BEd P BT R B B2 T K
i e
Dynamic Reservation Pricing Models
for Off-street Parking Facilities Under a Duopoly
Market

Foyo2t miEsk
IR HRY Rk

P oE R -O- £ 2 7



B TR R D B2 e 5 6T O el
Dynamic Reservation Pricing Models

for Off-street Parking Facilities Under a Duopoly Market

oy o4 imEk Student: Chung-Kuang Chen
Rt R o = Advisor: Yu-Chiun Chiou
Bz o2« F
W E YT

7=
AL

A Thesis
Submitted to Institute of Traffic and Transportation
College of Management
National Chiao Tung University
In Partial Fulfillment of the Requirements
For the Degree of
Master
in
Traffic and Transportation

June 2012

Taipei, Taiwan, Republic of China



R R M R A S R e
FiAimEk fhdgcan g B
SERERY R R R e
e

CATE R EE R b
T AR iv‘mm@éﬁﬁ?fw 15'5’5']“”\"&"57%:1‘17"’&_?'? Fe »‘éﬂfﬁx’@éii‘
FEAD ARG N R EF SR 7 i L
e F s dofn g ook BB F R
BT T R RAD s AR
Ft o R RBIFIFH R R G E R R FY gAY ket XL
AR o AFE TR RERY] TP ERTREFFEREES N AT
e ’%’E‘Léﬁ-%éﬁ%’fﬁ%“ B2 B2 BRI RIS AL T %
LR FIARD ik s BT GPER o) B CRBEAL T o T3 & P BB
AR E e AR AR H B A B R (Bl e 2 B E )
S IR 2 Rt B E B R —“’“Lrﬁ iz pFERF A - R iV E R
AR o @ Mﬂ“ifﬁmﬁw SAE I P S foE l PO A g 5 iR AT
AR ERE PR BRI RS S TR B2 H ek L P A
%8 /ﬂ b F AR AT - J‘F??%'Réév\%”ﬁﬁi#(gﬂi BRFEE T 7 Fenizd § 5) 0 7
o R EZE- BV RE-RIPFEL L BT RBIFIORERET R
PR AL p b ad IR -
IR HERA G R BRK BB F N 2 B L RA R T B R (Bl
B’ f?r%ﬁ?frwi%#%rﬁ Flg) EaEF I F o SHEFS S AFTBRRED Y
PHIESF RS AP AR A AR RARARE ST AR T Ay
M- R REFER ZGE R TR o SRR b R RN REFFIR
BE R GRS ol d licerit o @ W4 0 L R P 1R B eh fea e g B
TR
Me? S35 BRFH - FERY CFARR LTI -



Dynamic Reservation Pricing Models
for Off-street Parking Facilities under a Duopoly Market
Student: Chung-Kuang Chen Advisor : Dr. Yu-Chiun Chiou

Institute of Traffic and Transportation
National Chiao Tung University

Abstract

With limited parking space and inflexible pricing policy, the parking demand in the
central business district has not been well-managed. Many parking needs willing to pay
higher fee are rejected for parking due to no empty parking lots left. Thus, how to effectively
manage parking demand and to generate even more parking revenue through dynamic
reservation pricing is important. Additionally, since in the parking market, there is usually
more than one parking facility in the central business district, the pricing policy of a park
facility should consider that of other neighboring parking facilities.

Based on this, this study proposes.dynamic reservation pricing models for off-street
parking facilities based on dynamic programming, stochastic processes and logit choice
model under demand uncertainties. The proposed model aims-to maximize total parking
revenue by dynamically determining the reservation price according to customers arrival rate,
available parking lots, elapsed time for parking, and.willingness to pay of drivers. Unlike
traditional seat reservation models of other transportation systems, such as airline, railway and
intercity bus services, parking demand is defined by various parking durations during the
reservation period, resulting in the complexity of the model derivation and solving. Two types
of markets are under consideration: monopoly and duopoly. To simplify the model, the
one-hour model is developed and applied. This model assumes that all drivers are
homogenous with the same parking duration of one hour. Users with more than one-hour
parking demand would be view and solved separately (i.e. each of parking hours may have
different parking fees). As a result, during a one-hour period, one user can be satisfied with
one parking space, and this can further divide the parking space reservation into independent
parking space reservation according to different time period.

As for the duopoly market model, this model assumes that users choose the parking lots
according to their charges, the walking time, and the time required for queuing. To derive the
optimal dynamic reservation price, non-homogeneous Poisson process combining by Poisson
arrival rate and Weibull distributed willing-to-pay price are also assumed. To demonstrate the
applicability of the proposed model, a case study on a numerical example is conducted. The



analytical results show that the optimal dynamic reservation price increases as time elapses
and the number of remaining parking lots decreases. The reservation price in the duopoly
market decreases due to the competition.

Keywords: Duopoly market, Parking reservation, Dynamic programming, Willing-to-pay
price, Dynamic reservation pricing.
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1. = * # i (Available Capacity)

F_&

H G2 iR T o T g RE DA g ] o S T s Y
MT2§ 4z m? /Tlv @ X o
2. 7 F% 3 (Demand Variability )

P F ARG T A AR € B BT R TE@ I E S

3. £AfEeh% &4+ (Seasonality in Demand Pattern )
RAGEOT LGP REE LR R T ER IR g
4. H.41#p B0k 22 (Short Planning Horizon )
RBIYE gre i BB G PR E g AR AR R
A

CRNIEES S S A LRSI LY P

2128 B3 H b 2 )f’c‘}'ﬁﬁ

LA T R el RN ] A R
3ﬂmpm*’%ﬂﬁg%ﬂ?ﬁ%@ﬁiﬁipwﬁ%%’Ea%i%gﬂﬁﬁﬁﬁ
Pk B RS2 R b O SRR § T Rk G AR e e B
WP FMTnE A LR A3 D BT R R RS F R AR
P YR R £ iR Y e R F i
I A E ) 0§ ERE RPN R R R - B

o
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SRRAL
Gallego £ Ryzin(1994)# 41 % $ri 2 & B3 > L & §F7 7 B F &7 3> 1
e E SR &L 4 i @ % & #p 4 (intensity control)m"> 3 f#z KRR
KB LR 5 S i ﬁifﬁﬁ&éﬁ,@;ﬂ% iU A T
%%w BE > T FHEFR &SP RnRE § cRFUP %m%*’“sﬁéfﬁ
TREFFE X %\ﬁﬁi (Homogeneous Poisson Process ) :H ik 5 B o pF o7 T
o4 s MPS) 0 @ B PS Hd A ik 3l Kk b w e FAB L LR
R PEEF D el IS e .

HEFTHENT AP &0 3 &8 B HF L2 = 2L 7 3 (Imperfect

competitive market) » = & A VA B P > AR ORF EER o X2 A R
gl R RET > g R SRS R T F ek T RFEFRI O TEAG
o F EA A R R S ) Benfp e Tt g A2 F SRR A A G A A S B
Hoh SRR R R F A A A R R RN A
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Y FEIUE S X P RP S AH BTN LG s 8RS RS g FE -
BELGRFEE 0 D R EART S R o T T M AR o W D%
P s AT Fape i & L (Compound Poisson) ~ pF R Ap & 4 5 Bx
JRTire ERTiir A R o

Bitran ¥ Mondschein(1997)#x :+ & % PR BT MR Sk d i Ko X
R dyr R A ERHeER S SR AN DB P E A £ &
EREH A B 0 @) % ehEl 3@ ?Max%ﬁwﬁtﬁﬁ
(Homogeneous Poisson Distribution) = %4 #& #1 = 8% & 57§ fi3% > & * & js R3] h
RRCIS £

1. i 4§ P #5538 (Continuous Time Model) -
2. F 37§ B3 (Periodic Pricing Model) -

3. 7 W 473-H-5 (Announced Discount Model) -

BATE LS - BRAAE R D ENE S e B R
p ﬁbﬁxfiéf?%i FERE A= S i I ' D R e fj‘%ﬂ%}ﬁv TORER SR
NP h A VBRI BFREFRN ARG RS G R 2 HALHRE
FRERT ensg it @ F o B R 2 22 Gallego &2 Ry2|n(1994)tLri!ti'J 3l PE R eh
BRm i ARG P g Rl AL S A > B F (TG TRIE e FI 0 50
L REAT R AR (T ehf R e o 3 I’*’Tl% WA T R FE R
B AT R R 4 P R § R EEHAES 0 ¢ Tl AR m%: L Bl
b andodi o @ gt R e $NH iﬁ%'ﬁ SO PR LR G F M LR
L ARE B g@z;‘;%ﬁiﬁﬁﬁé&%ﬂm?* v € F] G HLATTAR 8 2N ER G ) SreenpE AR
gy A '{%Eﬁi PR R PLS
i fihgkd o AT B R §RP AP R MY R FEF R (T
FAED AT K R - BT A R R AR TR g R R
PR AET SR LT e St 0 TR B iAo S A
TR ORE A AR P HER RS EAR S DPTFRE PR A
RECOIRT o R4 2 R A B T A T M EA o 2 Y SR
Gallego £ Van Ryzin (1994)en2#
Lo B3R R i- BEPTpk 20 P3RS R A 2 Sl
Z.Yﬁ#z’ TR AREES  WATHRIAS o 8 H LY NITIogR -
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3. PR RIN Y e g E S F e LB E ]

Chatwin(2000)# * 7 Miller(1968)~ ¥ ¥ 5 £ 2 e % ¥ % :p 2% 3 FE & i
TR R SR P RIEEHF SOF RLL R Al § R SRS
RERFwAAM > 23 VOB RELETEFHERIDE - RNy WP BPFR N 5
BEF VPP EEF AR ETEBR > B G R AP K
(piecewise-constant) o & & {7 P Bor > RS W H T F §EFFIA T b B 2 AT D
GapEE R R S R h R RREFET DM 2 "’%JT
A8 PR R 2R M %0 Chatwin(2000)~ 3 ¢ » #- Gallego #2 Ryzin(1994)#7% & e1%
T ¥om B d oKD org B ango i i3 % WOUEGE [T A g o

Zhao ¥ Zheng (2000)4F3t e 23 h T2 Y A bW Rx 3 hEF A E(F A)
BRI EF IR a4 b fof RAFEZ B RATR T b R G R o B i
BT AIEE S o PR A BRI RS L w0 J G U Y i fiE

ME TR 0 REP B GHO LB E IEH BRI X A
( Nonhomogeneous Poisson Process )+ & g % 3575 i~ $4 &5 1§ 12
(reservation price) » @ f“ g i % f B IR YLACA fe o ¥ H > ORTEL Ao Ft 0 R
SRR BT Al R Yo RIS S A S S - A N Y
LAY R EEFTaic® - v P DHEBENALTHEEN G R REEF T I
BERD > PR AP ITHE S D P R
Sibdari £ Pyke(2010) #F3t &3 LR > @ RO AT EFF P e ik o &

TR r b YA S TR R F TR 2 R A5 FIY A SR
72 T ”%ﬁ EAk S R A SR G Sl e Y Y @ FERE R
PRI R OER H  H B H A BAR ST RARD - BBE D
g’;i’afﬁ(Nash equnlbrlum)—k.; G ¥ A RI|INP EEE O g hFRT o R
*ARH R ECE R AR ERB R R P F G M ] R(ATER) 0 7
it Soheil #2 David(2010)i * % ~ % & (Multlnomlal Logit) #-5% k4 it i % iﬁ HRE
#BoDERGPFHF Mg It b e R Bt RATRN FREGIEE 0 KIF

A F O PHENAKR Y DR ARG R TR SR .

Tsai &2 Chu(2011)#§gq‘;gg} BB IR NI L FH D A B L o
foa T R RIIEREE BERGREH DT E o TTFERINA ﬁﬁﬁﬁ%%%
A > ARARRESR AR RO L ER N FS D Ry T
PR ERT R L2 g R TR B Z R R R -

-
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4 i B IR RE P D PR FE T
SRR SERNOR RO R S SRC A S
Jﬁ; SRR G RAMEHDBDAY S AFH D EFRESGY 0 BB LA
AGFEDICEFRF el @ - A PR EE 2 AFHRE TG
B ER E AR R EEFEES I D

BAR ] nied k%

P BB OEAE &
Fléi;mﬁ?m,értﬁ A HIFHE

SRR 0 P BE K RT und g *“”a;"ié'%fm
FH AL AN BRI ROTREFDE Y R TI0E ¥ g o
2021 BT Y R R

% B A& | B |2k BRdpR AR |[EedERE
faxg || B BT L g S

Gallego | 1994 | %4 |m< |k FIE At | Fa | FREE Rok

and Bt | Poisson-£. | & iToud | K (P0|sson)

Ryzin B R Ap iz E3 L WEERFER
N RS

Bitran | 1997 | - f& |'E# | EEFED I AERL (B |G F FRES

and 558 | Poisson-22 B LB | s bk E

Mondsc PR Al | AR HepEl iR

hein 1B ik AR EATE 1S
FARRR R S Sk

Chatwi | 2000 |- |@&4 |F Fi BRLR |F&E | HFruR

n 5 ¥ | Poisson-#2 @ B | HEERpRS Y

*48 | B RAR &) ks
AR

Feng |2000 |-#& |t |FFE FEREYE | BE | B RR

and ;4 | Poisson-£2 | % Bt | W% F R 5 (Poisson)

Xiao AR & A ARG Rk
HrpRp A8epm &
B #c
H o pE S

Zhao | 2000 |- A8 | EHs | RO | Btk | B | H Rtk

and 3¢ | Poisson-& e S BE AR S i

Zheng i o B8 |V FERRFCEET

p i R P0|sson)
Feng 2000 |- 4& |"E# |#Z¥Hpegd |57 48 | §i | FhE&E
and i s =2 e | BT ER
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Gallego %z 4k Sl | e ik
il § 4 TR T S
A ,‘50
2001 | s | AE |- SRR | | B ok
H] et LW | FpaE
mART R
Anjos 2005 |- f& |ME¥ | ERFHE |- | Al
et al -3¢ | Poisson-# LA I S O = TS
P AR (& 1
HizprRp g & 4k

2.1.3 ] %
RS YR AR CO O R PN S RS K R o T
DA H S R W AR T HEEGRE LY BRIPER L EBER R R R 4L
EAAFHM AL IR daps A AT E R 99T AL o 487 7 A Bitran
*“MM%Mmﬂwﬂk%fw”“ﬂﬁﬁ%#ﬂ il el &R B AR T BRI
pﬁmayf@é;ﬂ’mﬁd i%% FF e bagp H R AR T )
Bp > LETAREFE kg 2T A2 AR R B8 0 i
PR TR R AR OEERAZ T R s TG SR T LE
B ® Fogy Y - LRZEFT Y DB R IATL G TLRARDBEK -
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2.2 8 3

FFAG WM B T odp B ko U ST e gl B IR L 2 ko
;}’i"lt}; ’ jl’_E' _l;;_'? j&lﬂ‘;: féiLL ﬁi o
221@ﬁ$@wweﬁ
(N BT LRD § F > N WP RE AR h ik BT
AR R T R R R
L BFR2 522 FR: (DR FR 4B 2 F57a [ 5 3 FREO)B2 H 4

T2 3R
2. £hied § F Y B (1)F FHIL(QPFF Q)R 2 S AF(4) R0 2 fig 3 ¥ 7]
*

E@Ty AP Lind jﬁ m?ﬁ? |
b rELiF iR d B el i e
AR ERRERIR FFRE
hisd s o
Thompson £ Richardson(1998):= 47 & 3 F 45 8 i=aafitst » d 5 B
A D A R E TR R PFEA B F AR U AR EFLARE
F]% Kk 57 c Arnott &2 Rowse (1999)Rdp M E & * iz d 2 AP L FH 2 =€ &

3 o

3
!
=g

Ferrari(1995)3% ¥ i # 37 ff Wog % % 1 v ek ™ maf Befef o F15 7 0o i—“—*ﬁ?‘?
FART I RH RPN T LD RN T RO S SRS BB

&5 1§ &_Proost 2 Van Dender(2001)# 3| i# & H o2 e 77 00% M5 F i Lfrd ek
%#i@ﬁé%ﬁ%ii%ﬁﬁ%’J%Xﬁi%ﬁ%&%%ﬂkwéﬁﬁﬁﬁﬁ
2o rkEF A B - HEA R S B2 £ 4](Ongetal. - 2010) - J | F 45 2

EALGPHETBRFOMEDT > 2 A FLHI EOERY T TR fR IR A
R~ 24 A RIS RAEN > A i Y o ARG B2 2 TR
7O iR3EchE £ & ¢ (Thompson 22 Richardson > 1998) > Tsai £2 Chu(2011): & ¥£3¢ &
dei D G BE A AERMA E O FH D B ER £5 0T BB AR

—\; I} t_;}'i*r{mﬂé?fﬂ&)?\ l, F-E-P P“%jﬁ ]/_‘3_’_ o
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Hensher £ King (2001) 2 2 #{ ¢ wara E FenFliE{7 RS § F{rizd § &

SN = v] ! B SR R UG s R DI MR e = 3 (R C AR S ’dlﬂ" FEFRBDF
FHEDRY FOPEF L% o BI EFRFENR Y FP A7 3% @ A& Adiv

2 Wenzhi(1987)sh= 7 » H @ % @ fF A7 2 2 FH P PRIt F ok m ¥
B BT RDFFABICE RRDARH > Fl o T OOFRBE §FEYF
T Ay EAROFF -

fied 3T K AL D’Acierno et al. (20060)#F 34 @ 1 i & 37§ [k o P oo B8 57
% K % (destination parking pricing policy)fr4= iz & i% & i v% (origin-destination parking
pricing policy) » & #-g e id * F ~ 2B R ¥ F {7 L A~ Y g o EE K EF RIIF
K (bi-level problem) » + & % B it i B AL A T & % 3597 /%R 4L+ Ignaccolo et al.(2006)
BOFBACER BT E GRS ER Y o

ALY AR BD L fE41H84] > fe Teodorovic™ £ Luc’ic’(2005) 7 #
T d > Y RIIBE T ORERE R > Tl W R R > & AT AR
BFER K p > ﬁﬂ%ﬁ%piv@x? A aorgdiad g kR
ERFRL P ETRR CRABELSE  AKL GRPE BT EFHE B 2T REG
PEARE P i A S BAE T RH 2N A T RA AR R

7. 2-2 FAPMA FZ B R

'

g 324 g B # 3
% E B4 5 R e s
H =53k 1~3 1~10+ 5~20+ 1
e ol & g = #
Y PERLE EfHL AR * R F R
TR LR k. % . ¥ e
AR A i ¢ ® ®
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#23 BB AR

% E iy =3 BREE A

f % 69 FidrD BE P52 608 | R ANBYF FHIR
2

Adiv ¥2 Wenzhi | 1987 FHP LRI JTE 2 AR | AT
ki

Verhoef et 1995 iR ed§ P4y “?’ Z R RS 1T

al. e Dk ,N“%J'gﬁﬂ #

Hensher ¥ King | 2004 Fitizd g xaizd g 1‘\ FIREAITE LN REH
= 2B mfﬁé %

Teodorovic™ ¥ 2005 B el AR FE T BN E O AR

Luc”ic’ 4 5

D’Acierno etal. | 2006 Fet poens A gt Lk o | A BF IR AL
deiggtiz @ Fak

Shaheen ¥ 2007 AR G R kA EWIEHNLE D FIRY

Kemmerer

222 %

Ryp iy isd ivha V)*Jr‘?ﬂ}é_pt‘ »FILP w J{ R ’Pv)l%}f%“ FER e A

31 A B ?Z > ;jgui o @ AR iR 3T A o Shaheenand Kemmerer (2007) 4+
HBBIFO3H > 2 R B AT R0 F o R Er L F R BT
L 0 ARG R AT o A R B2 EF 2 LR S gk
2B R fel] 5 AR TR IF I enE B RAT -
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23 % & i

AEEALTERTF R (gametheory) 5 o R FE wATE B I AD M 2
2 AR RO

231 F b ik FEL

% P wIRFALE ¢ R dR s R L0 H %1944 £ pFod John von Neumann £
Oskar Morgensterm #7% 2_"Theory of games andeconomic behavior”— % # # B 5 #ic ¥
R S S R [ SERE 7 L :HT%L— o @ 1953 & ¥ > John Nash # 11 %
LEHNFIOEERLA 0 AR M EREHB T O £ R LM - FH 2% (game theory)

TG AR A4 E AT *%m%%ﬁ“ﬁiimbﬁﬁi TR G
GUER TS A IIR AP TP EERF LR 6 MR L b 7L o
R T OUFE R 2 B ARE R AR B A

FhBhil& v uaR Lt hB2ys ERhAfi > BLu a8tk h LK

&
3
-
ED

2A 0 i REATRMNES F2 L 0vFARE g i g kp b
Oﬂ\lﬂi‘ia@% BN Nl LAIT R B G AR A R
R~k e 70 SR > Fd G S g SRR~ B R e A L guaiER o KL
i%ﬁ%@‘ﬁ‘&ﬂ&

=

Ry
/\ -
—l—'

J‘

‘}_{:
N~
W

21N
N\

l

224 FhArA

FoILm & B
) H g
{7 & 2 2R SRRV Y hiEd 2 GEE A GEE - ke
A4 WL A
RN L CRALABEZE -SRI RALYIERTR
Z%imMpﬁ@quﬁﬁ’mng%%4o
AME LR % i’”ﬁ—,,,% LA T S I
ik SFHA 2 #’fﬁ LR EREGREDERHRE
4R p %%ﬁ&%% s A PE o TR D] EaR e
5 &% =7 Rk IR Y
Outcomes = action + payoff
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ol PHPLERARETRE pe LIEAR S e REEAFS L
KR S &%ﬁmﬁmiﬁ\“*—“ ’”Lrsf:ii ﬁ\é e b % TR

HL TR R R BRI

TR AR Y (2009) 0 A

=\

oA REV RRA <G KEA o

F N4 A

FRFETE G AR DT > e dids i & (dynamic game) 5 @ #

L F /& (static game) p| &_x z%%—*ﬁrmﬁ%;h.i s T B ;;jgl;nm%%,

2. $FFAFEBFEARH IO T AR ST S FPSEE)F SR FH 2
BERE T AR FL R %wﬁii%w¥?W’ﬂé7%i%%oﬂ&’

TG BHR SE S B Ft-:'lx‘?‘q]]m% AU EABET 2 AL T B

Raid

Wﬂﬁ%%ﬁw’%T%%ﬁ:

#.2°5 FR AR Bk IR

7 65 8 F i B
4

2RI ST S0 ZEALELF A
3 F 2 + bR E pFioh
Nash, J(1950,1951) Sehen(1965)

LA P REALELEFE R PRIALEEFR
B3N 2F o EAE N NN
Harsanyi (1967~1968) Selten (1975)

THRKR TR 88 r%’;ﬂ%iJ ) PESR J1 AL 0 2004 & o

232 F kAN *
Li 22 Peng(2007)4% 34 2 e 4 4158 b o £ 836 5 AR #9203 3 p i ot
Al PR R 0 B RER BELE G d SR R L T > A A7
AR 3 RN YRR ng KA G k(R )¢ FR Y EIIEL Y
H oy

é

N

AL g Rl aLbantih > R iy feg @pnad 2 gt 3 51

B

FRIGFIA D > X0 R @ B g TR K UL A fle i 0 AR 1L g B T
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R N ) S NS A A I L PR Do B I ey
RPN R AR AR T ERAE R E F R L L ER
(Non-homogeneous Poisson process) k # 77 > & &L endey 27 £ 5 R 2B 3% FH o »
PAGRT 10 RIS WRF DT LR AT R i (AP B E 0 BUTE R g T L
BHREIDFRE AP D RATPE F - LHEZ EFRRIH I e RS
Lin ¢ Soheil(2009) 4  f 53 %45 it px & 7 ;%wg_;; Sl R O A 3

E g *’ﬁ dBER A S P T R EL BT AR ¥ ¥2tf7(Nash equilibrium)

s
o
wc

AFhds THBSPEgEdionh o P A2 E RS HE TR F gk
T ’g'z%zrfaéiljﬂi*ﬁﬁxﬂ oo fEH R AT TREAPFRE R
FURYF - BEFERFPMEZOIELT S5 - B d A SR 207
MhE BPER R iR w%%’fgﬁéﬁﬁ“@ﬁﬁé E B R AL A
MNL(multinomial logit choice) & # 7w kg % e
BWACER > B W7 Rt Lo s 2
v}?%iﬁfmx% oo FELSRINFERE S0l > TARIF 2 FTEFT ML LG
REFT MRS o
Aiyoshi £ Maki(2009)#5 34 & & Fa fefe® S0k 1 & kL 5 4] T hu A%
CA D THA LY A B LA RS R ALY 4 R e Ry - 2
¥r ;75 Fitdritwmenima o ek § E 2 nE 45 0 @ & Sadeghi ¥ Zandieh(2011)R| &
Tl o & oL R
Von Stengel(2010)47 24 B & S 47 4 fridid chie s » TR PFEAREF 2 e E
(Nash payoff) » & 2 4| # £ < g § #5824 Cournot (1838)#7#: 1} » £.5 2 2 b
ER L HF L o 7 2 jE(Cournot’s solution) & i # ch% 3% 5 f=(Nash equilibrium) - 7%
@ fx von Stackelberg (1934) #74& &1 eAf 4 A HEE P R * Ap b chir E HE5Y > w H ¢
S RSP EARE A F I RO PREF - R P R @ik o Ty
g2 (Amir » 1995) 0 FAF - friiE K e E A AR PR 2 b o B ;#‘a‘;v,%
THA S BREFRBER G ARG IT BEEGY R M iz FeE
¥ @& * (Gal-Or > 1985)fr(van Damme £ Hurkens > 2004)~ ¢ & & e % 34 2 B H #°

7V oo
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%26 FhILiin M ¢ A

e ¥ PN et S 2

Li and Peng 2007 B3 AP SO R | RIS o f
AL 3T i Ho sl L]

Lin and Soheil | 2009 THAASS D F TR | PRI o F
fi 77 I s o T2

Aiyoshi and 2009 A g AR e Sikg FRE | F AT

Maki B T e FL R R

233 %
b e R oW 00 JAS) P s ek B s § ¢ 0 Nash #247¢ Stackelberg

Pgris BERSPEL  SEBRERTL L xr% faleh ¥ 2471 5 0§ S8
Sl PR AR AN B A3 AR T o 1% Nash k445 0 #5& Stackelberg 3547
P EAE * AR iU S B T - S F AN S ?’f'?"»i'”*%fi @ pINE
% (follower) %éﬁ%‘f EHE Pk E R o ¥ A s

ANpPE S T Fmied B, 7Y S pd XX R FORFT BR3P ;i‘r,_’i’(/,}wj,u

F et kPG R FG Fo TR T AR B 0 v 287§ 12 Nash 35

A FRAH S BREL BEIFOE LR A .
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2.4 FE

FE 1§ $& (willingness to pay) &4 Hicks 12 Fl4k e & #r2f # - Mankiw(2008)
RIFAG R A HRASTRL AN DR i T N R F TR
iAo 2§ “)5? SETRAL 0 F R E R AL A R
HY R 2 G RE RIS AEA2 F2 o FARFITTUTEASERSB
SN i ‘*"—“‘ B B ‘*”—‘“mﬁi‘% FaréAad o T LEARROET PR IR
(@znf BT B S(F2-2) 0 B2-17 7 -é s A L@ﬁ%%lbﬁﬁ
50 folg i i 1 % B dc i 100 chfin™ o T od s R o B¢ R SRl 0 A 2
oz 8 FOARE KGRI o T A e Eﬁ%i, CEET S T
F o NME Y s o RFd M2297 0 FRE ET EY R HmA
et 5 A& S f(WTP) e 7k 4 8 5 % A S lie [(WTP) » e @ 2 P g en i3 oo §t
B WTP B # od 3§ H B G2 ok SF M > Fl o F R K
R R WTP>P B s ps» 270§ AR P 8o 2 5 LFP) £ & o
TR AFAWS o F 2 o IR EREA R WIP<P Ba@sT B A7 R TR

NPB R RF TR FEAEAL  TEAT LA F L 2T o

pdf
0.04

0.03
0.02

0.01

Price

100 120

B12-1 B fe s 5 % R SRl
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CDF of Price
A

F(P) 1-F(P)

>
0 P WTP Price

B2-2 3 g R R RS R A SR
Chun(2003)4£ 34 £} b Bk il & Sfed S5 5o HiFs > 1= 5
fie(binomial distribution) & # 77 BE 2 A £ PER 7 G 2 et 1L " T A e
(nonhomogeneous poission distribution) iz 3* #2 £ 3| 2. A > & ¢ %ﬂiii;ﬁ, FEWRH
Frfrdap R EE YA SR T am ) § K FE¥ FFIAT eha B
I%m’:klkbx“;(+7¥i§“‘—4!"'/ﬂ#’j}i‘%&7r}’?'m)§ 7 RE F A I end LS
Ao A ER AU P F ARG R SRR A e § R FL 0 gy
t%%&%ﬁ%zkwﬁﬁﬁﬁwﬂﬁﬁi’ui BT Bg Ao 2 a a A i b
e o
Lazear(1986) & &/ 7 ¥ - 7 & frf F 147 & (Heterogeneous Goods) 7= P [ %
mw\ﬁ%mv’$&ﬂ$i%£wk’%ﬁﬁﬁﬁﬁﬁé%ﬁﬁﬁﬁﬁﬁwkﬁﬁ
HEREET AU B ERG P EAFERRREINDZ Feh S T ES - K
WA G RE TR PR PRI YR FRY A5G - BREE
#2. % F(Stochastic Demand) 78 4 o B &4 5 U R > 34505 - Ba= 33 fAofmm§ 2
GEHFPN G RAc e FE R B R R A R T R - B
BARR Ao BRI AP WA AR > R B RITEARE > T kpE
A HEH R S RY SP0A W e S RS AR MR R
;¢ & @ Lazear & Chun # e chds = B {3 BLEF H i § 607 b > Lazea #7dp kR

it '%Jﬁ-s'T/i'-Z\ 7T F Lr}% zﬁ‘f_/ﬁ a‘"ﬂm))?‘? i I%Jﬁ_ﬁ

=P

I:LE] _E’/:U\:;

*m\i-
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Bitran #* Mondschein(1997)#& 21 % & % # & Tod BUBF 1 R T L PlE &
AT o iR B Y X 4 fiz(nonhomogeneous poisson distribution) g | pF R 2
7o ?1,%“ HWARDFEARRG - BRI DTSR RP PR HARAERL IR
-~ AFETRLEETEF R A 3 RIPFBIRY R DFFF LT A B
1. 3 %E2ZEFE-

2. AFETHINELESE Z RERTPET OB A B R §EFRFT R dip
Hng i .

Fpt o HRB TR B A RO R AT MR §ERY R A
in & 4 E K RRP~) f K 14k (consumer’s surplus) - @ fv g B EGRAR M BB € 4E
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eui
V(e py) = T%{mt W(l_ F (pO))(p; +Vo,(ci 1))
i=1

eui
(=M, —— =R (PO)Vea ()} (3-3)
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i=1

LER S CEAT LT L
Vt2 (Ciz, ptz) = T%{mt ﬁ(l_ Ft(pt2 ))(ptz +Vt—1 (Ci2 _1))

+ (1 —m, ~2 _ui (1 - Ft ( pt2 )))Vt—l (C|2 )} (3_4)

B3 R 2 B i R e

V,(0)=0_ Vvt and
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3.5.1 B HE & HN
3511 BRFHN A L

BRERP AR T ARBEARE YR F oo REER T M I

CARIFTY R EENT A FER D2 v LR B SR AA D LA
* fpeh % g%km%*t?’md FEERFA e F T 0

_— .
L N S a N S m%}&q< ) H]

B Ujj4e™ #7775

Uij :Vij +&;
(3-5)
HY Vs VARGTE PP A 30 0 g4 5 A TR AT BESIE 0 ¥ Vijﬁ g
P4 S0 fioen S 3N 4 aE Vij:aj+8.1X1+azX2+33X3+....+aan ’ Vij LB XA }J & F %
S daflt LB a i ERGa il gt TS SRR GE . A ISR g 7 ehT]
B2 5 0 it R A A0 ofp B e

RSt SR %ﬂg PTH E S ?ﬁ%ﬁ‘v"\"’%fﬁgﬁﬁ’*“’%iﬁv
P PiEE S BB A0 R Lok RS R
=P(\/i+gi>Vk+sk’VK¢i)
=P(e, <V. -V +¢ > Vk#i
(k i k i ) (3'6)

BEPES R R BRI ey s RS A fe o TE 4 0 2 B AR R0
4o Gumbel 4 fe ¥ 12 %91 % 78 % £ 4 (multinomial logit model, MNL) - @ 7 % i & §_

TR AEHES R R RFE > T ARG OEET o YR HeEHE S
= R T E S R O S A BT 5T
1 e e
1+e®™ g™ +e® gl
: (3-7)
1 e e
1+e"™  e" +e® gl
! (3-8)
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3.5.1.2 3 RRiE % B0 B3R v & & g

ABRMERMNY  AERY FAANBRILIAARALDES > AR Y %
B FE o FARAKRAS LR M2 AT 0 & F TG Bk P oot et <
RAARDEL I RTHFHEDIDBEX > 7 DB 7+ 4+ b2 st
(independence pf irrelevant alternative property,11A) » 45 % = % B #1488 4% chip $Hs 5 i
o2 egHw 3R P fj‘u{%\"r;iﬁ GORCTAREF P IOLE R TR S
S kanet fHE B

AL HT B E R 2 ApR SR o B %*’—*ﬁ:%ﬁﬁéétﬁ;ﬁ PR
Te 3 RpEab 50 BRA B2 %8 28T
L5 N ) R
3.5.2 * & i f2(Poisson process)

BRVAEEIESE U A RIIMN TR IE R Tk - A E 8T
B 2 ARBR SR EFE S RUET REEFR A RS AN IR ,75,57\
REFERREN > T3agHd g2 A0 6 AT RAFY B S § 4 F KA
% & X B4z (Poissonprocess) @ b X PhiB Az NE A - 45 0 U 2 4 chpF
ke 2 > Bt 5 Uil p gt - e e g, 2
A 2 BFEEFRAARFREN B A B XO) 5 L ER 40T 2 (3T)
#1751 (Taylor ¥ Karlin,1998) -

Pr{X(t+h) =X () =1 = 1h + o(h) (3-9)

k- BREAPRAFER RN 0 G- ERFL LTRSS
X %’*@ﬁivﬁfu‘é e R Y X i 42(homogeneous Poisson process, HPP) » i &= 3 d 3t

G RPN PR LY D F Ren it s B R F 2 P F ARG G
PR L7 feh s> Fob o Sl A=A P 5 F 8 2 R R R R Em Ap e
BOPE L HE G 2R B 3 i 42 (nonhomogeneous Poisson process, NHPP) -

m =] " Adt > Y(s)=X(O)&s=m > As=2A, +0(A)HI:

Pr{Y (s+As)-Y(s)=1}=Pr{X(t+At)—- X () =1}

= A, At + 0(At)
= As + 0(As) (3-10)
d FiE(3-10)58 ¢ 7 ﬁ?]ﬂ#f—?%ﬁﬁi 2 YE)R A - BIEFHTARET X
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1> 1§ 42 (homogeneous Poisson process) » £ ¢ me & & % t# chif § F R plE 5 o ¥ 1335
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FIEE NG - R Pl 44t £ 3 1:0.05=0.95 0 Flpt o dEd b aEant T
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VRN ST S N B UFt LY inm+ﬂmmf@) L%
SN2ty o Bmk 2 - 20350

1> F(0)+ F(1) > 0.95

1>@1+m,)e™ >0.95

0..3553 > m, > 0.0009 (3-11)
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AQ-F (P))
(3-9)
% Bitran ¥ Mondschein(1997)#7 3 ¢ £fg if A fie 4] fs 1 F 94 fe
(Weibull Ca> f)) %732 FIF 92 B pARR iz FHERIFP T H RS
B F(P)gAx= @ i § FHAN R E et LRP) I H R g A% F B
AT A Ly e A S FASTOER R R ERY R Fink
AR F 2 FESTGE NPT RA G RBFR G T 0 T LR AR
(Weibull(a > B)) et 5 % & et 2 R BB R R Sl > 4 W[ 4oT (3-8)#77m:

fo(p)=ap “p e

A

F(p)=1-¢ " vp,>0,4,50
(3-10)
Fiasged chidca 2 f4 5] 5 A S dik(shape parameter) frit b % dic(scale

parameter) > & B 7 f AR H B MR RAEL R Ao R AR A 2 RAAER A
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t=13 |t=263% |t=513% |t=76 3% | t=101 | t=126 | t=151 | t=176
25 50 75 100 3125 | 150 | % 175 | % 200
21 568 1113 1657 2200 2741 3282 3822

43 589 1134 1678 2221 2763 3304 3844
65 611 1156 1700 2243 2785 3325 3865
87 633 1178 1722 2265 2806 3347 3887
109 655 1200 1744 2286 2828 3369 3908
131 677 1221 1765 2308 2850 3390 3930
153 698 1243 1787 2330 2871 3412 3951
174 720 1265 1809 2351 2893 3433 3973
196 742 1287 1830 2373 2915 3455 3995
218 764 1309 1852 2395 2936 3477 4016
240 786 1330 1874 2416 2958 3498 4038
262 807 1352 1896 2438 2980 3520 4059
284 829 1374 1917 2460 3001 3541 4081
306 851 1396 1939 2481 3023 3563 4102
327 873 1417 1961 2503 3044 3585 4124
349 895 1439 1982 2525 3066 3606 4145
371 916 1461 2004 2546 3088 3628 4167
393 938 1483 2026 2568 3109 3649 4188
415 960 1504 2048 2590 3131 3671 4210
437 982 1526 2069 2611 3153 3693 4232
458 1004 1548 2091 2633 3174 3714 4253
480 1025 1570 2113 2655 3196 3736 4275
502 1047 1591 2134 2676 3217 3757 4296
524 1069 1613 2156 2698 3239 3779 4318
546 1091 1635 2178 2720 3261 3800 4339
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