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Improving Collaborative Recommender Systems by
Integrating Fuzzy C-Ordered Means Clustering and
Chaotic Self-Adaptive Particle Swarm
Optimization Algorithm
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2 Faculty of Electrical and Computer Engineering, Semnan University, Semnan, Iran

Abstract

Recommender systems are a subset of intelligent information filtering systems that discover user
interests and provide user-friendly recommendations. User-based collaborative filtering recommender
systems are one of the most important types of recommender systems. However, they face voluminous
data and sparsity problems that negatively affect the performance of the systems. The proposed method
aims to improve the rating prediction in large sparse datasets and reduce the negative impact of outliers
and noisy data. To cluster users, the proposed method integrates the fuzzy C-ordered means clustering
algorithm with a chaotic self-adaptive particle swarm evolutionary algorithm. Huber’s M-estimators,
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along with incorporating chaotic dynamics into the optimization process, can help mitigate the effects of
noisy objective functions. Besides, the proposed method benefits from PSO's exploitation capabilities,
allowing it to converge quickly to promising solutions. Additionally, its chaotic nature improves
exploration, enabling it to escape local optima and search a broader solution space. The self-adaptive
mechanism allows the algorithm to adjust its parameters dynamically during the optimization process.
This adaptability enhances its robustness across different problem domains and varying optimization
landscapes. The combination of PSO and evolutionary algorithms with chaotic dynamics often leads to
faster convergence compared to traditional optimization techniques. This can result in significant time
savings, especially for complex optimization problems. Experiments have been conducted on real-world
datasets to evaluate and prove the efficiency of the proposed method. Experimental results show the
superiority of the proposed method over state-of-the-art methods based on prediction error criteria,
accuracy rates, and computational time.

Keywords: Recommender systems; Collaborative filtering; Fuzzy clustering; Evolutionary algorithm;
Chaotic self-adaptive particle swarm optimization algorithm

S Wl sz i plaghy, aldl w0ed o0 Lo doddio—)
S gad Dbl g 035 j92me Igtme JalS ) sboa
08 o oolinul elaim| gboaSin s g5 Sledbl
o] balsle 5l 455 cnl o @ods jsb 4 [Y )]

WYL saloles )’| 6‘“9‘"’.“").‘.)' )fwy sbaslele
Gl o ol adle olulis b oS aes ol

- Gyl ol 4 |y by 5 cwlie gloarog iyl
Iy adgs o5l o] 5 5T et gaiadiss

Sgd oo Olgiing (59 4 Alg> Ol sleen] plo ok
Lyl
Elgl 5l o o5 ki SVl e laailels
) Awd 93 Ay g 039y S Aoyl sbaailele o5,
S35 2 Joe sl b o5 Twe e D0l

5 by Shzm oW g osls ol s
Lis b a5 Pabibl> p tie g [F] Wgd oo (lowlxe

> o aw brasble pl gilwosly 5 Ak wins
RSP NG TX PN VRN
Loy mre ool Sypon Sl g slaer
adgl slaghjlon opdioe Dype 93 (nl I (oSS
15 gk e bl Cends alje 4o alole b canlize
sleig, boodslcwssa Gledbl (g puSob al> e

] toog gy slin glaaSlh g ond iVl onlic
i sl T 5l alitls s 3g2ge (slaools plas YT T SRR 5 A o

231 ol o IY] S e soliul Gas )15 aide
Trin il Dledbl gy g @ Sl 055 L

IA] Wloass & as Sarogs slaaibols yo 5
slaws Cos a5 pbaibls o :dosls SuiSTy

5 i Axge 0l Casons )5 4 Ay
slajlinl (Elluen 4 58 call bl p aog
L Ylfpl.'é 9 00l Fum s ’LQYISQB 4 5‘ u>_|L,<>.'I.:>|
Sl goly B9 0 Aoy wdan oI5 4 5Ll o 5L

b oladeos &0 4 e oaslio by, 5l oslial o
ol iy Syzge slaslil 4 baoslspls 5 oS A S

Qlﬁ)lf O cols u..sl_' &l bl w.):u L;..\.Slf
Oliee 9 Ol @Me g bjlitel (m iy doslonls Ly
Rl slp it gla by, aal Fie olplS cols,
] . . ) L . TSl GiaVb e g
Sl 5l gl gl ‘59).345%»‘ ol Byme JSiue ¢

Slooe cals ulol 5 deize e loaibele

ool Saog glalls i oo YU SIS 4 cds
@ oolatwld e SiST 5 95290 Sledbl bl iYL

Mgiomn 1 s (VY ii5d co e ol as g0

oolainl (gt Come Fy Wil Gy (SeS . o i i '
LS B g oxd iy ol el by p)5 by

0 Wl i ey JSe ol 0y £y 4l P el S 4 LIS 0 o)l S a5 ws

ool Uy 035 o aslitol wlals 31 Jbimiass sy S
oMbl g 5 39 o0 03938l SYgaze 4 snox

Lol aeaddle ] 4 pr jgie Jlasla wsls addle

g oo 00ld 13 SLSy sleeg,S 50 alie slapn]

92y o] Oeles 5 lajleal 5l glasls b la Sy b g b R sledben Orizes

Slse (F 0 00 0gzg Ul g5 90 cpl o 5l qre Shgeh )5 Gde paeen b L ol a5
L ltem

4 Model-based 2 Content-based

5 Memory-based 3 Collabrating Filtering

0% 2le ) 5l VP JLe

&


file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_1
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_2
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_3
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_4
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_5
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_6
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_7
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_8
http://dx.doi.org/10.61186/jsdp.21.1.113
http://jsdp.rcisp.ac.ir/article-1-1129-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-25 ]

[ DOI: 10.61186/jsdp.21.1.113]

V) CR PR U RN RN L3l @it 98l 9 0 3wy (il —C G (g 3iadubgd SaS by )T dwogs slddiloln yS i Hlie Vb Sgun

<

Tobe ey W 50 baghy, ple b ol dwlis
ui.:}q)o °'-\-;1{—‘ LsL:b)lS QL.Hj LS)"f“-"L‘-‘-’ el 0o

Cawloads )S\) ).‘>—|

Oty L po S8 0 (55950 -V
slaabls > Cuzr bl slagty; oSt

b s Saos bl VF] o cadlonss @5l)) Saiogs

O (FCM) (56 (:Sileo-C o )55l 51 oliciusl

9 Sy Esp JSie Jo a5 00503 sunadss |,

oS lools o8 cpimen cwl aBl, SasTy

SV el abss 45 Bas IS Sileas Ly

0aloly Jhgy 0 e so dnogi gl 4y 03,5 8l s

Sty oolinul b cals g el

Ll (Fr9 oeSle b (G drle 5 g

Sy 5 Dol s el @y slaesls 5 adsl

able gl FCM) 5l oSl C gonady>

Locwl oad oolaiwl oy Olxae Saoy

il sasSll s symge oMbl 28,5 L

Ol & pledrog iy sloaxio o ()5 sas

G310 Slp 5 e N gy (nl )o 098 o0 &l

B xSl ool QLl Gl gl o 0035

£8 2 il 4 0p5 o0 Sjgo laades She p)l5

Slp dmog e g dmbre gy cog Slxio

o S50 48Logns kmeans iy oS Lawes [17]

Syt ol alold 51 5, 0Fo 00 b ool azd 5 18

il lor 9 Bua p,)l5 e bl e cassl

a8l ogugy albole o Slae o iuli8l dles S o

Saoy able diwgdy ool swyin Shinl Coo

Ak s

G () Slsle 5 (LelSS (slapis ;65!

g Bl Farog slapi sl iluaige 5o (oot
ale gamadss laph)sSl b gend Sjg0)0
SOM)  puilojlusgs> azai 4 FCM  kmeans
3 eJle sl DIV wias o @l 1) coslie sla b,
Slp Sy Gl e 2,5y, Sl DA
oolain] pazd Slbwa i wlol o basg ojlwaige

S5 wi,sSl ) esliad b DAL s e

0% 2o ) o)l VY JLlu

5 )l 3929 Jlb )5 L eslopld 3,50 )3 (o3litel oo
logyl 0y90 50 (o5 b lojlel Koo (Sp 0
[3] Sl 39> g0
gl @l g 1)l5 shaad Gadol; L 2 iy o
Lowar glcwlss s o5 by sl Glolxe
g 50 azlge SgaS
Sl (pl Ol 4 dog &)1 o a2l 5l (Gt g
Alidee @Me daoslopld 5 (25 g9 4 azgi L &S
De 00l iligy oS
Sepl @ azg b (Silie GVl g, 5o sl
L] woddig oy ,s GV s oyl Sl
oolaiwl 3,90 Y& OBl a4y calosls wlilinl 5 gased
b ol sedoe Sl ol Gl w08 oo 3
aS oo &l mms g 380 Sledbl (g iy Ll
coalls oL il 4 e 55 alies oyl
Bgdige Sarog

s sl Bhe p e gonaldss
288 Sl Savogs glaalle ;o baghy) 500, 0
OIS Aeon gk 5 (mr 90 Sl 22 slale
b e 3929 aiz e [V) V] el sns gl
Sy sloosls 15U g adgl 310 Sl 4 bt Kl
oS ol ooy sl dady, ol o piysS)l Sy 4
SIS il ) Slalns 5 LSS (sla 55
S50 5 Sl ot )sNl (e plaojl (s e
DY YT 0,8 )15 5 gy azgs

bl @lsw b ol)l5 goleing g, 5o
oslopdd 4 Ban )5 Jlaixl slesl 5 ol alis
ot slhs E5 &5 dpdee i slSe
boegronll s dge b i Somo £5 5 a8
Dozse lrosls Gpdplie 5SSy 4 4z
a5 G5B sandies v, el SeSay alin ol l8
39 ol 00l AZ3 5 0,00 ddgi 4 palie alold L 5l
sladdy> asid anld WpSoe JI8 08 S
Lo plnl Oy giloaine p)ssl devgar osllas
Srlrm 3 (dove Glogaiinnr (ki 35S0, 5l ool
Sy Gl 4 0gdl bl slitul g oo dnge
el 5 Sypo a alie Sl WS e S8 T en
Syge Oty bipe )5 i 0 pe S 50
@l osliinl 9550 ol slalil psm i ;5 (ow)p
Ol bty sy Sl e)er iSu jo 5 0
©oliin b,y byl byl mls .l s osls


file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_9
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_10
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_11
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_12
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_13
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_14
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_15
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_16
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_17
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_18
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_19
http://dx.doi.org/10.61186/jsdp.21.1.113
http://jsdp.rcisp.ac.ir/article-1-1129-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-25 ]

[ DOI: 10.61186/jsdp.21.1.113]

ool Cgaiyadios o el Y-
(FCOM) (531 ouises yo

G55 SeS b gl 005 5 slap )5 5l (S
s bl g, opl diz e ol FCM 1,631 (55l
dassl jo ledades olas ogattie gyl il
2 oS e Bolas adsl ST (S ,sh
5 Sy sleodls 4y Conls izen g (e slaaieS
oy MUkl Je Bae Lol ) Uas
[Y£] SFCOM) (53l ouiics po poSlaC gouaiis>
adgi 4y polie alold jLms 51 i oS (pl 0l By
ol 05 Gllre Sz slb &5 nj o)

1035 oo ol

0 e=0
Piog(e) = {log(l +e?)e+0 M

Wig> 35 10 C g gam D oolon pil,lusls 580
5 38 dsbime ol (V) dal, 5k FCOM Gua gt
sas o3l ol B, €{0—1} L 5 FCOM s sols
Sedise dlme abss S ye b alols s ol
9 Fda Oy ML SR absS S e ool 4z e

23,65 (o8 (S eS ()9 ML 590 42 58
Jieom(V. (C])

n

=min ) 1 ) ™D e 1) ™
i=1 k=1
D(ch- V) = Hx, — vy)
- z D Gty ) VS )
d=1
U € Ry Vi<ize uy € {0,1};
1<ksn
Jtcom = i L (\c)
ﬂikuik = fk; 0< il <n
i=1 k=1

pld aw ooy (o vy (sl azjom ol o as
:\.L..mséb IRWIRIN) ua....a?u u)9 Bik 9 ’a‘ i M9_> )S).A
o ) A.L:.:‘) (_g)L.\f(_gl} L .ol l°| K ools a l°| i EWPE
g 0 Sl p Oyeea FCOM Goa U (V)

Visksn fxe = Bk V Bk V o V Bk )
1
v fiD(xy. v;)1-m
1<ksn (?)

ik = L
1sisc {ijl [;jkp(xk_ Uj)l—m}

% Fuzzy C_Ordered Means (FCOM)

pipsS I IV T o ot i)l i b e slaolgiiny
Sawoy sbabls sl kMeans-PSO-FCM - .S 5
(lslims (Fouma ialS jshiteds Caslonds al| oLd
Sezg0  lopkd  glgl wluly ooldacgeme  lal
3om dlie ol jo coldacgese 109l co (G
g 488 )18 b (25w 1 5o il elel g
okt g8 ol 4 a5 cel G5 Ll (i e
Sl eyile g Lidu e ailesls jlil g widiedddle
5 kmeans ;| eolaiwl L abes 3510 oboul slp wyos
kmeans ;631 5l eolatwl b .agd o 00, 454 PSO
obiabejleel loe 0 RB so 0 Serse Gl
(e Sy oo DLl (Bolai 35 e K g ganady>
ol soe A3l @b s 5 PSO Sl osliul b
SaaBye (e g odd g baddgS 3SThe (1)l
Silise cems a boatigs 50 ) 6ln sos0s 5 e
Ganade> sl FOM oo )o8dl o ane ST
Wy g S LA ekl syse GlplS s
plaiz! abgs S 4 cald i b glp)l8
bl g bojlal IS 4 azgs b oy al> e 50 ol o0
5 Nl Cawdds Baa )5 AlgS (wa sl alols
O Gle eaiged U5 (:Silo b 4l 5550 (slajlsl
Bed oo 43S A )3 Bas )5 Ll lgreds oslaeld
a g adgl ST Ol 4 Cowlus 5l oalol slale
&l 3 Spes @) e slaanes 3 sldlels
GlaaslSe i, g kmeans o ,eS ouS 5 (V)]
w55 oS 5 [YY] AABC-KM Y egtan 555 JslS
TSl S S gileant el 5 FCM
s L Kmeans sasetps il oS SlT]
Gy oS (YO YT Jasl ojleanyg
Gaidds> Segr gl FCM L o1 oS5 5 T plas
g Bl e gl Gl el )8
g odd 03y 54 Sacog albe (giludigy 4y
or Oy Sphobie 5 (SaSn sl

JOMProR S

soliiwl 090 g4Il 0 (5590 -
6ol :'...f‘ ws) ) oolazwl Sy940 Lng)‘J',‘ ;}”*7” Q"‘ °
Wgd g0 (B yre

! Artificial Bee Colony (ABC)

2 Grey Wolf Optimizer (GWO)

8 Cuckoo Optimization Algorithm (COA)
4 BAT Algorithm (BA)

0% 2le ) 5l VP JLe


file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_20
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_21
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_22
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_23
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_24
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_25
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_26
http://dx.doi.org/10.61186/jsdp.21.1.113
http://jsdp.rcisp.ac.ir/article-1-1129-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-25 ]

[ DOI: 10.61186/jsdp.21.1.113]

V) CR PR U RN RN L3l @it 98l 9 0 3wy (il —C G (g 3iadubgd SaS by )T dwogs slddiloln yS i Hlie Vb Sgun

0 _ (t 1)” > 65l —

Oygocnlpeys ¥ A 4 38, 5 1
oyl el g B, = a

t=m‘w||

(o) Slowle sasaslis slapi,oS 5l S

@l oo Il 45 el Y3 plosgl any S

o® = D=1 o

U =T ©
i:?(CD DT ﬂlk(ulk) hixa
ekd(t V=0

higa = Q(e ) e )

(t-1)
(e kd(t 1))2 Cild 0

e = xq — vy A
s Sl [V] ol sl Sl Jo
:)‘1 J...))L.:_

L old 5l Camer K adsl pojlie =) Al

2 Doslal o Bolay slace w5 lacadgs

{t-1} {t—1} {t—-1}

Cin(a| = |Cin2)a| S [€in(3)a| - 0o
< | -1
S |Cix(n)a

t9oin> slad

vidt = wevfy + mirg(pig
_xld) + erZd(pgd Ao
- xitd)

Xt =y + ol 0%)

&b g Comez lo)d o B5ln 2L Y
oy i Bus
e o pamd w2d Gue byl Y el
Lot LS5 0 ol Goiln awlis 3,k
Somdge ok azmliz (S Blp oo
So0% Ty 0)d ya Gy el ol ud
(oS
Gk 5l 29w e bl Y el
ooole slade goyige &5 loyd alulid
e Olpsa 0,8 (nl Cexse Canl anils
g oe 4135 Sl )0 (89,5 428
5 O0) Sile boo)d o Sy Sluyigye =0 5
(7)) Ole 5loolaiwl b cusdge
oz il O3 Wb S5 s Ceyu v ol o S
5 oo Sz Sl S Slagje) e S

! Particle swarm optimization (PSO)

0% 2o ) o)l VY JLlu

S olagys ples anly Snorm Sl 5l eslizal L
ol g oo 08ls ol K o0lo 4y laadgs ples dlugas
D9 s

109 oo CyaetS (V) b pli aligs 4y pl K ools 3las )l5e
dwlie (V) Lawgs pli algs 55 0 5l pld am & 1S5 50

D9 o
m{l2..n} > cuSel b S s L

1 . 7
wigs 35 e 5 ol () ool alols e;(])}plm ol o a8

el {t=1} IS5 0 a5 canl pl d o & azg b ol

Lol 00 dle
Cawwd 4 (V) abfy 5l &S a0 Jlase L B, (sl b
ay = by azliz (()0) abuly 38,5 5l 50 5 W
O b o leosls 5L Wil JBnay = =2 a

o =[P
k Zpln
Zwlp, =05 5p, =02 ] a8

w5k (V) 5 (VY) &0 (A) 5 (V) Laslgy o0l plis

b oo SalS saliosls Cad oS
+0.5)/\1}v0 QRD)

W9l o
nooia my (t)
© _ D=1 bt A (Ug) ™ Mg X av
<d< il ~ t
orind le=1 4 A (uik)mhi(kc)l
Qe = An(r=100)) = Ak av
0 Xkd—'l}l((; D= =0
(t-1)
Mo =12(a=via®) 0%

~ 2 Xkd — Uid *0
(xkd - U,-((; 1))

Lol ool [2] oy J—Ma-ﬂ-) LY ui’j) u-" UL‘S)"
ol b3 & 904 FCOM (slaplS cacds gl

(alides olal) eadss 55150 4 adgl jiolie ols =) o8

. . (0 .
=1 LSS sl go Seebas s v” = 0 850

e =y =150 5 ool Lolgh arlone Y oI5

S A abal, 5l eslinal LAY s g oY
Loools don

Geb $o9ro Dygon T(K) &b oSS Y P
O+ ab,

1) & le 3l ool b oty ol s druslono —F oIS

O ol ookl b 3810 Slu i, —0 pl8


file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_26
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_27
http://dx.doi.org/10.61186/jsdp.21.1.113
http://jsdp.rcisp.ac.ir/article-1-1129-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-25 ]

[ DOI: 10.61186/jsdp.21.1.113]

Wishe ololid Ban )5 laes M slaw loz
)‘ oolaw! Lsy 9 X ﬁ)lS 99 u.ch._....; U‘)“'A ‘)9_]4',_;_0 O

Z yJ_Ty
\/ZJ( 7") Xz(ryj Ty 2

sim x,y = A

Yl 4 x lS oSl bl 7y o] s oS
X 5,5 oS col glasbiel U5 5uSile T el ol
el ools YIS 18 4
M ciia wlees G5 Ol 1
g odd e (Jop Dygeds Bas )L plazels
Olege 4 sim Jlade pyis L o5 Moslass
EVEI ST KV O . ) ¢ WO-SVRt 16 VR
alosn 5 Shleel GuSiloe oo 5l e s oo
I YRl Ll Glyieds 5 amlre (VA) abail, 3ol
gl se 4,5 L 5

ZM rating User, , ltem
Rate _ Item, <feature i k (\ Q)

feature User; ,feature;; t

Ni

odls jlel | )5 £g5 40 a5 YIS LS slass thi a5

Jby il b ol guiakys —F-Y
F3{ Iy

oS Ll 5l ogdse plosl FCOM b o5 guidisgs
3 Byl slaws als 4 iolsr vz plejes (o
S goleideg by, S o0 S A Slsz 4 G
or St APSO 12,580l (sladilSe soatns ol
Ol ganadsm (nlnle 0000 00 olyzas o
5 badss Sl ol S5 o 0 g 0oy edisd)|Ss
Slopngd badss 4 Glp)l5 Gl lhe Gl
D9 s

oslawl (V+) ojle 51 &lpd adsl ooo)laie ol p
D9 o0

Xi,j 0) = Xmin,j + (j (xmax,j - xmin,j) D)
Vi=1,..,n,Vi=1,..,n;

S € g am y2 ok (S g (n ks Ximin 9 Xmax
Iy adgl e s sl o o canl [+ V] o3b o Bolas sae
3 ookl b o 09,57 20 )l0de oo dae b ol oo
Bl e adgl polde (V) akal, 3 FCOM oy oS

ol Gl G Gl i lagss
O (e b, o Bolas slael Ty g Ty (Xgd e
X5 BeS O (v Py el Toe)d pasd
5 M pired iiad (xd 1S5 )0 0)8 CuaBys
425 (539 9 Suedl Glie g 00g (Sl slael m,
S oo e | (29,5 g (sl
B byph 4 ey D)9e)s i esll By —F e
Vel @ 58 Dge (al el t0ddimet iy
3 alossl g ladings o5 YA YA] slaallis o
6y s Bzt Sgegy Baa L (APSO) ik
W9y (nl Gt Jud 5o el oad (Byme T s
s ol 5 oad Ol olas & jeoiy o,
MLEIS 0929 wlpw g (e A polie lp
adgl (Bola e plea o Lol nlnle
oolaiul seliawsds S,z 5l 568 g 0ol Sluye,a
a5 eolil b lgice s JolSS b oS o
ol ¢ )5 alols ayl ol claols> 5l (V)
5] Cesdty (§ ol 5 (e Sloaiae ool 1,

W, — Wi
e = Wi — ¢ (e =Y o)
max

s il £ o s Sl diciin Kopgy <y 50 &S

! Wmin=’.\ 5Wmax:\ 3@5.».5

L

2 Sy dbls o5 e goloiin by, Sue
oby SuSTy g wbias b sbvosldacgomms b agalos
ks SlyS plossl gsleate o )sS g0l s
Sawog wbls o 5 dyxe (CAPSO) T sl
ovgy Slo pz daldl jo ol oo a8 5 Wy golpaiis

e o0 Al (golpiing

adgl goslo 310 p gy —F-)
laVSls 5l Swl i 4 b )5 Jsene,sba
5 S5 Sledbl plply ws,S ol calg )l >
C@> Lo D920 allolu o olpriny &) gl a3y
VSRS 5 gty sdleiny by, <SS ol U
23kl el s pojliel Bus S lawgs a5

WS oo

! Adaptive Particle Swarm Optimization (APSO)
2 Exploration

8 Exploitation

4 Chaotic Adaptive particle swarm optimization

0% 2le ) 5l VP JLe

&


file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_28
file:///C:/Users/ghasedi-e.WAN/Downloads/doc702365438%20\(1\).docx%23_ENREF_29
http://dx.doi.org/10.61186/jsdp.21.1.113
http://jsdp.rcisp.ac.ir/article-1-1129-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-25 ]

[ DOI: 10.61186/jsdp.21.1.113]

5
i
‘,}
3
3
d
k|
9
X
3
E
4
3
9
2
9
<
__3:
%
A
1
]
q
1
g
4
L]

%

<

sy bl a4 FCOM o 6501 .85 slomy| aligs
Sl aeion) byl 998,180 ©jgey el o
s 4 s Ol Gle ol (LS
Soget w9 o)bes 5 Jluyl CAPSO
w8l (295 bl )0 Wgdoe 12l enigld )| S5
G Ol Pl 9 ST il sanalss
Slse Casddy lgSay dn slaalss 4 olp)lS
Al bl |, ke o 2eS FCOM aije g a5
badss s ol pein b
ol CXU o 5ile G 3o o il 03505 o0 8
o el S U g laasss S1e C ol o a5
aby> 4 )5 Bl Gl Sole omile cnl &y
Olie diciion 5l colatwl b eolpiinn hg, ;0 .ol
wlolis il o gde )5 o5 labes sl
2 5 gl as aiie Slp)lS ol K Luen 050 o0

u‘).v)ls c\.?L;QZ.;).)

Ghey @ pB je WS I8 ades les
aslol gl (Silae VL ) 1 ekt
\) JSWJ sl 00l oolazwl ;Wy alolus J>|).4
oialed 1) eoleriy o )o8l (ganadss slein,

:Mo‘f

'- FCOM- CAPSO

B S T PE L
CAPSO

.

tarsol:,s,u-«._a-.p-‘ e
— J)S-'f sl g obs uf—-i

l =
sl g2 FE) e o e daclaa
Setaa (B0 e gl O g

L 4
e kT P B
Al L 381 e s asla

FCOM

,.-!

FCO\lh.U-'—-;-—-J\)-' T ==
. Yoot ‘-'-.i‘..-"‘-‘.)s-“" -
"«,JJF-' -

s

i FCO\! capsola.pu._w,u-r

"~.4J=-4 & __;L,a.l.._,_.n.ﬁ_;_.a

T S \
 FCoM CaPso) )

Sl (P95 50 o‘x;U Sdbgs 6W~Us) (0-Jsi)
(Figure-1) The flowchart of the clustering stage in the
proposed method
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