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Research on irregular flight recovery based on minimumcost flow model
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(a. Insititute of Hydroelectric Engineering; b. The Faculty of Automation and Information Engineering,

Xi’an University of Technology, Xi’an 710048, P. R. China)

Abstract: The occurrence of unexpected incidents will cause flight plan failure to be carried out as planned,
which will bring huge losses to airlines and passengers. In addition to the complexity of related factors, the
difficulty in the flight recovery problem is mainly reflected in the immediacy of the recovery scheme.
Therefore, in order to propose a quick and effective flight recovery plan to reduce the related losses, this
paper described the recovery of irregular flight through space-time network technology, and realized the
tracking of flights in space and time. Based on the minimumcost flow model, an integer programming
model with the minimum delay time as the objective function was established. The model also considered
the scheduling strategies of flight delay, aircraft replacement and flight cancellation. The Floyd-Warshall
algorithm was proposed to solving the established model. Finally, the model and algorithm were verified by
an example. The results show that for the emergency situation, the model and algorithm established in this
paper can provide a reasonable flight recovery scheme, and the model and algorithm are feasible and

availability. The model established in this paper has a general applicability, and it has certain reference
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significance for the study of the problem of recovery of abnormal flights.
Keywords: air transportation; irregular flight; the minimumcost flow model; Floyd-Warshall algorithm;

space-time network; integer programming model
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Fig. 1 Aircraft replacement schematic
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Fig. 2 Basic map of space-time network



76 TR K FFHK % 43 %

22 ERMERARER

AN TE BT FEAR S T] A A A% A 2 A A BIR A s [ A RS BRI A2 A BE B 5 o BRIV I R A /N . DRI AT I
eI AN g die /N B TR IR) AL, LA RS T

B2 G=(V.E.co) Z—MW AR v, MIE Ry, AR RS AR M G ok —A4
AR GBI AT 21 AT A0 B R/ N BROH g B/ BT . H R R AE S e

minz:zw;jf;jq (1)
ngl] g("q’ i?_]‘:~§91’29'°'9n9t9
Zf-v Vo =2fw
st a 2
S D F =00 i =2.3.
j=s j=s
(v;yv;) € E,

K.z R BT A IR BT s, A B 0 s 3l N (o, v D BTS2 5 S I Gvs v ) B IR
1w (v, )M v Bl B9 e, MR G, oy DRI i 5y, HBE AT E E MK RF I aImES.
H bR ok E8CA it ik 19X 28 3 v B A SR i o 2 B RIS /S
LA 1 FoR T I G, v ) IR EE 1 BN TR A it oy s R & 2 FoRTIAT I it v, 55T
T v, AR B Sy, Wi SR 3 ROR T Ay, BRI N 05 R AR F 4 TR I, v B M 4%
WIER E gk,
2.3 fBEER/NEE IR B jE) AR B
FE T /N LAY i — 20 8 ST T T B e /)N HE R B[R] A AR 4R

miHZZZEI’/a’, JrZy,/), Jrzz:zl/c’,, (D)

JEF el JEF JEF el
Dy VfEF.,
el
nglfalf<tav erFyvleIs (4)
s.t.
ay=ann=1,2,-,30), Vfe€F,Viel,
Dy <1, Vier,
JEF

AT N RHUER s F UEEE G sy O 0—1 85 HATHE £ # L SRATHS B 1 R IE 0, y, Sy 0—1
AR CHATHE £ RO I BT R 0, =) Dy 0— 1 AR dE L 2 RHL ¢ B RALIE B 1 WIWEL 05 S E
BRBAS 30 9 HOH AR 50, 0 B AR

FI s o5 B /N UL DR SIE 5 N 1) R v S5 — 0 Ay DAY ST BIE S 5% T 3 50D S 5 AR L B 00 S R B BRGT
TS B B BAS 35 = 350 Ay IR0 D 8 460 17 5 B0 B 45 i AS

LA 1 Fon B — A UHE R RE B AT s BBUH 5 9 AR F 2 308 WSR G BE Bl AT o B 5% 6 (8] 75 A8 /]y
T 0 HART ¢, s AREAF 3 R U BERE 1% 1 PR SR 0] s (] B A @ s YRR 4 R — 2R KL 2 BB IR
H— MY

3 Floyd-Warshall &%

B % B 2= B AR FITHSRALKOF B & R L %t /s 2 FH R 0] A %) 5K A% O A Ak 22 58 15 AN TRl 380 1 5 X T Bk
VEARTR B R4 H i 24k 2 B/ R . K Floyd-Warshall % ¥k %) A8 1E 8 T BE A9 VK &2 7] B8 2E 47 5K i
HLABEARBIT,

WHE G=(V,E),w, FRAN (v, s0,) BT v, 5o, KL w, =+oo; [ d; RS v, BT
v, BYFRJE IR B, W FAR A — AT v, €V ATE o, BTN o, BRERE o, FH AL o, XEERE AT
LA 3 25 BRI B SBAER LB d RN d o+ d oy IRV,



% 9 EXB,EF ATRIERAEDG R EFMILIR L FAFR 77

Md, >dytdy W2 d,=d,+d, W d; 2RTIS o, BIT0S o, MREEE., ERIZPRER
LTS, v, MR AR o BERT S v, ST o, ZHREEE, ZE BN Floyd-Warshall 223,
Fr Floyd Sk , HAB B 4n

Stepl: 5 A B G WIAUEREW XA (0. dy=w, k=13

Step2: HHr d; STEMW ivj A5 dy >dy+dy WA dy=d,+dys

Step3: # d i <<0, MAEFE— 5 A T v, MABUE, BIEL AL 50 b =n BRI Z R B Step2,

4 EHISH

4.1 HEXRIE

R UR T 2017 A4 EIF 5T AR B0 A SR FRAE AR C L 8 H A OGS B AN F .

AT 52 B 2 A A5 A R T TP 2 7E 2016 4F 4 H 22 HEY 18:00 F 21.00 Z M LM ML OVS, 7
P[] B ML AS RE S B R 9 A T L BIE 1717 32 BF ) B 22 i 1040 J9T A AL R A 1E RS 3 i ) B 22 )5 Bl
0l St B S T R I, P BRETEIZ H 18:00 & 21:00 Z M CR4U3E 18:00 1 21:00 X 2 4N 2 AL FE Y
JIT A A PR 5 2 R4 HE T L T A T HE T RE i R OG A S L A PR Y E R HE

AN R A B an ] FEHT AL R LAY 9 OR 25 & AL ML ED i T BE 1R il 5 i s ] 3% (4 M B R4 )
AR BT A Bt X2 HE A PR 9 T B AT BEAS 9 B » IR B CRAE ML O 1) BT A5 A BPE 8 1% SE 152 1) 1] e J 7
4.2 HEERREG

BT AR IEH UMK ()30, AR B an LB ik

D T i gE N AE AL 5% A RBEE I 5

2 A BN AT B RHLAY 25 o

DARFE OVS HLIZEE 5 min A M KHLEIECR ;

DFFANG T LIAK 24 h TAE;

SDARHEENLAH N G E A5 R % 47 A% F1 8 4 )

6) KL I AT B) AN 2 PR A28 15 11T] A2 5% 1) 5

T LB AE 152 1 PR 5K B[] S B B A 10 min,

4.3 ZRSH

V00 BE R 1 AR S ST 0 e /N AE 5 B R BB RY , 9R A Floyd-Warshall 5335 #6475k f#% . #| F Matlab #%
PR T AR U BE TR 2L Jr 2. 803 78 OVS HLI & P i 8] Be P, ALY 9 SR 13 WO BE T 3l 75 22 30 17 9
e, FLOREEE TR UL 1L 3 S AR YA B I B A I 4 o 445 [T

MFE 1 AT LA, 174773380,174774314 174773636 % 13 WATPETR B 4ER , M Hrh 174774048 %5 4 WA
PR PAT CHLAE W e A BT A FE R ] 1 110 min, W& 3 A1 13 UM BE B9 B4 B ZE 15 175 i, 78 15 1]
S (] L Xk AS YR S0 BT 9] B 400 AT 5 0 WY T

F1 MPEERAEEFER
Table 1 Schedule of flight delays

i BE M ' Btk # ik EEIBEN FalY 2k KL KL BORHL SERE E

— %5 i [1] fisf ] fisf ] i ] LY LR w5 5 E5 /min
4/22/16  4/22/16  4/22/16  4/22/16

174773380 MJT Ovs 9 64098 64098 180
15:10 18:10 18:01 21:01

4/22/16  4/22/16  4/22/16  4/22/16
174774314 HRA OVS 9 85098 85098 170
16:20 19:10 18:10 21:00

4/22/16  4/22/16  4/22/16  4/22/16
174773636 KMM OVS 9 15098 15098 150
16:05 18:35 18:32 21:02




78 TR K F FIR % 13 &
FL B v A Bk K E2IBeS B E R A NI AL RHL BOKHL SEIRES (A
— i s (] Fisf ] sy ] Fisf ] IR IR 5 B5 B5 /min
4/22/16  4/22/16 4/22/16 4/22/16
174773957 WTR OVS 9 14098 14098 120
17:25 19:25 19.:02 21:02
4/22/16 4/22/16 4/22/16 4/22/16
174773751 LLT OVS 9 23098 23098 110
17.40 19:30 19.15 21:05
4/22/16  4/22/16 4/22/16 4/22/16
174774298 GKS OVS 9 44098 44098 70
16.:25 17.35 19.50 21:00
4/22/16  4/22/16  4/22/16  4/22/16
174774144 /22/ /22/ / / XIR OVS 9 26098 26098 60
18:30 19:30 20:00 21:00
1/22/16  4/22/16 4/22/16 4/22/16
174773887 NZK OVS 9 51098 51098 50
18:35 19.25 20:10 21:00
4/22/16 4/22/16 4/22/16 4/22/16
174774124 LEH OVS 9 41098 41098 40
18:50 19:30 20:26 21:06
4/22/16 4/22/16 4/22/16 4/22/16
174774048 OVS QSM 9 85098 36098 80
19:45 21:05 21:15 22:35
4/22/16  4/22/16 4/22/16 4/22/16
174774076 OVS XIR 9 15098 75098 60
20:05 21:05 21:45 22:45
4/22/16 4/22/16 4/22/16 4/22/16 )
174773432 OVS JOG 9 64098 82098 10
20:50 21:00 22:00 22:10
4/22/16  4/22/16 4/22/16 4/22/16
174773460 OVS 70V 9 14098 32098 10
20:50 21:00 22:05 22:15
OVS MJT HRA KMM WTR LLT CKS XIR NZK LEH QSM JOC ZOV
— 174773380 — 15:00
)_
— — 15:30
174773636
- — 16:00
5 P 174774298
- ( — 16:30
- — 17:00
- P 1174773751 — 17:30
o—/
- % — 18:00
174774144
B P q T 174774124 | 18:30
L L — 19:00
v
e I'e
L bl —19:30
o /é//é//€
174774076 —~ //////'/”//,,,/’/””// —|:20:00
//4////// —,20:30
174773432 — ]
(174773460) | | 21:00
—
L= \ %%k\ — 21:30
\\ \QQ\\ 5500
f— ———— N 4
\ \—(\q,
L - \\( —{,22:30
D
L —123:00

B3 ARUER =M% E
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