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North Korea continues to upgrade and display its long-range rocket launchers to emphasize its military strength. Recently

Republic of Korea kicked off the development of anti-artillery interception system similar to Israel’s “Iron Dome”, designed

to protect against North Korea’s arsenal of long-range rockets. The system may not work smoothly without the function assigning

interceptors to incoming various-caliber artillery rockets. We view the assignment task as a dynamic weapon target assignment

(DWTA) problem. DWTA is a multistage decision process in which decision in a stage affects decision processes and its results
in the subsequent stages. We represent the DWTA problem as a Markov decision process (MDP). Distance from Seoul to North
Korea’s multiple rocket launchers positioned near the border, limits the processing time of the model solver within only a few

second. It is impossible to compute the exact optimal solution within the allowed time interval due to the curse of dimensionality

inherently in MDP model of practical DWTA problem. We apply two reinforcement-based algorithms to get the approximate

solution of the MDP model within the time limit. To check the quality of the approximate solution, we adopt Shoot-Shoot-Look(SSL)

policy as a baseline. Simulation results showed that both algorithms provide better solution than the solution from the baseline

strategy.
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<Figure 1> Example of a Sequence of Decisions as a MDP with Post-decision State Variable (from Fig. 2 in [22])
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1: Step 0 : Initialize 6

2: Step 1 :

3: for n = 1 to NV (Policy Improvement Loop)

4: Step 2:

5: for k = 1 to K (Policy Evaluation Loop)

6: Generate a random post-decision state S," ;
7: Record ¢(S5", ;)

8: Simulate .S, , using Equation (6).

9: Determine z,, = X"(5, ,16""")

using Equation (5), (7),

©)

10: Record C(S,, 7, ;)

11: Record S, using x,, and Equation (5)
12: Record ¢(57,)

13:  end for

14: Update 6" and the policy:

15: 6=[(D,_, —1®) (D, , =10 " (®,_, —1®,)" G
16: 6" =a,6+(1—a, )"

17: end for

18: Return X™(S|0Y) and 6V

19: End

<Figure 2> API-LSTD Algorithm [7, 17, 24]
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1: Step 0 : Initialize
2: Step 1 :
3: for n = 1 to NV (Policy Improvement Loop)
4: Step 2:
5: for £k = 1 to A (Policy Evaluation Loop)
6: Generate a random S, |,
7: Record ¢(57 )
8: Simulate S, . using Equation (6).
9: Determine z, , = X" (S, 16" ')
using Equation (5), (7),
©)
10: Record (S, x,,)
11:  end for
12:  Update 6" and the policy:
130 o=@, )@ )@, )G
14: 0" :a“é-i-(l—a,”)en’l
15: end for
16: Return X7(S10Y) and 6V
17: End

<Figure 3> API-LSPE Algorithm [24]
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<Table 1> Policy Comparison for the Scenario 1
Attack Attack LSTD Policy LSTD | SSL | LSPE LSPE Policy GAP (%)
Pro?;?””y Vector Battery 1 | Battery 2 V%Je V%ue V%;Je Battery 1 | Battery 2 ®<;)® ®<;)® ®é®
741 000001/000000/ 000100 | 830 | 994 | 830 {000000/000100| 165 | 165 0.0
1.24 000002(000000/ 000110 | 926 | 1245 | 918 (0000000001 10| 256 | 262 | -08
741 000010(000100[/ 000000 | 838 981 | 839 [000100/000000]| 145 | 145 0.1
247 000011]/000100[ 000010 | 936 | 1103 932 [000100{000010]| 151 155 | - 05
1.24 000020(000110/000000 | 917 | 1299 | 914 0001 10/000000| 294 | 297 | -04
741 000100/000000/ 000000 | 7.93 979 | 814 [000100/000000| 190 | 169 2.6
247 000101]/000000/ 000010 | 878 | 1101 | 910 [000100{000010| 203 | 174 35
247 000110/000010/000000 | 88 | 11.02] 918 [000110[000000]| 196 | 167 35
1.24 000200000000/ 000000 | 793 | 1054 | 791 {000000/000000]| 248 | 249 | -02
3.70 001000/000000/ 001000 | 836 | 1081 | 829 (000000/002000]| 227 | 232 | -07
247 001001/000000/ 001010 | 926 | 1018 | 933 [000000[002010] 9.1 8.4 0.7
1.24 001002000000/ 000000 | 108 | 11.05 | 1078 [000000/002010]| 59 62 | -03
247 001010000010/ 001000 | 928 | 11.84 | 931 [000010{002000| 21.6 | 214 03
247 001011000010/ 001001 | 1021 | 1126 | 1028 |[000010/002001]| 93 8.7 0.7
124 001020(000011/001000 | 1027 | 1251 | 1033 (00001 1{002000| 179 | 174 05
247 001100/000000/ 001000 | 884 | 11.83 | 909 [000010{002000| 253 | 231 2.8
247 001101]/000000/001001 | 972 | 1124 {1009 |[000010{002001]| 136 | 102 37
247 001110000001/ 001000 | 974 | 1249 | 101200001 1{002000| 220 | 19.0 3.8
1.25 001200(000000/ 001000 | 884 | 1223 | 874 [000000/002000| 277 | 285 | -1.1
3.70 010000(020000[/ 000000 | 839 | 1207 | 838 [020000/000000]| 305 | 305 0.0
247 010001]020000/ 000010 | 936 | 1272 931 [020000/000010| 264 | 268 | -05
1.24 010002/020000/ 000011 | 1028 | 1385 | 1028 02000000001 1| 258 | 258 0.1
247 010010/020010/000000 | 944 [ 1060 | 940 [020010/000000] 11.0 | 113 | -04
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<Table 1> Policy Comparison

for the Scenario 1(Continued)

Attack Attack LSTD Policy LSTD | SSL | LSPE LSPE Policy __GAP £%)
Pro?;t)nlllty Vector Battery 1 | Battery 2 V%';Je V%ue Vza@l;e Battery 1 | Battery 2 ®C;)® ®C;)@ ®é®
247 010011020010/ 000001 | 1035 | 1193 | 1032 (02001000000 1| 132 13.5 -0.2
1.24 010020/020010/000001 | 1047 | 1137 | 1043 (02001 0(000000| 79 8.3 -0.4
247 010100/020000/ 000000 | 88 | 1231 | 918 [020010(000000| 280 | 254 34
247 010101/020000/000001 | 98 | 1302|1012 (020010[000001| 246 | 223 3.0
247 010110[020001/000000 | 990 | 1123 | 985 [020001/000000]| 118 12.2 -0.4
125 010200/020000/ 000000 | 88 | 1267 | 884 [020000[000000| 300 | 302 -0.2
3.70 100000000000/ 000000 | 797 985 | 7.94 [100000(000000]| 19.1 194 | 05
247 100001(000000[000010 | 88 | 1079 | 88 [100000{000010]| 183 18.2 0.1
1.24 100002000000/ 000011 | 991 1220 | 977 [100000(00001 1| 188 19.9 -15
247 100010/000010/000000 | 890 | 1079 | 895 [100010[000000]| 175 17.1 0.6
247 100011/000010/000001 | 987 | 1210 | 9.8 [100010(000001| 185 18.8 0.3
1.24 100020000011/ 000000 | 994 | 1159 | 999 [100001[000010| 143 13.9 0.5
247 100100000000/ 000000 | 835 987 | 870 [100010/000000| 154 118 4.0
247 100101/000000/000001 | 918 | 11.09 | 961 [100010[000000| 172 13.3 45
247 100110/000001/000000 | 926 | 11.09 | 941 |100001[000000| 165 15.1 1.6
1.24 100200(000000[000000 | 835 | 1028 | 833 [100011/000000]| 188 190 | -03
422 AYEL 20 R = (89) Hstes AH &40 it 22.4% FSktE API-LSTD
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<Table 2> Policy Comparison for the Scenario 2

Attac_k_ Attack LSTD Policy LSTD SSL LSPE LSPE Policy GAP (%)

Prog%)llny Vector | Battery 1 | Battery 2 V%je V%Je V%ue Battery 1 | Battery 2 ®C;)® ®(;j® ®C:)®
741 000001/000000/000100| 619 8.41 682 |000000/000100| 264 18.9 9.2
124 [000002000000[000110| 6.62 10.25 725 [000000[000110| 354 293 8.7
741 000010000100/000000| 635 831 701 000200/000000[ 236 15.6 9.4
247 [000011[/000100[0000T10| 695 9.06 770 1000200(000010]| 233 15.0 9.7
124 [000020000110[000000| 673 11.91 1095 000220000000 435 8.1 38.5
741 000100000000/000000| 614 8.29 659 |000100/000000[ 259 205 6.8
247 [000101[/000000[0000T10| 670 9.03 722 1000100/000010[ 258 20.0 72
247 1000110000010/000000| 686 9.05 748 1000120[000000| 242 173 8.3
124 1000200[000000[000000| 6.13 9.03 698 0001 10/000000] 321 2.7 122
370 001000/000000/001000| 650 9.78 681 |000000[002000]| 335 304 46
247 1001001/000000/001010| 7.06 8.79 744 1000000[002010]| 197 15.4 5.1
124 1001002000000[0010T1T1] 770 10.27 816 [000000/00201 1| 250 205 5.6
247 [001010000010[001000] 722 10.31 770 1000020(002000[ 300 253 62
247 1001011/000010/001001| 7.81 9.46 837 [000020[002001| 174 115 6.7
124 100102000001 1[001000] 797 10.86 864 [000022/002000| 266 204 7.8
247 [001100000000[001000] 7.01 10.29 722 1000010/002000| 319 289 29
247 001101/000000/001001| 757 9.44 791 [000010[002001| 198 16.2 43
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<Table 2> Policy Comparison for the Scenario 2 (Continued)
Attack Attack LSTD Policy LSTD SSL LSPE LSPE Policy GAP (%)
Progzt))nny Vector | Battery 1 | Battery 2 V%';Je V%ue V%;e Battery 1 | Battery 2 ®<;)® ®é® ®é®
247 1001110000001/001000| 773 10.84 818 [000012(002000| 287 245 55
1.25 001200000000(001000] 7.01 10.59 753 |000011{002000| 338 28.9 6.9
370 010000020000[000000| 634 11.30 691 (020000(000000| 439 38.8 8.2
247 [010001{020000[000010| 694 11.74 752 1020000[000010| 409 35.9 7.7
1.24 010002020000(0000T1 1] 7.61 12.09 819 (020000000011 37.1 323 7.1
247 1010010020010/000000| 7.10 8.87 777 1020020[000000| 200 12.4 8.6
247 [010011{020010[000001| 7.34 9.69 845 (020020(00000 1| 243 12.8 13.1
1.24 010020020011{(000000] 7.89 9.71 874 1000022020000 18.7 10.0 9.7
247 1010100020000/000000| 6.86 11.60 730 (020010[000000| 409 37.1 6.0
247 [010101020000[00000T1| 745 12.09 798 020010[000001]| 384 34.0 6.6
2.47 010110020001(000000] 7.61 9.68 825 [010012(010000| 214 14.8 7.8
125 1010200020000/000000| 6.86 12.04 759 (020011[000000| 43.0 37.0 9.6
370 [100000000000/000000| 6.18 8.51 620 [100000[000000| 274 27.1 0.3
2.47 100001(000000(000O0T 0] 6.75 9.17 6.85 100000(000010| 264 25.3 1.5
124 |100002000000/000011| 738 9.57 757 (100000[00001 1| 229 20.9 2.5
247 {100010000010[000000| 691 9.06 694 (100020[000000| 237 23.4 0.4
2.47 10001 1/000010{(000O00O0T1] 750 9.89 7.64 100020000001 24.2 22.8 1.8
124 10002000001 1/000000| 7.66 9.90 807 [100021/000001| 226 18.5 5.1
247 {100100000000/000000| 6.59 8.60 655 (100010[000000| 234 23.8 0.6
2.47 1001011000000(000001 7.14 9.47 7.24 100010(000000]| 246 23.5 1.4
247 {100110000001[000000| 731 9.48 742 1100012[000000| 229 21.7 1.5
124 1100200000000/000000| 6.59 9.03 694 (100011[000000| 270 23.1 5.0
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