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Abstract: Due to weather, traffic flow, aircraft failure and other influence factors, flight delay and can-
celation often happen. As soon as the cause of delay is moved, the flight recovery should be started im-
mediately. Hence, the high efficiency of model building and solving is vital for optimal recovery. After
systematically and briefly reviewing the airline recovery researches, the paper presents a aircraft and
crew integrated recovery mathematical model. Through constructing feasible aircraft routings and crew
pairings used as input, the model is solved in reasonable time. In order to construct feasible aircraft
routings and crew pairings, a unique algorithm is designed which is so called recursive algorithm and pai-
ring storage tree. By extending the tree branches, the flight is connected one by one. In order to further
shorten solving time, the flight data are preprocessed via recognizing disrupted and undisrupted flights.
Only disrupted flights are used in computation. By doing so, the solving speed is increased and the dis-
rupted flights are decreased. Experimental computation result shows that the integrated recovery is bet-
ter than sequential separate recovery in optimality and computation time, and it can be used in small or
medium size airline recovery.
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Tab.1 Original scheduling table
Crew Flt. No DStat AStat STD STA  Flt. time/min Pax Tail No. V/Jt
C1 1 SHA TSN 8:15 9:45 90 74 2498 630
2 TSN SZX 12.40 14.50 130 70 2498 1 050
3 SZX SHA 15:30 17.30 120 82 2498 840
C2 4 SHA FOC 8:30 9:40 70 80 2570 490
S FOC TSN 12.55 14 .40 105 94 2570 735
6 TSN SHA 15.:40 17.10 90 63 2570 630
C3 7 CAN NKG 8:50 10:50 120 96 2850 840
8 NKG CAN 12.00 14 .00 120 81 2850 840
C4 9 CAN XMN 15.:35 16.:45 70 91 2850 490
10 XMN CAN 18:00 19:.10 70 83 2850 490
Ch5 11 SHA SZX 8:10 10:10 120 78 5145 840
12 SzZX SHA 11.00 13:00 120 98 5145 840
13 SHA CAN 14.30 16.:35 125 84 5145 875
C6 14 CAN SHA 17.30 19.35 125 72 5145 875
15 SHA TAO 20:40 21:50 70 68 5145 490
16 TAO SHA 22:30 23:40 70 81 5145 490
C7 17 CAN SHA 8:10 10.15 125 74 5393 875
18 SHA TSN 13:50 15:20 90 64 5393 630
19 TSN SHA 14.:30 16:00 90 65 5393 630
C8 20 SHA XMN 19:00 20:30 90 86 2570 630
21 XMN SHA 21:30 23:00 90 70 2570 630
C9 22 SHA TAO 1730 19:35 125 89 5393 875
23 TAO PEK 20:30 22:35 125 97 5393 875
F2 ¥4 Cl1WAIITEC S
Tab.2 Feasible pairing of C1
No. Pairing Flt. time/min  Accu. delaytime/min No. Pairing Flt. time/min Accu. delaytime/min
1 1-6 180 0 24 1-19-22-16 375 0
2 1-19 180 0 25 11-3-15-16 380 0
3 11-3 240 0 26 11-3-20-21 420 0
4 11-12 240 0 27 11-3-22-16 435 30
5 13-14 250 0 28 11-12-13-14 490 0
6 15-16 140 0 29 11-12-15-16 380 0
7 18-6 180 0 30 11-12-18-6 420 190
8 18-19 180 0 31 11-12-18-19 420 260
9 20-21 180 0 32 11-12-20-21 420 0
10 22-23 195 0 33 11-12-22-16 435 0
11 1-2-3 340 0 34 13-9-10-14 390 130
12 1-2-12 360 0 35 13-14-15-16 390 0
13 4-5-6 265 0 36 13-14-20-21 430 100
14 4-5-19 265 0 37 13-14-22-16 445 165
15 13-9-21 285 90 38 18-6-13-14 430 355
16 18-2-3 340 210 39 18-6-15-16 320 0
17 1-6-13-14 430 250 40 18-6-20-21 360 0
18 1-6-15-16 320 0 41 18-6-22-16 375 0
19 1-6-20-21 360 0 42 18-19-13-14 430 215
20 1-6-22-16 375 10 43 18-19-15-16 320 0
21 1-19-13-14 430 215 44 18-19-20-21 360 0
22 1-19-15-16 320 0 45 18-19-22-16 375 0
23 1-19-20-21 360
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F£3 IHES 2498 KA ITHRE
Tab.3 Feasible route of Tail No. 2498

No Route Flt. time/min  Accu. delaytime/min No. Route Flt. time/min Accu. delaytime/min
1 1-6 180 0 42 18-19-13-14 430 245
2 1-19 180 0 43 18-19-15-16 320 0
3 11-3 240 0 44 18-19-20-21 360 0
4 11-12 240 0 45 18-19-22-16 375 0
5 13-14 250 0 46 1-2-3-15-16 500 0
6 15-16 140 0 47 1-2-3-18-6 520 540
7 18-6 180 0 48 1-2-3-18-19 520 610
8 18-19 180 0 49 1-2-3-20-21 520 0
9 20-21 180 0 50 1-2-3-22-16 535 0
10 22-16 195 0 51 1-2-12-15-16 480 150
11 1-2-3 340 0 52 1-2-12-18-6 520 670
12 1-2-6 340 0 53 1-2-12-18-19 520 510
13 4-5-6 265 0 54 1-2-12-20-21 520 150
14 4-5-19 265 0 55 1-2-12-22-16 535 150
15 13-9-21 285 100 56 1-6-13-9-21 465 555
16 18-2-3 340 240 57 1-19-13-9-21 465 360
17 1-6-13-14 430 385 58 4-5-6-13-14 515 385
18 1-6-15-16 320 0 59 4-5-6-15-16 405 0
19 1-6-20-21 360 0 60 4-5-6-18-19 445 510
20 1-6-22-16 375 20 61 4-5-6-20-21 445 0
21 1-19-13-14 430 245 62 4-5-6-22-16 460 0
22 1-19-15-16 320 0 63 4-5-19-13-14 515 245
23 1-19-20-21 360 0 64 4-5-19-15-16 405 50
24 1-19-22-16 375 0 65 4-5-19-18-6 445 650
25 11-3-15-16 380 0 66 4-5-19-20-21 445 50
26 11-3-20-21 420 0 67 4-5-19-22-16 460 50
27  11-3-22-16 435 40 68 11-3-13-9-21 525 543
28 11-12-13-14 490 0 69 11-12--4-5-14 540 610
29 11-12-15-16 380 0 70 11-12-13-9-21 525 100
30  11-12-18-6 420 220 71 11-12-18-2-3 600 400
31 11-12-18-19 420 290 72 18-2-3-15-16 480 240
32 11-12-20-21 420 0 73 18-2-3-20-21 520 270
33 11-12-22-16 435 0 74 18-2-3-22-16 535 360
34 13-9-10-14 390 140 75 18-2-12-15-16 480 470
35 13-14-15-16 390 0 76 18-2-12-20-21 520 500
36 13-14-20-21 430 130 77 18-2-12-22-16 535 590
37  13-14-22-16 445 195 78 18-6-13-9-21 465 500
38  18-6-13-14 430 385 79 18-6-20-10-14 465 450
39  18-6-15-16 320 0 80 18-19-13-9-21 465 360
40  18-6-20-21 360 0 81 18-19-20-10-14 465 450
41 18-6-22-16 375 0

DR

B IR A AR S A B R B B AL R T LIN-
GO A A FEAT K% . BRI I &k 4 e
Ne RPN ZAMK N HLE 5 HLAL S i BE
S R BA N | A (R] B I ] K SE

18

NSRBI AE J5 %85 11 5 i JF — 48 3% 3 &
BL 5145 HEBRECBEfG 14:30 2K, J54E 12~14 S
PEAR VAT 45 35 i 23 1 335 min B9 FE 1%, Ik 4F
L4 T HE A4 380 3 bof TR R 3ok 7 A B . 23k G Pk
WA G 45 S FUH E 5 4 AT BE, BB T 4 3% )
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610 min, JA7 BOH ALBE . 25 63 HLLL L2 BLEL A~ %ok

0, 7£ Pentium (R) Dual-core, 2. 30 GHz, 2 GB

RAM i+EHLETFE RS 7 s, Ak 5k 620
W, SRS N 45 490 I8, BiAS I /D 34. 38 %,

x4 MMERGIEFARERTR

Tab.4 Recovery plan of small-scale case

Tail No. Crew Flt. No. DStat AStat STD STA Delaytime/min
2498 C2 4 SHA FOC 8:30 9:40 0
2498 C2 5 FOC TSN 12.55 14.40 0
2498 C6 6 TSN SHA 16:30 18:00 50
2498 C8 20 SHA XMN 19:00 20:30 0
2498 C8 21 XMN SHA 21:30 23:00 0
2570 C5 11 SHA SZX 8:10 10:10 0
2570 C5 12 SZX SHA 11:00 13:00 0
2570 C6 18 SHA TSN 13:50 15:20 0
2570 C1 2 TSN SZX 16:00 18:10 200
2570 C1 3 SZX SHA 18.50 20:50 200
2850 C4 7 CAN NKG 8:50 10:50 0
2850 C4 8 NKG CAN 12.00 14:00 0
2850 C3 9 CAN XMN 15:35 16:45 0
2850 C3 10 XMN CAN 18.:00 19:10 0
5145 C5 13 SHA CAN 14.30 16:35 0
5145 C7 14 CAN SHA 17:30 19.35 0
5145 C7 15 SHA TAO 20:40 21:50 0
5145 C7 16 TAO SHA 22:30 23:40 0
5393 C6 17 CAN SHA 8:10 10:15 0
5393 C1 1 SHA TSN 10.55 12.25 160
5393 C2 19 TSN SHA 15:20 16:50 50
5393 C9 22 SHA TAO 17.30 19.35 0
5393 C9 23 TAO PEK 20:30 22:35 0

4.2 EEMESSHRHRENLR

N TR A KR R AR SCHEAT T R LA
AR . RBBERBIR A T 70 2L,
387 AL, 83 LA, B 5E 30 L. Hi 6 A4

Pl CHLLE S B i B ML L . B &
PR EL 10 B2 7775 5C P IR B i B3 8 13 4> (BR
T AR ) o AR AR [ A AR BE SR A TR B
RECF AT R BB A R NR 5 PR,

x5 EERESIMBRHEEX

Tab.5 Comeparison between integrated recovery and sequential recovery

WE =i @R WO WA el TR

Fk EER/min BUIE BCBE/A RHLEER FE WOV gy R/
%%%‘VI(/E 983 22 5 16 430 13 241 17 942 119 290
67\19’?,5&'[7)?2 1 645 42 11 — — 12 1690 213 720

5 GRS AR 4 b BT EAE S B A
i MK 5 AL, B G IR A 2 WHL HLA 1 o Bir
B SR TR .

5 HWRIE

AR SCHE S BT 1T IR U R A A L
PRS2 FIHILAL W 52 B W] AT B A A0 AT AT IRC X 7 LA A
b X A ST B I A R A 0 ) A PN AR

e R ARG BE A0 1] AL A B TR A K A I I AL
fift . IR R W T E B WL L 1 Bir
B AR S W 2 AR R B e T A B B
AP S 28 v /N B LR

EAHE AR O T T R BEK i SCE XA
RAFUHAT T — 7 W T AL 0 B e 1) 28 B0
SE FE B 2 I B BRI AR IR BT X A
—EFEE E A RE RO aE A . R, B IR
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