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Hub-and-spoke shipping network design and pricing decision
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Abstract: A leader’s cost-oriented discrete hub location model and a follower’s demand-oriented continuous
hub location model are formulated to solve the competition problem where both shipping companies at different
status are using their own hub-and-spoke shipping network design and pricing decisions. The models are solved
by CPLEX and an augmented Lagrange function method based on Lambert W function, NCP function and
coherent function, respectively. Finally, the proposed methodologies are verified by numerical experiments.
The simulation results confirm that the follower will obtain much profits by opening more hub ports and taking
advantage of high economies of scale, only if the leader has less hub ports or charges a high margin over
its costs; the follower can improve its profits by considerably increasing its prices, because there are always

consignors in shipping market willing to pay more for the service.
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Table |  Unit transportation costs C2, and C2, of the leader A and the follower B(underlined), unit:USD/TEU

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
0 46 52 55 48 70 68 56 47 179 189 315 321 489 612 617 621 637 648 651
64 0 21 22 31 51 52 8 8l 201 231 354 367 512 634 641 644 671 681 690
43 15 0 21 41 69 71 104 97 224 241 364 371 541 661 667 669 684 694 709
62 25 39 0 37 61 67 103 95 221 237 361 369 539 654 669 671 690 681 716
68 19 26 37 O 4 49 8l 77 198 221 349 361 501 621 634 634 661 671 681

53 32 74 61 46 O 11 110 102 224 236 367 370 541 659 671 679 691 689 721
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Table 1(continue)

49 54 8 69 48 27 0 111 100 219 241 369 369 539 661 669 680 689 692 723

49 80 121 92 96 95 97 0 47 119 128 264 249 429 557 559 562 574 581 590

42 67 87 97 77 106 106 46 0 156 164 297 289 467 597 601 597 613 624 634
10 194 181 241 228 194 212 229 121 162 0 22 143 136 296 321 326 329 349 359 371
11 178 239 243 244 206 255 242 129 165 33 0 120 116 275 301 306 311 321 338 351
12297 338 379 359 331 364 351 274 301 127 128 O 78 149 184 189 191 199 216 234
13340 358 352 381 348 379 359 239 309 121 129 67 0 119 176 177 181 186 192 201
14 473 509 548 547 493 544 536 445 449 294 262 163 129 0 89 101 102 115 121 130
IS 613 626 672 634 619 645 644 572 593 301 298 175 182 107 0 21 26 41 49 60
16 603 653 679 662 642 686 670 554 599 337 292 182 173 109 26 0 23 31 33 46
17 629 656 682 682 638 676 662 543 585 315 314 184 162 91 43 33 0 21 41 5
18 638 690 684 710 641 675 689 590 593 333 305 199 189 118 57 14 27 0 42 43
19 658 688 68 686 678 689 685 595 637 341 353 209 197 128 32 23 58 39 0 29
20 637 700 723 712 691 738 705 581 618 374 344 220 214 129 57 44 55 63 39 0

R2 Hi5H AWBREEOREL s, t € HY S®AE 24
Table 2 Hubports s,t € H A and total cost Z2 of the leader A

>

p a s,te HA ZA 1 USD pA  a s, te HA ZA 1 USD p*  a s,te HA ZA 1 USD

1 0.2 11 1 896 100 000 2 0.2 1,16 838 260 000 3 0.2 5,11,16 618 230 000
1 0.4 11 1 896 100 000 2 0.4 1,16 1047 800 000 3 0.4 5,11,16 849 880 000
1 0.6 11 1 896 100 000 2 0.6 8,16 1251 800 000 3 0.6 5,11,16 1052 700 000
1 0.8 11 1 896 100 000 2 0.8 8,13 1 356 800 000 3 0.8 1,11,16 1 190 700 000
1 1.0 11 1896 100 000 2 1.0 1,13 1 432 300 000 3 1.0 5,11,16 1296 700 000

52 BHEAERSWIE

PREEE B (-5 s WA T 5 e sk b, WA T = {1,2,...,20}, & — KR
(9 545, BB R B SR RO A R A SR AN AT RE . R, 38 3 AT R 1) ) A A TT AT A TR 38
SRR LG, DASG UE BT B v AR A B 1 JE I YE S SRR, LA = 0.5, © = 0.004, p* = 2, a =
{0.2,0.4,0.6,0.8,1} 5 A = 0.5,0 = 0.004, a = 0.4, p* = {1,3}; K%ET Lambert W & 34 5 115 1 5
RN VI PE,, RMSLH, 5 PR v SEEE (U 4R M) RN 2 o b T T SO R 5%, e = 107°,
X; =(0.5,0.5...,0.5), \y = 1,09 = 10*, 6 = 1072, K = 300; XF F#L 5%, Mt = 200, i& 5 ¥ 5
BRI A S 50, 28 XK = 0.9, B3 MEF = 0.1, ZIE3HEACE = 1 000, b HedseSios B & k. )
i Matlab R2013a ZRF2IZAT, ¥4 Fris v 3L % 5 s A& BRI 545 40 T3k 3, Horh Obj BIIRR PR 7 1%
SRAF 1 H AR s UME Obj', Obj?; Time F1I3 7R BT 1 TS B 57 K38 1716 8); Dev #1 R Tl THR AL 500k it A%
S0 H AR R BUE MR ZEFERE, B 100 (Obj' — Obj) /Obj.

#3 FRIHEREE SR EENT AR

Table 3 A comparison of computational results for the desined algorithm and genetic algorithm

Ll Obj2/USD  Obj' /USD  Time/s Dev %
A=0560=0.004, p» =2, =02 1272911.95 131043495 499408 29478
A=0560=0.004 p» =2, =04 1011331.26 105912526 538458 47259

A=0.5, ©=0.004,
A=0.5, ©=0.004,

D ,a=0.6 859 157.75 851377.75 507736  —0.9055
p

A =0.5, ©=0.004, p
p
p

A =2
A=2 a=08 82163592 86074592 4739.16 47600
A=2 a=10  788081.05 819186.05 437073  3.9469
A=05 60=0004, p» =1, a =04 1055257.63 1074644.63 456444  1.8372
A=05 6=0.004 p» =3, a=04 92998191 985509.91 583699 59709
FIME — — 499533  3.5849
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Fig. 1 The influence of different economics of scale («) on Fig. 2 The influence of cost plus for different pricing (A) on
profits of follower B (ZB) profits of follower B (ZB)

53.1 ABLZFHT o SR E B FliE Z8 #9306

£ A =050 =0.004 &K p* ={1,2,3} ZFHERT, 29 a = {0.2,0.4,0.6,0.8, 1} X FRFE#H B
FhE ZB pyggmm. 1AL o BUNN ZB B ST o BRI ZB. 1E o = 0.2 Fl o = 0.4 I, RIERBE
& B Al id i i 2 AN XA 1 R RS B USRI PR B B 2 T abl 2. Ak o K, FREESE B
RNE ZB B p™ BN BT AL 19D, X2, pt > 1 BT A [FRE AT 52 B 28 5 3500,
FaTEREEE B b TEAFIM RO . EAERMNE, £ o = 1 i, IREEH B RaeaiiE2 ia mim s
B, B AR A HE 12 18] () S A7 — 0 R B2 TR AN, o < 1, 3X 2 UL IE R 22 55 08 o %F FRBE# B
H ZB [ E B
532 AR Ak E B A ZB 69%vh

£ a=0.4,0 =0.004 [f2 & p* ={1,2,3} =FE=T, 247 A = {0.1,0.3,0.5,0.7,0.9} XTERFEE B
FliE ZB fasgm. HE 2 AT, A 5 ZB 2 RAFAE— 5 IEAE SO, RIERBE RS B 7R 2L sk T Hlide i sal
2555 N s i R BE S5 ofF BERR. MESSH A @it pt = 3 ih-45 2012 24k
BEARRALIZ R A O, MEIR A UK, BREEE B 564 i i @57 58 2 (MK L FOR S IURINE 25, ez, iX
WULE] TS E A B BRI TG, K el @d il A R B 75584 v b T falaAr 3 45 )
£ A =011, BREEE B JLTRMERANTI. EEEENE, £ ph = 38, Nt A K/, IREE#E B FliE 2B
FHEE pA =1 80 pA = 2 B AFTEA R I/, 5 5.3.1 HT4s e —E
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Fig. 3 The influence of different sensitivity parameter (@) on profits of follower B (ZB)
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fEpt =2,A=05HEMKa={0.2,04,0.6,0.8,1} ILHEHEHF T, 24 © = {0.001,0.004,0.007,0.010,
0.013} X EREEE B Al ZB fsgmd. i 3 /40, © = 0.013 i ZB &K, INERFE# B Al@ I &#7 KEK
AX A 1R 5 5 22 % 38 B ks AR 0 BURR I AEIZ N, T p® = 2 71 A = 0.5 B, 85 & A AUAT AT
2 NFRAEHE 6T IE I BB S A b, (BTSRRI, 76 O PR 2 O = 0.004 B, 5415 # A #RA4t1$rig
i ws T i FE DL RCIRES, BRBE B e LU F il 28 W 28 AR A0 ok S ORI 2B (B2, 72 © it — D %
£ O =0.001 i}, BEEE B RAT@E S s PYy, KM ERE 25, BN, 91FH A E0 i AR, B
AR FEREE#E B 3T, X5 5.3.2 T4t —ik
534 RRARA CLP e FoRI# B #R2M kK PE,

AR E R 1, 7T BB B ML T3 A izl Of®) FR B EI RN H A E
PSR PD . TESITH A MARAEID b =1, by =1, A=0.5,a = 0.6 fl © = 0.004 [E R, REEHE B &
TR ALA 109 2, 4,8, 10, 11, 12, 14, 15, 16, 17, 18, 19 A1 20, A O P WE R0 PR, 4991 F% 4. K
i, MERBEE B A ARSI, LURTZHE D i = 3,5 = 19 MBI, CF, 1610 < Cis 1610 M P 1010 > Pi's 16.10-
KRR O EA R, Y5 533 TSR, 5 P, WAL Z AIE Z°, R P, BATReitm
PRBEE B BT 300 80, (H S UL ANIE 25 HEREEE B oA, URZHE N @ = 5,5 = 4 i,
CP1o104 > Cogga M PR 1o, > P gy IRBEE B X BEE i $2 — L8 B R SO S8 % 1 38 A SR3R IR
RN ZB, %5 O [HE s, IREEE B T2 AR /.

&4 FRBREARRA O ") LRTRME B WRLENRE PB,,

Table 4 The optimal pricing decision PE 11 Of the follower B by the comparison of different unit transportation cost C;?(B)
X4l O IRAFUEES WA/ USD  Mirk&/USD  WipinE%  FliE/ USD
WFHE A 8,16 3—+ 8 — 16 — 19 472.40 708.60 58.42 135 789.32
ERBEE B 2,4,8,10,11,12,14,15,16,17,18,1920 3— 2 — 19 — 19 427.80 793.65 41.58 149 672.43
MFH A 8,16 5+8—8—=4 184.00 276.00 85.26 187 285.56
HRKEE B 2,4,8,10,11,12,14,15,16,17,18,19,20 5— 10 — 10 — 4 422.00 714.77 14.74 50 154.04

6 ZiRiE

AR X A — i T 37 EAS R (32 A -0 5 5 PR B 2 A2 e 2 TR BUI AL 1 Dy ot
b A2 R 28 I 5 RS P 58 4 ), 25 3 AR BOR R T B AR 3 1R 5 75 SR 1) 190 A7 S, B RS
J%5 5T Logit RIS FLIE NIEFAT I E W B 5, 20 TS AL 1 [ R A RRR 22 57 RAONE L 2k 42— i Y
AR N T A /M BRI A B O B il s W 2 T e i SRR Y. R CPLEX HL %
XA 2 PR 1 HSORX A 0 kA AR IR AT SR A 0 T PR BB (I B A I IR, BT Lambert W bR 41 & 7T 45
IR L RE A DR 5K, PR FTESEAL T 1% NCP R £ 2R B U Lagrange 36111 R BUE X HOR . fem, 8
IS 5 A BRI TS A AU EE, B0IE 1T v R S ) 0E Y SR AR RE. AN R B T BREE
e U X 2 BT 5 M R SR O L SR S IR T I ST 2 A AR A S ORI R e 0
RO 51 R A A% UK FE3E N DASRICGE JE R, [, 72400 3 408 B 2 OAX AL 11 HLE O (0 A
INEEARES, FREEE BOERENTT I, B, Ia i) L IR A AR AE A — SRS S Em ik s N, ERBE
A R AL H br ZESRE AN RE R 4 U 22 (FEia AT B E A DK

E 37 FLAE AT D B R A2 A M AT B PR A i SIS W 2% Bt SR A R LA ECE 2 TP 2,
B2 5 E B i R4S, BT 5 B K TE R 2 I IR AR FAT AR LA IR, thin2 AN
VR SE MR ZRE 72 - IR 55 I B] (B Az i T | 3 1 B I ) 560 ) IR S5 06 L X A 1 g3 3R L FE3 A 11
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