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Abstract: The solution of SUMApHMP model has a certain difficulty while not considering the transit corridor
(TC) basic network in air battlefield, so a hybrid taboo search algorithm based on Floyd shortest path algorithm
is proposed to control the airspace in battlefield effectively, and ensure the safe, efficient and orderly process of
military transportation. According to the solution result of SUMApHMP model, the TC basic network without
considering the restricted airspace is designed. The flow matrix and distance matrix between 10 airports in the
air battlefield are used to test the hybrid taboo search algorithm, and the result obtained by the proposed algo-
rithm is compared with the results optimized by Lingo 9. 0 software. The results show that the proposed hybrid
taboo search algorithm has short solution time and correct solution results.
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Fig.1 Multi-assignment aviation network
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Fig. 2 Space distribution of airport nodes
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Table 2 Flight flow between airport nodes
BUE/ BRI - D
B 45
W1 W 2 W% 3 Wl 4 W 5 W 6 W 7 W 8 Wl 9 Bl 10
Wiz 1 0 71 152 69 111 79 61 44 69 29
g 2 71 0 8 5 5 5 4 8 4 10
LY 3 152 8 0 36 72 52 101 35 45 22
Wiz 4 69 5 36 0 32 22 16 4 9 2
WLz 5 111 5 72 32 0 65 17 5 18 13
Ml 6 79 5 52 22 65 0 19 10 5 20
Wiz 7 61 4 101 16 17 19 0 16 13 12
Ly 8 44 8 35 4 5 10 16 0 18 7
Mz 9 69 4 45 9 18 5 13 18 0 4
L7 10 29 10 22 2 13 20 12 7 4 0
223 MUY AR B R A R
Table 3 Distance matrix between airport nodes
8 /km
W% %5
Wl 1 W 2 W 3 W 4 Wi 5 Wi 6 Wi 7 MWl 8 Wl 9 Wl 10
Mg 1 0 655 1828 914 1496 2 035 2213 1509 816 627
W 2 655 0 2 263 1561 2135 2 653 2 693 1769 1130 1205
Lz 3 1828 2 263 0 1326 1193 1127 461 710 1137 1236
W 4 914 1561 1326 0 586 1146 1574 1406 973 465
W 5 1496 2133 1193 586 0 581 1266 1561 1 369 963
L7 6 2 035 2 653 1127 1146 581 0 978 1713 1744 1450
Wz 7 2213 2 693 461 1574 1266 978 0 1161 1578 1596
% 8 1509 1769 710 1406 1561 1713 1161 0 695 1084
Ly 9 816 1130 1137 973 1369 1 744 1578 695 0 527
g 10 627 1205 1236 465 963 1450 1596 1084 527 0
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Table 4 Comparison of model solution results obtained by

hybrid taboo search algorithm and Lingo 9.0

Lingo 9.0 RASE R RAL
Xl
wpp Wl AL FERE/ s o i B /s
(X10) (X109

10-2-0. 4 1,3 367.02 15. 26 367.02 0. 381
10-2-0. 6 1.3 387. 14 16. 02 387.14 0. 388
10-2-0. 8 1.3 403. 59 16.19 403.59 0.399
10-3-0.4  1,4,3 292.54 17. 34 292. 54 0. 498
10-3-0.6  1,4,3 325. 94 16. 27 325. 94 0. 497
10-3-0.8  1,6,3 354.19 16. 75 354.19 0.519
10-4-0.4 1,10,3,5 241.70 16. 67 241.70 0.701
10-4-0.6 1,9,3,5 281.01 15.18 281.01 0. 687
10-4-0.8 1.9.3.5 321.15 18. 49 321.15 0.705
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Table 5 Connection matrix R” (p=3,p=0.4)
PN |
WL 95
W 1 Wy 2 W 3 GIR7K! LIRS B 6 W 7 W 8 IR Bl 10
L 1 1 2 3 4 4 4 3 3 9 10
IRZI 1 2 1 1 1 1 1 1 1 1
Ml 3 1 1 3 4 4 6 7 8 9 |
Bl 4 1 1 3 4 5 6 3 3 9 10
Bl 5 4 4 4 4 5 4 4 4 4 4
Bl 6 4 4 3 4 4 6 3 3 4 4
L 7 3 3 3 3 3 3 7 3 3 3
Bl 8 3 3 3 3 3 3 3 8 3 3
IRZ 1 1 3 4 4 A 3 3 9 4
Bl 10 1 1 4 4 4 4 4 4 4 10
WRIE I R = (), 8 LB R AT BRARZHEINER 6 s,

NGRS L SR IE i) B 12 SR AT 2 B JHR 0 4% 1) 24K
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Table 6 Results of TC basic network path arrangement(p=3,p=0. 4)
ARG -
VIR R
Blig 1 WL 2 L% 3 L% 4 Bl 5 Bl 6 Bl 7 Bl 8 L% 9 Bl 10
Ml 1 [1.1] [1.2] [1.3] [1.4] [1.4.5] [1.4,6] [1.3.7]  [1.3.8] [1.9] [1.10]
Ly 2 [2,1] [2,2] [2,1,3] [2,1.,4] [2,1.4,5] [2,1,4,6] [2,1,3,7] [2,1,3,8] [2,1,9] [2,1,10]
Wiz 3 [3,1] [3,1,2] [3,3] [3,4] [3,4,5] [3,6] [3,7] [3,8] [3,9] [3,4,10]
BLig 4 [4.1] [4,1,2] [4,3] [4,4] [4,5] [4,6] [4,3,7]  [4,3.8] [4,9] [4,10]
Wiz 5 [5.4,1] [5.4.1.2] [5.4,3] [5.4] [5.5] [5.4.6] [5.4,3,7] [5.4.,3.8] [5.4.9] [5.4,10]
Hl3% 6 [6.4,1] [6.4.1,2]  [6.3] [6.4] [6.4,5] [6.6] [6.3.7] [6.3.8] [6.4,9] [6.4.,10]
Wl 7 [7.3.1] [7.3.1.2]  [7.3] [7.3.4] [7.3.4,5] [7.3.6] [7.7] [7.3.8] [7.3.9] [7.3.4.10]
Bl 8 [8.3,11 [8.3.1,2]  [8.3] [8.3.4] [8.3.4,5] [8.3.6] [8.3.7] [8.8] [8.3.9] [8.3.4.10]
Bl 9 [9,1] [9.1.2] [9.3] [9.4] [9.4.5]  [9.4.6]  [9.3.7]  [9.3.8] [9,9] [9.4.10]
Bl 10 (10,11  [10,1,2] [10.4,3] [10,4] [10.4.5] [10,4,6] [10,4,3,7][10,4,3.8] [10,4,9] [10,10]

MR % AR 22 HESE A, al it i 10 S HL3g 1
e R BR 1 2 319 B0 T 25 B JRE 9 245 14 AN 3
IR .

2500

2000

1500

y/km

1000

500

1000
x/km

1500 2000

B3 A2 i B s 481 2 8 JAR kA ) 4 10 R 25
Fig. 3 Planning result of TC basic network without

considering the restricted airspace
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Fig. 4 Operation of TC basic network after the

restricted airspace is added
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=

4 & ®

(1) XA BIR ] 2 e ) 23 b JBg ik AR 1) 2%
M SUMApHMP Bop iy, 42 17— FiR &
AR AL FORIR L . I AT R B R R A
Lingo 9. 0 B {8 AE K 15 B ML, (HL iy & 705K A i)
] b2/ b F e .

(2) MERA S RALNLE R it il
AN PR 2 Sl B0 T 1Y 2 8 TR 0 4% L B T
TR SR fige 45 2R 04 TE A A D 5 1 BR A 2 el 2
JE JBR P AT 46 R R4 3 T B AHE SR

(3) M T U5 WS A 3k 1 B2 7 F 9 28
Yy 26 AF T 110 25 A TG e A 190 4 Ll ) RS A %
JE PR ] 25 Jml i 0 AN A 28 LA T 2 i s A
12 g PO 2%, T A BIR ] 2 e, 2 A R S A ) 4%
ML ) DRE B O 2% ot — P IR AT

7

S % ik
[1] Campbell J F. Hub location and the p-hub median problem
[J]. Operations Research, 1996, 44(6); 1-13.
[2] Lederer P J, Nambimadom R S. Airline network design
[J]. Operations Research, 1998, 46(6): 785-804.
[3] Pels E, Nijkamp P, Rietveld P. A note on the optimality of

airline networks[J]. Economics Letters, 2000, 69: 429-

434.
[4] BKBAE. i AelzEE sy M. dbat. b E R R
#, 2000.

Geng Shuxiang. Airline operation management strategy
[M]. Beijing: China Civil Aviation Publishing House,
2000. (in Chinese)

(5] MBI, fizs 2wk B4 AL it i B 5 [D]. /e ot
B LA ZS LK R 2 . 2006.

Bai Mingguo. Research on optimization design of airline
route network[ D]. Nanjing: Nanjing University of Aero-
nautics and Astronautics, 2006. (in Chinese)

[6] Kelly T. Makoto A. A genetic algorithm for the hub-and-
spoke problem applied to containerized cargo transport[ J].

Journal of Marine Science and Technology, 2009, 14(2).

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

256-274.

TS RE . KA S i e Al 4 T 2 25 A T b R T =
R I JE R TR F A R Gh & B0, 2010,
12(2): 27-30.

Yang Hanyi. The application of hub-and-spoke network in
chinese aeronautic transportation[ J]. Journal of Beijing In-
stitute of Technology ( Social Science Edition), 2010, 12
(2): 27-30. (in Chinese)

WAE, R, RMM. p-IXA ML M 2% BT IR &
R0k R TR 24, 2012, 33(8): 69-73.
Yang Nian, Zhu Jinfu, Wu Weiwei. p-hub airline network
design problem based on MSP[]J]. Journal of Wuhan Uni-
versity of Technology, 2012, 33(8): 69-73. (in Chinese)
BAE L RAAE, M. WS W R AL R[] 32
SRS TR SEE, 2012, 12(4) . 172-176.

Sy

Ge Wei, Zhu Jinfu, Wu Weiwei. Design of spider web air-
line network model[ J]. Journal of Transportation Systems
Engineering and Information Technology, 2012, 12 (4):
172-176. (in Chinese)

EA, B EAE R E e 9] P E R
AT B, 2013, 24(3): 5-7.

Cheng Jizeng, Cheng Jian. Theory and practice foreign air
battle space control[J]. Journal of Civil Aviation Flight U-
niversity of China, 2013, 24(3): 5-7. (in Chinese)

KV, T BT HEMAAtEL A sh iR b kiR
(1. 15 B ALBF5T, 2018, 44(5) . 23-26.

Zhu Tao, Ding Yi. Reasearch on automatic planning meth-
od of bulk route based on route network[]J]. Informatiza-
tion Research, 2018, 44(5) . 23-26. (in Chinese)
Skorin-Kapov D, Skorin-Kapov J, O’Kelly M E. Tight li-
near programming relaxation of uncapacitated p-hub median
problems[ J]. European Journal of Operations Research,
1996, 94: 582-593.

Fred Glover. Future paths for integer programming and
links to artificial intelligence[J]. Computers &. Operations
Research, 1986, 39(13): 533-549.

BRI, MR WY Floyd 553 5 MATLAB # )7 5%
BULTT. Wb Tr 2 e 2 1l CH AR B4R » 2013, 19(5) 13-
15.

Mao Yuanjie. Floyd algorithm and MATLAB program rea-
lization of shortest path problem [ J]. Journal of Hebei
North University(Natural Science Edition), 2013, 19(5) .
13-15. (in Chinese)

WE, FEY. MSE RS REERIM]. Kb
HoR 2 AL 1995.

Xie Zheng, Li Jianping. Network algorithm and complexity
theory [ M]. Changsha: National University of Defense
Technology Press, 1995. (in Chinese)

TR Tl 2 2% 1 1 A B B Il B e LD, Tk
B 1L TR R 2. 2010.

ET

(T#E 825 In)



5 6 ]

A 58 2 - T HLTE AL BR AR T i 3 i i ot A (e A 40 825

cations[ ] ]. Johnson Aeronautics,s 1993(4): 1-4.

[21] &8, BRTVEI. B3 5 400 5 5 25 4 2 50 6 MR Y
(). EFHLEA, 2017(1) . 8-12.
Hu Ou, Chen Pingjian. Correlation study for blade loads
and blade structure properties of rotor[ J]. Helicopter Tech-
nique, 2017(1): 8-12. (in Chinese)

[22] W34, J7J. DYTRAN FEaE# M. dbat. dbmi ke
AL, 2004 1-2.
Bian Wenjie, Wan Li. DYTRAN basic coursel M]. Beijing:
Peking University Press, 2004: 1-2. (in Chinese)

[23] TR, #R&6. DYTAN g KB AIMI. dbat. B2
1. 2006 81-85.
Ding Peiran, Qian Chun. DYTAN theory and application
[M]. Beijing: Science Press, 2006: 81-85. (in Chinese)

[24] BT, BEA. EEMEFEIML deat: EBF Tk H R

. 2014 68-71.

Yang Jingning, Ma Liansheng. Mechanics of composite ma-
terials [ M .
2014 68-71. (in Chinese)

Beijing: National Defense Industry Press,

EE T :
HEKZA982—) . B W+, mP TR, FEH5Hm . T
PR, 3 11250 #r
REKE(1965—) . B¢ L R R EH TR, R
D51 H LA SR R SRR AR
BASINI(1986—), 2, TR, 32 BB 98 7 [n] - 405 4 58

(445 MF81E)

WL TE QLR GEGE L REGLEGLEGLE L TE GG GL Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl Gl ol ol Gl Gl Gl Gl ol Gl Gl Gl Gl ol ol Gl Gl Gl ol ol ol

(E#EEE 809 TT)
Ji Kaiging. Research on emergency material dispatching
problem based on hub-and-spoke network[ DJ]. Shenyang:
University of Science and Technology Liaoning, 2010. (in
Chinese)

(177 & 02 0 3 4% B 8. 2000 [ 58 K Ak 7 & [EB/OL].
[2018-12-21]. http: / www. sbsm. gov. vn/article/zszygx/
chzs/chkp/ddcl/201001/20100100062363. shtml.
Administration of Surveying, Mapping and Geoinformation.
China geodetic coordinate system 2000 EB/OL]. [2018-12-
217. http: / www. sbsm. gov. vn/article/zszygx/chzs/chkp/
ddcl/201001/20100100062363. shtml. (in Chinese)

fEE R

X #1981 —) Lo Wit PRI, E ARG 5 L AL
B,

B—m (1987 =), 55 Bt B 5. EZEWRIE ) A WU R,

HRBA Q71— B Wl ml R, EEMR T dEL R
SR, S AR,

969 ). L Wi R R, EEF T A AR,

(5 MHE1H)





