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Abstract

This study aims to propose optimal missile interception allocation strategies for constructing a multi-layered
missile defense system in situations where a large number of ballistic missiles are launched simultaneously.
Specifically, we consider the threat level of ballistic missiles, the importance of defense zones, and the asset value
of interception missiles, and develop a damage consumption index based on these factors. Through an algorithm
that minimizes the sum of damage consumption indices for intercepting missiles defending upper and lower layers,
we allocate them in optimal combinations to achieve maximum effectiveness with minimal cost. Additionally, we
propose a decision-making system based on algorithmic integration rather than human decision-making, particularly
in complex operational scenarios, to ensure systematic decision-making and maximize efficiency.
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Table 1. Summary of experimental results by allocation
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Table 2. Analysis results of equally allocated system
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1 1 0 070 | 1 |0.2 1.7 | 3.7 | 5.7
1 1 0 070 | 1 |02 06 | 2.6 | 4.6
M-SAM
2 320 20 210 7 070 | 1 |04 35| 85 | 135
1 . 210 070 | 1 |03 1.9 | 59 |99
2 210 070 | 1 |04 2.8 | 7.8 [12.8
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Table 3. Analysis results of system integration(« (0.0))

TBM L-SAM ti&
AT od gg 27 24
2ol | EAL | EHE = 2o | oAt | 2RO | 1xF | 2% | O | o= | 24 | 24 | 24 ?Llf_j
X | 22 | ST | HAS | B |2R2 | E2E | 1S | e | A |77 | 7tigH| w5 | &g ;ﬁl
1 1 1.70 3.20 0 1 0.8 0.5 0 1
2 4 1.40 4.70 1 2 0.8 1.9 2 2
3 3 2.50 1.80 0 1 0.8 1.0 1 2
4 2 1.80 0.60 1 1 0.8 1.1 1 1
5 5 2.00 4.60 1 2 0.8 24 2 3
6 3 430 2.90 0 1 0.8 0.4 0 3
7 4 4.00 3.70 1 2 0.8 24 2 2
L-SAM
8 3 1.30 50 - 40 0.80 1 1 28 0.8 1.7 2 1 27
9 4 3.10 - 1.80 2 2 0.8 2.6 3 1
10 3 1.20 0.50 1 1 0.8 1.6 2 1
11 2 2.90 3.70 0 0 0.8 0.0 0 2
12 2 1.00 3.90 0 1 0.8 0.6 1 1
13 5 2.60 3.40 0 2 0.8 1.9 2 3
14 4 2.10 2.80 0 2 0.8 1.5 2 2
15 5 2.70 2.60 1 2 0.8 2.7 3 2
M-SAM CH
_ o™ et e =4 L-SAM | L-SAM
L RSjAdM - [ aa)- | M-SAM |M-SAM
;:l =% ol - = iEHHE:' o o7 07—1 _LLloH- A LHQ zét_
2'—\1- oo‘{ DlAI'E 1X|' 2X|' I:Hg IEHS oHAE=E| oz | T+ 2I_r'_l A a0 3"70:” Hoak
Sl 2R S |t | L2 | BAH|TTE |7 sl | o) PN E weE
=TT 2 7:” xI_I_ 9_| St
1 0 0 0.70 1 0 0
2 2 2 070 | 2 0 0
M SAM
2 - 20 1 1 11 070 | 2 0 0
¥
1 1 1 0.70 1 0 0
3 2 2 070 | 3 0 0
3 2 2 070 | 3 0 0
2 1 1 070 | 2 0 0
M _SAM
1 — 20 1 1 12 39 | 0.70 1 0 0.0 0 0.0 67 100
23
1 1 1 0.70 1 0 0
1 1 1 0.70 1 0 0
2 1 1 070 | 2 0 0
1 1 1 0.70 1 0 0
M-SAM
3 - 20 2 2 16 070 | 3 0 0
2 - 2 2 070 | 2 | © 0
2 2 2 070 | 2 0 0
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Table 4. Analysis

results of system integration(a (0.5))

TBM L-SAM ti&
Ak nd #Y 22 24
glof | Al | BEE | & | w0l |ojald| ol [ 1R} | 24 | DS | g | 2F | 27 | 2F ?ﬁ
X | 2 | YT | LA | 2O |2 | E2% | oS (g | A | T | JI0gt| ws | 8l 29:{
1 1 1.70 3.20 0 0 0.8 0.0 0 1
2 4 1.40 470 0 0 0.8 0.0 0 4
3 3 2.50 1.80 0 0 0.8 0.0 0 3
4 2 1.80 0.60 0 0 0.8 0.0 0 2
5 5 2.00 4.60 0 0 0.8 0.0 0 5
6 3 430 2.90 0 0 0.8 0.0 0 3
7 4 4.00 3.70 0 0 0.8 0.0 0 4
L-SAM
8 3 1.30 50 Lol 40 0.80 0 0 5 0.8 0.0 0 3 46
9 4 3.10 - 1.80 0 0 0.8 0.0 0 4
10 3 1.20 0.50 0 0 0.8 0.0 0 3
11 2 2.90 3.70 0 0 0.8 0.0 0 2
12 2 1.00 3.90 2 1 0.8 2.0 2 0
13 5 2.60 3.40 0 0 0.8 0.0 0 5
14 4 2.10 2.80 1 1 0.8 1.6 2 2
15 5 2.70 2.60 0 1 0.8 0.4 0 5
M-SAM CH
B ™ sk 27 2N L-SAM | L-SAM
L OS;A;M - sy | M-SAM|M-SAM
_::‘ H ol - = iEHHE:‘ o o7q 07—1 'U'IBH' A I:H2 Zéf_
5|1 2ol olAtd) AR | 2R\ T HIS o s om |2 | G | ap | 22 sl | moz
Sl 2R S (US| 42 | BA T | T s | oy | o | KIS B mE
=TT 07:” xI_I_ 9_| St
1 1 0 070 | 1 0 0.7
4 4 2 070 | 4 0 2.9
M SAM
3 - 20 4 0 20 070 | 3 0 2.1
¥
2 1 1 070 | 1 1 1.8
5 4 3 070 | 5 0 3.6
3 3 1 070 | 3 0 2.1
4 4 2 070 | 4 0 29
M SAM
3 - 20 3 1 20 60 | 070 | 3 0 4 2.1 | 379 65 100
23
4 4 2 070 | 4 0 29
3 0 0 070 | © 3 1.8
2 3 0 070 | 2 0 1.4
0 0 0 070 | © 0 2.5
M-SAM
5 - 20 4 3 20 070 | 5 0 3.6
2 - 2 1 070 | 2 | 0 37
5 7 0 070 | 5 0 3.8
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Table 5. Analysis results of system integration(a (1.0))

TBM L-SAM ti&
NS o st 24 24
= _ _ o774
dof | @At | EI= | & | ol |olngl| wol | 1% | 2% | U8 | one| 24 |27 (27 | 5T
xo | £ |Slg= | wAke | Sl | 28| 3o |03 o3 |l |[F5F s ws | wm | 2
1 1 1.70 320 | 0 0 0.8 0.0 0 1
2 4 | 140 470 | 0 0 0.8 0.0 0 4
3 3 | 250 180 | 0 0 0.8 0.0 0 3
4 2 1.80 060 | 0 0 0.8 0.0 0 2
5 5 | 200 460 | 0 0 0.8 0.0 0 5
6 3 | 430 290 | 0 0 0.8 0.0 0 3
7 4 | 4.00 370 | 0 0 0.8 0.0 0 4
L-SAM
8 3 130 | 50| a9 40 | 080 | 0 0 5 0.8 0.0 0 3 | 46
9 4 | 310 - 180 | 0 0 0.8 0.0 0 4
10 | 3 1.20 050 | 0 0 0.8 0.0 0 3
11 2 | 290 370 | 0 0 0.8 0.0 0 2
12 | 2 | 100 390 | 2 1 0.8 2.0 2 0
13 | 5 | 260 340 | 0 0 0.8 0.0 0 5
14 | 4 | 210 280 | 1 | 0.8 1.6 2 2
5 | 270 260 | 0 0 0.8 0.0 0 5
M-SAM CH
mESIR-Ti=3 A BN L-SAM | L-SAM
. 1 231 | M-SAM | M-SAM
_ ., | =o 27 | "3 = =
2ol |ofARd | 1Rp | 2%f jEHHQE NS lonz| o= |24 | 5y le\OH =2 EEHF;D woe
St (2R oS (ds | g | A |[TOF| TS e | o0 | Sx | e | B | 2R8
HET %U:” xI_I_ 9_| Sk
1 1 0 070 | 1 | 0 1.4
4 4 2 070 | 4 | 0 57
M SAM
3 = 20 4 0 19 070 | 3 | 0 43
¥
2 0 0 070 | 0 | 2 22
5 4 3 070 | 5 | 0 7.1
3 3 1 070 | 3 | 0 43
4 2 2 070 | 4 | 0 5.7
M _SAM
3 i 20 4 1 20 | 59 070 | 3 | 0 5 | 43 | 25| o4 100
4 - 4 2 070 | 4 | 0 57
3 0 0 070 | 0 | 3 1.8
2 3 0 070 | 2 | 0 29
0 0 0 070 | 0 | 0 5.0
M-SAM
5 e | 20 4 3 20 070 | 5 | 0 7.1
2 - 2 1 070 | 2 | 0 74
5 7 0 070 | 5 | 0 75
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Table 7. Summary of experimental results by allocation
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