X (inie
3K e U] adlia PogoXo sinie daall Jaal ) iall (e gsall a5l

i) gl X inie a3l (53

@illy gisall asll Bl ReUsia) Jsie Jia @3l Iy, sie diphll (e

& Sk Al Progolyy oinie U (s sdall e gosall i) aBse pe iy

lyg i gn X (Sinie pdald 3ol g )sall Alll Bl Ae Ul (Ssia
Eosall adll Bl de Usia¥ )y JiY) adsall Jics

34



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

Cary 3

o ey e e 2024 als 10 231 46 sl

tGlbuagilly claliily) -6

fslile Auball oda Chuedd

algll B deUaindls JiaY) sl paanl Akl daylal) alassd (1
e lad gy ASud ) aliadl) g5l

Adhae Jeead Ve SO aps ASd e Alladl) daphll Gula (2
(om\)u ‘E)'SJA c:*mlﬂ.'m)

aih Laliiie Algen Alla 8 Al Zigylall dpalyl) il # i (3

ULl oy A Ay A Al Akl s (4

Aus o Lk Ll blag ) Gl cldlall das (e st (5
Ao lad s

Lib i) adgall 8 g5sall adsill ddla) JY) il o 45lie sl (6
Glans (Bl el eV adsall 3 ghsal adgill dila) 4,
cofllal) 8 Ao Uaiu] adlie (alias) A

i) pdisall 8 45 die ¢ sall Al gil) Ablia) Aanlisa s Agllad il cndl (7
Ljlie las 5y Loty deUain) adlie (mlias) 3 )l deUsiuls

b (JiaY) adgall 8 ailia) Al

35



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

il gy |y
OEAl) Jeatl a6 Al Al dasly) ) gbnd v

(32l 338 )
S(3ulie 838 5a) il Jpenill llay (alad) sl 26SH S V0

sl ClSud G aglial (mad) Al ES giedl ulgl Madidd v

e leil

36



e slaall g s 15 Al Apursigh) sl Al ) Ay Alna
o Al s 2024 ale 10 22 46 aal)

References:

[1] M. M. Haque and P. Wolfs, “A review of high PV penetrations
in LV distribution networks: Present status, impacts and mitigation
measures,” Renew. Sustain. Energy Rev., vol. 62, pp. 1195-
1208,2016.

[2] M. J. E. Alam, K. M. Muttaqi, and D. Sutanto, “A
comprehensive assessment tool for solar PV impacts on low voltage
three phase distribution networks,” 2012 2nd Int. Conf. Dev.
Renew. Energy Technol., pp. 1-5, 2012.

[3IEEE, pp. 1-5, 2014.

[4] T. Tayjasanant and V. Hengsritawat, “Comparative evaluation
of DG and PV-DG capacity allocation in a distribution system,”
Proc. Int. Conf. Harmon. Qual. Power, ICHQP, pp. 293-298, 2012.

[5] C. Wang and M. H. Nehrir, “Analytical Approaches for Optimal
Placement of Distributed Generation Sources in Power Systems,”
IEEE Trans. Power Syst., vol. 19, no. 4, pp. 2068-2076, Nov.2004.

[6] A. Mohamed Imran and M. Kowsalya, “A new power system
Reconfiguration scheme for power loss minimization and voltage
profile enhancement using Fireworks Algorithm,” Int. J. Electr.
Power Energy Syst., vol. 62, pp. 312-322, 2014.

[7] S. Ghosh, S. P. Ghoshal, and S. Ghosh, “Optimal sizing and
placement of distributed generation in a network system,” Int. J.
Electr. Power Energy Syst., vol. 32, no. 8, pp. 849-856, 2010.

[8] A. Medina, J. C. Hernandez, and F. Jurado, “Optimal placement
and sizing procedure for PV systems on radial distribution
systems,”2006 Int. Conf. Power Syst. Technol. POWERCONZ2006,
2007.

37



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

[9] M. Dixit, P. Kundu, and H. R. Jariwala, “Optimal Placement of
PV Array in Distribution System for Power Loss Minimization
Considering Feeder Reconfiguration,” 2016.
[10] Y. Chen, M. Strothers, and A. Benigni, “A Stochastic
Approach to Optimum Placement of Photovoltaic Generation in
Distribution Feeder,” 2016.

[11] A. Nguyen et al., “High PV penetration impacts on five local
distribution networks wusing high resolution solar resource
assessment with sky imager and quasi-steady state distribution
system simulations,” Sol. Energy, vol. 132, pp. 221-235, 2016.

[12] D. Q. Hung and N. Mithulananthan, “Loss reduction and
loadability enhancement with DG: A dual-index analytical
approach,” Appl.Energy, vol. 115, pp. 233-241, 2014.

[13] Intermittent and stochastic character of renewable energy
sources: Consequences, cost of intermittence and benefit of
forecasting Gilles Nottona,[ |, Marie-Laure Niveta, Cyril Voyanta,
Christophe Paolib, Christophe Darrasa,Fabrice Mottea, Alexis
Fouilloya,2018.

[14] Overview of wind power intermittency: Impacts,
measurements, and mitigation solutions Guorui Ren, Jinfu Liu, Jie
Wan, Yufeng Guo, Daren Yu,2017.

[15] Ritu Jain, Vasundhara Mahajan” Benefits of committing
Distributed Generation in Energy Market” ©2018 IEEE.

[16] Review of optimization techniques applied for the integration
of distributed generation from renewable energy sources Zeineb
Abdmouleh, Adel Gastli, Lazhar Ben-Brahim, Mohamed Haouari,
Nasser, Ahmed Al-Emadi,2017.

38



e slaall g s 15 Al Apursigh) sl Al ) Ay Alna
o Al s 2024 ale 10 22 46 aal)

[17] Optimal location, selection, and operation of battery energy
storage systems and renewable distributed generation in medium-
low voltage distribution networks, Alejandro Valencia, Ricardo A.
Hincapie, Ramn A. Gallego, Journal of Energy Storage 34 (2021)
102158.

[18] Optimal Integration of Dispersed Generation in Medium-
Voltage Distribution Networks for Voltage Stability Enhancement,
Brayan Enrique Aguirre-Angulo, Lady Carolina Giraldo-Bello,
Oscar Danilo Montoya 2,3, and Francisco David Moya. Algorithms
2022, 15, 37. https://doi.org/10.3390/a15020037.

[19] C. Wang, M. H. Nehrir, “Analytical Approaches For Optimal
Placement of DG Sources In Power Systems”, IEEE Trans. On
Power Syst., Vol. 19, No. 4, November 2004; pp. 2068-2076.

[20] Tuba GOZEL, M. Hakan HOCAOGLU, Ulas EMINOGLU,
Abdulkadir BALIKCI, "Optimal Placement and Sizing of
Distributed Generation on Radial Feeder with Different Static Load
Models".

] G. Guerra, J. a Martinez, and S. Member, “A Monte Carlo
Method for Optimum Placement of Photovoltaic Generation Using
a Multicore Computing Environment,” PES Gen. Meet. Conf. Expo.
2014 IEEE.

39



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

1 Gala)
Ll gsall il Bl de UiV 1y i) g gal) apamil aayall 35S0
close all; clear; clc;

syms x x0 |_dg;

u=1R=1;

I =int(l_d, x, 0, u);
P = simplify(int(R*int(l_d, X, 0, X)"2, X, 0, X), 'steps’, 50);

P_dg = simplify(int(R*int(l_d, x, 0, x)"2, x, 0, x0) + int(R*(int(l_d,
X, 0, X) - 1_dg)"2, X, X0, u), 'steps’, 50);

eql = simplify(solve(diff(P_dg, x0) == 0, x0), 'steps’, 50);
eq2 = simplify(solve(diff(P_dg, |_dg) == 0, |_dg), 'steps', 50);

sol = cell2sym(struct2cell(solve([x0 == eql1(1), |_dg ==eq2(1)],
[x0; 1_dg])));

s = sol(1:length(sol)/2:end);

P_opt = simplify(subs(P_dg, {x0, |_dg}, transpose(s)), 'steps', 50);

%% Plotting the results

n = 100;
|_test = eval(linspace(0, I, n));
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X0 = eval(subs(eql(1) , I_test));
| DG =subs(eg2(1), {I_dg, x0}, {s(2), X0});

P_X0 = eval(subs(P_dg, {I_dg, x0}, {I_test, X0}));
P_Idg = eval(subs(P_dg, {I_dg, x0}, {I_DG, X0}));

X =0:1e-3:1;

J=-(x+1/2)+2;

g=J-1/2;

h =2*J-1;

f=1/3-h*(1-g.22) + (h."2 * (1 - g));

figure

plt = plot(l_test/l, X0, 'magenta-.', | test/l, P_X0, 'red-', I_DG, X0,
k-, x, f, 'b--', s(2), s(1), 'ko");

legend({'x0', 'P_{x0%},'I {dg},'P {lossldg}'});

set(plt(end), markerfacecolor', [0,0,0]);

xlabel('l_{dg}/l {load}")

ylabel('x0/u’)

text(eval(s(2))-0.225,eval(s(1)), 'Optimum Placement and Size of
DG

grid

41



A 8 Lblasl) 43y al) aladiuly hgua g Sl £ 5 sall Al gill Ll A Uai) g JiaY) ad gal)
Aelad g s

2 Ggaldl
Lol gsall alill il de UsiaV )y JiY) gl 303l aapall 2S00

close all; clear; clc;

syms x x0 | _dgImuR,;

| d=1Im;

I =int(l_d, x, 0, u);

P = simplify(int(R*int(l_d, X, 0, X)"2, X, 0, X), 'steps’, 50);

P_dg = simplify(int(R*int(l_d, x, 0, X)"2, X, 0, X0) + int(R*(int(l_d,
X, 0, X) - 1_dg)"2, x, x0, u), 'steps', 50);

eql = simplify(solve(diff(P_dg, x0) == 0, x0), 'steps’, 50);
eq2 = simplify(solve(diff(P_dg, |_dg) == 0, 1_dg), 'steps’, 50);

sol = cell2sym(struct2cell(solve([x0 == eq1(1), I_dg == eq2(1)],
[x0; 1_dg])));
s = sol(1:length(sol)/2:end);

X0 =15(1)
IDG =5(2)

P_opt = simplify(subs(P_dg, {x0, |_dg}, transpose(s)), 'steps', 50);
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Temporal optimization of a specific path of a
robot arm using a fuzzy supervisory controller
(FSC) according to the (PCTOM) algorithm.

*Eng. Hussien omran

ABSTRACT

Controlling industrial robots is a very important issue in
factories in order to accurately and efficiently place the robot at the
desired location in terms of speed and execution accuracy. This
research calculated the optimal time for a specific circular path by
motion planning, where a velocity curve was created using the
(PCTOM) algorithm, then control techniques were applied using
two types of controllers: Proportional-Integral-Derivative (PID)
controller and Fuzzy Supervisory Controller (FSC), in order to
achieve accurate and efficient tracking of the specified path.

The results of motion planning using both controllers
showed that FSC is better than PID in calculating the optimal time
for a circular path. The results of control using both controllers also
showed that FSC is better than PID controller.

Keyword: Path-Constrained Time-Optimal Motions (PCTOM),
Proportional-Integral-Derivative Controller (PID), Fuzzy
Supervisory Controller (FSC).

Master in Mechatronics Engineering Faculty of Mechanical and electrical
engineering — Tishreen University
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Enriching NeuMF System with Full Data
Features Using Attention-Based Deep
Learning Models to Improve Ratings

Prediction
Eng. Mohammed Deeb?®, Dr. Nasser Abu Saleh’

Faculty of Informatics Engineering, Al-Baath University

Abstract

Recommendation systems use methods based on data features
related to users, products, and previous interactions between them
to provide the best products recommendations to the user. The
collaborative filtering-based recommendation system, Neural
Matrix Factorization (NeuMF) only uses users and products
identifiers in calculating products ratings to provide appropriate
recommendations to the target users, and does not use the full data
features related to the user, product, and interactions between them.
In this study, we improve NeuMF by harnessing all data features
using deep learning to take advantage of the non-linear
relationships between the data features and taking advantage of the
textual features. We also use the XGBoost model to aggregate the
output of the deep neural networks’ layers. Experiments and
comparisons were applied to the following three datasets: Book
Crossing, Shopify App Store, and Amazon Gift Cards. The
proposed improved model outperforms the  baseline
recommendation systems before using the textual features with an
error reduction of up to -20%, and after using textual features
NeuMF-XT by up to -60% for MAE and RMSE error metrics.

Keywords— Deep Learning || Collaborative Filtering || Word Embedding ||
Attention || Preprocessing.

® PhD Student - Department of Software Engineering and Information Systems, Faculty of
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Wl Osy Dl S A b LE € RV Cua od ARk oY
zala e 23l 3 3 ol pladiuls cpes oyl Letugd S o ey Ll pania
4wl .GloVe (FastText (Word2Vec _as clisse iyl Gl e
RMSE 5 MAE ad uylias (ReLU Lpimll ali aladinl 2 (ASuill clighl

Adam g Gl flis (il gpall o181 iy ()l
(MLP) cliaal) asatia &g tmmpml) —1-2-4

Ak (ye sSE Apalel) Al 1 A suanll SN e g3 o [11] MLP
o Jadi by LI Alaid) Dense 4aiS) dakall 55 e ST diia
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(CNN) Ladvul) 4 guamnl) A<ua) -2-2-4

ales dal e @il Apaled) 2300 3 A guand) @A (o g5 & CNN
J43] Delaall Jilas [22] ageaill ol (& axdtiudy [25] dugulall i)
((2xd) Zalal (sl candl 44U 5y5m) Jaall Alaje :dalie 3 e CNN (4S5
a3 Ak convolution Zgddls ik JBY) o) el zhadul s
(MLP 3,5 Jie Dense 44 dak J8Y) o) Cayiail) dayes o(poOIing

dgalal Al il (e Gl aladiuly CNN A0S ol &5 cduhall 028
4l Ll MaxPooling aueas 4k ladey (105 5 D 20y ConviD ol
Ol Aysutty Al il Guad ) [18] BatchNormalization dxdal 4, sus
GL .mini—batch (5 x.all 423l & Glial) J< 350al) soiie e Ak IS Jao
axxs Dense gk Lol ddsudall WAL 20% Jaxey Dropout Lalany) ddds el
5 el Tl ali . paseatll sty lapilly ol dilee dal e 155
.(4) Ui Dense s ConvlD s (4 S 4 RelU

(BILTSM) olaiy) 4l s 2al) § b ALghall 5,8120 —~3-2-4

ol 5D A Jal 3l 5y Siall dpiguaall SN (e g5 o LSTM
(RNN 3, <l Zpiguanll Gl e Sbd ) (Vanishing Gradient)

a3l [40 15 O] aall sl cbalaie YL Lliay) e @8 ) dlayl
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omad ) [2] LayerNormaliztion ikl 4y 4k ae IS L <32 64
Lliay) Ak el b L Llsh dahll WDs dis gl dgsesy LSTM )
dal e 1532 aaay Dense (e iy (il WAL 20% Jases Dropout
o ReLU a assindd) Lol il . ageaill Jidady cilop@ily 3asl) e

.(4) Jall (LSTM «leda é sigmoid 5 tanh (Dense <lsk

Attention L) 4] -4-2-4

b cdlelall dadal dpsuad)) IS 8 aadnd Ay e ol A
S ala Y ehal) o Sl 8 A acld Bl dgatie a3 4y cgadl
26 16 3] (oo Lelid Aliad) Zalbiall clally Gl Ji) Jaall Al
[44-46 41 29

Gl IV (e e O5Se (enh Fsmas zsel el o3 Al s2a B
Ol e Ble Zisalll Ay oY) ae olatW) A0 3) Sa Al SNy (A4800
et Ak Lellay, RelU Lpimll iy 10 5 anay 64 53 saay (fdddls
Lol iy 32 WIS 23y BILSTM a8k .20% Jasey Lalinds Zadally dysusis
oLty ddlals BILSTM (ye dudsal) dgkall 3,aY) Al sl sl 43k Ltanh
Multiply jaisy jaic elas diday Gejdll ey iy & L K A5kl 2pa )
-(4) JRal RelU Lpis 4y 155 s Dense (4iiadS it gl
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ConvBiLSTMAt

+ -

Embedding

embeddings {28406x300)

ConviD

kernel (5x300x64)
bias (64)

RelU

MaxPooling1D
Bidirectional
o
BatchNormalization
LSTM <73x323|

gamma {64)
beta (64) TanH
moving_mean {64)

moving_variance {64)

Concatenate

Dropout

Attention

ConviD

kernel (10x64x64)
bias (64)

RelU

scale = 0.4899

Gl IMaxPo g1D

GlobalMaxPooling1D

BatchNormalization

gamma (64)
beta {64}
moving_mean {64)
moving variance {64)

Dropout

Multiply

Dense

kernel (64x5)
bias (5)

RelU

Dense

kernel {5x1)
bias (1)

RelU

LSTM<73x(

TanH

gamma {128}
beta {128}

LSTM <

LELL ]

LayerNormal

gamma (64)
beta {64}

Dropout

Dense

kernel (64x32)
bias (32)
RelU

Dropout

Dense

kernel (32x1)
as (1)

RelU

kernel {5x300x64)
bias (64)

RelU
MaxPooling1D

BatchNormalization

gamma {64)
beta (64}
moving_mean (564}
nce (64)

Dropout

ConviD

kernel {10x64x64)
64)

GlobalMaxPooling 1D

BatchNormalization

gamma {54)
beta (64)
moving mean (64}
moving_variance {64}

Dropout

Dense

kernel (64x5)
bias (5)

RelU

Dense

kernel (5x1)
bias (1)

RelU

Flatten

Dense

kernel {21900x64)
as (64)

RelU

Dropout

Dense

kernel (64x32)
bias {32)

RelU

Dropout

Dense

kernel (32x5)
bias (5)

RelU

Dense

kernel {5x1}
bias (1)

RelU

gl i) ga Salasll Aipal) Aipanll L gaanl) cil€pdd) 1(4) Jeal
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Datasets Preparation (60% Training + 20% Validation + 20% Testing)

3 Datasets Reviews Cleaning Reviews Vectorization

— .
m== Book Crossing - Replace #hashtag - - -
> isapp is so grea
Amazon Gift Cards Replace @username bp 8
— Shopify App Store Remove Missing Values Tokenization
—

Remove Punctuations @

90 8 20 42 15

Remove Stop-words —
Dl Expand Contractions l Convert to Sequence
Data Integration Eliminate Special Characters [90, 8,20, 42, 15]
Data Cleaning Lowering , Replace URL J Zero Padding
Feature Extraction Handling Emojis [0,0,0,90,8, 20, 42, 15]
Label Encoding (IDs) Lemmatization
~

NeuMF-XT (Proposed)

20 Text Models

! |
! |
! |
! |
I'| - Uses All Features Reviews All Features :
U Item ID All Feat 1D

: - New layers to NeuMF: e + ser/ltem IDs | eatures fus |
|| *BatchNormaliation Word Embeddings |
| |+ Dropout None (Uniform Initial.) MLP_all |
|| +Dense Word2Vec + BatchNormaliation :
| | - Replace concatenation: f;gt\;zxt + BFOPOUt I
I +XGBoost (GMF, MLP) \- \_ " Dense )|
1 * each method s N
I .

| : 4 Deep Neural Models ) \ ConvBiLTSMALtt_all ]
| Baselines Systems MLP 1
I CNN Output |!
;| NeuMF (baseline) BiLTSM 1
|| SvD \_ ConvBILTSMALt 1
|| NMF J, each model Evaluation Metrics :
: KNNWithMeans [ XGBoost (models_all) ] GMF, MLP || RMSE I
I NeuMF MAE :
\

Aariiuall (3 hlly Cag) Aagie :(5) JS
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Cad) dagla =5
Crendy skl Auhall o3 eha) 8 ofilad iilage ol dmgie (el
:(5) Jsal (NeuMF s

eha) DA e o G Gl Glesana dlacly dallae dlaye @
Jil) oam el Jumil @iy Z3lall s Caagy cilijlaally ool
it Cilileey Sllaral) Sl Lpsal) Aallaall Slilee oy o s
Apaill Glipall Jysady

oYl Al ae gty Led clylidly da gl zlall ely dlaye @
3 e ablid cw dus (Al CF duag dudaly NeuMF
MAE (aall ulie aladiuly mibll deed] clles lesene
sl 48y 45,led RMSE

clbrall clogana dlaely dallaa dlaje —1-5

Book Crossing :4lll &BEN cilblasall Gle gana AL Liad Auyall o308
dc gana Gukis ([36] Shopify App Store <[32] Amazon Gift Cards «[47]
leishati DA G Apaill ladl dAadlass clgle dinaal) dallad) Clle (0
Apsae dudle ) Lebisasy

Data Preprocessing cilhaall diuall dalleall —1-1-5
o Ablally sag8al) 8l 25 PNA (e Gldaeall daaas LIS (o B
iy o) Auaiial) Auell Jidh o Wilaely lengaay lhaall Cile gena il
S lially 3y Kl il e ililanall Cadati 23 ladey gl Agliall Cilisall o8
‘Amazon Gift :Jie ¢l dlee b daal ol a6 Yy Ll sam dad (54l
e da 8 Gl ‘UST a Bhall sl aaea 3) «Cards(marketplace="us’)"
Oustie Jie Luball elal b degdl pe bl Cada Ll dgliad) i)
all 3 iy alag) PIA e 3o Aljie zhatul Bad . paliall Hgally cugll
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s A guanll 3Kl 3Ll dal e deriisal illanall e gane (e Baa JS
Al JAS dane i il

Clhee Josane zey lid a8 (Shopify App Store iesesall dplly

LS laay cadanl) Gililee ;\ﬁlj lle Jsasll reviews.csv ; Apps.csv
Slxabaly claiiall pesiivdl Clipe e slle] ) BLaYL (el
oo ladle llaal shals J8 (R dnae) dilise dayle 3 o8 e LdlgiaY
Slatially ersinsall Ujial Colaill daal <3y By Slie e Jpanl) Jalf
o b Taxe i Jlef dad lad) 3 Y claabe 3 e ST agdd ol
da Al e aladiuly Led <Book Crossing de saaall dpully Laganl)l cilie
Liguanll il JAX L sa8 dae Glipmae zhatuly Lady 6] & WS

Aianl)

ieiiaall clpdl (3) Jsaadl ¢(2) dsaadl (1) sl e S s
s JAx RS (rating o liul) Lol a8 Gl zhaiul 8 da il

Al il

Book Crossing s 4s ganal daddiviall cfisall 1(1) Jo2a

Loxdinall ) jaall a5l
user_Age padiidl jac
rating QUSY aadial) 4y
book_year_of publication LSy &y
book_num_pages Gladiall 2ae
user_ratings_mean el ey Jaza
book _title_length Y ) sie Jsha
book_word_counts LS dae

w2v_lemmatized_title 100 e

O gbiad 320 100 53 (oY) ¢Sl Jalail 6313 all

phocs PCA 1 lemmatization 4dee lgle (aadll Sl
w2v_lemmatized_title_100 e Cskind 30y 100 53 el () sSall Jolail 2 5 0l
phocs_PCA 2 lemmatization 4l Lle Gaaall S

book_isbn_mean_ratings

SI) Clapi Jaza

book_isbn_counts_ratings il el 2o
book_author_mean_rating ol e S8 lendl Jana
book_author_count_rating g JSI lanl 2o
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da Aluall g daddiuall & juall g gil)
customerID RIS\ ST
reviewlD dan pall Ciy yi 0
productID il (g e o
product_parent i) Caina
product_title i) )
rating ziall ) g0 3l s
helpful_votes daal yall agiaacd cpall (b 5N dae
total_votes Aaal yall | s cpall (30 KD sl
verified_purchase O30 U8 (e ginall ol 5l aSls
review_headline Jaa) o)) sie
review_body Laill deal yall s
review_date Laal el s

Shopify App Store ciliaa 4 garal Ay Albually Aaddivial) Cfisall 1(3) Jgaa

da_Adeal) g daddieeal) &) jaall Ciua gil)
appld Gkl iy a8
reviewld daa) pall Ciy yi 0
title Gkl )
developer 5 )kl A< L4
site_rating & gall ani
author Laal yall S (Al ardiidl)
body Laill deal yall s
rating Guabill aadiial) 4y

Reviews Cleaning iialll ¢fjal) cilati —-2-1-5
Gukiy U 38 ceotind) Gl Glesases b daall il il
Coda cbagiiall adll 3 Cliad) Cida :fie ¢ gl Cada® Slilee e de gana
daldl) Cojladly gl llS Cata il lebadiy aleiully et il
s (@ # i) L Laity URLS (slics aasiudl sy z Gl Jns
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«aYl Ala s «(“She should’ve” —> “she should have”) <ilaiay!
grinning face with :©) lge e gai ) emMOjis Ayl eyl Jysad

-(smiling eyes

JSI (reviews) (ueddival Glaalp dpail) sl Je Gbleal) @i Guls &

) 4Ly Shopify App Store <Amazon Gift Cards Glblasall Jie gana (30
&l sl mddl aa gl W jaliadd @l salely Lemmatization didee ¢y
(Ul lsie) QUSH Al duaill ljall Book Crossing <ilbdase dc geans

(L_a\SS]\ ol ch)sl\ Adiial (ddrial

Reviews Vectorization i Judu J) clealall Jiga3 -3-1-5
o8 ) lelisnd ang peml) gl e geaill ol cillee sbal ax
s Jasads s il B L iipmall GISED JAS ddia 05S8) Lehias e
pame i L) Gagi B ey lgliialy () CilAS (e Slgate ) Cilaasal
e il Je Juasil Tokenization Hupll Zolee aladiuly paldldl @l
Al QO el play g Al iy el S daldl) clijea) ead Jic
daniiaall dgisuanl) SN 23l May o &1l Gl g5liia aaay aall Hlaaly

Al b

@l Al L) Glae Glanball Gl Jola angie aladiuly Lid
adiieall Lpaall Jdlall culil adaeY) Jolall e Jpasll japlall leay)sil
(4) d}d.; ‘wa d;JS
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GlalSl) aday Aulia JAa) Aludid alieY) Jghally GlalSll aaza aaa 1(4) i

Shopify App Store  Amazon Gift Cards  Book Crossing Glaadll de gana
73 54 264 Jaall el Jshall
28,405 31,516 12,755 LIVN{PECIPEEN

60% ) leody Lad s M Glhaal Glegane clandl dually
san Ll lad) degensS 20% (3ind degeasS 20% ¥ degenaS
sl 43y il MAE s RMSE Waall Gulie Leadialy L[30] 32=4ainll

Al 3l clagally
da el g iladll sy Adaye —2-5
(Olhea)l Glie JolS il NeUMF Gl e el adl) 1aa 75y

ZALYL i e Liall Jilaty daaill iyl e Calaill Asanll i paanll 3Ll

NeuMF_XGBoost <l Jals ddgiuaall Laladl Julail) zigai —1-2-5

Ly digay MLP 3 GMF  adsai hayy e 05K NeUMF Lulul) 7 3l

dida Jaaety Lad cldanall Ciae JalS aladin) €0 Jaf o .Concatenation
MLP zisai zma alati Jal ey (DS \lipes) clipad) dol€ Jadil Jal)
sl z3saill clia Jia gl 455l BatchNormalization s Lieadiud
Jal e - Juil 883 e Jpemall A0l )iy capysll e iy ol 91 e
WA (e 20% Jaza Dropout Llewy) dads leadinl Sl 252l i Julss

FHAR|
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e oY) Al Lecun uniform 4l sy NeUMF (Wl 350 ()

At A aladid O Gialdl ang [5] &aY Al b o815 ReLU L) o
g & daplall el L ellily = 3lall Juadl 2101 0@ He_uniform Y1
Lyl dade Joi Ll MLP_all z3s o Gl 3 daant] z3salll sl
GMF ik z A LuSil XGBoOost (uxXdll AV alxi 344 Concatenation
sl &) .NeuMF_XGBoost 11 yiall z3saill e Jiasil MLP_all
Ak aawg b b lee o8] Z0ls Ala) 4 acluws XGBoOSt zisa

.z dsalll

dnall) cfpal) g Jalaill Alanl) Lifgpeant) @ 3alll —2-2-5

dadh Gl Angnasll QKA (e Ao gana Leddtil 288 duaill cliuall Apually
IS il il ALE Gyl ) pageaill Judls Jisatl Embedding ¢praail
Gilaaly) Gasaill Gl B A S Jrey selie Jid ol cleaie 4K
MLP 185 3l 3 sly Liad Yl (S0 Clinasiy opslie ¢(ppaddivsd)
G5 Algdie aly (el A sl gy «(4) i BILSTM CNN
CpB 2 (il GloVe Jie liwe dae Gl Gravsi zhgas (sl alasia
Gl el z3la 3 aladiul Lad pea il oyl (s DA # 3Ll
Word2Vec a5 A€l zilall gpemi i iyl digdl lase 43
Gl 223 300 @y Cilgatia 238z 3kl 028 .(5) Jsea <FastText «GloVe
Lguanll #ilall B & & pagail) Bl b leaasais YA el Jid
.Ratings clayilly samll 4 lele

93



sl o Badiaall raadl alail) g ilad aladiuly cibdaal) ) jaa JalSs NeUMF aldas ¢l
CilagBilly ‘gaiil) patd

) (B dariional) Thpena dgpaal) cilalsl) (ppacal 7 dlai 1(5) 2

- % . . Glaa 50 gAd
. alie e abbeal) 4 gana Baa 4 aal) gz dkadll . Yo s
Osald) o eds 2ol iiadl Oaoshal S8 A bl
lalsl
(N:'kgéol\;et 3 Google News GoogleNews- Word2Vec
al. ) million dataset (100 vectors- Google Word 2
[31] words billion words) negative300.bin Vector
Wikipedia
(Joulin et al., 1 2017, UMBC N Facebook
2017) - corpus and wiki-news-300d-
million statmt.org 1M .vec Al Research FastText
. : .
[20] words news dataset (FAIR) Lab
(16B tokens)
(Pennington et S
- Wikipedia GloVe
al., 2014) 6\5(')':(';” 2014 and glove.6B.300d.txt US:?\?::’S:‘: Global
[34] Gigaword 5 y Vectors

Mg e saliay) (Sey 4T lang Auhal) elal DA daaY Aaje 3 UG

slin Ll .z dgall 50 A8y Cpuatl olal) 401 s (BILSTM (CNN il
o adiay Sl ONN - e sding ISV e b 00 (050 (i (Fgmas 75l
zisai oo dlly diasil (4) JKA olayl 4lly BILSTM (e S
L)y zlaiul e CNN J 4gddill ikl 5,8 iy ConvBILSTMALL
Lliay) e BILSTM 33 cipaill Jaall 50 clalS 8 dydaall LVl fjall
Ak ) ALLYL Lleie aladlly dpail) Jaa) Glie G saall Al balaieVy
Al e 35l BILSTM za ) ol oyl s )l Attention L)
Z s aladinly L clagly L colepilly ARl Ladl jelie e Lud S iyl
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oo LeDblie ae laa e 3Kl £kl (e S 258 (Sl XGBoost alY) alss
zilai 4 za () pisa o Jean Guny e Gl LI e 2 3
None  cpeal Gk ol Al b 4 Testiae gl Guill A
oSy i zhsat 8 CNN_all 3501 Ui .FastText «Glove <Word2Vec
"all"s <FastText «Glove ‘Word2Vec <None ¢« JS e saaine mil 4

- OhsY) gl (il gpen plasial ) Seg
Z3lall < Adam il aleill Jaes byleay L i oz Slaill el dplly
aill Jumil Lss¥ CNN i aasy a3cs BILSTM ; MLP culiahal LAY sac
(i gismac zigai JU dalall Gl ad (7) dsaall Gaw - (6) Jsas el

el o AS il Aalad) ) a8 s (8) Jsanlls

Apail) i ganl) g 3ladl) 8 Lariiceal) ciialill) plas 1(6) Jsia

Juad¥) ) Jlaa < al s gl
64 (64, 128, 256) units MLP
0.01 (0.001, 0.01,0.1) learning_rate
64 (32, 64, 128) filters
5 (3,5, 10) kernel_size CNN
0.01 (0.001, 0.01,0.1) learning_rate
64 (16, 32, 64) units .

. BILSTM
0.001 (0.001, 0.01,0.2) learning_rate
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<l gal ) a dariioual) il jial L) z il
units= (64, 32, 5, 1) Dense <lida 3 LA e MLP
rate=0.2 Llany) Jaza

activation="relu’ Dense (s bl ol

filters= (64, 64) ConvlD ik 8 LAY sae CNN
units= (5, 1) Dense ik 8 LAl ae

rate=0.2 Ly Jara

activation="relu’ ConviD & Lpdill o

activation="relu’ Dense (s byl a5

padding='same' sdall g 5

units= (64, 64, 32) BiLSTM cilids 3 LAl aae BiLSTM

units= (32, 1)
rate=0.2
activation="relu'

Dense ik 8 LAl s
Lyl Jara
Dense (& Ll o

filters= (64, 64)
kernel_size = (5, 10)
rate=0.2
activation="relu'
activation="relu'
padding='same'
units= 32
score_mode="dot"'

use_scale=True
units=5, 1

ConvlD ik & LAl s
S pas

LEwy) Jara

ConvlD (& bl &6
Dense & bapiill s

sialle 5

BiLSTM i i LAl sxe
Attention dida (8 Qi) Jaas

Attention 4 (& (s aladil
Dense <lik 8 LAl s

ConvBiLSTMALtt
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< sial L) o gilaill A dalad) il gial L)
optimizer="adam' Omenill 48yl
loss="mse' 3 jludll s
metrics=['mae’] Wasll Jlane
60% training, 20% validation, 20% testing Gzl de gana Slapudi
batch_size=32 dadill pas
epochs=10 cu il Gl g3 2
embed_dim=300 Ol A3k ana
None, Word2Vec, FastText, GloVe Opanail) dida )3
& Jhmall Lgd) il + Cilaad el J) shal Jass e Ozl digk Jaal el Y) Jshll

NeuMF-XT ¢ iall 7 igalll —3-2-5
4 x AKS 2l 4) pad Jemac gzl 20 54 A4l Aspall &G ()
s o pal migad JS ey Liad L (AuaSe AS03 il 4+ peal il
Aol Gldanall Sl Jal€ (e BalEY) (e 43843 NeUMF_XGBoost 734
oalall XGBOOSt zisei aladiuly medll Llae ehaly Lad Ldpailly 45l
Oo cdel Anm A 93 2 o Juasdl canis NeUMF_XGBOOSt g 3sai
5uiil) g lal 48y 4538 MAE (RMSE Uaall Luulia alaiels clad) elm) P
Loy @l zisadl G Lasy Al il e JS laglly
Juail 23 ConvBILSTMALt all aill zisll ao NeuMF_XGBoost

-(5) I3 (NeuMPF-XT e bl
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il -6

Gl clgll —1-6
tlads cplany Adae Jee Jin e Auhall ylad Gak &

Intel Core 15 #llass Windows 11 Home 64bit »Usy Jgese conls =
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Comparing the accuracy of detecting security
breaches on the NSL-KDD and UNSWNB15

datasets using Artificial Intelligence algorithms

Eng.Reem Malek Ibrahem

Master of Information Technohogy Engineering
Department,Information and Communication Technology

Engineering, Tartous University

Abstract: Due to the rapid expansion in the use of Internet and
network technology, and the increasing demand for network
systems, securing sensitive and private data and protecting
networks from hacking is extremely important at the present time.
Networks face thousands of attacks of various types, so it is not
enough to solve the problem of attacks using a virus program or a
firewall, as there must be an effective technology to detect
intrusions. Detecting and accurately analyzing attacks in the
network is crucial to the operation of the entire system and
protecting the network from intrusions that may be exposed to it.
Methods for detecting intrusions in computer networks have
varied. Some research has used rule-based expert systems in the
process of detecting intrusions, but these systems showed
inaccurate results when used with data sets with a large number
of records, so machine learning techniques were used in the
process of detecting attacks. Machine learning can discover the

association between features and categories in training data by
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extracting features and reducing dimensions, and then using the
result of these methods to build a model capable of classification
and prediction.

In this research, machine learning and deep learning techniques
were used to detect and classify different types of network traffic
flows. Based on the fact that feature selection is an important and
fundamental factor in the success of classification, the correlation
and variance coefficient were used to determine the features most
closely related to the target. The machine learning tool, WEKA,
was used to classify the attacks, in addition to the MATLAB
program in the feature extraction process.

The research found that the RF random forest algorithm gave the
highest accuracy for the UNSWNB15 dataset, and that the MLP
deep learning technique gave the highest classification accuracy
for the NSL dataset compared to other machine learning
techniques. The RF algorithm relies on group learning, as when
using the group approach instead Than a single decision tree
model, the accuracy is usually higher, and MLP allows for flexible
data representation by incorporating multiple hidden layers which
improves its predictive power. In this research, both of the
previous techniques gave remarkable success in the classification
process.

Key words: Intrusions detection, Machine Learning, Detection

Accuracy, Computer Networks, Databases, Classification.
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F13  Num compromised F27 Rerror rate F41 Dst host srv rerror rate
F14 Root shell F28 Srv rerror rate F42 Class label

rhaall padana) 2.4

A (g5l zgad pehl die JAal Gfyate dne IS Adee ga Gljaal) Gadlana
aeds sl ol ety coluall cady JlEl Ayl cilall (A w3y ke Ul
Ll e capaill o W) bl 6 bl Juad]

128



4 ila plaall g 4l gl 9 ASailSaal) dpaigh) o plad) Aleabes Giayl) dzala dlaa

Cary 3

el e ) 2024 pls 10 23 46 sl
dcsana pladinly clgilaadle o5 (Al Aleall (ulall AL 3238 dpals Saall dias
[11] sl eha) (V) el Slsad s oo Baeilsa 5V Sy i) e
[12]
) O elpu sl el g e alie Yl el (adlatiul 3yl sl
ke G Ul g g 3aT 4l Y ALY o ) e alad
cilalatiidy il Lete ISl s ) el padladil (35l s
DSV Gl e Jgmnll LLi V) Jaleas (bl alasid sy Caadl a4
~Ofieadiuall Skl Jesana Ga IS (A iaglly Ul
sy clo Ll il Gy Slaany) il Gebie Gaplie al s ol v
dad CulS 13 Ll lamny (e ola) Tanll e alll Ciin )i
Lusll ey pandl leany oo 3acliia adll o @l a5, cplil)
Oe AplEie adll o ey 138 B e CilS 1Y YA 8y leal
cobad) Tl s (andl Lgany
Gl e ad Al dusaly)ll ALa])

COV(x) = 1/n Z(Xi _x
i=0

Gliall e N Xiad J (oloal) Jav iadlX ilus
il e ST S il G ddadl) ARl lie s bl W) Julbe v
Loy e . aY) dadd Pl e Gland) e aalg 5l aDIA (e (K
Obikaliie el cul€ 1Y) JUlls HaV) e Laaal a8 (1 Say (i
S e 6l i A0 Al Y Jadh agia saals gz sl £ ling
) dand) e ddlim) cilaglaa
Sl Ayl AL Ll V) Jalee (e g

Corr (x, y) =Cov (x, y)/ax. ay
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Cua cplall cov(X,Y) ¢ YJ lmall Caliai¥) ox J gl Glai¥l 54 ax Cua
Lol gl 3 8 (gylmall Cabad

oSy Glay Lagd Aalay Lalaai il cobgll 3T e bl Tl V) Jealae 2y
Aoy i€l 8 38 (e ond Ll AV aled ol aladiuly AaeY) Culd)pay)
AV alad Ciliias g daDlaes lual)

S5 L aladiuly wigy M) sl asle o538 aal clilaaV) 1S3 oy
il o Ll oda aal ey clgaladY (gl 1SA) 1) 2 las A aleall lady

N

Al isanasl) Aalal ey (o2 e lihaia¥) oK) £g58 G gy8 1 V) aledl
Al il lsal) Y1 Al andiug ayally clildly A8 (e 5yl

[13].c8ll 550 an o SH slais oloY1 Cpaual
[14] [15]:4ie S ge s AV alad ey plsd Gany Ly Lad
K nearest Neighbor (KNN) Cua¥) lall Caias —1

Adapsy s LI Araalal) ATV aled laallsd (e Aa) sl o2a e
il ATy sVl Can il JSUde Joad aadi iy danll Alg g
K il cilie (e aae alay) ) KNN s Slal) Caiias slasiuly
DL de 4l i (o3 Caial) apaat o5 ¢ LERY) due ) coaY)
fase sl 480 Tase Lo et (3500 5amy 23 5 AV Llee (PS40
g )sall dildl)
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a) gl lile o 2024 ale 10 22 46 aal)

Dl Aayylsag celea sl A )& a3 Random  Forest: -2
O Al ¢ L) 2y el Alage DA il b lilall apeat] dpulic
Al panll Gl aey Lgalatind 5y U Al
iy eV L Al Hla i) aea @il 34T 2 Gloall Adee 8
el g gl el e Juas @3l Caall
Naive Bayes aiadll =3
il Bayes' theorem alaay) jaumdgylas ) Caiadll 1aa 355,
Elaal) aal gods Jlainl Glual damy @3 oyl Jlaa¥) fawe e
Al das gy ool dllaay)
Decision Tree: )&l jlasl —4
Adahsaie JS JAa G o obad) ladadld) ani gy o4 bl 5y
(Al 335 sage JS Juds « HLod) Aagii p)d JS Jiays A o hlaal
35l Y el e bl i L) lendl paen ilua ey 23501l
e Baaly Hlad¥) e sadiad) Al Ciliay lsd it Caiaill acld
sadinal) bl of () ALYl Lele Cabay) 2y ) aledl) (35 Juadl
ol (8 A gy ldis Alle Aay LAl st g olas caxi el e
[16]
Gaenll alaill ilay Hlsd alasind (e Aoadal) V) alaill il yld ) AdLaY L
Ll paY) (i€ ddee b Gl e 6 Leada g S Al Gl JSUae Jal
Pieall alaill il lsd s (b Led
sdd A duasll AN (g3 :(MLP) Multi-Layer Perception -1
Adalal i 8 Gl 8 A Glaag e dga))lsal)
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o)) Aiday ST ol saaly Agdie Adey JAA ARk 1 a Classll e
Aaida) dial) gead WS AUl ciladal) Y edlaad) Jay Jaa) dids o6
Aala) e S (S bl g ) ALY L bd e Wil e
re il JSG A pes haii clidall DG MLP dad dually
:(1) JSall 8 LS MLP 4 mum g oSy cilapiiall gsen

—_
huws(x)
Layer3
+1
Layer2

MLP i :(1) Jsa

A sl b <0 :(LSTM) Long—Short-term  Memory -2
dgesd sans lylie) (S Uaall oall Gaal) JSlie e il lgapanss
A e U
Lles sl Ayl Clagladl S 3R aladinl LSTM J oSa
Alls il 25 ) Gaill 2akaal) clend)
OSay Forget Gate glul) dulsis A dalsas Ja sy 4la e S5
DAl e clesbed) Joad ) A0l 580K 4080 Ll e el
sil) ol ey
Lo 58 Al Dls Ll Gl Al Cuaat Ay suiiy JAd) Alg a8
Alsdl A Ol Ble W osmll 8 aadis Ll LS A 408l Jans
Nl sl L Lalina W) aay ilaglaall (e o @ )
1(2) Sl dain s LSTM J (gylendd) (Sl L
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a1l lla oy

2024 ale 10 22 46 aal)

A ||
T i T

®
o

v

.F
®

Forget Gate Output Gate - Cell State

LSTM J (sylenall J<sel 1(2) J<l

te ) aus 4.4

5 O eI Clpine lun i Y 33 aa 3 A Y ol ABy (uld )

-(Confusion Matrix) dls)¥) ddsias Jlo ol Ukl Ac gana

ALY b giean 3(5) Jsoal

Confusion Matrix

Predicted No

Predicted Yes

Actual No TN(True Negative) | FP(False Positive)
Actual Yes FN(False Negative) | TP(True Positive) Recall
Precision Accuracy

i iy 3 cciliiaall a8 deddiid) Jilugl) aal e GG dddias
Caiall g5 pand e sl ol maall Canaill e 438 PlA (e Caiadl)
gyl el 4] A
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Jsaally daiimse diline Vs o)l am el @l po Capiasill Ay 43l dicy
(5)
O sl S5 olay) Gasll :True Positive (TP) damaall cilylalyl o
(C_P..A) NPRIEN EREREN |
ol sl &5 ole Gaall False Positive (FP): Ziblall cilulaly) e
(Lad) .+ olay) Cuaal
o sl W5 alay Caall False Negative(FN): dillall cilyludl o
(Lad) © ol Cuaal
ol smll &y ole Gaall :True Negative (TN) damaall cluludl o
(Mgl . b Eaal)
P o) s Ay S 28 DA (g
Bpapylsall JelS oy ccaiadl apil legs SY) ulddl :Accuracy ddal -1

TN +TP
TN+TP+FN + FP

Accuracy =

Agladl) Apla ) 3l JS G e ApladY) Asiall dul) (e sy Recall: -2
::\T_ﬂtﬂ\ :\.§ML: Gl_uﬂe

Recall = i
ecart = Total Actual Yes

AplaY) @bl JS G e Aulad) dusial duall e yumy :Precision -3
A Al Jay g Al sl

TP
Total Predicted yes

Precision =

G AN lalayly blid) e IS Glalls 33l bes :F1 Score —4
P Al ary Aisie jad) bl Cle sane ae caulie 2y
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ptl ) dlla o) 0 2024 ale 10 23 46 Alaall
2 * Prec * Recall

Prec + Recall

F1 Score =
sda il duagiall.5

tdenll Jaba Oy Bstia hbia b Led

Results

-
-

Jarll Jabal Bsaall ksl :(3) J<al)

Al 2y ) ecuadd) 1aa b Aaiial) Jraal) Jale Jalada (3) IS ek
Lo bl 2218 e =3haY ilaad il (e 50 (s ks U8 i) (o
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Sl Cangs Aady ) dpail) il Jygaty Lgtagulal Ly 32Ul 3aac Y] Aallae Lesd
PRI WEN g PEN|

255 [0, 1] GUaill 5 el o8 ol L 2 Ay Aulee il i e
aiial &5 Aglall 8 NSL-Kdd s UNSWNBI1S5 cliball e (pfie sana aladiinl &
abaie (<8 bl Gabaind JuSY) zaliy 8 i el e JS Uil Cale
Al Aallaally Qs illee ey elals

Sl aatidll Caadll BB aae Al ) KAl cOladly el Aalle o
el ey

leiat Jensd Ssay A lelisats Cileagdl gl Saefi & JuSY) malin b
B)liaal) cildiadll alaasul

SIS zisad el 8 dege shiy Lpull dle @l (edaiu) dle
3aed) 3sm5 A e Al ale) Al 4 @lld 8 Wl Gy el
s A ) gags sl e 23al) ae Jaad) e e Jl 4l LS i) 0
gy aiall 32l 58l ae Jaadl zisel Japed AaSall (e Gl LAl Al
ol paY) Gass A8y e LAYy qu)al

OUshaall Ul ax3 (Bl V) Jalae alasinl Caagll dla JSYI clend) Hlas)
i Ay pm Alaye A YD dadlaall axd ) Ll sac 18l A ) dadlaal) Cilghad (g
48y 3L M ALyl Caunaill ey dadlaadl (o) il Lgie Chagll il oLl
el dae)yla o i L Wle daledl e claddl o6 Canal

il aaxia Apayls V) alaill i)l aladind 5 el Ls) dglee aay

Long—short Term sadl dbgh 3SI1A 4. )lsa s Multi-Layer perception
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pd) ) lla gy 2024 ale 10 22l 46 Al
Gluhall ae anill julee s e i) 45)lE0 &5 il Gllee  Sdmemory

bl e sene o S dal (e s A5

Sl leg Joaenll AL Copaill Alary sl J8 Lime pf o Glitiad) Japa
il (8 daodiiaall GlalacY) b Lad g c)laall;

OS5 Ay 0.01 =alall Jare 120 = Aglsdall R Ly s Hladl aae

a0 Al = LA sl al) aall Afe dls 100 = el sy
tanh ¢ LSTM lixw

t\giddliag gilill) .6

Gl gl Jeag Al mitully Jeall Jabe e padle b e (e
NSL-KDD cililull e gese & 4gia¥) CulilpaV¥) Cai€ 48y dijlie Cand) 128
el el AV alat eyl HlasiuUUNSWNBIS |

dglec < Jaall Jale Giam <t Iy kA @U_),g Weka G_AUJ,\ PNRERIPY
el Mty Cayial)

t bl e el 4905V Aadleall Al e

s3a axiy canse JSE ) bl ity JuSYI el A 405V dadledd) 2y
dalled) (o) QB lgie Cangll Caiatl) Aleny HLll 0 Al By5pn dlsydl)
Le We dalgdl ye clandl 068 Cannatl) 483 30l ) d8Lea¥h Caneatl) (e

ccanaill 48y e S

137



UNSWNB15 3 NSL-KDD bl (6 gana (8 Al cilf) S4Y) s 482 4 )i
iall plSM) il ) A aladiudy

ol Lo Alayal o3 aus

tlengdl ¢ 15V a8yl Spagll —1
B o Jeanll (oab o) spei I Slaad glsl disas )
Ghlaye Jo Glaagdh e Gadl 1 (8 & (e JS0 (il
BaaS Cangs Al Cileagd) eyt Ay Apd)l) Cilangd) rasi Y
A8y asagll g5
G 1 @ amed @lany 0 @ Laphll Clad) e Gl a4
bkl e sane e S
LAl aa 8 Gl g3

:land) aedn =2
ay o il leSa WS Glaall (e o 3 o dudlay) clend] (Sa
Aallaall dlaje (8 Aps pa Ailee Clad) (apias dee  JUllyy o)
Lol lua b ae bl dualy @ldle ol 1 8 adiein A5
s yall 038 aialt cBadall yue el J\;ﬁl} Silawad) Gy

oe elril) G (il Glaa PlA (e iadall e Gladdl 2l @
Jsh e 0 gl gan & Al clead) G dgpall clylall el e
e )l JS Jal ey clilull de gane
daldll PlA e QL 4an dy cplall Adle e alaeYh @l
By IS A paal) Aaddl e el aganll 8 i Cua var(i) dasa )
LS cplall m e Jsanl) 2 UNSWNBLS bl de sane dal (s

1(6) Jsalb age 5o
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A sl 5 Ay 341 5 Ayl Apeatigh) o gl Aluades ) Ay Alna
al ) e a0 2024 as 10 2l 46 Aaal)

UNSWNB15 bl de sana & daws JS Jal e cplall o3l 1(6) Jsaall

Var(1)=0.3596 | Var(2)=1.5859 | Var(3)=0.2516 | Var(4)=4.357
Var(5)=0.5839 | Var(6)=0.02548 | Var(7)= 0.6987 | Var(8)=0.0808
Var(9)=0.0171 | Var(10)=0.0968 | Var(11)=0.1202 | Var(12)=0.8087
Var(13)=0.1322 | Var(14)=5.2050 | Var(15)=1.5889 | Var(16)=5.2958
Var(17)=5.3695 | Var(18)= 0.2547 | Var(19)=0.2598 | Var(20)=0.0256
Var(21)=0.2589 | Var(22)=1.0259 | Var(23)=0.0897 | Var(24)=2.3698
Var(25)=8.3651 | Var(26)=0.2203 | Var(27)=0.5259 | Var(28)=0.0023

Var(29)=0 Var(30)=0 Var(31)=0.0365 | Var(32)=0.0027
Var(33)=5.2332 | Var(34)=2.3658 | Var(35)=0.3258 | Var(36)=0.2581
Var(37)=0.6523 | Var(38)=0.0968 Var(39)=0 Var(40)=0.0702
Var(41)=1.0056 | Var(42)=0.1658 | Var(43)=0.2365 | Var(44)=0.8789

Var(45)=0.00364 | Var(46)=1.2350 | Var(47)=0.2587

O @l e oils W 395 305 29 wlawdl G axs (6) Jsaad) e
O dal e saaly dad 1By bl sacld Joh o e Y Lied
oo Jli lae Casiaill ddee dal e leie o lain) oSay Ml el
caiaill ey alad) Jeall

39 dadly el ga) o et 30 dandls sl ey e e 29 dedd)
Al oo L 05 padtial) Jid (e Jsaall Jaad o dh@lwhb
Aend) ) ALaYU A 44 leall 038 2ay Glend) 230 muay Jllly
co9nd Ja ol oanda da 9o da dadl 58 e s Sl [abel

:NSL bl de sana Jal (1o

1(7) Jsalb daumge cpliall il s jo il CilS
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NSL bl de sane 3 daw IS Jal o cplall gl 1(7) Jsaal)

Var(1)=1.98 Var(5)=2.235 | Var(6)=4.5026 | Var(7)=3.1042
Var(8)=0.0203 | Var(9)=0.0013 | Var(10)= 0.862 | Var(11)=0.0226
Var(12)=0.2467 | Var(13)=52.8470 | Var(14)=0.0024 | Var(15)=4.4353

Var(16)=64.6676 | Var(17)= 0.4581 | Var(18)=0.0023 | Var(19)=0.0046
Var(20)=0 Var(21)=0 Var(22)=0.0276 | Var(23)=1.6522
Var(24)=7.9321 | Var(25)=0.0872 | Var(26)=0.0890 | Var(27)=0.1732
Var(28)=0.1732 | Var(29)=0.1702 | Var(30)=0.0672 | Var(31)=0.0643
Var(32)=8.84296 | Var(33)=1.2496 | Var(34)=0.1898 | Var(35)=0.0487
Var(36)=0.938 | Var(37)=0.0073 | Var(38)=0.0746 | Var(39)=0.0794
Var(40)=0.1499 | Var(41)=0.1607

@l @iva ol e 21520 ofiand) of a3 Gaw Lea 255 (7) Jsaad)
oSy Jully cbld) saclE 8 cDlawdl S dal (e Leed i Y
Gy o il e clblll sacl a0 b Lee lagie o laany)

s 39 Ayl 38 22y Gilasadl dae praaly ccapual)

ftp JsSssp duds dsplall jalY) s a (20) deud
le Led 0 hot list 1) Jaal Jasus 2313 1 dad 320 (21) 4o

REIR

D) IS Jal ey clilall saeld Joba Ao jia Legiad (piiand) DS
il dlee o yin Y Lagdda UL
ez IS Ll Jalae dad Glaa PA e tdadell Gland) alsy) @
Y il 4 il WIS 1 5 1 o BloyY) dalee a2l ccland)
sshall sda (e Cargll My ¢l cilawdl 743 Lals)) S LS aalgl)
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a) gl lile o 2024 ale 10 22 46 aal)

eV Il Jalae <y Glaad) (e 753 US (e 32a )y dans e ¢ Liai]

(AY) a0 g Laaal asag oY
Lmayll LY dabee dle e slaeVUy
o zo) IS Ll Jalee Claa & L) 28y A correoef(a,b)

Aaglailly  dpzaly)ll

RERDWA(
Jalee S ) claad) o Wil SY) Gland) gy Jsan b Lad
rlilall e sane 0 JS10.9 (e ST L Jal 5l

:NSWBNB15 bl de gane Jaf (0
1(8) Jsaall & daimse Tadill Jabee ol il il
UNSWNB15 bl de sane & Ualiiyl €Y cilanad) 2(8) Jsand)

Corrcoef(10,31)=0.9015

Corrcoef(11,32)=0.9253

Corrcoef(8,17)=0.9906

Corrcoef(8,23)=0.9915

Corrcoef(9,18)=0.9934

Corrcoef(9,24)=0.9959

Corrcoef(44,45)=0.9742

Corrcoef(42,45)=0.9698

Corrcoef(41,46)=0.9936

Corrcoef(43,46)=0.9956

Corrcoef(46,47)=0.9041

idasipe 11 daudly 31 Fawd) go ddafipe 10 Zawd) of 235 (8) Jsaad) e
46 daull Wl 425 44 el ae dhaiipe 45 dedly 32 Al as
235 17 Sladl g ddafise 8 daudly 47 A1 A3 Sladl g dhaiie
24518 cilowd) po Aagipe 9 dendls

cland) (e 293 JS (e Adagipall clandl aaf e ol oSay Jully
pyy sradl lsie il b Al VLAY ae e i 45 Al )
Olsie ol L Al eV La¥) aie e el 44 Landly cands Caagl) daaa
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& Aeadl) Q) i b Al cVLa) s e et 42 dadly ¢ aadl)
Lcaagll

Olsie i Led Al VL) s ddpme e LS 45 Al Jull
Gy 42 A4 Gianll o sl gd andl Caagll dadd ()5 juadll
cpgie o L) Say

LAY Adagipall Cladl apea o Budaly e iy

Gl deseas B Glaadl 2 bl maay Aded) oda ae
g5 o= i A label J) dew ) 4layl 33 s UNSWNBIS

cormb g o el o dadd)
:NSL bl de gane dal (1

LS Ualyp Y cleddl e llias @land) (o daddsil) Jales olis aay

:((9) Jsaall A eage 5o
NSL cililull e sana & Ualiy) SV ciland) 1(9) Jsanl

Corrcoef(13,16)=0.9960 | Corrcoef(12,16)=0.9006 | Corrcoef(25,26)=0.9664

Corrcoef(25,38)=0.9041 | Corrcoef(25,39)=0.9008 | Corrcoef(26,38)=0.9997

Corrcoef(27,41)=0.9310 | Corrcoef(28,40)=0.98 Corrcoef(28,41)=0.9478

(13.16)= (25.26)=
(25.38)= (26.38)=
Corrcoef(26,39)=0.9210 | Corrcoef(27,28)=0.9755 | Corrcoef(27,40)=0.9852
(27.41)= (28.41)=
(33.34) (40.41)=

Corrcoef(33,34)=0.9044 | Corrcoef(38,39)=0.9450 | Corrcoef(40,41)=0.9047

Iy dagiye bl 32e 8 Glaw e 16 Aand) o 223 (9) Jsaall o
135 12 oiedl e slaiad) oSey Ml 13,12 Gliawd) ge S
OlSe Ja3 0 25 dandl Jal g a1 Guit aaig (16 dand) e 2 Y,
33 dadlls 27,40,41 clad) (\Sa Jas 28 dandly ¢26,38,39 ciland)

B J) olSa Jas
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A sl 5 Ay 341 5 Ayl Apeatigh) o gl Aluades ) Ay Alna
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DS U< Adagiye Uadll sale) cilpe 22ed Agiall dpill o 25 dand) Dl
Laadll il VL) aaa) Lgid) Lail) e i 26 dewd) ga
i) a5 ge S Olendl o3 2aY Aad dsay (ol Claad) iy
Sye 230 Ayre e LiSey JLaiVl Ji Jsean Cilje 230 A jeay (gAY
Ayl clendl JS e alayy ) (aiig calil) Jlaiy!

4agiall Laal) Clanad) Cidais 16,25,28,33%a0Y) ) e s 113
13,12,26,38,39,27,40,41

A 30 o Ayl o3a ey lanad) 230 aay il

e seaa o Caiall Gle) A Gulit oS lilll 4091 dalledl dlee axy
G_Atw Sl s Je e JS bl (S sana Jraad o G_‘,td\ 4)laay culiladl
. Weka

Oo O dal (e 280 A ghias cliiahl (385 CaiSl) 38y &I gy Joan b Lad

L) e gene
:UNSWNB15 Jaf (e

UNSWNB15 bl de sane Jal (e o131 cilgiahl 1(10) Jsaal

UNSW Accuracy Recall Precision | F1-score
NB 0.958 0.96 0.96 0.96
KNN 0.974 0.98 0.98 0.98
RF 0.997 0.99 0.99 0.99
DT 0.985 0.99 0.98 0.98
MLP 0.983 0.98 0.99 0.99

LSTM 0.987 0.97 0.99 0.98
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Glaplall puea dal e dlle culS Gl il of 2 (10) Jsaadl o
L dam cue] UNSWNBIS bl degane dal oo oS0 cladiidl
Clay Fl-score sl dag efy 99.7% ) cilas 48y Jef RF 45l

.99%

:NSL cbilull de gana Jal (e

NSL bl e sane dal (g ¢)aY) @liayl 1 (11) Jsaad)

NSL Accuracy Recall Precision | Fl1-score
NB 0.901 0.90 0.90 0.90
KNN 0.953 0.95 0.95 0.95
RF 0.978 0.98 0.98 0.98
DT 0.977 0.98 0.98 0.98
MLP 0.989 0.99 0.98 0.99
LSTM 0.975 0.97 0.97 0.97

dal e all el cihel MLP Gaeall aleil) s o aas (11) Jsaadl (e
F1- dad culS; 98.9% ) aill 48y ciliay NSL-KDD LidY) dc gane
-99% - score

Coiail) Gl lsd aaen dal (e Adle @il Hle IS8 Gapall gl ol WS
90% (o el ad culacs

e sane (o IS Jal e o) @liiahl Gn A9l el Anly clakhise b L
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