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! Multi-controller placement
2 Heuristic ant colony algorithm
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2 Rounding-based



WA= F doin ¥ ol ) Al cp ) Slonlons alons [IYY

J S amio g o3ls amio b dols SYe 5 (659 50 :(0) J g

< pean Lz z
NFV Jb. Jales o-U.JSJjJS e ‘_;}1‘5 Jl &r
55 Solwans
by oo sk ol - 6JL-CK*-‘ BZSS
B EBTIS _
X X ik S a3 L eSS Mininet POX 8 e 6)'\..»(&.@.& ru woediSJd s Y\4 VY]
S @IS e (LVS) Lb oty 2
}Qﬁ)}ﬂjt{;}bw eJ&SJﬁSQ:'bJ.J}L}r})
x x odd s eiSJ S W3l ke Ry 6 Sl ol pslezel B YA [YA]
55 okl s b
L L Jsls 33 Sl 3 3L saeS Jolaze &l
ER KSR bl BLES ab ol 454 o8 TR ST
x v s L & Tovery ]
Bl o w3 e kiSd S oS J S wials (LBSMT) L5 QoS ;1 48T
s Ol I gl 1 5L Jsles b e
X X eSS J xS 5 W L dil Mininet NOX < YA Y]
sdSJ xS (LBR-LC) WeacsSd xS 5 a5
J S amio g o3ls amio b dols OV 5 i :(F) J g
Ll 0L oo 3l oaliiu] Cad _ S )
SR RMSE o 2>t Feboby (a8 &l
ok~ Jlsl @L'.a 3l Lows 0513
x x v X x X X x v [¥v]
x x x x x v x v x [¥A]
x x x x x v x v v x ARY
x x x x x x v x x [f+]

baaas 5 Lol Goan ol r 350 de o b3S 8
S gp S 4

AL 3 Gl 5 e S5 15mee 553k o
2 4SSl e dle gl OF Gts 48 el e
i 53 [0] A3l axils Jolas Jao U o e & (slaund 5o
23t g &l s o sl Goos (5554 51T
25 Ve 4 aSl Sl S el 4l ol
i Ol Slesemal 5 0dd o3ls e S0k S
s o Mg 2 Olpe

olas jsb 4 ogean eas S E ean oas D
ol [F¥] 5,8 o ol eimy Jilows = (510 Ol 5 5|
S Sy e Sl s 1l 5 glaasls L
200 e LS o sl fles o gl (nae

Sl 8 S e, sSSP O 5 LS
Slikes laaspn 5 Laed S 28 o L Dol S J
sl 1y el oS 8 iy ey ol o &2l
o5k Joo s ok e 53 3lgni wmu Sl s Liles S
3503 bl oS Cdl e w0l Jos sl o 4 § ka5 s
ol sl oy Jos 305 dog o 65 Sl s w03l oo
ol pgs ol Jae 5 sl o 5o & les pde 5 SL
ol ol Jne sl Ll g g e plal 5 (S
335 0 alss oSl Joe 5035 pas ok Jos 5l 2l
Sl ol D il 3 a8 el sl & e el
gy Lol )l 5o s g l5dle 3 AU 53 0iSU 28
Jlasl ol oS cnl sl 35 (93U5 Sl &2l
AL L T ol 2 o8 3,8 o 1y Slanenss WU 3 o S5



WY s Jlle 5 slaasSld 5L dolss (3luang Gl sy il (s 5 gluarb / Sl ke 1 500000 e

Sl 4 o) S pl T(ACO) a5 50 S S o2, S

el ol o3l iy ol 3 Ksm 5 s ok Dol (sl
oS ol gy s bayg e SleNbl 4S50 il 4
35 s Pl L Olge 2 208 b (S g 5 0 030
S ez @i Gl B e e 08k G s
5 AS e 33T 6 (sWges b Xl |y s o el S
5 ) A s e OF @ e e den ulg 3
LYAT e )3 355 0 3l 53550 g 40 oo o a0 S
u».x;adjb%dw&iol}pg@ﬁuwédu
a e 5SS S Sl eslind b dles 5 (55l
Shls i a8 ol ol s Il Lol sl > 3LES]
by g 4 by Slabse Sl s pin L 5y mm
S Ll Slabe dly g8 e Lol Ll Sl
Aty g mlie 5358 el e Sl 3 G 00
4Bl g a0 SIS ) S K S eslinad b Slalons

Sy g 03l yanass
V':UJ—Q| o= T(PSO) 3 pla)l olwang r:.w_,f.!l
OV llas 55 [0 TS o (g3luaned |5 0l a3l (sl
SRS b B WIS S e
S3botingr o SN Sl ealinad b 1y odiSJ 28 (5,851 3 I
053 ot SO bty Sl diles S sy )5 el
G513 5 A8 o i | wigy Jooly SSlse s &
o S SHOT] s 55 55 oo cpuns oS b L oiSd S
S slaediSd 18 auls (uad st gl DL plesl

wals Jshnall gy i |5 el ol eslizal 5 goma i 53lo 5
LaodiSJ 28 JL Jolas pde ol 3 g5 & sline slaoiSd 28

Pyt
1ol)3 pls| ﬁ,,ﬁu@; (.:.3),(31,4 S 5 osliul
Jely 50 55 s iSU 1S (6,5 513 dlus [OY] dlis s

Meudj';gjf-u«owdjﬁm?yﬁbukﬁls&‘j

2 Ant Colony Algorithm
3 Particle Swarm Optimization

Y07 dlis )3 [0] conl o sims mas 4G (Gras © Sk
oSSl e 153l 5 glaasld s Lays e L Jols (sl
S Sy il i el oA 3Ll g pme e <S03
Sty S e 5 0l (sl Loy s s sLonesls
Least s Weighted Round Robin (Round Robin (Random
05,531 s 4 s bie 4 L saiSUslaze g5, CONNnection
aalal 53 sl o |l s o & i 5 e (Sl ekt
@SN B L e 03y ) S s (35,5 Ol 4 s e 4
BERES| WA JMOT&JL}\‘}JJS{JQ Laesls bl 1,
Jales el a8 ol ol slgily diadisa L Jolas [YO] Wi
23 Sl S5 il 5 s L ilednl s L
s S 3 SIS sduaib sl ool DL ol

J‘}J& aJLa,wu‘ v_c—}«,m

Sl gl K1Y

S sy Slwang Sl J 6l RIS Slagn, S
et o [FP] s Cibe (i o B Jsdne Ol s
S e Jlyble 5 laald 5L Dol files J 6l Lo
sl LS5 s 5 S A Bl o b s oy
g s G5 S o el s oS sl s
Sy S S o, SN (GA) S35 p-?u,s—é'
Slesliad U1y ool glais dil g o o Sl oo 5tsl
[0] 28 28 JalSS w5 and S5 51 a2 S 5 p gie

e B 6 YA wr e 53 S oS0035l [¥Y]

Sl g 6 Ol Blas @ sl oS 28 ond e
33 ot o & dYYT lis s S e eslizad oS 28
ol il e esli ol S5 {,;wfj\ BIRTS -
5ot Sl p s S S L K s Sy S s
Wl 3 g e S e g b el s s
3 0labl gl b glads s 3l 0l Bla> 4 G

I Genetic Algorithm



2570 S Ple s ekl L dalws 55 i O

(i SLa i Ol s saee e 5 slaaSs L ol o
ol el S35 5 55 L S d 28 5L s e
G 53 en g odd b ol bl ol e 55 550 s
o Sl Sl ) 2 sd e g e 55
S osee slible 5 el s ol o Ll ojls 5525
il il Gloj Gl 2 e Sl SRS,
L mbe Copde sl Sl G it 03 |3 s s
ol Sley Jeol 5o Glosss Lo an Ol iledslae
Jold oS 3 dalt Slaj (6 Sy a3 50 0 (513 280 500
ol s G iy el Slalie o 2T 51 gl
Gl i, 5l S e eslinad o] pslie w i gl 1y s
Uz S5 kS S e 5 Sils & U150 S s
5 INLMS) eiidls i Sl o ks 3l (ARIMA)

55 o)l TILSTM) Sockaols 55 okl alisl

u::.,.n)_,:u)}ﬂfj6UMJQJJWQ\JGAJH5JJJA:(V)JJJ?

Silwag »
Sl O R ST U Y 3%
oS J xS L doles opile (6,850 YoYe o [¥YV]
L Ll ol s (6,55l oYY [YO]
sdiSJ =S L dsles s (6,85l YoYe o [¥Y]
T Sl G 6500 TOYY YY)
BYII At Feas s S5 YYY [Y0]
S et b Fas s S VYY) [Y0]
oiSJ 28 L Ul S YO\g o [¥A]
Lo L ol K5 YOYY o [YY]
s ok sl laary 50 J5iS YoYY  [YA]
Lse 5 o5, 0k dol laary 50 J5iS YooYy o [YY]
sdiSJ xS L dsles b3 el Yoo o [0V]
sdiS S (ghuad s el Yoyaoo [ov]
s S L dsls 3 plmsil p S5 YWY oY)
oS 1S L dsls b plssl s K55 VYT [oY]

I Normalised Least Connection Mean Squares
2 Long Short-Term Memory

WA=V o7 dmis Y ojled V)l p 5 Sl s [ VYF

8le s el )3 oS 28 L dslal pde 5 oS 28
(.;w_ij\j\ M ie sl o (sl ol s sl 5 s
o oS ol S Ul el ol ealinad s S5
(,.;i)j_f}\)'l e s Nob ) Kes Olas oS el
Wl ol oalil ) Sam O3 EalS (sl 3 pls
Gl S andgn o i O3l b DS plsl o, S 0
o558 ol San Oloy 5o 1) g ey Ll o 033 8 Culda
Al

018U S 5l esliad (g pomy 5SI JOF] OLSKon 5 (6,8
ﬁ)ﬁ—ﬁ‘&é\i@JMﬁWQﬁ'\@bW“ibU
Oles 5 o rles wupn Jals e 4 D)5 plssl 5 S
Sheslial bl gl salgni s oo e S sl
s iS 0diSU xS O3 Jalanel b 05 Jsbaze ailiu]
Gl S5y 5 b gl g':‘i)j—ﬁ‘)" e 9 00 0303
SaS Ll &S s opl g5 om ealital gy g O 2l
=0 s e lagn s (e slaediS U xS S5 o, Sl
d 83555 Olste o Laeals (ol iyt o (655l mer wi3n
olys r\;—;jl (,.:i)jfjl e 5 o ld els ol 3 rl;-:jl r:i)ﬁl
o diSU S an g g JESN 6l 1y Sy 0n Sae 5 On e
S e Iy el

Sl 5 el L dals Vs Sl glasd (V) s o
S jahilan il 0l o35l (G3lwdug o s s gus
Sl Gla i 5l =t sladln 5o JS s sdalia
s N le S glaas JL Joled ps mly eseas e
Db dolw Cldes gl o sl o dle Lol sl oslnad
3 g e Slles 5 U, a5 WaetiSJ
oy g 4 VO] s 53 . les S eslazd r%)}ﬁ\ S eSSy
s S 5 s $ 500 S s Sl 6Bl Sl
SIOF] 5 [OF] &Vis s Lal ol i osliadl o sas
JL dslws sl il plassl 5 Sss oo s S 52 oS 5

.Jd\objs oslazul C_r::iy QJ&-L@J 9 onSJJﬁ



WO oo Jl3le 5 slaasid JL ol (Sluting Sl i) ol (s p 5 suall / (S ERe | 5  50kl .

5 5L Il slomsl (gl s Sl i () oasls S
o el 0 oaliinl 4K (65 51 O pean (olaing 5 Ladisy
Pl oS L L sleelSans S5 ot LS S
Sl sl )y 5l alS (6551 B e U lipd s
5> KB iy 5l b sl gl alaelSans sl s
Sl i 1 deel S Odedils abasl> [YO] dli
o s ol 0l el LaetiSJ =S 0 SUslaze s o
Dol ails 35 s el 3 Laslusl LUl S1aS &) 4o
S g0 rl.>,=}\ LU ol wlles

3 O S5 4SS S e 0o a5 Y] Wi s
ag odnSU S 5L e Sl deel S Ddeds alasl>
S et Sl 0l e3lizl Sl Dol e 51 (68 5k sk
S8 a5 Sl o3ls 0L 5 ol ol 5,505 90 L el
e S s S adl S ey il
Ll il O e S5 551

DL dolw 53 s e VLG 5 gl (A) gl 5o
3 sladle 53l o 63,51 e 1l 3 glaasi
Sl slaasid s 5L dales sl 6l i R
3 S e ealie & glailen 5 ol 0l olizal [l e
sse e 5 slaaSis L Jol laaie plad 5o s o
Clm ot hao 1S Ve iy o S eslid Ol
e 3 Ailes S o3kl ) s Sl Bl el ¢l doles
Olimr 0k (i 4ot 03 Klos S 0 b 10 33 (555

U'3'<’L$'° JE\J.;— w:‘u:“ﬁ 3 :aMJ\AJJ Q\:uja J.gal:.c J.;‘..\>
wfu:%ﬁ \) a.J..'.iT TRRLY 6)\5v.?;>- J"L‘“’|J'-’ av\.i:dlﬂj} &
S dsls slsd LS\J-.’ og.lm.i}.s LY¥] dlie 55 [00] J&.’Sdn

ol e 5035 el s s 15 S35 1 Ly 5 e
ot o s D stadle 5 la o Sl JBl>
b ot b S e ol L) 2 T s S
soddolol by e DL Jalad a3 M S
o S IV e s 58 e SLalSl Slms (65
ot oslizal odidle 5wy xSl Bl 51 Ly L Olee
W ot b ot o) 3l osbitl U s e s b
oo =l 4l alS (6551 G peas Ol e 5 350 Jolae
o oS L Ll ey 5L Ol s e b &S
sloml Wy 53 b o falS (5 5 B e § Kigd e

Lgd o wlol olagyw Gl dslas skl gl LAl
St :S0ls Jos 3 10 g 551 4 LSS S e il
S 5 el 1 it eyl alie 0 g S5 51 4 LS
53 [0PTail golas glalles 5 sl (68 ) P
ot Sl O 551 LS S e S0l 51 [¥] Wlis
ol eslizul oS S SLalSl 5l (6 8 o 5 g s L O e

Al g );v-w)—g g BE s lS Al

M)L@L@\OJMSJJMS)\ LA@:{}"‘")\ f}" JLE..,\ LS\J" CA."}—N
sl 0l ol )LVS erSd);S
&K;QM&_.ZDAQ:Q»&_,SQ»A@ alasl>~

s 4 al 05 e b a Gl i oUlS 5 Sl
Sl adasl- H V] adlis 53 [OV] sls 1 i

s ) Plp 5 saaSd [ sl 55 s SV 5 s 0t () Jgix

Sl 5 o o LSTM ARIMA NLMS Ju e
Do b dols 50k S x x v AKAK [¥¥]
BESIBISEEY o3 0k e x x 4 ARAR [Yv]

s diSd xS L Jsl g Jb i x v x AEAE [¥]
Ls b doles Sl 5 e v x x YeYe [\V]
Do ok dol Sl e v x x YovY [Yo]

o kS J =S L sl oS J 1S L e v v x Yoy [¥v]




Jlsle sl JL Dol osnme (Bea o i sileang
o S Sy (ulg 3 Lla S 13 ) 3 yse e
JJ\O.L.:: dl::.o BE ol )ljelff 6[.&4.(.«»3 ‘)b d)lzj

s o)L a4 43S o el O iy 5 1ilie 55l

R

[1] M. Priyadarsini and P. Bera, “Software defined
networking architecture, traffic management, security,
and placement: A survey,” Comput. Networks, vol.
192, p. 108047, 2021, doi:
10.1016/j.comnet.2021.108047.

[2] L. Zhu, M.M. Karim, K. Sharif, F. Li, X. Du, and M.
Guizani, “SDN controllers: Benchmarking &
performance evaluation,” arXiv preprint arXiv:
1902.04491, 2019, doi: 10.48550/arXiv.1902.04491.

[3] M. Hamdan, et al., “A comprehensive survey of load
balancing techniques in software-defined network,” J.
Netw. Comput. Appl., vol. 174, p. 102856, 2021, doi:
10.1016/j.jnca.2020.102856.

[4] A. Filali, S. Cherkaoui, and A. Kobbane. “Prediction-
based switch migration scheduling for SDN load
balancing,” in Int. Conf. Commun. (ICC), Shanghai,
China, 2019, pp. 1-6, doi: 10.1109/ICC.2019.8761469.

[5] M. Latah and L. Toker, “Artificial intelligence enabled
software-defined  networking: a  comprehensive
overview,” IET Networks, vol. 8, pp. 79-99, 2019, doi:
10.1049/iet-net.2018.5082.

[6] B. Han, V. Gopalakrishnan, L. Ji, and S. Lee,

Challenges and
opportunities for innovations,” IEEE Commun. Mag.,
vol. 53, no. 2, pp. 90-97, 2015 doi:
10.1109/MCOM.2015.7045396.

[71 Y. Li and M. Chen, “Software-defined network
function virtualization: A survey,” IEEE Access, vol.
3, pp. 2542-2553, 2015, doi:
10.1109/ACCESS.2015.2499271.

[8] F. Hu, Q. Hao, and K. Bao, “A survey on software-
defined network and openflow: From concept to
implementation,” TEEE Commun. Surv. Tutorials, vol.

“Network function virtualization:

WAV 08 aomin F sled V)l (p 3 Slislons aloea [ 1YF

S oSS F

ssee Dl e 5 el 5l Dol gl (ol las S0
Las S5y ol 3l 6538 (suanns dllis ol 535505 552
ol aies te s W3 S sy el IS o g g el o 1
Olejon 5L dolsd 5 J 28 amio L Jolad cosls amis L
53 ol 3PS i e el J S ks 5 03l i

e

16, no. 4, pp. 2181-2206,
10.1109/COMST.2014.2326417.

[9] B.Yi, X. Wang, K. Li, S.K. Das, and M. Huang, “A
comprehensive  survey  of network  function
virtualization,” Comput. Networks, vol. 133, pp. 212-
262, 2018, doi: 10.1016/j.comnet.2018.01.021.

[10] Z. Shang, W. Chen, Q. Ma, and B. Wu, “Design and
implementation of server cluster dynamic load
balancing based on OpenFlow,” in Int. Joint Conf.
Awareness Sci. Technol. Ubi-Media Comput. (iCAST
UMEDIA), Aizuwakamatsu, Japan, 2013, pp. 691-697,
doi: 10.1109/ICAWST.2013.6765526.

[11] R. Leland and B. Hendrickson, “An empirical study of
static load balancing algorithms,” in Proc. IEEE Scal.
High Perform. Comput. Conf., Knoxville, TN, USA,
1994, pp. 682-685, doi: 10.1109/SHPCC.1994.296707.

[12] L.D.D. Babu and P.V. Krishna, “Honey bee behavior
inspired load balancing of tasks in cloud computing
environments,” Appl. Soft Comput., vol. 13, no. 5, pp.
2292-2303, 2013, doi: 10.1016/j.as0c.2013.01.025.

[13] S. Kaur, K. Kumar, J. Singh, and N.S. Ghumman,
“Round-robin based load balancing in Software
Defined Networking,” in 2nd Int. Conf. Comput.
Sustai. Global Dev. (INDIACom), New Delhi, India,
2015, pp. 2136-2139.

[14] H. Zhong, Y. Fang, and J. Cui, “Reprint of LBBSRT:
An efficient SDN load balancing scheme based on
server response time,” Future Gener. Comput. Syst.,
vol. 80, pp. 409-416, 2018, doi:
10.1016/j.future.2017.11.012.

[15] A. Montazerolghaem, “Analysis and Modeling of VoIP
Servers: A Linear Programming Approach,” Soft
Comput. J., vol. 7, no. 2, pp. 2-23, 2019, dor:

2014, doi:



WY e Jlle 5 el 5L dolss (oloanes Gbains ol o p s vl / Wl 5 5000l

20.1001.1.23223707.1397.7.2.1.2 [In Persian].
[16] A. Montazerolghaem and M.H.Y. Moghadam,

“Improving efficiency of SIP protocol using window-
based overload conditions,” Soft Comput. J., vol. 2, no.
2, pp. 16-25, 2014, dor:
20.1001.1.23223707.1392.2.2.54.0 [In Persian].

[17] X. Chen, X. Wang, B. Yi, Q. He, and M. Huang,
“Deep learning-based traffic prediction for energy
efficiency optimization in software-defined
networking,” TIEEE Syst. J., vol. 15, no. 4, pp. 5583-
5594, 2021, doi: 10.1109/JSYST.2020.3009315.

[18] L.H. Binh and T.-V.T. Duong, “Load balancing routing
under constraints of quality of transmission in mesh
wireless network based on software defined
networking,” J. Commun. Networks, vol. 23, no. 1, pp.
12-22, 2021, doi: 10.23919/JCN.2021.000004.

[19] Y.-C. Wang and S.-Y. You, “An efficient route
management framework for load balance and overhead
reduction in SDN-based data center networks,” IEEE
Trans. Netw. Serv. Manag., vol. 15, no. 4, pp. 1422-
1434, 2018, doi: 10.1109/TNSM.2018.2872054.

[20] X. Han, X. Meng, Z. Yu, Q.-Y. Kang, and Y. Zhao, “A
service function chain deployment method based on
network flow theory for load balance in operator
networks,” IEEE Access, vol. 8, pp. 93187-93199,
2020, doi: 10.1109/ACCESS.2020.2994912.

[21] T.S. Andjamba and G.-A. Lusilao-Zodi, “A Load
Balancing Protocol for Improved Video on Demand in
SDN-Based Clouds,” in 17th Int. Conf. Ubiquitous
Info. Manag. Commun. (IMCOM), Seoul, Korea,
Republic of, 2023, pp. 1-6, doi:
10.1109/IMCOM56909.2023.10035591.

[22] J. Galan-Jimenez, M. Polverini, F.G. Lavacca, J.L.
Herrera, and J. Berrocal, “Joint energy efficiency and
load balancing optimization in hybrid IP/SDN
networks.” Ann. Telecommunications, vol. 78, no. 1-2,
pp. 13-31, 2023, doi: 10.1007/s12243-022-00921-y.

[23] M. Khorasani, M. Ramezanpour, and R. Khorsand,
“Energy Efficient Multi Path Routing Protocol in
Internet of Things,” Soft Comput. J., vol. 7, no. 1, pp.
34-49, 2018, doi: 10.22052/7.1.34 [In Persian].

[24] A. Montazerolghaem and M.H.Y. Moghaddam, “Load-
balanced and QoS-aware Software-defined Internet of
Things,” IEEE Internet Things J., vol. 7, no. 4, pp.
3323-3337, 2020, doi: 10.1109/J10T.2020.2967081.

[25] P.M. Abhishek, A. Naik, P. Doddannavar, R. Patil,
M.M. Raikar, and S.M. Meena, “Load Balancing for
Network Resource Management in Software-Defined

Networks,” in Advances in Distributed Computing and
Machine Learning. Lecture Notes in Networks and
Systems, vol 427, Springer, Singapore, 2022, doi:
10.1007/978-981-19-1018-0_17.

[26] A. Montazerolghaem, “Software-defined Internet of
Multimedia Things: Energy-efficient and Load-
balanced Resource Management,” IEEE Internet
Things J., vol. 9, no. 3, pp. 2432-2442, 2022, doi:
10.1109/J10T.2021.3095237.

[27] H. Zheng, J. Guo, Q. Zhou, Y. Peng, and Y. Chen,
“Application of improved ant colony algorithm in load
balancing of software-defined networks,” .
Supercomput., vol. 79, no. 7, pp. 7438-7460, 2023, doi:
10.1007/s11227-022-04957-8.

[28] S.H. Yeganeh and Y. Ganjali, “Kandoo: a framework
for efficient and scalable offloading of control
applications,” in Proc. 1st Workshop Hot Topics
Softw. Defined Networks (HotSDN), Helsinki,
Finland, 2012, pp. 19-24, doi:
10.1145/2342441.2342446.

[29] S. Ejaz, Z. Igbal, P.A. Shah, B.H. Bukhari, A. Ali, and
F. Aadil, “Traffic load balancing using software
defined networking (SDN) controller as virtualized
network function,” IEEE Access, vol. 7, pp. 46646-
46658, 2019, doi: 10.1109/ACCESS.2019.2909356.

[30] L. Zhang, G. Shou, Y. Hu, and Z. Guo, “Deployment
of intrusion prevention system based on software
defined networking,” in 15th IEEE Int. Conf.
Commun. Technol. (ICCT), Guilin, China, 2013, pp.
26-31, doi: 10.1109/1CCT.2013.6820345.

[31] J. Cui, Q. Lu, H. Zhong, M. Tian, and L. Liu, “A load-
balancing mechanism for distributed SDN control
plane using response time,” IEEE Trans. Netw. Serv.
Manag., vol. 15, no. 4, pp. 1197-1206, 2018, doi:
10.1109/TNSM.2018.2876369.

[32] H. Mokhtar, X. Di, Y. Zhou, A. Hassan, Z. Ma, and S.
Musa, “Multiple-level threshold load balancing in
distributed SDN controllers,” Comput. Networks, vol.
198, p. 108369, 2021, doi:
10.1016/j.comnet.2021.108369.

[33] M. Xiang, M. Chen, D. Wang, and Z. Luo, “Deep
Reinforcement Learning-based load balancing strategy
for multiple controllers in SDN,” e-Prime-Adv. Electr.
Eng. Electron. Energy, vol. 2, p. 100038, 2022, doi:
10.1016/j.prime.2022.100038.

[34] K.S. Sahoo, et al, “ESMLB: Efficient switch
migration-based load balancing for multicontroller
SDN in IoT,” IEEE Internet Things J., vol. 7, no. 7, pp.



5852-5860, 2020, doi: 10.1109/J10T.2019.2952527.

[35] H. Zhong, J. Xu, J. Cui, X. Sun, C. Gu, and L. Liu,
“Prediction-based  dual-weight switch  migration
scheme for SDN load balancing,” Comput. Networks,
vol. 205, p. 108749, 2022, doi:
10.1016/j.comnet.2021.108749.

[36] S. Zafar, Z. Lv, N.H. Zaydi, M. lbrar, and X. Hu,
“DSMLB: Dynamic switch-migration based load
balancing for software-defined 10T network,” Comput.
Networks, wvol. 214, p. 109145, 2022, doi:
10.1016/j.comnet.2022.109145.

[37] Z. Guo, M. Su, Y. Xu, Z. Duan, L. Wang, S. Hui, and
H.J. Chao, “Improving the performance of load
balancing in software-defined networks through load
variance-based synchronization,” Comput. Networks,
vol. 68, pp. 95-109, 2014, doi:
10.1016/j.comnet.2013.12.004.

[38] C. Li, K. Jiang, and Y. Luo, “Dynamic placement of
multiple controllers based on SDN and allocation of
computational resources based on heuristic ant colony
algorithm,” Knowl. Based Syst., vol. 241, p. 108330,
2022, doi: 10.1016/j.knosys.2022.108330.

[39] H. Babbar, S. Rani, A.K. Bashir, and R. Nawaz,
“Lbsmt: Load balancing switch migration algorithm
for cooperative communication intelligent
transportation systems,” IEEE Trans. Green Commun.
Netw., vol. 6, no. 3, pp. 1386-1395, 2022, doi:
10.1109/TGCN.2022.3162237.

[40] H. Wang, H. Xu, L. Huang, J. Wang, and X. Yang,
“Load-balancing routing in software defined networks
with multiple controllers,” Comput. Networks, vol.
141, pp. 82-91, 2018, doi:
10.1016/j.comnet.2018.05.012.

[41] P. Sun, Z. Guo, G. Wang, J. Lan, and Y. Hu,
“MARVEL: Enabling controller load balancing in
software-defined networks  with multi-agent
reinforcement learning,” Comput. Networks, vol. 177,
p. 107230, 2020, doi: 10.1016/j.comnet.2020.107230.

[42] N.C. Luong, D.T. Hoang, S. Gong, D. Niyato, P.
Wang, Y.-C. Liang, and D.l. Kim, “Applications of
deep reinforcement learning in communications and
networking: A survey,” IEEE Commun. Surv.
Tutorials, vol. 21, no. 4, pp. 3133-3174, 2019, doi:
10.1109/COMST.2019.2916583.

[43] A. Filali, Z. Mlika, S. Cherkaoui, and A. Kobbane,
“Preemptive SDN load balancing with machine
learning for delay sensitive applications,” IEEE Trans.
Veh. Technol., vol. 69, no. 12, pp. 15947-15963, 2020,

WA=V 48 aomin ¥ ojlad ) i p 5 Slislons adons [ YA

doi: 10.1109/TVT.2020.3038918.

[44] N. Michael, Artificial intelligence a guide to intelligent
systems, Addison Wesley, 2005.

[45] C. Fancy and M. Pushpalatha, “RETRACTED
ARTICLE: Proactive Load Balancing Strategy
Towards  Intelligence-Enabled  Software-Defined
Network,” Arab. J. Sci. Eng., vol. 48, p. 2577, 2023,
doi: 10.1007/s13369-021-05621-8.

[46] X. Yang, “Metaheuristic optimization: algorithm
analysis and open problems,” in Exp. Algorithms: 10th
Int. Symp. (SEA), Kolimpari, Chania, Crete, Greece,
2011, pp. 21-32, doi: 10.1007/978-3-642-20662-7_2.

[47]1 M.A. El-Baz, “A genetic algorithm for facility layout
problems of different manufacturing environments,”
Comput. Ind. Eng., vol. 47, no. 2-3, pp. 233-246, 2004,
doi: 10.1016/j.cie.2004.07.001.

[48] J.-M. Sanner, M. Ouzzif, Y. Hadjadj-Aoul, and J.-E.
Dartois, “Evolutionary algorithms for optimized SDN
controllers & NVFs’ placement in SDN networks,” in
SDN Day. 2016, Paris, France, 2016.

[49] M. Dorigo, “Optimization, learning and natural
algorithms,” PhD Thesis, Politecnico di Milano, 1992.

[50] R. Poli, J. Kennedy, and T. Blackwell, “Particle swarm
optimization,” Swarm. Intell., vol. 1, pp. 33-57, 2007,
doi: 10.1007/s11721-007-0002-0.

[51] C. Gao, H. Wang, F. Zhu, L. Zhai, and S. Yi, “A
particle swarm optimization algorithm for controller
placement problem in software defined network,” in
Algor. Archit. Parallel Process. 15th Int. Conf.
(ICA3PP), Zhangjiajie, China, 2015, pp. 44-54, doi:
10.1007/978-3-319-27137-8_4.

[52] G. Li, X. Wang, Z. Zhang, “SDN-based load balancing
scheme for multi-controller deployment,” IEEE
Access, vol. 7, pp. 39612-39622, 2019, doi:
10.1109/ACCESS.2019.2906683.

[53] L. Liao and V.C.M. Leung, “Genetic algorithms with
particle swarm optimization based mutation for
distributed controller placement in SDNs,” in IEEE
Conf. Netw. Func. Virtualiz. Softw. Defined Networks
(NFV-SDN), Berlin, Germany, 2017, pp. 1-6, doi:
10.1109/NFV-SDN.2017.8169836.

[54] Z. Kabiri, B. Barekatain, and A. Avokh, “GOP-SDN:
an enhanced load balancing method based on genetic
and optimized particle swarm optimization algorithm
in distributed SDNs,” Wirel. Networks, vol. 28, no. 6,
pp. 2533-2552, 2022, doi: 10.1007/s11276-022-02990-
2.



WA sme sl5le 5 slaasis L dols (Sloaigs S ol oo 5 suad b / W ke | 5 5 0kl

[55] R.G. Garroppo, S. Giordano, M. Pagano, and G.
Procissi, “On traffic prediction for resource allocation:
A Chebyshev bound based allocation scheme,”
Comput. Commun., vol. 31, no. 16, pp. 3741-3751,
2008, doi: 10.1016/j.comcom.2008.05.019.

[56] G.M. Jenkins, Autoregressive—Integrated Moving
Average (ARIMA) Models, Encyclopedia of Statistical
Sciences, 2004.

[57] S. Hochreiter and J. Schmidhuber, “Long short-term
memory,” Neural Comput., vol. 9, pp. 1735-1780,
1997, doi: 10.1162/neco0.1997.9.8.1735.



