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Multi-level System considering Alternative Units
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ABSTRACT

Purpose: The problem of optimizing redundancy allocation in multi-level systems is considered when each
item in a multi-level system has alternative items with the same function. The number of redundancy of
multi—level system is allocated to maximize the reliability of the system under path set and cost limitation
constraints.

Methods: Based on cost limitation and path set constraints, a mathematical model is established to maximize
system reliability. Particle swarm optimization is employed for redundant allocation and verified by numerical
experiments.

Results: Comparing the particle swarm optimization method and the memetic algorithm for the 3 and 4 level
systems, the particle swarm optimization method showed better performance for solution quality and search
time. Particularly, the particle swarm optimization showed much less than the memetic algorithm for variation
of results.

Conclusion: The proposed particle swarm optimization considerably shortens the time to search for a feasible
solution in MRAP with path set constraints. PS optimization is expected to reduce search time and propose

the better solution for various problems related to MRAP.
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1. A &
A2 A e A2wel 5T 4SS RN gl B A, A g, 7] 5 ke S
oA ZE7 ol TRt 11 F AlEt A28 mge] WASAE A AR A3 PAsh A28 53]
Fa3) dHAA Gk AREE VR FE RES ASHAL A )5S M PES RN A8E
o= AN 5 Atk BAW 715 A FES IS Qow], ofd PES ALgshael] net A 2ee)

AR, g, 27 Fol B 4 otk FRTEA P FHY z
al(1968) o2 tiopet FAsh A28 el thste] A7k Heieh. FRAG BAA b4 7| EA 02 BRej
BAE mAS) ABAZRE e AzEe) BE-AE BAZ 2 o0 AR B8 A% 0,8 Agske

WAL, o] w Al
AT AlElS H
A~ A B C &

UAZS Al2=8e] S8 fAle A2E3NA & vy 55 S50 75 tas S5 &9 Al (MRAP;
multi-level redundancy allocation problem)®t 5 71 o]4}¢] E&o] £&o] 7153 U5 tas 8 3y 54
(MMRAP; multiple multi-level redundancy allocation problem), S5 &5 thal AFHo] 713t v 5

o H A3} £A4(MRAOP; multi-level redundancy allocation optimization problem)® 1T,

Yun and Kim(2004)& thA|Z Al2<8le] djs] MRAPE A& A/latgon Az agel ] o O}LM s 2R
o] 7k gt Zgol tisl FdLanElFs d83te] HA s S A sl A2 5ol ek o] she
ol A AR 02 ofojX = F5e] e fvIstH Figure 19143 S-A-Al, S-A-A2, S-B-Bl 5| 8l
H(Yun et al, 2017).

Kumar et al.(2008)-& MRAOPZ AAEEon A4 4 dugls, vuE dugsE v gol 13 dugsE

55 B8k HA5 o] AFEHATHYun et al, 2017). MRAPS}F MMRAP, MRAOPS] &A= ZF 59| 3+ 714
T Aol A4 T8 g e UEhdY, s943 Vs 7R e TR F50l dig A8 e
%31 gith Chung(2015)> MRAPOIA] 7t F35-9] E77F ksl EA1E 35 A2 9] 75 A8 558 &9 7%
= Ut H435kE e A daelsd vvY dagss Esialon, ofd tigk vl AsE A eIt
MRAPE= A2 FelA & shte] FEN 518307 Qsf Fasis e Fo] F3staL ofgl e, o= Qs &
Aol AojAl= @S 7L ATk 2 Aol A= oS 7HR

= MRAPOIA 9AF 8 &2 3H(particle
_]

swarm optimization) W& tFH AHS S8 vvg daugSe A5S vlastaz) g,
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m; my
Z{y? + Eyi} 1 3)
h=1 ke{ifi=1

yl=0 =1

2l = 10]31 AZola, AB)lA 7% i A F2S Yehd 4)
1=1,2,3,---, N

o A2 RS Hdstehs SA2 A BAS As
AZkehs HAgkaroly, 4(2)x= RIE3H|, A(3)2 Azl Aokt g 7|

3. 3 58S AT 4A A s

A7 wR AHge AdelAd Ew7], ek e wf EES sk 9ol Hetete] Kennedy and
Eberhart(1995)e] ofa 7hd=|3lth. f-d&are]Folut 7y %‘ﬂrﬂ%oﬂﬁ TR AE R ARgE s WA =AW
o, HlEgd g2 Aiks sAsH Fon, Al WMshs A9 TS viEoR oot

29 v AR PR A} K WE, €9 6,1 07 1AFe] BEL a sk B TFEA, g 9 oy @AA
A Aok A ko] A S ekl o, ¢+ 1Al Al A siARe] fiA]s S vt o] E
- Sl

rlo

b

A2 = HAsE S AE5A AAY s AAs) shad Bol 28 HolAaL Stk & ATl A vFaat
v T 9 HASE 4 F5Y TR T8 7S ARk sk Ao R HA 5o WpTt ko] Aol FH
s Sk Al i3] Yeh(2009)= Yun et al.(2007)¢] A|A|gF MMRAPe] tial] oJetA] o]xt 44+ +-3
A3 S AAEFE 2, Yeh et al.(2016)0] 4= GMRAP(general multi-level redundancy allocation prob-
lem)< 2708kl Yeh(2009)01 A4 AlA & WS 2H-8-5)o] ;;1;45} WS AT 2 ATl A ik FES
ALH g MRAPOIA o4k 47t o HAstE el sio] 8, o] dahgt, s o 371, H A3t daks AlAetaL A
At Aapell A ¢+ LA A ] i HA o] A9 S 2k WH-2 Yeh(2009)7F AlAIg WS <1-&3ke] 4
gtz gk

QA 2 A48 g A8 AdAE 94 24 dAE dle) e B2 s Ak do) mEL A=
& ae e

=
A3} ke 91319 S PG e 9 F7) vel FAlo] 5o 2ol AAg
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Q8] @ WA AZEE 298P0 Bek @ AToIAE 42 el mhet fEskA S Gk wsks A A
7 9 g FEG SRS AYT W Y RE AR A4 T 5 QRS IS AUste] Ak o)
o4 E PIA717] 30 Step 13} Step 2014= F5 29 £AF oMo WRse] SR FB YL
23R, Step 40141 ARG Akl el e ok ARAYel i B FRUF FYEL 002 WA
710 ek ol A E YAl W3 Step 1~Step 58 AAH] ¢ AN YAE TF 4 RE Qe AXE %

&3 dAz Aol Zisal A,

Step 1: thg Aljel 942 AA37) A3 QA vl F5 2ol £HE oA oR WA @, e 2ol
F59Y £AE AdEHA S dF B9, v, U 2ol oA WHel E 4 8l

- 2

1 2 3 1 1 1 11 2 3 1

Vi = {$i17$i17937:1a17¢27$i3v$z47 Li5sT ]" Vi = [17157 Liss i3v$z‘4v$i1v$i1azﬂv$i2
. k k - o . SEwo <
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Figure 2. System structure in numerical example proposed at Yun and Kim(2004)

Zb FEAr Table 13 o] 1~4F9] ok F352] #80] 7had Aoz sioith

Table 1. Input data of three—level system

Unit Parent unit Reliability Price Additive cost
S~ §12(n2E) - 0.424~0.327 72 2
Al Sl g3 0.727 26 2
A2 gt~ gf 0.689 20 2
A3 ST~ 5 0.646 25 1
At gl0 __ gl2 0.612 16 2
B! stogt o7 0.765 19 3
B? §% g5 g8 0.810 23 4
B s3 g6 5° 0.720 18 3
C Sl ~ gl2 0.720 21 2
A{ Al or A2 0.900 5 3
AL A% or A* 0.800 4 2
AQ1 Al or A3 0.950 6 4
A A% or A? 0.900 4 4
A, At~ 4* 0.850 5 4
B, B~ B3 0.900 6 4
B) B! 0.850 7 4
B; B? 0.900 9 5




708 J Korean Soc Qual Manag \ol. 47, No. 4: 701-711, December 2019

Unit Parent unit Reliability Price Additive cost
B} B? 0.800 6 3
& C 0.900 8 3
& C 0.800 7 4
Table 1¢] HoJEE vlE o2 B]-&3AS 150904 3407H4] 108 S7FA1719HA vine dudEy a3 &
ae|EHe] vaE HAAISIIT) Table 2% 7} H]-&sHAInit 27)d4-& Eelste] 103] WHEAES HAAg 49 &
71 L dllek BAF 1Elar so] EAAE FE YER AL dok v&3HA 20714 Aol A mng daeE
A ] dagse M £ 8l all enumeration WO HA ) BT sds AoE YRSl oH, 24k
A% QA g GaelFel vivg dneZuck A2 Uehgs o 5 ek Al WA Dol G B9 QA
A Qaelzel vue QaelEe] va) Aw Awe] Aol 2888 tela
Table 2. Comparison result between MA and PS
Cost | All enumeration Memetic algorithm Particle Swarm

limit | cost | Reliability | cost |Reliability | Variance | Run Time | cost | Reliability | Variance |Run Time

150 | 150 | 0.8342 150 | 0.8342 | 5.89E-04 | 239.1 150 | 0.8342 0 137.1
160 | 160 | 0.8620 160 | 0.8620 | 2.07E-05| 296.0 160 | 0.8620 0 138.0
170 | 170 | 0.8811 170 | 0.8811 | 5.13E-06 | 274.9 170 | 0.8811 0 137.5
180 | 178 0.8923 178 | 0.8923 | 7.49E-05| 275.5 178 | 0.8923 0 137.7
190 | 187 0.9086 187 | 0.9086 | 6.69E-05| 284.9 187 | 0.9086 | 1.198E-05 135.9
200 | 200 | 0.9202 200 | 0.9202 | 1.25E-04 | 274.3 200 | 0.9202 0 136.0

210 | 210 | 0.9305 | 210 | 0.9305 |5.59E-06 | 315.3 210 | 0.9305 | 1.303E-07 136.7
220 | 220 | 09346 | 220 | 0.9346 | 1.79E-05 | 252.8 220 | 0.9346 | 2.551E-06 136.2
230 | 230 | 09409 | 230 | 0.9409 | 7.41E-06 | 258.4 230 | 0.9409 0 136.0

240 | 240 | 0.9515 | 240 | 0.9515 | 1.60E-05| 309.3 | 240 | 0.9515 0 135.9
250 | 240 | 0.9515 | 240 | 0.9515 | 4.24E-05| 2450 | 240 | 0.9515 0 1355
260 | 251 | 0.9563 | 251 | 0.9563 | 6.56E-06 | 268.8 | 251 | 0.9563 0 135.1
270 | 269 | 0.9669 | 269 | 0.9669 |2.02E-04 | 2235 | 269 | 0.9669 0 136.4
280 | 280 | 0.9717 | 280 | 0.9717 |6.18E-05| 299.0 | 280 | 0.9717 0 137.7
290 | 280 | 0.9717 | 280 | 0.9717 | 4.26E-05| 261.0 | 280 | 0.9717 0 137.3
300 | 296 | 0.9723 | 296 | 0.9723 0 243.6 | 296 | 0.9723 0 139.1
310 | 310 | 09755 | 310 | 0.9755 |3.35E-06 | 2954 | 310 | 0.9755 0 136.3
320 | 316 | 0.9781 | 316 | 0.9781 0 316.6 | 316 | 0.9781 0 135.1
330 | 316 | 0.9781 | 316 | 0.9781 |9.63E-07 | 286.6 | 316 | 0.9781 0 135.5
340 | 335 | 0.9790 | 335 | 0.9790 | 1.93E-05| 268.8 | 335 | 0.9790 0 136.7
Table 3 Table 29] 7} H]- &3 T5TF A34E Hehdth HE A 95 o) A F5 o] S50 A4

50 giskont ugel 2ol el A BE 2ol A9 s WAl 0 EE £ B0l AL 952 2
% Stk A E2 9] B, C EETE A7 27400 ek mEo] AusolA e ehdut. ol F2
o F485% oh9] FBe| 37} Hlgo] FA3 Fbshn AiHoR WES| G TGl A7 28¥o] BE
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F2 oo Heusln 98-S & 4 Atk BR, FUYOR N wsk ve ABE F¥o] 280 o F 2 F7h wi
Fiel WAl verde ¢ 5 gk
Table 3. Results of redundancy allocation
Cost limit Unit S A B C A A, A, B B, Cy C,
150 Class 1 1 1 2 1
0 Number 2 9 2 2 2
160 Class 1 2 2 1 1 1
Number 2 3 2 2 2 2
170 Class 1 2 1 1 1 1 1
Number 2 2 2 2 2 2 2
Class 1 2 2 1 1 3
180 Number 3 3 2 2 2 2
190 Class 1 2 2 1 1 1
Number 3 3 2 2 2 2
9200 Class 2 1 2 2 1 1 1
Number 3 3 3 3 2 2 2
Class 1 2 2 1 1 3
210
Number 3 3 3 2 2 3
Class 1 2 2 1 1 2
220
Number 3 4 3 2 2 2
Class 1 1 1 3
230
Number 3 3 2 3
Class 2 1 1 3
240 Number 4 3 2 3
Class 2 1
250 Number 4 3
Class 1 1 1 3
260
6 Number 3 4 2 3
Class 2 1 1 3
270 Number 4 4 2 3
Class 2 1 1
280 Number 4 3 4
Class 2 1 1
290 Number 4 3 4
Class 4 1 1
300 Number 5 3 4
Class 3 1 1
1
310 Number 5 3 4
Class 2 1 1
320 Number 5 3 4
Class 2 1 1
330 Number 5 3 4
Class 3 1 1
340
Number 6 3 4
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4.9 442 N AH A

Figure 32 Aol 4712 A|=Ho2 BEI HEo] 15712 4] Hof 3L

Table 4= Appendix®l Table 52| Ho|E| S nl& o2 4 =5 A|~H] gt A8 AxS yehic) 15719 B8
A A A 5 HAshe} nujg eSS vlagk A7 3714 A -olA A 7 HA st vvE B g
& A+ FADE YERA oM, 1714 A5-ol4 wugo] t& £ alE Hebliith H-E&8A 550004 4At
A HAste] A9 v&eAE doA = 5529 ATt AFEE A ol tisl] 2(8)<] s H A HaEEel o
H(AelA 1.22 W) A WA TFOEMN enumeration®] 4 23} U3 = 5 AT A A
oA Alzglo] Fataf ol whel nin|g darelFe] B FAARNe] Ae] SIS = o doH, A A HE
skl A5 35FE3 el UEbs ) ol Al2Rle] B o R Qe fraslE wshet Zag Agte] S7tst

of olefgk Azke] Atol7t WATS Lhehict,

HJo{N BN

Table 4. Comparison result between MA and PS

Cost | All enumeration Memetic algorithm Particle Swarm

limit | cost | Reliability | cost |Reliability| Variance | Run Time | cost | Reliability | Variance |Run Time
200 | 200 0.6505 200 | 0.6505 | 4.23E-05| 33850.0 | 200 0.6505 2.18E-06 134.4
250 | 249 0.7844 249 | 0.7844 | 1.70E-03 | 33472.6 | 249 0.7844 1.37E-32 134.8
300 | 300 0.8268 300 | 0.8268 | 6.61E-04 | 33444.1 | 300 0.8268 1.37E-32 138.2
350 | 344 0.8654 344 | 0.8654 | 2.39E-04 | 37271.2 | 344 0.8654 1.37E-32 137.7
400 | 400 0.8942 400 | 0.8942 | 3.20E-04 | 31973.9 | 400 0.8942 1.37E-32 134.2

450 | 445 0.9111 445 | 09111 | 1.68E-04 | 29470.7 | 445 | 0.9111 0 134.7
500 | 498 0.9289 498 | 0.9220 | 5.31E-05| 27860.2 | 498 | =0.9289 | 7.01E-07 133.4
550 | 530 0.9423 530 | 0.9423 | 2.13E-04 | 29952.5 | 562 | 0.9462 0 133.6

600 | 597 0.9534 589 | 0.9509 | 6.34E-05| 29176.6 | 597 | #0.9534 | 5.48E-32 133.6
650 | 642 0.9623 642 | 0.9623 | 5.43E-05| 27490.2 | 642 | 0.9623 9.27E-06 137.4
700 | 695 0.9636 666 | 0.9573 | 1.26E-05| 244214 | 695 | *0.9636 | 1.06E-05 132.5
750 | 743 0.9674 743 | 0.9674 | 6.31E-05| 24154.0 | 743 | 0.9674 1.37E-32 131.7
800 | 780 0.9721 780 | 0.9721 | 3.10E-05 | 24997.8 | 780 | 0.9721 0 136.7
850 | 827 0.9738 827 | 0.9738 | 3.78E-05| 25184.1 | 833 | V0.9735 0 135.7
900 | 880 0.9752 833 | 0.9735 | 1.00E-05 | 24617.7 | 880 | #0.9752 7.9E-07 131.8
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& AeldE G A A5 TS 286t TS AlLEY] A F5 29 e ool 59, Td@
7Is& sk it ol EAE - vgat AR SHe aste] A5 WS AAElY. 3t 44
o A dAlE Tl AR 2 HAs el i A ASerslon, 71Eel AAE nivy dare|Eate] B
L Ayp A28 ) Batel A sfo] At B AR SN Ak LA A3 W] v £2 dus
BolFleh 2 Aol A= g JRe] ol A & Afe) ks deieiA] &4 skehs e vl Foll= @ 7)€
oA e e T5 AoM TE5E dhs A9 7HEE SHelA 9] Wake} ] A dis) s = 5 e
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