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. INTRODUCTION

e
= DESCRIPTION OF MODEL
— Shipper’'s Behavior
— Cargo Carrier’'s Behavior =
— Equilibrium
= NUMERICAL EXAMPLES
ingle Hub System vs. Single

e HulbSysten

= CONCLUSION AND FURTHER STUDY. N
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H\JTRODUCTJ O

T

L Growth of Internationall Air Cargo Transport

“ Markets.

= Shape of Network

— Single Hub System in a region (most Asian carriers) -
— Multiple Hub System in a region (FedEx, UPS, ANA)

= Design of the Network

Competrtlon between carriers.
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N FROJUr TION (r OfIt. )

- HuB L ocation Problem Usually co'nS|dered
~ as “cost minimization problem” of single
carrier.

= Adler and Smilowiz disucss the hub,location
problem considering competition among
carriers, but they neglect the network design

ﬁmuency aircraft choice ———

ﬂ@a atlon

conS|der|ng competltlon and network design.
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Puroose of Tris \/\/ork

— We proposﬂhe Computable model {o]f
understandmg the relation between the hub
location and network design from the
theoretical point of view and discuss;the
competitiveness of hub-spokes system

parning single hub system with multlple -
‘d

ual)auis ———
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Coriceot of ine rriocle]

e a R —

- B| Ievel Trans*pﬁrt”Market Model - Based on
.-:'.__""
carrier-passenger interaction model (2007).

— Carrier: Profit maximization. Oligopoly market.

— User: Generalized cost minimization: Stochastic
user equilibrium state (SUE) under capacity

‘ constralg}_s. | __‘-
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srnjgpers and Cargo Flow

—

‘ =

~ = Pyrpose: Generalized cost minimization.

_-:-_.-— = . . = =
— Generalized cost: travel time, shipping tariff,

load/off-load charges, and congestion.
= OD cargo flow: predetermined andfixed.
= Service information: given by. carriers.

—

=
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Ceifejc IJW_UJLJ_HUQH |
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Alf Jr.rgo carrlers

T———

‘ e ——

- Purpose Pmﬁﬁ*n*ammlzatlon 0)Y deS|gn|ng
i_‘-—
the network.

— Network design: choose the aircraft size and
determine the flight frequency. =

— Tariff: predetermined and fixed.

‘ — Shape.of network (hub location): given as -
senalio T ——
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ObJeCt 7Z-n( f|n6|n ’Vlneln ) ﬁ_nel_n’VHEI_n) :ZZ plzs)’Z&Sgr:’Sk

= > Cr" () f,rns, for wn E
lel”
subject to
faVin = X =%Zk:§<{55|25k, forviel",

> f.oh <F" for vhe H, (8)

T
1 fn>0, forvi"el", (9)
- %¢ =arg{min :[(x°) subjectto(2)to(4)}, (10)

forvke K® and rseQ
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Ohtaininethe

oll rJorJ ro

—

We adopt two-stage game framework

— In first stage, carriers choose aircraft size for
each leg.

— In second stage, they design their network
(determine the flight frequency).

- h.eguilibrium or prisoner's dilemma? -
Considernpin G qumbrlum: and

‘Stackelberg (Ieader follower) Equilibrium.”
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Mearicat Conditons

. W' “consider duoponJmarket there are two carriers in the
___._marke,t

2. The target area consists of five zones and each zone has
one airport. Each OD shippers can use its local airport as
a departure/arrival airport. Each OD volume is 500.

3. The shape of service network is predetermined andifixed.
4. Each OD tariff (airfare) is predetermined and fixed.
5. We consider the sinale assignmentsiiuik=-spokes system.

chicarrier cheoses the aircraft.type: 100-space Stxﬁe et
)l 0r 200-space.(type.B). -
o Constantimeargi | Nk (type 1>type 2).

Operational cost |s formulated as a function of stage
length.
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' Figure 1 Single-Hub System (type 1) Figure 2 Dual-Hub System (type 2)
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Strategy Combinatio
n
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(Z) type 2 rietwory

i

| Strategy | combination [ No. | Combi. No. Combi. No. Combi.

AAA A |5 AA B A |9 A'B A A |13 A B ,B A A
A A A

A A A A AA B A |10 ABA A |14 A B, B, AB
B B B

A A A B, A A B, B, 11 A, B, A, B, 15 A B, B B A
A A A

A A A B, A A B, B, 12 A, B, A, B, 16 A, B, B BB
B B B

Strategy combination .| Combi. No. Combi. No. Combi.

17 B, A A, A B, A B A, 25 B, B, A A, 29 B,B,B,A A
A A A

18 B, A A A, B, A B A, 26 B, B, A A, 30 B,B,B,A B
B B

19 B, A A B, 27 B, B, A, B, 31 B,B, BB A
A A

20 B, A A, B, 28 B, B, A, B, 32 B,B,B,B,B
B B
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" = We cannot have the stable and unique Nash

.

equiliprium.

= We have (16, 1) or (1, 16) equilibria In terms
of Stackelberg equilibrium.

= |f we assume that each carrier adopt m|n|-
NRENAstiategymwe have (dy
“Minl-meaxsseluiier
— The profit of each carrier Is 26,080.
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= |\/|II‘II -max resuit suggests that f each carrier has a
~ pessimistic prediction about rival’s response, we
have a unigue solution.

— |f they have an optimistic forecast—taking Strategy 16,
their profit gets worse because each leg hasienough
space to carry cargos and is not congested.

= This result changes if the OD velume increases.

e'have seenarios in whichi we set doublgg_ang%

oW |f @]D) volume INncreases, carriers can
have (16, 16) as their reasonable mini-max solutien.
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Dual Flug vs. sirigle rluo (C

-——.-_—-—.—

| KII GD volume—ls 500 (same as Base Case) - —

—fr'—'c*;arrle'r-i—adnpts type 1 network and Carrier 2 adopts
type 2 network.

2 Result

— We have (7, 5) as the stable Nash equilibrium. —

—  Maximum profits of Carrier 1 and 2 are 38,939 and 35,752,
respectively.

—  Carriers choose small aircraft in the markets where both carriers |
t dlrec*thht services. el

arge aircraft and the connecting service carrier (Carrler 2 1n link
2-3) chooses small aircratft.
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~ Equilibrium Network in Case 1 (type 1) | Equilibrium Network in Case 1 (type 2)
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apsSitiviaARalVSISseRUNeiwe

Copfigureiion (Case 2

i —— — — —__._

- =

B

- We set up OD 1-2 and 4-5 as local markets
~ and their distance is shorter than global
markets such as OD 1-3 and 2-3.

= Results (summary)

— Carrier 2 changes their strategy to “small
aircraft for all markets,” while Carrier 1’s

‘strategy lemains the same: — .1_!_""
Wa«gwsgw to 37,975
nd Carrier 2's profit changes frem 35,752 to
49,739.
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_ Equilibrium Network in Case 1 (type 1) | Equilibrium Network in Case 1 (type 2)

TLOG 2008 TOKONAME 23



O CIISIUMIL

Cogfigureiion (C

'_'_.-ﬂ

— Result (summary: cont.)

_‘_.—ﬂ-r—

— Carrier 1 increases freguency in 1-3 and 3-5
due to the tougher competition, but the load
factors in both links drop from 0.92 t0.0.88and g
this causes the decline of profitability.

— On the contrary, Carrier 2’s average load factor

W ises t0 0,84 from 0.82. . R
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Carrier 2

Carrier 1
Case 1 Case 2 Case 1 Case 2
Link  Freq Flow Freq Flow Link Freq Flow Freq Flow

1-3 4.08 376.14 4,32  384.47 1-2 5.33 49591 514  496.59
2-3 345 690.87 3.15 630.39 1-3 3.69  240.46 3.85  239.97
3-4 3.45 690.83 3.15 63041 1-5 3.13  541.37 391 39141
3-5 4.08 375.78 432  384.46 3-5 3.69  241.76 3.85  240.04

4-5 5.33  533.98 514  501.22
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S| LNy of Corncluslor

1T we have a symmetrlc conitidn ?egag
~ the distance of leg, the single (global) hub
system Is more profitable than dual hub

system.

2. If we have an asymmetric conditien such
as the distance of local market iIs much

“shorter than that of glob arkeLoem.Lé_
| em can be
ore profitable than single hub.
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cUTURE STUDIES

o ——— — e ——

;_:_'Si“mulatlon Uﬁdeﬁnefe complex situation is

H—-—_
required.

— Asymmetric OD volume.
— Multi assignment network. -
— Etc.

lcatieniter the actual
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