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Abstract

The long-term aircraft maintenance planning problem involves specifying a comprehensive main-
tenance schedule for a fleet over 3~5 years, considering aircraft maintenance parameters and ca-
pabilities. This planning, as the foundation of aircraft maintenance operations, focuses on meeting
various maintenance resource constraints while minimizing the number of maintenance events. It
aids airlines in efficiently allocating aircraft maintenance schedules to ensure normal flight oper-
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ations, enhance crew utilization, and increase operational revenue. Given the extended planning
horizon and complex constraints, a heuristic algorithm combining a genetic algorithm with neigh-
borhood search operators, GA-NS, is proposed. Experimental results demonstrate that the GA-NS
algorithm exhibits high efficiency and accuracy in addressing large-scale problems. It offers the
aviation industry a more scientifically informed approach to maintenance planning, with the po-
tential to enhance service quality and operational efficiency.
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AR AEAE TR R AT R, AR TR 7 A K HE . g DL I m HE R SR R . AN [R] 4
Bt RIFEDLA B AR 2[R %) A B A BT C AR mkEL e 18 2 24 S H, 1 D MEH & 5 £ 6 4
ZAE—x[6], KIATHRIGHFE AN S B HARRO MR, (03T 750 L S R YEE B R B (AN A W& A
Hu B A AEAE ARG B O T, R AT BEIRD 4EAB R LA MU A . B TR B T R AR AR, B
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min > >3 (17 x,;, -2 + Cox, ), )+ DB -G, (1)
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Z <x,,-I/" Viel,jeJ,teT ()
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T BANL e- 000 BIEIE N BVTAG R, B BT RIS IA B TR S npoputatione ZHIEEE T HFR T 18
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KHARARBESE, BAE O . Hik, EXEN T 281Z WL TR
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3&{‘%1 aircraft Checkl

Check2 Check3 Check4
aircraftl 151 642 1008 -1
aircraft2 268 900 -1 -1
aircraft3 16 800 -1 -1
aircraft4 555 -1 -1 -1
A2  aircraft  Checkl  Check2  Check3  Checkd
aircraftl 152 656 1008 -1
aircraft2 268 900 =i =i
aircraft3 12 758 =i =i
aircraft4 503 -1 -1 -1

Figure 1. Example of uniform crossing
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aircraft Checkl Check2 Check3 Check4
aircraftl 152 656 1008 -1
aircraft2 268 900 -1 -1
aircraft3 12 758 -1 -1
aircraft4 555 -1 -1 -1
aircraft Checkl Check2 Check3 Check4
aircraftl 151 642 1008 -1
aircraft2 268 900 -1 -1
aircraft3 16 800 -1 -1
aircraft4 503 -1 -1 -1
aircraft Checkl Check2 Check3 Check4
aircraftl 151 642 1008 -1
aircraft2 268 900 -1 -1
aircraft3 16 800 -1 -1
aircraft4 555 -1 -1 -1
aircraft Checkl Check2 Check3 Check4
aircraftl 152 656 1008 -1
aircraft2 268 900 -1 -1
aircraft3 12 758 -1 -1
aircraft4 503 =il =il =1
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Step 4. 7E[¢, 1
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Step 2. BT Semove BT S8 e WWE N 1 ) - D0, BN TAID K (R Siemove T AL S HLUIB UL,
AR R B S .

3.7. &IEFH

b 25 A B N RIS B B RKIEAIREL It BRI Ttnotmprove VBT SACHEVIIRAAL o
4. BEXH
4.1. HEINTE

AR SO SIS K ] Deng 5 N AR IR — F M2 A w1 SRR 4E[ 1], BLHE 2 ANE NI 3
W, A 400 45 BRI . B AR LR, RURHLELS . WA S & AP R
it C A DL, KHLSEL C KRR ESR, tEREEEEdE, AE H/ R CHA 2 1) %
T C A7 e FE IR 05 o T8I BRI BAUAR DA S mT F A AL B, WE T 16 AT RPN 1 A /N E
BILL Je 8 IS E] KA 1 R IR A

4.2. BERE

FH T4 R I T 5 =07 IR S5 R R B L &= S BUB R A B A, BIAE B bR, Cp i E
B 0%, C AERIER RS ERE, BARKAL, 5%EHN 100,

QAR H 1) MILP B ELHER AR R CH+4mfE 1A Gurobi9.5.2 REARSLIL, JEE— 6T
AMD Ryzen 7 5800H (1] 8 #% 16 LEFEALFE 8 A Window 11 #4E RGN EiEAT S8, Kigas Rk E
BINEGN . LKA AR/NEGTS, RERK T ER Y 600 7, ESKA 1 RREGIT, BREH
KAt HI E] 4 7200 5.

XA R K AEE, R CHER R — bl LT miescl. SR B4AitEty, &
ANRGNEAT 3 IKIRARAE . FPER N Mpoputation BN 505 e-TTLEIEH ¢ HL0.9; IEFEIFEF npe L 4, &
B35 B XK derossover I 0.65 BFALKHEFAE RN 0.1, ZERER(H FHAH Destroy & Repair 57 AHLE &5
R RIEARIREL Ttipax T 1005 FERTL AL FEA A Ttnormprove AEARIT BRACHEAR KAELAZ -

4.3. SEWER

NI SRS RN 1 . Horh GA-NS AARES S AL R L k. RISIIIT=5185 7 &
BIRSEAE R, BRI A WU DR AT IR 2% . 505 AT S 1), e B H bweg
LA BOR R A5 IR 5 R AH IR AL bound I 70 EEZERE gap. SKEGHURE BoR, LU N BALH NS,
Gurobi SRft &5 GA-NS FELE K 2 B T m LK H S U - (EREE 7 2RI LA = 3T, SRR
SRAFIR (B IR IG I, RSB 4 THICIEAE 600 s HYIS TR A SR B e, [RIRE, T35 4 ML SR BB
b, GA-NS FLF A BER IR . TR AT S HE T, GA-NS 7] AfE — 70 B A i pi N BT L 1k
RAFFE, ABLER IR SIS BT R RER IR -

Table 1. Experimental results of small examples
=1 NEISIER

Gurobi GA-NS
Dataset Aircraft  Hangar Bound
Time/s Obj Gap Time/s Obj  Iteration Gap
2019~2022 10 2 8.496 1474 0.00% 15.213 1474 27 0.00% 1474
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2019~2022 20 2 180.197 4452 0.00% 27233 44,522 47 0.00% 4452
2019~2022 20 3 125.889 3864 0.00% 20.214 3864 31 0.00% 3864
2019~2022 30 2 600 7761 7.52% 36.408 7721 59 6.97% 7218
2019~2022 30 3 161.767 6123 0.00% 27.866 6123 33 0.00% 6375
2019~2022 40 3 564.124 8376 0.00% 36.782 8376 47 0.00% 8376
2019~2022 40 4 381.05 8124 0.00% 29.428 8124 34 0.00% 8376
2017~2020 10 2 12.847 1675 0.00% 22.486 1675 26 0.00% 1675
2017~2020 20 2 84.592 4704 0.00% 32762 4704 36 0.00% 4704
2017~2020 20 3 98.262 4284 0.00% 28.661 4284 39 0.00% 4284
2017~2020 30 2 341.598 8266 0.00% 50.212 8266 62 0.00% 8266
2017~2020 30 3 239.121 6796 0.00% 42.618 6796 43 0.00% 6796
2017~2020 40 3 319.326 8999 0.00% 52.241 8999 48 0.00% 9139
2017~2020 40 4 397.421 8425 0.00% 46.345 8425 42 0.00% 8565
2017~2020 45 3 585.698 10,271 0.00% 56.795 10,271 51 0.00% 10,271
2017~2020 45 4 376.621 9697 0.00% 40.496 9697 35 0.00% 9776

REBI S8 25 RN 2 Frzm. EREG T Gurobi (RMFI ARSI, #£ 3 4> 30 DK LA ERIHL
BARUBLSLGISR M RE b, TEVRAE 2 /NI SR ATAT e T TS 0T GA-NS SR AR BT A SN 5y 78
2 Bl S, e SR DL T ) gap BOKAE 1T Gurobi sRABSSAOTHRIRE, JFRALE 2 /N ISR
HAAT T 5, WIS E gap BfEEOR . BUESKIREIRIEY] T GA FIAAE T RACR 5REE L%

Table 2. Experimental results of big examples

2. KREHISZIBER

Gurobi GA-NS
Dataset Aircraft Hangar Bound
Time/s Obj Gap Time/s Obj  Iteration Gap
2019~2022 10 2 1289.34 1156 0.00%  60.711 1156 27 0.00% 1156
2019~2022 10 3 1676.9 1156 0.00% 54.683 1156 26 0.00% 1156
2019~2022 20 2 7200 8964 76.34% 82326 3503 37 65.86% 2112
2019~2022 20 3 6184.45 2843 0.00% 66234 2843 31 0.00% 2843
2019~2022 30 2 7200 - - 94.35 6845 67 117.09% 3153
2019~2022 30 3 7200 842,604 99.62%  74.644 4619 33 42.08% 3251
2019~2022 40 3 7200 - - 88.501 6081 38 49.45% 4169
2019~2022 40 4 7200 - - 78.965 6045 32 44.48% 4184
5. B&

ARSI R USRI 1), SR T — Fh 4l & SR R 7 8% 515 (GA-NS). 7E 78705 &
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