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Abstract: Optimization selection of test points is an important step of testability design for complex
equipment, so a Discrete Firefly Algorithm(DFA) used for solving optimization selection problem of
test points was proposed. First of all, the mathematical model of optimization selection problem of
test points was built, then discretization improvement was conducted on the traditional firefly
algorithm, and the implementation steps of the DFA were given, later the effect of different attraction
functions and binarization functions (sigmoid and tanh functions) on the result of the algorithms was
also analyzed. Finally, The DFA was applied to five real systems with different sizes to verify the
effectiveness, and the computational efficiency of DFA was compared with particle swarm optimization
(PSO) and genetic algorithm (GA). In premise of complying with fault detection rate and fault
isolation rate the system requires, optimal value of test cost for 5 systems from proposed DFA
respectively reduced by 10. 1% and 14. 6% compared with PSO algorithm and GA algorithm. The
experimental result shows: DFA can quickly converge to the global optimal solution of higher quality,

and it can avoid trapping into local optimal solution, so it has very good application prospect to solve
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optimization solution problem of test points for large-scale complex equipment.

Key words: testability design; pptimization selection of test point; firefly algorithm; metaheuristic algorithms

[29] [30]
1 ) :
: (DFA) .
(-2 . 5
R s PSO GA
( . o
) s
2
NP s , 2.1
(Sv P.T, Cy D) ’ S=
o {Slaszv"'vsm} 351’(1.6[1’
Ls-4] 9 L] ’ 771]) m H P= (P (51 ) ’
I pCs3) sy p(s,))
s s sT=A{t15t,5 51, } n
. sC=1(c1 ¢35 5¢,) n
agent sD=[d; ],.<.
s NP . s S,
T, L
Uigjo (GAHPY, Sis dij:l’ dij:Oo
(PSOHY, ] 2.2
(QEA)H (FDR) ,
_ [13]
’ . T‘ T 2 51
N ° ) T ) D S
: 1. Ud,=1. ns T,
’,GT_Y
(Firefly Algorithm, FA) U ° So » T
Yang Xin-She ., Sp= {Si|51.65, U d; =1y,
[14] zjeT\
[15] ZP(.\‘;)
: NP =
- FDR = —2—— X 100%. (D
[18] ;P(s,)
[19] . [20-22] . (FIR) R
MIMO PI Lesl |

(LFC)t##
[26] . [27] R [28] . o T,



1359

S; s T, s
:TS’.@TS, =1,
VS]'ESD,S]'?&S,-, @ ’

T, T, 1. 0. T

Si»

L, L=1,

Si= (s |s € Sp, DT, BTs =m—L.j+#i.j€ [1,m]},

5; €5p

DIP G

FIR = "2 % 100%. (2)
>IP G
5, €5p
2.3
T , T
(3):
mian,
/IGT_\
s.t. FDR = FDR,’ (3
1FIR > FIR,
.FDR, FIR,
3
3.1
[14]
(D \
(2) ,
(3) F(2)
\ (3) .
] X I
I(x)oc f(x), 2),
I=Ie ", 4
I, s

B=pc " . (5)
o r=0 ° s
yr yr” m >0, B
, 4.1
7 j r

’ (6)'

d
ri = lai—ax; .= JZ (e —x;.0°.
k=1

(6)
i J
(7):
1?f+1=x§+ﬁ(1‘j—1‘§)+a(rand—0.5), D)
(XX t i
j . it t+1 ,
i J .
, rand [0,1]
*
€ [0,1],
3.2
3.2.1
. i X; = (15 515y s sts,)
1 T o
te ( €T ts,=1:.k€E[1,n],
ts, =0,
3.2.2
3.1 , (
PSO GA )
. (3



1360 25
T, , . .
(8):
N )
DT (D) X
ri X lfizlj\(i +26,FDR(T,) > FDR,,FIR(T,) > FIR,
Z“f
i=1
N )
DT X .
X |1l—"————| +rn X[——=5"] +6,FDR(T,) = FDR,
! FIR,
¢j
ST = : (8)
ZT,‘(Z.)*Cl.i FDR (T <
r X {1 = +r; X [TRQ\} +68.FIR(T,) = FIR,
Cj
ji=1 B
N
T, (i) % ci
r X 17 il N
2"/
ji=1 B
HARYSELE! ’6 °
3.2.3
7
I4+1 R
. sigmoid tanh
071 ’ (9)
(10),
(1),
g™ =sig(at™ ):%, 9
1+e 1 sigmoid tanh
g(l‘iﬂ )= tanh(z'"1) = e”fj —e:’ji . A0 Fig. 1 Graphs of sigmoid function and tanh function
e’ e 3.2.4
tsi ' =1, rand<<g(tsi™) (b 1. s
{ZSZ+1 =0,rand=g(tsi"™") ' 2x Maxgen, VB0
(9 (10) 2= (est™hyast™ e stst™h), &
(11) k€[l,n],rand 0-1 . Z: °
sigmoid tanh 1 P
M= (171 s Ly 9 ®t" 91/;)0
° X
3: (8)
sigmoid R tanh ;
i xit
o 4.1 » 4. €©)) (10) (1D
tanh sigmoid 2 . el



(921

1361

Iz, Tis
FDRbest, FIRbest T,
o 1,
6: Maxgen,
6 ,
3.
4
B
, 5
) PSO GA
o Matlab
R2011b , Windows?
professional, CPU Intel Core 15-3360M,
8 GB .
4.1 B

,8 :ﬁlzexp(*}’f?)y

ﬁZZexp(—)’r>»Bazl/(1+77’2)o

b

0 ,
B r
B fs 3
B =P 6
(D B

2 B

Bmin ’

B 0
0.2,
2 o Bis
Brin (P>
r

r

Fig. 2 Different g functions vary with r

[10] ,
B . sigmoid tanh
) 3( )
4( )6 3 4
s sigmoid tanh ,
Bs ,
B ’ B
, B , tanh
sigmoid
, tanh B
3 sigmoid B DFA
Fig.3 DFA convergence graphs using sigmoid function
under different 8 functions
4 tanh B DFA

Fig.4 DFA convergence graphs using tanh function

under different g functions

4.2
DFA 5
1, 1.2.3.4 D 2~ 5,
; 5 D [32],



1362 25

1 5 3 D
Tab.1 Test requirements and basic data of 5 real systems Tab.3 D matrix of a system
1 i
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95 95 1 5 Sy 0000000001111111100 0.001 0
(22X36D )
Sy 0000000000111111100 0.010 0
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20 Tab. 4 D matrix of the laser in a photoelectric equipment
o ty 1z
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2 D
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Tab. 2 D matrix of the apollo prelaunch checkout system
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Tab. 7 Comparison of computation efficiency and results of the 3 algorithms

/% /% /% /%
10X15 DFA 1.0150 1.0150 0.977 8 100 100 4 100 100 4
b PSO 0.977 8 1.0150 0.977 8 100 100 4 100 100 )
GA 0.977 8 1.0150 0.977 8 100 100 4 100 100 5
15X20 DFA 0.8810 0.8810 0.8490 100 84.4 11 100 84.4 11
b PSO 0.8250 0.8640 0.816 0 100 84.4 12 100 84.4 15
GA 0.816 0 0.849 0 0.809 0 100 83.3 13 100 84.4 15
15X25 DFA 1.007 4 1.007 4 0.9850 100 100 7 100 100 7
b PSO 0.963 8 0.9850 0.92514 100 100 8 100 100 9
GA 0.944 0 0.963 8 0.892 2 100 100 9 100 100 10
22X 36 DFA 0.963 3 0.977 8 0.936 1 95.7 95.6 12 95.7 95.6 13
b PSO 0.9114 0.936 1 0.889 2 95.7 95.6 15 97.8 95.6 17
GA 0.900 0 0.923 5 0.8790 95.7 95.6 16 97.8 95.6 18
101X 77 DFA 0.803 3 0.806 7 0.800 6 96. 1 82.5 67 96. 1 82.4 70
b PSO 0.800 3 0.800 6 0.800 1 96. 1 82.5 74 96. 8 82.3 75
GA 0.800 1 0.800 3 0.8000 97.0 82.0 75 96.9 82.5 76
> 1 (10X 15D ) 6 2 (15X 20D )
Fig.5 Convergence graphs of fitness function value in Fig. 6 Convergence graphs of fitness function value in

system 1 (10X 15D Matrix) system 2 (15X 20D Matrix)



5 ’ 1365
DFA
b
. s DFA ,
, PSO
7 3 (15X 25D )
Fig. 7 Convergence graphs of fitness function value in
system 3 (15X 25D Matrix) 5
b b
b b
8 4 (22X 36D ) 5
Fig. 8 Convergence graphs of fitness function value in
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Fig. 9 Convergence graphs of fitness function value in
system 5 (101 X 77D Matrix)
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