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Motivation

1. Test strategy optimziation for analog system provides
automated diagnosis procedures, optimizes the detection
procedures during maintenance, and shortens the time
consumed for locations of faults.

2. The generation solutions of existed methods may fail due to
system'’s topology and influence of information redundancy.

3. Independent tests operating sequentially on the generated
strategies may increase the time consumption.



Method

Design a sequence matrix is to depict the relationships of tests
and evaluate the dynamic cost of the test based on the system

strategy.
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Fig. 1 Fault isolation rate (FIR) improvement and test assignment on the anti-tank system dataset: (a)
sequential strategy; (b) MAO*-based strategy; (c) HP-based strategy; (d) Rollout-HP-based strategy



Method

Encode the topology of each test procedure and the
dependence of the potential cost of test procedures into the
structure information of test procedures.

Table 1 Performance comparison on the experimental datasets

Number of search times

Method
Amplifier Anti-tank system Bus system Filter Horizon system Apollo aircraft
AO* 20 133 T T4 47 178
AOL 9 187 5 45 15 169
DP-AO* 15 118 5 63 36 167
Rollout-AO* 47 85 37 50 T 39
MAO* 9 84 5 48 29 44
HP 11 121 31 &0 42 &1
Rollout-HP 9 100 31 66 41 65
Method Total cost
Amplifier Anti-tank svstem Bus system Filter Horizon system Apollo aircraft
AO* 47.4 3.4 0.236 7.8 8.4 3.4
AOL 47.4 3.4 0.236 7.8 3.4 3.4
DP-AO* 47.4 3.4 0.236 7.8 3.4 3.4
Rollout-AO#* 47.4 3.4 0.236 7.9 9 3.4
MAO* 42.6 1 0.236 3.9 7.4 1
HP 42.6 1 0.1 3.2 4.4 1

Rollout-HP 42.6 2.6 0.1 4.5 6.4 2.6




Method

Develop a novel heuristic estimator to estimate the cost of potential
solutions based on a sequence matrix and dependence information.

S, S, S 5. S,

s - 3 7 5 e
w (si,s5) = argmin{c (tx) |dir & djr = 1},
FIR=100% FIR=100% FIR=100% FIR=100%
Cost=0 Cost=0 Cost=0 Cost=0
89
S5 S5 S, FIR=100%
s-s, . 5,-S,, tot, 878,y it Ly ¥ 22 5, S, Cost=0"
hg« = max (w(s;,sy))
| Ok — s . ‘) e . s
S P ey 2Jsr 2k FIR=69.23% FIR=63.6% FIR=33,3% FIR=100% FIR=100%
. Sl EL‘D Cost=4.9 Cost=3.6 Cost=2.7 Cost=1.9 Cost=0.2 S,
c"}_j E 15 *
FIR=100%
Cost=0
S, 5 s Si0 Sia
. - F|§=110%%
- Y Y =|
w (S-i-. S.-) =argmin § c TR|T |d-.ik ®d;p=1.k ?é ko FIR=100% FIR=100% os FIR=100%
| J ’ Cost=0 Cost=0 FIR=100% Cost=0
Cost=

Fig. 3 The developed strategy for real-world applications by the HP algorithm (FIR: fault isolation rate)



Method

Propose heuristic programming (HP) and Rollout-HP to combine
sequential extension and parallel extension during search tree
generation.

Table 2 Time consumption for the experimental datasets

Time consumption (s)

Method
Amplifier Anti-tank system Apollo aircraft Bus system Filter Horizon system
AO* 0.0460 0.0632 0.0432 0.0234 0.0322 0.0183
AOL 0.0200 0.0543 0.0422 0.0234 0.0543 0.0342
DP-AO* 0.0320 0.0465 0.0415 0.0253 0.0473 0.0132
MAO* 0.1030 0.1540 0.0231 0.0184 0.0824 0.0678
Rollout-AO* 0.0300 0.0345 0.0182 0.0232 0.0314 0.0120
HP 0.0350 0.0453 0.0345 0.0230 0.0567 0.0342
Rollout-HP 0.0210 0.0421 0.0232 0.0120 0.0345 0.0213
Table 3 Performance comparison on real-world applications

Method Number of search times Number of tests Fault isolation rate (%) Total cost
AO* 139 10 69.23 8.4
AOL 91 10 69.23 8.4
DP-AQO* 120 10 69.23 8.4
MAO* 280 9 69.23 84
Rollout-AO* 95 13 69.23 9.3
HP 145 9 69.23 4.9
Rollout-HP 142 9 69.23 4.9
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Fig. 4 Test cost on realworld applications (The red
lines refer to the test cost of AO*-based methods and
the blue lines refer to the test cost of HP-based meth-
ods. References to color refer to the online version of
this figure)
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Conclusions

We developed mixed search strategies called HP and
Rollout-HP to generate the optimal test strategy
considering the relationship between test procedures for
diagnosis.

We introduced the sequence matrix to heuristic estimation
based on a decision graph to guarantee the information
usage efficiency durign solution construction.

We also designed a novel heuristic estimator based on the
sequence matrix and dependence information.
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