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Abstract

This study develops passenger demand models, stochastic network design models, dynamic
fleet planning models and interactive alliance models to systematically analyze airlines’ decisions
on network design and fleet planning in an uncertain environment, and to determine alliance
strategies by taking bargaining interactions between alliance airlines into account. The two-year
study includes three topics.  First, the study examines the effects of socioeconomic characteristics



and the economic cycle on the variations of passenger demand for different city-pairs of an airline
network. The grey-theory-based demand models proposed in this study includes the uncertain
socioeconomic variables, thereby accounting for the dynamic aspects of demand changes fully.
Then, an airline network design model on determining route flight frequencies and evaluating their
reliability is developed by using chance constrained programming. This model will provide a
priori adjustment of flight frequencies in response to passenger traffic fluctuations. Second, a
fleet planning model for choosing aircraft types, deciding the time frame to replace, purchase/lease
aircraft is developed by using dynamic programming. This dynamic fleet planning model takes
the future trend of economic cycle into considerations, and determines the fleet composition,
replacement, and purchase/lease decisions dynamically. Finally, this study will further analyze
the airline alliance strategies by combining analytical approach, airline network design and
dynamic fleet planning models. In the first year, we focus on the first two topics.

A case study with 10 selected cities served by the CAL network is performed. Theresults
show that the total costs of the airline network in every adjustment month after performing
adjustments will be less than those if no adjustments are performed. The flight frequency
adjustments are shown to benefit the airline and provide flexibility for airline planners to
determine responsive flight frequency plans on OD pairs with severe fluctuations. Then, an
empirical example is provided to illustrate the application of the fleet planning model. Sensitive
and scenario analyses are implemented to demonstrate the effects of variations in key variables on
aircraft purchase and replace scheduling and total operation costs. The aircraft purchase and
replace scheduling is shown to be significantly affected by aircraft purchase cost, lease cost,
maintenance cost, and aircraft composition. Consequently, the results of the models developed in
the first year not only provide basis on studies regarding airline network design, and fleet planning
problems, but also shed light on decision-making on network design and fleet planning for airlines
in a competitive and uncertain environment.

Keywords: Airline network design; Fleet planning; Airline alliance; Uncertain environment

SO TRy
d %?ﬁzzgﬁg?]% F¥t +/rs\f1§i(busmesscycl €L B R ATR 12[26] 0 1€ 5Tk
HAaz A FBEPE -7 WEARRECELAEZPT 2 A F KX F

u+£1$—7 LR Fﬁ&_ﬂmlﬁﬁl: Fz 5‘7‘,);& ’ ’4%"}#%3 R EPEE A

Lwﬁ%4a%ﬂﬁfK&’wﬁﬁﬁwﬁ#%ﬁiﬁﬁﬁ’%@%?ﬁ@ﬁ

%]a\ . TP ApE P-i#[26] 2001 & 2 R X P QLI B E 22 BLE st B B2 7

=&y “;&
R

P

3?

2
Ry

H

B PR 0 164 O P PR ErTd 3 R KR 0 TR B8 F B o 4y
Fost _—,.fé FRAEAFLELZAPE A NERDI TR FE R ERET RE
EARBB AT F LT 0P AR FRIFG R L PRI T F o
@ﬁm%%ﬁ By o PRGN AL AAF Re 8 FIER o AR ] hdnz B o2
RODEFRAEY > g 2P ol B L DT LRE SR RY > 254
PSRRI ARG N RJIER S P EREEAEERE R
PR A2 AHALERE R 2 k] o

Lo F T BURTABAE X~ SITIL L~ BRG] %
,riv,gﬁwnjmﬁﬂmlmqgkgrﬂgﬁv %@#@%§3i 7 FL m§~ gy
»1z o by NP RPpATIERIZ A KT R RDRY > FEPFTEGH A AT ;gﬁp
FERERE BT A E - DR FIEEPEF R 0 B LT O 7RI
ﬁWfa’ﬁﬁ;ﬁ%ﬁ“’ %%ﬂﬁﬁd%ﬁwvlfﬁﬁPkﬁ’*iﬁéﬂwmQE

pARfFELET ﬁo#%’%iﬁ%%ﬁﬁ&zA AL L AT =
.‘ff L ?*”’ & L : B o i
THEARG R - F 5Bk T
gt > R AN hE
2 PRHE e

S e R

ﬁa
13 &@%ﬁ
\NN\?\:“_
Mooy BL, 3

)]

fon
ar gar
HY RY

AF L - EDEPN WY
3:\

S
y

=5 P oM IR

&=
o

a0
—m [} %ﬂ’& ..
S RT

a\
ta
2
EX
7l

|

2l

2
1%
fan
er

3]
B L (ke

o
\M—.

W
| oR R

T4
=

(w, Sy

i T 5 S
W
£ 3

5

B A
b

N
™

5 = SR

8B x5
Ak # ¥n

’
—h
—
hll

)

'E‘f\: ¥ F T
b o= 0 wa

Gy
l_ﬁ “e (\x,

8 & W
[N 5ﬁ+2'\‘

¥ %

2

=y
B

)



N\

oo g @ SR DgFA FE B PR THEL BEURRP R
PEBPE TR/ ELRT P E LR R aE A »x%&,ﬁtyﬂm%/ f.?;@ 7 55
Z B 2R o B vﬁsﬁm”)—%g_ﬂ%jxﬁﬁkg_mﬂ NP PR s ﬂpgﬁé_b_pgg
PG IR F LB Ay Bk T b el MR

ks I EA ﬁ@ﬁ%%g%ﬂ"éﬁmeFﬂ%gzimn-kwm
AEFEFRTFIRIAATERS  F LR PREBHFREIZ T 2
7R AR mf“é'i&&ﬁﬂ@ﬁ%%ﬁﬁiﬁg%gég
=~ %fﬂbéﬁ
i #Efaéf ez P RPFE O AR ER DG 0 A FENEHG A (40
[15][16]) : @i*mipmﬁﬁﬂﬁﬁﬂfﬁé(%:mmmpm v e
T FEF IR LR Ly 0 P PSR R AR o ;Jrlé)?eaﬁ-ﬁ;w g E LS
RIS 2 o m *Pﬁ B iz 0 &% -a‘ o KPEE KR mg e
BT EE R AR S PRREAN FBRE A ffmi\a “Hrﬁ Rpe B
@ﬁ%&&?ﬁ%ﬁﬁao&m’wivﬁm%@%ZEKﬁ;& L%ﬁmf
o A TP A AR A AR Y R AR AR TR T 7; 2 R o
WG RN LA ZE o [260R* P e T RRK NI 0 R K
FRADEHEREE ~ £ A E 2 U Sl AT o I {0 BRI 7R R
3HU R SARFISA = A [11)8F & 4 4 SRl (grey forecasting) ~ 4 ¢ BaEe 4 B
.30 (multiobjective programming) » FF B #esRiE £ ~ 3K 3 AR R 2 AL ST AR
oo PR g RELEUE ST R U O B 4 e (grey number) 2 A&JE 0 2R
DA EER ~ MR AcipR S A A BB SRR F AL § SART R R T
A2 G RRE PP EH TR R L PR R A AT AR
R 37 e- ’Hﬁn‘ e

7-\34

B IEARA G R o [2BY B P REAAR D E > il 0P R E A E
I & hm & ’@lt LR Ntk AR - il Rl IR e lx«z o @ AP B 4 1
dpin B RS LR F RIS R (ime Wlndow)ﬁt L e R ARG

PRt Al e 2 F LR pe & M AL (400 [9]) - [22] 7] gt B ﬂﬁlﬁﬁ%%ﬁ
—S‘L Fiz 2P A ABAEE 2 BHEERT > WwP i b 7 F R B SR R
TR ORE  MAE Al iRt B e ¥ b AdiBis i gAY o ma*—yi
AT E T o w2 &&@%ﬁm, [14]R] = PR S P &Y B
$17 5 T R S A T SR A5 e B B o LB
V- ELR NP AR i oz F o BRI EFETEZ A
& ’ﬂmﬁ&mﬁi‘g/m#ﬁ AR AR RP Ty 27 LYy B BP
RIPBEILZFTRFIRARLD DR F 587 FokE > 02 R vnip pE R BhiE (7 AT
iW%ﬁ%ﬁ’%K%%%ﬂitmﬁﬁoﬁﬁ’ﬁﬁﬁﬁ%aéﬁm%%#%%%
PER 2 H AR R F R IR ’Niﬁﬁﬁﬁ%wﬁﬁ‘ﬁﬁ%ﬁ%ﬁﬁﬁ
ﬁ@%%ﬁ’&§€*@%12rawﬁ TEFPERBEERYY M EFFFALE
FEFLHE-

Bd MRS RIS R RN 3‘7%;‘

it - kAT %§$f%\%ﬁﬁ4*t%%&?17ﬁagés
FIERIEIE e %Ez*ﬁuilw“é\%‘rﬁ Fod o~ GG 2 R FERNE A 2R cg
FRE AT o EET RS ARG 2 P RS A TRES G
FREFT VAR Tk f'])@‘ﬁ} p’%f‘f‘J PR 247 R F RS G RS R
hkz k@R REFF R BIFRZERFF AU EI IR ARER R
B RPN R 27 R AR R 2 B e S SR ISP o
T ~FF PN

‘sﬂ*}%ﬁéﬁ’ﬁﬁ% J2 Kva R R

j\liﬂi“il AT pnE *;;_J'jffé\-ﬂ"rbﬁé\
;E chT / q_/ré»ﬁq; ."'Hfs‘.} s A

oA E 22 2 HFg R

i\4
N
<
e
(s
& 11
b3S
&
I
7—6-



%gf&%@ﬁﬁﬁﬁﬁ%% F %o 5 g ERE R F f&ﬂ%ﬁ%pfﬁ@%i
GRS L z*»’»%swifhra ook 2 A PIAHAER N RE T R e R
F TR HRE AT 2 %P%iwﬁ’aﬁm%a;@@%éw«’%%ﬁﬂ@
*ﬁaﬁ&ﬁiﬁ€>ﬁﬁiﬁvﬁﬁm’vﬁ IR AR 0 ¥ =

B % i O Pt e pL g S PR 2 Fvk B P A 5 ,ﬁg—;fn—x 5 BN ’1’351‘%!’%’ <
B RJREAL 0 AT ELE D P TSR R S~ £ FIEE s/ A ﬁ/sﬁﬁfﬁ*ﬂwm«aﬂa
2 R TR GRS DR T B AR B A REE A 2P IR LT o Rk K
VIR RL c AN E - BN RAF - BRI NL 2Ty oA b ERPRFLNE =

WEETEEE
*P%%%“ﬁ?“*%vﬁ%%%ﬁﬁﬁ,mﬁ—3wﬂ@%%wﬁx\ft%
B2 FZ RG] o AL & SALE ~ BRGSO
12 A4p B ﬂ:%‘i‘ A~ fRiTie s 2 w‘#i‘ﬂ%z e 3K *Hm\% 1 P LB 2 A R B S
HPFARH G o AT P R ;_,E, SLIETR f“’i" FBE A Iﬂ’;ﬁ AR CR= A S TR S R o
H @ m* 2 A FEE ML G KRR FFER AT R AT LR B REUER S S
A A FlRkL & o ﬂ%ﬁ’“ﬁéé\— AP FURSE IR B T 2 R
F;*Fuﬁ oy 2 PRI A AR AR S A Y e T R
WhpRAI 2 57 gy o MR by O 7 HEM R REERITER G2 R BRI
T \pi--%;g
WE-ELFTY AL RASRALFRMNST o S FIREATF
Va2 dz kBT RSB E f /F 1‘3-'\ ' 3 1»%5—'\“’ ¢ AL SEARR I mTLLET
F AL g AT &0 };% 1\?&\@7,&&5% s A AL G AT R BB AT 2 T
Fog oo "‘q../r‘f‘% F l/ﬁ'I%ﬂ T i R 3 iR 4./:1% #F /P‘»n B =AY ’b&%
RS A E@H&»é& L F o ARTHIFFRTEIFEG FEC SR 202
:‘l:%'z*fjrﬁ%%%a% Foika ¥ OF L odg o ?.%P-ﬁﬁ%«-%?%%ﬁf?%%ﬂﬁ?;‘iik&ﬁ%% Sk o
TR HFENA YL RERZ BPAE 0 UAERERLIEN AR e
ﬂ%;a‘ﬂmﬁ%w FHcc A EPEBE LS T 0 sy 7 ERARLIES
—aifg
£ 24 g +f£¢\%ﬁ£’r FE T2 AZZ AR HoriE 3 RN 0 Arig
¥ 3o 7&@ SRS FULE T RBEFIFALTE AL > A P GRRE T E A
FEEIEL & A L+_:me“i 2 ek A BRI RGIgE Y U R A BERF 2 BE T4
F AT ;é» A TAZIC B B R AT SR A E KA EL"L'F*'!; AT RT A
i,ﬂﬁ_f\%lb s T ARip ¥R KT 0 Fl G A ‘fﬁﬁ-~a’f§5

AR t %
#‘ﬁ_é’\ l”r"‘ g\ ?;% fL ° !’i—}f@w AT~ 4“’ g é_‘;_/ '{‘q—% %ﬁ_" ’ H‘T/{i‘l‘ '%; ‘}\%ﬁ—a i'ﬂ'}i
RENCE D RS =S TRt § R [3][4][1@@:‘5

¢z féﬁg?si'lir'—r :

HiE- A R R (BB D rogBB T 9 S H o224 d GM(LN)dzig
HAS How L f RS

Frs =GMUN(E ) )
R0 Foh rsAzigaRcd HARE G RE A Bl 0 LA HD Ak § R
e B AT Flic i R4 AL FEARSRBTEE GMEV L 44
GM(L,N) & S3gp st » #8247 [4] o AF5 5 4% %8 g fohosS > T E
%dGMuN)#ﬁﬂﬁﬁfﬁ%&%ﬁﬁ P2 BT L2 B iy o (PR A
157 FE RMALIG F1F Hang 08 g A P R

LSRR R S S T 7‘"’7‘%“ A 4 JpHFE R > = (Grey Topological

Forecasting) [6] & {7 557 F VA 2 FF B o ﬂ—r?‘,? P2 m@ﬁﬁg K e o

1. 317 —:ﬁlmim&ﬂxm’%ﬂ ﬁ x%nﬁ%*wﬁmvwn% -
"Lrp—sévgi@[k,x(o)(k)]é_i\i_}ﬁ%@lg\;—,4{ <<:a1 o BT Y oo
PcBEARLEY EZ, 0 (=12, me 5 5] XO g & \&,1~ @A E max XO



min X > p] min x© £z,£maxx<°>

2. PIHEEBRILEY BEZ,2 X haiE o T

z; {x(o)}®{mt<°>} R mlOKk) Aok Tz e d R XOdpr s kKB AR T
f Xhap v a,a- 25 4 P{(mt(o(k)z)}®{mt(°)(k)}k 12,y ¥ AT

mt<° ={mt? ), mt® (2) ...... ,mt9 (n; )}

3. & BEEEY @R - 0B X

BEhp WO et g BELE T AL mOKR=WOK o @
Pt (k),z,) = ,0>(k) s W<°>— WO @), W (2)....... W(O)(n)} pIWO %7 - & X
PR R e 0 e X R R E BT Y Menis 5 AR 2, 0 $F 8 X ik
820 E A ¢ AGO(Accumulated Generating Operatlon) o4 & FE- 2T
chd & e w Jm wavend 3 g WO H2 GM(L1) » £ @ l5gpl e » WO

F“% n +1é e EWO (g )2 A A s Y bR R R Z, 0 b IRRT

NS

- FE R
ﬁ=+:%f§§_: .3&3“;&’” @.ﬁ%:x— A XO S SR R IR

‘;
3
=
wr
3

X
J:

a\’

(‘;‘} IR TR TN
P! fa
b2 E\«

p

)

ﬁﬁ GM(lN)vt”iJ:fEﬁf?;‘)P SR B IER
Sl R o LT IER 2 frﬂ}i/ﬁ\fy—a(-&‘—_—-g FE -
EFRRZARELME - AFY H"m’.%éﬁl“)‘l‘*’m.aé&’ JaJ2 4
Wb LA s 2 Ay R EE L - PR ﬁt
[ frédé“ R b L A\ﬁw Mﬂ?‘ B A %%I
BAB RPN wT L ERRFLR Jr—lf,aﬁﬂ\pf ’
,E,L ’.'1.‘1\1«‘%. D EFER AR E T a0 F ﬂ f 2o FE r;/;‘rso A
Ao M RE T E’ FLFHGE cs\ﬁﬂklbmﬂ%ﬁi » £ Cp T
BRLAUEC, S(C)2H Ak BX- B 721 EE
%wﬁwﬁﬂv’%f,§=?,scm’ fir s ¥ AR R EE  BEA
fl=Ffcl~s(f)=fs(C.) -
Mﬂi '”méﬁ@iﬁ GM(LN) e stifipficst 5 A A & FRF RTE L
T 5y e ? EF}%&%iﬁﬁlﬁ 5 Hc o l""?% (- 3 VRT3 S !
A P S 73%ﬁ%@fﬂ#%‘%#ﬁ/m&/ﬁ?@ﬁé/Lal%éJ S _%il“*
TR A Arang REE A2 A o B - 0TS AT O P R
»> ZHK o

Jz?t,}‘; .

\

i

i

o
det

ﬁ;?]

\\

s

5 (mg — B

| . N
T\} RO ML S T A

.

A

<k
g}»‘i (Eﬂ
Hy

1311\mb & >

&E
& -

(ﬂ.

IEl e | ﬁ] I~

P b E R B oy 3

Ry 1& E‘}G\:l,‘,’*?«
~

>
O

t
s

@

’

B9 T~ T

9 ¥ =
i %"‘m

£

ERl

“.1 >‘"\

M

T E
‘F;-'/.
B peo

?-f’ﬁ
z

4]

C O U S "‘F?Z Ege g A2y & R (4[11]) - ¥ g R
PEE R LS R Pl RN %;'m\ SRR RBI R AT o
AT EEHEREA %\,\ # % 1T 4] 5% 3 3] (chance constrained
programming) = #[5] » & - ¥ jL;i BB 32 0 TR O P RRALEE: AT R
EHFE LR T 2 0nF o AT P AFERY o 7 AR RRFIRC 0 ARG
WHE =T B8] > LB F Fi“?# | ;% (chance constraints): ™ iz 1 23] 2 474 FT 447 =¢
AFIREEHF R AS TE TN AL AFERBLEZ VA
(reliability) -

fng o P RE G GINAPR? N &2 A &SRR G2 Angh ik | &

l»x« F_k

&

®
m ’

=X
£ R(RI N):“afl:mhﬁ’ﬁﬁ’ i S(SI N) ~igEEE 02 RC}SlﬁEo R AL
¥rsvd s s P(rl RSl S)# & EHuRir o — FUuig o2 2 e -
BEFFIPI S Ty o P RRAFIFAZZ % L‘ai%ﬁﬁ;ﬁm%ﬁfft&%?
S E Ny 55 2 AL S B p (P BB g e 5
SR ITASAE =T 0 @ Yaqgﬂmﬁh ari ) q e s & ¥ BB FTHSAE = 0 ¥

— 2 28 ,S

Yo =88 dh,N, 2)



i1, if link a ispart of route pserved by typeqaircraft
2o dg§q=} between OD pair r- S Mg ARG n PRI S
10, otherwise.

%ﬁp&f%ﬁfﬁiéf R @R R EER L f, o R

rsp a
=8 ad e, 3
rns p

B, grs = i1, iflink a ispart of path pbetween OD pair r - s

i ap }O otherwise.

Bug oo PR AR ’fs-;\'lﬁxj l“ﬂiﬁé\nﬂ*‘ékﬁkﬂ\*"k%‘l*ﬁﬁ’**ﬁBﬂ-’ i
éa;‘;é?’%‘"@&d\"v& A G EIRYESASTRYES EREYE FAALL 4
ﬁiﬁ&,\%@g\, ;}«%‘ﬁ#fl?s\ﬂ\ Aﬁ%‘* \I;l—‘}l ‘{“%3‘3* S g e e
BE A jﬁnjf;ﬁ%}& ]&ﬂmﬁﬁ B R G a‘:,\ﬂ\ﬂ'];;mz Qﬂuﬁz A EEF R A
o T 2 HILEEIRIAE P AL M E L A AL ClL T 2P RFES A
e

C(Ya) = 8 CoYa) +ChlVa) ( 4)
q

He o Chaang & PoataLE auﬁ&’“ Qi iy B2 R Y ELA A CL A
L PN a2 BERYESA A o MERFXIARNT LA ZREIAE AR X A
B EFER S A(12[17]) - £ CF AR R R F S & 0 B
C2(Yags Nygpg) = Ca (Yag) + C3(Nygpg) » — (5)
He > O] ZBR at 2 RN TBREBFHEF X2 CJ A MEFIXUFEF A A o
FH - RHE ARG E 00 @R T Pl 20 RRAHHS T
. . 2 TA P _
P1: min Aa'fao(ya])‘Fca (Yéﬂ,N,g)q)o—
Yar Vi 349 [Q (@ag + DagTa)Yag + Ch@ NylaYag] +

q
[cr+rd, +D)Q NolaYe *+ St & & bg;;(-or— frp)]
q rs p Nrspq
q

(69)

o 0 O ¢ A
St. QndaYqg-aQ A bapfp®0 al A (6b)

o=t AR "(ry (6c)

qu =é é A% 5N “al A (6d)

[}

a taqg’;fuquq "q (6€)

s Ny @ Oand integer; fo, 3 0 (6f)
Ao oo N(6a)s BN NBh)R B S B R AN E N R R ER 0 NS
WA gaUd A e [, B R a2 RS S N(Be) ARz H Y A UMEE oL &
AT HIER 0 o5 B~ Sl TARIZ¥ r-s2 TiaE V FERIERIE ;S N(6) 5 - 18
Az s T FUG] 0 b, 5 A gEs T AR g2 BAEE R 07; WA gty 2
Box & 0w AIE o U 5B A g2 e (64 R Y, 8 N, 7 525§

Exoodm fg, R f ke
JEb AT e LK P HE5 (5 (Ba)-(6f)) ¢

s AT LA LA FTHHE T VAR 5 T 5 A
’—’ET%}ﬁﬁplrﬁi’HhﬁaﬂH,{ P& i RugF 8 :
S

1 R RiEE R H o Fa

BULH AL L RE 2 2 B2 R g 09 e St RS ABIE 0 T
mwimw*ﬂﬁam Bkt § el ERIE > KT g AR T
PFE D E N REGADE) > R R EE RHPE > RL R KL Y



WA A o
£ /rs(Frg) » i&i*ﬁﬂi‘ﬁ“ FIEE £ ?siﬂm‘zﬁlf" m\;\ < ;gg;, Bk g o &%

AT ARG $H AT 2 B ERES AR s > = & 5T 3F F @WJ\} MY TR
[26]2. 77 7 = % £ /,s=55%, # —?% » F R S AT 100%pF 0 A o Bl T R A A
2AZIEF RepiEA ’_*'ﬁ?r LR Tt £ deg 2 9 R AR HEH L TR K
55 48> 100% - 1% ?/‘L%%ﬁ T* A2 & AP TAA Z*ifﬂm%ﬂﬂfi&*?’k

FRR G ATRPI L SR X Pt R @ AR T 0 R AT R

%]%]7%% s Jo T ‘\"'-r—r :
[o] ~ — 0
Rs(f5) =Pl lsQ a o E TsE1:Q

(7)

B oo R(FL) 5 iEtbiidcigsy R fldd T {m%hﬁﬂﬁﬁa R
AET L RAKREY C BEREF A AL G REH > AT PR L
#\cﬂﬁﬁﬁﬁmﬁiuwiﬂi&

Y- 3G o f-deigfrs 2t 2 fhER FLESE g2 E rYEFL
AP, 5 ﬁwﬂ{kﬂﬁ%’%Pi@ﬂgaﬁwﬁ dTiad A kR
“ﬁ%zéﬂﬂ”ﬁ%ﬂucmh( A@ﬂf%’ﬂé’cﬁ“°€*ﬂﬁi%
FEA ALK F ¢, ,ﬁx;4¢Pﬁﬁkﬁ¢%,apzcwg_f_ﬁigg’
#e cwpamywsﬁﬁmﬁwmwﬁﬂ¢ﬁ *EF 50 - S i S dcenalty
function) » P(,@t)’ I EACHEE ngﬂF4’ g o PR A &
RERFT R A A TN B Y

1%%4%»%@@) it e 7L
r¢)=1

=1 e BfE - £ 0 ; 3 Ft (8)
,Tl.crs W; if fr frs

KPR AFTES > RRACHBIFHRTH L pE AT LR > 30 Bl
FIHE X TR RAKE - LioERFTR AR T i tw%ﬁ’Wﬂﬁﬁﬂé‘A
FURoRRNREFEE Y B R P FHTEERE R Y I
TELEEFARE - ¥ Pb%ﬁwa@ﬁ#@””ﬁﬂévuﬁwmﬁﬁﬁk ) A
2. fRrFN(6e) P o E AT T O F RRARFIZ KR TF E TR L SR TSI IE
?’\’aff‘% o - o FARH A Bli‘\s‘l’# EERF AP AHFL o T
By X P R FARFIEIE A ET AT LS A AR R At S
RAFELT 7L cndng o 7 LB A LR L at s AR (T E 0 0(8) B
AEPEFAF LT DI A T3 LT REFRAFL R o

A Rt A d n 2 AR E AT AP T RSB EFHA KT
7R IERIE S AP B IR E R RE A%%ﬁ’ufﬁ$%%imﬁ%ﬁ?
SRR PR AR B AR B o K r G AR o P OATIR R 2 - A Rrl R): ﬁ;*‘
BREE LR AR A AR EIRRIES ATIR R R r eER T2 2 RE
R PR T 2R EEGRABEEAARRET KT cw i A4 #ﬁi??«ﬂf e
L2 REap R L T 203 mr(WeED) s B RI(ME2) s i (ne3) R ke g
T REZ MR

o

-

LE-ERLBERT BT TI[LA 2 FN 3 ® ¢ i 3p s «r3gn
PR eEET2Z%E2Z 80 rl R> Tl [J,nn] o a;z%ﬁ?]ﬂﬁf'*f wEGERET
L BUPERLEE G 'j\g‘mécf& ey ks fTorl R TI [ln]ﬁﬁmﬁrpggpr7
?ﬂﬁ*g;ﬁﬁﬁgﬁ%kﬁ%%* AFEELIR B RHE Ngn 8t Noy o
T\—T‘ﬂ’bq-‘\P EPFER TR BT '7; 2 FLs e p ’—,ﬁ:“ ti# 1%’*-&“’\[’”1

g%%‘ﬂmv“'ﬁiﬁza‘ Ham i By L B B DR (B)2 A2 F(L) -
NTN”|/,N5@HW,%»gﬁvg@g;ﬁgu%ﬁ»m;\ﬂymeﬂﬁ

|

gtm >



ARTAEAL > HEZ f AT AR BASBAERE FEZFINATREOD A
UFE AT RSB ATAR T gl Y Y At sus Al £ o Bk - %
fpz TR R ENRNL YEOPNE-FRT P TR BN RRTY ERY
ForpmE g R 2 Edt > Yi=y-f 0 BPET fﬁéﬁﬁaﬁuﬁx«'iﬁuﬂémﬁzﬁc
ks Gom BARE 2P LIS PRI G 0 k] 0 Egn?* Eqm# 7% 2 7
w PV TAzheps o g J RE 2 RFREL WAL goa T RY ENL L R AR
AR R : M2 BTG wus il P 0 Eg Eql ITE{Q 0 BB E

Bt QA R - EWAL gL AP HF R AR TR R AU S
Koz »#ng 28 epb R TR & " Rf BHFERRr2zE AT 47 3
AT =8 & A dNEE+EL)QKE " rE Y dl A om - O/l %k Faet 2P 53] 5
Q2 ettt s r > Rl dy2 5 10 FRE O @ dey 27 Z /S iFhuing o
gARRIIE - A2 S Y E > Tty AR EEE N als e

£ By s Al G g2 s T chE AR Y PR u;,m:“a#H gt P
TPchw 1w pER - B AR TR g 2 20T PR i 5908 R R

o O

ML BT R[0T S ] ] Bk 68 A A (EG Y B, T
t q

q t m

(9)

BRI oS AT ARER TR G BIRREE  d 5T 07 A
BT TR AT IS AR B & 0 Bl s ={e8 e ), dr ={NET,NLT gt o
A NP EFE R T RR@Faom BHRREES Tz 7 An - R T- 1R
PSRRI S o Ar b AP R TR IR AT R K d, e % BB RSC
B S = Syt dr Y Eq = BRI NGT = gt N

AR BRI R R A A Rl Bk KL O P A RATIERIZ R R
frmT™ o By o PR RPN PRSP FES A o D

¥
EAAS G 04 Py A MR - FAE T R ERL A RO e ldp iR M

2 Agg g R ko XA EF L g AR T 2 ) DHTT AT A v e F S o

PRI F GRS LR T LTS A g 20 AR TR ko Bl R

nE Ry

2TAEFEN2ZRAFH UL dEmbdiie s> Flt bz 20 AR TP ©F Ry &
F 1P 2 il s m A AL Q3R BTpw ywT L 8 R & £LTRTdw , w43 A k= 3 »
fp;%_;;‘u},ﬁﬁrwmﬁﬁ\,..gskj\ﬁaaaeqquthg+aaaeqqutm B A5
g t m g t m
Vg doa H g A ge s MT AR BRABZ RR RS A Tl i

B R MCT =8 & & VI (EEL+ ELTY+ M7 o § 12 by 45 e 8 3 4 1~ Apet

qtm
qg t
Moz ey g A A B R ETERBTES A PERYES A DocC]
GEX
pocl =(4 & & EZTPY xT
w=(@ a a EamfamXg
qg t m

aw
EqmPam)

o] [e]
aa
gt m (20)
[e] o o
+la a a Vam(Ean* Egm) + M ]
g t m
o o0 [e]
+a a a brdeKe
r q t

1ocT = é é_ é_ Fld's, » %3 & 7C] = DOC] +10C}, ° ) B
dg e R A A ¢ REATH AT 2 BER AR A A iR s 2 i

RELEQE A o W DI A7 E b 3 AR Z A1 QRFEUY S ek



2 H A E g A RlaRE o KA Z = A
uci=aaa a%N%%X;
g t m
+Q 8 & banNanRE
qg t m (11)
O O O
-aaa @ agn | NegnlDan
g t m
O O O
+aaa @ bam Ngml Zay
g t m

o all e phl i h s Non/ Nor x> OFF - agl/bgl 2 @5 1> 2050
RHxpRm a2 F o Pl e g e r @ LA R FY PR b2 2
cikgp b a2 245 fRadany o 0 AR S AR Al 2 il cnderiE 5N

T=k T=k
o o o o O
A & & & ELRM faaa a EgmPamX &)
T=j g t m NLT > T=j q t NET

qtm qtm

1ELT, ﬂEg;
(12)
PR NP LR IR K2 AR e A ARSI A 2 2 R A AR O e
PER b diciT A 2 2 BEA A

Sl E T R AR BT AR R S K5 = R ARSI R A B ARG B T
%,*ﬁﬁﬁaéﬁ%&$ﬁﬁ§&*?%?@ﬁ&%’*gw T 2 AR R

R TR e O RE A ¥R S S A W/ (L KL gzl “t,me thm?*

;L“a;{? S R ARG E > FHEL O F'JZ\W/@«@BM/ s - A9 gy
ﬁgﬁﬁ@; mﬂ%&, %g;’j_/(E)ifEIa 1ps > HAp 2 sk %40, (9,)E 5 0>
RS Lo

EAARMPE R LN R F AR PR BN R AF P L o 2P P
TLerg 2 2 et g LB A SR we maph o PR T2 %t g e
A2 T R YL G RBEAS DI R G AR o AT Y 2 H[12]2
Ko Cpau R A ko [ ARy 2P T BR r a2 A RE R g R
ot teaemah o JTAFSRA NG A P F PR RFHL 0 Bl - R E

mls”““

Ees
poil

=

a—

q.er

V(FT - £T)JT, w=1
Yem- BNyl w=3

& R SRR ;1,;)&,\::1-}3»,?,?']%»\"’ FRERERRI PEATEL DERE - F w1
AT TR ARIREF KRR S PFARIRE R KRS A R AR
FREATAE FCFBERE w=2 2T 2T RERIEF T ARG EE > Fp
¢ IR H AR RIITE D2 Sy R E G R Juu;%?%\iw«m‘;g FF & NRITY
ZRERB D EE wdE s AR 2P 3 RS L A S
FHIAFRTEN PR E T RELE AL BA i\rm«*‘ T RE ¥4
Cr(Sr,d¥y %77 P ® TAZdopr > I kg & 5 ST mﬁﬁﬁ%ﬁri@glr\%ﬁﬂ.—%ﬁ& & dy
280 R TS AR LS4 o/ C(S) =minCr(S.dyf) * B RS RTHE A AR
g & dW;r s CH(SpdY) B BT R C(S) = B o 4 v F
cr(sr df)= & PLICH+ Cra(Srl » 5 % § ¥ ki g
WA R TE 2 e T

miné min{C,(S;, d;)} =

A “«iﬁlr
4 \ng



mind n;in{éa PIICT + Con(S,)]) (149)

> c; TCT +UCT + PT(fT) (14b)

Adadi(Es+ENQKLYF 1 (140
t m

aq a Bk} £ a a a (Egn + Egp)Ug," Tr - (140)

/:ZBth EETt + NB”, ELT = ELTL4 NLTL (14e)

13 é’\ a & EqnRi

T=j g t m NL[T
qtm
TE g (14f)
oho o BT pw
Waaaa%mm)
> T=j g t m N
1EET a
1 =BT BT BT
lE 3|N It thm<0 (l4g)
gtm | qtml gtm
le‘,,f7 and Ng, areintegers, " gt,m (14h)

Sk e 2 P LR R T bl B3 3 A fufe (1405 & AR 35S 59 (140)
PARBRN LM BHFETREY LT RE N (4D A BT I B
&ﬁi?k%@mm$ﬁﬁﬁwwmﬁﬁr%&mﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁiﬁé%W%
BT R b AL W (140 5 A2 TR D R (Mg TR
% A R B A ALE A ST i P o 5 (14N) B R R B FHCTHIS -
A~ BER AW

I A oo T S e
AR RE G RE B A R IR ey BB R R R 2 TR
F oSG Y R R HRAARA T RIER £ 7 % e SR 5
/r"}'{’% et 4}\11‘1\1&-13&‘9{1{"19\‘@82«&6” %WQO‘&]-ZHF'&A/‘@{K};
AT A wp/wmwzlglﬁ 13298 & 120 252 FHREFH W18 7 2~
Jmf-‘ﬂr-#“ /r"} F%L??/? ‘L% l:g -%%F'—r’ly“’\/'}:)’{* 4"’\2\‘@91'&"‘98‘&]9&71
Bl E g R REmE T B A V‘Lﬁi%ﬁ*« LB R Bk ’*Li%“’““f’* A
AN smﬂﬁl’ﬁ AloAR - n AR
8 E AT § RIS 3 SRR 0 K R iz %’*
EE BT WG - R ERER TR S R A R R ffﬁ [

Tt

r""l

ppau|
wmi\ \F’h

m*ﬂ»

%] 1 r:/ /p* l%ﬁm}ﬂ-& "N* %’ j\é
Foobo MBS Sy 2 P RRAFEN 2T A 5 AT EP - BB
\quzﬁwﬁé%?“f%JQﬁoéﬁﬂbﬁ ﬁaﬁﬁ%@ééi“%f9
@%? o BRI 13 2 B747-400 71(394 & i) ~ 12 % A30 1(26811: VE i
FA KT ~ 2003 &2 4y KRG c AT Y EREAL SPBAUYEFL AT
el iRy B _é#if‘ REPRER B Tt saEmpl g Es 23.15$/hr ) 2



TIT PR B 3029$/hr° Fikie¥iEd g (1] 55 HE R 5 AW
2 PLiE {7y ik R

AR Rk lgs{éﬁé FrEar ¥ P ERREALE S S (P ER zﬂtﬁv%uk
ABEE ST ZAPIL) o j\#iam 71;#_‘,113@% 1996-1999-&5”Lp'[3r/?f’ F R%F A iz
P EIRS FE LA A FR G BEL > URE L ER AR
Tyan vk L) f b el =L - R RAFEY oS
i ,’sﬁ Cro- A T10iE > S(Cpp) 5 BHAEEL o B Po|Adre

3 ff t2 PR BB EHATHEC, - A EELS(C) 2 F A
& Aeig HHaaR 2o 1T 12 99.98% 1 HE AR H 2 0 %’ﬁﬂ#g%@f:u a5
,5_3495(0,5)/\/_) LAV RRER > AT H A BKE B
$9 BT R R F 5 55%, T [ =055 @ B TR E A ;f:; /.=0.9, 0.95

e

-

—~

L

Z
v % m

’

AN

c

A

o

A
TR
ﬁja o % = ;lj

A s(ieinterva C

T

&
T

BRI
= F

N

él’u&@ﬁzﬁﬁﬁ’uﬁﬁ%kgﬁ%?i FERZP e g ABK T AigH
PEL I ERRE > XAHRLEY E B P EACHE RS

[o] [o] — - — 0 o — - s NP > N H
Pilsa a ”ququ/frs £cifisg ,a ”ququ/frsL P E o R (> t 2 operating
g & ”’PPr[ fLAfL)= 1]|nmontht R ARV i

Rrs(frs) =a,1:’112 Pr[lfsa a. nquSpq/'-‘rs £ Cfs £ Eé. é. nqﬁrﬂm/?rs] '\E‘J'E? o & 17 LA
THEM ARG ET ¥V EE «ﬁ»f”"f 2V R R o E 1 ¥ sua TPE-FRA, FRA-TPE and
TPE-NYC Z AR ¥ K7 & o A febl95] % ding 2 7 R/l > 15 % § i
m{xaﬂwﬁ@'ﬂ TirRAD 3 1‘4‘ BHR T EREE @AY fﬁ-ﬁ"@%ﬁl\fq‘ﬁﬁﬁﬁ‘%{ 3l SN
S P HEACICHAME BT AR o AP BT LA T Az H Y TPEFRA,
FRA TPEand TPE-NYC» HmrF & X ¥ (37 {F4oT
TPE-FRA: Traffic peak month: Jul.
Traffic valley months: Nov., Dec. and Jan.
FRA-TPE: Traffic peak month: Jul. and Aug.
Traffic valley months: Nov., Jan. and Mar.
TPE-NY C: Traffic peak interval: Jun., Jul., Aug. and Dec.
Traffic valley interval: Feb. and Mar.
2172003 FE I FAS T2 HATIPEIVIARATRE S
Reliability ( R.)
Acceptable max._and min. load factors
l =09, [ =005 [ =1,

OD pairs
P |.=055 | _=055 [ _=055

TPE-HKG - 0.9863 09991  0.9997
TPE-TYO 09674 0.9900 0.9969
TPE-BKK 09422 0.9753 0.9830
TPE-SIN 0.9532 0.9891 0.9941
TPE-LAX 0.8902 0.9160 0.9264
TPE-SFO 0.9224 0.9463 0.9580
TPE-NYC 07650 0.7939 0.8077
TPE-FRA 0.6016 06244 06392
TPE-AMS  0.8494 0.8508 0.8509

AR R A - BB 0 BR TAR g $Hu TPE-TYO %36 # # 7 (from Jan. 15to
themlddleof Feb.) & ”{i@gv HEBRF A 0 L ERTBRZAPM T A 20 W SR E
Tl 2 REHFET LV AR TREE RPN L 3o 5% > PARRKAS T2 H 7
X‘%ﬂg’\ P T =0 e B 1S v B 1S a E
1% rea B 1% asE 1% ams B 17ee 7ot ={1,2,3,6,7,8,10,11,12} o @ £ B E I i»

P T AR Aol HaeeT 1 - 1 0 J'={TPE-TYO, TPE-FRA, TPE-AMS} » =

J?={TPE-TYO, TPE-NYC} » = * : J*={TPE-NYC, TPE-FRA} > = * : J°={TPE-NYC}



=~ J'= JP={TPE-NYC, TPE-FRA, TPE-AMS} » + @ 0 JO={TPE-NYC} » L - »
J"={TPE-FRA, TPE-AMS} » 2 L - 1 : le:{TPE-NYC TPE-FRA, TPE-AMS} = £
PE PR FTAFACHREOY LA P AKER > ¥ RISV EF R
AERE

% 2 A TPE-TYOBX%2ZEFE R ¥ AFFE ?ﬁ"
Abnormal traffic distributions
Abnormal State occurrence duration
months V2 V3 _
(from Jan. ‘/11:0_5 (15 days) 4 =0.73(22 V; =0.93 (28
25) o5 days) days)
f, =0.806 A== p2 =03 p3=02

Jan.  M45934, 4540) M@45934, 4540) (45034, 4540)
Feb.  MA7466, 5125) M49444, 5330)  M(51421, 5535)

% 3 Tk 2003 £ A ¥t TPEETYO BR R R ¥ A& T 2 SURTFIB X7 LRI % 5%
Reliability over the planning year,

Acceptable HR]
max. and min.
load factors Pr(s) Pr(a) PU(9) pgy=09
. =06 =07 =08
L =09, | =055 0.9168 0.9084 0.9000 0.8916
[, =0.95, —/' =0.55 0.9421 0.9426 0.9430 0.9435
l =1, | =055 0.9706 0.9706 0.9706 0.9706
Acceptable  max. Reliability in abnormal months
and min. load Pri Pr Pri
Month (s) Pr(s) Pr(s) Pr(sy) =09
factors =06 =07 =0.8
— Jan.  0.7639 0.7246 0.6853 0.6459
I;s =0.9, I,5=055
s Feb. 0.6296 0.5678 0.5061 0.4444
_ Jan.  0.8810 0.8611 0.8413 0.8214
I;s =0.95, /5 =055
s Feb. 0.7429 0.7000 0.6572 0.6143
Jan.  0.9537 0.9460 0.9383 0.9306
Irs =1, I =055
= Feb. 0.8460 0.8204 0.7947 0.7690
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TPE-NYC Monthly flight frequencies (two-way)

Initial Months
Routes Aircraft proposed Feb. Mar. Jun. Jul. Aug. Oct. Dec.
TPE-NYC B747-400 0 0 0 0 0 0 0 0
TPE-TYO-NYC B747-400 20 17 17 23 23 23 17 23
Adjustment costs ($) 1400 11400 ZED ZED ZH0 1140 ZHD
Expected pendlty values ($) 12750 12790 BB B P 1220 I
Judgement Adjust
TPE-FRA Monthly flight frequencies (two-way)

Initial Months
Routes Aircraft proposed Jan.  Mar. Jul.  Aug. Nov. Dec.
TPE-FRA B747-400 0 0 0 0 0 0 0
TPE-BKK-FRA B747-400 9 8 8 10 10 8 8
Adjustment costs ($) FHD FHD a0 /O FH FO
Expected penalty values ($) 67 637 2Rl 7Rl 63 63
Judgement Adjust Adjust
TPE-AMS Monthly flight frequencies (two-way)

Initial Months
Routes Aircraft proposed  Jan. Jul. Aug. Nov. Dec.
TPE-AMS B747-400 0 0 0 0 0 0
TPE-BKK-AMS B747-400 42 36 51 51 36 36
Adjustment costs ($) 670 63078 670 6D
Expected penalty values ($) 280956 6L 96l AR5 2455
Judgement Adjust Adjust Adjust

TPE-TYO Monthly flight frequencies (two-way)



Initial Months

Routes Aircraft proposed Jan. Feb.
TPE-TYO B747-400 133 161 161

A300 0 0 0
Adjustment costs ($) 43108 43108
Expected penalty values ($) 105302 10632
Judgement Adjust

£05 Avhiing SR FIRTE RS TANS A AN RS S

Monthly flight frequencies (two-way)

Routes  Aircraft Initial Months

proposed Jan. Feb. Mar. Jun. Jul. Aug. Oct. Nov. Dec.

TPE-HKG B747-400 26 26 26 26 26 26 26 26 26 26

A300 239 239 239 239 239 239 239 239 239 239

TPE-TYO B747-400 133 161 161 133 133 133 133 133 133 133

A300 0 0 0 0 0 0 0 0 0 0

TPE-BKK B747-400 53 53 53 53 53 53 53 53 53 53

A300 0 0 0 0 0 0 0 0 0 0

TPE-SIN  B747-400 0 0 0 0 0 0 0 0 0 0

A300 49 49 49 49 49 49 49 49 49 49

TPE-LAX B747-400 41 41 41 41 41 41 41 41 41 41

TPE-TYO- B747-400 0 0 0 0 0 0 0 0 0 0
LAX

TPE-SFO B747-400 21 21 21 21 21 21 21 21 21 21

TPE-TYO- B747-400 0 0 0 0 0 0 0 0 0 0
SFO

TPE-NYC B747-400 0 0 0 0 0 0 0 0 0 0

TPE-TYO- B747-400 20 20 17 17 23 23 23 17 20 23
NYC

TPE-FRA B747-400 0 0 0 0 0 0 0 0 0 0

TPE-BKK- B747-400 9 8 9 8 9 10 10 9 8 8
FRA

TPE-AMS B747-400 0 0 0 0 0 0 0 0 0 0

TPE-BKK- B747-400 42 36 42 42 42 51 51 42 36 36
AMS

Initial objective function value +
Total expected penalty values ($):
Adjusted objective function value +
Total extra adjustment costs ($):
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26 Grig) 1 2 3

9 (1) 0.47 0.23 0.30

92 (2) 0.23 0.60 017

93 (1) 0.58 0.14 0.28

94 (2) 0.22 0.45 0.33

95 (1) 0.50 0.31 0.20

9 (1) 0.47 0.28 0.25

97 (2) 0.36 0.50 0.14
98 (1) 0.58 0.14 0.28
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