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ABSTRACT

In military applications of equipment, it is of the utmost importancethat the equipment

operates without breakdown for a specified length of time. We can increase the reliability

of a system by adding redundant compoﬁents to the basic nonredundant system. This .

study introduces a dynamic programming algorithm of finding optimum redundant design

that maximizes the system reliability with constraints .
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OPTIMIZATION OF SERIES — PARALLEL— SERIES
NETWORKS
‘TABLE(I) INPUT DATA
COST (1) ' COST (2)
I Q A c csn c2) cS (@)
1 | 0050 0.010 10.00 1.00 5.00 1.00
2 0.100 0.015 7.00 1.00 8.00 1.00
3 0.150 0.010 6.00 1.00 7.00 1.00
4 0.100 0.015 8.00 1.00 6.00 1.00
5 0.200 0.020 5.00 1.00 10.00 1.00
[ CMAX 100.00 100.00
x®2, BX E@E

TABLE (II) MAXIMUM RELIABILITY

J 1 M F(J) FO(J) Iy - MiJ)

1 1 2 0.98752 |

OPT. DESIGN AT STAGE (1) 0.98752 ! 2

2 1 3 0.96704 ‘

2 2 2 0.96298 _

OPT. DESIGN AT STAGE (2) ‘ 0.96704 1 3

3 1 4 0.96459

3 2 3 0.95521

3 3 3 0.94450

OPT. DESIGN AT STAGE (3) 0.96459 1 4

4 1 4 0.94132

4 2 4 0.93421

4 .3 3 0.92586

4 4 9 0.94062

OPT. DESIGN AT STAGE (4) 0.94132 1 4

5 1 5 0.89734

5 2 5 0.89191

5 3 4 0.88842

5 4 3 0.90568

5 5 3 0.89644

OPT. DESIGN AT STAGE (5) | 0.90568 4 3

OPTIMUM DESIGN IS
(1,3,4) (4,5,3)
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TABLE (III) REVERSE DPYNAMIC PROGRAMMING’

soscocsa ] FITER [ oeareee

I ] . M FP (I)
5 5 3 0.95232
4 5 3 0.93893
3 5 4 0.91870
2 3 3 0.90821
1 3 4 0.90568

x4, HREATOM SERE

TABLE (IV) OPTIMIZATION WITH CONSTRAINTS

STAGE| D(J) | DU -1 I J M R (DJ) | C1(D])|C2(DJ)

1
1 1 1 1 0.95000 10.00 5.00
2 1 1 2 0.987521 21.00 | 11.00

2 ,
3 1 2 2 1 0.85500| 17.00 | 13.00
4 2 2 2 1 0.88877 | 28.00 19.00
5 1 2 2 2 0.92639| 2500 | 2200
6 0 1 2 2 0.96429| 3500 | 27.00
7 0 1 2 3 0.96704 | 53.00 | 41.00

; :
8 3 3 3 1 0.72675| 23.00 | 20.00
9 4 3 3 1 0.75546| 34.00 | 26.00
10 3 3 3 2 0.82740| 30.00 | 28.00
11 4 3 3 2 0.86009| 41.00 | 34.00
12 1 2 3 2 0.88856| 37.00 | 36.00
13 5 3 3 2 0.89649| 3800 | 37.00
14 5 3 3 3 0.90480| 4500 | 45.00
15 0 1 3 2 0.91608| 47.00 | 41.00
16 6 3 3 2 0.93317| 4800 | 42.00
17 6 3 3 3 0.94182 | . 55.00 .| 50.00
18 2 2 3 3 0.95521| 6200 | 58.00
19 0 1 3 3 0.96001 | 71.00 | 62.00
20 0 1 3 4 0.96459| 9500 | 83.00
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STAGE| D (J) | DO -1 I J M R(DJ) c2Dn
4
21 8 4 4 1 0.65407 | 31.00 26.00
22 9 4 4 1 0.67991 | 42.00 32.00
23 8 4 4 2 0.70869 | 40.00 33.00
24 10 4 4 1 0.74466 | 38.00 34.00
25 3 3 4 2 0.79567 | 46.00 40.00
26 12 4 4 1 0.79970 | 45.00 42.00
27 10 4 4 2 0.80684 | 47.00 41.00
28 13 4 4 1 0.80684 | 46.00 43.00
29 15 4 4 1 0.82447 | 55.00 47.00
30 4 3 4 2 0.82709 | 57.00 46.00
31 11 4 4 2 0.83871 | 58.00 47.00
32 1 2 4 2 0.84495 | 53.00 48.00
33 12 4 4 2 - 1086648 | 54.00 49.00
34 13 4 4 2 0.87422 | 55.00 50.00
35 14 4 4 2 0.88232 | 62.00 58.00
36 6 3 4 2 0.89737 | 64.00 54.00
37 16 4 4 2 0.90998 | 65.00 55.00
38 17 4 4 2 0.91841 | 72.00 63.00
39 6 3 4 3 0.92322 | 79.00 68.00
40 18 4 4 2 0.93148 | 79.00 71.00
41 19 4 4 2 0.93615 | 88.00 75.00 |
5
42 21 5 5 1 0.52326 | 36.00 36.00
43 22 5 5 1 0.54393 | 47.00 42.00
44 23 5 5 1 0.56695 | 45.00 43.00
45 24 5 5 1 0.59573 | 43.00 44.00
46 21 5 5 2 0.61535 | 42.00 47.00
47 21 5 5 3 0.62289 | 48.00 58.00
48 25 5 5 1 0.63653 | 51.00 50.00
49 26 5 5 1 0.63976 | 50.00 52.00
50 27 5 5 1 0.64547 | 52.00 51.00
51 8 4 5 2 0.65638 | 50.00 53.00
52 23 5 5 2 0.66674 | 51.00 54.00
53 24 5 5 2 0.70058 | 49.00 55.00
54 24 5 5 3 0.70916 | 55.00 66.00
55 3 3 5 2 0.71176 | 56.00 60.00
56 25 5 5 2 0.74856 | 57.00 61.00
57 26 5 5 2 0.75236 | 56.00 63.00
58 27 5 5 2 0.75908 | 58.00 62.00
59 28 5 5 2 0.75908 | 57.00 64.00
60 26 5 5 3 0.76157 | 62.00 74.00
61 28 5 5 3 0.76837 | 63.00 75.00
62 29 5 5 2 0.77566 | 66.00 68.00
63 30 5 5 2 0.77813 | 68.00 67.00
64 31 5 5 2 0.78906 69.00 68.00,
65 12 4 5 2 0.80252 | 64.00 69.00
..78..
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STAGE| D) | DU-D I J M R O} | C1®])| camp
66 33 5 5 2 0.81518| 6500 | 70.00
67 34 5 5 .2 0.82246 | 66.00 | 71.00
68 33 5 '5 3 | 0.82517| 7100 | 81.00
69 15 4 5 2 0.82738{ 74.00 | 74.00
70 35 5 5 2 0.83008| 73.00 | 79.00
71 34 5 5 3 0.83253| 72.00 82.00
72 - 36 5 5 2 0.84425| 175.00 | 75.00

73 37 5 5 2 0.85611| 76.00 | 76.00
74 38 5 5 2 0.86404| 83.00 84.00
75 37 5 5 3 0.86659| 82.00 | 87.00
76 39 5 5 2 0.86857| 90.00 | 89.00
77 16 4 5 3 0.87618| 89.00 | 92.00
78 40 5. 5 2 0.87633| 90.00 | 92.00
79 41 5 5 2 0.88073| 99.00 | 96.00
80 17 4 5 3 0.88429 | 96.00 | 100.00

OPTIMUM DESIGN WITH CONSTRAINTS IS
1:,2:2) (3:3:3) (4:,5:3)

R5. HREATOIAM S RBEREI(HER RR)
TABLE (IV) OPTIMIZATION WITH CONSTRAINTS

STAGE | D{]J) DUA-D I J M R @) Ct@P | c2 @
1
1 0 1 1 2 0.98752| 21.00 11.00
2
1 2 2 | 096429 35.00 27.00
0 1 2 3 0.96704| 53.00 41.00
3
2 3 3 3 0.94182( 55.00 50.00
0.95521| 62.00 58:00
0 1 3 3 0.96001| 71.00 62.00
4
7 5 4 4 2 0.93148( 79.00 71.00
8 6 4 4 2 0.93615 88.00 75.00
5
9 4 4 5 3 0.88429| 96.00 | 100.00

OPTIMUM DESIGN WITH CONSTRAINTS IS
(1,2,2) (3,8,3) (4,5,3)
~79 ~
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