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We focus on the weapon target assignment and fire scheduling problem (WTAFSP) with the objective of minimizing the

makespan, i.e., the latest completion time of a given set of firing operations. In this study, we assume that there are m available

weapons to fire at n targets (> m). The artillery attack operation consists of two steps of sequential procedure

: assignment

of weapons to the targets; and scheduling firing operations against the targets that are assigned to each weapon. This problem

is a combination of weapon target assignment problem (WTAP) and fire scheduling problem (FSP). To solve this problem, we

define the problem with a mixed integer programming model. Then, we develop exact algorithms based on a dynamic programming

technique. Also, we suggest how to find lower bounds and upper bounds to a given problem. To evaluate the performance of

developed exact algorithms, computational experiments are performed on randomly generated problems. From the results, we

can see suggested exact algorithm solves problems of a medium size within a reasonable amount of computation time. Also,

the results show that the computation time required for suggested exact algorithm can be seen to increase rapidly as the problem

size grows. We report the result with analysis and give directions for future research for this study. This study is meaningful

in that it suggests an exact algorithm for a more realistic problem than existing researches. Also, this study can provide a basis

for developing algorithms that can solve larger size problems.
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74 A1Z71(Boundary conditions) :

fla, b) = co. Va, b, j

fo(0, 0) = 0

A 773 A (Recursive equations)

for j =1, =, n, a=0, ~, Do and b = 0, =, Dy

fa, b) =
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(21 25) € X
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min (¢ (q,b)}
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4.3 DP 7|Ht &2[& A 7L <Table 1> Computation Time of CPLEX and Exact Algorithm
B o R » CPLEX Exact algorithm
oAl EE cE A e A ) EReE wdshe T T oo T et | opUT | NPNS
WTAFSPE #7] 918 A3 dagFs A G o 5 o 0 020 0
duelFES RN A4S WA #9gste 3 WA ] ol ) 18 .
gAlet ZF Rl AE EAME Aete T ouA ' '
Aw TAED R AR gA ad Badqs, g | 2 [0 | 730 ° ¥ 0
TolA AR DP S FE AHERTh A WA Gl 8 | >3 : 02 ’
A AT, 7 TR G = 1, -, n)9] AH g e 10 | > 3,600 5 76.09 0
(x7s)7F A F WA GAQ ALAEA AA Aol 2 0.09 0 0.26 0
A1 Cha and Bang[5]°] AJAIgE EXSHAY dugES 4 65.16 1 0.23 0
AR AANA G-k ZF 1o Sy WMEHE o R 3 6 | > 3.600 5 235 0
283 A= == =3k aF=
slo] AAFE ,m_E} sdd A (recursive) $H s | > 3.600 S 168 0
#& 7N Qe oY g W AR e A
A% A BE WTARS? 2ARANNIAZRA DS 0] > i L% ’

74A % gles Folgolsit) ZNumber of weapons.
- _ N ft ts.
A A A T AH FY e B o o |
o ua ; Average CPU time (in seconds) required to solve problems.
o =] = =) =) 2 = = =] =
= stef 27187F el nk ol g & 278 ‘Number of problems (among 5 problems) that were not solved to
%

A4 WTAFSP 22 ¢] “gkgk(upper bound) & & ARE  the optimality in 3,600 seconds.
2 5 9ck £E, A WA DA DP FnAFL 5

sl ot HA AH g5 F2 Shetgk(lower bound) o2 WA, AN dugFe] Jes B2ES] 913 §-
AHEE 9k o714 A A dA A= AlAeA® 8lE ILOG CPLEX 11.0S Wxwta oz ARS8l
ola WHAElE FHAIZtel mEE A &7 wjid stakgr th AEE A8 vEle 24 FEo AR B R,
o7 Agd F 9l s 3t

f g AAsta o5 el well 7 s7he] A, T 50EA
A &F gho]l st & AT o] Ado] dist A= <Table 1>°)4]
AAE Ko 2T <Table 1>014 Ht A4FA| 7k

o}
5
7193}, whek deta slste] B 370 Hul)ek SN o) B4 (2, 4, 6, 8, 107 BA)E
7 S|
U

(average compu-

1, 7t g WEHE goR = 7] tational time)@} “F3HAITH3,600%) Stoll HAE EA
He Bl Pk o7|A $Ele dA Fegad sle X A 5 5 Ak S0 Al T 2, 400 2
LA gro] 2 tjeke nelelA geth g A9 BE FA A CPLEXE Fo1% AlZE yof
FolA gk ey & Aol A AA G HA g
T BE A disiAl Tl AlRE gt HAHE
5. ¥3|E AlF T 5 AT
HAs gag)Fe F7H AFS A8, 2 FE
AA S dugEe] A5 Bk, el 3 o 2HEY 2, 34 2T 67 T 24 T
To] AA AR F 1T £ YRS gl FAY B (10, 12, 14, 16, 18, 2070 EA)ell il ZF 2FE R 57
NS stk AA Aol sl 29 digie 3 o B4, S F 60wAE At ddS A
M| xHFgE A ad A= <Table 2> Wb Slvh ol A4+,
B Ao M AMgd BE dugEe ¢ dols Tl FEe T Alel=e] 34 5 7R EAlel tiaiA A
Zzay J%len e 482 28GHz CPU Clock & A8 datglge] 2A1E 2o ¥ 5 e A& gelsial
T2 e A99 4 AFEHE FREA 2z A oh 28y YR FUF 53 249 7 555 A
go] ek A7He 360022 AAete] Fash 24t A AlRre] 548 solds & 5 vk whEkA w2 A
ol A AFE3E qy by gHS (2, 6194 [10, 2019 HUEE o] ZAIE EoAW7] SfiM = FUHA A9 28
£ &8 247 S skl atrtal & Ak
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{Table 2> Result of the Exact Algorithm

we I8 Avg_CPUT®
10 45.28
12 0.18
s 14 0.27
16 0.17
18 0.32
20 0.38
10 14.75
12 76.81
; 14 197.75
16 400.23
18 956.32
20 1051.39
a, b, ¢ See the footnotes of <Table 1>.
6.4 E
of ML A% AAFRANE HzBE] 93
24wy Fgstu Ad4ENE ek Fes
g dugEs ARSI e F 4712 (Dynamic

programming; DP) 2ol 7|uksk 29 AZ o] Fo%
HAs wF dugss

1AM = DP dugjFs So 245 2Tl &

Fatar, 2@ A A = 194 A E
S AHEste] R EO O AMA A ARgt AYS F
A B AFdA AAS dag]lsS CPLEX 9 Hlals)
o] 71 84S Y5tk o] A gYd wigdew
o] 7hsettt. dE E01, 9 44 S A
st 9 B HHdH 545 e s oo, 3
B}y Babetar & Alo]=e] EAE Y] Sl ohekst
HetFel 2~y dags, 5 A2 e FGA), B
2 7IH(SA) 2L dugss e Fx gtk
T 7] dFET A dAARA FAl diE HA &
1 FE AABIAT 2 Aol A AAe el ahek 1
i AHES FF Hrp B3t F Alo]= FAE ¢
3 dug S AT w Mol @ Aoz Yttt
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