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Abstract: Optimization of runway scheduling for aircraft landings plays an important role in modern air traffic con-
trol, by maximizing throughput of an airport and minimizing fuel cost of aircrafts. As a nondeterministic polynomial-
complete(NP-C) problem, the runway scheduling of a considerable number of aircrafts in a multirunway airport hasn’t
been effectively solved. Because of considerable computation required by the traditional dynamic programming algorithm
under constrained position shifting(CPS), we can only sequence aircrafts and schedule the time of arrival in a single-runway
airport. This paper presents a new dynamic programming algorithm by changing the way of recurrence and combining the
traditional one with several other methods including a greedy algorithm. Our algorithm can solve the problem of multi-
runway scheduling with multi-object efficiently and effectively. A large number of experiments show that the complexity
of the algorithm is almost linearly proportional to the number of aircrafts, and the algorithm can optimize both throughput

and landing cost simultaneously in a short period of time.
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Table 1 Minimum time separations s
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Bk KA (Algorithm and optimization)
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Fig. 1 Recurrence relation of aircraft nodes (k = 2)
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3.3 S0 K EE(Greedy method)
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Fig. 2 Schematic of recurrence relation of a tree-element set (time unit: 4 s)
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3.4 Pk )5 L E JR E (Complexity of the final al-
gorithm)
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4 5 EEHE X 4 Hr(Simulation and analysis)
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4.1 ORI (Efficiency of greedy method)
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Table 2 Results of single-runway scheduling
between DP and DP/Greedy
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Table 3 Results of double-runway scheduling
between DP and DP/Greedy
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4.2 FHF & & KA (Scheduling for maximizing
throughput)
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Fig. 3 Results of double-runway scheduling for
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maximizing throughput

4.3 Xl & B 7% 18 7% B/ Ak (Double-runway
scheduling for minimizing landing cost)

LU 38 B Vi A 9 e /N D0 AR B B I k4. K
HOROBIL A B I 18] B 185 5 D 1004 I B, A i
217048/, P = (0.3,0.4,0.3). &, fttb 2k R b
RIR i EATTE IR T NS P S G iR
FCFS ¥ S AL AT AR, SO A 22 T A /0.
LG Bk = 1, 3N AL ROR Z AR, IX B
BEUIE L A5 R
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Table 4 Results of double-runway scheduling for
minimizing landing cost

k=1 k=3
KL N o . o
; Feigiesy  TFYisAT  Bgdest SrietT
V> WE/ms P> B E/ms
10 54.77% 33.28 55.69% 106.88
20 56.20% 37.03 57.72% 455
30 58.54% 4343 60.86% 781.25
40 62.71% 58.12 65.75% 1086.72
50 66.78% 93.75 68.75% 1658.28
60 69.15% 117.35 70.62% 2090.47
70 69.49% 147.81 71.27% 2541.41

4.4 X Hil & X H #x YL fL(Double-objective and
double-runway optimization)

B4R T W HEE = 3. Gk & Z470%/h, &
HUREET0 [ I 0] 7 15 B2 100 I Bty KL EG A5
Py = (0.3,0.4,0.3) 5 f X HLE o1k 25 1. B v,
PP RORH R s UAl, ™ mi o 2 E
M, R PR B L AR S (DR A i R TSR AL
L, P PGS H ). B4 R, 42 Costy 5345
SN, T4 1Y T IR AR A

ot T T T T T T
.
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LI | LI L L L L
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Fig. 4 Results of double-objective optimization of a FCFS

sequence (k = 3)

AT, B — 4 CHLIR B i 1) ) &2 22 4%
7100 NI B, STA A, pp/STA A, rors [ EL IS /)N
HAE0.9Z 4. ] LU B4 B A IR L 1)
MH AR B

A5 BT LA EARE
Table 5 Weights of convex points in Fig. 4

J5hs Ak B

0961 0.310 1.000 0.274
0956 0313 0995 0.277
0955 0314 0993 0.278
0942 0.350 0.980 0.309
0941 0356 0979 0.315
0.939 0368 0977 0.325
0938 0374 0976 0.331
0937 0383 0975 0.339
0936 0394 0974 0.349
0933 0432 0970 0.382
0931 0459 0968 0.405
0.930 0473 0967 0418
0920 0.629 0957 0.557
0919 0.649 0956 0.574
0915 0.754 0952 0.667 0.960 0.040
0910 0922 0946 0.815 0.990 0.010
0909 1.131 0945 1.000 1.000 0.000

0.000  1.000
0.438 0.562
0.634  0.366
0.780  0.220
0.828 0.172
0.835 0.165
0.862 0.138
0.890 0.110
0.904  0.096
0913 0.087
0918 0.082
0.927 0.073
0.937 0.063
0.949 0.051

4.5 AFEAL HAr g5 R A 5 BT (Comparison be-
tween different objects)

[F]] —FCFS ¢ 7 A [Rl ik 45 S H A% X0 5.
Pl b Al o e [ AR AR, BT A IR (4 ) R 2 B
[1165& i 2k < IRk 3R ZRETA FCFSHE 7 45 1 . A SCH
Pk = 1N RS R k= 3Nk R AL
G5k = 1IN B e AL 4 R | k = 3R A
WG IR, S2k | RS mikilge s AR HLL, S Y
KL, Al SE A BN A AR R SRR HLAE A
7] 4 B [FISTA; BRETAJT F1I4b, R — 45 1 ke £k
FoROBEIE, RO AR M 4k BRI KL ¥ 70k
T8, W R AR 2 07 IR R O R 5 1 i

ATLUE 2, i T s MBI, KHLIISTAJS
A RESEATETA, J LA L A B2 3% Ry AH B FCFS A2
AR /N, HL R v 030 A7 W] S AR Ak 3 4b, it i
KA, k= 1, 3185 5 — 48 PR I ) A
A A6 9% e /DML, k= 1, 3 & R IE AR
AATA]. X ST TH4.375 1S B AT
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Fig. 5 Optimization results of a FCFS sequence (the same as Fig.4)

4.6 HEEHIE & HEF (Scheduling both landing and
departure aircrafts)

FKOW IR T WMHIEL = 3. FHRAT05/Mh, &
HLIETET70 B9 B ) 7 195 5 100 BB RATL L A9
WP = (0.3,0.4,0.3) 3B HE WAL & 5 50%0 1)
PeAe g . 5 ks ek s 4 R (813) 5 1%
WAL T I AL S5 R (B AT L, BRI AR 1k
RN HEHE 7 I, AHZEAN K, (ER 3 A6 2 e /ML
A B 3513 AT I TR) KR 9871, 3 I A SC 58 /0 S s
LB KM STA,; > ET; = ETA L RI1EH
EP

k6 Mgk BB RSHFMACL R (K = 3)
Table 6 Results of double-runway scheduling of
landing and departure aircrafts

RV A e e ML i ey N/K e
;2 Mevkdese  PIEfT Ub)ESTAA.  PIIEAT
P> A /ms Tk 14 s A ) /ms
10 41.40% 16.88 17.04 3.91
20 51.21% 35.16 29.43 10.62
30 57.18% 56.88 34.38 17.82
40 62.92% 87.66 42.59 25.00
50 67.33% 104.69 37.79 31.72
60 69.91% 126.25 39.02 42.19
70 74.48% 158.28 43.15 46.25

5 458 (Conclusion)
g BT, 2t s A T CPS TR 3 24 M kI v
RE T 75 1k B L B T& A6 9% 43 ) 5 [R) i 3R 47 00 4k 5

RN a5 2R, [N, 3847 3 R BLER, s 55 1]
FEAR L CHLHCR R MR R AR, TR EE BT AT K,
KA AR L AN K, 7T DA, FEARR
k = 1MEE S E = 2, SISEI R %1l , (Hiz
SN IR 2 AT W AL, e ANIE0.2 s, S84 mT L
T AL S B 2K

it A L 22 b ) TR T A B, B 28 KRR L
CL T 40 1 I 3 4% M B IE AR 18 1 21 340 BT L =
RISHAZHIE. AR AR P2 i
B3I, SRR A SR A AN, (H DA 22 )
SRR, B AL SR AL I SRR KR LT,
SN FABGCAL S LA T8 S, 3K 25
et 2T W) (273

B SO XU TE B A G 5 B RN 326 A1 R I
B IR AR & 36 T AR K 2% (Princeton Uni-
versity) [ BT AR ST 20 A, 78 e ik
NESR
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