[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

ol dllio http://rsj.iums.ac.ir WAV ybae oF oyloss oF 093 codus 35l 0 dloa

9 3l eoliiwl b (i30T (b ybiw jlows (sl sty lousd i (gaiud ) 9 (o2 Lwbidd

(gloaly Aol pl Lo oyl ylow 168 590 axlliao) oyl aasliass (6 S paonas

YML.\.E{'\’“‘;).@,&L@)M

Oyl elanly e sl o o oRalS ( gwdigee 00SLidls (aslio (cwdige 05,5 JLoliul A
Ol eplaaly bz sl o lunaw oRasls ¢ puwige 0aSiils (aulio cwdige o)l owlid IS ggzeiils N

Email: mr.shahraki@eng.usb.ac.ir « S ;e Lo joeme 1 Jgtus oo gd %

US>

Closs ) 10 Logee i85 bk log 3l o iy loss a8l ¢ loss sloglosle Coldge jLiLie BB g digo)
e s L Loy s s L e o st e e e sy S S s e L s S LS

Al oo glaaly s Cdladlepl de plbiwlos covie sl i o 155 g pu ailzty olul sliw o oads &l Sloss coaS

Ll asls B olaws b gholity hise 5 GMlliS Slallas o oorab 5 gnn] gulis 5 ooliul b 5 sarbivdhsbs,
Gslenz b as S g yslaez (atli 13 VY 5 (U555 m ity Jue) (Joon 5 oliabol Sl o 0S5l (panddi (S0 525
LCCU ERC T PESSN (L@O—l oles g oad 35 nd lhlen) GBosiSanxt e oy Aclidinyy cpl @aje8 5l eolaul b Wacols
Sl E N e olaas (B 90 Jgaz sl eslital b g (Bolal ©)gots (S aiged (B9, b B S &g Lo 5 JUibl (o
S el gy b e ooy 5 (200539 < oild 295 gy 4 el oadal Sleas CodS ) sl i

B ganas, | aasly wis

(o day 5 Coonl (i LIS (Sjed Lulpd s o5 oanlie il (55,51 (0059 ) 5 ool L tlaasdly
ol 1) et iou B o ) oad il Cless coiS mhaw 6RlRU (Reghy laaidil aidlpe ol G eSSl
i S 1y ol B ) 45 s I3 i 5 Jlil s ol i CCU iy o5 (5ot 03
Csrlr Wil Casllas Glie aeS Gl (B i 5 Sl s ke sl CCU iy & 500!
H8 oolainl 050 ol Lo ;o Dloas CodS Sgus g 0 Ko Sb3 5l 6l 6 ks lsicds Wilgh oo Gudd ol )0 oaliadl)|

S5

IS 5 Jroy G K85 g 5 SUISH 555 b ol oy Olpste 3 ol S ol 6 S
kS S3e b atl o il slacil )3 Sy (I3 5 2l SLISH (il 5 05 6 Slagbl i ol

gl hle culo) coles jo g 0ads Slons
oS (6,585 (bl oy oyl jlons i 1 g e oyl lons o ol ¢ ilagy sl conS i gudS E5lg

VEYY) o8 slasl o | VY VIYY bl b | VEe /YR bl e g6

Email:rsj@iums.ac.ir 1PRY Glawoy «F o ylou ¢F 0590 cwodw 35970 5 dlxo



https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

-3 7P) P T YN CORS PUPRP P SR PREJON-K P RCIEI S W L) f.

U] s ol i e s al> 0 ol G
@ 05 e (LA Cenl (el (6 e
o bLo )l et o s sl s ol Ll
ol ganas; Suled)d g Cwas ,—olie 5 ol
Jolt a5 (6 ie 5 5055 0550l (B) 0Bl go ZuenS
sl azg 5 s i—te cald; ez (ewolie
asls [haYlesy J—ol S lgiedy w6 i
Selsi Bob 5l oS Col Gl (58 S (F) D9 o
slagaieils @) wzrge colhe Slous 5 LV
&l Lai> gl 1) mlie sl ol 0500 Gl e
Sl 5955 o S S 5 il & jgoa Glejl
saly> p 3 1) Pt d9— Oleslw QLS 5 plpae
S ] oo 39294 (Foloal 0 jgoty kS ol
O ol oo gl ol oS c il 55z
Wy—b S yaelip Wb coaS Jy—ax (lp 08
rsae sbis; 5 beudled da e s dag il il
3 S Cedl s EBlie CniS oy b et e ]
aS Cewl gleys g cdlagy cewlw Jool 5 Jelase
g 5o Malliymn g (Jo zg—lanw )0 HsSTen
O o o alie fplas oyl I8 IS eculow
Sy Sloas il 4y ages aged I alize Yo
2 odme S 5e3 Ly (peges YU G lsreas coasSL
Fle lwlid b ad S s ohlow loys ls
Sleyd g s—dlage Sleas coiS 055> 40 7 yhe ol

hel Jelse 5l g esa ples lagty, 51 (S
CodeS (Sload slaplosle Coddee g mulio 6 3yl
S Sy Jdoay corS @ (V) cul oleas
Sloas ol IS g lgi0 oDl Sloas 8,84 pastis
ooy b o g Wghioe Bpae wdsi b plojea cadln
leasd Wyla 1) Cleas oS ol cusyd ol 8l
B a8 o guaee | Gloas cudS o550 ol Lo
Sloas od....S:\jl)l 9 )Lo.u O LQOL.:‘) u,».)‘o 9 g_J)J.S
A5, o3l Gglad L e a5 ol 353 Sedlas
3 ed sazi Sl pgpie 4 jlem cols ) (V)
Ol gt 5 s pSojlal el Slejo- iilags Sless
b eteS b5 3850 (Sl Sudlye i Lt gl
e slon 25505, b bdee jlas ol sl (559,00
50 Gy ool S jline g o S0 AT 09l 0 ol

(V) 0,00 55 s ous &l .l e

S Olsrsar ey guieiuls) Giomiw o9l 9,000 5|
ot ol )| i 5, Gl el (s e ]
R ez 350 Sl il slaglejlow )b
slaplolw 1) Sbls S o s pFojlail g 4z 5
OUVPUIICIFI SUPE N [ONEE SRS

ot S Al g ilo Ll IS jsboay (F)

Wizl g 6yt glos Lol aie g0 b | an


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

-3 7P) P T YN CORS PUPRP P SR PREJON-K P RCIEI S W L) 3

San b pol> el gslaie ey s e Sl 4
Oliwslo e lagidn ganad, 5 oluls
el 5 bl plely s Claglodde (]
VEVO Lo 5o planly cliamlol de s lows
Loyt (6 100500 4 YYAY L o g ouds &las
2 Sl e e PE e gl 5 Gloys S5
oo ol 0yl Jlab Clys s B0 (ol
Sy g Glnios (hjgel S (0 3S,5 lsiea
S gl oo wgmme plasly (Sij ple oKl
Ngey (b oBialy Galbs Jolds (ybiwslocs (nl (6 s
(il Fgsly (VLS5 $5slsSSl (JUbl (6351sSIl ads
(s Jlabl (lasl g a2l (Jlabl il
pes w0 daldl o Guds cplail o CCU 4 ICU
P e A8 IO 0 riey Slidnd pwyp &
o5l 2951 Bk Sl oasls om0y 4 pam S5y
Wz (G S el ) 5l ooliinl b bhany 35 (sanas)
loazily Jlos 4y ol i o g ailoy )] aasls

ol a3y Slolgiing a3l g (6 St g Guios

g

5 OY) goonl Sl i gl 5 osli ol L
s 5 gl s ol alas § OF)

q )lfc,g J NS u,.,l Jlﬂ ua}'l 50 Slo__s5

59205 Sosle—ozr a8, VY 5 IS5

23,8 A (V) Jadz & ygods

ey el tligy slaplajla 3 olass icS
4 il ol J13)9% 5 (YL Ceal o250 (B, sl
(SR ple 5o oheh $35leSS g Dbl 3 g 4
yebay Sleas (Baumsdsl)l 4 Bascdl o ol
L oS cuwl oas Lol ((A) el ioli8l > j0 atwgn
9 2y Ohle dlawi (Sl lows Bloas ColS dgupe
(D) wbos GRIB 55 i 6oy (lime 4ty
oy 9 &olr potie S odl b i e (S5 S
Ul 5 06, 5l gl ulast o)l po ol 81 203 b5
() w8boe (floizl 5 Gy oo slad Shos plx]
A Cwl odzmy Hlews ploixl losle SOl Lo
31 dnals oMl sl ) g Lais el ,o Sl s
o SL Sy g paseid Ol Jlisay ol ley
oS el (6 500 plplo i 2ol )5 g s 3l ¢yl
Yl iS5l gk len o sad @) Sl
Ohles Culd,y Ll Carge ilyny B asily jloye5
bbby o5 Conl (B, Il 5y SodeS gl

CetnS 2L, g @l 5o ol len ol lal g ajls 4 azgs
slaiuler 4 i Sloyo Dleas a4 040 o0 el
SIS L aS g0 cpl 4 dz gl anisl oKl 0050
Slllae plxil S oo s 3 Slews Ol Uil (e
Lgd.meo) ’..M > 9 M>Ls~d RV L: 6‘0)90
kS IR el saaials, p NSl Ll

Sy9ro Lwly (nl )0 ola ey alxil g 00d co Sleas


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

oS szl po oyliialls 30 (T 3 50 Jolgs 5 (bl 0095 (g7 o Y
LQQT sl g gond alyl wlovs cadns ‘Slﬂsua."»u:: - Jous
l.bua:l.w 23 l.bua:l.w

Sl glaghs)l g cablas 4 (yloyo ;015 4z g

Sloas &l ay leyo jolS gaieaddle

Oleys 3o Lasgi Lo ol lajls S0 g 4z

Obors Loy Bagdd 5 ael (g0l

Oy Ggalymy Bl @8 50 o3 ey

Sles Gipds Gl pliw Lo oY sla olosal,

)LQ..; ol )l ol C).Ia.n UYIg..; 4 cowlio G""L

o SLISS 4 (Sawn; 9 650

Sleas &l caz 38 by pdlel

S5l

Ot p g o5 dwgts Jlow (pogas o> Lai>

o lp o Sin daulrs g 6 )lows S

Slowm 0oy yo iy aass g ils

Obwob! culB

bt oyl Slads g B0 slaan s o Jols

hasd 5 slad > (LS, 5 (S5 s
2 ooy 55 5 &Bge 4y Dlens il
Sl eyl (sl pl)T (anme (0 Senl 3
Lo 65003 9 (S SL

Sl Gl o Gellae yleds

ol s, LISl

OUS S 5 iy jalls g anul)]

JeoSS 9 S)0 ez B oy by Slewr Consy
axlas i) 5l Lg les elyes 5l il Y5
ae o Jle plyiea ol oolinul Siagh alewssa
oS Wil oo O g0l a dslidin yy Y15 5l (S (e
Soae )y ojll az 5 8e (e 50 5 @890 4 Slens &l

dbse Fge Sloss Sl
S aiSanxlpe 5l i Ve 5l megh ool s bl iges

Qb.a:lj s uJUa.;‘uJ‘}c QL‘;....;)LQ.QQ e Lg[:eui;.éq

ulf)}o Jﬁbl’d)’“fA"W)‘ oé[&w‘bt\sw L\KM

Sl Cawddy

L laoliiaw p doasli g g b asli ol 5l eslarul b
Olaobl bl 02555l e (S 58 Ll 25 0y O
Gleez 5 w5 Lk (aSlin; VY 5 Jass
O o aslidesn ol mpe 1 eslanul b beesls
Sk o (Ollee 5 hlen) pFaSax,e
Say5 byd 2,5 & jgo AN 5 JUbl ( >,> CCU
555wl 50 Ul (o len Jal5 Culs) (5 )lel wigei 4
5 D 5 ldsn g comd Codl 5 Como (Vg 4
2 oy byl glcww] 5 Glle g ol pas

Ll 511 SVlg a4 (055l Ul ol 45 (5550


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

oSS axzlye el 50 o 1 Fi3e Jolgs 9 (Bl o095 (lgF o)y fY

X= M

p}1 P%n
Pms p{nnl
Gl 00 o0ls ylas Py bsas Jloy 4ty po o] o a8
..\Jb.o Cawdds (V) abayly 5l oslaal b )1 jlade o

xl-j

YL, xij

2 E) a5l a3y o 098] alre Y 68
23,5 oo dwls (F) ddal) gillae o Li

Ej = —k X1 [pijinpy;) )

45 S g yho o |y By a8 canl ol Jlase kol o a8

Sl Cawdas (B) alaly Gillae g 5,00 o

()

- In(m)

el a5 olows ko m oyl yo a8

Ole sl ax s (d)) Sl ax o dnlxe F o
6‘,);\.».0&;:1.&)“0‘ o)‘».\.:|4.’>l)4.b9.a)¢o L)DLAJASA&SLSQ
b g9 0 1,8 00 S pranal LB 50 1) (6 S prenad

g on dumolire (V) alayl) 5l oolainl

B Z;l=1dj

W

@ opls geyml g, b biasls eos 5l o

] 005 d.o‘-)); w‘)T U”B) 4.1.».»454; LQM; Gaedd,

BUNETRIRVR S &9 aelidwy Ve slasi isw 0
23058 Sl wosls s yslans g basliinyy mjes
lagl anas; 6lp g opls 9,51 Loy, 5l laasls

ol 00 ooliiwl ol )] aasls aix (6 a8 el g,

OPld (519,51 e,

poe jo Canl Ly by pypio Sy (y9,5]
4S By Ll SLodlbl (5555 § S5 o sloiz]
J—5 yebay (6 7S ol o yilo S glwools
L osld (55T Ghgy OlsSise il oo Lot
049y ol ool oyl e et Ll (59 b))l Gl
ol SO ol o (SoSly, az e a5 cul )l
Sr—ighe Sl | et ol oab i
Sl 0pls (95T Ghgy slapls .l Jlsy5 5y
75 Egmets gt (ml po et ld 4 a5

OF) wsb e

5 (V) akl, ilhs a5 qeosd e jile LS5 ) o

35 oo JS25 (V) Jgur

Q)]

bl slgasls slaw n deasy ;3 slass m ol o aS
Sm an S o Slee jlade Sbled Xin lade g doas s

Al e N asli oBays

ol 5 X)) Jboy prods e ple JuSias ¥ o8

208 oo JoSi3 (V) alay


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

e 0SS a2 po laiedlio 30 (3 3 5o Jolge g9 (Sl 0395 Blgi (w2 FF

2 2bsyl Gl asls slaas 0 deas 3 sl m T o

B 5l m an;s o, Slee Kbled Xin Hlode s

&ly JTo.\il Sade 059 JTo.\J Oy P90 ‘olf

Sloazls 6lp g e (o ke plp Cuie slaa Ll

WSl e S5

Xo,- =maxx;;,Vj €B Q)
l

Wbl 5 i PSS lade Cagllas ST

Xy, = minx;;,Vj € C )
J i

S slo ol el e ile ilo ey g o5

by 30 51 45 g Jlog oyl 6l & jgon hie s

5 Cute sloasls Glp 905 0 9o Sl B Gl )

solizal (VV) bl 51 siie slo s sl 5 (1)) ala]

Dy s
X; = 7y wjeB OV
z. Xij
=0
1
Xi=—id—VvjecC (Y)
1

039 Bl ool G le 535 1059 -3l P8
38 wilodsl o &5).‘;.31 oy ol &S sl el
M03e pmle B digh opo eal Jloy o asls
L (V) alaly bos b ool ools glagyjg ed ol

. L? «.‘.‘O

A M g @SLlhN b g pS monal (g yilo =T Jouo

b sl
asy 35
C (@) Ca
Al X 11 X 12 X In
A X 21 X 22 X 2n
Am X ml X m2 X mn

(ARAS) sro2 Comnd U 35 (b8,

sl plsl ARAS g, 5l eolainl L laasy 357 (gaias,
sl 422l wiz (6 S el sla g Aoz sl a5 e
big (O00) S8 9 WBlslyly adbowges g, 00
bl caimolis a5 saiedgw Al jlade 5l eolat
eosiinns abaly 3y, ol ol o0 @] a2y 5F Sy s
ool o ol s s I kas o gla asli 59 Hloke b
Eyome o b azls den 4 4l &5 Glan T i,
435 e Olsreas cadl ails |y (saiedges (B e
25 e a obl Gy pll Jole ogipe Sl

ol JoSas )l gy 5o alo e ool gl o8
Cool DMH]) iy Sle cpaanal o yile sl poas
Ol Blgiw 5 vy p )50 sboan 5 1) T slo jlans a5
At 435 Jsl sl 35l g0 (o) 1 9590 Lo LS |,

Do oo 00wl D990 (slaaiy 3 0 Jlade oy s

X110 X1n

X= M)

Xm1 " Xmn


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

e 0SS a2 po laiedlio 30 (3 3 5o Jolge g9 (Sl 0395 Blgi (w2 f0

0 o 435 58 o (arsllan) kS 5 Caod oo
2 Sangllae az ol pslaie andy 098 atie 5
S e Cwghe e 005 o oslitul anS
00l Jolo g 4525 5 (6 e gl alngey (536,0T)
et So gy Jles] > byl o oy sl
a0 dbe lp eolatwl 0,90 aloles 005 o

Ll (V) abaly & jgody iy ;5 S 51K cpgllae
. m OY)

basly

o9l 9,51 gy b pasls (mocy el onl o
ool o pile LSS (g, (] 50 Gt o5 0 el
Segh ol 5o 4 el peeal el all o

sl oals g 15 (F) Jgoz &0

(V) abayl; Sillas ppowad o lo (g5l Jlo i am a8 4o

Ll 00l ASU 48 J5A> 5 u—‘ @Lu aS MB; ‘nbul

e 29,5] polie g kK Hlade daasls mop59 sl
5 3,5 aule (0) o (F) adal, sllae (B jaxls 2

Sl 0l 4> O Jgaz o QT =l

1
k=) @

=0.7213

W, =1, 0<W, <1 )

Ay

Kon = Xn X W, )

Jde Xmp 9 N asls (Caenl) o35 Wi o] jo oS

OF) abaly 9550 Jlo s ol s yile el 0als Jloys

ol 00 oS85 (10) alal 5 oolicisl |

e sl an S 58 IS Cogllas arilns emiy o8
G239 o Jloyi olael lasl 435 5o IS Conllas dslre
P FSrn S S o0 goz o2 b syl Oj0a |,
e s ol S g el oy Silade
Sii S @b oadaulze Wy, 4 axgl aibe
Syys o Xij yolie b conline g peiiinns alal, S (sl s
$55 2 Lol (o 5l g 00d gy o Si 5l W
&6 (G530 Hlade (5 s eopl ply el b azs
ba ;S slacaglyl ol yoxie on 353l Si (St

33,5 e Si e 4 4z 93 b Wl oo

n
Si = Xl],l = 0,1, e, m %)
j=1

GO ) 9 43S B ond Camrghlae dlone gl o8

i)l 950 50 43S o Consllas 4> )5 aulore tlaasy

aSLh oo Coadl A, e s 50 Lo & deay S

Wy 35— o L sl s Lo - T Jgur

Ly 35 Sepd bl b o

sl il oL JERVNS

=l e YAVYY Y.AYYY

Y.yo-q Y.£evy Y.faay



https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

e oiiT az o plasodlu jo (1 50 Jolae g (bl podeS (ylg (o 172
Jb! i YX¥avy Y.0V08 YOVEY Y H00A YyTYY
Sl ik Y554 v.avaf VaFaY YYY00 YAASA
CCU iz TYVPA YA AP FYEY £.VYR TETYY
b 99y 4 paonad w yile (g3l loyi —F Jou

L asLis Code Cute Cude Cude Code

a3 e Ll s Y olisebl Cokls e
>y ik . YayY- ¥eVAA . YATOO - YYAAS IR
Jb! i SXY..9 Yoq.A SXYeev X OAY L YYEYO
Sl iy S AEVO- CAFEVY CAYeYS .Avayy CAAVEY
CCU iz RIIRE! - FYEAD S FYAY - SXY5es L IN

Pl 2 5l (1958 Al -8 Jou

E1 E: E3 E4 Es

. A5V . AYFIVD .AVa.Y. . AYVaYY - AABYYA

Lol 0090 ,5 L1 (F) Jgum o QT bl s C8 5 Ojgo (F) il Bilas a3l jo sl (d)) Bl ol ax 0 awle

L o gl g Sl il 453 dwlo -7 Jgux

di d: ds ds4 ds
« o YYFfA 2 YOAAD c YA e o YYeVY c oV FYVY
20,5 M (V) g ,0 Jl w5 cd )5 Ojse (V) alal, Billas o asld g dwlxs Ll jo
L 2 6l (559 Ao -V Jgux
Wi W2 W3 Wiy Ws Sum
« YA-OY < YYYVA < AAVYY EAREY A <AYYEY \

o asl b o A S el AYY Jo oo
Ol =0 Gl (b bl b sl

S $hls (Jo——on ol 5 coonl

o=lan el boa g a5 o il o Cponl s

A S5 wl A Jsaz ol sl i 59 pol s ;)
erld ceal e e YA S8 Ll

o YYY e

PSS P



https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

e 0SS a2 po laiedlio 30 (3 3 5o Jolge g9 (Sl 0395 Blgi (w2 fY

e sla isu 4S et slea S sanas,

‘Bl_>u| U"J‘)T U"Jﬂ) )| oola_ul L) s..\_wl)b.o ul.a_w)l.o.».:

P9y Sl b pre—al G e 0B

L),,)IJ a P Slow P S VR o

WS oo ool 8 1y b ise cnl yo

b iy (gududd

Wy 35— L ol g yilo —A Jgu

bt Lo e oo e e e
iy 5 SRR o sl IREPSNTE e
Optimal Value Y.Y\PA Y.a-AP Y.V fY f.avYa Y2YYY
‘?l)q e YAVYY YAYYY AATARRY Y.XeYY Y. faay
Jl.é.lal o y.yavy Y.O\OF Y.OVFY Y.O00A Y.YYvyy
GL‘&I.: e V.£e2q V.avof V.AfoaY YYYOO Y.AAQA
CCU o Y.Y\PA Y.a-AP Y.V fY AANARS Y2YYY

el oo @11 (A) Jgaz 50 ol bl a5 8,5 aloil (V) alal,y Gillae guonas us yilo (55l by o o5 1o

b o9y 4 el e ilo S3ledlo 5 -1 Jgux

L asls Code Coe ) Coe o

oy 35 SN e sy il i3 o
Optimal Value S X¥F1NA - FYFAD RAE L XYSe8 SXAATD
@‘ydpu < Yayy. <Y VAN « YAYOO < YYAA? «Ya.Y0
JLa.bluu.':u +YY--9 < Yeq-A <YYoV < Y-OAY < YYPVO
Sl i CVFYL- SR CAYeYS Savary CAAVSY
CCU e AR ARE! < YYFAD EARTAAR EARY AN EA R A WA

a5 o 5 cuglbe g (9590 0B Jlo s S5 ) ey o035 g0, sl

o Spgllac A wlee 9 (VF) alayl) 5l las

o, s OV) abl, b a5

W0, 8 ST ) Joux llas boas 5§

sleolaiwl Ly a5 v )lo 5Ld 9590 ca—i Jlo
2 Gl A Jgo > 0o _ddaiwlxe slay5s


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

e 0SS a2 po laiedlio 30 (3 3 5o Jolge g9 (Sl 0395 Blgi (w2 FA

iy 35 (o) 9 (o I Cangllan (39590 puoudd (i yilo =)o Jgu

Lyl

bayss ) O ETLC N

Olaeblea L3 e Rank

Optimal
Value

<90V <. YYPQ + .+ OAY

CFEY

R AAY - ¥YASA Vooooos

< AVPA e PYO0 e 0VPY
>

~OYYY

YoM < YAQAQ < AANYAA Y

Jab

B ANAY <o frvAa <o Yaay

<. YavA

~YYAA < YYovy < £OFYA Y

-

o
g

SSEAYY L YEVY CYAA

CYEY.

~YYEY <N PO0] +O-YA. ¥

“

CCU

R YA A AtS <. DAY

cfRVY

ERARARN < YYAZA \ \

olul oyle vgzg lobire alwl, e saseculs,
e 5 el sl gl s lagale
Shgaas (Vo) cul S5 Ghlom gaiacals, (e 5
W8S I Sews 4 (pl 4 353 gl 5o hlSes
Y a4 baye ghlew cold; g oS
Soxy 4 bape Zald) apeS 5 ollen (LSS
Oladss mls (YY) 05 0disS e S 5 (21, DU
=S Ll osgs guwpd allin () gl b s lie jo 00l 573
oo Alis ol b ohlSan 5 gdon] dlis Sligios
SaheS 0303 (S0lee (S &5 Djg0 ol 4wty
OSbee (n S 9 oegede 5 (Su s Dlesd CodS dm
O olely (Y) CEF Glw Jaes a4 ol

5 CCU la isu o ouisdd] )] Gleas coanS (gosuas,

2 Mendes

S5 Al 9 Sy

@951 Uby, 5l lpasls (23039 sl Gaios onl o
SrSpamas by, 5l gl anas, sl g ople
51 eolatnl ol .l ool eolaiwl l)l aaslicis
Lyl an a5 ols s ogils el (o O,
Gl Jaen am 5 cosal ppote Gl (o5
GRos Al rizes il Coweal (e
sle iz o onddsl | Gleas coals s lpb Sl
sdwliawody bl wes o plis 1) oliwlew e
Olyieds lizebol ol aay a5 ols lts oo 5 LIS,
Ohlew gameols, » )‘5)‘-’14 S (2 oAl (el
2 Ohee 5T puate @l (V1) <85 15 b e

5 oas Sl Clas o a5 ol QT oas il

! Pekkaya


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

oSS axzlye el 50 o 1 Fi3e Jolgs 9 (Bl o095 (lgF o)y fa

(Joed 0 Soled e ol o jlem Gleys yo IS5
oSS 5 7z s CCU isn 4 gy o e (0 5 i
dabiton 5y Gyl 5l gy b yiie (o) 2 9 omion &5
o 60k 03Il b ledeliciw ol oSS s )5 alol
IS ol g wdbie 60 @dle 5 laaide b
laosls (355 5 Spslanz )0 e lacusgice
o by asliion y aSpl s 4z gl iz Ol e
Sylse 5l (B yd el 0ol sals zuly oyl Glalen b
OBl wanslinls (comzr 5 (9, Lulpd 0929 4 4z gl
[ b cds g guwyo Wlgi oo £a90 ol 45 5,ls 592
00 [Casddy s aSpl 4 axgl oo 8 gl Cos
sl s 5l oad yslaes sloosls wlaly By
oals plil plaaly el CIlaslopl do b lows e
Wgad (S0 pas Cox 3l Lol dalllas cpl pls wu!

Lol Cgsgazma sl s L]

SIS b ogdion dlaring eel Cuvot gl ululy
ool Cuz Sl low (LS slp o559l slaoygo
4 el 31 iz 5 gl 5o Glhless b (Joes >,
Sz 50 gl b paeloame 5 ible bLSI 5 ol les
Ely Fhe Joep s o Slessd kS &3 5 oo
r:[;;sl L ohlem 4 olazel 5 cocol o sl .oo;‘sa
Seete 5o QST 3 slat e b g aBseds 9 oo

23,5 oo adly apie dlazel g peend o Dleds ColS

iz & Cams SR Sagthae 5l (2l i
S ansS Grpeshel wdlise o9 Sl 5 JLbl
ol Lot o oo &il| Blaas kS sl asls Llxd
309390 Jboy o pile 4 az gl ol oo (Sl 25w
CCU (pzu @ by e (5 G (5053 a5 s
dhee e 5 SRSL slagelden) o &5 Cul
i oler Colyil 6l ol ae 9,50l ,8
S G bape jlade G 5eS 5 anily ) Ll
dame (65ead 9 (FrSh Gloebden; o a5 Cul
oledez 5 le colyinl lp ol (ame (0 Seal 3
5 el 00y sl G 5eS slls lassl le )s gllae
Sl CCU 3 4 b yo e 0 S somandl Ao
shls e loy 5o 5 @8geds Dloss &l)l ulida 5 a5
G 4 bgrpe Jlade (n5eS g eog bl (n S
G Oleas &l quldeny jo a5 ail o Jibl 5 A5
5 Sl 00 sleel (508 SIS e ey 50 5 &Bse
» s CCU bk (a5l o
23 Sy Sy g3 s B slogelida s
2 9099 Sbtel o St lylo Hloyd el Jilue 83
&30 oley el lagpuliio )y Jlbl o (s iy
o9l Blae @8, )0 p3¥ S p 5 Sloas &l g
bl o jo ol e J{oy S shls leyo
B4 axgl CCU 5 (o slojizn (laebl
@ by poldiop; 50 Skl (n Sk GFaSanx]
O 50 5 Glem lp ol (Kb bl 5 (55l o piS

rasS g s elide ) 4 dayye Litel 30 (A5l


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

oSS axzlye el 50 o 1 Fi3e Jolgs 9 (Bl o095 (lgF o)y B

20 ale 4183 jle Cujg slr ook <85 ol jlen
Sly oo ol 4 1) lhlen solo)l Eao90 ol s
P& e @ gl gl CoaS 4 ol
WS ol el de ol lo e slagisy
Ol (S slrolSiiws g DUl yiol3dl 4y lgs o
g ablol oG5 S e (leys 05 5 by
soliteds Gilie slaciind ;3 K55 Gl (paasiis
OO% o 50 9 slem 4 @ g @gedy Sless il
C35 Jre (08, SISl Gl s 0550 Loy 0 i
shaw il degise alids, il elyes
5 ol lagll slass (aldl (sblagy Glagm g
oo Seald jslaiea o5 slacss b 3l slaw ial3sl
Slopiass Gl 3l g by pa Jiw p Sbigal le il
o,Lal Sloas @) lej zalS jslateds T oMbl
Coledy g Dleas CoaS dg del Wilgi oo a5 5 S

Aok sl o o) ol cols,

sSipel sboygs 6155 0 b ssd s St izes
b Jaer azg) Cosli Sy Gliwjlan (LS, Gl
LU, g olhlew 4 ol by cien g T jo ol e
CodS 28y 5 et Sz 50 BT L el Sz 5 L
o> G0 Soe &ls Fie (Joes am o clens
Loy aBgeds 5 Cowyo plonl b oliloc a4 sloel 5 ool
a0 Slodd EhS S5 10 B, Y slacs e

2,5 o &8l dude dleel § (pouds

5 o5 Ll 5L sns e oS 55 o ol
sile ol ool SUSH (Kb Sly ol
etz gy il jlos lliS Lo o yas oS 2
ot 5 ST (sl 5l s s
(S Sz odign B g Sy by Cops
il ot o] L (35 ol agen S35
oS ailige loys ol palls ogily] uizes 5 jles
ol a8l e 1S 1) Coeal (St GReo orl 5
Gl a gloys o5 (gaueaddle caimoylii oS Jows
Sy gaxs g oleyd 4 jlew Brgi5 g del (pols i lens
53 dlien Sueal 0 5SS Jlew slajls g ablse
i GogeS & axsil (2 g CCU Glais
@ Sy slp oleys ol slasd 0ol (6 ol les
33 e oS Slawi Jdoay izes S (oo SoliS L
Sygo 0l Oloj 5o jlem oy A0 90
2,00 357y slany ol sl o] e 5 055 o0
(195 5 gy Mt Sl 5 Ug)S g9t 4 4zl
Wil oo Jlabl 4 é&lo T NVEL P JURNI W
1255l aibgn y Vgorn o 5l s0bj a0 nlple
5 2By SUBGl 05aS (lo)s iy 9 5508 S90S @
5 Ohlem ollasl ol slocas o iy 0guaS
Sdeay (i 90 (nl )0 0gdiged 0051 95 as ol pen
OBl (BT G o slem (paiz e 5 on E5L0

ol j olaws Judods cpiz oAbl oo o5 o) lew cl il


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

e 0SS a2 po laiedlio 30 (3 3 5o Jolge g9 (Sl 0395 Blgi (w2 &)

Asadi H, Habibi Soola A, Davari M,
Ershadifar S. The Status of Patient Safety
Culture in Nurses of Imam Khomeini
Hospital in Ardabil, Iran during the
Outbreak of COVID 19, in 2020. Journal
of Military Medicine. 2020; 22 (11):
1162-1170. doi:
10.30491/JMM.22.11.1162. [In Persian].

Shaikhy-Chaman MR. Patient Safety
Culture from the Perspective of Nurses
Working in Selected Hospitals of Tehran
University of Medical Sciences. Iran
Journal of Nursing. 2020; 33 (124): 92-
103. doi: 10.29252/ijn.33.124.92. [In

Persian].

Amini Karajabad M, Zahmatkesh
Sardorahi M, Siadtan M. The
Effective Factors on Improving the
Quality of Tourism Services and its
Role in Customer Loyalty of
Persepolis Hotel, Shiraz. Tourism
and Leisure. 2021; (11) 6: 19-30.
doi: 10.22133/TLJ.2021.138966.

[In Persian].

Sokhanvar M, Mosadeghrad AM. An
Evaluation of Quality of Services in
Tehran Hospitals Using the
HEALTHQUAL Model. Journal of
Medical Council of Iran. 2017; 35 (1): 9-
19. [In Persian].

Farghaly M, Kamal A, El-Setouhy M,
Hirshon JM, El-Shinawi M. Patient
Satisfaction with a Tertiary Hospital in

10.

Egypt Using a HCAHPS-Derived
Survey. Journal of Multidisciplinary
Healthcare. 2021; 14: 3053-3060. doi:
10.2147/ JIMDH.S317322.

Gholami-Fesharaki M, Akbari H,
Akbari H, Mohammadian M.
Inpatient Satisfaction and Effecting
Factors: findings from a large
sample size cross sectional study.
Health Research Journal. 2016; 1
(1): 23-32. doi:10.20286/hrj-010124.

[In Persian].

Maritan D. QFD from Product
Characteristics to Pre-production. In
Practical Manual of Quality Function
Deployment. Cham: Springer; 2015. 83-
117. doi: 10.1007/978-3-319-08521-0.

Kim W, Kim H, Hwang J. Sustainable
Growth for the Self-Employed in the
Retail Industry Based on Customer
Equity, Customer Satisfaction, and
Loyalty. Journal of Retailing and
Consumer Services. 2020; 53:101963.
doi.org/10.1016/j.jretconser.2019.10196
3.

Kolivand Pir Hossein, Kazemi Hadi.
Improving the Quality of Medical
Services. 1% ed. Tehran: Mirmah

Publications; 2020. [In Persian].

Farrokhi P, Aghaei Hashjin A,
Bagherzadeh R, Zarei E. The
Relationship between Patient Satisfaction

and Service Quality in Outpatient


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

11.

12.

13.

14.

e 0SS a2 po laiedlio 30 (3 3 5o Jolge g9 (Sl 0395 Blgi (w2 N

Departments: a cross sectional study.
International ~ Journal of  Hospital
Research. 2022; 11 (2). doi:
LBL COMMENTED_ AT/ijhr.2021.276
848.1460. [In Persian].

Arasli H, Ekiz EH, Katircioglu ST.
Gearing Service Quality into Public and
Private Hospitals in Small Islands:
empirical evidence from Cyprus.
International Journal of Health Care
Quality Assurance. 2008; 21 (1): 8-23.
doi.org/10.1108/09526860810841129.

Hamby S, Taylor E, Mitchell K,
Jones L, Newlin C. Health-Related
Quality of Life among Adolescents
as a Function of Victimization, other
Adversities, and Strengths. Journal
of Pediatric Nursing. 2020; 50: 46-
53. doi: 10.1016/j.pedn.2019.11.001.

Mosadeghrad  AM, Isfahani  P.
Unnecessary Hospital Admissions in
Iran: a systematic review and meta-
analysis. Tehran University Medical
Journal. 2019; 77 (6): 392-400. [In

Persian].

Ahmadi R, Foroughian M, Kalani
Navid; Taghipour N, Pasalar Z,
Raiatdoost E. Evaluating of Hospital
Services Quality from the
Perspective of Hospitalized Patients
in Jahrom University of Medical
Sciences in 2019. Medical Journal
of Mashhad University of Medical
Sciences. 2019; 62 (3): 1488-1499.

15.

16.

17.

18.

19.

20.

doi:  10.22038/mjms.2019.14168. [In

Persian].

Tabibi SJ, Gohari MR, Shahri §,
Aghababa S. Assessment of Health Care
Services in Outpatient Clinics Based on
SERVQUAL Model in Hospitals of
Tehran. Journal of Payavard Salamat.
2012; 5 (4): 49-56. [In Persian].

Momeni M. New Topics of Research in
Operations, Author Publishing; 2014. 2-
12. [In Persian].

Zavadskas EK, Turskis Z, Vilutiene T.
Multiple Criteria Analysis of Foundation
Instalment Alternatives by Applying
Additive Ratio Assessment (ARAS)
Method.  Archives of Civil and
Mechanical Engineering. 2010; 10 (3):
123-141. doi: 10.1016/S1644-
9665(12)60141-1.

Mohammadi M, Fathi Hafashjani K,
Mumtaz H. New Multi-Individual
Decision-Making Techniques. Tehran:
Adibane Rooz; 2019. [In Persian].

Pekkaya M, Pulat imamoglu O, Koca H.
Evaluation of Healthcare Service Quality
via SERVQUAL Scale: an application on
a hospital. [International Journal of
Healthcare Management. 2019; 12 (4):
340-347. doi:
10.1080/20479700.2017.1389474.

Mendes IAC, Trevizan MA, De Godoy S,
Nogueira PC, Ventura CA, Furlan CEB.
Expectations and Perceptions of Clients

Concerning the Quality of Care Provided


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

21.

oSS axzlye el 50 o 1 Fi3e Jolgs 9 (Bl o095 (lgF o)y aY

at a Brazilian Hospital Facility. Applied
Nursing Research. 2018; 39: 211-216.
doi: 10.1016/j.apnr.2017.11.024.

Mosadeghrad AM, Sokhanvar M.

Measuring Quality of Services in Tehran

Teaching Hospitals Using
HEALTHQUAL  Instrument.  Razi
Journal of Medical Sciences. 2018; 25
(3): 10-20. doi:
20.1001.1.22287043.1397.25.3.7.4. [In

Persian].


https://rsj.iums.ac.ir/article-1-170-en.html

[ Downloaded from rg.iums.ac.ir on 2026-05-07 ]

oSS axzlye el 50 o 1 Fi3e Jolgs 9 (Bl o095 (lgF o)y oF

Identifying and Ranking the Quality of Services in the Wards of Teaching
Hospitals Using ARAS Multi-Criteria Decision-Making Method

Mohamad Reza Shahraki ", Neda Mohseni 2

1. Associate Professor, Department of Industrial Engineering, University of Sistan and
Baluchestan, Iran

2. Master Student of Industrial Engineering, University of Sistan and Baluchestan, Iran

* Corresponding Author: Mohamad Reza Shahraki, Email: mr.shahraki@eng.usb.ac.ir

Abstract

Background & Objectives: Prerequisite for the success of service organizations is the provision of
superior services. Hospitals play an important role in providing medical services and the opinions of
the clients determine the quality of the services provided. The purpose of this article is to identify and
rank the quality of services provided based on SERVQUAL model in selected wards of Ali Ibn Abitaleb
Hospital in Zahedan.

Material & Methods: Using the results of Ahmadi and medical research and library and field studies,
5 criteria (SERVQUAL's Five Model) and 22 sub-criterions were collected. By collecting data by
distributing this questionnaire among the patients (patients and companions) in four departments of
CCU, men's surgery, pediatrics 1 and internal medicine 1. Sampling method was random and using
Morgan's table, 100 people were selected. The ranking criteria were ranked by Shanon's entropy
weighting method and the service quality of the departments was ranked by ARAS multi-criteria

decision-making method.

Results: The research findings show the inequality in the quality of services provided between the four
selected departments, so that the CCU, men's surgery, pediatrics and internal medicine ranked first to
fourth, respectively. The framework presented in this research can be used as a criterion for evaluating

the performance and improving the quality of services in hospitals.

Conclusions: According to the results of this study, hospital managers can improve the quality of
services and ultimately patient satisfaction by using medical facilities and equipment, increasing staff
and treatment staff, increasing the number of rooms with low beds and increasing welfare facilities and

increasing the number of physicians in different shifts.

Keywords: Quality of Health Care, Hospital Administration, Personnel Administration, Hospital,
Hospitals, Decision Theory.
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