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ABSTRACT

This study first analyzes the necessity and the validity of procuring nuclear-powered submarines, and presents an
optimization model as an integer program to determine a minimum required level of them. For an optimization
model, we characterize a submarine's mission, ability and availability, and apply these to the model by constraints.
Then, we assign the submarines available currently and the nuclear-powered submarines, that will be newly
introduced, to the predefined missions over the planning time periods in a way that the number of nuclear-powered
submarines be minimized. Randomly generated missions are employed to solve a mission assignment problem, and
the results show that our integer programming model provides an optimal solution as designed, and this can

provide a guideline for other weapon system procurement processes.
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Table 1. A mission matrix (4;,) for submarines over the planning periods

j t 1112|383 |4|5[6|7|8|9(10[11[12(13[14[15(|16|17[18(19|20(21|22|23 |24
1 (surveillance) ILj1}(1(0{0j0f0|O|1|1]|]1 0|0j0|O0O|1|1|[1]|0]0]O0]|O

2 (exercisel) trjojrjof{trfofrjojrfo|ytrj{of1rfojrjoftrjoj1rfojrj{oj1yo
3 (escort task fleet) ojojofojoj1{oj0j0O|O|O|1]O|O|O]|O|O|1]|0O]|O0O|O0O]|O]O]1
4 (patroll) ojoj1f0{ojofojoOo|j1|lO0|O|Of|O|O|1|O|O|Ll|Of[O|O|O]1]|0O
5 (patrol2) l1jojojo{ofofojojofo|j0{0f1/0|{0j0|O0O|0O|0O[O]|O|O0O]O0]|O
6 (joint exercise) ojojojojojofojojO|1|1|{1{0lO|O|O|O|O|O[O]|O|O]|O]|O
7 (information collection) | 0 |0 |0 |0 [0 |0O|O0O|1]0|0O|O0O|O]|O[O0O|O0O|O|O[O|O|1]0O[O0O]|O0|O
8 (patrol3) ojt1jofojojofojojO|l1|/0|O|O|O|1]|O|O|O|O[O]|O|1]0|O
9 (exercise2) ojojojof{1rjofojo|1(0|0O|O|O|O|1]|O|O|O|O[1]|]0O]|0O]|0]|O
10 (standby) ) T U U U O O A A A O AR O A |

Table 2. A mission matrix (Dﬁ) representing the completion of missions

j t |1]2|3[4(5[6|7|8|9[10(11]12(13|14|15(16[17|18(19|20|21|22|23|24
1 (surveillance) ojoj1(0{o0jofoj0jO|O|1|{O[O|O|O|O|O|O|1[O0O]|0O]|0O]|0]|O
2 (exercisel) rjojrjof{trfofrjojrfo|yrj{of1rfojrjoftrjo{1rfojrj{oj1yo
3 (escort task fleet) ojojofojoj1|0|O|O|O|O|1]|O|O|O|O|O|L1|O]|O|O|O]|O]|T1
4 (patroll) ojoj1(0|o0jofo0jO|1|O|O|O|O|O|1]|O|O|Ll|Of[O|O|O]1]|0O
5 (patrol2) 1{oj{ofojojojof0oj0OjOfO|O|1]|O|O|O|O[O|O|O|O|O|O]O
6 (joint exercise) ojojojfojojofoj0|O|lO|O|1|O|O|O|O|O|O|O[O]|O|O]|O]|O
7 (information collection) [0 |0 |0 |0 |0|0|0|1|/0|[0|0O|0O|0O|0O]|O0O|O0O|0O|O|O|1]|0O]|0|0]|O
8 (patrol3) ojt1{ofofjojofojojO|1|0O|O|O|O|1]|O|O|O|O[O]|O|1]0]|O
9 (exercise2) ojo;0{0|1f0j040}1{0}0{0|0O]j0O]1|0O]OJO]O]1T|0O]0O]|O]O
10 (standby) ojo;j0j{0|j0f0j0f0Oj0|0OjO|O|O]O]O|O]OJO]O]O|O]|O]|O]|O

Table 3. Optimal mission assignments

j t 11]2[3[4(5[6|7|8|9[10(11(12(13|14|15|16[17|18|19|20|21|22|23|24
1 (surveillance) k2| k2 |k2 k2 |k2|k2 k1 [kl |kl

2 (exercisel) i9 i9 i3 k1 i2 i9 il k2 i8 i7 k2 9

3 (escort task fleet) k3 k1 k2 k1
4 (patroll) i2 il i5 i6 i2

5 (patrol2) i5 i2

6 (joint exercise) i8 |18 | 18

7 (information collection) i6 i6

8 (patrol3) i6 i6 i2 i6

9 (exercise2) k2 i5 i4 9

10 (standby) k1 |kl |kl |k3|kl|k2 k2 |kl |kl |kl |k3|k2|kl|kl|k]l|k2|k3|k3|k2 |kl |kl |kI|kI|k2
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o} ek Alokze] S AlekE 213744 18 = Table 3004 13z wheh o] Axte] 37 7w
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AFze 7HE AFAe] A3 mde) o} = (52,50 ol WAL T AR A 9 >
o] Intel(R) Pentium(R) CPU N42002] Z2AA 2 4 A Aegte) Fn Qiyl dgEgon, AX FH
GB wxzle] HAFH ALY dtollA GAMSH Az EF o) 149 e YA FR G5gte] SRR
o]& ol&ate] HHsE wEEFgon, 1 Ay F ST 20 ol A&HE AF U, = {146}
Pl et 953 YL Table 37} 2k o] w] = o A%, F axdlel A%H ¥l FUF 5T
Aol yehbs BigMo @t U zhord Aglel 1¥0] Faate® SguQlw, 7] IF J = {510}

£ 4EA Moh 9B AN Be R SH o Ay U $9E gedel BIHES 4
Uy 2 49 2283 Mrgs a7 e oket AL GrEFS o & Qu) =Mooz Ax
e mEst] M = 100& 4839} R AFE FAT RE ool Y 9N £ 4

HAe = Ay, A =31 3ee F 35e B FAo] Ao T Furr|oi=x] o] ofFo|| oAl
&3 Zo] Table 1014 AE S5 FHol o3l = Table 4%} 504 Ve F247) w)A Aafe A &
e 7 AHe) 2839 AR YeitZ - 4 Jlo] 7h ek, Table 39) Q1% &g Assl AAle) B
= 7, =1). B3 o] 339 I Y BAFE W =20, & ow, BF AF S A5 A2 g 28 &

W, = 16, W, = 52 Upehiz), oli= A3k ut & otk vhAetoR, x4 A4 33e] 247 ) =

F8 7VeA Mkl ola] AR)(index)o] 7 W 97} 20, W, =16, Wy = 59 IS s slew =
g F7 AFRY SAHoR QRS wAR dx  FHACH, ok Ak sed 25 4 488 A
Table 4. Results of diesel engine submarines' rests (Z&;,)

3 t1112|3|4[5[6|7|8]|9|10|11|12[13[14[15|16|17|18|19|20|21 |22 |23 |24
1 |060y,0j0j0{0}0}0}0OfOf1T)0O|jO|O|1T]0O0O]O]O]O]O|OJO|O0O]O0O]O
2 |0y0j0O}1}j0}0}jO0O}O}O}]L|OJOJO|T1T]O]T1T]O]O]O]OJO|O|O0O]1
3 040|j0}j0j0O}1j]0}0}0]OjOJO|OJO]O|O]|]OjO]O]O]JO]O|O]O
4 0}0(0)0OfO|JOJO|jO|]Oj]O|O]O]O]O|Of1T|JO]JO|O]O]|O]O]O]O
5 |6}j1{0}0}0}0}O(OJO|1T)0O]O|jO]O]O|L1]O|O]OJO|O|O0O]O0O]O
6 |0/0|1j0j0O|OjO}|O}LT]O}T|JOfOJO]O|O]OjO|T]O|I|1|]O]O
7 |040|j0jOjO|O|]O|O]O]OJOJOfO|JO]O|O]O]jO|O]L1|]O]O|O]O
g8 |0O|j]O|O}]O|]O}|O]O|O|JO|O|O]O]|1T]O]O]|O]O|L]OJO|O|O]|O]O
9 |0j1}j0j1j0}0|0O0jO0O}O]OfO|1T|O|O]O]O]|O]O]O]O|1|O|O0O]1

Table 5. Results of nuclear-powered submarines' rests (7, )

k t1112|3|4[5[6|7|8]|9|10|11|12[13[14[15|16|17|18|19|20|21 |22 |23 |24
1 000 1 011 0 01 0
2 0|1 1 1 1 1 1
3 0 011 0 0 0 0
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Table 6. Reassignment of nuclear—powered submarines’ missions for fairness of assigned amounts
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Table 7. An extended mission matrix (A4;) for submarines over the planning periods
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Table 8. Optimal level of nuclear—powered submarines
with computational time

# of diesel engine | # of nuclear-powered | Computational
submarines submarines needed | time (sec.)
12 10 15.09
13 9 227
14 8 8.98
15 7 15.74
16 6 6.63
17 5 4.69
18 5 9.23
19 4 331
20 4 3.21
Average 6.44 7.68
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