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A Study of Flight Schedule Perturbation Resulting From
Multi-airport Temporary Closure

Student : Shih-Wen Wang Advisor : Jin-Yuan Wang
Department of Transportation Technology and Management

National Chiao Tung University

Abstract

Keeping the announced or pre-established schedule is an important factor to
guarantee service quality and operation efficiency of an airline company. Mechanical
failures and bad weather conditions usually cause perturbation of schedule and result in
additional costs. The purpose of this study is to develop a flight schedule adjustment
model and a solution algorithm to address these issues.

A set partition based model:with®side constraints is proposed for this purpose.
The number of available aircrafts in each depot is considered in this model. A column
generation based algorithm.is developed to.solve this model. The value of dual variable
of each constraint is assigned as the.arc cost in the sub-problem network. Label
Correcting Method is adopted to solve the shortest path problem in the associated
sub-problem network.

We use simulation data and various §cenarios to evaluate the robust of our model
and efficiency of the solution method. The testing results indicate that the proposed

model and algorithm are sound and promising.

Keywords: Flight Perturbation Scheduling, Column Generation, Set-Partition Problem.
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RAEE Y A LREA D F DA AEL  Be B33 57 WP ATy o iE

A 2 RESSLE R AL

f#cA 2 2 4 Dantzig and Wolfe[1]#74% 11 e0 & > #71u x F % Dantzig-Wolfe
Decomposition= # #££ 241 * {22031 ¢ 14f & 12 % (Dual Theory) k & 2 7 #¢ § B
18 % fic(columns) » F F 45 T 7 it ee L p R E e HC o

BHALZ TR TR RE F F R BRMEAE] P 48 (Linear Programming
Problems) » &|4- 8 & 4 %] i® 48 (Set Partition Problem)£? & & /& % F* 2 (Set Covering
Problem) o 12 7F ﬁ* MR L AL RIFREP RHA L ZFRT L 0 A BEXK

- BHEESLRFIETNG

Minimize ) c,X, (3-1)
reR

Subject to Z:ak’rxr =1 VkeK (3-2)
reR

€ {0,1} reR (3-3)

F1 % SlcA 42 B AR AR & 4 2R A4 5 2 B 35(Primal Problem)s? & R
3Z(Sub Problem) » F % > FREL@-3) PR HIUHI o # L RAT S 5 AL P AE o 2
P4 EEA RRE 0 A LS SVRRTE iR P - B FAT RO E; L)
* #§ ## (Simplex Method) Ff2 3 FPAE P % 97 & 2 BdHcend EfF 0 2 R JE2 ¥ % B
47 (Dual Problem)4r(3-4) 77 » F & “r¥ ¥t s SB(T &R 571, ) °

(Primal) (Dual)
; Max. T
Min. ZF;CrXr g; k
>a.x =1 vkeK ST. Y a,m<c (3-4)
T keK
< 7z, free

X, =20 reR

B RAY Y o ¥ 5 M AEHS & BEEL /I 4Z(Shortest Path Problem) o #-
AREED OB REEG A SR REIRPEDP I A HI R R
F e e fie(columns) > dr A RAEY EATHGR o AT h B e A
RAfE EFRZFL A2 Vet PREDREL L TEIEER S FPHER
FeBR AT ¥ id PIRE > 3 & ARy E 7 (744 (Dual feasibility) L & - d
(-4 ¥ o dek BB F A Y R EISE AN - ) a,m 20 0 AT KF

keK
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BERA AT RS FHT RN Y A, m <0 F 2 inRde o kP

keK
B Rl o do % 4 R AT 15 0 Bl P 12 5 AEHCIE 0 BIR B £ A B R AL eihe
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CRET ISR E LT HEN-ER T S SN B ERE S T
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f: sx5T
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ETr: #0f 6sid @ FaRFRE2 PR

RTy: #aarf2 A & @ prl s ET{4RT, < STy
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Minimize ) ¢,X (3-5)

deD
Subject to Z:aidxd =1 ieK,,deD (3-6)
d
D —ag% =-N; (3-7)
deD
€{0,1} (3-8)

PAENGS) st Eol bR 2 A A o NGB0 E T R AR %
Fid F R g 0 herg L 2 e - SAFLE D - EIRTH T L E Xg EAME Y f
BFLEE > Bl aig=l 3 F 2 B 5 00 fTFIN(3-7) & 7 B AR R AT T g %ﬁ'{ﬁl‘

G ENT A feauny BRkR ¥ d L E - SEIER 0 P gasnis LB
‘%ﬁ 'i%*A“ﬁﬁyﬂ”***%)ﬁ a,=0; F 2R 5 1o Rpvi
A2 S AL 4™ o BN (3-6)2 s RBER a0 B-T)2 i

RHEER LS 1y

Maximize Zﬁi — 7y, " Ne (3-9)
Subject to Zaidﬂ'i —aym, sCi-iekK,,deD (3-10)
z, free, =, 20 (3-11)

332 AR ARESREAFHE

PRI B 4 > FRETTI N F T T A8 P e S i gl
B B B - BOrhe) mih o A TER - B HP TR F- i T
ol BT K Ao 3-6 B Y ACEEE Ag D B EEM TSR o F RASIEE D B PR T A
TR PR EIT R TEEEZF o PR RS & DI 4R % P 4 3-6
B¢ A2ELE Bo 3 BB T 44 o 0B BITIE A O BT 0 T R
& DERERL PN P AT L AR ERE URI(Np 0™ FUE) ATl A2 s &
P BRI (3-T) o At 0 B R AT R A AT (TR0 2 A1 HE R
ARREP e F R B D ERPEHE Y e R
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- et E 8:50-920(¢ & 1) .*; :
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A—A
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#EL
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(0.

Q).
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3. &&= & (Cost) :

F R AR A4 RERIT > EIL S A S ATEE R
NARAR A E - EERON AKX IR REAFTT B AHRT
Mg o B3R ¢ & ¥ ) B R B AR T § . (Shadow Price) & B

C; =C —(Zaidﬂi —aanFJ—cd —Za,dfz +a,7y,
i
=zaidcid _zaid”i a7y, zald id — +ad7z-N (3-12)
i i

d(3-12)7 4r g &2 4pk £ & S ERHBREKEL S FEE A

fe o AP B3k TA W AeT

(1). BFSA U Cged > B iA BREDEBAPEDBF X & o b
el EBLIhTEPER S BTy 8 ) | E PR S ST BIA k2
BFPERS STj-ETie HA 8857 RWL AR DEREILE Y -
LA BRARFILSRFEL L F s FHOTRIE T A
W BRI BRI B2 AR S M2 A AR LS 0o
(2). WA 100 Dy E R A ST RN E RS R LA R R
I§ o Dj= (Actual) STj= (Initial Scheduled) STj o b4r : F & FHFL] 2
iR LABIRNERGERE > Pl g8 2wl PPy
& T j agp (]S ARIF 4 x Do
(3). Boif # & 1L CLjZ 7 » &7 HETB R S A o FERF I S
Bl BUTE FAPE > B PRI ARSI B AT | ehs ()3 AR E 4o
CLj -
(4). $iyRPE S ZET 4 F A0 H - EaH(G-6)2 His Rk
AR RS S RS TN CERE S gL R 5 ST VRS i LA
®.E—Eﬁ%@%ﬁ%&@i&%&%%ﬁﬂﬁJ:ﬂ EEARAE L SR 8
aed - EFR(R)TRET o Ra o FFIN T g p 7 b
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B A E o Tl AR RfEF BALEARY 0 i A ST
BLind 85 R BR(Ar A B Ag)3oE A ST BRI N st i
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AR ki 0 B LRI L s RiE o

AR fzd s o P pF o> Fa, =18 B4 7 3
B RRE > Fa, =0RF 2 o F]P o P LRfES P ALE AT
FESTLEE G B PR RGE B B BRI 2 S AR G
0; F 2. » BI85 — ST FREEPF > P37 % Bhipd iR 2
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S A AE TS Ty, °
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Ad o MRS AR P 3 R E ST A B o £ 341 ¢ RIAE
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2031 FRAEERS AR T

ol  5EL(D) T P5ER() i & (Cy)
A se8 i B (47T -7,
B A= SFT B (4 ) D; -7,
C Ao B SHITE(5 i) CL-7
D ST EE HILEL (R 4T Tiae =7,
E rTEl AR IRL (4 A Tiae + D,
F fryigh AT LEE(P ) Tige +CL =7
G SHFTBE(B ) iz gk 0
H RFT (2B ) Z 7,
4. iz i+k = (Path) :

d AR R T T R 2 R A 2R S NIRRT c E 2 R
ooV AEEIE SR BN T - FRPTF
A o 4@ 3-7 ¢ o AN w0 Haed 42 BL T i BLagF

T E R T
TS Ao
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AT > Rz 3 RRArE o i s d - B ¥ (7 iz ix(% ¥k 0 column) o
3.34 fé—"f?_; i ﬁi{fﬂ ]

AEG P o M - Bl A G R AR R 2 AT o IR R 322

N
432 3 RRL$ P
WH. | NFERER TP R AU ek P ok
1 8:00 8:30 A B
2 8:20 8:50 B A

AR AT APM Sl Aok 3307 o BEAM SRR L T ED A
AL RfRge B 0 32 ST LRl e r FAAFIBEGT SRS K ek

3-4 ~ ] 3-8 # o

333 3 WALR GIFLA 4 B g T
g

SHLAEA D KR
WM P — £ 37 S 7:30 — 8:10
FE 2% FLA AR TR 9:10
Ji $5EAS BE = 1 2L R 7:00 — 9:30
B AT A 500

H A g phAy 104 45
BT BRI ER 304 48
7L p s cE b 2%

# 3-4 F RRESHETS ZH LR TE

B, = &y NF R TR REER | NEF S | P B
1 R & 8:00 8:30 A B * ¥ =
1-1 B~ (Ay) 8:00 8:00 A A
1-2 2 VE1(A) 8:10 8:40 A B
1-3 £ VE2(A) 8:40 9:10 A B
1-4 &t E3(A;3) 9:10 9:40 A B
2 > % (By) 8:20 8:50 B A ¥ {3
2-1 | w@&E1(B)) 8:50 9:20 B A
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el I A # k4S8
PAEEEE MR T EE
(7:30)  (8:10) (9:10)

8:00-8:00(3 )

A—A
8:20-8:50( & #t)
B—A
8:10-8:40(2£ #£ 1)
A—B
0 #Eh
(7:00) (9:30)

8:40-9:10(3£ 3£2)

B 8:50-9:20(7L 1)
B—A

9:10-9:40(2£ 3£3)
A—B

Bl 3-8 3 R AE&HIT %7 3 B

EER ) - g N uv/’{i;‘:%xﬁ&ﬁ"ﬁéﬁ-ﬁ‘iﬁ VR I 02 S
A oo drdk 3-5 957 o

e

e FALE AR s
1 S Ao CL-x, 5007,
2 S A D, -7, 10—z,
3 S As D, -, 20-7,
4 S A; D, -7, 107,
5 S B, - -

6 S B, D, -, 30-7,
! Ao T Tiate 70

° A T Tiate 50

’ Ao T Tiate 20
10 As T 0 .

11 By T T m
12 B, T T -
13 Ao Al Tge+D, —7, -
14 Ay Ay Tge +D; — 7 601,
15 Ao A; T + D, — 7 1207,
16 A B, Tge + D, -7, 20— 7,
17 Ao T 5 n
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% 3-5 3 RAESRR L)

e | IR & SRg g B AR L T hE
18 A T 7o, T
19 A T - 7,
20 As T T, 7,
21 By T 7, 7,
22 B, T 7, 7,
335 §f23F FAL

W B B A AR R A B RES P AL TR R T - &
~ BRI B - Bk e 0 WAL R SR AT NS f
BB R AT BRI L O AR P HRE; F4 0 @ * Label Correcting
Algorithm(Ford(1946) , Moore(1957) , Bellman(1958)) 2. & &k i5 /% & /& &k ffz3 B
BB HFIFHEPHRECLE B A DERES o

336 WEcAd 2 itz

FfaF ALz boEr o B G E S Al (1335 W8 b
Cost(T) = ¢, — 2qﬂ+@ﬁN<0) TRV CL A PP ERES A PR
2l ~ I A RATHA R O B R Cost(T)+Z7r R
ﬁﬁ%ﬁ@%%&ﬂ*iﬁ$mg—z%n+W% m%’%ﬂl e
ERBFIT L AR R A JUpE A SR I AR N

3.3.7 ¥ EFikfa

DR MR ATHAE & - RO B £ A BN AT -
'wﬁ'ﬁﬂﬁ’*fﬁ’“ - TE EEfE . o A1 REBCEFEOL RIS 0 4~ 0-1
BRCUR] 0 RSP AU KR 0 B P FIRHCE L b o 0TS Bl enAE BRI
L- B T A oo

3.4 sk § b
AEFE M- B AR AL BT A L R STIR BSN P
B KR FUREAR S 2 2 R fFEAR o o HIFLA Ao B 3-9 AT
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Bl 3-9 #nz3 FL4 § 0|7 & B
AR R TAPM Sl Ao d 36 ST o BEAM S EK T T U EF I A Y

T R e

S &AL D KA
WHM P — € 3F pE 7:30 — 8:10
PRI R 9:10
B FEACBE = G BEPE 7:00 — 9:30
B g A A 3 500
PRy Y 104 48
4 VBRI Y TR PR 304 48

vt EE P 3%
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HIGM B B H Rk 48
LES & =3 raic i
(7:30) (8:10) (9:10)

Time—» |

wa]
(=]
C:'
OCI
=
o=
F
Rt
St

8:10-8:40( 32
A—B

>

-—&J!;}—l

8:40-9:10(3£ E2)

A—B S

(9:30)

AL Zh
(7:00)

9:10-9: 40(%1@3}
A—B

SomH) .
BoA 1|

8:50-9: 20(3&%1} |
B—A !

m3mtﬁ” S RN

Bk R U R A B B LT A - %
B3 B E e T x SRAAL B ST % (SoAT) 258 x T4
Bo 2 R #5L% %(S—BooT) e @ x Eik2 PR fhcs S00(B~if & &)+ x, E74R
20 L AT ORI MY PN AT AT

Minimize 500X, +0X, (3-9)
Subjectto 1-X +0-X, =1 (#FLg A) (3-10)
0-x+1-x,=1 (#F1EL B) (3-11)
0-x +1-X,<3 (&P Y (3-12)

R Aok 37 TR 0 TR T R ALRfR
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# 37 B A RfRS & (D)

7B #in
AN 2 S X 1
X2 1
(3-10) 500
A R E (3-11) 0
(3-12) 0

Stepl : &d £ 3-7T7 {FF PR ER2 =~ 2B E > dodk 3-8 #1757 o

% 3-8 F AR S AaEri(])
= 3 S Ay A Ay A Bo B T

S 0 0 -490 | -460 | -430 0 30 0

Ag 00 0 -480 | -420 | -360 © 00 0

Ay 0 o0 0 0 o0 0 40 0

Bo 0 o0 0 00 -410 0 o0 0

B, o0 e o0 00 © 0 0 0

T 0 0 0 0 00 0 0 0

Step2 : 41 * Label Correcting Algorithm <%+ R* 4% - Cost(T) = —490<0 > #-
piEirie s SOA-T 4e » 34 FRHEEH Y £f2 o LATE2Z BEF 4740

T REZ KA 3-9 1w o
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Minimize 500X, +0X, +10x,

Subjectto  1-X +0-X,+1-X;, =1
0-%+1-X,+0-Xx, =1

0-x +1-X,+1-X,<3

%39 $HIRELEEEQ

P i
X] 0
/J“Lﬁi%&fﬁ X2 1
X3 1
(3-10) 500
A e | (3-11) 0
(3-12) 0

Step3 : J§d £ 397 B3 PR £ MELE > 4od 3-10 17 o

Fe 3-10050 B8 RE e B2 = A 2B (2)
= & S Ay Aq A; Aj Bo B, T

S 0 0 -490 1.-460 |- -430 0 30 0

Ao 0 0 =480-++-420 | -360 0 00 0

A o0 o0 0 0 0 00 40 0

A, 0 o0 o 0 0 0 0 0

By 0 0 0 0 -410 0 o0 0

B, 00 Q0 00 00 le'e} 00 0 0

T 0 0 0 0 0 0 0 0

Step4 : 41 * Label Correcting Algorithm ff% = £* 3% - Cost(T) = —490<0 > #-
PoEarE s SoAST 4 2 33 RATHE HS P A E o {ATH 2 B H A T e

T REREE 4o 3-11 Ao o
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Minimize 500X, +0X, +10x, +10X,

Subjectto  1-X +0-X, +1-x,+1-X, =1
0-%+1-X,+0-%x,+0-X, =1

0-X +1-X +1-x,+1-X,<3

# 3-11 # 6|2 %)

3% p #HE
X1 0
2L 34 %2 1
X3 1
X4 0
(3-10) 10
LB F e (3-11) 0
(3-12) 0

Step5 : (g 4 3-11 7 @5 FALRE2 & AEEE > dod 3212 #957F o

#4312 + R AT ARG & A 4B (3)
= 3 S Ao Ay A; Az By B, T

S 0 490 0 30 60 0 30 0

Ay 0 0 10 70 120 o0 0 0

Ay 0 o0 0 0 o0 0 40 0

A, ®© 0 © 0 0 0 o0 0

B, o o0 0 0 0 o0 0 0

T 0 0 0 0 o0 0 0 0

Step6 : 4] * Label Correcting Algorithm FfZ+ #* 3% o Cost(T)=0 o F]p+ > pt R
e GED - iz
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