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Hub location problem is one of the new issues in location problems.
This kind of location problem is widely used in many transportation
and telecommunication networks. Hubs are facilities that serve as
transshipment and switching point to consolidate flows at certain
locations for transportation,airline and postal systems so they are
vital elements of such these networks. The location and number of
hubs is an important issue in hub and spoke network design problems
because the performance and efficiency of the network is highly
depended on number of hubs and hub locations. Hub covering is one
the four kind of hub location problems (P-hub median, hub location
with fixed cost, P-hub center, hub covering) which has received the
least attention in the literature. Objective of hub covering location
problem is to find the minimum number of hubs and the assignment of
non-hub nodes to selected hubs considering the predefined maximum
allowable travel time or travel cost (cover radius). In order to take
into account the real world uncertainties such as unpredictable
events, this paper formulizes the hub covering location problem under
fuzzy environment considering fuzzy travel time and cover radius. This
paper employs the technique of fuzzy inequality constraint to convert
the presented fuzzy model to its crisp equivalent using possibility
measures. Genetic-based heuristic algorithm is applied to solve the
problem for large instances. The computational results show that due
to uncertainty assumption, number of hubs is increased to satisfy
customer demand as soon as possible. CAB and AP data set are used
to show the performance and validity of the algorithm.

© 2012 IUST Publication, IJIEPM. Vol. 23, No. 2, All Rights Reserved

*

Corresponding author. Alireza Eydi

Email: eydi81@yahoo.com



https://ijiepm.iust.ac.ir/article-1-878-fa.html

| e —

— 1) b | [FYSEFRVT-R) § SRV T3 g Y-
Qo untige Mol ot 4 550

0y A 1PY-AVY o

ol e g e ol

ISSN: 2008-4870 http://1IJ1IEPM.iust.ac.ir/

Jo xSl m y N 2 (e (oS 5, gy S 4
S b o gy ol aluw

1951 o b 9* guus Lo pule

:o.\..»'S.‘; ‘5..\,3.[5 Olols
5 ats cl 09, oo slein 2Ll Jlus 09> 50 was Slegoge 5l (So ols oLl dlis
3 oeed g (S la 4 50 (B g Jeo leetenn )3 Sl lao )5 e Bl
Flwe gloil 5l S sidg Sla Jlus 3505 dlged 1o cal p3 ils (i)l slaasis
30 39290 slo Conhad pac oged Bl jslaie 4y g 09 o0 plxl (558 laore o (Gl oLl
ety ol sl @3B Gl gy aby o Jsesd e dgerme olmlr 5 Jal Sl
o 4 ol b ls 05 Larass s b by e il woad ail) Joe Lol Gos 50,5
5 Cadgazme 3l waie = lae sla 05 5l Gz b yhe Gloy 4 ek w3l (e Ola Gl

ole Ll

(i ola allis
(B b g5, 4l
(S5 e 595l
&, sless,

w98 2 (e (] oSl Sy e IS 5l (g Cadgaae) 00D (sl ey
Ol e @S 51,5 el 18 anngs g addllae 390 ool wll] Jaw S ol plsie 4 S
A 53 3 (28 b oad el sl Ol slass il 4 LS gadse Sl @ Gl oo Al
G5r s Sop ol b s Jo 5 00 6l 058U QU 5 5 s slaymlly 58,8
SIS 5 005 ine 5505 o)l Lilyr CehS 5 Slslos el plog Ll S 0T (llns
Gisb 5l CAB | AP ous aisliss gla ools dsgame (g5, woid ) piy sl liosloe

Sl oo o0ls lis g5l ad Slinle;]

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-20 ]

koS Ol pelitee Jlo)l UGl oS (Ll Bly o
Gadyo oS o by peies Jlo)l kg o)l 0gg
oF Omr ol Jbo)l pslaie @ ola 5l al anshe e

B o oolainl 4l sla

ol A gy S ) S5

% Economics of scale

doddo .
bl dlis (bl Pl 059>y Mo Slegoge 5l S
S b ol S 4 85 Gl ages o3ly o ol cal TOls
iz 5l oads ool 3 Sledlbel L YIS a5 oo 10,l0 o Lil alads
deugbﬁbdwgwso&@?bﬁi)ow
O JS8) 09 (o0 00ls Jlal oles dade

AIYINA i Jgeg 3,6

ST ) S RSP TR

it 095 Lol wgane Lople yi50 llie Johwo oddum o
eydi81@yah00.com ;\Liws )5 olKails ¢ puwiige 00Siiils calio

Sy (lio wdige ady)l owli)lS axsgel il o JyeST pao wlas

Ol S ol8ails o pwiige
’Hub

¥ oooleds VY alar —IVAY jo jed gl S picke 9 Qulio (it (Mol (e g i


https://ijiepm.iust.ac.ir/article-1-878-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-20 ]

4} 29510 s 9 s Lo yule

wede 8l St o 398 5 (S (S (65 gy SO 431,

Sl 6,155 leusgaome Bd> &)k 5l 5 el sl it
5 Sl s e Slewlne @l 4 g 00ls a5 ] allus
$3) 2 by oo s sl Wiz Jae S [0S
Jyord [V Johlen 5 cus)l sivges ail)] el sl aSs
I R S N S N R O
il alyf B ¢ (SO

ol JB 5 e o by wle dlae 20l 0o
et L ) ol a0 YIS b dgame el 15 a5 wsl
5 et SRS S 50 Ol 0l el ey (5 Sy 00l
P ) Exose 50 oSl S a5 glenlss slesSys L
el (o0 1093 2 (@YU Coeal 5l B 5 Joo slaaSt

3 Sl cond ol 4 a5 e T lebl el -l
oAl g e sl aSh 5l (end &5 (g 1Sl Luln
g g0 bl ol

sl 35 3598 ey S 1ol 5l psliaie a5 T gy e -
0ol shate @ ad Gkl Wseme almlr 5 Jll
A Gnad Sy @ azgi byl il e e Lol
» Jele a0l S92y (Sleus LIS G 09l
Oosln U5 5 oSl e s aisSl syl 5 Culbse
2l g0 ol yiie Lo 23 (g0 g i 4z 0

b Lyl s ola Ll dles 42338 Sligiw o L
5 JU! Slley &5 o35 (28 5 4B)F 15 (pwyp 900
b s b Sl ST b el ol b dgams bl
P o 4 Gl 4 Y Lo g L glmlr 5 Jlil
s 5 AL eats gy ey ol el T ple Coalad
5 o BB s Gz eleal Lall (Sl oS5 s
Old pas cely (HBly slis sle coshad pue il o dslllas
Rhalqglwhopgygafogsnk)ﬁsk}pdu})a
ol alss (Lol le anse Joess 9 YIS Lol 5o
Joe G onl po e ol poe w80l b ks, sl
SR aadlhs 5y9e (oidg Sla dlae Gl 636 3y 2y
5 b ole plKe (L 58 Geios cnl 5 Gas 23S wals
oS ail o Ol sl oS a4 ole i b oS arass
Slos uvgame sl aae 5 lase 05 iz y8 (o Shw ol 45
WSS gl 00 (s e ]

e Pl 5l (Fslite gl J> sl 6ol slo o555
Slaia, 51 SasS 03l b Jilns U (sl wconsl o0 1) ol
oolitul "8 5 a5l ki pmems sue (32 el (3l it

® Robustness (dependability)
* Response time

® Uncertainty

® Branch and Bound (B&B)

Sl oS arass 5 b Clo Jowe et @ olo LS Jilus
A 5o A 50 Egozme aSugoiy 330 o0 Ol (nl 4y 0D
S )l5 0gd aneS” Jaig Joo sl i g b Ola (5L
Rl 3l 392y oyeis; S5 0 ole dlae gl Syl
5 Sl Sl e (lyp Lok o alls ol sloo )l
Wl 5o et g (S S g (JB 5 Jom Sl
Ohen 5 JeaS V] Sl 5 A5 Sligios o Slpe sl
oads plnl g3050 nl Slusl (pgas ;5 (el (wyp [Y]
wwbie 035> 9 da Lis g9050 Ol LG aluws ol
53 Olidos 4 bles gl Il oo tagh la collad 6l
Pl ol al8l Jl 0 595 4 59, g9d9e (] dis)
1gd oo G pel ) E9 )l @ (S ek 4 Sla oLl
alem ol oLl Al -

el anie Lol L. dlus -Y

S e ol Ll b -

ol 8 & ey b Ll [F] ity Ol oLl Al -F
Ay tdaldl o (pidg Ol e dls (g5, » Geio
dlae Gun 235 wales 13 i oy p 50 Al ol
P ole Sosdae b (e (i GBL (chbg Sla (oLl
oS by a il o b Ol 4 b oS arass 5 aSd
A0 Eyozme g 00,5 (el 00 (sl gy (sla Cudgazme
S JB g Joo slo anje g b o 1Sl i sl
b L) [0] JrpeS gy Wlas cnl 0t 308 0yl 09
MoK sl oo Lawgs (1)) saie- o Caim i opl olol
zsliz wgd oo 0dlo by

o 9 K ola a8 [ o8 08 51 e U5 lej b Jslo =)
WSS 9l 00 (e e Sl e ST 510,08 (e M Gl
S cnl 695 2 &ly QoS o (3ges (b ploy b Jsb Y
WSS 59l 00 (s ey Sl jlade ST

sl oS 5 ola b LS e (p3ges (b oles b Jobo T
O G 3l e jlogd oo @8l 55500 e 59,2 &5 o
5 S cpais [F] el g LS aslsl jo auSS 5elos (gl oas
Sl 1, 550 allis el o sae o goidse
ool el NP-hard _eie ols alus wisges SL3l g wisls
sleoe nlo 5l Ll Jao QLIS wisls Glas (rizmen (pions
Sl 1y Joe 51l @ 5 [VILS 5 0 ol o>
Aogad il ooly aS S el o L he gla pes
Slo s o pslate o |y TGl e sty [A]STs
& lde RBIS o5 Sl b e (pl Sged slpiiey (b

"Mixed Integer Linear Programming (MILP)
2 Pre-Processing

¥ oooleds VY alar —IVAY jo jed gl Sy 9 Qulio (it (Mol (e g i


https://ijiepm.iust.ac.ir/article-1-878-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-20 ]

95T o olee g goue Lo pule

> @l S k38N (S (oS 65 gy S 1 V¥

&b 5 65l b Cusgumms "Cugas wl Geizes il (oo
3 mﬂ?‘mdmu 395 Jae Ho el oud ools (538 Lo
ooliul (536 (53lsl 5 53 (3l Ay ialed sl B

B R W VR

SV > yo (hbg la Jow g Bles 9 .-
il Sl s pidg ola allee oo s )l 5l iy
Ol oo Sonloms 5 Blod 3o (ol 53 45 (SLed 8 o yietes
1090 Gl Tt &
Al g0 siudsy o £33 5| w2 9,90 lls @
le 4D 5l ggi 90 Epdge Slaol yo &Sl 4 azgs L@
Sldp K S et 9d e iy Ola
Sl S 4 baid Ol 8 oS e (e Bl (e e
2 s ool 13 S la 4t (58 i nl 5
Sl )| ezmen 5yl bL3 )| K0Sy b b Ols 5l cui
Bk (ood e 0l i b 0 (e eiene
2 ool slo ahio gadge (o9l Bl sl @
ae[01] Sl doss et 5l ols 4 ola Slbls)|
oless oo oolaal
S5 Eudib Casgame e b Ola (Gl (pl 0@
Sl el gome Ol Olee G Wl oad as)s
Al o D900l
A5 0 Ead b Cusguze (e s JUELT sla e 9 LIl @
g (oo 4385
Py b e Syge VI B 5 Joo loy e @
ol 00y a8 5 L
Bed oo Ol 3B Sl 3 (g Ol (dged dge)d (eS]
SHON acgeme 50,5 N L gl acgame N s 53
o5by Joe il ons ools 0,5 N L el o5l sla Sl ol
degeme gae 5o 0,5 ESle yitas b (Buiod (nl J5 390
aegazme 3l odiladl (slo 0,8 L 5 00lp Lo 1) la sty H
B o e Gloj 4S5 sk aas o arass by Ola cpla |, N
B s ot i 31 e 51 suaie - s (sln 0,5 51 cuir

Joe B ag3 o ol b glad s & P51 ol
ABh oo odd el Lo Ola Slaws (y0ges aieS j5 2L,

6 Membership Function
" Single allocation

8 Complete Hub Network
® Cover radius

sl Ghyy «Shp ol b Plaw lp &SI 50 050 (o0
Clalae e i alie S0l 1y s
sl s Tond ile ans Coul ¢ Tagies (semies
Jo lr e nl 53 [NV 0508 o )18 oolicnal 90 TSy
PR /[ VRECIUSIC P L CHIPCTIS [ SR W S

205 (oo St S5
Y Gisn yo il oo ) sle Gisu Jels dlis sl aelsl ys
e NSz 5 Sldyd (sl b o, aslin joe el
aalys 5 axlllas 350 38 Sl 45 iy Ole dlis yogas
sz glsaie 5 Jae Sliglejl allie ¥ 5 ¥ iy 0 288
5 el Sl 508 5 Sy eyl (b el
salgs al)l S5 )l w sl S Jesll g uioren
ol o LI oS5 @ yoS sl 55 O e 5 s S
odds dislid sla ools dcgoma 390 yo b fulow g Sliwlxo
MATLAB 5 LINGO sla 3l . 5l oslizl L AP 5 CAB
ot S b san aex £ idu 5o Ll el oad aloul
L bls)l yo o1 Glads slo 3 5l (S0 5 b Cusgame

Sl 0030,5 Lo Boi 990

*536 bt 53wl ¥
S Se (LP) (s gy asliy amo (o lis 205 algd
el il oo (H8ly sLis Plaw Jo 55 WSESS G005
ook g LP Sl (gl angs ploe & (FLP) (656 (b 53
Colpo poe Jodo 4 ST ol po 0,8 olerty [VY]e0l5
bug b Cosgazme 5 Bas b oyl 5l (S ol o
S5 b p aebl e wisd oo WLl 5B sle asgerme

Sged S ) Oyge 4 olg oo [ FLP Jow [VY] e peu

max (or min) f(x) = CX M
s.t.

AX S b )
X=0 )

&ft" ol )Ia)_;C W.wlw)bﬁx (Jde Q.:I 50

! Greedy

2 Tabu Search (TS)

SSimulated Annealing (SA)
“Genetic Algorithm (GA)

% Fuzzy Linear Programming (FLP)

¥ oooleds VY alar —IVAY jo jed gl Sy 9 Qulio (it (Mol (e g i


https://ijiepm.iust.ac.ir/article-1-878-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-20 ]

170 29510 s 9 s Lo yule

wede 8l St o 398 5 (S (S (65 gy SO 431,

(4ot X+ X2 F v ijeN koreH ()

EREH XI_'R: 1 v iE N @)
X-_'RE X;‘-;‘- wieN,keH V)
X'.'Fi 6{0,1} \?'iEN,kEH )

Slssgaze 9 (F) Goa &b Jolss ools slpainy ool Jow
Cla slasjo, S aio 5l jaw IS ey a5 was o 1) (e
(b Cudgiome ) 09 sty B ke 5 3,05 e 1ok

Al oo oamlice BB Y S j0 Codgasme ol pedel

sl Sy b care Bl amle Joo glaally plo
JoS wiof 5l e ol By ol e ol clbls)

oy g Oyge & |y Jae peeal gla e 0l e

1 Al parass Ko S 5o ol oo 4yl o) alir

i = ‘
0 Sygo (pl p yo
1 S5 sl Dl o 5 lsie 4 Ko azlir

T = {U g
o9l me o

Ol |y dlise cpl oo sae 55 alip soidge 3 (55T
13905 Sleddn 25 g0 4

Min E;‘I;‘-;‘- "

%=1

Cagie ab aziliz 25,5 L 0 [, A EF(R) 55T s oo
 oged I ¥ S oo 4 s |, A

pp(x) 4

y

Al AC AR X

[1F] Silio (5318 due ylis L ¥ s

VAL 35h e eunsl e (5308 sae A=(AT, AS, AF)
Ol ly Baid ol o s gk olael 55 AC, AT
Slele; grm Wl slasially o 05250 (Sl pac ol
3 ogd oo colaiul glie (o318 slael 5l g gl g o
Do meles spgy 6B Wbl S L0 akal, s g5
Aolesl a4y o3 aolasl Sy hos sl ilive sl s,

olo G 4 185 0,5 o 4 wims o |y eeds ()l AgP Lails,
wo;&ﬁﬁdubﬁvubmbdw
o)fs_iiéo)f UT A.S.u‘)ia.)sm oaloua?.a:'d).iia 0454.3;\3‘53
Ak ol

odds o (63 dlael Ljge w4 Cudgame Cawl) e Hlaie g
&S el 558 s i, aely )l egd cad Wl Juw Wl
Lg}&oq.cé' f(R) £ « as> slacl acgoma R (gl 0 ) iy y23
&.lf.ii.zéoL;I}IgjmbgmsJu;E;Iog@mﬁh
olad 1y € cogae o Je (Xp) Bz (Xg) =) 55 e R
3B sas aile )15 0429 (558 olael 5l alizes gloil (ans oo
D floqe s LR g9 56 s0e T g4

R G5, 536 slael den acgoms gz a |, F(R) 1 ¥ Gy p2
solital |l 3l slael g W o ol s S s

! Triangular Fuzzy Number (TFN)

¥ oooleds VY alar —IVAY jo jed gl Sy 9 Qulio (it (Mol (e g i


https://ijiepm.iust.ac.ir/article-1-878-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-20 ]

93T e i 9 (goue Lo yule o (Sl S oty 595y (e (oS (6511 gy S V75
Min Z, x. Aay) 4,k sl eolazwl da g, ol )‘Iu’.i_._.a)b stdJaﬁb@].o
(it ot ) Xip + tig, K = B — 26 — B2 oxhad Jolas 4y 656 " Jlezal sla cosgaze Lo e | Sl
v LjeN,H, re v DFlasl o et e
_ . Hy copie ol bssbone g8 5 b oS 25 ¥ Gy i
EREI‘.'.' X._';l-z 1 v lE N (\f)
A alal)) ) <y Gl 48 pealie sl 0ndl Hy s
X'.'Fi = XF;‘R v | E N ’ k £ H (\a) [\V]A‘“’L’ [ dj‘)‘ J"Lg
¥y {0, 1} vieN,keH (%) Pos{d < b } = sup {min (e (e D) X,

Sty dae gl Jol glaslre @l (gon iz 5o
o5 aeplss il (ol Wigas s 51 5y

Joo wlislesl ¥
Je oSlee byl o gllme Sliglejl pll I Baa
sl 03ls dsgazme 5l Glg5 (oo selate (o Bk (oo s3ltiny
aS o 00ld dcgezme 'yl Oges ooliiwl [14] CAB' ooy axsliss
bohas (p8las bz g Colas 0)bye GBI 5 Jorie
o lagas el VAV Lo o 0 el 5y 08 YO G lsd
degame Wigh oo 4185 IS0 Ol (Ll slaJus (55,5 Ces
5,50 [VO] IS5l wlacizs yo 5L olsl (sl CAB (slaosls
23,5 15 ool
YO gV N0 slaojlasl biog,S 5 F as e ools acgamme oyl
1808 IV Ll alisee polie fyuiomad 09 (o pudS 0,5
oad a3, S L o Ols SLIKe ool o @ 6l YV g A
o s aGains ol o ead (b Sliglesl ool
IF 9N 2YD Gged (cidigy ol dluss jo by Conlad pae 50
G G Hlaie g Cewly Coons e Ll 0alds Glsl =
Ol e ol IN Y a5 a0 i slaile; 536 52l sl
ol s glp el oad ad I ko ehd Cl o
[] Judl 5 LIS Guios 5o oads o olael 5l 55 B adgy
B (oo oolaiul
5 asbe Bogslie (@ 5 N ) = (JFV0) oS5 sl Sk
Ba s By s By oolie a5 ,o V0V AAY Y -39,V F- )
5 0eSile (00 iSzsS p oy 4 B e 36 sae Gy
il (oo slael pl o 5 Sy
Oy o |y doyd do U yho oo il polie aSil Lulys
5 1YO Hloweb! mlaw (gdon ol jo 4 0ges il & (6l
530 a5 ) oolil b dalsl o ol 58,5 18 )1 5,50 130

4 Civil Aeronautics Board (CAB)

Y ER x=y} )

Cadgazme b (g aely (g o)Lil 090 (g, 5l 65 o b
L 0‘5" = 1) I\ c)Lo..i} [WNRYRE Y ‘6)'@ s 5o &5"‘“;?‘

g Ve ddal) O e

pos{ (f,, += t.) X, + ﬂ:lﬂﬂ_ =B}=® 0

5l (g0 00 (a1 el e B398 el 5o
Sl el a8 canl gme s Ve abal, (PE [0, 100])

FaS by Elad ()8 Gliee 51U 9 Joo (8 Oloy IS
m0 Toae |y ) anad lsl o el P ojlast &y Plam il

s [=(IplyIg) e (536 oo 50 0iS (5,50 ) apdd

sl M‘y oK1 J.....»L: 3¢90 I = []1,]2,]3]

@) Pos{iz=j}=1le=1, =],
o) Po{izi}zee=l =];-2(;-],)

Slie 3 sae (8,5 (i jo 9 ) 4ndS 4 azgi b A o

s by gt sl B = (8 B2 ) JSo &
trk = (ti’ﬁ':v t?"k:’ t?"ks) 9 t-z';v- :(tir:a tirza tir's)
Ol oo e slo ey e Bie = (8, o Gy + Tjeg)
Ui O abyl)) 5 oxhad Joleo Cusgame 4 1, Ve alay,

.Qs-o.;

(ti?’;"' ® ti"i'; ) et Xp= B -2 - ) ()

3903 Sl 5 JSB 4 Gl oo 1) Al (rhad Joe cnlplo

! Possibility Theory
2 Chance Constraints
% Confidence Level

¥ oooleds VY alar —IVAY jo jed gl Sy 9 Qulio (it (Mol (e g i


https://ijiepm.iust.ac.ir/article-1-878-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-20 ]

lad 29510 s 9 s Lo yule

wede 8l St o 398 5 (S (S (65 gy SO 431,

S8 28 LSSl ams (P JSS) oy e 002 B a4 o Gl
pae oges Bl jelaie a4y g allis slayel)ly 385 Sl 5o
o 4 Cad grian sl Ol oo gz ge o Coalad
b 42 585 3,0 plsabol i 5 g2 a8l L 3,50 ebid
B9 03,91 5 JolS

P Gl Cdlye BB s VY dal) & 4 bl Cdlae
Cooms Wby o8l (liedl mdaw) & jlade a2 a5 o3 S
FzsS by glad @y ;o g oal iSeeS VY dhal, o,
Dy (50

Grdom s oy slowi a4 (idg glad Jals b oaseas o
Lg 41;‘ )ih) FUS SR )L; > o)f ‘SALAJ u&ld UAMAJDJ 61])
dxd )0 g a8l il Joe olsl () b 0,5 olaws ol
Moy 4l 5o wb el gy S b ange Sl 8L
@ Sl 5 (Rl Glebe b ogd 38
wad yialS 1) Slaslxe glyz! lo) 9 00505 pl 3 digs Olo>
sebie 4 g0l 3l abl o Sl gl 0 Sl s S
(58ly ol b olo 45 )50 3 Baind allas Jo ol
Ghee Sle SESS p (e Jie S Shglgaie (sam (A 50
S oo 0010 drwgs (GA) S5 o ,oSl \.\..SL L Eoguan

S5 i 98 2 (e Je S Gglgaie .F

Sbylpl 5l S el lss 1 pledl b Sy oSl
MG 5o b ol e 5l 09, (oo sledty g aied a8
Sype allas b LU o 0T hial aloliss oyl ol 655
5 eios dlae gla 635 oS aalsl jo . [V ]aidl oo om)

D5 (g0 031 gl S ok yeSl (b

g Al Gl 108 05 F-)

L e poiges,S Lo Sy oiysfl )0 e izl 5l (S
ola Larass dlas Ol a5 bul jlail oo b slls>
(Sl 528) onledl 6o o5 arasi s ol (e Cunly oo
P2l G pl e alple s Gl Ol )
Gy G0 93 Joiie VYN (gl )T 50 & pgjgms,S
AOl so aSCS s o )T Slawi N aS 04l oo

2 Job a5 Lacass ol g Ol al)l 5o le isw g
L yolie ol a5s gl 6,5 sl Jolee 5 ool Ll 5l O
S wled oo 53l 1) S g sho olael kb Cla all sl

! Evolution
2 Array

Slasin b oasd &bl 69,0 ¢olgries Jow LINGO 8
5 5,5 > Pentium 4 CPU 2.40 GHz , 1GB RAM

035 gl Fl Pe0sF sla S8 58 4 Slesloe gl

aa] orad el jo b by s Hlsle PSS
[LINGO 4133 p 5 2955 Judons

N

C .

Slp il s jo b o amasd Ll & SO
[LINGO 38 p 55 29,5 Jukxi sania] @ = 7V

(4

$lr b el ;o b Ol awass LS Le # G
[LINGO,I381 ¢ 55 (59,5 Jukows :2uia] ® = 790

Sloz ¢ oadad > )0 w0l o onnlin ¥ SS jo a5 jshiles
E5o50 pogas Bl b oSSl Jl ol o ola ¥V Jolds e
ol g0 (oo YO ool o3 liebsl o jo g Conald pae
ISl oo pialidlsae ¥ ay b Gla slaws g ail o3 SIS
slasi 58 duoye A0 s SYL pliebl mhaw o ioren (O

¥ oooleds VY alar —IVAY jo jed gl Sy 9 Qulio (it (Mol (e g i


https://ijiepm.iust.ac.ir/article-1-878-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-20 ]

95T o olae 9 o Lo pule

e Sy S o 308 g (e (oS (6HCYI gy S Al VPA

Vo .
iln &l ipgs a0

O Laler (o5 Ol (0sed aie gl e cpl o
b pgise,S 5l S lp Gan ab jladke iy Sl
59 0o &l Jow 4y 4z g5 Loyl 5logd oo 2bj)l g dloxe
#» bl Sz oo Bas ml g ¥ oadal, Gl ey 250
So slp s &b Jlade az 52 098 (e olitul pgiees S
5059 18,55 5 (6 eS ania 5l Olez ol il 2eS pgjses,S
ol Wil 3 ip g al> 5o

bl wazr s lp ol 2 @l olate 4 al> e onl 5o
Slp golpion i)l 50 05l (o plnl Camex 5l (ally
g g0 oolainl  Bolay Q! SLaS 3l Lyogj90g 5 ol

S § w9l o ySos 1yt ip sl Alo o

TS i 9 b bl e (I

o0l Gl gy obel 2 psises S Chz oS S anls o
I I R R P i
S5 sl 5o 0ad Bl (45,8) o pgiees,S B s S
Cowl ool oolaw! (gl aaidi g0 oS5 hg, 5l golpring
Pl o0 5 T A ) ol SleelS

L (B ) oS5 g5 bl Slee qulul jall 1) ol
bl gl (Bolas joha 1) pojons)S 99 50 Jome g0 iV o8
WSS bl oS

rlly p35909,S 99 mle 1) oS 3 alall 93 (s Slgione Y o8
S adglee ;S0 L

O b Ol e woal ade Glaigyd o asslis F W
Gk el Sldes pbul b cul oais bl twys
Jod BB ol 8 e Cle o o3 a4 b oS arass
5 1 sle S8y bl Slee sl 5l (Jlie aples ol
el ool &SI Y

"ot Ses (o

Sl slad Gl i LB 05l o g Gz Sles
Ded s e sl Sl @ Ls’L“'“") QlS.ol b ogds goiws
Tro & oz sle poieey S B jshane 4 Shee nl Jlos!
RS

L En) Gz £5 s o Shes (oolul el ) pl8

! Fitness function

2 Crossover (Recombination)
® Repair

4 Mutation

Sl Gl lgie 4y abgy e 0,5 a5 ol ()l sasailis S
K ol i o axilis 18 savass al)] o cuwl ous
005 o K ke 10,5 ] 4 bgrye paie 0gd sols arass
Dgr oo 00l Laradt og> 4 Ol 0,5 » aS Conl e
odd plnil VS5 )3 pgjge9,S o I35 oS Jle plyie 4

[1[ofof1]of1[4[2]a]1]

9390955 S &IN5 w5 51 Il Y S

oS el oals &l o SO L ol aSlls (gl a5 598 IS o
e;sfubwvoﬁjwchu&bluuulwas\
Jole ©ldi aalsl jo ail sads ools arass V Cla 4 B
iy alles Jo 6l ooleiiny S5 pi Sl il

Dgd (0 0018 Zudgl

Sy sy oSl b F-Y
Ol A U8 o a8 S iyl Gl Jloges 4y axgs L
Aobos ph 7 oSl ol alisee ol el 0ol 0ols

adgl Coroz 1 Jgl dl> o

Solas sl > ol 5l sl adgl asgomms b (S8 sbo o6l
528 il (o JolS5 el by 4,50 slo 050 b o pgjges S
a5 00,5 oo obml gaas s g WS se S Comex 090
95 el 5698 3l il A Sl a4 (Seop
Some ) 49y Guyb Sl Ol (o0 sl Cume 0 -
Sgad adgi 1) adsl

L Golas Sjgo @ ) (Slo i) p305,5 Jsl e o) ol
Dsles obul S g a0 olacl

A oarass all (e poises,S pe (idu sl sl TRl
G azp b gloj ojll gl 1) Ol (2S5 a1 05
o e slo Cudguze A I 5 Tsl> jshate 4N plT
Ded 03ld Larass ols S§ 4 Ln.._eo

r:lf KH IR WH A.Jy > ﬁ5)9‘°5)5 Coro> dod as 6‘35 (i :fﬂbj
RWCIN K TR

lie 0310l 5 3550 ol 5o 1 (POP SIZE) Comaz ojlusl -0

Bl oo 2ol tpn s8Il Al e 0 ST 5 955 (oo (s

¥ oooleds VY alar —IVAY jo jed gl Sy 9 Qulio (it (Mol (e g i


https://ijiepm.iust.ac.ir/article-1-878-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-20 ]

174 29510 s 9 s Lo yule

wede 8l St o 398 5 (S (S (65 gy SO 431,

[ Jol Jud ad g ]
[ Jui glast ol polie (U5,
[ P Ll sl oy lod s dlg oK
S a8La| Jus
[ bl Shas (ol ] N
[ it Sdos gl ]
[ Lels o b 0 oS ] [ W Jud pelic ol ]
A

@i by LT

LM PRV

ouds (2 yb s e 5981 (4L s loged A S

v [1]0]1]o0fof1]3]3]1]3]

vass [0]1]0f1]0f2[2[4[4a[2]

AU Lo 3590 33 (>dhol Slilas planil N+ S8

waer Jud polie ol ipony al> yo

@l (OI38) oad 33 wax Slegiges S Al e cnl 5o
Coro> Slaus o)l..\.:l L (IS U")'“'ef“ bu‘))‘)—\ é’L’ )_)DLM upL.u‘ »
Bl oo ddgi Ma s Sy 005 o bl 4l

o ) I 4o 15 ;s Al g0
alox 3l abl ooy BB Solate o S 4y W8e5 b yd
aslol joasT was sla s adgs woas b v, sl e oSG
s G ool st Lo 5l ST 5l e s slaws B ol oo

- gl

Solal jsb el oud Bl wpu sle pojges,S 5l (S i Y el

o5 90 (Glo D) oo Qlil 3905, Sl (i 510 ¥ o8
S il _dslas sk

adglae S0y b1 (S 5 500) 05 50 of Glyme ¥ B
IS e s 1o la 5 @3ly 45 1Sl b oS

Soop b o) Larass &b ) el Glles 1 0 68
e plnl a2 g0 28 (0358 9,00 3 o Ola 0 3

VWl

| I
[1lofof1lolafal1ifaln]
1 I

1

1
o [o[1{1]0]0[2[2]3]3]2]
1 1
1
1

‘s [1]0]1[0]0[2[2[3[4]1]

vss [0]1]O0[1]0]1[4]1][3]2]
! abiii 93 e 5l (Jle A S

¥ oooleds VY alar —IVAY jo jed gl Sy 9 Qulio (it (Mol (e g i


https://ijiepm.iust.ac.ir/article-1-878-fa.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-20 ]

95T o olae 9 o Lo pule

> Sy S o 308 g (e (oS (6 CL] Jgy S il Ve

,I5  http://people.brunel.ac.uk/~mastjjb/jeb/info.html
g (o0 413,5

g yo Jloy) pimns axlllae 3l a5 AP ola ool asgazs
SMIL (b 05,5 25 » Jeitie Canl oad gitie Wl tul j9i8
5 o)) Sliios 45 5L sl sl s il e 53 N= 100,200
Slaglesl jo 88 13 eolial 850 [Yo] (g5)5elic S
iyl Ll anslie jelate 4 tcwend ol o ool 2lib
V Jgaz sleosls 51 LINGO8 1581 a5 b 0S5 (o 5
5 O oo polie ded (Jooz cpl Blas 05d o oolaiul
Sl 0g)F 5 hil 4 Al Slodl 3 a5 1, adg glad
degorme 53,2 oilesl lp [F] ol ous ()15 N calise
iS5 oo 5s CAB o ool

ol a5 s )0 /A 5 Slaglesl (eled (sl Lol pelans
S e oS e psSUl S Ll asST Koo axSS el
oSl sla el )y @8 oelas ulple ol SG35 e 58]
oo, 51 ol o Sl 095 (VL Coenl I SG3
Nsd (oo el Comles Ll Goyb 5l 55 0e sla sl
il polie o sl sasie a2l (ped &S Bosb (o
ol il i e 4 Goee, B Lol ol
Comaz ojlil slayiel b pedais boaslol po cnlply osd o
S5 5 G =20) b Jus slaxs iSlas> (pOpSize = 5)
wlivlel aea slp Fr=0.9) > #5 5 EF:=0.9)
233,5 La I MATLAB oL & sss o5 L o 51,1 o2y 55!
$9) 2 i Joo (Glowlbre anlie jslate 4 (rrizees
2.40 GHz , pentium 4 CPU  clasin b oasds all,
5 939,512l 55 LINGO 8 531 4 5l eolizsl L 1GB RAM
)5 gl FEY b Jouzr 58 4 Slewlre mls

=5 5 &)l o ;9% F-Y
0ud oS 5§ SCBs e, oNl b aST (6,188 0,68l ise ol 5o
O5e 5l gl dcgeme aSST 5l o 0gh o 00l midg el
s s oud (2l SG5 oheSl dlews 4 baols
oo sledder 50 o lp ) Trd 4 B p,eN
Ly oo a5 51 ols 0,8 oy 45 i s 955 so oslic
Oibe Az g0 o 0090 B> g QL] ¢ Bolal jgb 4y cal
Oibgy Cadgame oS Sl azge ez 00,5 o S5 Slsx
arge 4 e Ol 0,5 (pl Bl axiliy gyul 5l ale Lol
o Bi> sl (Bolad joka (6,50 Sl et Sl il
0 elol Sloz (ad g 28 B jeSde wil B 0sd e DL
Ol VY USS jo wy Sl cnl sl !l 5 Jesdl s ol

ol 00l olo

Begin
Get the best chromosome founded by purposed GA— S
While (the cover radius constraint is met) do
Randomly remove a hub in hub array of S
Correct the allocation of spokes of S
End
Report (S)

5 6,55 o 58 612 Jeadly gws Y S

=5 7 6] 598! (Gl G 0
255 G e, bl el Lis 6l Cend Gl o
Sgas oolitwl CAB ouls ai5Liis slo ools dcgaze 31 o)lg5 0
J> 00 sl (nl Ul oy sslaie d aslsl )o imen
acgazms o g8y lid Jluw o> o) S, ojlal L fluw
ol a4 AP (Australian  Post)  slaosls

[f‘] CAB s oslo acgozxo 59 uul.cﬂ ©lp Al b pwly)l polico Y Jous

a By £, B B,

n=10 0.2 1425 1117 811 736
0.4 1627 1185 970 863
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n=15 0.8 1744 1589 1457 1413
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0.2 2004 1638 1324 1149

0.4 2019 1741 1436 1287
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0.6 2103 1844 1756 1560
0.8 2424 2165 2100 2080
1 2611 2610 2605 2600
0.2 1851 1549 1356 1162
0.4 2067 1744 1473 1386
0.6 2255 1996 1853 1663
0.8 2493 2264 2154 2118
n=20
1 2611 2605 2601 2600
0.2 2136 1913 1617 1346
n=25 0.4 2401 2099 1881 1597
0.6 2557 2336 2184 2002
0.8 2713 2552 2457 2307
1 2826 2762 2726 2725
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(CAB data set o = .2) 4%

n Obj CPU Time(s)

10 5 0.1

15 5 >

LINGO 20 3 12

25 6 18

10 4 0.18

15 5 1.47
Hybrid heuristic 20 3 8.23

algorithm
25 5 19.04
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n Obj CPU Time (s)
10 4 1
15 4 5
LINGO 20 4 8
25 7 15
10 4 0.16
15 4 2.12
Hybrid heuristic 20 4 3.33
algorithm
25 7 10.2
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n Obj CPU Time(s)

10 4 0.1

15 4 3

LINGO 20 4 5

25 6 16

10 4 0.12

15 4 1.75
Hybrid heuristic 20 4 3.58

algorithm
25 11.19
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n Obj  CPU Time(s)
10 3 0.13
15 4 4
LINGO 20 6 /
25 6 19
10 3 011
15 4 217
Hybrid heuristic 20 6 3.37
algorithm
25 6 14.19
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