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Constraint programming model of integrated
recovery for aircraft and crew
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(School of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, Jiangsu, China)

Abstract: The features and differences of running schedules for aircraft and crew were analyzed.
The mininum total recovery cost was taken as objective function, the spatial-temporal connection
and flow balance of aircraft, flight, crew and airport were considered as constraint conditions,
and the constraint programming model of integrated recovery for aircraft and crew was built.
Aiming at the characteristics of integrated recovery problem and model structure, the searching
algorithm was designed by using mixed set programming method, and example verification was
carried out. Calculation result indicates that for small scale example, the results obtained by the
proposed model and sequential recovery method are same, and the delay is 6 020 min. For
medium and large scale examples, the delays obtained by the proposed model and sequential
recovery method are 9 670, 12 840 min respectively, and the delay obtained by the proposed
model reduces by 24.69% compared with the result of sequential recovery method. By using
sequential recovery method, 22.2% examples can not obtain feasible solution. So the proposed
model is feasible. 6 tabs, 1 fig, 19 refs.
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Tab. 1 Flight schedules of example 1

WIS | | B iU | &G ] | e A ) | AL | DL AL S
101 LWL #E | 08:20 | 11:40 1 1
102 AR | EWECRF| 12:30 | 15:10 1 1
103 gt = 17:05 | 20:00 1 2
104 =W | BIgICHR| 21.05 | 23.50 1 2
105 LR AL 09:20 | 1100 2 3
106 At | BMEAF| 12:00 | 13:30 2 3
107 IR WORE | 1425 | 17.05 2 3
108 R | RMRACRR| 18:00 | 2040 2 3
109 g | Vrwe 21:30 | 22.25 2 3

x2 EOI1HELER

Tab. 2 Calculation results of example 1

MPE S | WHLES | DLALGS | RIS | RS
101 1 1 08:20 11:40
102 1 1 12:30 15:10
103 1 2 1705 20:00
104 1 2 21:05 2350
105 2 2 11:10 12:50
106 2 3 13:40 15:10
107 2 3 16:00 18:40
108 2 3 19:30 22:10
109 2 4 23:00 23:55
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Tab. 3 Flight schedules of example 2 BWRE LA 55 . A SCBERL S 43 B Bk 52 05 ik it
MRBE | RE | M | RE | K% | WL | Al AR IE 6,071k S Rom B Bok & 7 i, 1 oK
5 | | B | MR EE | &S| S A — AR AR Xof /N B ASE (i) A 4n 4] 3 ~
201 | MR | B | 08:15 | 10:15 | 3 5 5. 03 Wy B 52 75 s 55 AR SOREBY SR A 1) fift AH ] SiE 1%
202 PR | EER | 11.15 | 13.00 3 5 ¥4 6 020 min, XFHEH] 6,11, 4 By BEk &2 5 80
203 | #hik | ®R | 13:.40 | 15.10 | 3 5 B RAG LA 55 09 F AT il A SCRE RS U 25t 1 AR
204 HR | mm | 16:10 | 17:50 3 5 W AT AT R . X 7~ 10, A% SCAR TR SR A5 (1) 45 SR A
205 MEe | FM | 19:00 | 20.50 | 3 6 E T FEEN IO 0T BEER L A 1R A BE L T 4 R
206 | M| EE | 21.55 | 23.55 | 3 6 HE 5 ] (] 1 L 43 B B 52 7 i i A5 SR T AL . AR S
207 A | JErT | 08.00 | 0940 4 7 HALS oy By Be Wk & 5 ik SR Al 1B 3= 4 3k 9 670,
208 | W1 | ms | 10:30 | 12:10 | 4 7 12 840 min, fiff F A SCASE R s /0 24 24. 69 V6 1) JE 15
209 | MR | % | 13.00 | 14,55 | 4 6 Sy By BEWRE 7 IR A2 22. 2 % NS LR TGk SR AR AT
210 | Pi# | s | 15.55 | 17.35 | 4 6 AT X TR b FUBE 09 0 &2 18] 8L, 4 B B WK 02 7 3
211 e | dest | 1955 | 21.25 | 4 8 FEARFRAE TH R G5 A K BRAE 17 A SCAE R ] R 4 1]
212 | dbxc | misc | 22.15 | 23.45 | 4 8 X T B B e HE LR 2 AT e
24 HE2HEER A MUK S (45 AN AT 47, 3 B0 2 H O A Bt
Tab.4 Calculation results of example 2 JATL 2 sl feft P 28 0 AL 2 s — (AR fb 4K 522 T DA 42 ) )28 1T
GHEe | <nme | s S | B eniE | mEE (] B I3 80 A0 BIE B 220 TCATLRR ML W U L B B G b e
201 3 5 1500 17,00 TR RO
x6 WMHMITHERN
202 3 5 17:40 19:25 Tab. 6 Comparison of two calculation results
2 ’ ’ 20:05 | e SOV | ik | TOALBERCE | ERASEECE | BLALECR | SED/min
204 3 8 22,15 23,55 S ) - ) L0
205 B ’ 1 0 5 0 1220
206 Wi S 0 1 0 2 680
207 4 7 15:00 1640 4 : ) 0 0 ) 650
208 1 7 17:20 1900 S | . 0 ) 120
209 4 6 19:40 21:35 v I . 0 0 5120
210 4 6 2215 23,55 s ——
211 HOH ' I 2 7 0 2235
212 Wt S 2 8 2 3 665
x5 ANEHIER ! I 0 9 0 2075
Tab.5 Comparison of nine examples S 0 P 0 ) 50
AT | CHUBCR | HUBEECR | DLALECR | S LI b R ’ I 0 7 0 1350
3 2 12 1 1 S 0 19 0 3415
4 3 20 6 3 ’ I 2 14 0 3025
5 4 26 8 3 S 0 19 0 3235
6 5 32 11 3 a I 2 16 0 3220
7 6 36 13 3 S PIUIEEY
8 7 40 14 2 ! I 4 ‘ 22 ‘ 4 ‘ 4500
9 8 16 16 3
10 9 54 18 3 5 & i
! 10 62 18 X AN TE T BRI A T R — Tt IR B BF T T A




%14

A ML F L RMAAUA — R B0 2 R R A 83

S BT B Be A v] e 3 BB R T R L B A
ATAT  — PR AR 52 1) 5 SR B T A o AR SCE YO 2
O BEVE 5T IE L BEPK A i F 52 T oK
BLANHLZL — AP 52 10 249 SRR R A R 5 1) TR &
T MR T7 1 - B ) 3 WA AR R, — 1k
AR IZ 7 VR A A A 25 5 T 1 o BRI A IR
ML K HiE R I 1] L B B Bk S RO AR AT BE 5
W E A RS . Z9AROLRI I i AE — A R A2 1)
AR ORISR i bt s i R PR R . (HUR AR
AR 8RR T RAL B R AN BLZEAT: 55 IR &2 ik %1
LS 2w R 55 et B HLAT AR AR AL B i A A —
PRI SR K B B 58 v o T) I s AR SCAL A 25 2 ]
A BEAT AN IE W UPEIR AL, S Pras 1 AR & ik
MR T 258 AL AR SR T P ) DR s . A s 2
AR WL =05 1 D R B SRAL A T A g A B IE
AL fEL A IR AT

S % LW -

References :

[1] ABDELGHANY K F, ABDELGHANY A F, EKOLLU G.
An integrated decision support tool for airlines schedule
recovery during irregular operations[ J]. European Journal of
Operational Research, 2008, 185(2) . 825-848.

[2] B RCARIESR PR AL LA 65 (D], w5t f
AL LR KA, 2010,

BAI Feng. Research on aircraft and crew rescheduling prob-
lems of irregular flight[D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2010. (in Chinese)

[ 3] TEODOROVIC D, GUBERINIC S. Optimal dispatching strategy
on an airline network after a schedule perturbation[]].
European Journal of Operational Research, 1984, 15(2):
178-182.

[47 TEODOROVIC D, STOJKOVIC G. Model for operational

daily airline scheduling[J]. Transportation Planning and
Technology, 1990, 14(4). 273-285.

[5] JARRAH A1Z, YU Gang, KRISHNAMURTHY N, et al.
A decision support framework for airline flight cancellations
and delays[J]. Transportation Science, 1993, 27 (3): 266-
280.

[ 6] YAN Shang-yao, YANG D H. A decision support framework

schedule perturbation[J].  Transportation

Research Part B: Methodological, 1996, 30(6) . 405-419.

[ 7] ARGUELLO M F, BARD J F., YU Gang. A GRASP for

for handling

aircraft routing in response to groundings and delays[]].

L9]

[10]

[11]

[12]

[13]

[14]

(15]

[16]

[17]

[18]

[19]

Journal of Combinatorial Optimization, 1997, 1(3). 211-228.
FEANT B R AR AN IR I A 1) B A A LR
KEHEHEFELT]. . 2010,29(1) :66-70.

TANG Xiao-wei, GAO Qiang, ZHU Jin-fu. Research on
greedy simulated annealing algorithm of irregular flight
schedule recovery model[ J]. Forecasting, 2010, 29(1); 66-
70. (in Chinese)

WEI Guo, YU Gang, SONG M. Optimization model and algo-
rithm for crew management during airline irregular operations[ J].
Journal of Combinatorial Optimization, 1997, 1(3): 305-321.
STOJKOVIC M, SOUMIS F, DESROSIERS J. The opera-
tional airline crew scheduling problem[]]. Transportation
Science, 1998, 32(3): 232-245.

LETTOVSKY L, JOHNSON E L, NEMHAUSER G L.
Airline crew recovery[ J]. Transportation Science, 2000, 34(4):
337-348.

TEODOROVIC D, STOJKOVIC G. Model to reduce airline
schedule disturbances[ J]. Journal of Transportation Engin-
eering, 1995, 121(4). 324-331.

XIAER. 2 28 W) 52 i TROHL A AL 2 98 C TR A B s (D
JEmT: B B 5 2002.

LIU De-gang. Aircraft rerouting and crew pairing repair dur-
ing airline irregular operations[ D]. Beijing: Chinese Academy of
Sciences, 2002. (in Chinese)

KRG, ORI IR & 45 MR B or el .
INERUORH LR 4. 2012, 33(11) £ 2556-2560.

ZHU Bo., ZHU Jin-fu. Research on mixed set programming
for aircraft schedule recovery[ J]. Journal of Chinese Computer
Systems, 2012, 33(11): 2556-2560. (in Chinese)

VAN HENTENRYCK P, SIMONIS H, DINCBAS M. Con-
straint satisfaction using constraint logic programming[ ] ].
Artificial Intelligence, 1992, 58(1/2/3): 113-159.
HOOKER J N. Logic, optimization and constraint program-
ming[ ] ]. INFORMS Journal on Computing Fall, 2002,
14(4) . 295-321.

FEAERR , BT AR, T 29 ORI SR R 42 0 08 B 1 BT . 0 i 4
A ,2005,24(1):110-112.

HUOQO Jia-zhen, WANG Xin-hua. Solving vehicle scheduling
problem based on constraint programming [ J ]. Logistics
Technology, 2005, 24(1);: 110-112. (in Chinese)

ZHOU Jian-yang. A note on mixed set programming[C] //
IEEE. The 7th International Symposium on Operations
Research and Its Applications. Zhangjiajie: IEEE, 2008:
131-140.

ZHOU Jian-yang. Introduction to the constraint language
NCL[J]. The Journal of Logic Programming, 2000, 45(1/2/3):
71-103.



