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3. For each ant Do

4, Solution construction by modelling the
problem in terms of pheromone vector;

5. Update the pheromone according to the
founded solutions:

6. Evaporation

7 Reinforcement

8. Until stopping criteria
9. Output: final pheromone vector, which specifies the
best-founded solution
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Algorithm 1 General pseudo-code of the Ant Colony

Optimization.
1. Initializing the pheromone trails
2. Repeat
components |
Solution "
5


https://ic4i-journal.ir/article-1-395-fa.html

[ Downloaded from icdi-journal .ir on 2026-05-19 ]

30 Slogar oS o 3WILMDP s w1 s (S5
Ablibs SnynSensly 25800« 005 o, MDP 5L
okl 35l sla Si s bl atled 5 Slas (dzes laes V-

el ACO " oslas s o olil Jisl > Ses 5 ol

.wla.xﬁz‘):i_iﬁQ)L]A]Q),\{}A.xﬁ:o)%)lfmﬁjluibgcb
2 oy cald b s el FICOIT obay d xd e Sle
ot telbe (b (S5 BLID IS Sls e plad 5 s (S
fmpsw\fCorrtu@‘dxdw;u&anm.;};
Cald gl op 350 o e (b (S505 (K530 s (S5 0
52 Bl o 4 Suap e S1 o (Saean Gl o 5 oS
w bl il S SSoa sl ST des Js Sl

s atly SIS

St+1 S 4 St S 51a Jee pll L ble S oK

::;Ml’;»}ijcfi‘gbrt+lJ'Z\:L:;)ij:d»‘.x;sd»;jjp-

(s) =V(t) + a[rer + YV (st+1) = V (s1)]
Tty = HH———= (5)

St+1 G Sy cwr p Stewen Jliis JICOTT st411 &S
Snn f COTTst 5t 41 5 o 0T 3 s o (sl oy pled 5
S5 Rl St n e (Shs 5 St A (S o S
S s Xl L S s bl (St S leS 55 &
6 LAl 13 Olosan ol bl M3 Sis L1y Soean
o ost ey b amse oS Jl- s ST s s ey e
e S o S5 e Sose w0 L VSl Tl
el ean 58 S0l LK 30 oo e Vs 1S5 0LL o

”ﬁdﬂ’jw“e@‘%}.éﬂwﬁ

1 nAnt X
Ve = E % 6
St T nAnt Lap-, St ®)

b el S il s 4o se 2l NANT el O 3 48

SE) 5 pleialy Bl JRS s galgdn o2, 8 S

wr 50 0 anios (Sl dg b Goos 058 6,55k St S

K a0 8 ol 0 w33l s sla S5s 51 sl 4o gamma NK
Vil S5s b hs e 00 slhie T .48 La3b L5 o
;}:J«J.Jaﬁfdbj\)i»@ljl;qlﬁasgw\é)lg:{\%}b
5 Oseb Sldie o trade-of 5 e [0 ] B el ol
At B =0 31 pm S e IS 1 Kl Sledbl
U,»L.;\J._»hﬂéﬁfﬁaﬁd):ﬁww;u@UéJK\q\Qle

RERPRE PR JRC PRENG

[+ 0] s sl oo a0 oS el alad e G @ ek
bl el ol clisae S qo E D (0] 25 e S
1S e paseia |y GLEST Jlis 5 6l 0 e Spet]
LSS e b sl Jleal a5 L Sis 8 3L @ Qo
e 3L G <o ST ol SLEST Glias 4 4S 358 o 33k
Sia e S BUSI 50 5 Dpe ke Sl g g L

Bt o e ol e 4 e oS S e sl

RS PR VY RES PPN S ROV R ER
)IJ_E.,«A)lﬁleaJ;;é)fjla'J):l{ASgﬁ;SdaﬁE;ﬁdlqqu{
BL la 90 w.ﬁ.i J.,SL;A JJLS \) LS)'JJ._» o S aliss| o
0Ll L3 5 dms oo plnil (g iy LIS S sl sla)l ST
.Mbjrlqdléﬁlﬁéj\:ﬁoﬁu)‘)i}
el 25 gl e X Sy S cnl (Bl S
— _ d % 1 — k power
q = (startrate — endrate) % ( / NF)
end_rat 4)
Iy JALJ CJ.» uﬂb 9 g:il-i 1> endrate jStaT'trate OT BEE
sl NF (s o J 2815 als s POWET 5 S o (usS
5 A4S sdaline SIS a3 Wb amjse a aS cl Sl S

el 5SS s sl Kzl

o ozl b (5, Dbl 51 Y gens ACO sla o, Sl
o SV it Sl i Aol 3 b 3 Jes SR any S
W23 S b 1 Ol S e am e en 4 2 51T s s 0l
Jolge Lml 3 S o ol S8 o, 800 s Shes 35
Sie b cACO (o, K1 55 omter T3 o 55 (s i 50)
Sl ls b sel e gLl Sl Ol e w0 1, VIl age
S Sisl a m eseeS cald Sl L Vo

St slad 5 oS o an M OIS Gl 2 4es

decay rate )

Vi'?’dl;«,'b"g: ajwv‘p"ﬁ@ Jlu‘dﬁfj‘;a.b'bjw’hjj—‘,«(ﬁuw


https://ic4i-journal.ir/article-1-395-fa.html

[ Downloaded from icdi-journal .ir on 2026-05-19 ]

’f‘r‘jk.?'b"‘JJ 91.«..&37..:2.4 Jbgdff}ﬁ&‘bjﬁjﬂ—w‘ﬂﬂw

Sl s 0 K s e OBl i g sl s il
(ole WS (5,850 51 Oluabl gl Lsd e eslinal ezt
Blos mis 4 by oMbl el (S S T bl -
cht e e e dgb s nar g e i | B
53 Olse 4 sk OF sl wdls sy s dhor s (sl dows S
Byt g sl E
by S 3 Shas oS (S o bos Gl s bl
Oly ode gl b e bt 25, Ky s ol 4l M "
D3 (o e Al
O3 JS par Ol i les 035 JS 0los 3k 5 Shas
o b pasie Oy A e G s e 3 i ol i
By

WaitingTime(t) = Y0t , wv (t) 7
S b oS s o 0L 1 i aewes SUasl 0l @V () ol s
LS B MIS ) Sl aeS s bl sy S Gl

Olay a0 53 1y adis Lley IS slaws Nt .53 oSS el

Aas s ol t ol oLl

oy o ol Ol e 4 AL WaitingTime (t) L.l ,

el st iy a Jes Sl S e 5 3 sl
r. = WaitingTime (t - 1) - WaitingTime (t) )

Jole el st — 1 s e Sl Oley JS oS oK
IS G5l Gl ang sshie 4 A8 o Sl il S

e &lb@.}\ib&bﬁ&lﬁb‘cﬁ}‘hﬁwl) aj;:

e

O

8«"7 IS 8 Gl esleiny By s Shee b i ol s
o oy L el Sladas Il s oS e ) bl

S op S g a5 S

ol 3l 08 v ol 355l SOl o (oS v 0y (ilasl
e 03 B Y Ll Kol s ¥ 5 cela VLl S
Vore sV eee (00 (S e B e b e S o
Sl S LS o e Gb Sl el Sl i dns
o e e ol 1 K Sl s ool Sl S Sl

i SleMbl 03,551 s 4 gl il 4t a gl s ey

J»u&Lm\)aﬁd);sgLEJ!@jg‘j!a:u:Ml:)}»&Jy«{
o S Ol 4 L 0T Ol e )ls daetisn (slajed 53 ege

YA TAT @3 5 ks s K315 oS1 5 hals gl e

lemaly o J a8 s 5550 5o b oledeg Sos b bl o
Flr sl awe 612 DRL (Ks ole 4 )l 0 Juled
sl Ol 50 SO x4 ar s L bl s slesl) sl
s S35 1 DLislasl ol b 435 o eslinad s il

I 1555 o olosl SUMO) (5,45 S 5 (3l s ule

gé@ldb&;;h@@l;;bw&iSUMo
s 1y a0 Sl s 5 eslr Ll il s s OIGH OL 8
Sl CH‘J SC a3 el Gl Jamms ] 3 S (g5l
S Sl sd o e 2B 55 53k e 0 bl il b
S e S5 bE sl s Bt e o Jb s Lo s
s se la b gt e Sonp abli 6 B fles S WK

S ol S sl e e s L

SRl el e i b S e b g s e
LS

S Ol | el o s g iy bl iy 0 S S0

.ﬁsq{jd\)jlsli:f%juzﬂ.u«g@'ﬂb

Wbl bl bkt s add Ll oS5yl pd s thas
Olar b d canly 2t o 5 oditene &S o J st bl o
5l ol o Colins D o) s o J S el Bl
G e SRl e 3T Olepan sk 4 B o)
spd e JAS G8ls b 4 bt Sy el esls olass]
e s 3 s T 5 e glaialy L St ol
R - R e g (e R B e e )
S5 Jsbe Shced 3 GV5b il 55 5 bt 5l Jshe
)\?ﬂwlo&‘ul{anmﬁz&%b»;lﬁ;é;b
s st gLl Ll e Kooy S bt 4 S B Ll

5,108 JA).:JU odalin &8s s

Sgh el LS J.«Lp Olge & ol Cb;_— J S st :JALF

S ol bl Lase L Oley <o IS L Lele


https://ic4i-journal.ir/article-1-395-fa.html

[ Downloaded from icdi-journal .ir on 2026-05-19 ]

Accumulative Reward

Average Waiting Time (sec)

oS kS st (sl Jde (6l e sla el 5 s S
Sl ks el 0l e 13 51 Ysens Jus ksl oS RL

o A0 gl Jde S35 5y ol Jlsds 5 ey slaw O it

Fixed-light

35

w
=

25

20

Average Waiting Time (sec)

I
10 20 30 40 50 60 70 80 90 100
Episode

@ole S35 s ez ploly ) JSs

55
50

45

T T
— DRL
——RL

Fixcd-light ||

10 20 30 a0 50 60 70 80 90 100
Episode

wole bl o el oloj eilia ¥ JSS

—DRL
——RL
Fixed-light |4

10 20 30 40 50 60 70 80 90 100
Episode

S Sl 5l e il ¥ S

gm0 peries (Sl dge b Goes 58 (500 i S

s DRL 5 Sy, byin 5l ozl L DRL 25561 (sl . State
€ oyl il Bllngs a8 Ly S50 € Jlaie  Jow g
4{|J€)\Jingw>k>‘)_,b4{.:fiV#E&g-jSC/&M»UJ%l{

S or oS 5 S
€episode = 1- (episode/M) 9)

lemaly Flar J 28 s csoleden hos o Shas o)l ke &
fixed-time J =5 K55 oy oo b1 @lgin DRL 0 e
Shad i 3 Shas oS (o amslie RL e J 25 5
oIl Sl Oles Sl 5 bl bl im pals 5 G b
R e R ]
@l sl Oley Lo gme b "Bl Olej (e 358 oo amlonse

AT e s B folas 4as

Sl 4 s bl s 5 L s G (bl
DL gy a Y JKE ) S el azdl) b Ok
2 e (b Oloy S gl S sl Oley (Sl 5 rezs
ool oole Sl 5 gl 35 3 1, DRL L e s RL

Aas

RL  ne d 58 sledss lesoe cdsl glass sl 530 S35
Jdsa s wels 5l el ola s lols gslgig DRL ; .zs
Doy 33 8 Seva (Sda slasgsal s s YL Ol &
alie 3 ol sl anilil sla J3IsL aals 5 ol Il
e s RL oo 08 slas Sy ol Ol 3,055 L
ety S S (VL Bl wls e ol DRL
Crar g Blg e sl Ol Sle sl (g 2 3 Shes

..uswgml)m;w)s;@m&u}:

S Sl Ced b Sl S e o Y S
S s JB ok 4 DRL GRL , ne 28 glas S
s 53 8 aS das e OLES el CB Ol 28 5 S,
S Sadbge b ) 1Bl ad s WIS 0 B 650
S Ol DS i i (e J 55 LS o 5 S
Wi Bl sl ol JAalS el 5 das SR 1 obla s

Ly
e 08 5 5l e S0l s e L ccnl esdle

o ol ol s e RL o J 28 5 S0, 5l 2 DRL
Lly 2 DRL s os ang (6,653L w89 Sl eslinal L &S ol

VZ'YJ[:.«,'U"J: ajl«.:-“f..:ﬂle JL«‘JJ:::’_;‘;@.UDJJW&JX—‘,«L&«M


https://ic4i-journal.ir/article-1-395-fa.html

[ Downloaded from icdi-journal .ir on 2026-05-19 ]

1E0Y Oleaoli o g ajlo-ﬁ;fp:i@ Jlw ‘Jjafjcfé-bkjﬁwiﬂjj:—wlﬁulw

L;;Lg;ﬁDRLﬁwJﬁs;ﬁ”asM;jau&ﬁa@u
LSV S s 5 ol Je la SUlg Wl e el
B DRL  sxe J 28 slas Sy b anlio 55 4y 550 oy
oslizud Oy S s Iy Cewed (55208 Slwbe Sy 0L 4
sl oosls i = sl SYsb Sl 0l s 0Ll SaS

) sl Sl Ll 5 20l 60 S5

g

&y

[1] A. Al-Fugaha, M. Guizani, M.
Mohammadi, M. Aledhari, and M.
Ayyash, "Internet of things: A survey
on enabling technologies, protocols,
and applications," IEEE
communications surveys & tutorials,
vol. 17, no. 4, pp. 2347-2376, 2015.

[2] L. Zhou, D. Wu, J. Chen, and Z. Dong,
"When computation hugs intelligence:
Content-aware data processing for
industrial 1oT," IEEE Internet of Things
Journal, vol. 5, no. 3, pp. 1657-1666,
2017.

[3] D. Wang, W. Bao, C. Hu, Y. Qian, M.
Zheng, and S. Wang, "sTube: An
architecture for loT communication
sharing," IEEE Communications
Magazine, vol. 56, no. 7, pp. 96-101,
2018.

(4] S. Marchal, M. Miettinen, T. D.
Nguyen, A.-R. Sadeghi, and N. Asokan,
"Audi: Toward autonomous iot device-
type identification wusing periodic
communication," [|EEE Journal on
Selected Areas in Communications,
vol. 37, no. 6, pp. 1402-1412, 2019.

[5] L. Zhou, D. Wu, X. Wei, and Z. Dong,
"Seeing isn’t believing: QoE evaluation
for privacy-aware users," IEEE Journal
on Selected Areas in Communications,
vol. 37, no. 7, pp. 1656-1665, 2019.

[6] R. S. Sutton and A. G. Barto,
Reinforcement learning: An
introduction. MIT press, 2018.

[7] V. Mnih et al.,, "Human-level control
through deep reinforcement learning,"
nature, vol. 518, no. 7540, pp. 529-
533, 2015.

[8] C. Lei, "Deep reinforcement learning,"
in Deep Learning and Practice with

45

T T
——DRL
—RL

Fixed-light

40

35n

301

Average Waiting Time (sec)
1

5 L L I I I I I
0 10 20 30 40 50 6 70 80 90 100

Episode

S Sl 50 W e eSiles oF IS5

DRL ;e ol sledins 3 Shas 2l b)) sk o
S5 Gl o s (S il glag b Cou
L}Ja;- Jfb‘g ASin:dneJ.iA RGO PSS WP S W of J@J‘Jgg,_wa
S 08 S syl e w Ll Jole s ST T
ol 55357 sl Oy LalS (gl 5 5se S5 S 55l
T wblis s S35 b (oo S5 oy sl o oSy S
N R A L O
S5 ol St el sdd esls OLES £ ISKE 53 45 (gl a5
Gl 3 S35 Ok il el ol Oles I8 Ess (S
o o Al s i sl 5 US J 28 ot 4 B

s

RL oo 5 oolein DRL o ne J 28 slas S5 )
S bl S o 1) SUls 5 gdm glasspl 03 4 S
b gto 2l gl Jlo (58 el sls 5]l Wl e o
VOUSE Sl sk 4o i 1) Al il sl Ol
OLL 53 i @ Xl o DRL e J 287 (55 8 IS5 6
ot Oley Sle 4510 5 adlb A sl Ve cciliies Sl an

Al anils s Shes op 2 55,551 Sk

il 3l gl @l DRL ob 4 s sl i ol o
03 Gees e Sl 4SS (ol b a cnl el sl L
ey DRL G s se sm sle a8 s solens
soshe el e bl S esle OF Sl &S (s e sl
<3s 4 DRL sy 95/}9 ol Ji)'}ai @ 5ad (S5l osle ool
g)i')) coslai! JJ}A&Q‘)&MT@‘JMA RGO P WA d}‘jja

Ssd el slaaly tij;- J xS st ¢l DRL (oslgiey


https://ic4i-journal.ir/article-1-395-fa.html

[ Downloaded from icdi-journal .ir on 2026-05-19 ]

(17]

(18]

[19]

(20]

[21]

(22]

(23]

M. Chu, H. Li, X. Liao, and S. Cui,
"Reinforcement learning-based
multiaccess control and battery
prediction with energy harvesting in
loT systems," IEEE Internet of Things
Journal, vol. 6, no. 2, pp. 2009-2020,
2018.

Y. Wei, F. R. Yu, M. Song, and Z. Han,
"Joint optimization of caching,
computing, and radio resources for
fog-enabled loT using natural actor—
critic deep reinforcement learning,"
IEEE Internet of Things Journal, vol. 6,
no. 2, pp. 2061-2073, 2018.

M. Mohammadi, A. Al-Fugaha, M.
Guizani, and J.-S. Oh, "Semisupervised
deep reinforcement learning in
support of loT and smart city services,"
IEEE Internet of Things Journal, vol. 5,
no. 2, pp. 624-635, 2017.

R. Kanan, O. Elhassan, and R.
Bensalem, "An loT-based autonomous
system for workers' safety in
construction sites with real-time
alarming, monitoring, and positioning

strategies," Automation in
Construction, vol. 88, pp. 73-86,
2018/04/01/ 2018, doi:

https://doi.org/10.1016/j.autcon.201
7.12.033.

L. Barbierato et al., "A Distributed loT
Infrastructure to Test and Deploy Real-
Time Demand Response in Smart
Grids," IEEE Internet of Things Journal,
vol. 6, no. 1, pp. 1136-1146, 2019, doi:
10.1109/J10T.2018.2867511.

D. S. Roy, R. K. Behera, K. H. K. Reddy,
and R. Buyya, "A context-aware fog
enabled scheme for real-time cross-
vertical loT applications," IEEE Internet
of Things Journal, vol. 6, no. 2, pp.
2400-2412, 2018.

B. V. Philip, T. Alpcan, J. Jin, and M.
Palaniswami, "Distributed Real-Time
loT for Autonomous Vehicles," |EEE
Transactions on Industrial Informatics,
vol. 15, no. 2, pp. 1131-1140, 2019,
doi: 10.1109/T11.2018.2877217.

[25] Patel, R., & Singh, V. (2024). Enhancing loT

10

security with deep reinforcement

gm0 peries (Sl dge b Goes 58 (500 i S

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

MindSpore: Springer, 2021, pp. 217-
243.

H. Sami, A. Mourad, H. Otrok, and J.
Bentahar, "Demand-Driven Deep
Reinforcement Learning for Scalable
Fog and Service Placement," IEEE
Transactions on Services Computing,
2021.

L. Yu, S. Qin, M. Zhang, C. Shen, T.
Jiang, and X. Guan, "A review of deep
reinforcement learning for smart
building energy management," |EEE
Internet of Things Journal, 2021.

M. Paniri, M. B. Dowlatshahi, and H.
Nezamabadi-pour, "MLACO: A multi-
label feature selection algorithm
based on ant colony optimization,"
Knowledge-Based Systems, vol. 192, p.
105285, 2020.

B. H. Nguyen, B. Xue, and M. Zhang, "A
survey on swarm intelligence
approaches to feature selection in
data mining," Swarm and Evolutionary
Computation, vol. 54, p. 100663, 2020.
D.Zeng, L.Gu, S. Pan, J. Cai,andS. Guo,
"Resource management at the
network edge: A deep reinforcement
learning approach," IEEE Network, vol.
33, no. 3, pp. 26-33, 2019.

Y. Zhang, J. Yao, and H. Guan,
"Intelligent cloud resource
management with deep reinforcement
learning," IEEE Cloud Computing, vol.
4, no. 6, pp. 60-69, 2017.

B. Peng, G. Seco-Granados, €E.
Steinmetz, M. Frohle, and H.
Wymeersch, "Decentralized

scheduling for cooperative localization
with deep reinforcement learning,"
IEEE  Transactions on Vehicular
Technology, vol. 68, no. 5, pp. 4295-
4305, 2019.

C. Wang, J. Wang, Y. Shen, and X.
Zhang, "Autonomous navigation of
UAVs in large-scale  complex
environments: A deep reinforcement
learning approach,”" IEEE Transactions
on Vehicular Technology, vol. 68, no. 3,
pp. 2124-2136, 2019.

"'Jj'.’:— ,«LGMM

JE0F Sl 33 o jlac coitis Sl (5 5 ppile i


https://doi.org/10.1016/j.autcon.2017.12.033
https://doi.org/10.1016/j.autcon.2017.12.033
https://ic4i-journal.ir/article-1-395-fa.html

[ Downloaded from icdi-journal .ir on 2026-05-19 ]

’f‘rdl&glf¢j.’ ﬂJL«j‘[p:i@ JL«« AJJC:KJL{@.—U‘L«JJ‘;J:@JJ‘;V —M‘ML&LAJ‘

learning. ACM Transactions on
Internet Technology.
[26] Kim, S., & Park, H. (2024). DRL-based

energy management for
autonomous vehicles. IEEE
Transactions on Vehicular
Technology.

[27] M. Dorigo, M. Birattari, and T. Stutzle,
"Ant colony optimization," IEEE
computational intelligence magazine,
vol. 1, no. 4, pp. 28-39, 2006.

[2V] E.-G. Talbi, Metaheuristics: from
design to implementation. John Wiley
& Sons, 2009.

[2A] D. Zhao, Y. Dai, and Z. Zhang,
"Computational Intelligence in Urban
Traffic Signal Control: A Survey," IEEE
Transactions on Systems, Man, and
Cybernetics, Part C (Applications and
Reviews), vol. 42, no. 4, pp. 485-494,
2012, doi:
10.1109/TSMCC.2011.2161577.

[29] Z. Li, R. A. Hassan, M. Shahidehpour, S.
Bahramirad, and A. Khodaei, "A
Hierarchical Framework for Intelligent
Traffic Management in Smart Cities,"
IEEE Transactions on Smart Grid, vol.
10, no. 1, pp. 691-701, 2019, doi:
10.1109/TSG.2017.2750542.

V-] "Simulation of Urban MObility."
https://www.eclipse.org/sumo/
(accessed.

11


https://www.eclipse.org/sumo/
https://ic4i-journal.ir/article-1-395-fa.html
http://www.tcpdf.org

