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Abstract

After the De-regulation in the United States, airlines implemented the fare class
mechanism and the seat inventory control based on the concepts of market segmentation and
price discrimination. Due to the current hub-and-spoke operation, the focus of the Revenue
Management (RM) research has shifted from the traditional single-leg problem to the
network-type version. Meanwhile, most RM models assume that the demands for the various
fare classes are independent and do not consider consumer choice behavior and demand
inter-dependency. The approaches of the network RM problem in general suffer from the
issue of re-solving the static model when implementing the actual dynamic booking control.
In particular, after taking choice behavior into account, the optimal control is no longer nested
in terms of fares. As there are numerous possible sub-sets of products, making the seat control
decision under the network context is a challenging task. Based on the parameterized function
for approximating the expected revenue, this study develops a dynamic seat control algorithm,
in which no-resolving is necessary and the approximate control decision can be generated
easily. Based on the numerical experiment, the developed algorithm can achieve the result
fairly close that of the optimal control from the dynamic program model and its applicability

to the real-world problem is very promising.

Keywords: Revenue Management, Seat Inventory Control, Consumer Choice, Dynamic
Programming, Heuristics



-~ V1

o

A 1979# 2 Bfarg ez § 4]0 % Bléz 2 7 (American Airlines):}ft AT S SN )
T F ¢z ¢ = (Revenue Management » RM)Hjir » 3 B 11 7 F 45 % 4% 4] (fare class
mechanlsm) VR EL U]~ R R ATe KT FAgE 0 S RAE
BoE o TR 55 42 B A (seat inventory control problem) » 4*¥HEE E 7 K
CForF A e F g G ERW e E R T

ek

=~ B3P

FFLENEPFFE RS 2T LERY A F(product)E F BT R
(resource’ ?P;f;]ﬁﬁ,ﬁ;ﬁ&ﬁ)m&&éi'] EYEHS  d WARFFRES ARl 0 R

I AR #B R imeng sh Rendl & Bon IR R AR e B g R {oag
%‘r:)i:o% ¥ g m——v?-ﬁ};?jf;\:‘ b RS ERY E e g E e
LRER X %aﬁwm%ﬂ’%ﬁ’ﬁ#ﬁﬁﬁ%%é&mﬁﬁmﬁﬁagm,ﬁﬁﬁ
Q?ﬁ@‘“*’@$%4Fﬁgﬁ?ﬁﬁ”{§°ﬂ“’%P e ez fod
WG A R 2 ) E B 7 5 (customer choice behav1or)%s_;\ CONE

FR DG i s E o
Z s CRTE

L R ,#fu%y[ﬁ;ﬁ»?_.ﬁigﬁﬁ L2 T ‘q&&ﬁlﬁ&f%;}ﬂ‘v%ﬁf;\l BEwAE B @ AR
My 1{',; P17 ¥ 4P Talluri and van Ryzin (2004a) > 322 7 3%& 11 %
Liu and van Ryzin (2008)# 7 £ %4 5 i) % 4 Hi% (7 5 el ¥ o E TR R
I g R v N ’ﬁr}\(l)‘\‘\@) Ap i F"’*i"}”5~ BASFHEITEE SPEEL RS
ivHp ¥ ‘1{3. V(X) T % 1 F'H“&r'i}%)» T FIPE R & ‘I?/Lﬁ\pé’:fxl‘__L 51 Eg”ﬁ ‘E"ﬁ‘%i'&
PEIEGN-BAS  BMEFRIIEEIFI AL 0 1- /H #«ﬁ = #ﬁrimﬁﬁ
FoooF P BERE BRI %iﬁﬁ:} BEWARR o BRG] R andy R 0 R SR [ g
i M E XA T2 BEREeE C 5 RSB ORS
T e ;]FJ%LF\: BT o dNERARZHEHT e F- B PR R T R RAT
i v #Aeig $(origin-destination pair) 2 B /2 (route) &7 B I 4§ & (fare class)2 2. & - AR % 4
BT 2 A &(product) o B BRGF JBAS  ASBEs SEF 2148

V(x) %7 A KR ERBEFIAXP AR T i P SO BT 1L 74 LR
EE R R G FNAIA L E - R ek KRR F 0§ - B
FE R E R ER AR LN BF APO)E i"lfﬁ? w2 fEFTV, (x—A)))
WRTEREPEDIREEZ /e F A SRR g R § el
FEAAFREINEZHERZEANDV_ X)EF F ,L:g» LAY JRE N SR HEES | R i F
B PUS)V, ((X) 4 50 1P Py(S)y cn A K E B T im A Sl o0 E - BARBR T
AP JERTREEE A RENASE L SREFL A R FERES) D
BWEPS) §MASHEREL SA Fa G oTecs e

V.(x)= max{Zﬂ,P (S)(F, +V,_,(x~A )+ (AR, (S)+1- AV, (x)} (1)

jes



V(x)= max{Zﬂ,P (S)(F, -AV/ (x))}w (x) (2)

jes

AV/(x)=V,(x)~V,(x-A)) 3)
A
A BRAE L RDIEF o
S BER L JSTFHERE R EFE o PGER S
S4 2M14s e
(S) BAGE L L L ST o g E oo
F, REAS j2FF o
A : % IxJ enhf 848 (incidence matrix) » % 77 Sl B & R 2.t o &
a; =1 Rl&7m A& ji&* sk i 30500
A A AZ % column vector © & 7T A F-j FTié * 2 LB o

V(x) ¢ WHjEE AFNARPEE s PR x B KUK
Bt 0ehHhijcig -

AV/(x) @ AR EFE S X BREEZ A S EED Y IE -

PR ERPNAFENBARDORE TR B F &R 2 T\Bxﬁm f2% &
BRESFERGIIFE oot B R A ERFEFLL O AR R I BAS
B £ FNERRZTES  FA KRS > BRBERY LRI FTEF o T
BLAIMacfp AT T % %ﬁ“ﬁ‘nlzéuﬁsfﬂ#’g,i—g\i EH G E o

Liu and van Ryzin (2008)% Bront et al. (2009)4 %] & * Gallego et al. (2004)# 73 ! e
405" (choice-based, deterministic, linear programming model, CDLP) e fk fi# #&
HAd G E Kvs 0 2P Gallego et al. (2004)s3 I 4 md LT &7 > i
F-FVakEai EE e N2 LA ER B L R o Kunnumkal and Topaloglu
(2008) A4 41 ¥ — Fa s 2R F|H38 o Zhang and Adelman (2009)4% & Adelman (2007)#% !
s f AR iT e E zé%#‘g j&- % o Chaneton and Vulcano (2009)% van Ryzin and
Vulcano (2008) 4 4 * Hd & K Z m#EE S Rovg WA 2 3 g K -

Meissner and Strauss (2010)2 & | * Fif B s KA 2 P idpg K b A g
Bdi- BELPZIHRE - d 3 buy-up hiF 5 0 BRI T RS R A SF IR
g W F ARG OE RSN E G F R P A S o Flet o {iB- HdE
FORE 2 B A E BALECERE B R0 A &l AT o

o 0§ F &5 A4 &P e 75 > Liu and van Ryzin (2008)4 * - & f§
HohipdrEe 214 o NE TR hZ B PRIFEFE V) BY 2 7= B
FoAuLABE Co2ZBANEEL 1052 5 s BAKER T XF 30
B o3t ipz BT > £ 3 ——ﬁfkéﬂ' HAzig @b Finded 1977 > & & fidzig ¥

S 'ﬁ'%ﬁi R 3R HE G A A ASBE e s G 2%1=63 8 -

% 1 f‘-"j‘"'ﬁg~1§.rrﬁ AL



Product | Origin-destination Class Fare
1 AC H 1,200
2 A—-B-=C H 800
3 A—B H 600
4 A—=C L 800
5 A—-B-=C L: 500
6 A—B L 300

FEEAURA i 2 AQ BT foa 2 B Aok 2007 TR ] G QST A
BB B d » NI F 5 02 BAEMAS3Z2 6 A 5362 7T ik
WARREA BG5S 82 2F|p > FAEEReLY FRENRASIIZ 6FF> A 5326
Sl AR AN Y 02*5/(5+8+2)— 0.07 2 0.2*8/(5+8+2)=0.11 > ¥ H fHF *x & &
A6 HE#E WS L9 LI buy-up 2 buy-down 7 5 » FEpF ek ¥ - x@;g_rr
A E 0 A2 B 5 0.2%5/(542)=0.14 2 0.2*%8/(8+2)=0.16 -

W 25083 AL CE2Hme 238 IBET > DRPF 5 03> 7 it &

%@%&MMfﬁw\ﬁéﬁsgﬁimﬁﬁﬁg,%ﬁﬁﬁﬁé&lxz;ﬁw3§
Jﬁ,‘?%f%i LA @iﬁ‘ﬁ,&sx%lm% A & ?lx"rf“zsx?i}i 42 50
* /ﬁ '?]z IR R g ¥ Y
Segment Probability Consideration set Preference vector
1 0.2 3,6 (5,8,2)
03 {1,2} (10,5, 5)
3 05 {4, 5} (5,10,10)

el ’J%’Jﬁ;ﬁ' é’ﬁ#ﬁ‘”;ﬁﬁﬁ%g@w%{;ﬁ@i
(2008) - A TP 4rie 5 & O_F_—'f;]z%/‘t! BIAE Y B R .-!Zr' fhd BEIRER L7 ¢
Bl M FAGE T RGEHE o F L R R AR j\,gz - BB IR
#C5* (Multinomial Logit Choice Model * MNL)45 & i} % —-Ff{ v 37 W

AR F U S VALY 20 IRIE R F - (Ben-Akiva and Lerman, 1985)% & o &
B SEHS TR FF ASSERP A ERPF T SO RAF R wEFAS
JA RN R A e ﬂ P R R kAT S A E BB T K
R A FEE’“ E o B0l f kAR o 48 % i Liu and van Ryzin (2008) 2§ & -
TR R Sl MU R E B A SR W SG)R AT o BP0z BRSO 5
AR5 01 RBcA A LR RTVET U 4 5 01 BBcAAE HBE BT
mEFR G RERF L o

C
c

o

5

o
<

o

=}

=
S

=)

P(S)= , jeSorj=0 4)

u; =Bz, () + Byz,()) + Byz,(J) ®))]



LR LR T

i

éﬁ%;iﬁﬁi2§Wt§Eﬂ£®9’z
& g
AR £

BY R R EFERGLT
(1) @utﬂﬁ&%ﬁ&*$§ﬁ§EK@iﬁ%%ﬁﬁﬂ‘i Rt e
B o B AN IR AER R Y \ANEV%"%§XF

. ¥ B B R ) e 4o o PR o x » B 0 £ Bor € 4 4o BRI

(s Q)3 8 EHTRS -
2 R dERY G2 REORFIFEFAAE SR L S cFE] B R
B E b A RBENT - LASHES S MR EFEE ) FEE

BT A NN RE G N Bflp lex » BT 8 AR
AN R HE R o

& * Huang and Liang (2011)3#% &} e % 38 1T B Bk 5 302
WAL R - BEA SHE AT AR RO B Y S RGNIT I S 4 f’dwﬁi

and Strauss (2010)i% & > A& 2 3T g g 4K o
AFE AN R B EFROERE PR KRS
o hikdy o Fe i ARRB A B] 1 AE e

i% 3% Meissner

— PEEL t T 'Edra S B RS

B R g
S R SRS GO § =
B BBkl |
%+ Meissner and Strauss
(2010)> B 5| 3 1 B d 5 b
5 gkt i
¢ A
S
h=h+1

g HiEez2 Rz
B0 mit A A BT

il fl'rﬁi:

Bl 1 3T e g Sl B 02 2 TR AR )
i~ B¥EEH

X
SAEFTAPM B RSk 0 AT Y ATR B E R 4E 0 & J5 ¢ # &0 Liu and van Ryzin
(2008) 4> 0] 5 A A GIAE > £ FHRHH At A EHF I Z RN IR RERFHG 0 L
f%%@%awﬁﬁaiﬁk’qu%& RER
RAGEA B 28F 2 AT ﬁﬂkmvéif ?%*m*ﬁiﬁﬁiﬁ
AV G 9.13%% 1.91% (49 H=30) » B>t Pl F 2 plid s A5 13205

4

A2 7



ERGABEFEFARMO BTG LB MIEL T A 30 KRR IEEL EF 13.60-

SH R E RN A L E R PER T 20 A SRR B Eouks BS
BIAL BRI A T o A1 A :Jr‘ﬂfg AT RE R R EE e b G X LR
14.59%% 1.05% (H=50); & & 5 : I A IR AR 2 R R R R iy
¥t £ B 5 20.72%% 2.93%-° f'a«.?*“'hiﬁ ZRE A B R RS R G RELEE
FIE AR ARBEITARRITE K2 8% o ML A > 30 St iR L 4 5] 5
25.03 % 39.32 -

R AFER2E R 2SR AR el Rt P HEHRY F F EhL
FEfA ] o AT B w50 T EBEEE R T EC] PIERRE  BF By o 7 AT
ORF| AL G - BRARE S &A B TP TR F e

# L

Lo ORR R A TR ICA G R F SRR LR R BT L R T
£ R aEas o

2. RAANIESDETFIE }i%"’—‘ﬁ}éﬁ&;g\ g ﬁﬁ"ﬁ_g%ﬁﬁ—‘ﬁi"éh,l‘xﬁgﬁﬁn
R~ PR B I FIE R E AR 0 E ﬁi&ﬁa/ﬂ?’ﬁé
BELZLFELRY g AT L@ 2 i) g FERGL -

3. Huang and Liang (2011)#73%& ! e g8 3T i F 3,&& Pl F Sl 1
AP AL BT § - AR R At B R A e T
'ig‘i,g}“ M @i\i“v:“ T2 S¥c FEILRBE o

34 o g

Adelman, D. (2007), ”Dynamic Bid-Prices in revenue management,” Operations Research 55,
pp. 647-661.

Bront, J. J. M., Mendez-Diaz, 1. and Vulcano, G. (2009), “A Column Generation Algorithm
for Choice-Based Network Revenue Management,” Operations Research 57, pp.
769-784.

Ben-Akiva, M. and Lerman, S. R. (1985), “Discrete choice analysis,” Cambridge,
Massachusetts: MIT Press.

Chaneton, J. M. and Vulcano, G. (2009), “Computing Bid-Prices for Revenue Management
under Customer Choice Behavior.”

Gallego, G, Iyengar, G., Phillips, R. and Dubey, A. (2004), “Managing flexible products on a
network,” CORC Technical Report Tr-2004-01, IEOR Department, Columbia University,
New York.

Huang, K. C. and Liang, Y. T. (2011), “A Dynamic Programming Algorithm Based on
Expected Revenue Approximation for the Network Revenue Management Problem,”
Transportation Research Part E 47, pp. 333-341.

Kunnumkal, S. and Topaloglu, H., (2008), “A Refined Deterministic Linear Program for the
Network Revenue Management Problem with Customer Choice Behavior,” Naval

5



Research Logistics 55, pp. 563-580.

Liu, Q. and van Ryzin., G. (2008), “On the Choice-Based Linear Programming Model for
Network Revenue Management,” Manufacturing Service Operation Management 10, pp.
288-310.

Meissner, J. and Strauss, A. K. (2010), “Improved Bid Price for Choiced-Based Network
Revenue Management,” Working Paper, the Department of Management Science,
Lancater University Management School, UK.

Talluri, K. T. and van Ryzin, G. J. (2004a). “The Theory and Practice of Revenue
Management,” Kluwer.

van Ryzin, G. and Vulcano, G. (2008), “Computing Virtual Nesting Controls for Network
Revenue Management under Customer Choice Behavior,” Manufacturing & Service
Operations Management 10, pp. 448-467.

Zhang, D. and Adelman, D. (2009), “An Approximate Dynamic Programming Approach to
Network Revenue Management with Customer Choice,” Transportation Science 43, pp.
381-394.



Al g/ EHFTHIATIAREEIREgROETFES

pH:_100#_10 " 28 p

FE B |NSC99 — 2221 — E —009 — 090

g-l-% fé,;ﬁu’_ v ;i:l'ﬁ.‘ J/?ﬁh /étﬁi%ﬁé’i&ﬁé&“ﬁﬁﬁ%%ﬂi?ﬂ&“%{

HE AR - PRI PN I T ;
w2 ¥ EA ﬁ%ﬁ? CRERERE S IR R
. 9 #&9% 6p3 . .

RPEER 238 A -

ERFE 0 290 g p k> B | P AARN

(¥ %) Bz BRRERE S G
§R A

(3 =) The 3rd International Conference on Transportation and Logistics

(T-LOG 2010),

(P 2) Mg ® N2 BBURUE B 2 KRS R TR A

2P (% * ) A Modified Ant System Algorithm for the Aircraft Landing

Problem

- %:Q%‘Igvi‘m‘

BAS2010E 97 Spd SIS B Fay CLI0FBIAGNR 9 7 6-8 P %4 § 3
H¢ 91 7p iz 6B Session 2 ¢ k1 4F A (Session Chair) » 4 23~ o &390 7 9 p v &
fuz CL1 3148 d AF W iE 35 5 8 IS 3 o

- ~aeu i

1. The International Conference on Transportation and Logistics % d #74c 8 B = #74c 8 < §
(National University of Slngapore) PR E §3(Ts1nghua University) 2 p ~ & 7 * &
(University of Tokyo)*7+ I 3 A= 2 B € 3& > ? g @ iEsE %J B AR B RS Y 0 R 4R
BRI 2 F B gRe 7 UiE %J(Transportatlon) $ i (Logistics) ~ & 4 ¢ 7Z(Supply Chain
Management)?;» APEEF Y HAL 22005 & 7 0 X AATAE BT 0 % 2 & €3k 2007 £ 7
P BRI ESRIFVREESE SN ERY P AR A FEL B ESE P ME
BT o & X FKV,\*JI 2F 5 iF ﬂfr')}ﬂ,” ﬂgfc)ﬁm,{:'ﬂ" A R Fbv oo HABEFHEFL RGBS 5

7oA RA B A El)ii

ﬁ&ﬁéﬁ%dﬂéif*‘#*éﬁﬁ%’?uﬁﬁwgzww%ﬁia&@%@”&
s T4 Fanbiét?ﬁi"l’f:v g—,gzi-r;r?bifd,g—g‘-ﬁiﬁf@_fgfﬂ’,}ijﬁﬂg;\
ﬁ%ﬂé’%zp'H%J#ﬂ%?’uﬁﬂP“*vmam PEUENTES R R E S ¥

Wk \\\?{r
-

1




Pl 2 < F2 o2 e (Prof. Imai, Akio)F iF > 231 > ’fIFLfl% At e TR E
i v )E% STAG R 4 7% K AL (Berth Allocation Problem) o 4 # P & % fdp i 3p il

WiAng sy 0T HFEL W““F'&f‘—"r~§f'*‘M&ﬁ“’kgiﬂl}"T*’* - % ¥
Rap P A FIF T E 2T ERLAH PR ERRGFRM Y o
3. WA %ttt 2 T-LOG Conference € 3% > ¢ (6 X & & 54 %4 T-LOG L | §3% 0 %5 »

3 2Lz % o T-LOG &% f

ZERFERF - HmF2EERIA LMt 2T - X E3R
XL 2012 % 80 AR LB

€ -2 a3Fxa & &7 EASTS Conference R 45 8 #nfis;¢ »
PET KGR ©

2 A RRRER (R UTER )
(&)
T

1. BARA WP"/FH?E“E” PRRRE Y kR P R EfRS LR L& g AR
2ok a4 BL AR ﬁﬁ,lfrg‘f#b%ggg :Qggz,gﬁ,ﬁuﬁl;)@,‘}@x g;;zmg,;go
Rz > 7 A gk A RPN BB Az F Workshop k33 A ApM chit 4 S FER Y AR E
ﬁi%JF’{ fr2_ Vs K48 1 FT2 Seminar it i M E AR L > JHHAPM S HRE N 4 o

2. PRERFRFOCFTHRIBRIFTTABER TS AN ET L3F R GRS R o
FEFNFIIAEL s PURTREERE LA E BP S BRI REE FE LR
Yk ARIT R RENIEE A L S TR RBREF G kX o
3. ,T.*‘uT-LOGConferencerﬁ TOFESREE SRS RY R o R B A AR m‘fp‘ﬂ ,
RS AR A AR A g R L = i & (Country Representative) ©
ﬁJWWm@W@“wfiﬁﬂ“iﬁ @“5% #mﬁpujﬁi%’pﬁ@\wzm4
# T-LOG Conference =73 y#4§ °

T L SN
1. 73t ¢ R3]+ # (Conference Program)

2. € 3&k#% < #(Conference Proceedings)z &
3. fHRRMEFRE mRE2Z 2 EE A

~ 210
=~ H @
=



! ﬁ'\ M kg :l’
RO %
P 5 :2011/10/28

ay 3 > 21 g A
Blf € A4 B2t 3 74 775
PR MBERMFE RGBT EERF L LR I R
Rt gAafesztd  PHigs: §12
4 %% 99-2221-E-009-090- FragE: il
EFE SRR T




PeEREHFF LTS REL

FHEIBAL A 4 %3 99-2221-E-009-090-
PR B ERIFE B I ERF L R ERE
£ #m (F bR
Y TR
487 REeds |\ gpues | FERE | g |70
e Gkt [W(ERFS | Au SR
Ry | EHE) #Hoe o E oL
%)
P2 0 0 100%
L@ - B
e ey R 1 100% €5
N 100 #8555 ¢
N EETERE
B g 1 : 100% bgEEET g
FL
- %2 0 0 100%
By b1 i 0 0 100% .
1 1=
o JEE i+ #ic 0 0 100%
g 0 0 100% i
HEAS
1) 4 0 0 100% + A
R 6 6 100%
Sorztd A4 (44 0 0 100%
Py
AR BLuerh |0 0 100% ’
L oEpsam 0 0 100%
Rk 0 0 100%
o Py AR a2 |0 0 100% j
E 3 R3
Rt gt 0 0 100%
%2 0 0 100% 314
o1 v ;.g-ﬂ i+ 5 0 0 100% "
} o EE Kk 0 0 100%
. e 0 0 100% &
B
B4 & 0 0 100% + A
e 0 0 100%
Fpritd A4 L4 0 0 100% L=
(“R#E) [ELeeih |0 0 100% -
LiEmm 0 0 100%




AE2 T HAE D DY R RE T &AL - o T E G ST
H ks W Ao P h R )Y F e AR B R E ko A RpEpER
(R B A $|WERPPRRL > e g BF O 2 RBEFF RS P
hopRR B s b EBY 2R

G ERREL
EFE T 2 5 AR
SRR D I £S
Vi S SN | R 2
BRI F AR

}ljo)

’i X538 P

[l
1%
%‘\
2
=
ke
¥
g
==
P

R E(FFHEEEN)

i/ e

Re|grga g A1 8

Vlgen

Byr A0 iR

R LI

3
1
4e
g |FiHE/ iy
i
p

OO O OO O o (o

PEASHAEZ S (BR) Ak




LR bl S i

ﬁﬁp;xz%@?%w SRR E ST PR A R B S Y
(R srti2Z Aa BE FELE-HFR2 7)) LFH§
EAEMSIE AN FE AR RAE L FHEEE > - HLER

: F”%F REERFAAPPAR ~ ESTRY P ARFITIT - T E R
lé%\ﬂﬁé
[Ix = p 4 (G > 12100 F 5 92)
[ 5 %% % Pz
BEES-F AN
[]# =& & 7]
m
2. Pk gl g LAY R AIE A
w2 e g i agiz> BER &
B4 & Y 57 HE
P[] B Dzmu’ __F
He (100 F 5')
jxs&pv‘ﬂ,;ugc’vg;_ﬁ_le/»*¢¢j;;;(i&a’—k%‘?@’ﬁﬁjyfﬂ:}iz}?%ﬁl%?,]‘i)’59:};\%%1003@3?‘?]?
Eg FHAUBETLEREF T FHL BB ERTETL L EARFBE P o
3. F%—d:?,dtrs\)jk\:}i,ﬁtrf, AT EREE S o TFRAL A FZGNERY §

]
B RAEF SR AL LR FE - PFAE-HFRLT i) (1
500 % % ')

AE2 I HMAD PRI RE ] HE R FAL - > FE D F S HEUE L H
%‘\» ’ “"’K"’fﬁlimﬁﬁjljﬂ ;vq;oﬂ&:am_r@g mﬁ*ﬁ

v

TR B R SR P RL R

1»;5-'*5%%* b JNPES m»,m:&:i y IE-»%*L , ﬁ»ﬁ'ié}%‘”‘t 1R OAAF o FP ﬁ_?f rESa= L) R

4 P
=\ "g F_L




