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Abstract During the modern battlefields of multi-batches flight formation attack situation, it is an
essential task for a commander to make a proper fire distribution of air defense missile launch platforms
for threat targets with effectively and quickly. Pan et al. try to solve this problem using genetic algorithm,
but they are fails. This paper gets the initial feasible solution using high threat target first destroying
strategy only use 75% available fire of each missile launch platform. Then, the assigned missile is moving
to another target in the case of decreasing total threat. As a result of experiment, while the proposed
algorithm is polynomial-time complexity greedy algorithm but this can be improve the solution than

genetic algorithm.
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Polynomial-time Greedy Algorithm for Anti-Air Missiles Assignment Problem

AskA| 55 NP-2-4(non-deterministic
polynomial-time- complete) 2.2 25 WAjo]ct?
Li et al.”'o] w2 2000dth S0 thafet vekF2
g 7HES F859AR o7 tAte ' F
A g Fopls HAEZ 7 HE d1EE(greedy
algorithm)o] A|UIEHA] A3 Q= AAgo|t.

A =(threat degree) ¢ 5 7F 7,9 7] AT
(batch raid target)5°] 55 &3t 39, o+ 718
A £ & BRSE P AdFUARE EAR
(surface to air missile launch platform center)ollA
olg 7] HEY AFEE FHATAA o)t A4
o5 HASTEE v, 5 HPgste] diFuAdS &
Atsflofgt gitt, o1& thg ERE At 38 2ul A
(multi-target anti-air fire distribution problem,
MTAFDP)2} 8tk MTAFDP 2] A& 49l WTAPS}
TR 2 NP-2H(NP-complete) A2 F2A QL
o ubdel B7]-BRE ujA EA(weapon target
assignment problem, WTAP)ol| thalA] Lee®2 Xt
AARIYES ZHEE BI|E vgsty, A3 7]= U
= AT

2 =59 MTAFDPO| #3] =3t} Pan et al!e
SAR La1EE(genetic algorithm, GA)S Z-835}0]
MTAFDPE &34 stpou 229 2ag dA] 25
At

mEba B =FoAE MTAFDPO] s thadAzte
2 g = 73S 7K B8 duEEE A/ 2
Aol A= MTAFDPO] gt BA Fojet AAAT 2
o] FAIEE =8t 3%8olA= MTAFDPE HAIte
Ue B GHES AR 4goA= A
i Ak EElEe] S HET

e

1o
oy dn

o

ook

I, g 2XE

Aol A AR EA L (commanden)= A8
A9l EHE(threat targets)oll Tl AAst 5L &
(fire distribution)dflof 3l 953t JEE zH Ut
SHEMEEAE BE&Ho|HAE HEA & S Al
e goiE HHsZ 5408 AP A EXE of
29 g (firepowen) & MiESH 2g st gt

o8 77 &F 9 28 7 & £ 7
£ p, BRENSFE ¢ v F A BEE T FEEH

d:m(m:imizei]uj[lf ﬁdr"} M

j=1 i=1
subject to i]w,;j <a;1=12,-p
ji=1

T > 0,integer

ME AYZuAL A, o M7} B3 28
7Fedt A =, ¢ 8 AVIEY 7o) AEd st b
MTAFDPE & A48} A7|E2 2, & wAsh= 4] (2)

o BAgeE Hag st

q P v
f= ma,a:irm'ze]Z)1 t; 1— izl_[la‘;]. ] 2
q p
st Ya; <075 a,i=1,2p [C1]
j=1 i=1

T > 0,integer

WTAPS] 2] (1) MTAFDPY 24 (2)7} G-AR| 29l
o} 28y WTAPE IAE EXEo| A¥S Agulst
£ 7ido] §lo] 7H8 §7] A%%E Azlsh= ol
MTAFDP+ o5 HiEo| 2= A7gulste]
T 7FsAE 1Eot 7HE U] AgE AXsHE ¢
=, 75%%hs AZlsta Aol tiH|sopet gtk o]
9} 22 olf&z QIS E 13 2L ZpEAo] Utk

H 1. WTAP2t MTAFDP2| XHH A
Table 1. Difference of WTAP vs. MTAFDP

s WTAPY MTAFDP

=AY ELE SR Ao Slge da

A4 AY 5HE
(static fixed)

mgm 4 Ty BEE
SIE . .
(dynamic moving)

Azl wet A 57t
0.00 < ¢, < 1.00

E¥(constant)
u,, fized

Ak 7

(98 Hx)

25% 71 ARS bl
100% £71 &4 =
" i NN
&
= L <a
];x” s ixi]‘ = 0.75¢;

j=1

- 186 -



The Journal of The Institute of Internet, Broadcasting and Communication (lIBC)
Vol. 19, No. 3, pp.185-191, Jun. 30, 2019. pISSN 2289-0238, elSSN 2289-0246

B | T1| T2| T3| T4| TS| T6| T7 | T8| T9|T10|T11|T12

F1 {0.650.55/0.75[0.90{0.00| 0.65]0.70|0.800.45|0.55|0.00 0.75
F2 10.350.65|0.90/0.75/0.700.00{0.85/0.75| 0.35| 0.55/0.80/ 0.75]
F3 10.65|0.75|0.00{0.00/0.70| 0.65[0.90/0.75| 0.35| 0.65]0.70,0.80]
F4 [0.850.55(0.70{0.45/0.70| 0.65]0.70/0.70{0.90 0.45| 0.55/ 0.7

F5 {0.55]0.60/0.70/0.75/0.75| 0.60,0.90{0.000.00| 0.55| 0.600.75
F6 {0.85]0.55[0.60{0.00[0.00| 0.650.90/0.75/0.35|0.25|0.75]0.45
F7 {0.65/0.00/0.70/0.25[0.80| 0.65]0.45[0.90/0.00| 0.65| 0.55] 0.65
F8 [0.45(0.25/0.65/0.00{0.00{0.90,0.65/0.55/0.75]0.45]0.650.55

t; 10.47/0.97/0.76/0.48]0.22]0.770.83|0.800.54]0.850.55/0.67| 7.

J3 1. MTAFDP &3 GjO|E
Fig. 1. Experimental data of MTAFDP
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z;; T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 Total
F1 0 0 1 1 0 1 0 1 0 1 0 0 5
F2 0 1 1 0 0 0 1 0 0 0 1 1 5
F3 0 1 0 0 0 0 1 0 1 0 1 1 5
F4 1 0 0 0 0 0 0 1 2 1 0 0 5
F5 0 1 0 1 1 0 1 0 0 1 0 0 5
F6 1 0 0 0 0 1 1 0 0 1 0 0 4
F7 0 0 1 0 1 0 0 2 0 1 0 0 5
F8 0 0 1 0 0 1 0 0 1 2 0 0 5
Total 2 3 4 2 2 3 4 4 4 7 2 2 39
f T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12
F1 1.0000 | 1.0000 | 0.2500 | 0.1000 | 1.0000 | 0.3500 | 1.0000 | 0.2000 | 1.0000 | 0.4500 | 1.0000 | 1.0000
F2 1.0000 | 0.3500 | 0.1000 | 1.0000 | 1.0000 | 1.0000 | 0.1500 | 1.0000 | 1.0000 | 1.0000 | 0.2000 | 0.2500
F3 1.0000 | 0.2500 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.1000 | 1.0000 | 0.6500 | 1.0000 | 0.3000 | 0.2000
F4 0.1500 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.3000 | 0.0100 | 0.5500 | 1.0000 | 1.0000
F5 1.0000 | 0.4000 | 1.0000 | 0.2500 | 0.2500 | 1.0000 | 0.1000 | 1.0000 | 1.0000 | 0.4500 | 1.0000 | 1.0000
F6 0.1500 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.3500 | 0.1000 | 1.0000 | 1.0000 | 0.7500 | 1.0000 | 1.0000
F7 1.0000 | 1.0000 | 0.3000 | 1.0000 | 0.2000 | 1.0000 | 1.0000 | 0.0100 | 1.0000 | 0.3500 | 1.0000 | 1.0000
F8 1.0000 | 1.0000 | 0.3500 | 1.0000 | 1.0000 | 0.1000 | 1.0000 | 1.0000 | 0.2500 | 0.3025 | 1.0000 | 1.0000
Product | 0.0225 | 0.0350 | 0.0026 | 0.0250 | 0.0500 | 0.0123 | 0.0002 | 0.0006 | 0.0016 | 0.0088 | 0.0600 | 0.0500
t; 0.4700 | 0.9700 | 0.7600 | 0.4800 | 0.2200 | 0.7700 | 0.8300 | 0.8000 | 0.5400 | 0.8500 | 0.5500 | 0.6700 | 7.9100
fJ 0.4594 | 0.9361 | 0.7580 | 0.4680 | 0.2090 | 0.7606 | 0.8299 | 0.7995 | 0.5391 | 0.8425 | 0.5170 | 0.6365 | 7.7555
tj *fj 0.0106 | 0.0340 | 0.0020 | 0.0120 | 0.0110 | 0.0094 | 0.0001 | 0.0005 | 0.0009 | 0.0075 | 0.0330 | 0.0335 | 0.1545

- 187 -



Polynomial-time Greedy Algorithm for Anti-Air Missiles Assignment Problem

4 4 e e 7 5 A= AR PRl &
AZHhd MTAFDPE NP-€-do] ofd P-EAIZ J3
a0l Bt £2 o3t AIRE eSS A8
opt gt

wabs 3o o] BAlO] He 91 =g Hot

A2 4 9 B T84e] £ TAztoR 9

0)

. 1 A PUEHH-0IF 2[X=t P2|F

2 oA 4 (9] 15 97 918 R AR Aokz
2 [C11 353k o Aoz JE4Re F442
Qe Ao 2,5 WA BE YIEE HHo] 3
7 A 7hs 2 e

Lij g SAeflE 19 BEE 94 B Ao
2 4 (308 ARG = 4 () ks Az
At A e vt e 1 S7HAE B A AHE

4

B

—t;(1=T[(—a;)"™ (3)

A @)l 8l 80l @ =18 wiAske S
$a3 w8slel 27] U ks e Fosict. T2t
olo} 22 WY WS Seel R 2 4,2 2 9
SOl EFSHL S, =05 SFAIA H o] i EA|
S AGE v A M2 olFo] s thE T
Aehe] HALE ol EAAL Het ABE AaAY &
Sl 24sh 3go] Wasiet

Wehd B golie oliet Hxjst BAlE sHe]
A3l =z, =100 WA @, — 12 AHSI, 14 Kt
=2 AT AAE Hol= 5UT J9 thE d(&ER
B2 olEAslE PUL B8l

Aike duEiEe 1 A8 AEE-ols(high
threat shooting first-moving optimization, HTSFMO)
lEolet shul, hest 2ol SaErh

. quxw < 0.75Xp3ai,i:172,---,p, quaz. — ixﬁ >1
; =

j=1 i=1 j=1
= a; ZH@_XJ

Step 1. 27| A& 7ks 8 24/ +38 5% O(m) */

p
for i=1 10 m=Y,q

i=1
it 34 Qe W Iz, < .0 A
(M, T;) then w;<;;+1 3.

end

Step 2. 015 HA3=E HH s 24 /* Y 2L
Olgr) */
for i=1to r= |zij 21|

z; 2 1V A A Aol dis) ;o — 12 4%

for j=1 to ¢
e 52 39 vE dEES) 1), 2
°olE (@, +1)

if JHEt =2 91848% AIA then
e, 1 2, Ty 1
of sl ke o
else T2 4= A% ol&

if B0 %2 9¥HE AA then

exit
end
i=i+1% oe A Y
end
V. YREE HEH A5 U 24

& AollAe 3804 A HTSFMOE 18 19
A9 ElolEo] #-gst] darelE A o g AFst
%ch. HTSFMOE $-3¥5HA] o] Ho AP ZHAGo &
q, =525 0.75q, =392 ¥ 33} Zo] WA}
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Table 3. Transform q; into 0.75q;

a; 0.75a; |0.75a; integer|Adjusting 0.75q;
F1 6 4.50 5 5
F2 8 6.00 6 5
F3 6 4.50 5 5
F4 6 4.50 5 5
F5 8 6.00 6 5
F6 5 3.75 4 4
F7 6 4.50 5 5
F8 7 5.25 5 5
Total 52 - 41 39
% - - 0.79 0.75
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; T1 T2 T3 T4 T5 T6 T7 T8 T9 TI0 | TI1 T12 | Total
F1 0 0 1 2 0 0 0 1 0 0 0 2 6
F2 0 4 2 0 0 0 0 0 0 0 2 0 8
3 0 1 0 0 0 0 1 1 0 2 0 1 6
F4 3 0 0 0 0 0 0 0 3 0 0 0 6
F5 0 1 0 1 2 0 1 0 0 1 0 2 8
F6 1 0 0 0 0 0 1 1 0 0 2 0 5
F7 0 0 0 0 2 0 0 1 0 3 0 0 6
F8 0 0 1 0 0 4 0 0 0 2 0 0 7
Total 4 6 4 3 4 4 3 4 3 8 4 5 52
f T1 T2 T3 T4 T5 T6 T7 T8 T9 T1I0 | TI1 T12
F1 1.0000 | 1.0000 | 0.2500 | 0.0100 | 1.0000 | 1.0000 | 1.0000 | 0.2000 | 1.0000 | 1.0000 | 1.0000 | 0.0625
F2 1.0000 | 0.0150 | 0.0100 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.0400 | 1.0000
F3 1.0000 | 02500 | 1.0000 | 1.0000 | 10000 | 1.0000 | 0:1000 | 0-2500 | 1.0000 | 0:1225 | 1.0000 | 02000
F4 0.0034 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0:0010 | 1.0000 | 1.0000 | 1.0000
F5 1.0000 | 0-4000 | 1:0000 | 0:2500 | 0-0625 | 10000 | 0:1000 | 1.0000 | 1.0000 | 0:4500 | 1.0000 | 0.0625
F6 0.1500 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0-1000 | 0.2500 | 1.0000 | 1.0000 | 0.0625 | 1.0000
F7 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.0400 | 1.0000 | 1.0000 | 0.1000 | 1.0000 | 0:0429 | 1.0000 | 1.0000
F8 1.0000 | 1:0000 | 0:3500 | 1:0000 | 1.0000 | 0:0001 | 1.0000 | 1.0000 | 1:0000 | 0:3025 | 1:0000 | 1.0000

Product | 0.0005 | 0.0015 | 0.0009 | 0.0025 | 0.0025 | 0.0001 | 0.0010 | 0.0013 | 0.0010 | 0.0007 | 0.0025 | 0.0008
t; 0.4700 | 0.9700 | 0.7600 | 0.4800 | 0.2200 | 0.7700 | 0.8300 | 0.8000 | 0.5400 | 0.8500 | 0.5500 | 0.6700 | 7.9100
I 0.4698 | 0.9685 | 0.7593 | 0.4788 | 0.2195 | 0.7699 | 0.8292 | 0.7990 | 0.5395 | 0.8494 | 0.5486 | 0.6695 | 7.9009
t;—f; ]0.0002 | 0.0015 | 0.0007 | 0.0012 | 0.0005 | 0.0001 | 0.0008 | 0.0010 | 0.0005 | 0.0006 | 0.0014 | 0.0005 | 0.0091

(@ @, =168,6,685,,71=52, x; =16,8,6,6,8,5,6,71=52
T T1 T2 T3 T4 T5 T6 T7 T8 T9 TI0 | TI1 T12 | Total
F1 0 0 0 2 0 0 0 1 0 1 0 0 4
F2 0 1 3 0 0 0 0 0 0 0 3 0 7
F3 0 3 0 0 0 0 0 0 0 1 0 2 6
Fi 1 0 0 0 0 0 0 0 3 0 0 0 4
F5 0 0 0 0 1 0 2 0 0 1 0 2 6
F6 2 0 0 0 0 0 1 0 0 0 0 0 3
F/ 0 0 0 0 2 0 0 2 0 2 0 0 6
F8 0 0 0 0 0 3 0 0 0 0 0 0 3

Total 3 4 3 2 3 3 3 3 3 5 3 4 39
f T1 T2 T3 T4 T5 T6 T7 T8 T9 T1I0 | TIi1 T12
F1 1.0000 | 1.0000 | 1.0000 | 0.0100 | 1.0000 | 1.0000 | 1.0000 | 0.2000 | 1.0000 | 0.4500 | 1.0000 | 1.0000
2 1.0000 | 03500 | 0-0010 | 1:0000 | 1:0000 | 1:0000 | 1.0000 | 1-0000 | 1:0000 | 1-0000 | 0:0080 | 1.0000
3 1.0000 | 0.0156 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.3500 | 1.0000 | 0.0400
F4 0.1500 | 1.0000 | 1.0000 | 10000 | 1:0000 | 1.0000 | 1.0000 | 1:0000 | 0:0010 | 10000 | 1.0000 | 1.0000
F5 1.0000 | 1.0000 | 1.0000 | 1:0000 | 0.2500 | 1.0000 | 0.0100 | 1.0000 | 1.0000 | 0:4500 | 1.0000 | 0.0625
F6 0.0225 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.1000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
F7 1.0000 | 1-0000 | 1:0000 | 1.0000 | 0-0400 | 1.0000 | 1.0000 | 0:0100 | 1.0000 | 0:1225 | 1.0000 | 1.0000
8 1.0000 | 1:0000 | 1.0000 | 1.0000 | 1.0000 | 0.0010 | 1.0000 | 1.0000 | 1:0000 | 1.0000 | 1.0000 | 1.0000

Product | 0.0034 | 0.0055 | 0.0010 | 0.0100 | 0.0100 | 0.0010 | 0.0010 | 0.0020 | 0.0010 | 0.0087 | 0.0080 | 0.0025
i 0.4700 | 0.9700 | 0.7600 | 0.4800 | 0.2200 | 0.7700 | 0.8300 | 0.8000 | 0.5400 | 0.8500 | 0.5500 | 0.6700 | 7.9100
I 0.4684 | 0.9647 | 0.7592 | 0.4752 | 0.2178 | 0.7692 | 0.8292 | 0.7984 | 0.5395 | 0.8426 | 0.5456 | 0.6683 | 7.8782
t;—f; ]0.0016 | 0.0053 | 0.0008 | 0.0048 | 0.0022 | 0.0008 | 0.0008 | 0.0016 | 0.0005 | 0.0074 | 0.0044 | 0.0017 | 0.0318

(b) a; =06,8,6,6,8,56,71=52, =; =0.75a;, =[5,5,5,5,5,4,5,5]=39
;; T1 T2 T3 T4 T5 T6 T7 T8 T9 TI0 | TI1 T12 | Total
F1 0 0 0 2 0 0 0 1 0 1 0 1 5
F2 0 1 2 0 0 0 0 0 0 0 2 0 5
3 0 1 0 0 0 0 1 1 0 1 0 i 5
F4 1 0 0 0 1 0 0 0 2 0 0 0 i
5 0 2 0 0 0 0 1 0 0 1 0 1 5
F6 2 1 0 0 0 0 1 0 0 0 1 0 5
F7 0 0 0 0 2 0 0 1 0 2 0 0 5
F8 0 0 1 0 0 3 0 0 1 0 0 0 5

Total 3 5 3 2 3 3 3 3 3 5 3 3 39
f T1 T2 T3 T4 T5 T6 T7 T8 T9 T1I0 | TIi1 T12
F1 1.0000 | 1.0000 | 1.0000 | 0.0100 | 1.0000 | 1.0000 | 1.0000 | 0.2000 | 1.0000 0‘4800 1,9990 1 0-2300
F2 10000 | 0:3300 | 0:0100 | 10000 | 1:0000 | 1:0000 | 1:0000 | 1000 | 1:0000 | 10000 | 0:0400 | 1000
£3 1,9900 | 02300 | 1.0000 | 10000 | 1:0000 | 1.0000 | 01000 | 0:2500 | 1:0000 | 0:3500 | 1.0000 | 0:2000
F 0:3200 | 10000 | 10000 | 1.0000 | 0:3000 | 1.0000 | 1.0000 | 1.0000 | 0:0100 | 10000 | 10000 | (0000
5 1,990 | 0'1600 | 1:0000 | 1:0000 | 1.0000 | 1:0000 | 0:1000 | 10000 | 10000 | 0:4500 1.ogoo 0-2200
Fo 00225 | 0:4300 | 10000 | 1.0000 | 1:0000 | 1:0000 | 0.1000 | 1:0000 | 1.0000 | 110000 | 0:2300 | 10000
F 1:0000 | 1:0000 | 1:0000 | 1:0000 | 0:0400 | T:0000 | 1:0000 | 0:1000 | 1:0000 01225 | 1.8000 | 10000
F 1:0000 | 1:0000 | 0:3500 | 1:0000 | 1.0000 | 0:0010 | 1:0000 | 1:0000 | 0:2500 | 1:0000 | 1:0000 | 1:0000

Product | 0.0034 | 0.0063 | 0.0035 | 0.0100 | 0.0120 | 0.0010 | 0.0010 | 0.0050 | 0.0025 | 0.0087 | 0.0100 | 0.0125
t 0.4700 | 0.9700 | 0.7600 | 0.4800 | 0.2200 | 0.7700 | 0.8300 | 0.8000 | 0.5400 | 0.8500 | 0.5500 | 0.6700 | 7.9100
/i 0.4684 | 0.9639 | 0.7573 | 0.4752 | 0.2174 | 0.7692 | 0.8292 | 0.7960 | 0.5387 | 0.8426 | 0.5445 | 0.6616 | 7.8640
t;—f; ] 0.0016 | 0.0061 | 0.0027 | 0.0048 | 0.0026 | 0.0008 | 0.0008 | 0.0040 | 0.0013 | 0.0074 | 0.0055 | 0.0084 | 0.0460

(© 0.75a; =[5,5,5,5,5,4,5,51=39, z; = 0.75a; =I5,5,5,5,5,4,5,51=39
% 2. HTSFMO ¢12|E Zat
Fig. 2. Result of HTSFMO Algorithm
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Table 4. Compare with algorithm performance
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““““ B T; =[464344343845=52 | '
| z; =[5,5,5,5,5,4,5,5]=39 x; =[4,7,6,4,6,3,631=39
[S2] | [68.6.685.6.71=52 7.7555 | 0.1545 7.8782| 0.0318
z; =[23.422344.4.7.22]=39 7; =13,43,23,333,53.41=39
z; =[5,5,5.5,5.4,5.51=39
(s3] | [5555,54,5,5=39 - - - - 7.8640 | 0.0460
x;=[3532333335331-39
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