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Optimization of Destroyer Deployment for Effectively Detecting an
SLBM based on a Two-Person Zero-Sum Game

Jinho Lee

An SLBM (submarine-launched ballistic missile) seriously threatens the national security due to its stealthiness
that makes it difficult to detect in advance. We consider a destroyer deployment optimization problem for effectively
detecting an SLBM. An optimization model is based on the two-person zero-sum game in which an adversary
determines the firing and arriving places with an appropriate trajectory that provides a low detection probability,
and we establish a destroyer deployment plan that guarantees the possibly highest detection probability. The proposed
two-person zero-sum game model can be solved with the corresponding linear programming model, and we
perform computational studies with a randomly generated area and scenario and show the optimal mixed strategies
for both the players in the game.

Key words : Game theory, Two-person zero-sum game, SLBM(submarine-launched ballistic missile), Linear program
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7 Bate] SLBM 9Jgel dhet 04 Frrozi )
Eelol= uajla THAAD o] 7F5aluk af=elo
E ujARde] 94 I=(Q20Km) AT} Aol vjA E=
THAAD?] #lo]r] F(1205%)2 e off F3/d<] o]
o AZEAITjoll A SLBMS WA A9 1o] that Al
o S E g wi- AlghQl Ao, WA A
Aol XIS 91a) Kill Chain®] 753t 27 2714
ssele BaT f4e 21 et £elo] Wadol
A71= 3L It Moon, 2016). 12U A & 2245 9
SAL Rolrcks ek Ak o] BAI7} ofolHop
stn, 53] Fold % ol ol 2TsHA WAE=
SLBM=> “1 gA|4=th E3F ullg- A|gha]ojofx] ofof| o
3 o) uleto] Algeleha 2 4 9lr. ol ol
SLBMO| HPAL 3 THAlo| A 242 fJ8] @A A=
S el olAATETO] SM3 TS BhEniAr
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AN/SPY-1D #o|tlE Falf §-& el &A7} 7hsst
og2 anpAgl WolA At & 4= Ith(Kim, 2010). E3F
CIATHEZ THAADAH e AX|=™ A7} 31
el Aol ofzt s dellAl o]Fo] 7Fsste] SLBME]
A 9 o) wrk $EH0R 3ol hssic
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2] FAE g A sfae flske], el
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A< d(strong duality)S 7HAH 2 (2)9] 7Fsdf=
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TEElH F gho] Zopxint 2 EAQ AAHeE= 74 A
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Fig. 1. An example of detection probability p,;;, for the
case when |7|=8, |J|=8, |L|=4, and |K|=8
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max, , v (7a) Mo} mA=e7h EAsle AAE WA dsf HEs
st v— 3Pt <0,mEM  (7b) gt 2 A e 7 Al 27k EAR
R ohal o uf, Aol A 7hedt & A9 = 2
;sz =1 (7c) 5x2=207F(m =20)9] SL-=2AH 9 o] FH=2

e
x>0, kEK (7d) 7F € Holth. AME #iAE 4 o= FHEA7}F 107
(k=10)7} Qieka 3 ), p,, o & AR S 200747k

AR (T0)o] ATegTt 24us yol Sgste
2 g (1) AL Toha Aohge A8 Az
S Wl 72 4 Uk wY () | M+ 149 Aok
o |K+171) AUE 2 Aoy, 4
Bl 4 HHoE =

53 Atiee] Aws y, & 2070, AlA ejRbe] A
A4 2= 10710tk py, & AAsH] Slste] & A= 5
200709] ehsted Zk2t (0,1) AtolellA] w5-EE(uniform
distribution) 2 W5 WHAYAIH 01, Table 12 o]
BAE p, o e BolEh

Table 19] ojlAof| hste] =d (7)o AFALHS &
3| =&3t ZA5li= Table 22} Zt} Table 29] .L]—ﬂ- z
4, AXAY Az} o) ATk A i sl 24 S 4
sl 545, of af U4) Fe 04082 Ligich. o] gol o
4.1 2% ol slok shi ) Bl 27t A 4 sl 2
AR RS Sel7) Sslel & 270 BWsels o HERE S 4% BX 850 0.4089S Upehuick
Table 1. An example of payoff matrix(p,,,) randomly generated with uniform distribution
m
Py s 4 s 6 7 8 9 10 1 R B W15 16 17 18 19 2
1 10172 0998 0360 0.110 0413 0.661 0.073 0.243 0202 0.994 0.051 0423 0.102 0.596 0.987 0.735 0.846 0.488 0.025 0.5%4
2 10843 0579 0351 0502 0.118 0.756 0.176 0.246 0.005 0370 0.006 0.135 0.384 0.607 0.228 0.085 0.613 0.796 0.178 0.259
3 10550 0991 0.131 0.160 0314 0.627 0526 0.131 0270 0373 0401 0386 0.324 0363 0.676 0.150 0976 0.492 0.061 0.641
4 10301 0.762 0.150 0.872 0.047 0.284 0.750 0.933 0.500 0.772 0.520 0375 0.192 0.594 0.777 0434 0.027 0.534 0.017 0.155
k 510292 0.131 0.589 0265 0339 0.086 0.178 0.380 0.151 0397 0.629 0.268 0.112 0.680 0.932 0.187 0.187 0.011 0.836 0.460
6 10224 0.640 0.831 0286 0.182 0.103 0.034 0.783 0.174 0913 0226 0.948 0.597 0.507 0.201 0.693 0.087 0.544 0.602 0.393
7 10350 0.160 0231 0.594 0.646 0.641 0585 0.300 0331 0.120 039 0.189 0.511 0.159 0297 0.763 0.540 0.451 0.027 0.805
8 [0.856 0.250 0.666 0.723 0.561 0.545 0.621 0.125 0317 0.735 0276 0.298 0.045 0.657 0.197 0.155 0.127 0975 0.196 0.541
9 10.067 0.669 0.776 0.628 0.770 0.032 0389 0.749 0322 0.055 0.152 0.075 0.783 0.524 0.246 0389 0.734 0.184 0.951 0.391
10 10.500 0.435 0304 0464 0298 0.792 0359 0.069 0964 0.576 0.936 0401 0946 0.124 0.646 0.695 0.113 0.164 0336 0.558
Table 2. Optimal mixed strategies for both players (y and z)
m 1 2 3 4 5 6 7 8 9 10
y* 0 0 0 0.175 0 0.271 0.028 0 0
m 11 12 13 14 15 16 17 18 19 20
y* 0.120 0.282 0 0 0 0 0.046 0 0.077 0
(a) Adversary’s optimal mixed strategy (y*)
k 1 3 4 5 6 7 8 9 10
x* 0 0.198 0.058 0 0.177 0.013 0.160 0.203 0.190

(b) Sensor location candidates’ optimal mixed strategy (z*)

sizAlga0| 8] =K
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4.19] AIS EGIE Kim et al.(2015)2] AJEHo|4
AE Farste], Bt A1 RS st ALE
AAE thaat o] sl Holrh WA Levete]
Adoll 200 km x 100 km HZ|9] o]z A3t uj2] &
HAE Astal o]F 5 km 7HH o0& ARG Yo F
8007](=40x20)9] F-H 2]E A5ttt SLBMO| 2
AR SR E AEZEAA(ESE SLBM 2] ALEAId &
AARE AN ERE E5HOE oF 350 km A& S4
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o] A7tz Hrol F 4007H(= 20 x 20)9] FHA| = F
dstley. SLBMO] =2K34]) fiAl= H=H4 7127t
E& A0R wiEe oyt 47 A9 4oz A

g3l om, SLBMO| H|gi#| A& 2| Aofu] 2] H&(MET:
minimum energy trajectory), 2XE HZ(LT: lofted
trajectory) 2 T]ZH A HZ(DT: depressed trajectory)
o2 7RIS Fig 25 2 AFoAlolN 453 7 5
A 8 A, WS ehict

Fig. 2. Design of computational experiments
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Fig. 3. Detection probability distributions depending on the locations of SLBM launching
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