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Abstract- Due to the increasing use of Closed-Loop Supply Chains (CLSCs) in industry scopes in order to
optimize raw material usage and reuse of end-of-life or used products, CLSC management is very necessary.
Used products return to production cycles as production resources in CLSC processes. Thus, CLSC helps
countries to use fewer raw materials for manufacturing and brings an opportunity for manufacturers to reuse end-
of-life products, so that they can increase their overcome and decrease the use of natural resources
simultaneously. Due to the impact of CLSC on industries, CLSC control is an interesting field of research. In this
paper, a new game theory-based architecture for controlling CLSC considering uncertainty will be introduced.
For this purpose, a smart Proportional-Integral-Derivative (PID) controller will be used which automatically
tunes itself using the game theory method. Thus, creating a game with controller gains and searching for the
equilibria point of the game, makes the best state for the controller. So that the controller could act rationally in
CLSC and tune itself to optimize its performance. The optimized reaction of the controller used in this model
would help the CLSC management system.

Keywords- Closed-Loop Supply Chain, Smart Factory, Game Theory, Optimization, PID Controller.

Archive of SID.ir


http://www.jscit.nit.ac.ir/

Archive of SID.ir

DMl (5,5l8 g o5 (bl dghy sole alre

J.;L’ ‘5)...“)5; u_..x.ua oliw.»“}
| jscit.nit.ac.ir :al>s asaw

JSO R ZRTARTER S SURUIRE SRVRCVLZ AR SHNAY SRVRTYIL I

Joumnal of Soft Computing a

8,5 50 b weligrd ails )5 jo aiwy adls> ol (gbve iy J S
o3l as 15 0,58 9y 10 y5e 9 (xhad s Jolge

3 : . H#Y % oA
Tl 00t 850 (Slosk sgelo

Q‘)"‘ gulfjf ‘LSA)LN‘ Qb" oli.m‘é gulf)f A.>l5 ‘).19.;.,4[5 05; —\
#dave.toofani2009@gmail.com, *Shideh Saraeian@iau.ac.ir

OB S5 axly ol ol5T ol8iils wolaz (595 «6 yINS e 0,5, 5 (5,5 1 Jgtans odiimn g5 Sl

Jliiw! (oY guamao )l duxo soliiwl g pls adgl dlgo & pan ddls Bua b alos o ' dny ail> ol (sldo juzxi ) <039 pol — 00>
OY gamo (o iy ol )0 09 WBleS Lol Pl ilio (slrojea 30 o) (p] o wdo ooy s il Al (6 mKouinz
00,5 SaS pld @il & pan dlS Co 50 b gls d o i) (! 050,58 s03b a5 5 4w gy adgl aulino ylgie 4 couls solawl
ol U ade ar i Sl 1y (gl ogm odud odliiwl Slge B panil b U g widlgs HEwSalys gl S0 yd iR g
A Gilore S @i (] 50l ol e Loy ) dilwd (] Cuy pr e 0392 50 (g R A (Lo a2 i (2o Lo 5o Lo i
ygliso (0 Cawl 00l (B o (o po g (a8 il olge jguds (0 A ddls poli LSLQOM)'@)JM‘_;‘)J"&‘S}'JQ#JJ‘;&D
S ol | b el ouls colisiw! g3l w Jai bawgd b 689,9 ;0095 pudasd CaslB b 7 o J1,8K01- owld 00isS' oS G 3
Dg0d atiien |y suiS S8 Gy o it 0l o0 (M JO) (53b Jol alali (i3l 5 oS S8 nl slasos39 o 3
I)095 21,1 (v 509,9 ;095 pudisd U cdinn alls (puoli 0 i ) 50 Wilgh (o0 (GOlbion 0SS ] iS™ aS 0o (o0 Lid Jols gl

gs 2By Tl 393 (S 0 iy g yrho )0 9 03505 diondy

s IS oS 00t J S o6 it o sl 4 et Slaails IS i il (raels 0,02 1 g0lS sL03lg

rizmed g anles oyl 1 asY olazel o Cilasl Cewl o o )
drwgi uizmen V] axsl ansls 351, p3Y S slas it
O sbosls Jod 5l plailly 4y wieliga glaals )8
G5 54 psyl wiadsr Sliga hwg sl sbml sl

docs o lgmlpwl s Jb 0 phe s Ol
o b3l g Vgame daanlp (sl slaJae doglejle

G 0555 43 (glos eSSl s s o V] el Slpges

) o s ools aolie 5 by o yaeb
Ol 5 shol wozylez sl ool b pozs gy 0l | sn Sl 5 Ll 4 e o5 ol Hivg £oda

. g 3 4 " g
‘3‘))5(5" SHyl S pan )‘ ooy o . (5’9})"91? o ,9_‘2, ‘5&4_;[})[5 59 el 00l

Sloaslls (pFeo S 9 (pyege I (SO el leo sy Gl g ool Co il da g e ol wlidl s
285 aalgs fEoad S8 sl iy b Cov g aited Cate 2,600,855l 5 cilanie wiiadin oo slxl B b o sao
oS adss Lawgs JIa 3 50 Jpame (ol 03y e 50 3lse mend wiadsn il IS sble LS s Y] Wl
oM S pan Cuwd 4 @598 STye g laabanly g g 0gd e oy alys ol jen 4 gimio slaan T lp 1) plojpdly eud 3
ouds (ymo anyld ol baid (ooli 0,7 ALBSS 0 ey 0 aiedgr sl Wy Glaplz Cepe 4 azg Lol

£y

Archive of SID.ir


http://www.jscit.nit.ac.ir/

Archive of SID.ir

Ll 5 jge Slosbs e e g obd e Jolse 155 L85 5 L diadisn slaails S o atey adls pels o0 0oy S
Shdgame Jlol 0b2) s glya S0 old o5 0l S oaiSady 5l LS &0 Jpae 0l g 09

S5k 0 y2) (eSae plyr S g ((asS B pas 4 saSuss
(608 a5 &4 0SB e ) ouds sdiiie b ouosliinl Jgasme
ey Lol 2l sl ol I el o5 2500
O S 0] wle oo S8 a adgl ilis 5 oaliiul (sl oaisS
G5 S o Logn aiey dils el o) Ll

A3 o iuled |y aielign
0y ke ligd SaalS IS dnugs (gl 00l ke Sla Al
ool sl o gaz bl o | ais dadl> el sl
Jolge Dl sus dasnlp (S iie ols,
oo iy 0jg> ;0 IS 18U la e alex 5l g (alad el

0)‘0 3929 w.\fj.v Ql))} ASJ 0)5)./0‘ Lol .ocisls S9>9 o..\...asdfa.c
6)51(:“'?' )Slj.a Ly 0 padie L oadoslaiwl &Y gamo 4
4 adgr 5o vz soliwl L g Wg oo Sl O 0SB a0
Obyz 9o S Sl o b aisdoe 03y heru eanSuss
o)..Ju) AADMGA )‘..\.:..b Lo daal> u.uol) ‘_ngo)..:;u) co..\...ué).po
Gk 5l yglogw LialiEl g b bl 5l eslatul co o

Dged dlgz SaS oadosliinl Y gama | suze solaiul

e cledig (sbadils IS o iy ddl> 1l o o 5l ool

aalys g5 din dil> (oli 0255 ol 4 (cogtde Hb

U sk emcanwn O an
B e ki
j Sag5 o | T— — e
““’““‘ -
,_,,,,l.ﬂ,u \ r \Q
r I xS I I s
9 00— (S.:.u .—l
I I
4 ® SN B
< & s g
N s Le bl SSL
»JS 290 CL_(/(ffg (x) % s .
X/ b
TIPS = %
6 S s ¢
& -
() OF
293 8l jl J S szl LJ *
i
[ (Kovy |
r ——————————————— e ——— D o ——————— :
E _\ OB LS (yuali O3S agy OB S & g5 Jgo blis e :
| sy Wi [ & TaT — gty |
T kPR B & E = MR R
o -l T - o B 1
: ° [ [ [ !
1 [ ] o L] - [ = () :
: ° > o > ° . ° 1
- > » <l PV | > 1
] - 1 -] " . 'L/\j ™1 \
: Sjeir=kmag T ;
1 |
I el e S e e | e ey |
1 ‘e’ H I | ! ‘e m!
i th ! [ e I " I 1 p—_a
:' — i || | H I I EE @ E I 1 2R —
T e 'l
o [«= ° °
il g L | ° | ° ° 1 L Ik
N a 1 L .. | P, [ ] ° |“ﬂ 1!
:l —'== -| = ég ) E 1= — - 1 :
________ = e . S i )
! AT TR, o) m ~r ERPCH W) !
; OB S sl <l 5S1e <85 551 e 1
1
H I ) JS395 aoli 0 i ‘|
N o o o -

(8] woisga a3l ,15 S y0 5095 dsms aiils pwoli 0 s ) Hlisbuw 1) S5

Archive of SID.ir



Archive of SID.ir

V) e F ol ) ol

(ISCIT) ledlol (5,5l 5 o5 (2L, (dghy- sole aloea

o le allie cnl sl (s 5ls5

530S S psie lagog,g Bog> das ol
il o g alad i Ll

ol (Lo puom s Siedige J2US g Co pae (g 5leaig
ol a,lai SaSa

S olgrea by eass JyuS o ol a4k Jleel
o5k dw b el 15 el Co o

— b (el 0y J 7S g Copae S8 (o9l Al

é‘)lf aS oo ‘_g.bl.@.».ma oqﬁSJﬁS 6);)15
Ao oo azms | SYL

Sl 2y it Co ke 9 JSES (Bdod () Bos i 5l 4
—el oaS S S SaSa 4 conl g adls sl
ol i sl el sl 4l e e JS
Sl)ls cwy Y i il oads sasiloslu 15 Ojg0a dllis
oaS S Y s csby salys Gaiss Slool g Lad e
oS J S o Sas ¥ 5 0 mleioe (B |) ooleiinn
Sou g @l 0 e Sole jo 5 ol aales (gilaand ooleiing

o sl ol | lagT s, 2

budyo o5 =Y

1wl 00 [v-»-m-a-’ L)’“"U)") dw mu’“?u U‘i‘ (oo
Ko grails 5 -)-¥

ol W A e G (50595 o sl ol ) solail
el )5 o cel an s cal g ob walys (i sl o
50 Ll el 005 o edigr slaails 5 4 ciw sl
b @O VAT ans 4 wieligr sladils IS sl Ll
Ol 31 €0 Fgeals b atbuel alde (g b (loj o) jo 457005
Sy el wiedge slbasls IS o VY] ws e ey b
Bz g 3,00 9929 (Saio DS b waa Slasel eSS gres
walg> il 4z 8 uiebion 5 6,15 5l Blhanl gz )l cnl 5
(6 L aex Sl mlio Gl (il ) g ) o
salgs U g JB 5 Jom (ganatie wSle g bshs
b glio mrm ol Gllie 5 Sl ool LS 50 clis
o jlad walss mlio 6ln @bl 9 4 e 555

sY

B30 U5 5 Cunse wieils a5 anilpe di aldl> (el
5 dedigh slaals 5 gl plle xils [l o b og wialss
770 0597 93l ez clian dil> (0ol (slove oy sl il
Gl &5 ab wales swar ol g g Plas sl @
Sty s 5155 18 e 9)90 B0 L g allaiedign
Jedoss 51 S5 5 5 elge (iller @ allis (ol 55 o e
iy 4> 0li (gloopzeis sl ] b Jelse opl go 36
Gl e e else (sl 45 el ;S5 s a3Y 58 o 41
iy 4l i 052265 b Lo o by ol 5 (g 90 51 (S5 0

S 8 wedse glaals L L e ool S L

Q3 Jolge ]—

b5 o 0 pe Jolse b5 e 0 e Jalse
Jedsgh L5 )8 L el o i b

Oljugas > o e slolis |‘|

b Pl At 42 e
SIS Slpuss Sl bt

sl slbs S 9 Oyl > Cusbs pae

Sl s Cuabs e

Jguazo J19205 )3 Cushd pac

OYguane S b 5 )3 Cunbd pac

o p25) 13 b (S s S kS il

o) S13 b (S 9 513 G i JB e Slue

295093 A aille (1ol 6 yuzi 50 50 Jolge @l :¥ S
(0] wnign crails ts

Jolse blie jo aiwy adl> ol 0yumy J S coud epla
39 ey lade b et yo (gandad by yion U ogd co yonie o yPee
Al anily 18wy Camdg b g Sy 55 50 (o ol

1#]

Copde $0j9> ;0 ok sl e Egoge Cueal Jdoa
Silwainge g 2L Gl Baa b atws dil> (1l slao yuoxs
TSy gu0lio sl g, 5l aS ol a8 )5 bl ooy £95 (0
Ja] %656 o loangs JA] Sy o, oI VT (o5 laags sl
oaisS xS 51 soliial (Vo] twbsanis gileangy slass,
b syl 0,50, o] sasaigy ditie JI Sk ol
4 am idu 5o a8 Wlages eolinl . g [V it mmo

Archive of SID.ir



Archive of SID.ir

ey g oxhad il Jalge (585 a0 b atadign ladils IS )0 diy dll> (sl 0y S

Ol 5 g0 Sligh

NI PR W ES VS P RV PR VLIS WR LA L )
il ogms dine ,o iz VY] o)) S 5 Tang salis o
sldl oyl GlaaSed )0 MEres 650k 5 Sllxe Sgn
—d algl oo Sedign (SlaolKiwd ol B e e )3 Ailod g
o> oIl kS 4 e | S e Jae S0 S e 5k
ol o ead ke Lol il Laas Sogel asols oA
solws jo Slabuw mlie Codgionm 4 4z b Guiog
(sbla,l JUK comsg o il (slgy Cuvgiome ( Sriio Selign
@labad &0 4 g5 50 by jg 25hT g (oo slahigel sl
olpin Jow aS weo oo lid 3abod (g5lwesly bl bl e
a5 sleaSis oj9> 0 YY/IV/ U, céds ioldl culls

—axr LSS leo )5 51 (S el sve pummiy (oS o
slals I8 Hoel way 5 dedgr oSt b smlio sl
Sl Sadigd el glooyuzdy (gilwosly g drwgl Wiedign
GalS Baa b el ooy b Gle iy o jshiles
51 oaze eolatwl g ogw liEl el adsl milie I eslaiul
5 e Ol 2 93 ol oo cdiine b oadosliinl &Y guae
Wy Al el (sloo s porde il pli Wil o (eSas
3 ooy ol (gilwooly Juli a5 ol aales Jlasay Soes
oooSme ol 50 DAl g walss aieise slaals 5 i
S¥garme (GBaSady o9 aiun adl> el lao o
soliiul adgi adsl Slee olsieay |, oad caiie b sadesliul
Sdgi WY game loslatal b oz Jyame azii ;5 99,5 winlys
0y e 5 (s s dalss g gl e b LS 5l eas
Gl g slasilony falS e )0 dtay > (el sl
5l saome osliiul (sabiwss i 9t 5 (sl @l 5l ool
Lol asile, o (,b diaiign sladils IS 4 waibadg OV game
dogl bl g i ail> (ool sloo s Cononl Jdoay
WJedo e a5 020 O g0 CBday b beo poniy Gl o e
Joozr el s )5 18 Bla i 51 (g ks az g8 0550 (230 0l

D0 co lid oyg> b o edd pw ) m Oladsd | lasds )

A Al (proli (Lo i § < o —Y-Y

slio ;0w adl> ol oo,y iS85 s o L
GolS 5 e als o lapl coeal plo a5 5 il

Cdady Wb o pony ol o i 9 J S o ol plio B pas

4

Sl Dlimad 7S @ plges plie @lp b il (n e
5 At Wb daalg: ol g o ol A e a5 ol
5,5 o,Lal g el Slblal  glawlre 85 gt 3l (6,5 sl
5 Toledbl (6,0l 5aal 5l wiedgr sbhals IS (IS jsbay
sloojo (oled ;3 porde (nl igd oo ol M Slles (5,5l3
do b dajls cwyp ool b o540l des 5l Caio
Wdgi glrosls Julis aS” Slles (039> 0 Waosls Coanl Joa
Slop e witne . g ady s Ll WY game Sledbl
O 383 ysbar Wb welign Sladils )5 gojs> )0 (Supde
Ngd sz 2554 059>l )3 (el Dldags g wied )21
sdle VY] 598 oaisail 6 mlos by T £639 51 65 ok> sl g
Lawgy ol adgi sloosls saie) o alids sl (ill> ol
Loy bosls pl .o ks 8a2g jui diadign sladils 15 o b S
‘)‘“’]t_s“’ S92 gdy . g & g Jo LSL‘°)-<‘*‘> Wlgy las 6L:b)iw.>
el loolaiwl b oo 5 )18 cwy 0,90 blisl g cdo b sl oS
028 e sl banT 8 dawg g (605 euemal ! laools
30 e b 1 SO Sledl pl coel aseS jo g dalg>
poge 4 daxgi b Dl el weise sbals S soje>
&loo xS dcgozo gé;).._% Sl gz Ol calisn slaasls IS
Jelge 51 zls ailacaiign 40,5] Cawsdy (gamaiz slaesls ;|
—o e sl g i (iluainge San b dredise J7US 5 ane
o)\ Ker g Huo (sellin ;o .00l salgs 39294 Sy g5 (659
poe ol ol b (s ey 355 a5 Vol
Ol el il (Bire diedigr slaals S L g lisengs
u;:"é LgLang.\.La)’sz 9 (_g)'Luool,,.g. 0970 ‘g,-';-:-;-"‘ L;Lm)ls.a:\) Il
390 dalign SLaAlSIS wy )3 ( S5k 0oy ($5915SS sl

s 513 o)

ool 0o slizel aliee o) Syl wyd,S 53 a5 aisFolos
0j5> ) Siadsn sails 5 a5 caul Jles 5l Sy el
L3, 5o aredign olfiws golaws o] ;0 a8) ctaro oLl < i
2 85eS Oypoh bplul 5 b gsls (e oYl b
0 e _ixio a5ed 45 i 55,0 o1 b (s 13 L)
56 aal o8T sl Blaws 5l Cansl oo cmio oy Jiw y
P38 S ol aie DMl SLidl g Sl sla o> 93
Jyol sl 0956 oy a0 V8] oS 5 Corallo sallis o
Srmbe Codal Plus b ablis jo sialign sbaails )5 )0 (ol

Archive of SID.ir



Archive of SID.ir

V) e F ol ) ol

(ISCIT) ledlol (5,5l 5 o5 (2L, (dghy- sole aloea

Sogd AL, 059> j0 oo (wy p Ol 1) Jguo

= soleriny Bl s [ ok gd
LS s e sbal copnl @ | Ll il S e egm g alill oy | s ye sl ille g cnio sledl Sl (Bpee | oS 5 Jeschke
G e iy gl GglesS Sxo 09> 5 [yv]
RNV P XYW L
So 4 b dedee sbalsls @ | siades laals 5 olp el Joo )] | gl g sieden sbbals S Lol s lens Jeong 5 Yi
S wfe gl ef  ogame Sl 5 syl Sam 5| 65l Ban b Sliles 55l 5 oSl (g 53 AN
5 Sledlbl (5 5lid @y bgyye | gal> e sbals)ls Gy el sl Sl
S b ke VB - slaal> e Shedige
B9y asles Slles
§ Cupde olly 4l jo oKiws ;0 @ osls Zu o Tz g sl &l | Olals 5 0 ouls adg slrosls o pos o, 5 Lee
il wwles 1y 095 glaosls ijls Qialig [v¥]
o oad el Sliiod ganger @ | 5 leesky o el glaSal, il sl Sl s (Ssl oyl eslinal oS s Huo
slaals )5 o (Ssb g0 059> 2 Sok oz shrl (8 slagaiels Seder Sladls)l5 5 Jaio oLl Vo]
Sadgh slaghy, 5 deder gbal s
iyl gty &8, glaylSal, @ | L (Ssh g005) el (sl 00l ool
ERPIEY Sieisn slaails I
—all 5o (Sob oy o5 @
Sl S L welen slo
el 9,
ol e 5 6 pSslr @ | a5 L5 el Jgol sl ogm dedien loals 5 s g mle cutdl | o Ken 5 Corallo
Smbe Sl Piloa L ablie )0 winlign 5]
—Al ) glaaSel s sds il e 79 3z bz oz )le SL Al | )5 Gres 6550k 5 Slebre Gige il | plSes g Tang
dadigr sl Laligr slaals IS [YV]

ool 00255 W Jaw SG Y] Fu Meng sallis js ool
LY GL;:I ony) g el oul oold arwg gy iy adl>
b Baiod cpl o tanl (Gluil (sla g g Lail Joa 5l 48,5
@l 35 9 2D Slej so3b 4o DY gz slaws (285 s 5
39 el 485 13 ) 8590 BB Slateng )0 e
Baby g ol 0,8ee oy 2 6l 000 Clidod coly

el 00 4..5;

S weasSade S i )8 o bl di dal> el 0 ,u)
Iy gadgi Jaame waiSades a5 b ased S g g ,800 >
eI uled g (B yme il g 00 5 b oo e 08
ol adss Gl (Beiod (ol )3 ool a3 S i o &g Joo
Sz 5O 0z Copde bog dg dlsm Eou 0,90 glailsS
MINLP Jow 3| 5uizs ol .Cowl ooy (o o385l adgy ials
callie jo cewl 0oged oolaiwl LS sleas e rals cox o
W il ols 0 35 o ke 890 50 VY] ) Ko g Nunes
3lg ansl asly i) Lics a5 plaall; Jolld) besgicen
Jle lgieds ol ouds Gudios (0idl ool wyoy Jokw iS5

0

el iy ail> el Gloo sy Copse boopdy el
S g (3505 S 6 e Culd) (0903 S (yemen
Jdows L8] ol Sltws b oy slodilony (0905 JBlas 4
dil> (el ooz b aiedon sladils )5 (g5lwaz LS
(g 5 peline SOk (S S il bl i
S99 oy (ol Copde j0 g Oligad (S90S g sass
~Jys o o] ) Sen o Saraeian salie s cusls sales
b 003 eubas colili b Blbnl itia- JI Kk olis oaS
—o ) S e sl D3 ploosl (g sleaie o 598l 5l ool
Jolge ioss ] ool 00 3 yme S 095 dtny dil> sl slo
ol @185 1A 50 (el slooyuoniy 5o 5 ) @y 5 (orka s
by 3 Shee (giludinge Ban b oaisS J S 509> nla o

gboe plonl D)3 plool (6 5luding pi 565!
b Sty gelin g, o VA GlSen 5 Guo sallia 5o
s plssl ileaite oyl 5 Sy i oSl 5 eslinul
s W Al (0l (Sl 2y 2 BaBoS (nl sl oad (Byae
b i dil> (sl (sloo oy o oo Az )3 )10 55 ped
o3> 13 sy 9550 1y GRS slasl w5 5 8,5

Archive of SID.ir



Archive of SID.ir

ey g oxhad il Jalge (585 a0 b atadign ladils IS )0 diy dll> (sl 0y S

Ol 5 g0 Sligh

Y5 cdl o cyz 35T 5l 09,5 aw llin ol o cunl aid §
saze a5 5150 il 55150 ol a5 1o 5924 oaboolitul
i )53 5510 ol S 83 asi3b e s e
Gl oo ooly lis atin ddls ali 05000y 5l o Jae SO
sboolitas] YIS il 15 35110 4o oabid yud Lelge ¢ a5 aS
ool (oalaf s Jolge a4y bgaye azog 5l 5 wled o (555 5l

IS
L ool 0,0y o [YV] Golpaygani ¢ Dinparast sallie )
b el (510 255 ol 428,515 3 390 sl ol o
S Ol b )1 13 el slvoyozy 050 3 sl o5l e
Ll o el il Olia] o] (S St 4o
5 iy s i ST Sl 5 VIS ol St
503 oLy 6ol o 5k D5 po e Sinla 5 3,18
iyl 4l e lia pl o b sl o lae wiled
Cilo b oSl ad @) Llike pems sae bt i
cebiie o8 Glaglan ooy 4 bgpe slo el
~JeSeas Slse 9 Y 0l 2 (655l rizren (leMbl g 00l 0L >
w YAl o 5en o Seresti gallio oo oo @31 1, )] saims
OIS S 0310 o ol 0oy S 50 @i wnld o)
ghals o5 ablie Jpame @iy (RSu wp) S )0 pke
3 Sl 9 5 aloyw (53, j0e 5l (A (al po boaise
locdlus Bix ulply 08 walys ¢ Sslr oy anly
@i ShlR 0 ead (b sl silediar 5 G9p0 e
Sleday mei Glean e Gals o 5lu)lS Jool) S (Jyame
Sy ddye 0p2xiy 33 by mie e S G (nl )0 09,00
e 6,8lLE (Mol (S 5 g, SO leslanul b (] slge
Erre Je )l el 0ad (Brme az 90 (SIS (ileat
g Cowl 48)F ol (1938 oS ) &S ,8 leosls (g9, ouls
slaws yrals JJo 4y ool Bxe Joo a5 wio oo lid mls
Sl ¢S i gus Bpan g golisS oads b Cdlus cardis Jolug
335 dale (Slail 950 9 & 5 Jom anje )3 (p9248 0
rurmo 33 cmmgidaliy Joo o YA ) Sen 5 Guo sallis
oy aSed SG Siledinge 5 oS lp dasais Ll
Joe cpl Gas sl oals sl Jlasl (g5lesl b as aal> ol
3l slaggy § Camjlaze o 5 alls sloanie ials
S8 g sidu il gl ol dad ol 5l A0 ass s
e co lid bl (ol pegdle LS o aul |y solprinn oo
Fyore 10 4 Cond 74 9o eoleiiyg Jool, &5

RN

55

5 SR Sl (oals DVpad (S Sluls 5 b JSux
Sloslony 5 )l 5 (550laS Dluls 5 WY gams (Jaio
Sl 4 4z gl b Ngd oo (Byre 035l Gloieds (aio
JB osd oo Sl waa BB (655 g Oy oogiien;
Ll po aile (alge 09: walss B ras a5 12 4y caSl 5 bl
5 g Sz DY garma ;0 daze Sl 4 LS (b gl
GBS (nl 5S Wg)oo b (g sla 0395 sla il 952
el sl eog5cuns ) (ol 0 iy Joe a5 Sl 0uls ooly yLid
hol yae Gla)gSl 5 ail pw)n o> S Glopiie

Higd 42,5 S5 50 il b edgicnn
69, |, 055 Slidos i VY] 1) Sen g Shen sallic o
gl o 55 glio wlosgai 35 pate 5 SRV Cario
Y3 Jlo jo oS slagfa aiwn céyi Jl o Wil ol
033 5,3 O3k VY p Wl ez s 5o Syl o wal e
a5 )5S Sy o pl Slge el Ko WIS werio (l s el
sl Suled )3 g el Jiiie K00 5985 4 A3l sl g Wod
g pladl o5 59lS Lyl oS B pan 4 (9,8 5 (Sudian
5 5 39 43S Wl b oY el 5l oy Jlie olsiea,
b a3g)9 5 oz el & fas sln g 305 o0 (£Lo LI
ShTm 24z L o35 o ol ol glaygiS 4 i pan
3 B33 SS9 S pe 3929 (S o SV Caaio )3 0 o
gy Jebotr 5,500 32 5 e o & o1l S 5
ol g calidee lajlh (poled )3 wilewy g gogro
02y S i el 0090 5 = Jhae (glo plo ol 0z Co e
A (at Joo ply s oglite JSal) So plyieds slopls (el
L &S Sal, ol 5l ool b ylaioo Lot Gyas 5 asi
Copde Gl il sl sloul (glo wls olazdl Lol 5l solaul
sl B ol gilwools b g sl 0050,5 s (pali 005

IVE] coly ales 08 Gl 0 o)

&l 2 SN (6340955 51 [ YOl Queiroz ¢ Wamba salis ,o
‘5)3.'9..& L;).ss Sl ol colaul u,uola 6L®o)m) S0yl
o9 osls 0,33 )15 a5 conl pl (Sob g0,y b Sl
Ol o9 9 Sl Ayl (635 10 S colo g o S5 3529
el b 55 1 0adio 3 (godld (635 yo (salads G B b
Co e aads 0 5l ISl (65elex ST ! 5l eolazl b Lo S
9 Kim salio ;o .Cuils sy 59z g yuali 0,0y 40 (635 o
L ablic jolaieay adamai> s5lwaigy Joo G [YP] o 5n
5 oasadlil VS ¢ ol e glols adadye Jalge

D8 (o p 9590 5 (Byre de Cario )0 Al ddl> (1ol 0 o

Archive of SID.ir



Archive of SID.ir

VE Y i oF o)lod ) ol

(ISCIT) ledlol (5,5l 5 o5 (2L, (dghy- sole aloea

Jesay Sladss (605 ple oo ase) [0 ez (6,500
Sylwdigs Sz 50 dassb as b sl eolaxul b o] 4o aS ailos
51 ooliinl b el o M (o oale dwo Seitad (5le pans
&S 9 @ NS STl Gl (iaghy cnl jo oleiiay S
Lol salss wold (6505 ple @l o 65 (ple Ol
Oley salS o !y S gl e (gileaige b
10 gl yus CBgw Bpas od JBlas aioren g laas])s
9 9emSlgocn S adgi g (SauYT e c(silwaing ool sazms
5o ol sl Juw (gilwesly b oo ralS slasllS slaslS
e weldl )o 65 ple Bl sy Jleel b gl
Lyy] cosl s piy & )90

3 b a5l laae [YY] 1S o Toufighi callis ;o
Sl Seza plpl yeaS e i gl il cox
Ol o ailosges oolatwl e S pie ol 5l zlmal g5l
Ao 4o GOm0 Hliwn e g olpl o8 jlie o Lol il allis
—0 ol s )0 eadadly (5,8 S ple jo S gl el
—gohe ik sl Jobs alai gl Joe bl 4 az g5 L aS ail,
Jél:ﬁé.‘a.sjsey J&‘P &g UL.N.:).CLQ‘).’| C;\S)L'L.A)é o0l
3 Sgbee aB)S i s oS lhe pue (g3gme Gl sl
Ol wadzrhe 3L K5k g0 o Gl Jols aaii ases
e gl gy Sl 5l (See S 0 e 9 A0S o e
5\ [Y¥] Zlavarasan 3 Muthumanickam sdlis s .ol oo
Des (2t )5 glie Bras iluaig lp bl )l
b slaisSay Rootkit Do .ol ool oolaxwl Rootkit
)9 (g9 ‘@bﬁ W SleMb susliwe 9 o pde aS Wloads
plnil jslaieds 0 pdy Ojpo plug )15 Lawgd (o tws o5l
b pe 3 GLAPT 4 Jlasl 5,5l 5l (e ()
S (Do aisS 1l (awid jslaieds 090 oo oolaiul
—oalo uLo...>Lw LSALA) R e Rootkit > ua.ah..u gsl.d
wdls slaglaislo ol jo LAPT soss Jdoas anl b pl assls
plsl lr ok @l o9 ol 2 ekt oy 4 5L pogdle
—ag lp il a4l 5l Bies (al o g walss Slasl
Mo anseis a3 g Sl opl sl 5L 0,50 gobie (55l
Sl 00y 428 5 o 40 Rootkit

Y

o) Sopdy Sant oS 5 (V] olSen g Ma sallis
Oh9,8 Canyd Ol g oalosliinl Y game b3l o Seb
Lo wladl alfaw g lul a0 olows glp |y (ol o ,aul,
SS9y ST G (] 50 S (o6 (o) 2 Al g S
pridy SO g eniSady SO Jold aty adl> el 0y
Lyl o o5 iz (53 Joo (525 b bl o ¥ as
5 9,8 B Sl ()T 5 5 pasdie o Ssb oy iy
i oo Gl gmls 100,85 o uetd ael 0 oy alfa o Sles
3 Sok sop) ;b Wil oS (HBly L3l g 4z e oS
anlg> S drel> g Cans ) laore oladdl Glfan g Il ol

WDy
—0 ) J5SS 5 Cupte e 50 (5 ke Slindod IS el 4
ol SO e aS cl A pdy Ogo dtus dil> el sl
i iladae slahs; g Slite slaph oSl 5l b ragy
Sgute > 50 G dayl dan Lol Gas Lol cailosgad ool
@alol j0 09 waly> ate abl> el slae ) slaos] s
4 i il adl (gloo ey dine) 50 485090 Slalllae

iloads ools HIB Y Jgaz o lais

L3k 4 b g lwaiage -V -Y
a5,k 5l eolaiwl (g sluwdigs a0 oolaiul LB eolas 51 (S
(b, sl Jos jloslanl bla gl 4y ks yo asT > el ol
5 shhie Glacusgzge Culb, L g Sen slo by, Juloo 4
Lol 4,k (o begsszge 51 SO ;0 05h g0 1o ) iealign
Bl e a5 Axblon 055 @dlie 9,5 ST sus
(Sl =9 50 U Bl igogzge plad il o (Jolss
clls ainlgs 1) 095w yiwd ;o Cadie iSlas igds> g0 den
Loz ge dad glp au3S oy ol cel axs o
okRg3 00,5 oo Sl (sileaie porde Solid )0 g 0D walys
s s byl siluante sl bl a5l gl sl
a5l [N o Ken o Haghi allie [ .ilazs 5 o 40 cilises
PRI e S clSliad Cogw Grae giluags ¢lp bl
&Jﬁé Q’“‘mj)" uJ‘ B ] 00 4..3; 0 30 labils” 9_»)[.».'9‘ QLH..:‘
Sl STad V0 b goio cals )5 5 5L SO lgicay
loaoly 83 o o bl ool ais S by o Ko S5k
~ze 3k szl s Ok 51 S 2 Gl S el Rl
OO FSee o Jol) 5l Jolss a4 (a9 o
Oezmed g a e malS Baa b Cars o B sbbsTal]
S 50wl 00l (6 S Azl IS sajlE udg alS

Archive of SID.ir



Archive of SID.ir

ul..jlﬂj)sy@ls# ................. u)JLAj(S’JGBJ.& J.a‘g.c u.d)f).laa)bl)..\.uo...ug.b LsLQd;l})lS)QMAAl?uMLs oJ..:;u) J)....S

Ay Al (ol (G0 juzxi ) 0595 30 00l oy y Wl Y Jgu

el solerin 1S, e | Az oy g3
JS055 5 dieigr Cogh il pieaw @ | o Lil Co gl s RFID oSSl ool | 5 aiedise Slxls IS gjluasedse oS0 4 Abdel-Basset
anin g oley Srals @ | ST ) eslitul 5 ol slwo ey oy Ol slo o3 OhlSes
obytie cols, iliél @ N-DEMATEL [5]
slad ;o atws dil> a0 a5y Copie @ | lawg 5053 Sladais LPID ooisS JiuS | 0 SSlegsl aiy dbl> yuali 0,055) Copde |, Sen g Saragian
diodyn &gty galad il IPSO 2,551 Coabsd pac Jlse ;90> lo]
28055 melail b aieden ouiS 1S @
a8 S welats ploj 1alS S
Suzee odgi 5 9 gi 55T pe Sl ey SO @ | e iy il el 0y Jae Sy )l | 5285 a0 b G Aty alle (el 05005 ol 5 Guo
5 sazme osliiul gz Ugo AL )l @ IPSO 58! 5 i w551 L s ail)b [l
g 0uS8 yas Y game
OB asS oy
G Clw Cz b pie o Sal, @ | a ddl> i oo 5l Lgy Jow SG il Wiy Al pali 0,0 Sy e Meng 4 Fu
Sazme olst ogox g Sl Gy Soletnn oBogs sbml laiea [v-]

Olyse

Al ;0 9 JE 5 Jo sloanze SialS @

ol ce> MINLP Jus Joo )

5 same oslial 5 (s pslaer anse siluanse

o, %e2 g Mishra

Ol o pmmy A sloan o Slawi 0508 Ay b 4o jialS g ogw 0uid yas DY gaze [vh]
J& 5 o>
G5y ae Glpieds eagiceny 5l eolaul @ | 6l JpuS Gl sles oy, (o 20095y (ywoli 0,2y Sy ppce o, 5 Nunes
sl glopsie (owyn wiels 0505 S ke [vv]
RYTIREYIES
G ol 0y Copde Caenl ® | e dols 5 alie oS04, (sanpex oSs) YIS Crio )5 aali 0y Sy ke o, ¢ Shen
1995 5l it Sz o 4 53 Copda s [rv]
b
eols 0 yummiy slaan] 8 cogss @ Glopls cpols 0z o pae Jow &l | zelS  jslaieds  pell sloo s Copae | Sen g Lahane
0fag) Ko olyea amg Copse @ g sloaleny [v¥]
oslite
Ol 0yum0y (S e Joe po Slpss @ 55 (5590955 51 solal Ol sloe oy o o | Queiroz s Wamba
[val
S8l 0 SThe og slael b Gjso o @ | jo adaasis (il digr Jow l eolaal | o b aw Cate jo atg adl> 1l sleo pod oL g Kim
Jelse e conls oolawl YIS 5 Obyie slols gahd e Lilse jgan oo oolatwl YIS cuis y ddl> cils [v#]

5 28l wals als ahd,e
A oy i ol (5 )5logm

oads CBL5L YIS e

oMb 5 03l by celize 5551 1l @

ol 2 0lge by sl (5651 g

Bt Grpaaliy Al p Joe SO &)
lalises oo dae

Shoeilie o b pals (sloo i

5 Dinparast
Golpaygani
[vv]

s Jlog olss Jualse

Sy &y 0,023 3 Ligy @398 Jove S )

w20 sloo s 53 L @je o) Joo L)l

o, Kea 4 Seresti

s b cdlae (ol olisS® | (S5 hg) ol eslinul b (o sl S s [YA]
by CSgm Bran o oS 0 | Glway » S ) lS Mol
J& g o anzp 3 pgzdd 0@ 42,90 S5
4 ol 55 0 Slos golgiiny Jol, @ | Llire oo dSue pmgiacly Jae S| el 0 4 S sileainte 9 S OLSes 5 GUO
2518 (Jyare o551 Basaiz Sl bl b ey adl> [va]
S bl ane dooly 4 (plites @
by polal gladedl, Jlis
oleriy iledns )
b sl jraS adly 8Ll g5 az 0@ oadJloy ol s 53k Joo cSbo |53 (Sob 0058 oy Shte S S o) 2 o,Ses s Ma
a5yl sl s Ssh o Conpp il 5 oaoolicnl EYgame <l [r-]

dral> g G loxe wlazdl WS

el e

—d 5,5l 4 oliies sl T yaily by,
dnaly 5 Cony) Lo colazdl 48

FA

Archive of SID.ir




Archive of SID.ir

V) e F ol ) ol

(ISCIT) ledlol (5,5l 5 o5 (2L, (dghy- sole aloea

ol da g0 gl e a8 Tl o eSS 0 o e el
e )0 et oS 5 g e ol preal (ol (sl 2l pln
~J%e sl ) S i slacs b a e [¥A] Hiller sallis .cula
Gl 5l Eeins cnl 5o wleies Jlesl Slowoss cnl (g5ke
0l o oo S5 3L 48 iy 45 a5 Cel oo ol (solgs
53 eddgihe (63l wal B ) o il oe Sl
S8 pb e Jol el pa )0 10 pdy o0 plomil Al e 90 50 Gaow
Dy oo el oo )5 oMo i bl plaseinl 550 50
9 iboe JUSle g3leiiing Joo ol QLS E pgo al> e 5o
Sitodae GBel i3k cnl ulul 2 09800 Bhome S 10 dgu
oplo diwgn JEol .cuils aalgs 0g2g LS 10 j0 baead e
WSed SH5 i b & e (29,955 Sdge laaSd o
Sl o5 398 o0 pa o JUB 50 plojl Sl ol (nl o9 o
Moleas CudsS la il g aes e RalS ) aSid pliebl
BB e a1y bawgie 2036 5 Shles ls cin <l aiile
ools JUl oylyee illas oopl plis aas o 1,3 56 cov 4o e
sobae bL3 )| g 0985 aSid o Shoe (falS 4y e o5 5T,
G972 Syl S sl widign sla et ;o adis blws (o |,
2 o1y S vl s g Amer salio )5 09 o il
ol alga b Al )Sen 8 (3L 0S5, So Ol (bLS)I JUS
b oS oo Jos 5l 5o b lyear alis bolog 5 ool
able alalgzogs Lhgya |y Vb o515 L ooy G Canlgs o
Karush-Kuhn- 1), b 5l eolaiwl b as g3b J=ol, ol
ol 5o ilwands bl .l sals &Il 51,8 (g 5 9 Tucker
syam )01, 4l l) wealeiing (b, a5 wes oo LS i

dSu o0 Sgete 5] 0aiS ol Jelge

Ol goyd oz Sl ol bl o) SR 039!
Sl a4 e a5 S)ls g adrongie 5 s piyoelde
Ol Sl nlply ogdoe &Sl Slas pdy el g (Sl
] 22538 5] poazey 001 yydyap 5510 lolidh g s
IR e oyxe 50 a5 plyenl 0ols SThe aLS alad b
ool as LS sl g ools 3STe ol Cuai 4y Wilgs oo ilo
& pdyonl [¥-] Vakili § Hosseini sallis .oiS SoS ¢pes! g
bl et LSl g lacslu g o ) 18 Gy slesls 551,56
i b2t g 525 (bl (Bdod (nl 0SS (oo (o) 5
Lt (ol axibannss Joe o dagsl 4l L o) b,
b g wledor (B @ pl Sloslone 5oyl ools 3515
sy 00ls 35150 syl Gliee 5l obiie dacl 4k
gle 5l (S solo e cars ol valys aled | 60l L,

A

obod ol jo aS 0gd oo aiaS glaSii a o(Lon) pudiiay ydai aSLl
J 0 plse G2 b g lejen jobar 4l lae 5L bt
=R 9 o)b.; w.?r.‘>)‘ Jig'd Lgo)f).g ‘_glo)f TR 9 S [Py
@f‘)p‘ Lal.é)‘djba?ﬁdw)’sfo)\) leuf‘w)")"‘" oKws
Jod 5l eloosany Hoeb 4 i ilannsgs g o5 lacllad
@ e boudles plcasl 0ago § aSis ol o K, (6)lgw
g aslis cpl @jad el laia e oSl LS elS
Coaw 4 1) e Colgd j0 a5 0l walgs oSl iy el>ol
Ivol o), Ken 5 SimonBiaou sallis y5 025 o0 Gy Sl
O SBaSed p9d s 0 Gy S)lge St ke S
Ao 3k )95 Joe wa prille Gl pliia b L
Ce pus 0z e Joe ookl b sl ouls colaiul  Bolas
SgraS JSino cily g0 ol e dal gleasls jo Slbly )|
Sl Ol 50 (28 BB dgae 5 0b daleS e Wb sl

L pdy wely oo G,
bl b o o3I G YF] S § Casado-Vara sallis o
ConS S Gaa b bl aykas wlol 5 a8 oK
o e > GBaSD jo Ol sbesls asis g eosls
5 ol Glp e Jae SO (i pl jo el ol (B ee
95 Oygods pew g S Al sboesly o pos
6’3‘9 LgLaﬁ AS.’ ) e U”‘ LQQLQ‘.U..U.» JJA Sl 00 oLQM
ol 5o oul adgi sloo b Lo o slaools coaS yioli8l sl
Gb cl oul gilwosly e e S A G Bl
5 odlmis wadr whyssll S g nl slesjsliws
sboo Bog pobas CoblB a5 conl ool 8 pae aidl losluog>
wallie jo 0400y oas (g3lwooly slas o Lo K Gl bl Lo
lacs3b 4 as 51 oolinnl b o,Sog, G d¥Y] ol S § Alvarez
Sl e il suls &) aslsog, sk s 5l 6K sl
Gt )l oul oolaiwl SOl o484y (650 Sl Bakoe
el 0595 CawdVl ;o larpae; 5l ooliiuwl ogmi ISl )y 4
593 o) 10 s danl sl 5l soliiwl a5 aisl o5
S50 50 (ilse 5 o] (Sai5 ome 5l 590 slage; ;o aSky
(Geid pl aoml laieas clls wales O 5l LGL Ol jlas
—ssb b 5l ol e ey GBLe g S g0l Gl yaeb
ool Jow Sensy Capae i )lpl Olser S tie o

(b Glpoe g Sladl mle sloiou lp Lol anly S

Archive of SID.ir



Archive of SID.ir

ey g oxhad il Jalge (585 a0 b atadign ladils IS )0 diy dll> (sl 0y S

Ol 5 g0 Sligh

e sl Sal, 5 alie Slids G siadse gbails,ls
Gl o oe 6l ceslis 0] @) Lol el ou asl)|
— bl oo i Gaiod wiejls Gl (isn cpl b lad e
Ghal 5 s oad oolitul sla,Sal, 5l S e olsie
Sk (50050255 (65 54 St S5l (b e ciiadsn
5 e ol it sla plls &3, cqx o bap] bl LS o
Olgse calre (pl aloz 51all oo 505 (onlee gl dadils )8
Gl n Sz Saio )3 397 ge Sl Sllee (g el o
5 ailigSee 9 53 (Sl C83 925 )95 « Sok slwe
Sges o)Ll gaio sla iS5 pogan w2 4 by Jlu
Oig slp YL SLE L g S6ed gy 9929 ligmen (plplo

DBl s e oz ae sla il el agy

Ol sloo s sl 0 )5 oy allie pl jo e ronay
3 o5 oo 5l 95 (nl pcdiadon ladils) IS )8 dtuy adl>
@ b sl)lSal; by Jo JB e gla iy b ol oud
oS J ST Sy v pde g 00ld Ay (65 g 09
L oaisS J S riie lacs3g g 5055 mulais SobB b sialign
el oS preal 097 lez o Olsedr bl 4k ) ool
gL s,k 5l oolanul callin (pl pled azg .l 00y 5 slgainy
A3 b oy (ol Capae po a8 bele plareay
—o Sk A bl eSS 5 o e g (kB s Jalge 385
YL LIS L g 385 gy oo S oSy oy Jlis 4y 45wl

GOy 0ullS J S (2 -Y

)o Lo asl> uml.: o).,.}u) )L.}Lw J“’L‘*’ 60[.&.““4..: 6)Lo.x.o
STLSS v U SR VEL g JUL IS VR JUN- S VRN COWVI V- HES
a5 oddplml Oldllae cpils o o b cwl  atie
bl ak 5l G Gl 5o giluange Gl slas,
(_g)Lch\...a.@rv s)JéJ Sy90 OAHSJ)...,S 6[&6&9)99 KW .\.Q‘? oolazwl
aS ol gudiiy aladi SO (ollo a0 g0 0SS ol wiales
Slles 09 walgs ouisS JouS 5l jUaml 0,90 oled Jlade adly,o
el ylade oo ez e bl coaisS S lawgy J S
Jlade sl d e 25,5 oo pll al b paie Hlade g a5 0,40

e oo 43,5 a3 5 0aisS J uS gl
(SHlwb g el Jas ey Sole Jdoay PID ouiss S
U"‘ w‘ L)LP )....J‘).MJ )o LDOAHSJ).HS u.a).n)).')l.f).' )| é;
ool S cp 4 a8 ols JHuS ae dw eaiiS S

S e Sl Sletrandy g Sl oyl o o (B S 4
50 o walss b ol 1als g 55105 (il jsliieds oo
byl 63k Joe Gl liize V] e 5 Chen sallis
Caio ol 0ynony )0 (Snjlame Gl )siSE o) Cu
oS lacdgs 4y Slagios ol b ailes S oolinul g ls e
snles Jlesl 0552 (nl 5o 5Ll (e slacunliw b 0iS o0
Ol 0 ey oy 9 0l 9 Lotz Sz )0 mlio (nl plalo 4
4 il o8y Pl aas oo pleialy (5)loJia Cuaio )0 L
3k Saal Sl lyd o e ooy 3908 g (Sl Ll S o
S byl 5o lyd i Gln Cemlior 5 Sl 10,95 5
LEY] o Ken 5 Ghasemi imgh ;o 395 oowivail a3
&9 310 QB AS adg Fge slap e Jolds (slasud ¢ lidone
Oilodle wilosgas Byme A3y Lulid s bl les s
e At (63,15 4305 o, aS s e il (sle LSl
SV o ol Lol e gilodnnds olulyy s ilons
$SBS lyed Lol (e cnl g Sl oo (sl 35 Ll
gy el ol a3 S A s Sb) ile e jo Cusbdpue
SosBye Jsl gl )0 45 Sl 00l (Byme rhans 93 50 (soleriny
P> gl ;3 g Cowl oad a8 5 a3 1 je5 ST e Ll 5 Sl
O fge Gpe b pEaiSadss 5 ms8 ST G (gl e
ol JLS13 gminn oy 5l oolinal U gl mbas alons
o ailSen o5L G pg0 v sl g Sl 0uls o ddunais
LY aj95 (Db oy oS 4 i a5 ol a8 5718 L

IWARTPE

A5 9 Conde Soal @lie (nl b bas o oty Lo 5950
ol a5 Sl 5l aims so ialed | i dils el gloo
(e Sl Gl s lidee sloogeds Sl oy 5l o5
Sgagr Mg Sladilons ol ol 4yl mlie Bpan rals
3o S oo )l g S 50 (559002 Glalidl & i g o)
2l 6500 ol o] aliiadion Conae s JpS g0
Wy ail> ol sloo iz iyl Conl Az b izen
iz ) (5 s S92 9 o arzme Sy LT 2L ) G
3hadlbse (GYb Soal Shils 53 ooy 5l atws ol S
Soign Sloals IS Lasma 5 ali sloo oy oS 5 oSy
alizes sla gy a5 wylei oo az o il L S50 1) gl
o305 ooliiul by o cg 5o silisee J S slapilss ;)
2 Spe ganlp )l leaigy dou plzes Ll

g o0 B Gl Sy wedige slaails)lS

L obsye gty copae o boanld giluag Goa

Archive of SID.ir



Archive of SID.ir

VEOY e o o)l ) ) ol

(ISCIT) ledlol (5,5l 5 o5 L2y gy sale ale

ol cll> a1y (9,5 g 08,5 camds |, Sllogs o il
Ol | o JuSew daJ 78 ol 5l plaS 5o alod oo So0 3
Coles 5o 5w g el ol g5, 1) Slles 5 B S (53455
o2 b ouiiS S aled (a5 oo pslcenr sl ol (2>
a b ol sl asgame (nl (29,5 Wsd o 4B anly

g g oobiw 8 LN 3590 s
Soobmlblasil 4l bawgs (3udon (nl 5o olering S 5lons
it PID o35S 5 slassys plan 45 Sl b 3k
&8lgy0 09 wle> (639,5 dw (pl polie gl Jols akass Jlssay
g se 03l 18 Waissgg adsl Jlaie lgieas adgl (5095 laie
b ol SRt sloadley cpslia ool RIS 5 I L
ool dsbone 51 Ly T oo Camwday 2l Sloslo bl
O 3k Jolss alaki g 998 o0 aine Jolas alaki (o]0 5L
PID 00iiS S ¥ IS5 45 09y aalss D g [P gy yyolie
Siled Ojsoa gl ala bawg oo LB L goleiiny

.w‘oﬁob‘o&l&.}
0aisS J 7S 0, Slos 0970 3550 40 oidll)l Sluibgs 4 axgi b
25T a4 0aiiS S ol Gl e aslbwe IS Jge,8 PID

g dale>

e(t)dt + kg +d <2

Pidoye(t) =k, xe(t) + k; * [ o

M

T 9 A e 0008 S sl Jlade (les €(D) &S ol 50

Gk ilwJoe lp ol S8 a5 jghilan 0g walgs Uaiil 5 g0
Ol TS el oals oolaul D g 1 PS50 a5l plai o0

D

W (5 4 (5 35 sl

L QD

pid

JAsS 0s s S oo 5)38pL it JuS 5 JISHl S
8,5 Slai 5o ouinS J 7S S e (5508 Ol el o il
w0aiS S35 sllas (e b cslize a5 USS (pay 09d 00
Sop e 3l G ool S5 S ledoe a5 1) (29>
Slade onl 19 0l salss ous S 6l & e il
Sl pesd b Slalazil & el el 00isS S il o5 Lo
3935 O ygeys o LI S we cuils welgss | i akads
Seleiioe ok b o5 dtwgy Ojgods | 0aiiS J 7S (29,5 b
@ g b (SIS aes pals jho Spopal, b b
SHp b jlade ST g am3 oo g 1) 095 0 Slas b s
b Gl ety |y 0aiiS S (g5 oISl oo il
795 (A de sl SzsS jade STy ams e ualS
JysS e 510l alys i a8 sy b 1 008 S
9 S92 Slos iy JISl Glej wdl S5 v 5l A J1SS
G S STl 03,5 o aiS 0SS 5 Slos aze o
aalyz 05 w5l Gy JIS) Jolsd sl S8 0l A
3 e S 0eb e Skl g (Slag wanS JuS g 0l
Sy (29, S db Slss Gl bl 2 PID osisS oS
55 9 03 dlyS ho LELLe o iS5 ks a3 B S e
SF Sty S5 Joe Ghlie Wo il obj las Sl

9,5 Jalg>

Wad oo Gl ) plasn C s (ol S L P (53959
Lol s e alS |, il Sl (gllas o IS5l 555 b 1 539
U5 L D (509,55 dslesge olmsl aalysl Sblavgs (zg)s 5o

out

6ol uf:g)l.g[b] PUIWIPTICSENP P JUF S S IR VEL g JUIT P PE TR, g LW

Al

Archive of SID.ir



Archive of SID.ir

ey g oxhad il Jalge (585 a0 b atadign ladils IS )0 diy dll> (sl 0y S

Ol 5 g0 Sligh

Si31]
S231

5121
5221

[S111
So11

M

-5311 5321 5331-

S132]
S232
S332]

5122
5222
5322

[S112
S212
5312

M

S133]
S233
S333]

5123
5223
5323

[S113
S213
5313

dsle 4 a3 9550 (63 sl el Slo i ple JSCE5 Sl a
slaobsl 5l slacgame (i Joles ogb oo ails p iS5 Jobes
&z 97 OISk il )0 i e oS Cll b o ISk
Ol 5 S ST e Joles nl yo 0,5 wales 5y (BT sl p 1) 5L
Jolw b o e Sl 52 (6,550 Gl Caansdy a5 0 150 ol

QY]

g Al ol 1) (6 peS Cadie doei (0 WS CS o i

6o| . .’.“?c ..SJ '.os ~¢ )w‘ _f

sogys 5l S sl (See polie o5l (i85 Ll o b
).J.bLa.a ‘)]213 S 90 e)’Lg &9y Rand() é:lS &.o.fdng”D o.L..SJf..S
Bl ol a | .xo)f@ adgi Bolal Ojgods caisS U8 adyl
s 3590 03L o Rand() &b 51 <l o 5l e polie cpl jlas
on 90 sleme Byl jlade cn 5ol b (s polie Sl
ilais s 13

‘Rand() (:)l.: .E.».uy W) .\.»Js.: ).:oLS.a L;‘)" )L».suo d‘;.?u‘ MLM L:
adgl polae yuls asice 5l w Sloads a8 5 ai S VIYYY
Gl ol s b moli8l e b eaisS a8 slagog,g
Rl g Gl Bl L el (s dged i | Lasog )9 51 SO 52
235 oo el ¥ Jgo Gubo 00iiS S slasng s 5l S y0

0ussS J 505 s (53959 510 LBl g I8l oyl Y Jgue
P | D oS J ;1S slas09)9
*y. +v Y U S BN OO

+y.

sl adsl oo 4y o G331 L (alS (e ;KbLes Slasl
55 ol 4 il 5 9n 5] s g 3] S
ojlasl 4y P adel Jlade 5l cail ails oiolS o551 il PS5 50 31
Ll Cawsts P gl o Jlakie § 0gd oo aalS alg Ve
—63959 Slr Rl g il Gliee (mizeen g 4ol polie (s
5 1P Kk 4 Gl See Glacdle polos oniss 08 slo

\Al

- "u'f,.blsn 5 "C)L?j" "'ﬁ‘}_’g"l Lg)"‘)w| A 6‘)‘0 U‘)‘i’)l"
2 slo 5l dsgeme 5 Ok a2geze 3L 0l 5o aril,

2 dals s Ly, S5 & S50
N ={P,I,D} 4
Strategyp = Strategy; = Strategyp =

{omtal eats, et )

S See oSl Jdoa o gley o Sl 5l ool yhae 5L
(SN ot L5 5] 5 3g cmlys alls 3l gl
b sk slastally g selsd (oalos 15050 51 Sy o aSil Jdoas
Aol 50 00,5 oo gaiaib S slagil atws 53> casls oo
g dalgs Gazme JolS S5l p 3 4y 65k Sl 56 5L
3k by i ple 0l zrkae 3k 5 OS5 slawi 4 4z L
L 63b LRk slooely a5 ol Yot olal b o 5le ¥ Lol

@yl el an 550 o astyl pils Jlai o b aes co yisles
oJe= Yy ).3|).3 d)L’ O”J (_g|).3 i LgLa.s&Jb ‘.SALQS LT SR

Al glp W,S o S8 sely e gl o AT 0g walss
Y] ol oas ool 5 Lalg, 51 5L o,55b laasls

P, = Tts,,, T SSes,,  — 0.5 * (100 — stg ) —0.5%

qrs
(100 —o5,,.) (f)
P, = 0.5 *rt5,  +1.5*sse5,  —0.5% (100 - StSqrs) -
0.5 * (100 — o,,) )
Py = 0.5 x7ts, +sts, + 05, *)

rf gleal Jol 550 kawg ol 5l pwl g a5 sl o
gy il 535150l S 51 L g,k gy il 351
aS Cewlize (s S121 Jlie ylgicds gy walgm D L pous S50
5 99> pgd il pes S5k s> Jol ol Jol Sk
- Pt cuslosges Sl 1) 095 ol (6551 il pos ;5050
pom Sk el Pag oo 1S5k sely Po ol 5k el olsee
)L.\fbo Ssesqrs “Aow uLA) )L.\.BA T'tsqrs ..\.:9..»‘54» k;).bo
)‘.\.5.4 Osqrs 9 T il UL°) )‘.\fbo Stsqrs am)lf\.\.;Lo o> ‘_gUa.>
5ol ol 53l a5 mge slp oS S8 1,7 Sigl B
wly> LS 8 4 g3k el Lo Sl (sl o505k el

:~>9g

Archive of SID.ir



Archive of SID.ir

VE Y i oF o)lod ) ol

(ISCIT) ledlol (5,5l 5 o5 (2L, (dghy- sole aloea

QT&aléw)oQ)yagyijléwli@mM
Dyl oo 0wz (5 8 50 Jlade)pdls Cl> Al Hlase U
S OBl o b i3 B 0gd oo (O (3ludinge )
b el by ke SSE I3 L STz 55

IWIREYIESPRVEL Y JUEL SOOI P K A

PID s0isS J oS jo canid Loy L Settling-Time zol,lL o
i do 0 & grwly Glogs aiels aST 6l a3Y e
5 5K0 5 958 Sgazme el Fuly 5 (0o, O LY Yoons)
@S J S (g3loaigs b 2gd pe 4 WSS Gl )]
S8l aalys gald Cwts lej 45 09di e (S
SILL s ploj Jlade (39 Sy D0 50 51

oolainl b 63b sl s 3l yiwl colod (gl o yial b el (gamlxa s
5l ol sl 3k ook ask () 5 ©) <Py Ly, 5
L sgr anlys o525 5 (53 by el w5 slos il
5 Cowl ol (>l K5k aw lls Hlai s a0 (o5 aSl 4y ax g5
dolo o yile ciils valgs Ol BB g5l sl aw 5L e
o ple dalol o 0g wales Vil olal b e 5le 4w Lol (550
3 D=3.374 4 1=51.56 P=26.38 aJgl nolia L g5L awls

el 00l sals C)“‘“’ ‘OJ“:JQL:). 61“:’6)")“"‘

[—66.0317,—66.0362,67.9175
—67.3506,—67.3560, 65.2808
| —69.0193,-69.023,61.9335

—66.0843,—-66.0883,67.8103
—67.4168,—67.4215,65.1453
—69.1017,—-69.1043,61.764

S5yl b Wil e iz e slas il ek D
5395 oo DLl adol 1l plgieds (S222) 505k y2 g0
bl o ol wlym Ll ol iwl nl gl p adsl polie
oyl g oud 2 PID ouisS' 58 wlgs i35l il o s
Al Canis le 5 iazl,8 B Al Sl glas wore o)

g didlyz p5 el Far b el )b ol 51T o b a5 Wigd o

Sgro 6‘);. ‘a)y @Lo) alols Sgro L}L") l; Rise-Time L]
ol udl ald acals 78 B /Y 5l udl oadg, YU gad
Bl YL aseie Jade 4 ol asie lode -
03SS J a8 )0 dgro ey alS (gilwagy 5l Bos
Solas lgieay (Faile cl> sllas L Steady-State Error e
2 s (F 9, Sy (28ly Jlade g gllae Hlade
By () 3o i deyos Suliie @ &S Soj
—a (Al oy Bwle Sl 4 S et by

ol anals | Fule sl 8l

aly ol Jlade Sl ol 4 ig>l,d L Overshoot e

DAYl ezl P 0gd oo LS s aly Fuly Jloged 5

—66.1605, —66.1639, 67.6555
—67.5005,—-67.5015,64.9633 )
—69.1791,—-69.18055, 61.6049

[—66.9904, —66.9927,65.9863 —67.0973,—67.0967,65.761 —67.2081,—67.2066,65.5358]
—68.7222,—68.7282,62.5337 —68.8332,—68.8384,62.3082 —68.9712,—68.9755,62.0283 [QRD)
|—71.1956,—71.1957,57.5581 —71.4813,-71.4877,57.0128 —-71.6197,—71.6211,56.7147]
[—67.8137,—67.8207,64.3504 —67.9946,—68.0012,63.9868 —68.1683,—68.1707,63.6228]
—69.9720,—69.9766,60.0174 —70.1857,—70.1892,59.5857 —70.4601,—70.4653,59.0434 AY)
|—73.1283,—-73.1360,53.7072 —73.4797,—73.4851,52.9952 —73.8977,—73.9070,52.1746]

63k =955 960939 Iy L ol dons Lo :F Jgur

.LA- - s 'Lﬁ. B I a
sl | P | D | PO | TUEOW L sl el gles Sl
() () (%)
adyl e Sue | YPIYA | 0VOF | YAVE | -m) IFYA- YA FVAVYY
63k Joel Sl m S5 o7 | Sun | YEIFA [ SVOF | 0FFVE | v Aort Y FYIB0OY
\A¥

Archive of SID.ir



Archive of SID.ir

ey g oxhad il Jalge (585 a0 b atadign ladils IS )0 diy dll> (sl 0y S

Ol 5 g0 Sligh

G b el aidl pals Gl o jge jlade ds 0 4 asyoY .l
Olej Slade .l eols Zeuly (5758 Gloj jo eaisS S J)le
Sade ol el g el a8l zalS < /YOFY @ o /FF. 5l s
@ Oy Hhiied oS S sl p3Y oley el e
S gllas lade 0g dolez Uasl LB jlade 4 SGo3 (5)l0ae
o) el g el asl alS /e VE a4 /e YA Bl
—ap aS oS S B aile slas e a5 ol o] Slo lade
33,5 o0 olml 5 9550 2l ke Jly> p0 oslite &9
ol jo gyting CBs ouS S &dly 0 g cwl Bl als
G FVAYYY 51 Gl B lade clbls walss g, (ibilodss
Sake Gl ce 4y ol a5 cl 4Bl i l38 FYI000 lade
abasd jo ez lode S50 ol a4 Conl oS Sy a8
Loy @) paas F S0 50 sl aBl ioli8l oaisS J oS ol
Z9> Sl b Eoly Jloges (0) pgai 5 0uisS 7S (63955 4

Sy asile (s yolie Gl 3,50 005 S0 2L (2l Hekareds
U5 (el a5 g YIS Slmle ol 2 sl)ls oMl dpaser o
0 o) 5 il oo b SeiS BB g Wig) o0 5 LV Ll
Yaore oMl cpl wilonds 4288 i 1o 5055 diey ails sl
9 Sgdos samaiib oaijle lge 9 98 (339 wjlail ulul
S olds 4 wgaz Blge w3 5l 6T el Saa b pBaSags
o5 b 5 anls e oolinl YIS JEs! 5 &5 cgz 81 oyl
ol 598 yns BB ao)o b g G aseiia o] Sl ¢ 5
b8 e Jelge 3929 (135 o0 Gl plis e (S Ay JB OB
~J5S gilwans jghaieds ials Jeiome o] o ) (goanie
JE 3 Sy J Xl 6l (IS sl il ¢l 050 oS
Pl 5 oz Bl w3 e loy e g0 VIS Uil
st S S 5250 b oyl sl g Sl pesd slas w0929

28,5

Soyd g Ml pl CltS5l £l S8 a5 A ples e
0,5 oo B abbnd Jelse g5z i lap)] og eesd BB
oS golgiiing oS J 7S bawgs it ol nlple
Golpiion Juw 0 Sles ol 4y aslsl o aS a8 3 13 ]S

Sl 00 o)L{L|

Mt s09y5 plsiear Gule nl sl ol Gule dSas
28,5 salg 18 o3l 25 Joles alads dwlxe Cg> Gambit 16
L oplil g aS oo 28l 1) 5k el il Gl 0
7o Olyea ) B 0550 o3k o b ol slasl !
polde 285 dai o g jlnl ol sl eolatll boows s iole
il >hb 3k slp (8 Jols bl (s3k slp endarule
2olie o slanglie oF Jouzr ;0055 oo (e S 3yl
plxl abgyyo sloyal )y aslio (izmen 5 S5 (79,5 5 5990
e el wl sales asie ¥ Jgos cwyp bocwl ouls
2 5 35l S Lissl 4l sl eolinul L PID ousss 8
sSbae 5 ol sl fuly (558 ol o oS S < Jae
(Geios (nl 5o olerion By )l adsl jlade a4y Cond (e
IS sl ol g Gl e e 85 S 0 L
—JS leeogys om 63k e dbml g 0aiiS S Slviss )
38 5 o0 s 535,9 (n) 8l 0 polae (e Sl 4y i 0aisS
a8l 5 gy o Slae axhgags ol pd L oniiS S et 5 5
o oS S S slayially aglie £ Jpur o Sl
Geis ol soloiinn by, g [0] o), IKen 4 Saraeian sallis

el 00 00ls uLu.A)

sllio g @i (9] (gl 00iaT J 5SS (b piol )by dn o :0 Jgum

[a]
Sy oloy | et oy | sl | aeal
(s) (s) Lable (%)
5 Saraeian
aN% -[§f- - Y.
[o] o) Ken
Sl e NRAR N RRRYZ £Y10004

\A

ol (g 53 oS S sl )l 09002 O Jgozr (o) 2
1, [8] o)) 5o 4 Saraeian sallis ;o sadolesl g, 4 S
el Jedodr (IS sl yielil Sgnge ulod oo aFine Zad5n:
b hug (See lulpd (n e 50 0SS slassg)s
L sk a5 dagssl sk )0 aSTyz 098 0 (e Lol
e ORL ples sl oS sl (mdse (28 ol
Pz & Ghles Gk 5l Siged g sdige edgs Son
dgro o) Jlaie of Jeaz bl paudl adla a0 se Joles
ol e opl LEalS ool 4zl alS /)0 a4 o[- BY

0aisS JyiuS aly el jlogad jo Jlade o8l ley a8 col  Jxe

Archive of SID.ir



Archive of SID.ir

VE Y i oF o)lod ) ol

(ISCIT) ledlol (5,5l 5 o5 (2L, (dghy- sole aloea

Sl 4y 0aisS a8 Al a5 el Slej tss oy (53 Lalgy 4o
wole cl> (gl o laslewl ol polie dolsl jo .cawl oduws, Slauly

w00l 00l w..ul.o.v i de} )9 Ml.?m OJHSJ)....S C.wla 9

Golol 5l il olil y1 00isS J 568 i3yl 1% Jaos

P | D IAE ISE ITAE ITSE
Saraeian
O g [ AVIVE | efe e e A| AV e e | ofooe N | ofooe¥ | ofoee¥ | ofeuey
(o]
G225 cpl | YEIYA | OVOF | YIYYE | efeeeBf efeeeN [ o) oYY | ofeeeA

o)Ll oyl 4y W a5 akad e Jalge ils a0 4 a5 b
0diS J S ilwand bl woal SO bl 5 odle (s )3
Jelge jgam j0 o anuy adl> i o oy jo solpring
B M ogs pens BB g cutSL F) ales I 2kl e
3l o il ol 4 ji oS YIS Jasl g J&s e ciS
- ol leas plmls Y Jgas ol 0ds8,5 gy

NEV- 0

ouisS J yiiS gy (o2l il Jolge Jlool gl Y (9o
Profit
(6]

OVIVE | +fo-A|aV/- -0 | YAAVY | ...

P | D Cost

o, Kea ¢ Saraeian
la]
[ES YEIYA | OVOS | Y/YVE | V20T | FYIYE

& 5 4 -0
a oansSades 5l Jgame Jlosl olyz Jold) (el sloo o
oo oty sl o pge Eolie aler ) (odiiS' e
sl 0l Jold) in dil> (ol (glvo yamij 059 pal -arily oo
Jyaze iS5k by g 0aiiS B pae 4 0aiiSudys I Jparme
O ygods 00LS A gl 4y 0SB pas jl oad padie b sdboslaiul
le Sras a5 (g Cals) Gl Cezr o (s
el 51 ookl oy g lodilonsy LialS b sl
31 oaome oolil Gayb 5l (s pslogms SRl g Sdgi S5ee s
—0 32} i il 0500 Aidler SeS condonliwl DY gaze
2 il oe el sbro paniy blie jo dty all> (el o
—a g aled Jlgld SaS )5 5 S 4 b (65100 Sz
35 o5 el sloo o 5l e g Cnl 59, p Wlie cnl 55 Jormes

Yo

4 Figure 1 o x

File Edit View Insert Tools Desktop Window Help

Neds (@ 08| RE

Step Response

Amplitude

Time (seconds)

(@)

File Edit View Insert Tools Desklop Window Help

Step Response

Amplitude

Time (seconds)

(b)

6L 955 96999 Hlude gl aly Fwly Hloged duw o :F JSCi

dalie Jolh oud slpiiiy oS J30S 2L (b)) (S sk
oololyy Wilgi e a5 blanl 5 aoJuilind U o] xdly o,Slac
A g deree Guilsd (liie Lo (Glojle slajls
~JAS 2l o) ssbiieas D9d e a8 S S 0 aigd i8S
Sl 005 (o0 ke ipian SLS plpie SoS (cegpie 0alS
o) Coxdy SLOIS Ol &S Sl pogde (nl 4 pcn
Bl 5o ilwaise 5l o g J8 Wl 355 atny ail> (el
it S LS ol o)) Slesg b sl oSes
gl oe walg: byl BB bl slas lastisl ulaly
sizee ol (1S5l lae glas Jold gkl (slas, il
b Sl llas JIST s JISSH oy @llae sl (J15!
St w832 el suiS S S jo igd e Sloj (wliie
Gl 9 8999 Oom slb el Jlao b weansS S gl
15 S 0 st 53 slas il drsle 5l Lals, o

:[()] Gl 00y 00l

IAE = [,*|e(t)|dt (")
ISE = [[* e?(t)dt %)
ITAE = [[*tle(t)|dt )
ITSE = [[* te?(t)dt 0%

Archive of SID.ir



Archive of SID.ir

ey g oxhad il Jalge (585 a0 b atadign ladils IS )0 diy dll> (sl 0y S

Ol 5 g0 Sligh

wlio gl )0 g (Bl slis yo wllia col )3 eoleiinn (b,
g adl> ol 0,y iged laiedy Al oo 0,5 Slils
3,90 (goolgs WS Jolis cals oolel STy95 0dgs ails IS L Jas ye
Sy oy Wl )5 4 ooles Jlojl eg)lie 5o SThez oy 5bs
4 aBbos Lo laels ;o Bpas 5 (G993 (plond Slge ol ondy
Ol 50 Sgbion a3 Hlai ;0 005 58 peditns (b > lyieds
N b oS el o 15,5 L5 3 Ll w03 ol wsSons
89 Olged laglasls jo Sligs Spas I Jol> e
Sk oy cnl 5o S 13 eolaial 950 0ol et g )l5e
G oo,S JisS pslie Spgots Gl il 0l (09,500
Ar golie ayels Sl bl b Glhs
oy o ol o2l 42213 5 e o 5 eSS
i 00’ S 3 603,5 J 7S (sl 4 jlome (5 )lode (lgie
A0 0uiiS RIS (69959 plyeas oo el Jlade 5 oad
e (3] b by 00iS 1S ccs iy 5 o 41,5

3

ooooo

Ol aile; Jho 4 g s e i) jlne jlade 5 (sladad
oY dled oo M jlre e 4y glalasd Jlade o, g XS]
9 Sapde dine) 50 (2954 Slgi o (ol by el SO 4
I dyeme Jlo) oy Jals) sl oo JS
Wi Al (00l (5loo o Sl 28 4 (euS B pae 4y 0aiS 0y
Soio )3 el ooy Jle ploreds 39l a3 S B 5
Sae iyl b 0 9ol Gl (S Jdda 58 sV
50 pl lge Conl (1o o iy ol joiylo 5Ls 38s J S
JESl 5,500 510,525 & Ghilo (sl 5 g Al 928
5555 50 sazmae lagl (g8 5 gabaien > b g dgd ool
0] Wlgs o 00iiS J S cpl (605,50 a5 09 plol (6,500
led (5l a5 J S cnlbin S8 L 1) 002055 Gl 50 5550
—JrS bole G plarea Wlg oo Dl alez e dao ey ol o
L olyalyr Caio )00 38 jlove jle 05l a8 5 Jlai ;0 oaigd
Sase plaicas Jlade cpl 00,5 oo zike YO plp Jlaae JSlos
3055 271,855 5 ol liss B (gl 008 S 3 Slone
e e g jle (glabisd oo GBS 5l oaiiS S el ale
oy 50 sle jlade b slod oo ooliinl (ogeiting ez 50
S JyUS 45 03,5 53 55 g @l 50 e 18 slee 0o 5
oo 5 (clabizd e e OS] il )0 e ooleiiny

Bl mly3 ho a4y 00 i Slone

\d

Gl )5 51 (S oS oLl 5 allie slasl o aS aisSilen
Dy o Jlis 4 g wiedign slasiliSs b glio (55leaz LS
el sl yeomis (3lonly g Arwgi wiadgn glaails )l (o]
Ly Al (520l Sloo i G2l o finly 0bly g0 aiedige
sy plai it bl el glals )5 5o
2B) Wl L g el oy )0 25,0 slal S b by
4 0sdse e ) (sSoe 5 peiites Slapl> (S
sphieds (b ol oo alaiediorn Sy e 5 J7US pilies
S5 okl o aty adls Gl 0y SG ol
ez 3 s Ay Al 0l (sloo oy Dol gy a3 (Ggmey
G2l) e ; Ol S50 g SIS lojl5 adgs rals
2O eligr (S g (FHUA e 3925 (Con ) Jare o 55

ool §5978 9 p3Y o2y J 565 S

6[@&5)5 00 (SRR le.lbd.l.i]).é Lg)l.uc\.,...ers S ass] J,,Jom_
Ol e silizee sl yimgh Wil oo il SO lies wielign
Sl sthaie 5 Slawlre o, Sal, g conl 423 )3 oloxil ais
O axy boalie pl jo Wleays 5 olpinny SL oemps iy
LDUT aQ ).,.) )_u.u..u as L) asl> u.uol.: 6[.60),.?0) 0‘5‘13 WAQ‘
@l oalad e Julse g b ol > 285 L o s S o Lil
SG 3 diadgn sladils IS o eo oy 5l £ 0l Baals 51 3L
—a 50 pdas B L e 1,0k el caisS S
Sl Sl Coz k. S plyear bgiba s SeS
SaS e o yuziy cpl G e a5l sl 0058 )5 solatul
~ s Pl ol 00 J 1S gm0 jl gy g ailaiadon ]S

=

DS

5 JB )0 caSp BB Ml oje> )3 soleiinn Joe siluesly
£ oS et Jale 50 55,5 i s L YIS Jlas
el 4y )90 2tS p BB MBI (3090 e BB 5 S
0aisS S ol aS aes oo ylid golpiinn Jow gilwesly gl
R eeedl cozlhzr S pleear bl aks 5l eslinul b
Lulyd o 1) 955 Glagsgyy JBosr pelas cobll (ol
&b laae als (gilwonly Layll (o g alils alises oalad 2
IS o nl 5o aas oo ami ) sgm b (AlBl g 4k je
Sloo oy daligd J7US 5 Cu e 4 Wlgi o (s0lgiing oS
ool Cawsds gl yo T B g SIS aS 55ls o dts dbl> (els

Lol ovmlin LB

Archive of SID.ir



Archive of SID.ir

VE Y i oF o)lod ) ol

(ISCIT) ledlol (5,5l 5 o5 (2L, (dghy- sole aloea

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

A. Corallo, M. Lazoi, M. Lezzi and A. Luperto, "Cybersecurity
awareness in the context of the Industrial Internet of Things: A
systematic literature review," Computers in Industry, 2022.

Sh. Tang, L. Chen, K. He, J. Xia, L. Fan, and A. Nallanathan,
"Computational Intelligence and Deep Learning for Next-
Generation Edge-Enabled Industrial 10T," IEEE, 2022.

Y.-C. Tsao, V.-T. Linh and J.-C. Lu, "Closed-loop supply chain
network designs considering RFID adoption,” Computers &
Industrial Engineering, pp. 716-726, 2017.

J. Guo, H. Yu and M. Gen, "Research on green closed-loop supply
chain with the consideration of double subsidy in e-commerce
environment," Computers & Industrial Engineering, 2020.

L. Fu and F. Meng, "A human disease transmission inspired
dynamic model for closed-loop supply chain management,”
Transportation Research Part E: Logistics and Transportation
Review, 2020.

M. Mishra, S. K. Hota, S. K. Ghosh and B. Sarkar, "Controlling
Waste and Carbon Emission for a Sustainable Closed-Loop Supply
Chain Management under a Cap-and-Trade Strategy," Mathematics,
2020.

L. Nunes, T. Causer and D. Ciolkosz, "Biomass for energy: A
review on supply chain management models," Renewable and
Sustainable Energy Reviews, 2020.

B. Shen, S. Minner, H.-L. Chan and A. Brun, "Logistics and supply
chain management in the luxury industry," Transportation Research
Part E: Logistics and Transportation Review, 2020.

S. Lahane, R. Kant and R. Shankar, "Circular supply chain
management: A state-of-art review and future opportunities,”
Journal of Cleaner Production, 2020.

S. F. Wamba and M. M. Queiroz, "Blockchain in the operations and
supply chain management: Benefits, challenges and future research
opportunities,” International Journal of Information Management,
2020.

J. Kim, B. D. Chung, Y. Kang and B. Jeong, "Robust optimization
model for closed-loop supply chain planning under reverse logistics
flow and demand uncertainty," Journal of Cleaner Production, vol.
196, pp. 1314-1328, 2018.

S. Dinparast and S. A. H. Golpaygani, "A new model for selecting
information flow pattern in build-to-order supply chains," Journal
of Soft Computing and Information Technology (JSCIT), vol. 8, no.
2, pp. 27-43, 2019.

B. K. Seresti, M. Shakeri and P. Nikbakht, “A Dynamic Distribution
Model in Cold Supply Chains Using Ant Colony Optimization,"
Journal of Soft Computing and Information Technology (JSCIT),
vol. 8, no. 4, pp. 44-58, 2019.

Y. Guo, Q. Shi, Ch. Guo, J. Li, Z. You, Y. Wang, "Designing a
sustainable-remanufacturing closed-loop supply chain under hybrid
uncertainty: Cross-efficiency sorting multi-objective optimization,"
Computers & Industrial Engineering, 2022.

D. Ma, H. Qin and J. Hu, "Achieving triple sustainability in closed-
loop supply chain: The optimal combination of online platform sales
format and blockchain-enabled recycling,” Computers & Industrial
Engineering, 2022.

E. Haghi, H. Shamsi, S. Dimitrov, M. Fowler and K. Raahemifar,
"Assessing the potential of fuel cell-powered and battery-powered
forklifts for reducing GHG emissions using clean surplus power; a
game theory approach,” International Journal of Hydrogen Energy,
pp. 34532-34544, 2020.

C. Groba, A. Sartal and G. Bergantifio, "Optimization of tuna
fishing logistic routes through information sharing policies: A game
theory-based approach," Marine Policy, 2020.

S. P. Toufighi, M. Mehregan and A. Jafarnejad, "Optimization of
Iran’s Production in Forouzan Common Oil Filed based on Game
Theory," Mathematics Interdisciplinary Research, 2020.

K. Muthumanickam and E. llavarasan, "Optimization of rootkit
revealing system resources — A game theoretic approach," Journal
of King Saud University - Computer and Information Sciences, pp.
386-392, 2015.

B. O. SimonBiaou, A. O. Oluwatope, H. O. Odukoya, A. Babalola,
O. E. Ojo and E. H. Sossou, "Ayo game approach to mitigate free
riding in peer-to-peer networks," Journal of King Saud University -
Computer and Information Sciences, 2020.

R. Casado-Vara, F. Prieto-Castrillo and J. M. Corchado, "A game
theory approach for cooperative control to improve data quality and

\A4

2 Sl (s cnl o olpin i, i85 Lk o b

Bl 2 9lee Jolds Wilgs oo dia oyl

Soslial b ol 2l adens adgs 9 (SIS Laly (o1l @
2 dee ilwesly cgz 5 a5 cile slalastis!

e

cladlors Cpz jo olpring ousS S S gy @
Syl O Jlia )0 asts adl> el sl s
U] w)au\.a 9 J).HS cu...ol.v o)..:u) \J)S.Lo.c P u)Ua))

c)..JU) B )b JLA..Dl UL.\JJ..QH D ua.«.?u..u LS‘J"

(1]

(2]
(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]
[15]

(s

&=l

G. Biichi, M. Cugno and R. Castagnoli, "Smart factory performance
and Industry 4.0," Technological Forecasting & Social Change,
2019.

I. Jamai, L. B. Azzouz and L. A. Saidane, "Security issues in
Industry 4.0," IEEE, 2020.

B. Chen, J. Wan, L. Shu, P. Li, M. Mukherjee and B. Yin, "Smart
Factory of Industry 4.0: Key Technologies, Application Case, and
Challenges," IEEE, pp. 6505 - 6519, 2017.

M. Reimann, X. Y. and Z., "Managing a closed-loop supply chain
with process innovation for remanufacturing,” European Journal of
Operational Research, 2019.

S. Saraeian, B. Shirazi and H. Motameni, "Adaptive control of
criticality infrastructure in automatic closed-loop supply chain
considering uncertainty,” International Journal of Critical
Infrastructure Protection, pp. 102-124, 2019.

M. Abdel-Basset, G. Manogaran and M. Mohamed, "Internet of
Things (IoT) and its impact on supply chain: A framework for
building smart, secure and efficient systems," Future Generation
Computer Systems, pp. 614-628, 2018.

A. Samadi, M. Hajiaghaei-Keshteli and R. Tavakkoli-Moghaddam,
"Solving a Discounted Closed-Loop Supply Chain Network Design
Problem by Recent Metaheuristics," in Fuzzy Information and
Engineering-2019, 2020.

Y. Yun, A. Chuluunsukh and M. Gen, "Sustainable Closed-Loop
Supply Chain Design Problem: A Hybrid Genetic Algorithm
Approach," Mathematics, 2020.

F. Ahmad, A. Yusuf Adhami and F. Smarandache, "Modified
neutrosophic fuzzy optimization model for optimal closed-loop
supply chain management under uncertainty," Optimization Theory
Based on Neutrosophic and Plithogenic Sets, pp. 343-403, 2020.
A. Garai and T. K. Roy, "Multi-objective optimization of cost-
effective and customer-centric closed-loop supply chain
management model in T-environment,” Soft Computing, p.
pages155-178, 2020.

Y. Jabarzadeh, H. Reyhani Yamchi. V. Kumar and N.
Ghaffarinasab, "A multi-objective mixed-integer linear model for
sustainable fruit closed-loop supply chain network," Management
of Environmental Quality, 2020.

S. Jeschke, C. Brecher, T. Meisen, D. Ozdemir and T. Eschert,
"Industrial Internet of Things and Cyber Manufacturing Systems,"
Industrial Internet of Things, 2016.

Ki Jung Yi, Young-Sik Jeong, "Smart factory: security issues,
challenges, and solutions,”" Journal of Ambient Intelligence and
Humanized Computing, 2022.

Y.K.Lee,J. Lee, S.-J. Lee and D. Yoon, "Data Stream Management
for Distributed Devices in Smart Factory," IEEE, 2020.

R. Huo, Sh. Zeng, Zh. Wang, J. Shang, W. Chen and T. Huang, "A
Comprehensive Survey on Blockchain in Industrial Internet of
Things: Motivations, Research Progresses, and Future Challenges,"
IEEE, vol. 24, no. 1, First Quarter, 2022.

Archive of SID.ir



Archive of SID.ir

Ol 5 g0 Sligh

ey g oxhad il Jalge (585 a0 b atadign ladils IS )0 diy dll> (sl 0y S

[41] M.-H. Chen, H. Wei, M. Wei, H. Huang and C.-H. Su, "Modeling a false data detection in WSN," International Journal of Robust and
green supply chain in the hotel industry: An evolutionary game Nonlinear Control, vol. 28, no. 16, pp. 5087-5102, 2018.
theory approach,” International Journal of Hospitality Management, [37] X. Alvarez, M. Gomez-Rda and J. Vidal-Puga, "River flooding risk
vol. 92, 2021. prevention: A cooperative game theory approach," Journal of
[42] P. Ghasemi, F. Goodarzian, J. Mufiuzuri and A. Abraham, "A Environmental Management, vol. 248, 2019.
cooperative game theory approach for location-routing-inventory [38] T. Hiller, "Structure of teams—A cooperative game theory
decisions in humanitarian relief chain incorporating stochastic approach," Managerial and Decision Economics, vol. 40, no. 5, pp.
planning," Applied Mathematical Modelling, vol. 104, pp. 750-781, 520-525, 2019.
2022. [39] M. Amer, Ch. Tsotskas, M. Hawes, P. Franco, L. Mihaylova, "A
[43] C. Luciano, M. Ndoye, G. Murphy and K. Aganah, "A game game theory approach for congestion control in vehicular ad hoc
theoretic approach for automated PID controller parameter tuning," networks," 2017 Sensor Data Fusion: Trends, Solutions,
Curent, 2006. Applications (SDF), pp. 1-6, 2017.
[40] S. Hosseini and R. Vakili, "Game theory approach for detecting

vulnerable data centers in cloud computing network," International
Journal of Communication Systems, vol. 32, no. 8, 2019.

b Sl

! Closed-Loop Supply Chains

2 Game Theory

8 Proportional-Integral-Derivative (PID) Controller
4 Nash Equilibrium

5 Smart Factories

6 Metaheuristic Methods

7 Genetic Algorithm

8 Fuzzy Optimization

9 Multi-Objective Optimization Methods
10 Mixed Integer Linear Programming

1 computer-Integrated Manufacturing

12 |nformation Technology (IT)
13 Operational Technology (OT)
14 Deep Learning (DL)

15 Blockchain Technology

16 Online Platform

7 Quality of Service (QoS)

18 Rise Time

19 Steady-State Error

2 Settling Time

2L Overshoot

YA

Archive of SID.ir


https://ieeexplore.ieee.org/author/37085842725
https://ieeexplore.ieee.org/author/37086064184
https://ieeexplore.ieee.org/author/38232584400
https://ieeexplore.ieee.org/author/37086245079
https://ieeexplore.ieee.org/author/37284641500

