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ABSTRACT

Dr. Thaer Osman* , Dr. samer suliman*

Eng. Basem Ammar#* *

This study evaluates the biomechanical effects and mechanical
distribution of various PEEK-based implant types, comparing them
with titanium implants using finite element analysis (FEA). The
analysis examined the maximum Von Mises Stress distribution and
Total Deformation values within the implant, in addition to structural
safety indicators related to yield strength. The biological assessment
included analyzing the behavior of the peri—-implant bone tissue by
studying Maximum Principal Strain and Maximum Principal Stress as
direct indicators of bone mechanical stimulation and the potential for
bone resorption under oblique loading conditions.

The results indicate that the difference in the modulus of elasticity and
stiffness between titanium and PEEK directly influences the pattern
of stress distribution and the safety factor. The high stiffness of
titanium leads to greater localized stress concentrations under oblique
loading, whereas polymeric materials (PEEK) provide a more uniform
stress distribution, albeit at the expense of a lower overall yield
strength compared to titanium. Furthermore, the difference in the
modulus of elasticity between the materials not only affects the stress
values within the implant but is also directly reflected in the amount
of strain generated in the surrounding bone. Less stiff materials lead

to increased bone mechanical stimulation, while stiffer materials
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contribute to reduced deformations, with a distinct difference in the
expected bone response level under high loads.

This study highlights the importance of advancing dental implants
through the use of polymeric materials, which enhance the
mechanical properties and biomechanical behavior of these implants.
Despite certain limitations regarding loading or the use of static forces,
these findings provide valuable insights into the biomechanical
performance and mechanical distribution of PEEK implants, thereby

supporting clinical applications and future research endeavors.

Keywords: Dental implant — Biomechanical analysis — PEEK — FEA.
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85554l (o5l ol (e dad S 2ic MPa saals Laalie V) Juse ()58 Meal aff mag 3d50a))

Al Gley 3 e deyy S ey

Luulll
Force Titanium | PEEK | il

Al
100/N] 132.69 | 45.70 | 65.56%
150/N] 194.33 | 70.10 | 63.93%
200/N] 254.61 95.00 | 62.69%
250[N] 320.74 | 119.68 | 62.69%
300[N] 389.48 | 143.93 | 63.05%
400[N] 528.66 | 192.19 | 63.65%
S00[N] 668.22 | 238.94 | 64.24%
600[N] 808.01 | 280.76 | 65.25%
750[N] 1020.00 | 351.39 | 65.55%
900[N] 1237.20 | 416.25 | 66.36%
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de)y IS Glog 8553al) (sl B (o ded JS e (FOS) L) Ualas o rnse 4520

Al ey Cpe

4,1.«4.”/

Force Titanium | PEEK | 4ygiall

100/N] 5.12 2.33 | 57.30%

150[N] 3.50 1.51 | 59.23%

200[N] 2.67 1.11 | 60.59%

250[IN] 2.12 0.88 | 60.59%

300[N] 1.75 0.72 | 60.21%

400[N] 1.29 0.53 | 59.55%

500[N] 1.02 0.42 | 58.87%

600[N] 0.84 0.35 | 57.68%

750IN] 0.67 0.27 | 57.31%

900([N] 0.55 0.23 | 56.29%
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A Static Structural
Equivalent Stress [von Mises)
Equivalent an-Mises) Stress
]

2640172026 19

1.3269¢8 Max
1.1797e8
1.032568
8852587
7.3502¢7
5.008e7
4435767
2.9634e7
1.4911e7
1.8822e5 Min

A: Static Structural
Equivalent Stress fon Mises)
Type: Equivalent von-Mises) Stress
Unit: Pa

Time: 10
2B/01/2006 16:23

4569607 Max
406287
555597
504517
2.5422e7
2.0354e7
1528507
1.0216e7
5.1479e6
79366 Min

oo

A: Stalic Structural

Equivalent Stress (Vo Mises)
Type: Equivalent [uon-Mises) Stress
Unit: Pa

Time: 10

28/01/2026 19:24

3.8948¢8 Max
3.462368
3.0299¢8
2.5974e8
2164968
1.7325¢8
1.3e8
8.675507
2350967
2.6253e5 Min

-

A: static Structural

Equivalent Stress [von Mises)
Type: Equivalent fron-Mises] Stress
Unit: Pa

Time: 10

2870172026 19:28
1237269 Max
109999
9.6257e8
8.2524e8
65758
5.5057e8
413238
2.759¢8
1385668
1.2288¢6 Min

bl dey )l daalaeY1 VO Mises Stress i :5J<4

st e cpadl Ll e (100, 300, 900N) e

A: Static Structural

Equivalent Stress (Von Mises)
Type: Equivalent (von-Mises) Stress
Unit: Pa

28/01/2026 18:29

1.4893e8 Max
1279668
111998
9.6027e7
5.0059e7
6409167
48123e7
3.2155¢7
1616767
2.1912¢5 Min

A Static Structural

Equivalent Stress tvon Mises)
Type: Equivalent von-hises] Stress
Unit: Pa

Time: 10

B/01/2026 18:39

4162568 Max
3700965
3.239368
2777665
231628
1,858
1.3908e8
2.3114e7
4695167
7.8884e5 Min

PEEK ic)3l dulacY) VOn Mises Stress »i :6 sl
s e gsall )bl e (100, 300, 900N) e
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Jua) dilaie die (g5 S 7 ) Crgan Adlaials V) SalSall haayl e JYadd
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85l ol ae alaall Aal3Y) 8 daliiiae 30l °45 Aysly Jile Jaead cand il el
Jalatl) Jlas (pan ok (ppe ol ) 5y Laa c2)sall 2ead OOON Y 100 (s Al
e 26.57HM (s Aaly) Ciagl G cCalad) ol G o sulial) Aoy e G (gl
Lgyall Jalan (e dailil) Ll L@idia (uSay Lea (900N e 241.28um 1) 100N

giyall

38.38Hm iy ) ¢ g paall dgall (p AS5lS0e Aal) ad el PEEK jelil (il 3
g yall Jalae (alissl ) (g3ar Lo 545 Q00N xic 364.11um ) caeii)ly 100N e
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Oo Ji Gl (e Ssall gaead ZaliYl a8 iy ((100-300N) sl sausdll Jlaall) ic g
e G5y L s ((600-900N) Axiipall Jlaal) die aall 138 <ijslas Laiy «150um

5Usall b e a LS cillall dindis Jilal) Jpenill daula

& danmsall Jlea¥l aie dug el cile 30 M saals dalaeY) A2V ad Jiay 5 Jsaal

2d 52
Luwulll
Force Titanium | PEEK | dipialf
JdAl
100/N] 26.57 38.38 -
44.48%
150/N] 39.80 56.77 -
42.62%
200[N] 53.05 75.31 -
41.98%
250[N] 66.30 93.83 -
41.52%
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300[N] 79.58 112.30 -
41.11%
400[N] 106.29 | 148.41 -
39.63%
300[N] 132.99 | 184.04 -
38.39%
600[N] 159.87 | 219.48 -
37.29%
750/N] 200.42 | 272.30 -
35.86%
900[N] 241.28 | 364.11 -
50.91%
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TOTAL DEFORMATION

== Titanium PEEK

400.00
<
S 30000
S .
E -
S § 200.00
Q —~
¥ 100.00
S

0.00 e
\ Yo Y Yo Yo ¢ o 1 Yo q
Force
[N]

ralind) eill Aaglgl) Aylaiuy) 2

pbiall B aBie¥) Jladiy) e
i) o 35 eyl dom (gataell ganill Fomglpnd) TN sl Gl 6
Ll A€l Gyl aal (Maximum Principal Strain)  ale¥l )l
gl Al Gyt ) Sl ) e o Dbl Ddse i Cum i)
b (Frost’s Mechanostat Hypothesis z il Gy cdada sl Jlaal) cons dalaall

2% L calaall J€& sale) bl (1000-3000 pe) cpae BUad Cpaca Y lai)
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Ll Jay 285 ¢ adiml) pusill Jo i) aleaialls S50 Jpaatl) jlad ) eV e leasy)
Alatiad e 3 Lae cpmplall Al saleialy SN sl e alaell 58 glaty Lo

J16] o shspusil] alaad) gaill 33t e Yy adiad) (aliaia)

zila & (FEA) s20mall jualiall Judas cadlay Al Zoall Zpoaall byl sl s
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i 8 Aaaiisall gl (ailiad CA) die Lagad (il 251<0 dga) Cilpbsa 1)lia
luhall el (JEd) Juw Je cdtdadl 58l Jlams Jreatill dglys calaleall §f cile 3l
saley Ajlie gpiill olaall 3 el claail g a8l PEEK (Jie dpadsd) dsall o
e caa il Jls gl gand ST ClSin s JEE) ) s Laa cdliall ol
oy % Lo sag Adlall e asslinll ae S L Ule 3 (stress shielding)

170455l dagmal) dualaall Aylaind] 40l

Jile Jaead ot Al oda & adae) aniyl) Qi1 i s cclld (e ULl

s el gy (PEEK ¢pp0it) destiodl dsall (s s (558 Jlava sans °45 dliy
G (520 a3 (g il 138 Ky 3 caliall m gl guall Blaial) o slisy Apanal) itiil) Lay)l
3gan sad Wyslad o agtemdll Saiatll il e gl aliall 3 Alaasd) Y Lead)

a5 b o525 Msall (o Agyal) Jalaa b CURY) JlieY) iy cllyg ol Jaeadl
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S alaal) QS sale) iV Lda) i 3 acluy Lo s caliall-ie )3l dgals e deal

Appad) Jlal) cias Al wilsall 8 djiall adiall (aliaieY)

Maximum Principal) alae¥) il Qi) sl saaadl jualiall Jidad ekl

o sall sl Jlae (s °45 Ayl Jile sand can e )3l Tamall alaall 4 (Strain
el ppen b Jeall gl ae Jleil) ad d dsaaly dagyn ol (2Js0a))
el JlaitY) Aoy dadad) 34l oy Al 40d ADle o Laliall pa eyl
O pll Congli 3 cJpanl) iy pan e Jladil o Gl pnlil de)) Cla Cua
Sl il PEEK ekl il 35 900N xic 8603.4pe s 100N xic 755.52ue
canii)ls 100N 2 1171.2p aaeY) syl Jlasy) G cilS Cam caialy ISy il

60530l b g sn LS 900N sic 22239pe ) Juail Ly

Gin Tamall (gl alaall dilaie 8 Laamse oS5 Jaidll adaal) ol of Jasl
s oo 28 Blaliall olaily Ly asil) Caaiid) Loty oJa gDl (pa g1 clilly ey )

A: static Structural /) y

Maximum Principal Elastic Strain

A Static Structural Type: Maximum Principal Elastic Strain - Az Static Structural
Maximum Principal Elastic Strain Unit: mfm Maximum Principal Elastic Strain
Type: Maxdmum Principal Elastic Strain Time: 10 4 Type: Maximum Principal Elastic Strain
Unit: it 290172026 0%:35 = Unit: m/m
Time: 10 = Time: 1
29/001/2006 037 0.005125 Max —_— 2500172026 0933
00045551 ==
0.0017039 Max 000353 — 0.015292 Max
00015142 LE
00034154
e i
0.000%452 g‘gfjg:é 0.0086034
000075552 ' 00068812
00011359
000056585 oouses 00051589
000037618 ] 00034367
00001865 -38787e-6 Min 00017144
-3.169e-6 Min -7.7938e-6 Min
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PEEK ie,3 4k Maximum Principal Strain » :7Js:)
S5 e cnadl ) L) e (100, 300, 900N) e

oris ) Jranill cant ggaall Jleal) JUE) Bhalie pe oblaiy haai say ¢(3ill

eyl Jals slgay) ad AL S5 Y olsall gl Jelae AT o ) il o2a
Al JAY) Mal) 525 Cam cdapmall alaall b gl Jladdy) laie e Byl uSasy s
clasil (g aall 8 A oY) sl peust (in G cplaall (SISl Gl 5alyy )

Ardipall Jlaal) cnt dnd iall dpadiand) LlaiaV) (sgiune b gl A as
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A: Static Structural

Maximum Prircipal Elastic Strain
Type: Maximum Principal Elastic Strain
Unit; mém

Timne: 10

28/01/2026 09:42

0.0017658 Max
0.0015676
0.001368
Q0011712
0.00097306
0.00077457
0.00057668
0.0003765
0.00013031
-1.78746-5 Min

A Static Structural

Maxdimum Principal Elastic Strain
Type: Maximum Principal Elastic Strain
Unit mfm

Tire: 10

23/01/2026 2137

0.011866 Max
0.010533
0.0092006
0.0078677
0.0065349
0.005202
0.0038691
0.0025363
0.0012034
-0.00012941 Min

A Static Structural

Wiaimurn Principal Elastic Strain
Type: Maximum Frincipal Elastic Strain
Unit: mim

Time: 10

230172026 20:55

A

y.

0.04952 Max
0.039%08
0.034563
0.025619
0024775
08731
00487
00096431
0.004599
-0.00044505 Min

PEEK ic,) 3 dwlac) Maximum Principal Strain »3 :8 i)
G5 e Gadl U oladl Ga (100, 300, 900N) i

Force

Titanium

PEEK

100[N]

755.52

1171.20

-55.02%

150[N]

1134.30

1706.10

-50.41%

200[N]

1513.90

2771.10

-83.04%

250[N]

1894.40

3863.90

103.96%
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300[N] 2275.60 | 5050.40 -
121.94%
400[N] 3037.60 | 7451.60 -
145.31%
300[N] 3800.90 | 9978.30 -
162.52%
600[N] 4567.00 | 13674.00 -
199.41%
750/N] 5721.40 | 17318.00 -
202.69%
900[N] 8603.40 | 22239.00 -
158.49%

il o (he Aad S die PE aals Dpalae V) iyl alac V) JlaiV) ad mia sy 6Jsan])

Al Sley 3 e Aoy JS ey 3555l
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Lusdl alial & (Maximum Principal Stress) _ale'l iyl slgal) dilas 3
dgpsaall e Jlal) il st adaall ol @lglu il ile L8olSe Dydige eyl
2 sale alaal) (Y Dlats Aipa Alai 8 alaall g ety T 5 25 ad el ey 3)
s alae) il lgaY) Ay ol coailly A3jlie 22l lalga Auslua STy L
abaal) Sl sale) Cllee at ol el coliiinll ooy ALl jpdil deede S

il (gl akaal) 8 Laps ¥ cdadipall Agalgay) il b slalid) 8

Tob 58 e ey 745 Al Jile Jaead Cint el ot Alga) Jilas il
psliill z3gat Ja g prall zilaill aran b daliiia doagyni 33l (100-900N) o
100N xic 8.45MPa (s aiil) Cangl i 3 ¢Jpanill Cilygine Calide ye dlga) ad S
Adlall dam alaall ) Ladll claleaY) Ul Jils e Jay lee <900 xie 75.87MPa

alall Fni ol

0o oaae Y1 il algaY) adi)) Cum ad) 2l el il PEEK ekl (Jiladll 3

ST Jaa JEl ) yei W Q00N xie 324.48MPa ) iss 100 xie 13.08MPa

e 358 50l e gysl) alaal) )
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poslil) e )5 4 e PEEK (14 48 slaall dgiud) cile 311 (8 Jladi¥) g dlgadl Sulal) g sil) Al ja
L3 gaaall pualind) 48y jh aladiialy

Clillly de 3l iy Tamall (gl alaall Ailaie 3 el dleadl alial) gl iS5
Sl AT we o5l Jaad g e (Blaliall olatly oy (il pe cdag DA e (Y]
Sl 0 Les ¢ calaall ol (e S0 O Ao giall 2l CulS LS L i) Jpanill st Jaall

Lpadsdl Asall 3 Ly pall Jalao (mlind) o ) it ity lmim g IS aleaY) K5 o
MAXIMUM PRINCIPAL STRESS

=—@—Titanium == PEEK

350.00
300.00
250.00
200.00
150.00
100.00

50.00

MAXIMUM PRINCIPAL STRESS
(MPA)

0.00

pball ) Jstiall ol aleay) jlade e
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Aladl b Jealall gl g€l il 2S)5n Corgs 2l AEDE Haady Aiplay Aubyall 538 el a

Algay) e aaad 8 aslad) Jaledl 2 duey 3 salad) & 50 Jalea of il cjelal 1
pill il osulial) Jaa Cum ol alaall Y Jsiid) Jlaadls alae) i)l
i PEEK xa Jagale S5 adill Cunii)) (ua & cdilladl)

alaal) Jeatdl Ayl spaall i) PEEK 4 alae¥) i)l sleay) ad jslas -2
Jaeatll Jajd lalie 5l Jlaial s Lea cdadipall Jlea) aie a8l) algay gyl
sl 45)l8e paua sl

() Clallly Ae )3l Biny Tamal) (gl alaall 8 st algadl alaall adll i€ ya —3
sale Llaa) ety LSl ban Y1 il Jia Jla) deeatll of S Laa

) digha (saleaY) anll ey Baatll loleaY) Sy Wl Gaas

t&luagil)

Buaall e Jiien 8 assliall ey oo A Lppad ) cile 3l slasid —1

Al aalsd (puad 8 PEEK cile)y e il dul =3
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Performance Comparison of CNTFET Chiralities and the
Effect of Parallel Nanotube Count on Transistor

Characteristics

Abstract

This study presents a comprehensive performance comparison of carbon
nanotube field—effect transistors (CNTFET) with three chiralities: Armchair,
Zigzag, and Chiral, along with an investigation of the effect of the number of
parallel nanotubes (N) on their performance. Simulations were conducted
using CNTbands 2.0 and FETToy tools on the nanoHUB platform, where the
physical and electrical properties of thirteen chiral patterns covering a

diameter range from (0.556 nm to 1.588 nm were calculated.

The results demonstrated that Zigzag and Chiral nanotubes follow the inverse

relationship between bandgap and diameter (Eg = 0.852/d), while Armchair
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nanotubes exhibit metallic behavior with nearly zero bandgap. Direct
comparison between Zigzag (13,0) and Chiral (10,5) patterns confirmed that
performance depends primarily on diameter rather than chirality, with the ON-

current (lon) difference being only about 1% despite different chiralities.

Regarding the effect of parallel nanotubes, the results verified the linear
relationship between total current and tube count (Ip ¢5¢q; = Ip;.N) for both
Zigzag and Chiral patterns, with slopes ranging from 4.42 yA/N to 5.56 uA/N.
The diameter range of 1.0-1.2 nm was identified as the optimal design region
for balanced digital circuits, where the (13,0) nanotube achieves an ideal
trade—off between adequate ON—current (5.56 pA) and acceptable leakage
(8.9x107" A).

Applications were classified into four main categories based on performance
and power requirements, with specific design recommendations: ultra—low
power (7,0) and (6,4) with N=1-2, low power (10,0) and (8,3) with N=2-3,
balanced (13,0) and (10,5) with N=3-5, and high-performance (20,0) and
(12,7) with N=7-10. These recommendations provide a comprehensive
quantitative framework for optimizing the performance—power trade-off in

CNTFET through integrated control of chirality and parallel nanotube count.

Keywords: Carbon nanotubes, field—effect transistors, chirality, parallel

nanotubes.
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e ghnall Aol S g LS Funsigh sl Al s Al s
Sy i 2026 als 9 i 48 saal)

:Chiral  Zigzag uli¥ (Ip-Vg) Jilll cliaia 6-2-1

5 Vps = 1V xic FETToy slaf aladinly dabiaal Ll (Ip-Ve) Jiill ciliaie Glua 5
Zigzag il saad 5181l oda (e daliiudll oY) anlie a8 5 Jpaall padlys (N=1
.Chiral il 3321 5S1aall 038 (ge Laliivndl o181 Gaplin a8 6 Jsaall (il

Zigzag bl 332l £ 1Y) Lulia .5 Jsaal)

lon/lorr | gm (MS) Vin (V) lorr (A) | lon (MA) Lol
1.41x10% | 0.12] 0.756| 2.3x1078|  3.25|  (7.0)
6.50x108 0.18 0.529 | 6.8x107"® 4.42 (10,0)
6.25x10° 0.22 0.407 | 8.9x107* 5.56 (13,0)
2.85¢10¢| 031 0279 2.7x10°|  7.69| (19,0)
1.71x109 0.32 0.264 | 4.7x107"° 8.02 (20,0)

Chiral aulif sasd )N Lanlin .6 Jsaal)
lon/lorr | gm (US) Vin (V) lore (A) | lon (MA) Lol
4.9x10° 0.15 0.615 | 8.0x107"® 3.90 (6:4)
3.8x108 0.18 0.530 1.2x107" 4.60 (8.3)
5.5x10° 0.22 0.405 1.0x107* 5.50 (10.5)
1.5%x10° 0.23 0.385 | 3.8x107" 5.75 (10,6)
1.0x10° 0.27 0.320 | 6.5x107" 6.80 (12,7)

Lyli) Chiral y (s lasha) Zigzag Liad (lb=Ve) Jall cliaie 2 JSA gy
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9

-&- Zigzag (7,0)

=i~ Zigzag (10,0)
=i~ Zigzag (13,0)
=@~ Zigzag (19,0)
4 == Zigzag (20,0}
—¥- chiral (6,4)

=4 chiral (8,3)

=p~ cChiral (10,5)
== Chiral (10,6)
-8~ Chiral (12,7)

0.0 0.2 0.4 0.6 0.8 1.0
Vgs (V)

N=1 xc i _ulis e Chiral 5 Zigzag Ll (Ip-Ve) Jill cilyaie .2 JS)

Lot o8 Qa5 el dge sen el spmall YT < Canli) o 2 IS8 (o
V1 b il el LS. el Jui iy JiF diie aga 55l HUaAY) cld (a1 gl
Jalall sa kil (f 5S35, Laa <Chiral (10,5) 5 Zigzag (13,0)Jie il 4yl Ll (p
vV s & ‘._?_ul.ui)”

sie (s)peall Clagyall) Chiral 5 (1,30 jil5a) Zigzag Ll lon/lorr 4 3 JS&l) muasy
el pebia e (N=1
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e ghnall Aol S g LS Funsigh sl Al s Al s
S5 piad 3 2026 sls 9 21l 48 sl

-@- Zigzag
-} chiral

7,07

1012

1011 4

1010 4

10° 5

lon/lorr

108 4

108 4

105 4

10¢ 4

7.0) (10,0) (13,0} 19,0) (20,0)
Chirality Pattern

N=1 xe Chiral ; Zigzag Ll lon/lorr <ilgaia .3 J<al)

Al & 2lys Cum csald) 30l ae dla JC8 Bl duill 038 of 3 JCAN (g ey
dla iy (20,0) st 171 X 10* ) (7,0) sl 1.41 x 1012 (1 Zigzag
gy il s . (12,7) s 1.0 X 105 ) (6,4) s 4.9 X 10° e Chiral
A8kl daddie cilapdall A0l iall 481 ) ey Lee o kil 5045 s lopr 30l ()
S 358 AU dad a5 ¢ 141 X 102 ) dud) Jai ((7,0) o) Alla g claa
lon/lorr 4sst of &aall cluhall cpelsl 2@ sl CMOS il b -l 8 L
8)%8 aa iyl Clyling MOSFET & leahuba e 3560 of oSy CNTFET <l sinsil il
530 1aaM LS L[12] 2gall dimisie chlipdsill 8 43Ul oDlginly capull cilyls Jilis e 43l
Chiral ;Zigzag (13,0) lisaV! seday Cam ¢yl Ayl Llal) oy o131 8 aglil) (5l
Jelall 5o Sl of X L ¢(6.25 X 10°) Jilis (6.25 X 10°) 4y)i L (10,5)
calall haail) ady lon/loprias st & ulld)

it sl pabie e« N=]ae Chiral ;Zigzag Ll capedll 5ls 4 JSa =uag,
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1079 A = 20,07
-@- Zigzag (19,0)
=fi}- chiral

(12,7)

10711 4

10-13 4

lorr (A) - Log Scale

(6,4)

10-17 4
(7,0]

(7,0) (10,0) 13,0) (19,0) (20,0)
Chirality Pattern

N=1 xc Chiral ;Zigzag Ll lopr cliaie .4 JSa
ool ¢ Zigzagalla 8 .casel) Ll 5ol e Lasale IS8 23 lopr of S8 e iy
@l @l (20,0) Qs 4.7 X 107194 ) (7,0) 553 2.3 X 10718 4 (e e
s 8.0 X 10714 (e Chiral s & 4%ed =5l ¢ Jiallys Ald e 8 (e i
(12,7) @B 6.5 x 107124 I (6,4)
Syl WY ey a1 o G ladlls d8UAY 59nd (p dSall ALY (pSay L) 138
O bl Alial) Jaads LS L S S8 capaal) LS e 3y Lea ¢Sl Al clsad el
1.032 ,kily Chiral (10,5) 5 Zigzag (13,0) oliss¥) seda ¢ hadl) 4 )laial) Llaily)
1.0 X Jiie 8.9 X 107134) lorr 1 Tas dylie Leg (s e nm 1.036 nm
ol il Gady upel) s aaas 8wl daladl s Skl o 2S5 e L(107124

| K

:Zigzag blaid ¢ (unlial dlald 45,180 6-2-2
VDS = 1V N=1 xic dibiddl) Zigzag Lledld ¢)aY) (aplial ALl 43)lie 5 JSEN sy
Dsaal) Jiay +(20,0) ¢(19,0) ¢(13.,0) ¢(10,0) ¢(7,0) asssiad) Llaiy) a1 sad) Jiag
830V Vi (V) 5 o lpadll 52020 G (MS) 5 00,30 3203 lon (MA) ad (J5Y1) GalY)
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e ghnall Aol S g LS Funsigh sl Al s Al s
S5 piad 3 2026 sls 9 21l 48 sl

Ay ¢ aiple s Gabie o A5 3200 YL Topr (A) af w5l ey ety e ljeal)
ceple ) elie e doanan) s Y Ulon/lorr

- (uA)
B gn (65)
— . vy, (V)
(=)
7 1012 .o/

low (HA), 9m (BS), Vin (V)
-
lon/lore [Log Scale]

(7,0) (10,0) (13,0) (19,0) (20,0)
Chirality (n,0)

N=1 xic dliddl Zigzag Lledd ola¥) Gunlial Alals 4558 .58
te VL Lkl day s Lpuld il EOB a5 JSA

0.756V (e Lmddiy dgiall aea o) Jaadl Gus ladlls VIR (G 4uSall 4D @
s ge Al 35nd 50l (S Lae ¢(20,0) 55300.264V ) (7,0) sl
k)

(7.0) 255U 3.25PA (e Janzill s alayy 4l Jaadss kil oy o aylall Akl o
Ol s ST dalae SS9 UV 36 Cus ¢(20,0) s 8.02pA L

(7.0) 55U 1.41 X 102y dpasill (il Lailly lon/iopr o dawSall 4Dl o
33l ae cappul) L 8 salad) salll Aags (20,0) s 1,71 X 10%
. ykadl)

01218 (e ol G ¢ hall) 3215 ae 21355 G Aol ALY o JSl) el LS @
DLl b oSl 50 LS (leat (e Laa ¢(20,0) 2530 0.32uS ) (7.0) sl
il 30l ae Al Aol sy
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(Gabil) il can il el danmy ey Ganlia) il laal of gl s3a 2S5
DUl cld iy ¢aladn) dila dalal) cilapdail syia Ul Culd anlil el Koy Ca
LAl eI ikl 5,,€

o)) o Agisiadl Gl axe L8l 6-3

Agilsall ) axe 5B A e)aY (13,0) 5 (Zigzag) (10,0) dspeial Lla) jlid) &

Caliay A5l e ae L) Glacaly ¢ ailiadll b Taulsy i <Y1 35K HayN)

Lae <0.825€V Jilia 1.073€V ddlhall 35285 1.032nm Jiléa 0.794nm ladl) & Glaadl)

Chiral Labeil Jaiil Gyl a8 o5 S L adlide Jalail e Zpdadll A8all L (500 ansily eansy

ALLE )i o1y (10,5) o8.3)

LAl e (10,0) 5(13,0) ussdU o)) Ganlia e N 556857 (Noaal) muasy
(13,0) sV eldl e N il .7 Jsaal)

lon/loFF 9m (MS) lorr (A) lon (MA) N
6.25%x10° 0.22 8.9x107" 5.56 1
6.25%x10° 0.44 1.78x107* 11.12 2
6.25%x10° 0.66 2.67x107? 16.68 3
6.25%x10° 1.10 4.45x107*? 27.80 5
6.25%x10° 1.54 6.23x107"? 38.92 7
6.25%x10° 2.20 8.90x107"2 55.60 10

(10,0) sV eldf Jde N il .8 Jsaal)

lon/lorr Im (MS) lore (A) lon (MA) N
6.50x108 0.18 6.80x107"° 4.42 1
6.50x108 0.36 1.36x107" 8.84 2
6.50x108 0.54 2.04x107" 13.26 3
6.50x108 0.90 3.40x107" 22.10 5
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@u,uu&,al,wﬁy,mmm@ﬁysamm uaas dadla das

CarC

Sy s 2026 pls 9 2ul) 48 sl
6.50x10° 1.26 4.76x107" 30.94 7
6.50x10° 1.80 6.80x107" 44.20 10

(13.0) 5 (10,0) casidU 1Y) Lanlia e (N) dplsiall o) 2ae 556 6 ISl s
e sl e e lopr capmdll U5 (D) < ION il s (a) rdiie JIS8 dapf DI 00
(Sl st lia e ION/IOFF 4 (d) « gmaglalil) 4,56l (c)

(a)loyvs N (b) lgsrvs N
70 .
- (100) - 1 gm 100)
0l & 130) -8 (13,0)
50 1 P
-~ & o1
[
o
-4 ]
El g
- =
z % =
- ETRl
20 &
0
s 1074
0 <
0 4 5 [ bt 2 4 5 8 10
Number of Parallel Nanotubes, N Number of Parallel Nanotubes, N
(€gnvsN (d) louflorr VS N
%] - nog 8- (10,0) —# d * *
200) 8 130) - (130)
175 I}
s
@
150 o
- 3 10*
g 2
-~ o
& %
100 ]
" 3
3
50
0’
025

2 10 2 10

4 [ 8 4 [ 8
Number of Parallel Nanotubes, N Number of Parallel Nanotubes, N

(13,0) 5 (10,0) csSU 213V Gulin e (N) dlsial) canlil) 20e il .6 J<a)
Jagha &les ¢ N ae O s lon o dulad Ao hedas Omedl) S o 6 JSA (g ey
4.420AN Jual) glys A58 lon/lopr s i Ly ¢ aiplesl) el e N adorr
Iptotar = Ip1- N zasail daua 35 Lea ¢(13,0) w550 5.56pA/N 5 (10,0) sl
DSV oy Gy gl IS el il i iy (13,0) csald) ol dsall (8 @il e

o) aiilla Bsaid

¥ de g Ulad ol KISl o g [13] Al ) Jeasi Lo e eibial) o3a (34

G5 5 (10,0) s Lygunall Joall o O WS I ppqr = Ipg. N A8 (385 lsial)
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S5 3A ailbad to 4 5) gial) qunldl) s iy CNTFET < gian 35 A &3 g 3lad) Jalady) olaf 45 jlha

DU el Capls) o ) el ) Al oyl 45 )lie xd giall (Uail) ana 285(13,0))
cosal IS el Ll s jig sY)
Chiral g5 ¢ (10,5) 5 (8.3) Cmsl )Y Gl Je N LEE 10 59 ¥l o

(8.3) sV elaf e N 55,9 Jgaall

lon/lorFr Im (MS) lorr (A) lon (HA) N
3.8x108 0.18 1.2x107" 4.60 1
3.8x108 0.36 2.4x107" 9.20 2
3.8x108 0.54 3.6x107" 13.80 3
3.8x108 0.90 6.0x107" 23.00 5
3.8x108 1.26 8.4x107" 32.20 7
3.8x108 1.80 1.2x107" 46.00 10
(10,5) sVl eld de N il .10 Jsaad)
lon/lorr Im (MS) lorr (A) lon (HA) N
5.5x10° 0.22 1.0x107"2 5.50 1
5.5x10° 0.44 2.0x107*2 11.00 2
5.5x10°¢ 0.66 3.0x107"2 16.50 3
5.5x10° 1.10 5.0x107*2 27.50 5
5.5x10° 1.54 7.0x107*2 38.50 7
5.5x10°¢ 2.20 1.0x10™ 55.00 10

e (10,5) 5(8,3) s o)) anlia e (N) dlsiall canli) ane 556 7 <8N o
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@hMlJ@Qﬁ!JMMI@M@J\?ﬂ‘M uaas dadla das

94 pad 8 2026 sls 9 231l 48 alaall
(a) ON Current (b) OFF Current (Leakage)
-8~ chiral (8,3) 101y

50 1 -l Chiral (10,5)

. //./.-/
I <
2 30 =
3 S
20 4 10-13 4
10 —8~ Chiral (8,3)
-~ chiral {10,5)
- + v : 10-14 4 . r v T -
a 6 8 10 2 a 6 8 10
N (Number of Parallel Nanotubes) N {Number of Parallel Nanotubes)
(c) Transconductance (d) 1oy/1or Ratio

1

1 -®~ cniral (8,3)
2.00 1 <l Chiral (10,5)

175
150 10*4
u='|- 125 _E —&— cChiral (8,3)
..é ‘g =i~ chiral (10,5)
o 1.00 =
0.75
0.50 107 1
0.25 [—— = - a
2 4 s 8 10 2 s 3 8 10
N (Number of Parallel Nanotubes) N (Number of Parallel Nanotubes)

(10,5) 5(8.3) ol IV Gunlia e (N) Aplsiall Canlil) 2ae ik 7 Jal

&l ¢ (Chiral Llal e L 3t N aa G s lon o dabaal) Al o 7 JSal yela,
234 lon/lorr A a5 WS .(10,5) w53 5.500A/N 5 (8,3) cassdll 4.60HA/N Judl)
Ll ) peal e 4pals g Zigzag b Jaagd A bl of K5 Les ¢ Nsaly) s
ciosiall Laail) e plaall (i (AL Caas

a3ty (13,0) sl 1Y) aplie e (N) Aplsiad) o) sae 8k 8 Il sy
) sad) Jiays ¢N(1,2,3,5,7,10) dlsiall canl) sae Y1 gl Jiay Al saec]
lorr(A) ad o) Hsnall iay Wi cohpaall 500eY L G (MS) 52,30 520V Ion(MA) o
ceiples) Galie e Al saae YL
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S5 3A ailbad to 4 5) gial) qunldl) s iy CNTFET < gian 35 A &3 g 3lad) Jalady) olaf 45 jlha

.y (ph) 5560 [
Bl g, (US)
50| E losr (A)

lon (HA), gm (HS)

16.68

112

1 2 3 5 7 10
Number of Parallel Nanotubes, N

s eV Gunlie e (N) Aplsiall caplsl) sae 80 s dyily saee .8 JSA)
.(13,0)

o plll Coelia® Cun (N 3aL) ae lorr 5 Om 5 lon (8 Aahadll 3aL3l) ~gumge 8 JSAl eday

Apiotar = Ip1- N Al X5 Lea ¢ Neie L

lon/loFF 4w (A5 e ¢ Nsaly) e \&LA OsM3% Om s lore 5 lon (e Bt o gl Jelsh

S O e DL D (e sl 58 e ah Alsie canll Al o e 138 300

Cua cdulsie laslie Jan sl b)) O dadgia dudadl) A8Dal) oda 48U 3o S Hsaxs

el es e SISl e

o dail) deju o g 8 Lee il Aead) 535 ) Ll 505 N saly ol odlld oy
e AUl Dlgindy 1Y) sl Gaaanl Al N LA sy N L aa i) ddle calinlall

(16.68-27.80 <ilS [l Gsiail (13,0) ) e N=3-5 aladind oo ¢Jball Jan
Algie 4l 30 S Lo Llial) aaA)

A Balady) o ¢V 45)l8e 6-4
Chiral , Zigzag (13,0) s Armchair (10,10) Ll ¢1aY dlels £5lie 11 Jgaall maasy
. N=lxe (10,5)
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A sl g iy ) 5 ASSal Apuatigh p gl Aduala

J9dn pad 3 2026 als 9 2l 48 alyal)
(N=1) a6l Ll ool 456a .11 Jaad)
lon/lorFr Vin (V) lorr (A) lon (MA) Ll
Ly Armchair
N/A N/A N/A W
8.0 (10,10)
6.25%10° 0.407 8.9x10°" 5.56 | Zigzag (13,0)
~5.5x10° ~0.405 ~1x107"? 5.50 Chiral (10,5)

sl ey ¢ N=T i 5,5 2080 LLeSU ehY) unlid AL 44)l60 O JSAN ey
Jias « Chiral (10,5) 5 «Zigzag (13,0) <Armchair (10,10) 453l Llay) sy
sl Jiag et colaal) 3300 Vi (V) 5 o301 5200 lon (HA) af suli) sadl

L SE ) ubia e Al 30ae Y lorr (A) ad al)

lon (HA), Vin (V)

0.405

Chiral (10,5)

Zigzag (13,0)
Chirality

Armehair (10,10
N=1 xic 3),S3all LD 4 jlall LDl dlols 45l5e .9 JSal)

adaag ¥ Ul (0 Al 552d) e Jaad 58 Armchair (10,10) of 9 JS& (e ey

(s e <Lealiia 2101 Chiral (10,5) 5 Zigzag (13,0) seka L lon/lorr 5 Vin s lorr 4

6.25 X 10° lon/lorr 4asis 5.50UA Jilie 5.56pA &l cus oy A Zigzag 1 Cagh

5.5 x 10° Jlas
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2l a3 (10,5) 5 (13,0) dplasdl HUadY) iy Chiral 5 Zigzag canll) of 4l el
SN G ) i 1386 X 108 e lonflorr 5 5.5HA i lon iy cus clgsliia
Sl (it Lagd Gahaaill NS ) i cpsil o b Gy Ll o pulad IS8 adia;
dgaea g8 Armehair (10,10) a1 WL [6] Nl e 1.036nm 5 1.032nm Ly
U 3 Jan Y @Y chsiupl i€ Leahasinl (Kay Y5 0.0109 eV Ly gl 4l 35ad
14] el ko sl Tyl ALalSial) sl 3 Adalal) cDla ill dulio STy (i)

Lo sty dlgliia 2100 ax dpliad) UsY) cld Chiral 5 Zigzag cawlY) of 4lad) el
gl o i Gl Sl e clul 0S8 adiey oY) o cadl ) [5] duhall ae 85y
35 L g Gilsy Armehair culdl ol @il o LS Armchair il of JSall jelays
& AR Dl all Al dpaeal) Ayl bl o cndl ) [14] sl @l
Adled) Ll gl Tykas ALalSiall i5al)

(lon= 8.0 HA) Jsill il dad el Jawsy Armchair (10,10) Laatll of 9 JSa e}
0.0109eV Ly 4y jiim il 5pmd (o il el 4S5k (uSns Las 5 AY) Bl 4l
coA] ikl ey mdipe 4iSly ¢S Al Culie e Ay Jaea) Sslll 13
) o cadl all ([14] sl cluhall 8 3y5 L g 3l i) o3¢d ianall o lulla
L05eSH Lgiliage Jumiy @l cALalSiall sl 8 400l D a gill dilic dgaeall 4yl
Al i S Jeatd o g yaig Al

135 il xie Chiral 5 Zigzag (w6 il 45)lae 12 Janll G

4l Wil xie Chiral 5 Zigzag g spile )lia .12 Jsaal)

(%)@ Chiral (10,5) Zigzag (13,0) daalall
~0.4% 1.036 1.032 (nm) L))
~0.7% 0.831 0.825 Eq (eV)
~1% 5.50 5.56 lon (MA)
~12% ~1.0x107" 8.9x107" lorr (A)
~0.5% ~0.405 0.407 Vin (V)
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i gl 5 ol ) 5 Al nsig) p tal) ALl s dasls Alye

D9 pad 3 2026 als 9 2l 48 alyal)
~0% 0.22 0.22 Im (HS)
~13% 5.5x10° 6.25x10° lon/loFr

Olasi Leas ¢ (10,5) Chiral 5 (13,0) Zigzag Llel¥) G 5yl d3)lie 12 Jsaall zunsy
dail (358 & Cpdaail) G elaY) anlie maen 8 Gl o il S5 T Agline Uil Lag]
132 .%0 s Gm 35 <%0.5 s Vin by %1 o lon b @il jslahy ¥ cum daa
iy sy Jgilall Ll Gads coliY) aans 8 wlud) dalad) sa Ll o odals JSi Xy
5] Al cluhall ae @853 L sas

1Ayl Gl ial) JaladY) waas 6-5

Canslial) aaally i) A 3lall Jalas¥) apan Sy cdilaad) 2l 8 m g puall il e 2l
Laliiad) aaaill Gluagill 13 Jsaadl (adly L Gakil)l clilbie Cua 4g))siall ) e
Auhall s e

Gubill G apenail) Claagis il Blal 13 Jgaall

Ll Ll
N
o lorr (A) lon Chiral | Zigzag
on/loFF . sl Gl
sl JS (“A) " sl | (asall
) 4 4
s 2.3 3.25- ..
1.41x10  10-18 650 1-2 (6.4) (7.0) AfLH\
las
6.50x10° o0 s | B8 2-3 8,3 g | =
. X - - y ,
x 10 13.26 B3 1 100
6.25%10° o O R 10,5 13,0 |
. _ ~ , , e
% 10 27.80 (10.5) | (13.0) | s
4.7 56.14- Sle
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75



S5 3A ailbad to 4 5) gial) qunldl) s iy CNTFET < gian 35 A &3 g 3lad) Jalady) olaf 45 jlha

& Al CNTFET clysisiilsi 8 dgsnSll 4l i) ol pailiad 10 JS&N sy
EEWENEH EWN PR PN SAPNINAY lon/loFF iy ‘(IOFF) oyl L ‘(ION) Jeall s
-Gkl ldlata

N
IOFF (A)
fONTOFF

ION (uA)
5 B
IOFF & ION/IOFF (Log Scale)

Zigeag: (7,0) Zigzag: (10,0) Zigzag: (13,0) Zigzag: (20,0)

Chirgl: 6.4) Chiral: (83) Chiral: (10,5) Chiral: (12,7)
N:3
« o ) e o
powe POV ance e
oM Lo el el
uwa gt
Application

Gabill cldlie Caun CNTFET cfyginsilal Bl eyl (adle .10 JSa

dmidie clipdall dady) Ll s (6,4) sy (7,0) s o 10 0S8 e oy
lon/lorr Gas ey (Iopr = 2.3 X 10718A) e )i Sl Juady @llyy o ZaLLal
Jat Al e Ls Y1 i) ity ALl 53y Ll alasy Las ¢(1.41 X 1012)
LOsSaal) g b gl alane

Cum oY) Alle cligdall Jia 5las (12,7) sl (20,0) o) ek (il
e Glalaall Lulie alasy La (N=10 xie (Ipy = 80.20 pd) Jwis s el jig
Anyedl A S lealls el

Olaiy Cua cddlall Dlginds oY) (o lam Wls ohiss (10,5) sy (13,0) cass¥) Ll
o e N=3-5 ll¥) aae sl of LS ¢(1.0-1.2 nm) B gl 3laill e
Iorr = 8.9 X) Usia o )5 go 16.68-27.80 A o mobis WIS s comsdy]
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Al slaal 5 Ay ) 5 ASlSal Lptigh o gl Al aan daals Al
S8k pad 2026 pls 9 23l) 48 alaa)
Aaad )l sall JilY) LA Al Las Algiie 48la 5o LS e Jalaad) Jllys ccapl J<1 (10713
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Comprehensive Study of a Hybrid (Solar-wWind) Power
Generation System with Power Quality Optimization Using the COOT-
PSO Hybrid Intelligent Algorithm

Dr. Ahmad Alnasir  Dr. Batol Alsati

Abstract

This paper presents a comprehensive simulation study of a grid-connected
hybrid power system integrating a 25 kW solar photovoltaic (PV) array, two
330 kW wind turbines (660 kW total), a 100 kWh battery energy storage
system (BESS), a 55 kW DC-AC power converter, and a fifth-order active
power filter (APF). The primary objective is to optimize power quality—
measured by Total Harmonic Distortion (THD)— through intelligent PID
controller tuning using a novel hybrid COOT-PSO optimization algorithm that
combines the social foraging behavior of the Coot bird (Fulica atra) with

Particle Swarm Optimization (PSO). The simulation is performed in
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MATLAB/Simulink using the ode45 numerical solver with a time step of At =
0.1 h. Daily and monthly simulations are conducted for both summer and
winter scenarios at latitude 30°N.. Economic feasibility is assessed through Net
Present Value (NPV), Cost of Energy (COE), and Simple Payback Period
(SPP) analyses over a 25-year project lifetime. Results demonstrate that the
optimized system achieves a renewable energy fraction exceeding 85%,
reduces THD below the IEEE 519 standard limit of 3%, and yields a positive
NPV with a payback period of approximately 8.2 Years, confirming both
technical and economic viability. A comprehensive comparison was
performed between the proposed COOT-PSO algorithm and three well-known
evolutionary algorithms (classical PSO, GWO, and GA using the same
objective function (ITAE), the same number of iterations (50), and the same

set size.
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A hybrid spatial-temporal deep learning model for detecting

low- and high-rate denial-of-service attacks in Software

Defined Networks
Eng. Ala'a Zakaria Jeblawi* Dr. Akram Almarai**
Dr. Wassim Ramadan***
Abstract

Distributed Denial-of-Service (DDOS) attacks are among the most
significant security threats in Software-Defined Networking (SDN)
environments. Detection becomes increasingly difficult when dealing
with low-rate attacks, leading to high false positive rates in many
traditional detection systems that neglect the temporal and spatial
characteristics of traffic.
This research proposes a unified, multi-class framework for SDN based
on the integration of Convolutional Neural Networks (CNN),
Bidirectional Networks (BiLSTM), and a Multi-Head Attention
mechanism. The model was trained and evaluated using a hybrid dataset
resulting from the integration of the CIC-IDS2017 and CIC-IDS2018
datasets. Performance was evaluated using metrics (Accuracy,
Precision, Recall, Fl-score). The results showed that the CNN-
BiLSTM-MultiAtt model outperformed CNN, BiLSTM, and CNN-
BiLSTM in detecting DDoS/DoS attacks, achieving an F1-score of
99.93%.
Unlike previous studies, this model simultaneously addresses both high-
and low-rate DDoS and DDoS attacks within a unified, multi-tiered
SDN-oriented framework, significantly improving false positive
reduction to 96.34% compared to CNN, 75.97% compared to BiLSTM,
and 70.46% compared to CNN-BIiLSTM.
KEYWORDS: Software Defined Networks, Distributed Denial of service
Attacks, convolutional neural network.

*PhD Student — Faculty of Informatics Engineering — Department of Computer

Systems and Networks Engineering — Homs University
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L1115l Alle il o Jalall e L)% e Sl

daglall Dl A€l oyl A5a Jilat Jlae b daals Lranl Grenl) aletll il Caui€s
ey diadll Apalaie¥ls bl saxdy i lly (bl e sl 13gd sakaaly ASuelinl
alaill 3t cindl L) 138 g e liasuall (e dadipe g e Ldlgial ) dalis) cdgladl)
ool Giats gsinnall Alle OGS zhatuls e liS Ll Judlull Aallas o 155 (aeal)
(28111 203l LY A5)lie LY )5 283 Cus (e (3siia

iy ddaal) L) 2 a5y (CNN) LAkl dynanl) lSuil axiind ¢ 3l 13
sle CNN 2l ((DOS/DDOS) cilasa (i€ (law by A0l cilibn Cilye o 4l
il lanls cajall alaals caial) Jaray ¢ 3axll sae Jie G20 s G 8hsaall L) Lalil)
il (ALY eVl Ayl

Loulid) 3kl (e (BILSTM) olad¥l 34l ol 3ymady dlish 580301 @lod b WS
LI man Lea ildlly (lY) cpalal 6 Juliall allas 3 cdiasl) Judld) il
ASn dilas b dals Gpea] Bpalad) oda caunSsy L clild) Jaly ZaadUly Aalu) calacy)
S 3k Aad P e ek Y Janall Amidie Lo Yy clangd) aany oY (ASalll 5l
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ea¥l e S e =3saill 550 55l (Attention Mechanism) olay) 407 aasid
(Multi-Head (sl saaxia olaV) 407 Al s Aajdiodl UGl Jals dpaal <Y
CaiS b A o Ayaal )y Alse Gugyy s2e e olal) Adee ayjs i (Attention)
JolS 8 sy ek Wy elia) Bac ity A8y 0585 38 Lgihde OV (Jamall dmitie Cilangl
el gal) Ll Qg AV <Y cleddl 5yl Je Multi-Head Attention ac L GlIAl . Gaxil)
cCaailly Walis)) J8Y) (ailasl)y

diagiag ) @il .5
hal etk 1.5
(21] [22] CIC-IDS2018 5 CIC-IDS2017 (yimasal) cililadl i sane geod 4
L Laas ol i€ cila G dailal) Aaled) clld) Glesane il o olhyid ol
ClSad Jaly Jeall 4405 Sy RS 73 gl il g o Ll (Jlianslie LegiS1SDN clid (fiaiaie
tag et Clead blad o Legigialy A5 305 clily e Laolaey 1,SDN
P e pfie genall (G Al Cilansdl 40 Al
Adaal) e Gladdl Al e
5380l ol dallas @
ol cledd angi @
L)) aaafe copianl) S Glwendl) jagisale) @
e zasaill 53 salyy, (Data Diversity) clibud) gsii j3as ) e senall ey Carg
Adhie iy alaafs clengll 435le Gl Legie JS (anal am ¢ apenl)
Calidey (DOS) dexdll (i) Clesa i€ 3 Jidhy Gl 1) wla) Cangdl o Ly
jit ((DDOS) dc)sall el (iady Clansy Aumidiall of daiiyall iV amal) 13 3 hsus ¢ Lgdalad]
i 5 Gy Lay ¢ (fie sanall TS (e Claagd) (e g5l 138 Jaai Al Cladl z hadial o
oAl A Jid Al SOl (el g LS LAl asagd) Slasylid ()lsiay (28
Sl Ll s Apagall 35l Alai e zdsall €45 Caagy @iy ¢ (BENIGN)dmydall
) 220 (2) sl Gapmy Leghy Al el o a5ysd Gty Capdl) Laliilly aglal)
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369740 744786 Rate 41508 10293 DOS
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902241 | 1390230 DDOS 1262203 | 128027 DDOS
Low— 10990 5796 DOS
20573 162175 Rate slowloris
DOS 139890 5499 DOS
Slowhttptest

paibadlly Sobull 4l e AaiE dpuiy i Al (paria cililall s &3 ¢(2) Jsaall T
fecl LS Laid agagl) 31l and o alaie¥) (e Yoy (A<l culiax dilasy)
P ¢ pe e : flas)
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505 s ¢« LOIC; HOIC Jie 336S) dlle depal) ilangdl Joi: DDOS

Aehse (51300 Bl2) blails dadipe pin Y anay

129



Sl b Jonall dlle g Aadiia Lasdl) by cilanh (8 CRASI Sa e ASa Granll alaill cyad g3 gai
e 48 aal)

Jie Al Jamall @3 jaad) dplal GheY) claas Jois : High-Rate DOS e
2Byl Ayia) Uy Gana aiall Jame (B S e L e Al «GoldenEye Hulk
omididl Jadl @l jaadh dnlal Gley) claa Joii @ Low-Rate DOS e
Lapys ylsall Caliind e aaiat lly SlowHTTPTest 5 Slowloris Jie 43kl
cJand) dcaidie Al VLl e
Bls S il degane (35 Ciags Banly Aesana (8 bl e gena med S Ca
Gl 226l (Label Reclassification) caiaisale) sshad 3w &5 i) duleal dae S
o Adlide slaul ekt langl) s of 3 cilangl) Bans (& il Anllaas (e W oy
oaibadlly Sl bl e 4al G sale) Ll dldie] &5 a8 L Sl egilin
b o sagl) 31 and e alaie V1 (e Yy (S0l il 4 glaay)
gaa A33a0 iy cAga (e Cilangll dpluadil) A8l G ()5 BT () il 13 (g
Lol alaty 23 saill ansy Laa (5530 4ga (e (Decision Boundary Fragmentation) )l
(Intra—sas )l 45l Jala calall Qs 6 bl am g agen WS Lty Dl ST A€ 0
A e Glile e zisall Hlidl die aeatll L6 055 Class Variance)
Ol e §5d 3 cOlangll QU8 2y (& mialy (I 2o (e UL de gana Slad
pen Cuad 35 e Bli 58T Gleagd) Dla 230 (BENIGN) Lasall 3 pal) 48 n
sl dmgig 68 Kl Dlanal) g LI aall Caglani U3 b Loy cAlpusdl) Anllaall Cililee
rlsladll oda Jadiis (3pand) alaill z3sa3 ) chlilall JA) Ji «(pfiae @)y Al
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Ol Apw Caly Gum Jan 3182475 Jlea¥) gl 5 Sl cdlad)
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il adl) o 4D Al pe Jalaill DA (e 153085 52588l gl dallee
JS Lausgiay Lemsns & Nan ) (00— «00) AgleDU) ail maen Jysaiy lldg
cmpaill Lol alla bl aes comal il L5300
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anbill ddee Guki e oy, :(Standard Scaler) alaaiul ulsll wagi o
Olasal (5353 yal 525 canse (3Uai e pul aan raeal Gy el sl
) omold oy o Cmpal el gaes guasd) Sl Jals alaall 301
Lz saill L 355 Capyail Aoy (et A aaluy @3 LY ((0=1,=0
Glegaae EDE ) Gl A gane a2y Standard Scaler Gulai o
add ) iy e adani g cald Gy (a3 ¢ Lasls coy)i)
Qs Wl Gpeady  aluall ecaall Cadds Cargy Under Sampling 46 (gulat o3 WS
Al o (Bl 218 (Agdal) WUlal) Aagla e Adailadly o(Le lilaial 51 5) Ay clily JI0)
(redundancy) Jle gleslas SIS e ity laas <Y1 1Y L Benign cdlaw e
B lgadits dage asaad Glashes Jand gl asmgdl lisy LloaV) & LS b Alla S Vs
capanill 3)08 Chnimg dagn agan Lol olais ) sas
fh WS i IS Aadlaal) ey ol iy am L 1A A Guant Taa3ls
(Low-Rate ~1%, BENIGN ~20%, High—Rate ~21%, DDOS ~52%)
aiall sl e pe Jalaill 5 clas dimidie Lgiss 500 4% Jis Low-Rate Jin Y <)
Low—Rate ) il £ U 5 yall cliall H<T ()55 ellae) & Caa class weights alasiul
Ul il Recall cuuad ) g3 1 AdlSs ST 2%l o3 8 Uadd) xuay ¢uay (DOS
<l yaal) (»J JkasY (Mutual Information) adaliial) chla sleall 4 ylsa (e BalEuY) &5 LS
ool sy o Liaguall Al3)s 2 Qi e (R (53 e edaid il iy e slaieY
el a5 82 79 Jual (1a L 3300 40 3283 o5 elpall HLEA) Lngia Gl 2ny .z 35all
lehalaly (DOS\DDOS) cilead 530 4Spms dpalall yopall 485a (p Saaill & Lyils <Y
Al e sbeall Gyl ddauds Wylos) 23350 40 aaf (1) <A jelay L Aabadl)
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4B Gy Les ¢ oagie USG5 A8 cOlalaall (punil Keras Tuner cueaddivl Laiy ciguasl)

il LESAL Lalall oYl (3) Jsaad) Gy gl £ ) saley Juadl Al e

sl lae) 4
Lasiiional) clagal) cliaal :(3) Jgaad
4l ol sy
TensorFlow 2.13.0
Scikit-learn 1.3.0
Matplotlib 3.10.6
Pandas 2.3.2
NumPy 1.24.3
Python 3.10.18

£I¥ Gunlia .6

CICIDS- dusgll clilyl) de gena (paa Ayl ag)¥) chliall (e 458 J<U (55 lasa
sda Ly 3 sy o(scikit—learn) JMA ¢ (compute_class_weight) alaaiul 1718
L o35 28l due O of ey 13 (Ulee (class_weight) e (model.fit) 1) oY)
LAY U Gad g dah Cappaill 8 55l Al Ol o L
:[26] o (balanced) pasll & derivall Ualaall

N
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Syl lie e N: o
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Sldll e K: @
il olly Jab ¢ A Glye dxen,: o
S ad gl ) we aldail) =il Ajlaad el AUl ool g Badieal) Ganlial L Leds
15] gy colis all o o Uad) e el Cangs iy cdiasal)
t il L Tumalyy (el 138 e Jiady 2(Precision) dulaly) 4 o

TP
TP+FP (2)

precision =

it

Jadlly Al @Sy diglay) Al of w85 7350l :(True Positive) TP o
Agls A8aa) 3 LS ddplay) Al o aB 55 2354l :(False Positive) FP e

ol LS Ly Gubiall Vs e il 2(Recall) g lasin)

TP
TP+FN (3)

Recall =

Aglay) Agal) 8 LS il Luel) of #3537 3540 :(False Negative) FN o
: il WS Ll (il 138 e iy (F1-Score) Flday

Precision XRecall
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F1 — score = 2 X —
Precision+Recall

rol LS Ly (i) 138 (e jialhs z(Accuracy) 4 i) o
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%

HSSECN
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508 UL Aallaay Gaanll alaill 2 3ai aeal Aaradia dypuils T o122l Cinll 3k

[14]  z<ln alasuly [13]Jupyter Notebook iy fpem zilall jlodl & casall
) Sl Gaa (gylaill #HAl aen Cangy @lldg gl cilbladall syl Microsoft Visio
el slaey Aeadiad) s (4) Jsaall muasy

culadl dlas) gl 1(4) Jsaad

314y Dyl
Jupyter 6.30.1
Microsoft Visio 2019
Windows 10 PRO
CPU Intel i5-8400H (8 CPUs)
RAM 32GB

T e aaimy JGd Jld CalS alas ekl dalall dngiall Glshad (385 Cnll dlac) o
:\:ﬂ_\ ‘A‘\ 331..4}7\4 c(BILSTM) slady) Al 'SJJS:\A\ il ‘(CNN) Gl o ey (A
alaias Julicia (5 dungiadll 038 auanai o3 . (Multi Head Attention) (g5 1) aasta oLy
GIGal Ay e Aphaad) Cleagl) GLES) 8 5o iSly 8)) Glgie el a3 Glaal
Ninayy 4yl
(15%) el dpdl) Craasdinl cpa & ccapaill (e Ul e (70%) A cualad
LGl Gahel (15%) 5 430 agiis z3sal) LY
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Bayesian alaiuly 4alll e bl af Juadl Sl e gaesdll dlee cla) ax
e 4 lie @ badinall g ¢V Gl aladinly Cuagd) 3 sall ¢laf ayis 5 Optimization
Ll 1)lie (5) dsaadl Gy czisall I cladall (g dla) 50 duhal z3lall ey
A LY Laled Wy zalall ey (Realee  f saea)  Augiae A8 9
.CICIDS-1718 duagll culilull e sana aladinly by o(Precision,Recall,F1-Score)

CICIDS-1718 wlilyll dsgara o zilai b oo 45)ha :(5) Jgand

Model Attack Precision Recall F1-Score Support
Type
BENIGN 99.13 96.32 97.70 52500
DDOS 99.58 98.98 99.28 135337
CNN High- 94.97 98.76 96.83 55461
Rate
DOS
Low- 95.61 98.80 97.18 3086
Rate
DOS
BENIGN 99.50 99.46 99.48 52500
DDOS 99.96 99.85 99.91 135337
BiLSTM High- 99.53 99.77 99.65 55461
Rate
DOS
Low— 98.65 99.74 99.19 3086
Rate
DOS
BENIGN 99.73 99.44 99.59 52500
DDOS 99.97 99.89 99.93 135337
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High- 99.44 99.84 99.64 55461
CNN-BIiLSTM Rate
DOS

Low- 98.72 99.77 99.24 3086
Rate
DOS

BENIGN 99.89 99.82 99.85 52500

DDOS 99.99 99.98 99.98 135337

CNN- High- 99.88 99.93 99.91 55461
BiLSTM- Rate
MultiAtt DOS

Low- 99.13 99.77 99.45 3086
Rate
DOS

iz el z3saill Y Jgemsl) Ciags Jalye dusedd Ty dag ) o 3laill o)l oy 5 G
CNN 350 apii 1 J5Y) Als sl

s cdaialll Clangll b Tam 310 dael (CNN) zdsai of Jaadls (6) Jsanll lag
as (CNN) zisai ol jid) 1y ((Low-Rate) ; (High-Rate) cileas Cili€) b Ly
Slo 5ol zisa ) dala @lls Ml . sl Judul aghy ¥ 4] dilaal) Blai) ) anud 8
A sl A Jah Aalll clalaieY) agd

CNN 7z 3gai anifi 1(6) Jgaad

F1-Score el
97.70 BENIGN
99.28 DDOS
96.83 High—Rate DOS
97.18 Low—Rate DOS
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BILSTM 48l :40) Al yall

Ahad) Cilengll s dege Ayia)ll B o iny Ny aals Gund Jaad (7) Jsaall Gy
Ol L BlERY) pamid el Blad) agd Gl (BILSTM) 73 5a3 . Agludss balal e adia
sl Al ailadll (e oglass (A Sl Jy W oS3 F1-Score Recall
il e BILSTM sl il :(7) Jsaadl

BIiLSTM CNN psagl)
99.65 96.83 High-Rate DOS
99.19 97.18 Low—Rate DOS

BILSTM 5 CNN (4 graal) :480EI) dla ol
CNN) a7 3 sy Alian Ayiajlly AlSall el (g BalELY) Bpaa] (8) Uil sy
i i) wen Cpun Adged ST S el il L (Lie) lies BILSTM 5 LulSe 5lies

cydie (S8 S 5l el z3sail) aladtind e Juadl  Jlea) ¢lof a8

.BILSTM 5 CNN (s geadll il :(8) Jsaal

CNN-BIiLSTM BIiLSTM s
99.93 99.91 DDOS
99.64 99.65 High—Rate
99.24 99.19 Low—-Rate

Attention oLy 41 d8laa) eyl dls yall

Jaral) Aumidia Cleagll U155 Lo :CNN-BILSTM (3585 a2y . Jiad) yudl 3 AL aaf L
AT ) dalay oa G Al A5a ) ae 40l a g Aage ol Cilendl (e 18SS Cn
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Multi-Head muay Ly Agall L) 330 eliagall Jl degd) cleadl e S5
Jas dialie dilea) Attention
Attention.us :dualal) Al al)
Attention 48L& audi :(9) Jgaad

CNN-BIiLSTM-ATT CNN-BiLSTM ps>el
99.98 99.93 DDOS
99.91 99.64 High—Rate
99.45 99.24 Low—Rate
Low— Jasall Limidie cilengl] Auailly Ll cpusnis L olall ) pn (9) Jsaall meaasy

RIS Cppand B Caaal (agyll Baaeie oLa) 40T Ailz)  L3jlies 4l o245 Rate DOS
aaally dadall Ll o S50 e slayl Al 5508 ) jady Lee cJanall dcaidie Cilang])
Al bl Jals

& Juad¥l 1al) ) £ 35 CNN-BILSTM-MultiAtt sldel (s L Ty il
ISy LAKN )Y Cagan b aale . Jaeal dlle s Lmitie cilengll (RIS Jara o) (a3
(S

Caotls 388 cclld aay . Aiojl) Andailly LplCall ailiadll zhatu) o madll dlled 5 Las
cJanal Limidie langll duailly (a3l ol paead s Multi-Head Attention 4l A8l
gl sl A5 a ae Loy Adatial) Lgtnads Caan 5SY) (saatll Jiss Al

il Ao sana pladinly lldy g paal) z3lall Jleay) oY) 43)lae (10) Jsand) apes
.CICIDS-1718 lgaeds lgnpaad 5 Al
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z3aill Maay) £19) Aija :(10) Jsaad

Traini | Memo

Mode | Accura | Precisi | Rec | F1- | FPR | FP | Parame ng ry
| cy on all | Sco | (%) ter Time | Used
re (min) | (MB)

CNN 98.35 | 98.39 | 983 | 98. | 0.5 | 404 | 21060 47 4982

BiLST | 99.74 | 99.74 | 99.7 | 99. | 0.0 | 616 | 299524 | 1109 4987

M 4 74 83

CNN- | 99.78 99.78 | 99.7 | 99. | 0.0 | 501 | 396548 540 1593
BiLST 8 78 68

M

CNN- | 99.93 99.93 | 999 | 99. | 0.0 | 148 | 593924 | 1246 1797
BiLST 3 93 20

M-

Multi

Att

Aallly anail) oY) G ceaaly (il dsms Aapatll i) cupelsl ((10) Jsaall G,
Ay A3)le CDalaall (e 230 Jil5 api (ga) JiT CNN z3sa3 (B a8 .z Sl G Al
.(98.36) il F1-Score ded Jal Jas ) sl oY) e sl @lld o V) ez Sl
Al clds Jah adl dash Sl slaeY) Jiiad Ao CNN 3)38 Zagasa ) clld asayg
aih laall Bl g hatul e dlud 8)5ay 385 3)
S F1-Score iy cum cl) & Ussale lnd BILSTM zdgai (38a (Jilid) 3
VI colat¥) Al IS8 A0l a3all Juluss diell Bl Jidas e 43,8 dag (99.74)
Zalall s (328 1109) Sslad 52 cappill (1) (B S g i) e 383 Guantll 12a
508 8 e Aia3l) AGIKH a5y L ¢ chlilall Al Al e lly LSTM Ll 40 1l

s A giie 3908 (para & SN Dl o o)
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5B O men Cun celaVls 5o lSl Gy Jumdl Wl Gis a8 CNN-BILSTM £isa1 Ll
cilinll el dslall Jis e BILSTM 5,08 4la) 408l (ailadl) #)atiul JeCNN
540) Y sl (o) il 0 (99.78) L sasiail) £V 2y ) maall 13 sl 85 A0
acby BILSTM Jé CNN e O s L (BILSTM T e ES Ji s o(Aeda
i) lgiallee J8 UL A0 DU b e el aiedl Q6 e
Slo 0y e ¢(99.93) zilatll s (o1l Je§ CNN-BILSTM-MultiAtt 73 s (33
el clalae Yy dgall Ll e 3850 cuuas & Multi-Head Attention 407 4l
plun LK el o G il 1a o V) L asid) bl 3 Cilenglly ddagipall dadal
Sle gsing 4N Tt ST cBle alad 8 aaley e (593924) L) cdlelaall 220 gyl Cu
z3sall 2w oL alind) 4l) Joas RAM - oDl ey . abell AL (51 e ST 220
Aade of ) Gl sy (338 1246) ) capall e 82y ) Adla) (1797 MB)
Ll lajaall JalSl Julially Bleny) e Miad osie duha cilblin) CucsiAttention
ccapal) ¢ Aglual) cilleally Aagus gl COLEG aaa (e 233 Les (BILSTM (g
Ula 148 &y (FP) L3080 clyay) (e e 3ol CNN-BILSTM-MultiAtt 7 35t (35
& Hla 5015 ¢ BILSTM £35ai 8 4l 6165« CNN 23501 8 Alla 4045 - G5lia (s
2 Alie %96.34 Ay 40N iyl & Lalisd) @lld Jalayy .CNN-BILSTM 30
Uaédil LS CNN-.BILSTM . &)lis %70.46 5 « BILSTM . lic %75.97 5 <CNN
Al ) 2S5 Lee « CNN 3 %0.547 Jilie ki %0.020 ) (FPR) Gl ) Jaxs
Liasnglly Lpplall A$al G Guall e zdgaill 3,8 gl JS5 culaMulti-Attention
Akl gl Qi
Sl Adlad s 382 SSY) 7 35a1ll CNN-BILSTM-MultiAtt 7350 jliel oSy cclly e 5l
Wis <Y1 LAl CNN-BILSTM zisai aah (o 8 cJanall dimidiag dadipe cilengl) 0o
Gl Al SDN il Jals dlead) calilaill ST Lslio aleny Lao cdplall 2615 £ 1891 o
O ISV A8 5Ll inta (2) JSA sy A ulal )sall 1 gane T R pos Aol
.CNN-BILSTM-MultiAtt »3saill ;Laa¥1y coppill il

141



il b Janal) Alle g Auaiiie Laskl (b ) clash (6 CRESH e i1 HSal) (Granl) alaill Cpad g dgad

: s
Ly 48 2l
CNN-BiLSTM-Attention - Loss CNN-BiLSTM-Attention - Accuracy
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Improving Dynamic Resource Allocation Efficiency in Software—Defined

Virtual Networks Using Proactive Traffic Forecasting

Abstract

Eng. Mohammad Merie Dr. Eng. Mayyad
Jaber
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mayyad.jaber@damascusuniversity.edu.sy

Multi-slice Virtual Software-Defined Networking (vSDN) represents a prominent
paradigm that enables the sharing of underlying physical infrastructure across
multiple independent virtual networks and services, thereby enhancing resource
utilization and network management flexibility. Given the dynamic nature of network
traffic and continuous load fluctuations, achieving efficient dynamic resource
allocation poses a primary challenge in these environments, necessitating proactive
This study mechanisms capable of forecasting future demand prior to its occurrence.
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proposes a framework to enhance dynamic resource allocation efficiency based on
proactive traffic forecasting using a Long Short-Term Memory (LSTM) model,
combined with an exponential smoothing mechanism applied to predicted values to
mitigate short-term fluctuations and stabilize allocation decisions. The proposed
scheme dynamically distributes resources according to expected future loads of virtual
slices, enabling early responses to traffic variations and optimizing resource
utilization. The framework was evaluated within an integrated simulation
environment based on Mininet, ONOS, and Libera Hypervisor, analyzing the impact
of exponential smoothing on prediction accuracy, allocation stability, and resource
Experimental results demonstrated that combining exponential smoothing efficiency.
with the LSTM model significantly mitigated sharp oscillations and reduced
unnecessary reallocations. The proposed model achieved an overall average Quality
of Service (QoS) index of 0.82 (representing an improvement of 7.5% over the
DLVisor framework and 37.4% over static allocation) and successfully reduced the
Service Level Agreement (SLA) violation rate for critical slices to just 5% (a 50%
reduction compared to DLVisor). Furthermore, the framework exhibited high
efficiency in reducing resource wastage, achieving relative improvement rates
exceeding 50% across all slices compared to static allocation, and lowering wastage
by 38.46% and 22.22% compared to DLVisor for critical and video slices,
respectively. Computationally, the framework maintained linear complexity O(S)
with a low decision-cycle execution time ranging from 4.82 ms for 3 slices to no more
than 8.15 ms under high operational density (12 slices), outperforming DLVisor in
response speed by 83.1% (48.30 ms at the same scale). These numerical findings
confirm that the proposed model strictly operates within the critical boundaries of the
real-time control loop (Real-Time Control Loop < 10 ms), establishing it as an
effective and scalable approach for optimizing dynamic resource allocation and
enhancing performance stability in multi-slice virtual software-defined
networks.
Keywords: Dynamic Resource Allocation, Proactive Traffic Forecasting,
Software-Defined Networking, Virtual Network Virtualization, LSTM,
Exponential Smoothing, Resource Utilization, Allocation Stability, Quality of
Service (QoS).
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Open vSwitch (OVS) zilis 3 (Q0S) a5l Slulew s )
Algorithm 1: Proactive vSDN Slice Resource Allocation Framework
Input :
— Historical load window for each slice S_i: [T_i(t-k+1), ..., T_i(t)]
— Pre—trained LSTM model weights Theta
— Exponential smoothing factor gamma in (0, 1)
— Total substrate network capacity C_tot
— Minimum guaranteed bandwidth thresholds B_i*min
— Control loop update interval Delta_t = 2s
Output:
- Bandwidth Allocation Vector B(t+1) = [B_1(t+1), ..., B_N(t+1)]
— Flow Rule updates for OVS Meter Tables
1: Initialize ONOS Controller, Libera Hypervisor, and OVS Interfaces
2: Loop continuously every Delta t = 2s:

4: /| Phase 1: Raw Traffic Prediction using LSTM (3-1)
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5:  Foreach slice i =1 to N do:

6:

7: End For

9: /| Phase 2: Exponential Smoothing Application (3-2)
10: For each slice i =1 to N do:

11

D_smooth_i(t)

12:  End For

13

14: For each slice i =1 to N do:

15:

16: Ait)=1

17: Else:

18: Aih=0

19: End If

20: L_i*a(t+1) = A_i(t) * D_smooth_i(t+1)
21: End For

22:

Calculation (3-4)

23:  L_tot a(t+1) = Sum(L_j*a(t+1)) forj=1to N
24: If L_tot_a(t+1) == 0 Then:

25: Fori=1 to N do:

26: W_i(t+1) = 0

27: B_i(t+1) = 0

28: End For

29: Else:

D_raw_i(t+1) = LSTM_Inference([T_i(t-k+1), ..., T_i(t)]; Theta)

: D_smooth_i(t+1) = gamma * D_raw_i(t+1) + (1 - gamma) *

: /| Phase 3: Active Slice Identification & Effective Load L_i*a(t+1) (3-3)

If (T_i(t) > 0 OR D_smooth_i(t+1) > 0) Then:
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30: Fori=1 to N do:

31: W_i(t+1) = L_i*a(t+1) / L_tot_a(t+1)

32: /| Phase 5: Resource Allocation & SLA Protection (3-5)
33: If A_i(t) == 1 Then:

34: B_i(t+1) = Max( W_i(t+1) * C_tot, B_i*min )
35: Else:

36: B_i(t+1) = 0

37: End If

38: End For

39: EndIf

40: // Phase 6: Hardware Execution & OpenFlow Policy Injection

41:  Generate OpenFlow QoS meter rules corresponding to B(t+1)

42: Inject rules via ONOS REST API to update OVS flow tables in Data
Plane

43:  Update historic buffers for the next control cycle (t + 1)

44: End Loop
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