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Algorithm Parameters Settings Parameters Settings
To 13 Mutation No. 8
SA
o 0.93 NFC 40000
Pr 0.12 Pa 0.54
ICA ]
N-imp 5 Pc 0.6
é 0.195 b 1.8
K> 58 e gbdlas 1, CPUOLS 5 s sls abiold o )3 5 Kke ¥ J g
ICA SA
D I P .. _— .
sztta Replications Replications Time
Gap Time Gap
1 2 3 4 5 1 2 3 4 5
1 9 2 03 035 087 035 035 045 102 104 043 082 067 035 0.62 304
2 3 197 083 003 002 105 0.78 105 034 464 099 119 105 146 309
3 4 026 035 143 130 111 0.89 108 082 190 025 494 111 161 312
4 5 205 135 042 09 0.36 13 112 167 204 059 218 253 1.80 319
5 6 1 097 117 3.01 040 127 166 403 301 242 066 069 216 324
55)}: JLL'““ ‘5"“ s 6‘}'.‘ CPUqLeJ‘g ‘;.....4 6\.& ol RV wgal.:» A J}J}
SA ICA
Replications
Data set | P Time SA Gap Time ICA
1 2 4 5
6 15 2 491 6.26 5.9 994 732 7.68 7.42 172
7 5 552 3.8 879 1856 7.08 11.25 8.38 169
8 7 592 17.25 17 138 1031 8.21 10.28 177
9 10 660 10.09 1423 1014 1145 11091 11.57 206
10 20 3 683 7.61 848 1064 483 542 7.4 205
11 7 742 13.17 9.29 374 1009 492 8.24 226
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12 11 822 1149 122 446 787 6.81 8.57 268
13 15 981 1416 828 1289 1115 1211 11.74 299
14 25 4 835 1081 269 399 758 877 6.77 256
15 8 911 10.74 347 1127 836 764 8.3 277
16 12 990 5.12 1194 7.66 1281 12.19 9.94 316
17 18 1219 7 12.46 1545 10.27 1248 11.53 371
18 31 3 1003 6.11 318 6.79 532 506 5.29 318
19 9 1124 9.11 1599 421 142 7.2 7.59 351
20 14 1265 1223 434 1064 898 794 8.83 395
21 20 1506 7.12 1159 11.36 10 10.98 10.21 469
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0.6 0.3,0.7 37456.341 0.900 140.51 0.986
0.6 0.5,0.5 39689.456 0.932 148.11 0.923
0.6 0.7,0.3 43356.454 0.973 150.39 0.900

! 04 0307 48867490  0.865 13842  0.991
04 0505 52456650 0948 14621 0912
04 0703 60046546 0985  159.89  0.856
06 0307 40456456 0899 38645 0976
06 0505 43456768 0947 39437 0909
06 0703 48876567 0978 41258  0.865
? 04 0307 55345566  0.867 36942 0978
04 0505 62345456 0945 38288 0913
04 0703 68678678 0987 40823  0.889
—8—0FV 1 =@=0FV 2
250000 400
200000 300
. 150000 - g
& 100000 S
50000 100
0 0
0.6 Flow 0.8 Flow 1 Flow 1.2 Flow 1.4 Flow 1.6 Flow
J& 5 Jom bz 5Kk
JE 5 Jom Ol polie ) ol Jdow 4 IS5
S e gL
260,000 60,000
i’so,ooo , » 50,000 i
40,000 40,000 »
n) D
30,000 30,000
20,000 20,000
10,000 10,000
0 0
N A Rn N K] Rn 1 Rn 1?2 Rn 14 Rn 1A Rn

pa3 Daa wl (gba wy3a 5, g palie s SN IS

\Y40 QL‘L‘J}/C’:-UM/VJ.:.&J@/JJJ;JA’@W Y+q



s e ey ol (ke e (B feelend

=@=0FV 2

42,000
41,000
40,000
39,000
38,000
37,000
36,000
35,000
34,000
33,000

OFV 2

4

=@=0FV 1

350
300
250
200
150
100
50

OFV 1

5 6 7 8

S w5 s b ol sl e 1) S

42,000
41,000
40,000
39,000
38,000
37,000
36,000
35,000
34,000
33,000

OFV 1

500 1000

1500

2000

2500 3000 3500 4000

(W) gy &5 eles

dol Bua w55, b Sl g 5 5l ks S1NY S

) dde ol s wll Laola a5 a0 5 Cousgdome
JE 5 Jom (8l slaesls 655 55 62,08 NalS 0l
S sl o3l OLA mld il ol (5Ll Ol s S
VIS (s BB e3br) oS 5 B 5 o e )Y (3100l
ol agy ol ol all Joe Gilial 4y s il e
e ORIl 3y 50 53 Kl e el il Jde oomas LS
Slr Gazmse oy 5l Glasgeme o 3D b el s,

e 4 4 5 L Bl el (6, e 3 el e

SS dms A

Lo wilo O LUK ol g de Jue e adlas ol 5o
Al 15 o S 31 el 5 ) ks 53 oy
Sl 8 5 Je laayza 2alS Jue 4yl sl >
S ey Olge a5 Sl o3 g s 3550 B 5 Jom
el 4 S 15 a5 55 e 5 IS Gl Ll o
5obsbl b el sl 53,5 s Ledd bl Joke

Y\V+ VY40 bwj/rjbeJW/rJfMJLw/Jﬁijw&y



(e Do e Sl e e el e By 08 S
VE-00 Slomis )1 Lo

- Alumur, S., Kara, B. and Karasan O. E. (2009)
“The design of single allocation incomplete hub
networks”, Transportation Research Part B:
Methodological, Vol. 43, No. 10, pp. 936-951.

- Aykin T. (1994) “Lagrangean relaxation based
approaches to capacitated hub-and-spoke network
design  problem”, European Journal of
Operational Research Vol. 79, No. 3, pp. 501-
523.

- Aykin, T. (1995a) “Networking policies for hub-
and-spoke systems with application to the air
transportation system”, Transportation Science,
Vol. 29, No. 3, pp. 201-221.

- Aykin, T. (1995b) “The hub location and routing
problem”, European Journal of Operational
Research, Vol. 83, pp.200-219.

- Camargoa, R. S., Miranda, G. and Ferreira, R..
(2011) “A hybrid Outer-Approximation/Benders
Decomposition algorithm for the single allocation
hub location problem under congestion”.
Operations Research Letters, Vol. 39, pp. 329—
337.

- Campbell, J. F. (1991) “Hub location problems
and the p-hub median problem”, Center for
Business and Industrial Studies, University of
Missouri — St. Louis, St. Louis, MO.

- Campbell, J. F. (1992) “Location and allocation
for distribution systems with transshipments and
transportation economies of scale”, Annals of
Operations Research, Vol. 40, pp. 77-99.

- Campbell, J. F. (1994) “A survey of network hub
location”, Studies in Locational Analysis, Vol. 6,
pp. 31-49.

- Campbell, J. F., Ernst A. T. and Krishnamoorthy
M. (2002) “Hub location problems”, Drezner Z.,
Hamacher H., eds. “Facility Location:
Applications and Theory (Springer, Berlin)”, pp.
373-407.

\¥40 Qb...aj/rjéww/rz‘.hdb/‘.}ﬂj‘_}a’w&y ARR

@olgig Je > 6l 0528 3 VS a5 e oS5 S
Sl S 12 slg 2 ICA 5 SA (o LSal b v, S
I3 1y e 250 de s g SUo3 a4 plaes
b gy sl ol baglis 530 PR TDMRMOLSIT Shee
S S o3I bl 55 GAMS i3l p 5 Lo sal o
Ao 0L Sl sl (23,8 )13 400 5 o)l 25
Al s el SA | e ICA 12, S s Shee S
2V B 5 Jor S b ol e s sl
Ol oo Slosl 4 am 5 Ll Cows o 2550 dlls
Skl e 05,8 3505 5 s Slp LB b Cs sl
oS ks s wle Ola L 0L Bl s M oliabl
Gl bl b ols Lo o3 MMl 5 sl gy
Ol il ag e 5 S5 Sl esli il piaen 5 (50
Soop Camdly 4 gl Jleaml la Jbe 5 il oo g

.:\::%6)lzdmquz\)dmom

o)LQ_.Z u.,&.ﬁ)} C‘)b g_,.jB BE U‘)@J am\: g}ju C,.iL«;- )\

53,8 o S8 YAQNY/e /0

1- Hub Location Problem (HLP)
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9- Meta-Heuristic Algorithms

10- GAMS Software

11- Reliability

12- Disaster

13- Disruption
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