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Optimization of Mixed Redundancy Strategy with Instant Switching for Series-Parallel
Systems
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Abstract: In long-time running reliable software systems, as the demand for continuous execution time and task response speed
increases, the redundant component needs to be instantly switched when failure occurs. However, reliability optimization is often
conducted under the assumption that cold standby redundancy is only activated when all active components fail. This paper tackles the
redundancy allocation problem for a mixed redundancy strategy with instant switching to ensure system reliability as well as performance.
The redundancy allocation model is built to minimize redundancy configuration cost under the transient availability and job completion
rate constraints. Two system performance metrics are analyzed on top of the state transition diagram using Markov-chain theory. A
numerical method is used to compute the non-linear model, and a genetic algorithm is used to solve the optimization model based on the
double-element encoding mechanism. Illustrative examples are presented to explain the analysis of system transient availability and job
completion rate as well as the allocation result under constraints. Experiment results indicate that with the same redundancy, the job
completion rate of systems with the new mixed strategy is higher than the systems with traditional strategy. Thus, different redundancy
should be allocated for different kinds of redundancy strategies, even under the same constraints.
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Fig.1 Structure of series-parallel system with mixed redundancy strategy
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Fig.2 Mixed redundancy strategy with monitoring and instant switching
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Fig.3 State transition diagram for mixed redundancy strategy with monitoring and instant switching
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Step L. WEH T B Q=0 FhBEIEIRTI EUES =0. K H N ABEMLA AR SR BEREAT R LG40 :Po={p 1,25 - -
P}
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3. MR AR R EE DL S 29 B8 B TE SRR R, AN AN A PR 38 Y B A
4. FRROE N AN R, P ISR 7 HES.
5. RN EBE T IEN R Ak N ADAIFBIN T — AT Py .
6. WHE =t+1 iR Step IL
Step 1L A IE AR BOEE i de KB I 5 1 V.
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Fig.4 Example of double-element encoding mechanism
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Fig.5 Example of crossover operation for double-element encoded individuals
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Fig.6 Example of mutation operation for double-element encoded individuals
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Table 1 Component configuration parameters for example system
F1 THIRZNHAGIE S
Ao Ak AEG S b

Ci Ci
1 0.004 99 2 S 0.004 31 2
2 0.008 18 2 6 0.005 67 3
3 0.004 66 4 7 0.0105 3
4 0.006 83 5 8 0.0150 3

T2 T A BEHLA K 7 R GRS AR LA B N 1] ¢ (18, A R OFIER 2R 4 o (K W] S e M
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(K485 1, 7 (a) A P (b) O AR AR 73 0l 8 R G T 5L Ay (IR 175 00 A)BL R PERE Py (BRI HRRIE 4 P).J 7
(K7 1t 25 73 AR TR AL Ge Tk 7 T A% S (traditional) LA K SCHF SN 0 [ 96 15 U 4% S (instant switching).
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Table 2 Mixed strategy redundancy example
R2 REIURIEICR RG]

Bkl n4i Nsi 1G5 n4i Nsi
1 2 4 5 2 4
2 1 2 6 2 3
3 1 1 7 3 1
4 3 2 8 2 2
—+— Instant switching —+— Instant switching]
—&— Traditional —&— Traditional
1.00 &
0.99
0.98
= 0.97
0.96
0.95
0.94 ;
0 20 40 60 0 20 40 60
t(h) t(h)
(a) "EEMELLE (b) PERELLER

Fig.7 Reliability and performance of system using mixed redundancy strategies changing with time
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Fig.8 Reliability and performance of system using mixed redundancy strategies changing redundancy
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Fig.9 Impact of redundancy change on the reliability and performance change using mixed redundancy strategies
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Fig.10 Best fitness value of each generation
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FEAS LI o 3R A AL TUARIC B AV 4 112, BB T RGERITCARBE WAL 3.3 3 g il TR ME
GEIR T TUAR SR R BREAS 1 R G TUAR BEAEL, R T S, T A1 T A% B IRC EAR 4 106.
Table 3 Allocation result for two types of mixed redundancy strategy
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Fig.11 Change of redundancy cost of two mixed redundancy strategies

with the change of constraints and time ¢
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