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Abstract

The Internet of Things is a new technology that communicates with the surrounding objects through the Internet and is used for the purpose of remote
measurement and control. Today, the rapid development of Internet of Things (10T) technology in the world has also caused the frequent occurrence of
network attacks. In the field of Internet of Things (10T) network security, it is very important to accurately identify the types of attacks on these networks
that are launched by zombie hosts under the control of the attacker. To reduce these threats, new methods are needed to identify the attacks that have
compromised loT devices in the shortest possible time and prevent the losses caused by the attacks. In this article, a new neural network is proposed to
improve the detection of intrusion into the Internet of Things network based on the ALEXNET convolutional neural network and chaotic krill
optimization algorithm (MONANET). In the MONANET network, in order to improve the accuracy in detecting intrusion into the loT network and not
need to manually adjust the parameters, the hyperparameters of the neural network are dynamically selected using the chaotic krill algorithm. The value
of the loss function of the validation set obtained from the first training of the neural network model using the Danmini doorbell dataset is considered
as the CKH fitness value. The comprehensive performance of the proposed network and GRU, ANN, SVM, LSTM, FNN, R-CNN, and APSO-CNN
algorithms have been compared in five evaluation indices and 12 times independent experiments. The obtained results show the improvement of
intrusion detection to the Internet of Things network. The proposed algorithm has been able to accurately detect%99.89 attacks on the Internet of Things
network. The experimental results show the superiority of the proposed method over other knowledge boundary methods in terms of improving
classification accuracy.
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1- Short Introduction
Today, the expansion of the Internet of Things devices has caused network attacks. Therefore, timely identification of these attacks is very important.
In this article, a combined method of deep learning and chaotic krill algorithm is proposed to detect intrusion into the Internet of Things network. Neural
networks has hyperparameters that take time to adjust manually. Therefore, using the chaotic krill herd algorithm, it optimized the neural network's
meta-parameters and then, with these hyperparameters, adjusted the neural network and detected the attacks on the Internet of Things network well.

2- Proposed Work and Methodology
In this work, a new neural network has been introduced for the timely detection of attacks on the Internet of Things network based on the Alexnet
neural network and the Chaotic Krill Herd optimization algorithm.
The innovations of this work can be summarized in the following two aspects:
e Using the Chaotic Krill Herd optimization algorithm, the hyperparameters of the neural network model are determined for a specific dataset.
e Using the method of this work for each problem, a special neural network is created that guarantees the accuracy and stability of the system for
that problem.

3- Conclusion

In this article, anew MONANET algorithm is proposed, which has been able to detect different attacks launched on loT networks with 99.89% accuracy.
Compared to the other 7 methods, APSO-CNN, FNN, R-CNN, SVM, LSTM, ANN, and GRU has been evaluated in detecting attacks on the loT
network. The evaluation results show that the proposed algorithm has not only achieved high accuracy in detecting network attacks, but the stability of
the proposed algorithm has improved compared to other algorithms.

4- References

[4] Y.Meidan, M.Bohadana, Y.Mathov, Y.Mirsky, A.Shabtai, D.Breitenbacher, Y.Elovici. "N-BaloT: network-based detection of iot botnet attacks
using deep autoencoders." IEEE Pervasive Computing 17, no.3, PP.12-22, 2018.

[6] M.Mudassir, D.Unal, M.Hammoudeh, F.Azzedin. "Detection of Botnet Attacks against Industrial 0T Systems by Multilayer Deep Learning
Approaches." Wireless Communications and Mobile Computing, 2022.

[16] X.Kan, Y.Fan, Z.Fang, L.Cao, Neal N. Xiong, D.Yang, X.Li, "A novel loT network intrusion detection approach based on adaptive particle swarm
optimization convolutional neural network." Information Sciences 568, PP.147-162, 2021.


mailto:mon.zendehdel877@sadjad.ac.ir
mailto:j_hamidzadeh@sadjad.ac.ir

V¥ ol ojleds VEY Ll oY o)les OF alix 5 olKils (30 giges dlima / VYA

il 1m0 5951 g Gaos (6 S 0b 3l oolisuwl b s Lol o ity | Al 4y 393 yausiid O gu
Sl (se5wo

03l jaues dlg>*T ¢ Jsoas; Lis '

ul).ll “.XW aél.?;....v oisls u.;LC)UG‘ 6)3L‘3 9 J.as.u.AlS ‘SM:A...Q,Q saSiisle ‘)L....Jlo““

oolaiwl 9 ol 3l J S g Liomw Basl 5 oS co 185 Lol 095 ael iy sLdl b Co il Gyl 5l 6,08 ol a5 sl o (550l8 S eslinl o )
boliss (10T sLosl o gl aSil ol aie 1o vl o 0 (laSils Odlas S0 59 el e 5o sbadl o pil (6,9l8 mo jo dxgi 035 0] 00,5 oo
slagby; 4 «Dlaags cnl el ly o)l ol Comal g oo 3Iailel; w2l J5S ot (ol laplie Lawgs & el pl 4 DMex glgil 330
Dol 3 S 6 Sslr e 31 3 sl 5l 5 lolid S o) (S 53 ool 45 e oy 1, 10T (slaolSins o5 (oo b Sl L v
@901 5550 (5 3lwatg pi s s ALEXNET JLisglgls' ae aSieds ool olobl il S a4y 395 e 0geg Sz i orae 450 S el
ol s i 4 Lo pae o IOT a4 390 (adeid )0 CBd dgupn Hshaiedy MONANET aSiils )0 .cowl ool olgiiy (MONANET) ob 4
St e Gl (el 51 5 i) yama Uil b5 e i e ol gy 308 s3] (55500 32350 3] ooliinl b st o5 (sl el L3
Slop oSl g solpiion A galx o ,Slas 09 oo 48,5 L 10 CKH clis jlakie olgicds s oo s & Danmini doorbell ssloas gozma 3 ooliinl b  ooac
a0 Lis edaliwods zuls ailoads duolie Jius g2 VY j0 g obj,l als mu ,0 APSO-CNN s R-CNNFNN.LSTM. SVM. ANN.GRU
w7 bl e e | slasl ol asius 4 OMlex 1AAY o b el atiily (golpanig m,o8) el sLodl Eo ] a4y 3985 ansid Sgue

A3 oo GliS (il 85 g il 1l e slaghy) ple & s ) (soleriny g 552

OB 3lgunls
Sg pandeis eelidl o i) aSs ol (CKHA) g (5550 o 55l ALEXNET oS o505l gilS  mae aSis MONANET oS

o.>|)'._\¢.4> .>|9? ).'.250 J}i..wo [ SowpY r:l.}
j_hamidzadeh@sadjad.ac.ir : Jgius ot g5 Juon!

VEN AN i Jloyl B 6
VRNV F allie 3ol (glo) gl
VEY/ N0 i b pdy o,



Tabriz Journal of Electrical Engineering (TJEE), vol. 53, no. 2, Summer 2023

DOI: 10.22034/tjee.2023.16066

Serial no. 104

O gamainle oo Ll s e slagiy) ple d Cod | ooleiiny
‘MO‘SA

bie sb)5 pes jisu jo icwl (hd 78 4 dlae sl jbsle
5 bhy) )l 5 pealie pow (A5 50 el a8 15 w000
s Pl Gie el 0ol gy Al cpl jo eoliiulsyge slap Sl
@l s amlie ogile] oy 5w 0 WS i |y ookt
Sla)l5 5 rSazt pid it ;o «olgd) ol w85 15 s e
WS o Az 1 00|

b o )5 -
ol Glidss Olegsge (ppnax 3l (S Lol b e sldl o)
Shsws 5 Jloyl ) Sledlbl aisns aieo o (5,5L3 ol 51 a5 ololliws
5 Jlol ez 5o S 95 Jlaiml Lo faes 4y a5 iS00 1,
sledl ol ) jo (o0 sl Gl il o)ls ve2g Cledbl il o
OB b el jlsy95 5 oYL s ol 5l o il ol 28545 0510 542
68,0 3l sLll ol a4 e olKiwe a5 il ansb bl
sl eyl lbelKiws olaws a8 olxlyl IY] sies el (s pducanl
OMex S8l w5 Wb oo iali8l (6Kt jebay Lo o ool e
L0] s)ls 3935 e, T b o po ol las  2alS (6l SMa> i

Gl jaseis aas by, SO ) Ke 5 plase YOVA L o
Sl uSe a5 casols slgaiony N-BAIOT ob 4 cloil oyl aSus e
Slr Geos ,B055 o )liS5e, 5l 5 WS oo gl Sl 1) Al ()8, ()98
Gsh Se Ky Wiy o5 AT 5, a5 alfim S oo solizl glulis
] ol oole pué saonnlis Jld, a5 ol (693 ailis ol iS55kl |,
2 e g Jae 5l Glize g9 a3l S 5 e VYT Lo o
30 Cd b OMas gaaids gl y ANN 9 GRU .LSTM Gaos (5 S0l
4 S oYL o Sloe gl Joe an 2 ailes S eolazul [T slaass
32 e g o YA Jlo o 8] s eas alie slaiy, plo
oses el Sy g ool 28 1) T (s lons yolie 5 10T sunail otags
o aY e ol sl Ok g 99z g0 Do g W8S slgrinIOT
e 5 B Y1 L o IV] wlools 13 Eoms e 1, 10T slaolSius
5l VoY Jlo o Al Wols &)l 1) cogas o 5 cbilis slacSoss
$r5ob slagty, » (e Seb Al SSSSS 9) » e
Sy ) Sen 5 Jogs YoV Jlo ,o [8] wlos ) 55 05 (ML) priile
olyor 4 I0T (5 loss ;0 IDS Julowisdyjon slasilpwl 850 j0 ol
ool Jlae §I0T slaasSioss ;o O aseis 1, DL g ML (slacSuss
S oohKen 5 s lugx Yo¥Y Jlo o L] wisls bl )T sla il
5 DDoSMes olwlids glp aVaiz gy 5l ool b sas i,
INT %85 3yme ree 5500

B Gres xSl sz le S efSan 5 LL YoYe Sl o
silosls slgaing <o ol g Knind Das oS g ololid gl ol p e
&0t 45 Ces LSTM 5 DONN (60,15 il quacilSis 9 ol Joe o]
RVRCSHETIRE FRRA NCOVINENNNG 23 S0y WS A1 § IRVET SR L K gL
Gl o980 g bty Slo il jloslainl b oo ol olulis sl p
Obeiy oy edle o yialyl (g, cpl Ho Wlosls &) Sl S5
SIS il wssl Gk gl G gl g asx cope b
G w0dly g g g YoV o o IV Wt e agy s 1S

doddio —)
el Dlblsgl g g 5l slis o was psgae S ¢ (I0T)slossl o i
6l Al 4 gl aasme ;0 S92 ge slotl Jlal 4y sLodl i il & le
SE; S g g cammadil) sl copnl oed e asS
Glrolliws Jols sbsl copnl el Galize slos,0ld b Baus' S pas
o Shxal a1 eols 5l g0l e ludl cdlBs gy aS el (Gloduzey
oz el Gl s 00 039,,0 olliws (pl slow aSbxls) 5,138
ol omll by e sbsl col s DDOS Mo S8
ol deolfius 5l eslanal zlial b V] el amsl 2158l bolSius
ol ade 0ez g0 Slasags cplply tiload (6 ole OMes dxtiuse (5 ien
oyl oyl il o labloe (lapanilSo b wigud Judoxigas 325wyl laolKiws
1y Sl b sl (Ste i il 0 0,515 (ol slosl 6 il STl Log
b okl (oMl (5,508 e 50 (Y] 288 11 o T ey o St
& Jae gbollivs cwl Sloyemn oYL ol I cLal ol o
Aozl )] casal 9 ates mle D> oyxe 40 10T slaaSs
o ig, 0,108 oo J,ul.\ o] 5l eolarl e lld 5 a5 ol Lol slo I S
5 By Gy 4o bosls Jdowgayjoo sl ccoal u,.,eb Slp 99290
IYT sl s & 5l doT sloasky & s mles OMom 5l (6,055l
Jlail ahd 5 Jlase e was e W)l 1, ais cosel ST auseis
Sl Ll 5l dos o wide o S s | a5 5l edsocwl 10T slaolSiws
L] oS oo 6 oS ol iy 29,5 Moo Sl 31 g 0iS oo (S ol 6
A b wlatuslys asull b rgh cnl Cawl a8 8 alowil sLoil i o) aSils o
el glls je Jlrnll wies sgun 1) 3585 auseid jo Cds olhae
898 0 4SS 4 pdlle ol el s s 4 ololid pue
A 59, 5 Sla il b leb e el
CB5 w10 39 4 3ls oalipll Gladllas jo onac slaaSil sl il )l 1)
003 g 50 g Glacs Gl (com i w0 10 deuge 4 Lo s b Lasis o
25 Ok S g 4 Ul |y GRegi cnl 5l Bam et
aSed 5o ol il g slosl oyl aSs jo OMes Glulis e
CMas aBgedy ololids b aSlils 4y OMles b Lials @
5 oolaiwl b Alexnet aSius Jow slo ol )bl 3 pudas o giludigy @
Iot glaaSiis 4y 3o5 auseid [0 CBd Sgupy yokaiods CKH 1,63
s Djygots bl @lais ¢ sl pae e

12,5 4B nj gyt an 99 50 OlFee |y dlie nl (Lol slacS jlas
pisdl (Gl @l Sen Cepw 0 @ jshile opdl s S
ol eS8 o ds @ulais (gl ogd] aids .l oal soltul §Ke (5loaige
st 5K g )3 sl 00 A8 5 s jlutizgy Al 0 55e
5 5155 o )sS CoaBsa polic lgieas ALEXNET jlislo lo ol
Co8 gz, liel degazee (CrOSS ENrOPY) asli Jlade 5 Wgds oo aid 5 LS
A0 298] 550 02 )5S0l il b (lsie s ALEXNET (35500 0599 0yl

g g0 4135
a8 aliss SMam sllae s b ol aily olgiiny oy )5S

049 X R S ﬁ"l'"’ UV |) Ngd o L;jl..kj‘ol) 10T (5L®ol.§....u/" S



Vof wlooleds

VEY Lol Y o )lads Y ala g, olKils 50 swsiige dlomo / VY

5145l 520 15 (sl 55 oo il LogS 05,8 o2 550 o Shac
50355 85 ol 1 agSas 03,5 o Sloe aiien (Sijsloes slonie 55 g5

Slopt ol oSl eslinul boales (anid gl waz (oSS )
Al o ,0 ilosls &l)) egian cuac aSh g lasiy oy adle o LelSS

Y,
%,
G
3
j’@
>/‘
F1 F2
c2
s %
50 c3 Cc4 Cc5
. Output
)
Yv \ \ layer
Vv Y Y
J~-H Y
N dense | |dense
- 5 > > 4
V) ‘ P
JANE%
Max Yol Max YAL TAL Yol  Max
41 pooling1 pooling 2 pooling3
» Stride
»
< of ¢
. . .
- Alexnetasiss gussasy g loro —) S L] L
Foa5 T

ol gl ol agmaan 5 (Sajslse ol 4 gl ;0 lasSee
L ol @iloante aledy 5 @ilodone 1) sl )L, Lol slapjilse
S (oo gl Al g cnl bl

rttngy i 5ol o ol ol UngSn 05,5 iz ,s S 51 s
138 (litwsd 5 lagSon o515 Saal8l o )80 ol Ba g oS > 1) (6l
2l e 138 e 10 sKn ooy S JoSid a0 aS gy ale>
Sy s el S5 ¥ Lo Sl ol 4 iy o e 50 Sy
N)) Comex ;0 09290 sKo plu 51 AL oS > ol wilo,le a5
D)) bolas Ll ) 13 gy

dx;
dtlzNi+Fi+Di (Y)

S 5ln ke I i 0ad )l 5o (sla el S e (Faisln jlade ST
Cabgo KH Lol o )5S0 50 ol s sl andls &g o1 il ol K0
85900 Cawd & ¥ abal) 5l ooliiwl LAL Bt Gloj ojl 0 §5ue e

X;(t + At) = X;(t) + At dt

4 a3 sn & iy 5 o it slopias )3 45 el (glodgy s
olas T (2o o)l (Bolai e J18) o2 pienw s pducin i Jo
latl adgl (ggzcine > o oWr IWy, oyl Slalyie 9K Ho el ile
& s G5k (9 hor SR ) @ e 5 05000 e - (s,
e Canl (S Bolai gloyje aSh WS oy oS o & g0
s S odgasme (gilw loy 3l aw saiisy Sy 1) (g 5ledigs o, 63
o3l ol Slogs e Sl SO e el V B0 o o5
3 omgh cnl 0 0l se oolatuwl wijls asle Jolay > a5 ‘5:9.‘41 PR

ol 00 eolal singer map gl asds

Xis1 = 1(7.86X, — 23.31X2 + 28.75X3 — 13.3028X}) )

ok o9y -F

aSod S hales plulid dl> e )3 5 GASSVM g, 5l (( Sy ol
5,8 les Soe sl g oo oolainl WM lulis slp coras ac
Sisel sl 2ld plsil siluanar 5l Gemer Sl S5 O
S5 00ljae> g (Slxiegd VYAV Jlo ,o [VF] el ons oolitul (sanail
Sy KH-SVDD ol 4 (sns5 slrools (gl wam 4SSO aanws
w5951 31 solitusl b Waosls sla S5g (slad 10 0,5 1 55 10 CucaByn tailos,S
505 YoTY Jlo ,o 0] ol ond aculne o981 (66%ue o 4551 5 SVDD
bl sleBl Sl aSh 4 35h pantaS daz 050, o lSes
oaeteis sl Cadlge Lo golpiing hg, ols slgai., APSO-CNN
oy g 4 00gdl sl Lawg g oad (g5lailel, multi-type oMo
GH9) 5 p 0x3 Gl s jludecd gl ol a8 515 0olituls g0 (el
DVF] el 039y et sla g, plo dr s (solpiin

Hbo sl el bl (g5luasatn sl 1) (o9, Al cnl Vb Gy 0SS
Sl Cudbge b aS 0 o 48l CKH 650l wlool o ALEXNET oSl
el 00 Jlesl multi-type aSis OMas> aiseis

adsl puplio -¥

ALEXNET -Y-\
sstaieds &5 Cool Groe (JBgPS ae AL So 25 oS (orae 4SS
el ool LI PXYYEXYYY ojlwil b () polad gamaib 5 olulis
Jlail Y ¥ g pigdeils a¥ O 5l as caul ¥ VY Gl cuac aSls oy
30 S Sl ras oSS gy sl oud Sis plesl Y Y g S

el sadosls jioled V S
Jlezl g555 e abols (5 50310l sl HP, ) (09,57 ablise olals oo
Oyt 45 39 ga oalitul O(X) ead ale Jlaixl g5 5 P(X) (28l

:[\f‘] Cewl o._\,f:oolog')u.j 2)

H(p.9) =~ ) pxlogq(x) "

9T 95 o 55U - ¥-Y



Tabriz Journal of Electrical Engineering (TJEE), vol. 53, no. 2, Summer 2023

DOI: 10.22034/tjee.2023.16066

Serial no. 104

CKH oo,o3l comBao oy ;0 paic ;2 4 (-) b)) oo Bolay slael
Jae aige sloyelbld Hialal, s51ooolasl b col oadosls plais]

g co aseive Lo Alexnet

H; = |(Min; + ((X; + 1)/2) * (Max; — Min,))| )
ol o> Alexnet Min; Jow ,o ol i golbl3 Jlade HyoWL alal, jo o
G s 53,5 05 (| | coodle gpli yialybl s (oYL o Max; pli el L)
PRROW PRV NN E AR 3 (G RUPR K SR SVESURRCe) [NV e

tanh, relu, oz giloJld mlg go8 ke 5l sokrin b,
tCewl 00 oolawl LeakyReLU, elu

emas 4D ol aS 098 oo oolaul Alexnet eac aSll 5l iagh ol jo
sl pobes balls cnl s weas a5 col gl el blE sl
Sy odliiul (glwarsge oyl 5l b al bl ol welas sl calple
A ity sla sl luls 098 Iy sly ACKH o2 sl 51 sl ol o
oulpdas Alexnet Joo 5l som pl5 )0 098 oo oolaiwl Alexnet oac
S oloxs 398 0 03l IOT 4l &y o> £93 amei (51, ACKH lawgs
cAlexnet Jos ;o .ol oadosls yisles ¥ S ;0 MONANET  cac 4l
CKH 2,550 )3 5o s yolis da2elblyd al 85 o ls Sl b1 Y
29)laie Bolal & god bgKw CouxBge polic dal )0 aims oo JSi5
Vodsz 5 SR e CusBse jolie ilal edgae Wisiioe 4l

el oalosloylis

Cedge slo el e esgaze =) Jsu

Position Hyperparameter Particle value range

x1 C1_n filter 32-100(type int)

X2 C1_filter_len [3,5,7](type int)

X3 C1_act {tanh, relu, LeakyReLU, elu}
x4 C2_n filter 100-260(type int)

x5 C2_filter_len [1,3](type int)

X6 C2_act {tanh, relu, LeakyReLU, elu}
X7 C3_n_filter 200-390(type int)

x8 C3_filter_len [1,3](type int)

x9 C3_act {tanh, relu, LeakyReLU, elu}
x10 C4_n filter 200-390(type int)

x11 C4_filter_len [1,3](type int)

x12 C4_act {tanh, relu, LeakyReLU, elu}
x13 C5_n_filter 100-260(type int)

x14 C5_filter_len [1,3](type int)

x15 C5_act {tanh, relu, LeakyReLU, elu}
x16 D1_neuron 2048-4096(type int)

x17 D1_act {tanh, relu, LeakyReLU, elu}
x18 D1_D2_dropout 0.2-0.8(type float)

x19 D2_neuron 500-2048(type int)

x20 D2_act {tanh, relu, LeakyReLU, elu}
x21 D2_Out_dropout 0.2-0.8(type float)

x22 batch_size 32-200(type int)

x23 learning rate 0.0001-0.0009(type float)

el CL a¥ o igdels ats olaws CLon_filter :V Jgoo o
Y o gileJld &b g9 Cl_act «oenl CL gy o xlé Job C1_filter_len
C2_filter_len «cuwl C2 asY y0 1iglgilS s olass C2_n_filter (el C2
sl CL Y o g5leJled ab 45 C2_act el C2 Y o 2l Jobs
slid Job C3_filter_len ol C3ayY 1o (1og)gilS ais olass C3_n_filter
C4_n_filter .cwl C3 ¥ 15 g5lu Jled &b g5 C3_act ol C3 4Y o
Ca &Y o xls Job C4 filter_len ccwsl CA4Y o niglgils atus slass
i olass C5_n_filter ccaul C44Y 1o g3l Jlad &l 45 C4_act ool
C5_act «cwl C5 ay¥ jo 5l Jobo C5_filter_len cooul CE54Y ;o o iglgils”
D1 ¥ slagyg,s olass D1 _neuron «cesl C5 4y jo (g5l Jbd &b g4
o3lail D1_D2_dropout «cewl D1 Y 1o (g5l Jlad xb g45 D1_act
slocygy slass D2_neuron ool D2 5 D1 glaayy o Solar Bi> Y
D2_Out_dropout «cew! D2 4.Y )5 (s5lu Jxd &l £45 D2_act .ol D1 0¥
o;lail batch_size «cwsl 25,5 4Y s D2 4Y o PBolai Bi> 4Y o3l

el Joe gl FLrate 5 conl ijgel diges
sl o Alexnet Jae abolite Slal a0l 51 a8 sl &g cpl 4 IS o,
Slade (nl bl a5 598 oo 00latnd CKH o2 )58l )0 (5l &b plgrear Jsf
oslsacgazs 3l Alexnet Joo ablie olali al aculoe gl 0d aiaS
ool @b Jlake K o (gl (e il 0l oolaiDanmini doorbell
sl 655 piysSl izl plasl Gl ey Caleiye ogdioe sl
Cewd 4 o9bl 65K sl lawgs Alexnet Joo aigs sl sl Ll
Sl e dlays gy Sl adsl Camex Sl Gl il
laol gy ol 50wl oas solazwl CKH o, 68l olie sl oyl )L,



VEY Ll oY o)led OY ala o555 olR2Sls 5y (owaige aloes [ VY'Y

Vo f s:L:a o)meJ
I
-5
HEHE Move in one stride
e et ik ke Rl ﬂ
IR Y R
1 I P . . T
R P R PR W IR S
Ty Length
A D O TS of filter
_____ e X b
[ | LI |
IR R R
ooror Convolution kernel
__JI.__:__I'__JI.__
Feature plane of orginal data
DVP] gom SO (S w3 Y Yo
2 ‘ ; ; Full
B 1 | 1 | 1 | g .
Conv Conv 8 Conv Conv Conv & £ > Connection
Input 1D 2D g 3D 4D 5D = Layer Output
L N S | -
Cl-n- C2-n- C3-n- C4-n- C5-n- C5-D1- D1-neuron, D1-D2- D2-neuron,
filter@C1- filter@C2- filter@C3- filter@C4- filter@C5- Dropout D1-act Dropout D2-act

Filter-length, Filter-length,
Stridel. padl Stridel. padl

Filter-length, Filter-length, Filter-length,
Stridel. Pad 1 Stridel. padl Stridel. padl

Cl-act C2-act C3-act C4-act C5-act
A A A A A
Parameter
optimization Chaotic Krill Herd
Optimization

MONANET s aSuds (g koxe ¥ JSois



Tabriz Journal of Electrical Engineering (TJEE), vol. 53, no. 2, Summer 2023

DOI: 10.22034/tjee.2023.16066

Serial no. 104

G5 Jelowigny o0 ulal p azeipe s ogus |y Shgel S L wiS e gy
Loysss8 bl G530l 5 JLasl (39 a5 95 oo Sl Adam b, sluaiege
S o il mtuiie (hjael £, L cross-entropy clali ol jlade b 1,

V Jgu> Gillae |, ACKH-Alexnet sls il )l
9S adgl (20 lade

v

L) oo aon (95 ablite Slils s )
oo 4 1y (Alexnet gl >1 sl 5l oolail
) 550 e Stbge 035 Sl 4l

\_ J

4 N
singer map azad] aidi 4 axgi b oyl slogyss
S Sleyje
- J
4 )

590 ¥ akasly oozl b 1) logSe ayan Coadse

-%50):553@@[2&

v

.
[ 9 e 1y 0K (e CunBse

ACKH o1 3651 )l v 10905 —F ISl

Lol g gbs -0

by 4 Windows 10 Jelepivas 0 oadplsl silwesly 4 o iales]
RAM CollSS TV L (sieeg) SgmpelS pimms alwsgs PYEON oy giali 2
Gl 48 500 oBiils aBisle;] lume jo laiwa A oxjlay
Slass 1)) s a0 58 IS5 il ol 3 5ol w5

sl 00308 1zl K1) GPU ¢ (6l islo

odldac gosxo —O-)
oolawl Danmini Doorbell oolsacgeze 51 adS wi gunadd lp
Ol degemme A oS ol oolddcgame g9 A Jolis Lol ooloacgame .04 oo
Sly 4 baiye ol asgerms Vg cilise e 4l Sl 4 by
Sl Bolas &jgody 5,95, Ve e e coldacgesms jo 3l awl Loy 4SS
ASSTjl o T s 5 am V1D 0,55, 8+ o+ L osloacgame o b 09 o0

T 1) 3s8 Alexnet atgy Lo sloylly (goziine aig) Ve 65l
WS sl ol 4 byips sSas o Conbse yolic ands
Bk 5l Ol 1) aSes bl lagalbld oy 5 <ol Alexnet
2351 bl Slals o 51 IS5 5 iy ACKH (53t o550
oslazw] CKH o2 )68l ol &b ylgaeay Alexnet Joo slz! odgl o
ol 4z ,n ams 2alS 1) ke ol WS oo 30 CKH o5l 05 o
&b o Glpear og aal e Joe o Sles Bl ST S5l &b
5 el ggl bl Loss-Function sl ¢ gein )& plescaw o
opdle [NF] 05 o oolitl alf iz sunaib ylly 5 5yl sunail
sk slajly Ojson (Bly locws p Alexnet Joo o ol »
S (o aY Gk gl s p pagig Jliol g wsd e IS
ol g Caws 4y cunlsoftmax g sle Jld &b slls

s §5L5 b3 90] , Alexnet Jow YU & ,08 s 4 g, opl 5o
sl 5 bty piysSl 5l esliial b as 1) gyl abline wlals o
lass @y 5L ol pls feuds rals L 1) 0l o Cass 4y bjgel a5 >
CKH (giluainge p,51 50 o0l lal 2l olasi 5 1S5 olasd cora
)98 Lagi b el b3 el e s 31 ey (pl 45T Bl alys
0,550 Gl loges g o Alexnet Jas Sijgel cae s iul38l g CKH
ool saoslsplis ¥ S s ACKH

Algorithm 1 The algorithm for searching for the optimal hyperparameters

1.Initialize:
Set the position parameter x} according to Table 1;
2.Calculate fitness value. Evaluate the cross_entropy loss_
function value of all krils individually
(using the first Alexnet run);
3.Save the position of the best krill
4.while: as long as the stop condition is met;
5.Update the inertia weights using chaotic maps according
to singermap in Equation 4;
6.Update the new position of the krill using Equation 3;
7.Update and save the cross entropy loss function value of each krill;
8.Update the position of the best krill
9.end while
10. Output: The optimal hyperparameters.
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