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Maximum Kill Selection Algorithm for Weapon Target Assignment
(WTA) Problem
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Abstract It has long been known that weapon target assignment (WTA) problem is NP-hard. Nonetheless, an exact
solution can be found using Brute-Force or branch-and bound method which utilize approximation. Many heuristic
algorithms, genetic algorithm particle swarm optimization, etc., have been proposed which provide near-optimal solutions
in polynomial time. This paper suggests polynomial time algorithm that can be obtain the optimal solution of WTA
problem for the number of total weapons k, the number of weapon types m, and the number of targets n. This algorithm
performs k times for O(mn) so the algorithm complexity is O(kmn). The proposed algorithm can be minimize the
number of trials than brute-force method and can be obtain the optimal solution.
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Maximum Kill Selection Algorithm for Weapon Target Assignment (WTA) Problem
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2 1. WIA, 289 XA Dij
Table 1. Killed probability Dij of WIA, Problem

BEE (95 X10°)
7] #% T, 7 T
(V,=5) | (V,=10) | (V; =20)
A ENEE) 030 020 005
Wy : 387] @) 010 060 050
Wy A% (o) 040 050 040
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Table 2. Probability of Survival for WIA, Problem
A& (1-p;;) i Target #1 | Target #2 | Target #3
w1 ER |y 5 10 2
1 0.7000 0.8000 0.9500
2 0.4900 0.6400 0.9025
Tank 3 0.3430 05120 0.8574
4 0.2401 0.4096 0.8145
5 0.1681 0.3277 0.7738
. 1 0.9000 0.4000 0.5000
Airerat 2 08100 0.1600 02500
Sea Vessel 1 0.6000 0.5000 0.6000
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2,12 AAF o] ALV a,—s,—n
=07} 5 k=3 W2 A}
Step 3. mxn WA L X V00w, —12 A
Agste] 7] A4 7bs e 2ASTt
(#4 & 24] /+ 8 Bd= © Olmn) */
Step 4. E(EFIZE)EC didl], #7159 gl uf
2 A K =V,(1-q7) & Bt S/
75 e 0,8 W
E 19 WTA, dolele] AlE MKAO ¥ie|ES
Ag3td 17 13 2o FaHT S Ajty daglEe
O(mnk) HR/ERZ F AL 35,0008 oA AP <
A 25,0859 AE AYF 9,915 F8te] Lzl
o] AERNAF 1027585 9,915 2 /MAlste Ads
dETh F 3607 FIHARI XA AHE BT
’ g;=(1—py)
Weapon T T = a;
W1 0.70 0.80 0.95 5
W2 0.90 0.40 0.50 2
W3 0.60 0.50 0.60 1
V. 5,000 | 10,000 | 20,000 |35,000.00
Weapon T "?ZJ = a; s;—nls;—n—a;
W1 1 1 1 5 0 =5
W2 1 1 1 2 0 -2
W3 1 1 1 1 0 -1
Ki= V,0-d))
Weapon T1 T2 T3
W1 1,500 | 2,000 | 1,000
W2 500 6,000 | 10,000
W3 2,000 | 5,000 | 8,000
(a) Initial assignment
e A e ] e gk
1 (Wy, Ty)'=10,000| 2y =12 |ay=2-1=1
2 (W, T3)'=8,000 | z33=1-2 |ay=1-1=0
3 (W, T5)'=6,000 | 24y =12 1,=1—1=0
4 (W, Ty)'=2,000 | 23, =1—2 a;=5—1=4
5 (W, T,)*=1,600 12 =23 a,=4—1=3
6 (W, T1)'=1,500 h=1-2 |a=3-1=2
7 (W, T,)°=1,280 | 3,=3—4 |a=2-1=1
8 (W, 1y)% = 1,050, 244 =2—3 a=1-1=0
v g;=(1—py) v
Weapon T T2 T3 a;
W1 0.70 0.80 0.95 5
W2 0.90 0.40 0.50 2
W3 0.60 0.50 0.60 1
VJ 5,000 10,000 20,000 ]35,000.00

WV Lij
Weapon T T T3 a;
W1 2 3 0 5
W2 0 1 1 2
W3 0 0 1 1
- Damage
Weapon T T T3 Total
W1 0.49 0.51 1.00
w2 1.00 0.40 0.50
W3 1.00 1.00 0.60
Product 0.49 0.20 0.30
K 2,550.00 7,952.00 14,000.00 24,502.00[
v, 5,000 10,000 | 20,000
S 2,450.00 2,048.00 6,000.00 10,498.00[
(b) Initial feasible solution
Weapon Lij a
T1 T2 T3 !
W1 2 3 0 5
W2 0 1-0 1-2 2
W3 0 0-1 1-0 1
v, Lij
Weapon o Th T3 a;
W1 2-3 32 0 5
W2 0 0 2 2
W3 0 1 0 1
(¢) Increasing Kfj= V;(1— q;}) optimization
q;=(1—p;)
Weapon T T2 T3 a;
W1 0.70 0.80 0.95 5
W2 0.90 0.40 0.50 2
W3 0.60 0.50 0.60 1
Vi 5,000 1,0000 2,0000 |35,000.00
WV, i
Weapon o TS T3 a;
W1 3 2 0 5
W2 0 0 2 2
W3 0 1 0 1
- Damage
Weapon T ™ T3 Total
W1 0.34 0.51 1.00
W2 1.00 1.00 0.25
W3 1.00 0.50 1.00
Product 0.34 0.26 0.25
K 3,285.00 7,440.00 15,000.00 25,725.00[
Vi 5,000 10,000 2,0000
S 1,715.00 2,560.00 5,000.00 |9,275.00 [
(d) Optimal solution
A (W47, (W, T)?, (W, T2, (W, 7))
AE QY41 9,275

Abg 91919 35000 — 9,275 = 25,7259
J8 1, WTA, 2H2] MKAO €1a|E
Fig. 1. MKAO Algorithm for W74, Problem
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E A v =21, =11, = 2,0, = 12 6019 F7]Z
BAata glom, HxES 67iolth Zhu et al'’
WAl tial ko] 22l = HPSO (hybrid PSO) &1
& Alorstd o, PSO9 HPSO ¢ate]ES 503 wHa
U] TS A3 2 PSOE 0603, HPSOE

AT 07024% AFE 076675 FANA AE QL5
£ 1ot A
. q;= (1—py)
‘Weapon T V) o a;
W1 0.10 0.70 0.20 2
W2 0.80 0.40 0.50 3
W3 0.40 0.60 0.90 2
v 2 2 2 6.00
N X_j
‘Weapon T ™ T3 Total
W1 1 0 1 2
W2 0 2 1 3
W3 1 1 0 2
Total 2 3 2 7
) Damage -~
Weapon T T T3 Total
W1 0.10 1.00 0.20
W2 1.00 0.16 0.50
W3 0.40 0.60 1.00
Product 0.04 0.10 0.10
K 1.92 1.81 1.80 5528 |
v, 2 2 2
S 0.08 0.19 0.20 0472 |
wA g (W, 1) (W, 1), (W, 1), (W, 1),
(W, 1), (W5, )

A 9% 0.472X 10%H
A Q194 6.0—0.472
2R E[cH X|AF

a8l 2. Wr4,

Ol 4

=5.528 X 10° 9

MeH etpg|=E

07024% HPSO ekane)el PSOcl Mg} & dspz & — =0 0=t - - L I/II/_TZTP N
19. 2. orithm for o roblem
2o wglth e ¥/l BnE g Avks AN ° :
ka1 9t -
Te s i a;=(—py)
Weaon =T~ T 1 [ ™ [ 15 [ % ] "
- = W1 05 | 03 | 03 | 02 | 06 | 02 2
AlS
H 3. MY E1I0IE_1 W2 06 | 02 | 05 | 03 | 04 | 01 1
Table 3. Experimental data W3 02 | 03 | 03 | 03 | 04 | 05 2
(a) WTA, Problem WA 05 | 03 | 04 | 02 [ 03 [ 01 1
™ X V. 1 1 1 1 1 1 6
A (py; —= -
1 2 1 Weapon —— — L. — — Total
7 28 z, V,=20|V,=20]| V; =20 _ Il 12 13 114 5 116 i
W, 2 0.9000 0.3000 0.8000 %é i f
W, 3 0.2000 0.6000 0.5000 W3 1 1 9
W, 2 0,6000 0.4000 0.1000 WA 1 1
(b) WTA; Problem Total ! ! ! L ! ! 6
= . Damage
: =35 Weapon 5 Total
A2 (p,.) T1 T2 T3 T4 T5 T6
H I N R R WL [ L00 | 100 | 100 | 0.20 | 100 | 0.0
ENFER] 2 (Vi= 1| Vo= 1| Va= 1| Vo= 1| Va=1| V=1 W2 1.00 | 020 | 1.00 | 1.00 | 1.00 | 1.00
w, 2 05 0.7 07 08 04 08 W3 020 | 100 | 030 | 1.00 | 1.00 | 1.00
= — : Wi 1.00 | 1.00 | 1.00 | 1.00 | 030 | 1.00
32 1 04 08 05 07 | 06 O‘? Product | 0.20 | 0.20 | 030 | 0.20 | 0.30 | 0.20
W, | 21 08 | 07 | 07 | 07 | 06 | 05 K | 080 | 0.80 | 0.0 | 0.80 | 0.70 | 0.80 | 460 |
w, 1 05 0.7 06 08 0.7 09 v, 1 1 1 1 1 1
S 020 | 020 | 030 | 020 | 030 | 020 | 1.40 ]
2o Aot 1E]ZS 53 4
WTA, A A<t MKAO ¢ae]l&s 3% 2 wo g s (WL 7)Y (WL TN, (W 1), (W, T)1,
= 7 200, WTA, A tiair= 18 3ol #|A| (W, 1), (W, T)"
w0} gtk WTA, EAlo s MKAO &tue]Fo]  AE a9s: 14X 10° (9= : 0230)
795 6.0—1.4=4.6 X 10> (A3= : 07667
EVLSN <382y =98 ZAis A9y uhHe ARG Rl
2EE Sl & a8 3. WIA, 2RQ| Z[cf X|AIQIS- MEd ¢na|E

WTA, A1 dsix= MKAO ¢iatE]s5e] HPSOS

Fig. 3. MKAO Algorithm for WZA,Problem
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