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In the classical Littlewood’s two-period model of static revenue management for airline
seat reservation as well as its extensions to multi-period models by others, it is assumed
that the demands in each period are independent and that customers whose request for
reservation are once rejected disappear immediately. This assumption does not reflect a
common behavior of customers in practice that they tend to seek booking again at higher
fare. The theoretical treatment of such buy-up behavior is not simple because of the resul-
tant mutual dependence of the demands over several periods. Some literature heuristically
(incorrectly) treats the two-period model with customers’ buy-up behavior.

In this paper, we study the optimal booking limits in the two- and three-period static
revenue management models with customers’ buy-up behavior in which a given fraction
of customers whose request for seat reservation are rejected in each period try to book in
the following periods at higher fare with some probability successively. Specifically, for the
three-period model with buy-up factor « from the third to the second period and another
factor /3 from the second to the first period, we derive a set of simultaneous equations for the
optimal booking limits for the third and second periods in terms of the multiple integrals
involving the distribution functions for the original demands in the three periods. Numerical
examples are provided to illustrate the dependence of the optimal booking limits on v and
. It is observed that the maximized expected revenue increases as a and /3 increase by
reducing the optimal booking limits accordingly.

1 FL®IC

LARZ2—3RI AV b (revenue management) (BARTIEA —IL KXY X K (yield manage-
ment) & SHON7z) DFEUEE, 1978 FITRE THIZEHETIRERE (Airline Deregulation Act)
WAL L, MZEdE0 H LS TR E U 728 228 2 4L D PeopleExpress £ Z2 I X
FisdB728, KTFMMZERHD American Airlines #0EFD A > J 1 VKT A7 2 SABRE
IZEA NI TNEBP SFERO T EZTIL, FHHIZL>TREBELR S I L 2mAHL
R Y X ZAE TV TH S [6], [13, p. 6].

BREDLR=Za—3 2 VA Y MR L 22 BT TIOVOHIKIE, %I, British Airways th
\ZJ& U 7= Ken Littlewood (1972) 2M2E L 72 2 I E TV TH 5 [10]. ZDETILV T, fRKiTx
BHICEHHETES L Yy —FIZIFLWRETRY, HRAMEOVWTINEZRDLEY R AKIC
FEEdZeitky, FWBERKLT 2O TIERL, 2R AMET2Z L2 HET. 2
IZRDE <DL Yy —FIZLLED L, RIES>THVWERTHLMDRVWE YA AEARTHZE
JERRVNE WS BERIRAE RN, LYY —FICH o TH KV ERZR T 5. UL, Z
DOHIFEIMET E L L, EIVRAERAMFL ZIZ LIk AT I, HiBiE2 < o2 L 7=
EEHEREL RIS MRS, o T, LYY —KRLEVRARDOBDARERE iz, #
FNAE VB RIZR D L5 RV Yy — B PR AR O Bl (BT v F 7)) I v b, optimal
booking limit) % K& 5 RMENEMb 5.
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4 H, Littlewood ®3&R! (Littlewood’s rule) & FEIEN 2 ARIL, HIEFEHREZ C, FHOTH
Ba% vy, BIHOFHRIEZ r) (> 1) &L, EVRABRO (HEREL) D) ORI GHE 2
LNz EL, LYY —BILTFNELZ 5 LROBHE b 2557 2 X

:—j = P{D, > C — b3} (1)
Thd. TIT, rofr1 ZRELL (fare ratio) &\ 5. B FENTE - 728 X EHNC r TR
LNdeWnd RRMKT Y F U7 (nested booking) ik EKEL TWD. ZORIE, by LY
IABEDE D IEVHIHKIFZL, LY v —BDOE Doy IZHAF L TWARWZ B IZERT 5.

:@ﬁﬁf@,%%f%a#otu/v HEIANTRKT S Z e 2iifge LTWaEAY, FE
i, TNHBROREVEETEFHNLEIO LT0T, EVRREIHA LD ki
w5, ZO LD BEETENE (FhSRT) NA Ty T (buy-up), WiZEELENSHT) sell-up,
H B\ vertical shift, upgrade 7 & L IE XN, K XM TEZDORERFLINT WS, N1 TV
TEOHBID LDV Y vy —BHITKAFT 20T, HEwMIZIE, 2 00MIcB I 2HEAMLT
BV Rz 2= A2 VA MEEE 2D, ZHIFE TV OEE ST IXE T3z,

FHTERDP o LYy —ERRIIC TN ERD DEE%E/NM 7 v TE (buy-up factor) & F
WV, aTRT (0<a<])., bRZa—=I XV AV MNORKRWSEZTH S Phillips [12] & Talluri
and van Ryzin [13] 1213, RERDHEPRFNGIEIC LD, LYY —E TR ATRER D B H b}
ZEET A

1 (T—Z—a>:P{D1>Cfb§} 2)

1—a\rm
MWRINTWVWS. ZORDAEMIFERMR &L (modified fare ratio) & FEIXILS [12, p. 168].

K2 Fa—=0 NATyT2n) orE, X)) IEETD. Lrl, XQ2)E, X177y
TNHLLEIIHERGALFTOVIY —EH D ZEATVRNDT, BOLWI LD
NTHD. AROHE2FIZX (2) Z5[1ET 2N (3) 29, ZDIEL WAL Pleifer (1989) [11] X
Brumelle & (1990) [5] IZ & » TEANZE D TH B D, fAHH, #Hieo Tk [12, 13, 14] (251
TNTVA.

NA T THRNEED Littlewood DIEH (1) DLW E FILADHLEE & LT, Belobaba [1, 2]
IZ & 2 EMSR/(expected marginal seat revenue) It D 5. T OMEBIEIL, PRERIIZ EIEIZ
BNz D TERL, DROALMRZRERZHT I ENH LD, HRTHLIPTVOT, 5
THEHEDOY 7 bz 7IffibNTWd DI L TH5 [15, p. 136]. EMSR LOPEARIZ & 5 /5
HEDONA T v THd 5L WM E T IVADHEH M Bodily and Weatherford (1994) [4] & Belobaba
and Weatherford (1996) [3] {Z/RE 1 TW 252, Phillips [12, p. 169] 1& “heuristic grafted on to
another heuristic” &, %7z Talluri and van Ryzin [13, p. 63] & “somewhat ad hoc adjustment
to an already heuristic approach” £FEL TW5. #%HFIE [N T v TRE[H S kL, BHED
BHATEZ IO ANDHHEID D ETH D] E5>TWD.

NAT Y TRHLHL NR=a =< XTI AY FETIVE, ZFHOBEPHEKETHET LD
fHEEZMI TP DAY, Z DA S T2\, Gallego and Topalogue (2019) [7] 13 TEEHHKIZ
LD, FHOTBEIHEMKES 255100 S 5 Littlewood DIEHIX> EMSR AL DL
RERODTE. L2, Littlewood DEHIZ EL KHEET 5 /iikiE, Bozk L vz en
Dhotz) LR TND.

BE, N7y TETIV] LV THEIN TV I L N=a—< 4 DAY FEER
HBHDT, EEEET S, You (2001) [16] KT (2003) [17] t&, N1 T v TR LWEEZH-
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7z Lee and Hersh (1993) [9] DEINETIVE, NI T v IRHIGECHEELTVWS. X 51Z,
Jiang and Miglionico (2014) [8] i, RO MEBIMREHL S x v P T =ML RZa -3 X I A
VRNEBILTWS, B Az a—<x YAy MTIE, Kz ECEEEECEY D, &
HoORMMRICEET 2% (F21 N) 3R Py TR r; ORERE %2 FRZRD D LIRET S
(ry>re > >rp >y >0 ). B URKE r OB ZRIT UL, R0 D IZEEORRE v (< 4)
DR RD D (1 HZTHEE) 2, ZhHRUNEFNEHD L. ZNoD@wmUzBIF5 [N
A7V T RARED (X1 Ty 7)) LI THERLZEDTHS.
AWFEIEIHMET NV ETCUPRZI RN 720, TORBELSEOHEIIUTOLEEY TH 5.
(1) EFNOFHME
o BIEDEDTHE 2D A7z,
o HHADFEIAINNL TI2\NE T IV % BEE T U 72
o FINEIENETIHHA I NS [Bellman Qi@ MEFEL | 2NEHTELRWVWET NV E2E - 72,
(2) fR¥ED HHNE
o I 72 B i b E E2 2RI ELE L, ERMbL 7.
o HMOEGE T v F 7)) Iy NEFRHT A2 08N HEAEHRIIZRL -,
o BUEHIZIX, REFEWER DR & 22 BEBOMBEED A% V.
(3) Emk
o IHT WY F VTV Iy IMMNAT Y TR HIZHADTEZ L 2R LTZ.
o IAALINHIFRFNZED NS Ty TR L EIZHINIT 52 & 2R L 2.
o ZRIEHITHTZ2ELWARZBERALSHIETEE, TOEEREZMINL 72
(4) SHOME
o FU A, BIMIZ 4 IR EOETF VI HIEETE 20, EIcm 5.
o NA Ty TORLHFHE L ORI TN E G2 HBRE I EE M 2N ETEEZN?
e NA 7w TDEEBUZE > TNAT Y TOEMNPESTL BETFIVIIRZZE0?

2 2HIEETIL

(wm ) HRH

TyEU I Iy b by ry <71
| 241 (ry M) | 13 (ry 1) |
\ J IR At 5 5 1
NAT v TR
2 Iz 5% Dy 12k 5% Dy

M 1: N7y THH 5 2WEHAL Rz —< 2 VAV NETFIL.
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NAT v TNH 5 2HEHN L R=a—<v 2 VAV NEFL (M) BT 2RET Y F 227
Iy bERFHET AR LT, A (2) OMBEWFBRCHER U, ELWRIE, WO iR &
SIEICED, RO LS ZBINS. BHICEYD, HIOFRSE, REOED AW d¥ic, &z
L, Rz 2 ez,

9, 2HIC TR D BRI

Dy Dy < by,
bg Dy > b2

Sa(by) = min{be, Do} = {

THH, 1T N2 EEREEIE
Sl(C, bg) = I’IliIl{C — by + IH&X{O7 by — DQ},Dl + amax{O,D2 — bg}}

2 Wz Fe gk - 7 BRI AL 1 I P % kb B B H
B II]lIl{C — DQ,Dl} D2 S bg,
min{C — by, D1 + Oz(Dg — bz)} Doy > by
Dy D1+ Dy <C, Dy < by,
. O_DQ D1+D2>C7D2§b27
D1+(1(D2—b2) D1+()1(D2—b2) SC_bQ,DQ >b2,
C —by D1+OJ(D2—b2)>C—b2,D2>b2

TH5.
SHROANZBRICT 2720, HTRTE (B 1XIFA DRI E %2 I D R LR TH
BUREL (ZOBER, BEHK S FIIDELIICE L), Z0n7mEk e %l

Fi(z) :=P{D; <z} ; fi(z):=dF(z)/dz, x>0
F0)=0 ; F(oo)=1 t=1.2
THEZ5. 25958, £WIZTFHNI NS EEEROIARHEA

" [1— Fy(x)|dx,
0

E[S5(by)]

b2
E[Sy(C,by)] = C—b2+/0 By(a)[1 - Fi(C — 2)ldz

C'—bo _ _
— / Fy (bz =+ %) Fl(x)dm
0

EERIN5.
ZDEE, FRIND R

E[S(C,b2)] = E[Sa(b2)] + E[S1(C; b2)]
THY, HIFFINES (expected revenue)
E[R(C,by)] = roE[S2(b2)] + r1 E[S1(C, ba)]



ThHd. INSIF 1L b OHGEEBTH S, ZNSHWHARETE H B e L, HHIN
WEBAT D by D (Bl 7y ¥ 27V Iy b)) bk

dE[R(C, by)] -0 - d*E[R(C, by)] <0
dbe b=b} ' db} b=b

THHTES., EDOHBERNS

b§+(Cfb;)/a . .
/ (u)FA[C — 5 — aly — b)]dy

1 1_ ry _ b5
11—« 1 N 1= F2(b§)
P{Dy > b5,D1+aDy <C—(1—a)bs}
N P{Dy > b3}

= P{Dl-l-CM(Dgfl);)SC*b;|D2>b§}

NEOND., INDVRHET Y F U7V Iy by 2D ELVWARTH D, LT EEH

1
- a(:—Q—a):P{ Di+a(Dy—b})>C—0b5 | Dy>0b5} (3)

- 1
1INz T % R D 2 BFRD R L D %0

ICEEETIENTES. X (3) 1%, Pfeifer (1989) [11] & Brumelle 5 (1990) [5] iIZEWT, -
CEEUWERICE D EINTVEY, ERlo ki, HICEMNS. HEo72AR (2) 2o
THHMA L2 by D%, EL Wb K0 B RELRY, HIFfRSHADRLREDT, HhRVwoH
Bwizs 3,

YL DFEROBUEG % 7R3, FREEFEE & FH DR C = 100,71 = 100,70 =70 LIKEL, &
LT 1y = 50, g = 80 MR 2 o) = 09 = 25 2B DM % &M FL(0) = 0, Fy(00) =
1L,t=12%0=3 L5EFLE

o(22) o (2] /o (2]
o = (5 (2] s ma

T O(x) & ¢(x) FEEFER DO HEH L EERBTH 5.

b(x) = \/%exp (—%2) L B() = /; B(y)dy — % {1 Bt (%)} — oo <z < oo,

ZOERIZEY, Dy OV RO gy K o RO TNED, TOTNIE oy /iy < 1725
HTZDITE/NZ .

BUEAER 2R 1IZRT. ZORERD L, XM Ty TR BRI B, FETYF 7Y Iy
Ny & TS (LYY —BDOPHARERZEST) 22k b, WIFRZENEZ 5 Z &2 5.
NA Ty TRNHDEEL L@ (SOHITIE o > 0.513) HAHIE, LYy —FIZEELES
2 (b5 =0) HEPRWE WS Z2ithb.

Ft(l')

R
il
Gt
‘ol
[
(Y
(
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K1 XA TV TDH 5 2WBHIL RZa—< A VAV NEFNVIZBIARE Ty F 7)) Iy
b & BARRIN A & 00 A 1 2 D A A4 D B A 5]

o [R@E)EEB6  BRC,b)] ESC.hy)] ES:(03)]  EISi(C.03)]
0.00 1 61.9781 1 7665.45 194.2272 1 58.5756 1 35.6516
0.10 1 56.6482 1 7737.69 1 93.6766 1 56.5926 1 39.3443
0.20 1 50.0483 1 7830.30 1 92.9065 1 48.6782 1 44.2282
0.30 1 41.2456 1 7955.11 1 91.7387 1 40.6253 1 51.1134
0.40 1 28.0141 1 8137.54 1 89.7354 1 27.8667 1 61.8687
0.45 1 18.1528 1 8267.56 1 88.1102 1 27.8667 1 69.9946
0.50 1T 4.44990 1 8442.45 1 85.7592 1 4.44875 1 81.3104
0.513 1 0.01449 ] 8498.24 e 84.9868 1 0.01449 J 84.9723

Cosia] T o T Us50273 Lss02ms 0 Ls5.0273
0.55 0 J 8657.38 J 86.5738 0 J 86.5738
0.60 0 1 8850.30 J 88.5030 0 1 88.5030
0.70 0 1 9164.49 1 91.6449 0 1 91.6449
0.80 0 1 9395.44 1 93.9544 0 4 93.9544
0.90 0 1 9560.60 1 95.6060 0 1 95.6060
1.00 0 1 9676.96 1 96.7696 0 1 96.7696

3 3HETETIL

NAT Y TWRHELMML R 2 —< 2V A Y NETFILVO BB R T A3 LW ER T 1%

o BHUZTNERDZEOH (FE) TRV

o [ERMBEDBEIMKITFS 2 DT, BIWGHEEIZS VT, Bellman D&BEMERE (Bellman’s

optimality principle) 2 & % # M & R{8% (backward recursion) HM#H 2 72\
ZETHh5b.

D7D, SWHEET IOV TH, 2HFETFT VST I2MED HEZ2 VS iS5 HKET
%) . 3HIMETFMZBWT, HoFRSE, WEEOED He ki, 14 #FEREq), 28, 3
B (FRIBEER) SRR, 3 TR TERP > B 2IC P2 RO DHELREZ 2 L, 20IICF
WTERPSZED IV TNERDDHERE 32 (X2). t ICHIk2EOH (FFE)
% IEE DOMIIIERER D, L U, ZNSIEFHEWIMSITH Y, DHEK F(z) = P{D, <z} &
BEB fi(z) = dFy(2)/dv,2 >0 %55, F(0)=0,F(c0) =1 %2KTT5 (t =1,2,3). #
FEfEEE O & L, t ok e % Tt (T3 <rg < ’I‘l) L, TvxUIYIvhE by (b3 <b < C)
L35,

ZD3HMEETMZBEWT, SHIZFHI NS EHEEI

S3(b3) = IIliIl{bg7 D3}7

min{bg — Dg,Dg} D3 S bg,

SQ(b27b3) = .
mln{b2 — bg,DQ + a(Dg — bg)} D3 > bg,
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MBS C
( FHpass ) #RH
ry3 <19
TvXrZ)Iv by TyFrZUIv b ro < T
| 3 | 2Meer) || 1B
N AN ) R A 5 75 1)
NAT Y TE o NAT v THB

2 NA Ty TND D IMEFN L RZa -3 T A Y NET I

S1(C, bz, bs)

min{C — Dy — D3, D1} Dy + D3 < by, D3 < b3,
_Jmin{C — by, Dy + B(Dy + D3 — b2)} Dy + D3 > by, Dy < bs,
| min{C — Dy — b5 — a(D3 — bs), D1} Dy + a(Ds — by) < by — by, D3 > bs,

min{C— ba, D1 +B[D2 -I—Ot(Dg — bg) —bo + bg]} Do -I—Ot(Dg — bg) > by — b3, D3 > bs
THALND. D3 >b3 D&, 28X a(Ds —b3) DA Ty TENNKD Z L ICERT 5.
s OWIRHE X

b3
E%@MZ(}H*&@W@

b3
E[Sg(bz,bg)} =by — b3 +A Fg(l’)[l — Fz(bz — l‘)]dl‘

ba—b3 — ba —
—/ F3 (bg =+ w) FQ(I)dCIZ,
0 «

b3

ba—2z
E[Sl(C, b2,b3)} =C—by+ A Fg(z)dz/o fQ(y)[l — Fl(C -2 — y)]dy

by . bo—2z

TR (e SR i [T R - (e ==y
3 C—ba _ _

—/Ob Fg(z)dz/o ' o <b2—z+¥> Fi(z)da

bo _ C—b2 — —
7/ Fj (b3+z b3>dz/ fo (brww) Fy(z)da
b3 « JO /3
ba+(C—b2)/B _ C—by—[(2—b2) by —
—/ F; <b3+ z b3)dz/ f2 <52—2+¥> Fy(z)dx
«a 0

b2

TH5.
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> T, HIFRINRRIE 2 255K by, by DEAEK
E[R(C, b27 bg)} = ’r‘gE[Sg(bg)} + TzE[SQ(bQ, b3)] + TlE[Sl(C, bQ, bg)}
Thd. ZUT, W E RIS D by = b5 & by = b} &, HALHFRER

OE[R(C, by, b3)] _ OE[R(C, by, b3)] _0
b2 ba=b3,bg=b; b3 ba=b%,bg=b}
OffE LTHLNE (BEEM). 22T,
3E[R(ac[;2b2, bs)] ry 3E[5(29§)1;27 bs)l | " IE[S (E)C;;bm bs)]’ (5)
OE[R(C, by, b3)] s dE[S5(b3)] Y OE[S5(bs, bs)] . OE[S51(C, by, bs)]
0Obs dbs 0bs 0bs

Ths.

NS FHEBEBOMEED 7y 070 Iy MZET S 1B, BHOEED S
AR BERBOZETEAI L LT, ROEIS 252605, £F, 3MOMETHMRERZ,
TvF ) Iy b by RRT R,

dE[S3(b3)]
dbs
Ths. 2HMOMETHERBEIZOVWTIE, 0<a<lDEE,
OE[So(by, b bs b2 —b
—L%iil—1—/ &@ﬁ@—@ﬁ—/ &wa—i>m@—mu
2 0 bs @
= P{D3§b37D2+D3>b2}+P{D3 >b37D2+a(D3—b3) >b2—b3} >0
THD. ZNX LIS Ty TEDRDLMHELRTH 5. 2 HOWHFTHEERI, 207y +
VI b by BT ERNT S, £/,

) b2 — b
%{f’b")] = 71+F3(63)+<é*1> /b3 I3 (b3+z abJ>F2(bZ*Z)dZ

=1— F3(b3) = P{D3 > b3} >0

—P{D3 > b3, Dy + a(D3 — bg) > by — b3}
—aP{D3 > b3, Dy + a(D3 — b3) < by — b3} <0
TH5. 2WMOMETHEREBIL, 3HDOTYyF ) Iy b by 2HEPTEEDT 5.
1 DI RBERIZOWTIE, 0<a<1l kT 0<B<1IDLE,
OE[51(C, by, b3)]
by

X {/Obs F3(2) fa(ba — 2)dz + /: F3 (b3 + 2 ;b3> fa(ba — Z)dz}

+(1-p) [ /0 " By /0 T (bQ g %) fi(w)de

b2 -b Otz C — by —
+/ &<m+z vd{/ ﬁ(@—z+——l—ﬁ>ﬁumz
b3 Q 0 g

ba+(C—b2)/B —_b C—by—B(z—b2) C—by—
+/ F3 (b3+z 3) dZ/ fg (b2—2+72x) fl(x)d;c s
bo « 0 /8

—14[1—(1=B)F(C —by)]
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) b27b3
R0 ) { R0 [ - A€ - b=y

bo _ by —2z
+/b3 Fy <b3+ z b3> dz/o F2() F1(C — 2 — y)dy

(67

— = (1= B)F(C — by)] / " h (bg + ‘Tbﬁ’> Folbs — 2)dz

b3

C—bs o
—F3(b3)/0 f2 (@-hﬁ-%) Fi(z)dx

bo —b C—b2 C — by —
+5U F (b3+z 3> dz/ o (brz+72“) Fi(z)dx
b3 « 0 ﬂ
bo+(C—b2)/B —b C—by—B(2—b2) C— by —
L T ) ]
bo a 0 B

Thb. a=0®=0D5E, KOBERKb =by ETHHRNRA2EESTT N TES
B, HEBHIR D72, #HET 5.,
BAEFHE Y 7 bW =7 @O Mathematica % i\ % &, 2 2R E[R(C, b, b3)] D KAAEZ
FindMaximum CE#ERD D Z ¥, #H HHEADM % FindRoot TRDDH I L HTE 3.
22T, X)) »oBons LR

1 )
1-5 <E‘5>
{P{D3gbg,D2+D3>b§,D1+5(D2+D3b;)>0@;} }

4 P{Ds > b3, Do + a(D3 — b) > b — b3, Dy + BDs + a(Ds — b3) — b + 53] > C — b3}
P{Dg < bg,DQ-i-Dg > b§}+P{D3 > b;,DQ —‘rOé(Dg — b;) > b; —b;}

(6)
IZEHT 2 (ZOMFIIAMEICE T HAERLTH D).
X (6) DALDHEHE, Ty F 270 Iy MHEGEAE b, b D& T, LTINS Ty TEDRD
LY RS

P{Ds < b}, Dy + D3 > b3} + P{D3 > b3, Dy + a(Ds — b3) > b — b}
b * b * Z_b§ *
:1_/ Fg(z)fg(bz—z)dz—/ o) <b3+ - )fg(bz—z)dz
0 Jo
Thd. £z, X (6) DALOHFIE, 1HIZBEWT, FNERDZEHBPEHERED 2\
ETHY, TO LB Dy < by DEHEI, FEH Dy > by DBEICR>TVS.
P{D3 < b3, Dy + D3 > b3, D1 + 3(Da + D3 — b3) > C — b3}
4 P{Ds > %, Dy + a(Ds — b5) > b5 — b, Dy + B[Da + a(Ds — b5) — b5 + b] > C — b3}
b b2 z— b}
/ Fy(2) folb5 — 2)d= + / ) (b§+ ) Fob} — 2)dz
A .

v
3

v C-b; T
/0 Fg(z)dz/O fa <b§ —z+ %) fi(z)dx

=1-[1- R(C— )
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b3 _ Bk C—b; Bk
+/ By (b§+ z abS) dz/ * b (b;—z+ ¢ 22 x) fi(2)dz
0

b
b3+(C—b3)/8 Y C—by—B(=—b3) T
+/ £ (b;;+ z b3>dz/ o (b;—z+ C-b x) fl(x)dac} .
b o 0 B
ZOMIUE, 2 WIRIE T OETRIGLL (3) 12K 5 IR R D 5.
SHIME TV OGN 2R3 . BEERE2 C =180 2 L, FEIZ2HMEF IV L AEDERIE
FioAE (4) XD LINET 5. BSOS EBTEDERAGD NI A XEE R 2ITRT.

# 2: 3HIMETFNVOBUEHI DS T A ZAH.

| BE | AR ERSGEINS TE D, 154
t e pe  FE | o B | ov/iu
1 | 600 45  47.0473 | 25 22.9930 | 0.4887
2 | 300 48 49.6234 | 25 23.3332 | 0.4702
3 | 150 57 57.7498 | 25 24.1184 | 0.4176
it 150

B312, (a,B) VH ECRAMLE N BFNAS B[R(C, b, b)) 270y b T 5.

3: (o, B) PRI L CRAML S N7 MIEINAS ER(C, b5, b5)].

£33, XM T v TRk p2EDIMHEETNCE T 2HAMHENEERT.
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NAT v THRa b 3%bHD3HEETIVCE T DAL,

0.1

0.2

0.3

«

0.4

0.5

0.6

0.7

0.8

0.9

0.1
0.2
0.3
0.4

0.6
0.7
0.8
0.9

48640.5
48706.6
48822.8
49061.4

by > b > 0 DK

48754.2
48808.9
48906.0
49108.1

49642.7
50817.0
52605.1
54736.3
57029.7
59391.7
61768.1

49653.0
50893.5
52845.4
55194.6
57738.8
60379.7
63063.5

48930.6
48972.7
49047.9
49206.1
49666.6

49230.0
49258.1
49308.7
49416.0
49738.0

49830.1
49842.6
49865.6
49689.6
50066.3

51177.1
51185.4
51199.9
51228.3
51298.9

52591.4
52609.0
52638.1
52692.3
52816.8

by > by = 0 DRI

53888.7
53992.7
53976.8
54072.2
54276.4

55054.7
55115.2
55207.6
55363.3
55677.3

56083.3
56182.4
56329.1
56566.7
57022.1

56975.7
57127.6
57345.8
57687.5
58315.7

50988.1
53162.6
55813.6
58716.8
61779.4
64969.4

51113.0
53623.1
56758.3
60338.6

51300.5
54471.5

by = b} > 0 DA

64280.4
68161.3

58752.7
63073.0
67330.8
71475.7

51776.1
56479.2
61164.2
65801.7
70340.0
74708.3

53507.5
58552.2
63566.4
68504.0
73289.8
77829.6

55238.0
60621.2
65954.4
71168.0
76158.0
80807.6

by = b = 0 DA

56967.3
62684.0
68321.3
T73778.7
78920.4
83611.8

58694.6
64737.6
70658.5
76319.0
81552.5
86216.6

60419.0
66777.9
72955.4
78770.9
84032.5
88603.8

M3RUK3IERD L, N TyvTRak BHPHAD L, BRIV 2 Z e h005. BRAFHENEEa=8=0 (1T
THL) DBECRENIL, a=8=1(FHTERDP>ERTORNNALT v 7)) DBAIRLKEL 2D,
K3IFADDEBZHPNT VS, () al BBLBITNIVEE, BETYF U7V Iy MW >05>0ThHD. (i) adKRELS
PNV BHIC TN TERD o 2Z L DRIF 2N TFNERD D) L &, BTy X7 Iy MEby > b =0ThoDH 5, 3HIIET
HEZINITRNT, SHICRZEDS D4 2 2 IcBbE2 28T, WsE EIF5. (i) a VNS gAREV iz THTER
Dol DREFIHIZTHNERDZ) L E, RET7YF V7V IV ME=05>0THD06, 2MITH L FHRENEZ 522\ T,
LICEDLEZZ T, % L5, (iv)adb B AREVEEICE, Bl7yF 7Y Iy MIbs=0b05=0&0L7T, 3ilicd 2ice
FREZITIMNITT, Z2L0EE ITHICES K5 Itmirs 28T, [NaE% LT 5.

691



170

S Xk

[1] Belobaba PP, Air Travel Demand and Airline Seat Inventory Management, Ph.D. Disser-
tation, Massachusetts Institute of Technology, Cambridge, Massachusetts, 1987.

[2] Belobaba PP, Application of a probabilistic decision model to airline seat inventory control,
Operations Research, 37(2), pp.183-197, 1989.

[3] Belobaba PP and Weatherford LR, Comparing decision rules that incorporate customer
diversion in perishable asset revenue management situations, Decision Sciences, 27(2),
pp-343-363, Spring 1996.

[4] Bodily SE and Weatherford LR, Perishable-asset revenue management: generic and
multiple-price yield management with diversion, Omega, 23(2), pp.173-185, 1995.

[5] Brumelle SL, McGill JI, Oum TH, Sawaki K, and Tretheway MW, Allocation of airline
seats between stochastically dependent demands, Transportation Science, 24(3), pp.183—
192, August 1990.

[6] Cross RG, Revenue Management, Broadway Books, 1997. ZKE5il KGR, D2 & 7 WHFRI
ik %z AT RMUINAEE ] 03T, HAFEELRL, 19984 10H. F4E 247
DAL~ =T N+ ZIT AT VA vs 7 A Y I UHiiZE.

[7] Gallego G and Topaloglu H, Revenue Management and Pricing Analytics, Springer Science
+ Business Media, 2019.

[8] Jiang H and Miglionico G, Airline network revenue management with buy-up, Optimiza-
tion: A Journal of Mathematical Programming and Operations Research, Published online:
10 March, 2014. http://dx.doi.org/10.1080/02331934.2014.896079.

[9] Lee TL and Hersh M, A model for dynamic airline seat inventory control with multiple
seat bookings, Transportation Science, 27(3), pp.252-265, August 1993.

[10] Littlewood K, Forecasting and control of passenger bookings, Proceedings of the Twelfth
Annual AGIFORS Symposium (edited by J. Hinson), pp.95-117, Nathanya, Israel, 1972.
Reprinted in the Journal of Revenue and Pricing Management, 4(2), pp.111-123, 2005.

[11] Pfeifer PE, The airline discount fare allocation problem, Decision Sciences, 20(1), pp.149—
157, Winter 1989.

[12] Phillips R, Pricing and Revenue Optimization, Stanford University Press, 2005.

[13] Talluri KT and van Ryzin GJ, The Theory and Practice of Revenue Management, Springer
Science + Business Media, 2004.

[14] van Ryzin GJ and Talluri KT, An introduction to revenue management, Tutorials in
Operations Research, pp.142-194, INFORMS 2005.

[15] Walczak D, Boyd EA, and Cramer R, Revenue management, in Quantitative Problem Solv-
ing Methods in the Airline Industry, A Modeling Methodology Handbook (eds. C. Barnhart
and B. C. Smith), Springer Science + Business Media (2012), pp.101-161.

[16] You PS, Airline seat management with rejection-for-possible-upgrade decision, Transporta-
tion Research Part B: Methodological, 35(5), pp.507-524, June 2001.

[17] You PS, Dynamic rationing policies for product with incremental upgrading demands,
European Journal of Operational Research, 144, pp.128-137, 2003.



