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Optimal Solution to Crew Scheduling Problem Based on SMT

LIU Xi-Peng, CHEN Yin
(School of Computer, South China Normal University, Guangzhou 510631, China)

Abstract: Crew scheduling is an important part of an airline operation plan. Reasonable crew scheduling can help airlines
save great crew costs and increase their revenue. Since the crew scheduling process involves massive complex constraints,
it is an NP-hard problem; thus it is difficult to optimize the solution. This study proposes an optimal solution to crew
scheduling problems according to Satisfiability Modulo Theories (SMT), which converts various constraints in the crew
scheduling process into first-order logic formulas and sets the solution goallas minimum (.;ost and maximum crew
utilization. In addition, it transforms the problem into an optimal solution undef the satisfiable condition of the given logic
formula and uses the SMT solver, Z3. Experiments show that'the .aigorithm in this study can solve the crew scheduling
problem of a certain-scale flight plan, bringing benefits to airlines.
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BE TR B2 -5 min 29 h 10 min

JETL TN - P AR - R -
7 7 W -3 - AR
FH  AE-ER-EE-TM

21 h 35 min 33 h 45 min 0.640

JE7N =BT FA-R

8 HH o B 10 h 40 min 16 h 10 min 0.665
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i H AR SN A

S 3. BT 73 IR R AR

N HUAIIEE S AP, HhdES BS, MIBERIES I(1.. n), L5 AERK
PR GenPairing(), 3 level
i BB AT SR FP, 1A costs

1. P=@,costs=0, fts, dts=0, S =0ptimize()

2. for (I=0; I<level; I++)

3. P*, Cost*=GenPairing(l)  //fRHflevel EMYET 553
4. Cst=0

5. foriin I.length do

6. Py Py, ,PyCP*VP HAL G fiYti

7. S.add_constain(C; j—PC(P1)VPC(P2)V--VPC(Py))
8. Cst.add(Ci i ACiaA-+NCi )

9. for pin P*VP, P;#P; H PiAP;#2 do

10. S.add_constain(=PC(P;)V=PC(P))

11. for each p in P*, each cost in Cost* do

12. costs add IF(PC(p),cost,0)

13. fts add IF(PC(p),f1,0)

14. dts add I[F(PC(p),dt,0)

15. ut=fts/dts g *
16. S .minimize(costs), S .maxmize(ut)

17. S.push(Cst) | [TELIR R

18. Wait_for(costs,ut=Check(S))

19. if unsat:

20. S.pop()

21. S.add_constrain(—~Cst) []fZIHR KL
22. P=PVP*

23. else if TimeOut

24, return —1

25. else

26. return costs,ut,PC

H sar 25 FNF, 3R R AL SR AR IS 1R 5 24T 55 30 A RSB
A costs FIHLAFIFHZ ut.

NI AR 1 A RLEE TR R 1, A AR Ak oK A
HILFE. MUEERECN 18, &3k GenPairing(0) % T 56
— i B 2 R R B B M W AR LA S B E N 16, AR
S RE FLIGIAH B ) LR BEAT Check() K8, KN4
A unsat, fFH 53 LYK KRG AT N —B B GenPairing(1)
AR R R R IR ] B AN 58 AR 5530 11-174 0-10 45,
FH T~ A 3R [B] 25 Hb 3 0 o AR, jJDZ\fEﬁﬁE"JE%%
IR L4 SR AT SR A A5 A Sunsar, R — B B
GenPairing(2) i@ﬂﬂ%%ﬁ(ﬁﬁ’/“ FIEE 2. 7. 10 4%

BINGE S5 PR 5 B sat, B ERURE S HR 02 4 .
‘ %4 RARIRG AT 55K

£453 0-1-2-4 5-6-14-15 7-3 9-12-13 16-8 11-17 10 it

A 1800 2200 1400 2600 1800 1800 1200 12800
HUHAFIFZ 0358  0.554  0.571 0.717 0.38 0.754 0.75 0.62

WAL 3 PR, MONHIE B ARG B 1, ik
R4 R4 iR B GenPairing(), 22 GenPairing() 7 LA
BN EIZH level T BANF] R IR AT 5538, U1 level=0

o A B RG] R AR 55 8, level=1 B AE SRR

IR (B S Hb AT 55 145 -
R evel §k VKR B TR J2 U9 A 55 3F,
57 AT R M SR AR, ERAEZE D 1 AMES
PR i, Coo IR e, e 7 sh TR 75 4 20
9-10 172 ME—TELI o, BIAF R AME 55 30 PP AN g
[E] AL Rl — NPT, 11-14 4T R 23 ) IF s 5, %
Wi /2 PC(p)=true MIMTE5 ¥ p 1 KATHS[A] fiv PUERES [H]
dt A cost BINB 8] fis FN dts FRA costs .
17-26 47 FIH Z3 B934 & R MR, Jo s 35 i A2 &
Cst XF RL LI AR R, R SR GRS S 54T Check() KA,
R I R GR (B -1, SR ES S iR IRl 4h R oA
unsat W, WEEAT [0, 545 ) AR 20 2R 2%, BE BT 5530
P, FEEN T —RH30, R AGAS S TE45 € I (8] N 245

R Jm OS5 W] R, SRR S I B & T T A Y
fBE, HARAMIYEAT BAXAE o — Uk, R, A
A, HUHF I T 0. 6, BLHAZ 7 22 A 2.

4 SIS HT
4.1 LWIMNERLW S

AR 2> FIALZH HEPE 9] 8 AT A A oK A, 5K
PRk PEAN AL, CPU J9e AMD Ryzen5 1600X
6 10 12 L6 F2, WAE 16 GB, Winl10 245, JnfLis = ik
# Python, SMIT R AR HEHE Python J5i7s 1y Z3Py", 5
KR K [ Kasirzadeh 254 $2 45 (1 8725 2 71 10— LR
YRV RIBE . A SCIEURT 7 AT RIBE K B R
filR gt BRI VERE, TR MRS R B0 Ho o 7 4, HdiE ) B
AAE B 5 fs, TR IR 3k 6 Pk,

%6, Kk leg_nb F/RiPEdw T, airport_dep
5 airport_arr 73 5l LR AT PE I H &AL AL L,
date_dep. hour_dep K7t ¥t tH A& i H B AT [A],
date_arr. hour arr R/~ Wi RA H #AF 2K R (6] 3%
H, BASE* IR iZ AL NN, AIR*E R AR
FEHWALI. 2t et T BE Y 2% A AT DFS 5.9, B
BT T AR B WG AP AT 55 B 1 B 4 R AN [
1) level Z4, A BT 3R AE I PEIA B R WI5R 7 B,

etk SR AEBY B, R Z3 88 B SR AL, 4 Ut
AN level A= BT 55 133847 check A 7 2 73 2 AH
MNAVHR, BB FN sat, BATAKRE. SLIRM, 2
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level=2 It 28 2H A8 A2 J AT 55 F0 250 T A2 HE S R 207K

£S5 FUHHEEAGR

BB HLALER K TG AT AL 8 /N, okt 2 n L e
1 BASE1/BASE2/BASE3 15 28
B8N 14 /J\HTJ‘, f/MEHER RN 30 ﬁ’ﬁ], (R RC ] 2 BASE1/BASE2/BASE3 16 64
1000, /N AT HEE A 400, A BRAA 500, IALAL 3 BASEI/BASE2/BASE3 16 100
FRA N 500, HLALTELE 2 TFIART 45 SMbh 31, 4154508 . s S
J&i 30 2B 5E BN, DAL SRR S A B AR A I MTEEAT 55 6 BASE1/BASE2/BASE3 19 199
R UL R 5 R 2 8 Jrs. U BASEUBASE2/BASES 1 234
F6 ISP ZIR
leg_nb airport_dep date_dep hour_dep airport_arr date_arr | hour_arr
LEG 01 0 BASEI 2000-01-01 12:00 AIR1 2000-01-01 13:13
LEG 01 1 AIR1 2000-01-01 14:05 BASE2 2000-01-01 15:19
LEG 01 2 AIR3 2000-01-01 17:45 BASE2 2000-01-01 18:27
LEG 01 3 BASE2 2000-01-01 19:24 . AIR2 2000-01-01 20:15
LEG 01 4 AIR5 2000-01-01 20:35 BASE2 2000-01-01 21:49
LEG 01_5 BASE2 2000-01-01 23:11 AIR4 2000-01-02 00:22
K7 FHANIEAKE ; £9 IR
A5 1 2 3 4% B 6 7 AL M-BR SMT
P AL 28 64 100 Y136 167 199 234 15535 6 5 5
level=0 10 h42y 102 163 217 266 327 RATI ] 69 h 40 min 67 h 40 min 66 h 40 min
level=1 37 8 16l 238 302 373 462 i i ) 120h40min  125h35min  114h 10 min
level=2 65 149 262 374 469 572 696 BRI 0.577 0.539 0.593
GIEERZN 46500 43700 43300
K8 BRLRMEL CPUL (s) — 20 036

ap VHE CATERIN WAL R

FHCE W (min) [A)(min) FIATE B 1A (s)
1 11 3034 4939 0.61 26700  0.39
2 29 7193 12400  0.58 59100  0.89
3 38 11352 20387 0.56 77800 2.18
4 55 15511 26162 0.59 105800 4.16
5 61 19324 34823 0.55 110200 73
6 75 23045 41411 0.56 133600 35.1
7 86 27017 48515 0.56 174600  405.3

MR 45 RAT R, %R BEA R NG RE IIRTHE. |

VR R A % T R 55 96, R A, 2RI
{E5 PR RE T 86 T AL DE, HLLALRIAE e il 1 55%,
AR T WAL 22 N AR 1], 45 R0 4606 7 L
LB 6], [ B IN 0 BAS TT Jf  T  —
RE RO BLAL A 32 Hh, A2 24 7] B
4.2 SLHUXIEL

N T RE SR L P B, 4305 Agustin 251
R SRR DINAE S IEVTEN S A7V ON
T HET SHAT BB, SRR K 5D A
AT I SLSE AP, A TR T SR [25]. 36 41 A
YE, P55 K, UHE (130N EBERT 15 45 min, FUA—
ANFHHL Madrid (MAD).

e RO HIPE 2 SUE LY

286 MW7t JF & Research and Development

MSZES 45 AT 41, SMT. M-BR 5 A T 4w HEAH EE
AR R 45 FRBORE S /D, AT I R S, LA B AR AR
$56 52 1 TN T 45 HE 72 TV 2 R A 1 I LA,
4N T TCATIS T R A SMT 4 B T M-BR, #L4L
(1371 FE 22 56 7 Lo Rt ) 57

SE AR AT, A SCH 1) SMT SL3AH B T
LA M-BR B3, SR AR S, B ] 5D,
HUZLF 28 5 7, 5 23 /A B HLALHE BE I BEWHE
25 BT A 19 R, T LA 2800 R A0 AL 2L A AT A 7 L
YR A .
5 B4

ASCRFAEET SMT (W5 718, ME A RZE
T P LA HE R0 170 550 ) L 2L B 1) B AT T BT,
LA EIE T RAVEHRSH MR T WTee. AR
TR S LRI, BT T T SMT LA HEE (A i
H SR P O 0 B AR S 8 2 S0 BT B L PEAT 55
IF, FERIF SMT SRARSE Z3 HEAT R (O ALSR AR, FH10
FHG SR . S22 W), BXUE 1 DFS 035 A 38 s 1)
7 R A T AR R (405 U FEAT 45 3R, 25T SMIT 19 23
SR AR5 T LS B (1) 2% 38 20 SRR SR AR L0 B, 7T DA
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