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Abstract In big data environment, the use of optional redundancy and monitoring strategy in one
system increases the usage of resource and causes state space expansion for optimal resources
allocation model. The performance of existing evolutionary search algorithms should be improved for
the solution space formed by both integer and non-integer variables. To improve the algorithm
efficiency, a memetic algorithm based on triple element array is proposed on the analysis of search
neighborhood. First of all, the impact of change of variables such as monitoring rate on the system
reliability increase is analyzed and then changing-length neighbor generation method is proposed for
monitoring rate on neighbor analysis. The neighbor generation method is also proposed for strategy
options considering the relations between components. After that, local search operator is refined
through the iterative search among components, which increases the search range while maintaining
the local advantage of individuals. This operator is used for improving the whole framework of
memetic algorithm. Experiment results indicates that this algorithm can be used to get the solution of
strategy option of each component and the corresponding optimized parameters for multiple optional
strategies. Compared with existing multi-strategy search algorithms, the improved memetic algorithm
could get better resources allocation results under the same reliability constraint. The local search

operator does not have great impact on the stability of the whole algorithm.

Key words redundancy allocation; monitoring resources allocation; reliability optimization; memetic

algorithm; sensitivity analysis
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&% 4. FERFRIERBEEE localsearch.
BN« 5 BT R AR R AR p, T AT AR
Q. HEEAREL 15 RIEACREL L5
a0y SRS A0 T AT AR Q.
O i (<l AT SRR R
TEME p; HEEHLERE— AT 5
if p;.a;==R
[P J=genNeighbour N(p; i) ;
if pji 5 bj B R AE S RC A, ok bi Y HL bj
¥ pa MATFIATARE Q Hs
end if
localsearch(p; s Q1+ 1.10y)
LKA pl 2 & IA AT AT i Q s
localsearch(ply sQ 41,1, 3

else

SNSNCSNCNCECNCRGSECHENC)

[pins Do 1= genNeighbour_Lambda
(pjsi)s

KA p. 5 p i B IMATIATARE Q s
localsearch(pi QI+ 1,1 ) s
localsearch(pl, Q.1+ 1.1.)

end if

L5 spiss Do s by s s+ Pis 1=

genNeighbour_ Strategy(p;,i);

localsearch(piy sQsl+ 1,100 s

if bis 5 bi B R AR S Bk bis 2 Pi
B pis MARTATR Q v s

else

©6 6 e 6

if ps.a;==R
Bt pu 5 pu BB IMAFITHE Q s
localsearch(p; Q.1+ 1,1,
localsearch(ply sQ. 1+ 1,1,
else
KA pis 5 pl BB MA AT Q s
localsearch(pis Q.1+ 1,1,,) 3
l()calsearch(p;s ZQL I +1,00)
if pjs.n,==2
KAy po B ANAT AT Q s
localsearch(pis s Qyl+ 1,1l s
end if
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&7 end if
@ end if
end if
@) return Q.
3.2 MHEEEXIEZSR
BT 301 WA AUR BRI R B 4, Bk A
B3k (UD-TMOMA) RESLFR /R U -
®3% 5. UD-TMOMA.
FASCHRE Py = TR Q= LA EL
1=0 R RIEAAREL t0s5
faw b R T AN QAR <.
@ PR Po= (prsposespa) s Ho pry
Pz s px R BEBLAE B A4 5
@ while 1=0: 1.,
©  XP, AT LA T A BT = o 2 g i Y
B8 LA R S AR A 7 A TR Qs
for j=1: N> Ja {8 F A2
TR Q hBEPLIESE 1T K p; 5
localsearch (p; @, 0, L. ) 15 3 J5y &6 18
)5 BT AP RE Q;
end for
BIACRIHE P, AT R Q AR RGBT RN RE R;
THEFPRE R 2 AR 29 (B A0 H bR 5
KIS 2 AP R S HE R T 12 4 IR AE S
P AR AT BT R BEA BT HET 5
R PHET N AR IFAT — A
FRE P s
@ t=t+1;
@ end while
SELVE T ) Rl bR Al 58 U S KRR AR S
T-MOMA 35240, ] 2 WL SCHR (14 ] FEAR SCP AN
VR 20 3R
3.3 HEMRBEERESN
5 T-MOMA #& ¥ 8 1£ 4 5 T Max-Min & 1
(35 1 553k (GA) A 1. UD-TMOMA 5 3% 19 H
b A 55 AR R, ) 8] 52 2% B2 Y 3 2 22 0 1R B 7 Jm)
PR R T b RS R R R AR ECN n,
RGO, UD-TMOMA 5.2 19 Jay 7 18 R 5.
TR HE ™A 3~6 A it LU [R] &2 2% BE 7
O F O6") Z [i], £ 48 T-MOMA 8354 5347 7]
R B R AT R E 2 A E A
PRI S 2R BB S O3 X 27) LTl GA B 1 45 U AU A
2 ANREE AR AT R IR S 4% B D OCD). I LA
UD-TMOMA 53 1 Jay #8048 - 55 7~ ) ) 52 2% B A7

O e

e

— S S IN  AEE AT ik UK Y 3 X B 1
IF) 38 AT A I 2 AOR.

4 XBREREERSHN
4.1 IHESE

AT BATR I SCHERL27 Trb 9 22 GE 45 F A L 2
HOHEAT S50, RE RV RLE ANIE] 8 TR

Fig. 8 Example of system architecture.
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Table 1 The Input Parameters of Units
®1 RARGENBASHE

Component No. A/min !

0.000227 14
0.00027192
0.000445 14
0.00029817
0.0006788

0.00036196
0.00045451

0.00047322

© o N o G s W N e
= W D W gl e N w0

0. 000669

—_
(=)

0.00018154

w

—_
—_

0.000679 23 2

—_
Do

0.00048555 3

Bl 8 B /s B9 &R GE L R 2 30 o A0 e A
1 ) B PR 2 B 56 A SR R T IR R 46 4 1Y T i
P H7 J5 0 R AR A R B R g ] SEE Ry~
RiR.R,*“R,R;R,""R,"*R,"'R,R\ R Ri.. RGf

Architecture

Component

\ AN
L@ SN
Redundancy :J: :_:

________

Fig. 9 Example of component redundancy.
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) BN 2 PRI T R T RE L, O T IR B R S AT AR
M SLPRE T B AT R AR AR 2 A B M R D) g
(R LA e 1 A Ay TE A T 0 A 4 i G A 2 1 3
YERNERICREMAFTE, tnE 9 .

FEA LA 2 AR R T AR DL K ST
I TOR R 2 ML AT IO AR AR B .
ZH AR FHREUR 0 4% 5 48 ML i s T A e 1) 20 14 39 4k
FIB AR A o A W7 P 2 I T T R e 9 A%
T3 B30 . SR P W 2 4 AL T B A 0 ) 8 g 2 4
A LA 3 B i R e 2R 0 AT T S A T
FEOLHI A . R E) 2 BULHILE T RE A4,
I 5 S [] B 0 28 47 1) TU AR BB LA B M A5 R g A7 0
B R R GBI [F] 2C (D L BOR X R G
BT A S ) UD-TMOMA %3 5255

Zat Z W5, UD-TMOMA Bk S ik E
R AE SR BGE F A 2 P, AR, (1) = 0. 001, B HEA
1224 100 IR EL L =500, 38 LHEHE Ky 0. 9,48
BEAR 0. 1, JR FR 48 R LA 0. 05, Ry 9 Joy B 48 &
| R 4 B TR AR S )R 48 R 2k AR Lo = 3 R B
R T W R R B KA IR 2= 3.

4.2 ROGI5H

R TUAR B M A R SR ek 1) R AR T 4 R AR
A8 B L ZE AR S B0 R T UD-TMOMA X ¢ 8 45 14
TR TIE T A5 B AR 9 R S A5 R Ak
2 Wi, Hoh o FoR 2 1 RG], Ry 2R AH R
AT SEPE LR A4, i T UD-TMOMA 8.3 #1155
GEOLE 1 AV AR L 3R 2 v ER R R A S0 56 B A
PERE T H o BRI 2 4145

Table 2 An Case Study of Example System
xR2 RERGERTH

t=10h,Ry=0.90

t=30h,Ry=0.90

t=10h,Ry=0.99

Component

N min Cyy min My min Cyys min My min Cyy min My
> n A /min ! n A /min ! n A /min ! n A /min ! n A /min ! n A /min !
1 2 0.0019 3 0. 0000 2 0.0882 5 0. 0000 4 0.0000 5 0.0000
2 2 0.0057 3 0. 0000 2 0.1157 5 0. 0000 2 0.089 6 5 0.0000
3 2 0.0293 5 0.0000 2 0.3074 2 0.0648 2 0.2028 5 0.0000
4 2 0.0198 3 0. 0000 2 0.1084 2 0.0240 2 0.1094 5 0.0000
5 2 0.0306 3 0.0000 2 0.2913 2 0.0572 2 0.2145 2 0.1298
6 2 0.0089 3 0. 0000 2 0.1669 2 0.0242 2 0.0836 5 0.0000
7 2 0.0050 2 0. 0000 2 0.0935 2 0.0164 2 0.0623 5 0.0000
8 1 0.0000 2 0. 0000 1 0.0000 2 0.0129 2 0.044 2 5 0.0000
9 2 0.0177 4 0. 0000 2 0.2910 2 0.0524 2 0.1954 2 0.1409
10 2 0.006 4 2 0. 0000 2 0.0817 5 0. 0000 2 0.0545 4 0.0000
11 2 0.0306 5 0. 0000 2 0.2945 2 0.056 6 2 0.1568 2 0.1297
12 2 0.0284 4 0. 0000 2 0.1983 2 0.0396 2 0.1440 5 0.0000
Cays 73 119 73 106 80 152
Mye/min~! 0.1844 0 2.0370 0.3481 1.3570 0.4003

2 WARTEARARZMNT  xFE AT
(7 Fsf 4 A 2 P 9% S P O o it 20T L2 A
F Pt s 54 e 2 50 I 0 A% J3E B A 2 04 . >4 I [ 334
TN B ZR G W] R SR MY I T B AR 2 R R
TiC E o AN [ 2P TC A% B2 i 4 00 4R 22 ) ) AR
R ZAETE S T-MOMA S35 R BLAY 45 R — 2L
4.3 EHIEXLESH

N TR REAE R AR R T AL AT

# UD-TMOMA Bk 52 A SCHP R T =04
R GAPY R T-MOMA™™ 83k s, H i 3e T
CICH) GA BRI AR 2 BRI R G TUARE 4y
JC S0 3R 4 38 FH B k. S T B SR R 1 R AR, GA
Bk R T Max-Min 48 58 1, T-MOMA 5.3k
WU R JFH T At R 584 2% 5 s

IDIVNEIGIE S ESEN

FEA R T SEPE A R 3 R L 40 51
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TH L dRe AT BE IR A T B A, SRR AR Y 2 Fp
TR FER AR a1 10 Bros. Horp ik ¢ =10 h,
WH TR 1AW R A, 8L RN
0.90 224 % 0. 99.

10 27~ UD-TMOMA %53k 3845 B & 75 2 it
THFE R B R E T Hofh 2 b7 3 3B 35 10 B R

3
— GA
7 —— T-MOMA
£ 2 —— UD-TMOMA
e
S
0
60 80 100 120
Csys
(a) Results of different algorithms
using constraint Ry=0. 90
2.0
- GA
- 1.5 —— T-MOMA
5 —+— UD-TMOMA
gw 1.0
= 0.5
0.0 .
50 100 150 200
Csys

(c) Results of different algorithms
using constraint Ry=0. 97

T X W BOR AT A R SR T B
VB Ry B AR 35 AR T 2 Fh i 4R A B S
FEEE. TR Sk O . B — E B AL
P BT IR ks 47 10 0 B8 2 4 4L i 4
TiC B A5 RS B 2 B R A B SRk 3
i,

Mgys/min™!

(b) Results of different algorithms
using constraint Ro=0. 94

2.0
—~< GA

~ L5} —— T-MOMA
g —— UD-TMOMA
\Ew 1.0
= 0.5

0.0 . .

50 100 150 200

Csys

(d) Results of different algorithms
using constraint Ry=0. 99

Fig. 10 Results of three algorithms using different reliability constraints.

P 10 3 B3k of AN ) T 4 P 24 SR S 3 5 2

Table 3 The Fraction of Nondominated Solutions Covered by Other Nondominated Points Using Different Constraints
R3 IMEFERRATEHARTHESE

Reliability GAIT- T-MOMA/ GAJUD- UD-TMOMA/ T-MOMA/ UD-TMOMA/
Constraint MOMA GA TMOMA GA UD- TMOMA T-MOMA
0. 90 0.4364 0.9914 0.0000 0.9992 0.0010 0.9992
0.91 0.3647 0.9850 0.0012 0.9996 0.0006 0.9996
0.92 0.5215 0.6251 0.0000 1.0000 0.0005 0.9987
0.93 0.1362 0.8933 0.0000 0.9991 0. 0000 1. 0000
0.94 0.3522 0.8957 0.0000 0.9991 0.0000 0.9995
0. 95 0.1209 0.8096 0.0000 0.9984 0.0000 0.9995
0.96 0.0909 0.7103 0.0000 1.0000 0.0000 0.9985
0.97 0.2417 0.4492 0. 0000 0.9994 0. 0000 1.0000
0.98 0.2998 0.5733 0.0000 0.9956 0.0051 0.9921
0.99 0.1200 0.8305 0.0000 0.9318 0.0000 0.8864
Average 0.2684 0.7763 0.0001 0.9922 0. 0007 0.9874

Note: A/B stands for A covers B.

2) ARG SH
B TR LA RS AR =10 h IR A
7] (1) 22 5 400 2R 0%t 3 R 1 A7 50 00 L S 6 285 R

PR AE R BT IR AN 11 FT 7S+ 3% 52 B vh B T g PR 24
Wy 0. 95, PEH 10 4L BE ML By 58 G 411 2% A5 fH ik
Frocs. 3R 4 o 7[RIl 491 AR R ) B 2 .
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2.0 1.5
<+ GA -+ GA
— L5 —— T-MOMA - —— T-MOMA
E { —* UD-TMOMA g L0 —— UD-TMOMA
£ 10 &
9 © 0.5
= 0.5 =
0.0 o : 0.0
60 80 100 120 140 60 80 100 120 140
Cs_vs Csys
(a) Results of different algorithms using (b) Results of different algorithms using
the 1st group of random parameters the 4th group of random parameters
3 2.0
—~<~ GA <+~ GA
- —— T-MOMA - 1.5
g5 2 —— UD-TMOMA =
g £
~ ~ 1.0
& 3
= = 0.5
0 0.0 = ]
60 80 100 120 140 50 100 150
Csys Cs_vs
(c) Results of different algorithms using (d) Results of different algorithms using
the 7th group of random parameters the 9th group of random parameters

Fig. 11 Results of three algorithms using different system parameters.

11 3R AR RS H LR 45 R

Table 4 The Fraction of Nondominated Solutions Covered by Other Nondominated Points in Different Test Cases
x4 SHEFERARNKAG THESE

Teet Case GA/T- T-MOMA/ GA/UD- UD-TMOMA/ T-MOMA/ UD-TMOMA/
MOMA GA TMOMA GA UD-TMOMA T-MOMA
1 0. 0606 0.7661 0.0017 0.9975 0.0000 1.0000
2 0.1028 0.9853 0.0000 1.0000 0.0000 1.0000
3 0.3620 0.9954 0.0015 0.9993 0.0000 1.0000
4 0.1860 0.9834 0.0000 0.9992 0.0000 1.0000
5 0.5240 0.9349 0.0000 1.0000 0.0000 1.0000
6 0.2557 0.9759 0.0000 0.9995 0.0000 1.0000
7 0.2601 0.9069 0.0000 0.9996 0.0000 1.0000
8 0.3508 0.8954 0.0016 0.9965 0.0000 0.9995
9 0.3221 0.8960 0.0000 0.9996 0.0000 1.0000
10 0.0991 0.8883 0.0000 0.9989 0.0000 1.0000
Average 0.2523 0.9228 0.0005 0.9990 0.0000 1.0000

Note: A/B stands for A covers B.

AR S R AR LR B GA Bk S T- M HIAE AT LU 3 Foft 83030k 7 gk 25 1] 1) 53 A 1
MOMA 3% (45 R IEEARFPOH 5 1% UD-TMOMA - BUIEAME L H UD-TMOMA 503k 1) 73 A 45 3 1L
Jit STBC » 7 0] A 29 ARG R g 2 (R BRI A ] T-MOMA 5335 i 2.

8. O A BN ) 5 0 ) Sk B A e 2 ) A L S AL DA 3) 5 L R
AR TR B AR BUAE AR (hypervolume indicator, FEAR Y o, 2 TR & 2 SRS 1 BT IR0 fL BC B 7

HD M3 5 . HUER S TR AR A I 4 5 © A SOk i 2 T S 5w i ] 58 P O AL 7 v A 45
fife . PR TUAR TC B 05 100 LA R o 2 R e e o )y 9
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Table 5 Hypervolume Indicator of Different Algorithms under Different Conditions
#5 UD-TMOMA 5 E 84 % R E &4 T HI &
Reliability Hypervolume Indicator Test Case Hypervolume Indicator
Constraint GA T- MOMA UD- TMOMA GA T- MOMA UD- TMOMA
0.90 0. 3400 0.3669 0.3700 1 0.3447 0.3602 0.3847
0.91 0.3414 0.3800 0.3871 2 0.3552 0.3728 0.3172
0.92 0.3270 0.3753 0.2987 3 0.3250 0.3397 0.2720
0.93 0.3453 0.3787 0.3192 4 0.3359 0.3323 0.3303
0. 94 0.3653 0.3856 0.3569 5 0.3453 0.3482 0.3202
0.95 0.3785 0.4117 0.3895 6 0.3213 0.3286 0.3874
0.96 0.4038 0.4355 0.4234 7 0.3494 0. 3646 0.2871
0.97 0.4051 0.4277 0.3271 8 0.3597 0.3595 0.4328
0.98 0.3083 0.3750 0.3395 9 0.3241 0.3292 0.3309
0.99 0.2687 0.3120 0.2295 10 0.3477 0.3626 0.4221
Average 0.3483 0.3848 0.3441 0.3408 0.3498 0.3485

AT T X, ¢ =10 h B[R AF 35 8 AT S PR 29 5K 0. 90
AL Z 0. 99, 7R B S BOA B T 4392173 F UD-
TMOMA (#2351 J5 75 DA Je 56 F MOMA™™ [ I 4%
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(a) Comparison of single and multi-strategy
approaches using constraint Ro=0. 90
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(c) Comparison of single and multi-strategy
approaches using constraint Ry=0. 97
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AR S 5 S R] DL B AE T S 2 R R A Y
THML TR (i R, =0. 91,0. 94) , B b W 425 56 W& A [R) 45
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F Y25 B 6T T-MOMA &30 B . R UD-
TMOMA 53k 2 1% (0w A 2.
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(b) Comparison of single and multi-strategy
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(d) Comparison of single and multi-strategy
approaches using constraint R,=0. 99

Fig. 12 Resources comparison under different availability constraint.
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Fig. 13 Resources comparison using different system parameters.
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