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Abstract; Optimal selection of tests is an important problem that arises in design for testability for complex electronic
systems. Firstly, from the perspective of test tolerance,the reason of how tests produce miss detection and false alarm is ana-
lyzed. Then,a new mathematic model for the problem of test selection in the presence of imperfect tests is developed. It con-
sists of minimizing the sum of test cost, miss detection cost and false alarm cost, subject to lower bound constraints on fault
detection rate and fault isolation rate. To optimize the model, an improved quantum-inspired evolutionary algorithm is pro-
posed. It is formed by making some improvements to an extant algorithm that has been used for optimal selection of perfect

tests, including population initialization, fitness calculation and the strategy of population evolution. Finally, two simulation

examples are used to validate the effectiveness and superiority of the solution method and the model.
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MR pfy, o4 (0,0, 02) Z J] ) B BLES, i 46z 9% 0 ol
(100,200) Z [A] ) BEALEL, B & 2% ] ca, 9 (50,100) Z
] BERLEL. 2R 0 2R B SRR I RN T 0. 9, i
B B AR T 0. 85. O T4 A 2 0L, Rl [ v B
NGRS 30 YO LIRS U F .

el 1ok A SCHRE 21 ] R E IR KL, B30 18 A4
BB, 21 AN (e — AT TRil i) 5 52451 2 o B SCik
[22 ] Wy Ah 22 e R GE, B IL A 22 AN, 36 4>
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4.1 JWiKArE

N T EHMELE IQEA T 5 1QEA IT (R ERE, i
S B AT S A B IQEA 11 [ PEREZ B4 G, K,
R F1 pe BRZME 38 32 X0 A~ S 4010 1) 5K A% , e 28 Wk 7 P A
FIERSE BE G, FATRER(E N {10,20,30}, K Y H]
REMUE N {1,2,3,4}, R {9 n] RERUE 2 {40,60,80 }, pe 1
A HERUE M {0,0.35,0.5,0. 7}, L FL A 144 Fhe &
TR L, 73 2 A E X SE SR

(1) 852 R M pe B EBUEL 5. WE IQEA 11 i
ZHH:M=8,6=500,G6 =0, Hi G =0 BHEH
IQEA 11 A5 Step 3. 1 24 R Al pe BYANR 20 45 % B
MOGETHEE R, 36 i A1 TQEA _TL SR A P A4S S i
R pe BUE I K 60 F10.35. A3 1 W AXER H, K
ZRAR BT BE AL B X S e i Ak H bR i R4 (pe > 0) A
B e B2k R SRS JEE AL 2R,

R1 SHRMpc WARREEIRHFEITER

I il 1 2

(R,pe) | “FIIEAME | RIH(%) | FHBERE | WD (% )

(40,0) 19. 7155 56. 67 46.9102 3.33
(40,0.35)| 19.6352 60. 00 43. 1750 33.33
(40,0.50)| 19.8795 50. 00 44. 0627 20. 00
(40,0.70)| 20.3571 20. 00 46. 8437 20. 00

(60,0) 19. 5435 63.33 49.9983 0. 00
(60,0.35)| 19.4749 66. 67 42. 8215 33.33
(60,0.50)| 20.2769 33.33 45. 6292 20. 00
(60,0.70)| 20.2769 33.33 46. 8446 16. 16

(80,0) 20. 1165 40. 00 50. 5191 0. 00
(80,0.35)| 19.7155 56. 67 43.2187 26. 67
(80,0.50)| 19.8759 50. 00 45. 6709 20. 00
(80,0.70)| 19.8759 50. 00 46. 5440 16. 67

(2)BfsE G, Ml K B EIUE A5 BEE IQEA I
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fSHh M =8,6 =500,R =60,pc =0.35. %2 H G,
FK 1 AS [ 20 & %3 L1 8 31 45 5L, 98 ok o 2 A

2 B IQEA TP AT /N T IQEA 11
%4 IQEA_TH IQEA I XESEHI 1 70 2 BAEAL Siit s

IQEA _TI SRS 1 12 B, G, A K () BUELL G50 5 s | g | L | ODE | Rk PR P
(20,2)F1(20,3). 3R 2 AT A, AH LLER R BE LI ( K HARE | /% | SURBC | SURB | St /s
=1) , ZWRBEHLIIN (K > 1) PR AR B A R 2l 2800 5 IQEA 1 |18.6728| 100 89 47. 9667 2.7213
; il > i1
(EN RN RTINS et 1 ‘ IQEA 11|18.6728| 100 | 101 |62.2333 | 2.5935
K2 SEKMC WARAEGXEBSEITER
IQEA _1(39.6172| 80 241 [148.4167| 9.2822
S B 1 %2 2
IQEA _1I |39.6172| 100 253 [186.9333| 9.7471
TR R Y| REhER |
(6,,K) . AT . AT 60 60
HErfl | /% iRt | /7% | U e IQBA-I| & (2 e IQEA-1
/s /s g2 4 —QEA] & —IQEA]
4540-_ 1:\340 ““
(10,1) [19.6353 | 60.00 |4.8458 [42.8535| 36.67 | 6.0646 2 | wl
I 207 1 T 20
(10,2) [19.3947| 70.00 | 4.9698 |41.8043| 46.67 | 6.1706 i e
0 F 0
10,3) [19.1540| 80.00 | 5.0451 [41.9066| 53.33 | 6.1857 0 1e0 ~ 200 300 R (0 ORI OUN- 00
(10,3) LAt A
(10,4) [19.3947| 70.00 |5.1068 [42.1370| 50.00 | 6.2850 (b)
" w
(20,1) [19.7957| 53.33 | 4.8574 |42.5597| 36.67 | 5.9923 = w08 T L IQEA-I
18 206 —IQEA-II
(20,2) [18.9936| 86.67 |5.0347 |41.7890| 46.67 | 6.2183 30 T o |
5.0 —IQEA = 04
(20,3) [19.1540| 80.00 |5.2036 |40.7818| 70.00 | 6.4333 = o2k ™
2 =0
He pa
(20,4) [19.6353| 60.00 |5.3380 |41.9516| 50.00 | 6.6459 ® 9 # 0
0 100 200 300 & 0 100 ?00 300
(30,1) |19.3947| 70.00 |4.9414 |42.9352| 36.67 | 5.9776 AL AL
(e) (d)
(30,2) [19.1540| 80.00 |5.1496 |41.8528| 53.33 | 6.3135 I i
B3 Sl PEREFE FRbE AR B i AR T Hh 28
(30,3) [19.2342| 76.67 |5.4118 [41.1409| 53.33 | 6.6534
(30,4) |19.0738| 83.33 | 5.6650 |41.1888| 50.00 | 6.9629 = o QEA] EOL JQEA-T
%100 =—I1QEA-Il = 100\ ——4QEA-IK
15 £\

o B3RS, AT LA Y IQEA 11 X 2 $UUsk. 5a i
XA IS 5L A B ge v 25 5, 3R B R £ 6 i+ Fh
FF 8 21 BRI T 4 ) 8 e it A R ).

S35 IQEA T F1 IQEA _T1 SRR A 52451 1 F11 2,
HZHOR B NER 3 Fos. PSR SL] 1 Fn 2 ARk 2s
YN TR 4 Pt b PERE HE A 5 BEAL AR ¢ A& it
L ANE 3 F14 B,

%3 IQEA_IF1IQEA Il S HIEE

Sefl | Bk SR
IQEA _I M =30,6 =300
il 1
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IQEA _I M =30,G =300
il 2
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MRIEAR 4, % T4 1,1QEA 1A IQEA 11 7£ 30 1K
PSr SR P IR E T IR (RY)FR 100% ) , P-4k
I A, (H IQEA T P e BB T TQEA _IL X
FoEB1 2, IQEA L [y sl AR g 100% , 1l TQEA _ 1
AR A 80% , Ui IQEA 11 A7 B By 1k - 24
4B IQEA T A 5 sRAG 2 Ry i Ui 4 K% IE sl
PR AIE 7R 14 2 57 S8y, A3 114 1 BB ] 473 28 A
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(c) (d)

4 St rERES R R BT (L A A2l 2k

HIPE 3 (a) M4 (a) AT OL, WIGET IQEA 1T (-2 4%
L HARELE R T IQEA |1, 2T IQEA _ 11 W) 4 AL Al HE fif
BT ST AR 95 Sl 3 (a) (b)) (B 4(a) (b) 7T
WL, B8 99— BE ) P IQEA T i) 32 fe fI H AR {E A A
A2 HAMEE T 1QEA L, B Ry IQEA 1 B
iR I A0 B {4 Jey A% (D, B0 HG e S50 B T
IQEA 1L & 3(¢) (d) (& 4(c) (d) 7R IQEA T PRH UL
SRl A2 R B R 2k, U2 T RIS RS
Y, Bl Tl Bk, FR SR R BE D B, M T



%10 H

AR MR TSR AR T A T R T AR A A A 2471

IQEA _ T SR JF) 22 Rl (- e A B 22 R (45 0t , Wi S50k 2 1
18T IQEA T {HAEA R AT L5 1L AR ik . % T
[ H BT P RS AR B S T 5% S0k [ 23 ]
4.2 WRAATE

HIUEARER (1) 55 i (i = 1,2) 4SS 43 BTl
BUITIE , SR R T IQEA _TL 3R fif: (1) H by e 500y
A TC(x) ,SRAFSL] 1 A2 B eIt 4 43 51 X
x5 (2) BFRERBC S E(x) SRAFS2H] 1 A2 1
AR A3 90 ) A0 xs. [RIAE, ST vl S8 i s 1
12 BB A 40 3 A x) il ).

MR (11) M OCTE b A 3505 B ) L B A A X
(i=1,2;=1,2,3) 25505 5 Fn.

K5 WEOP3I I RMBITILER

S | e | SRR | R | T | R
x| 0. 9006 0.8294 | 18.6728 | 57.9475
@] x 0. 9006 0.8825 | 22.7939 | 63.0990
x 0. 9980 0.8512 | 28.1304 | 59.1904
X 0.9120 0.8508 | 39.6172 | 85.4355
w2 | x3 0.9120 0.8508 | 39.6172 | 85.4355
x 0.9109 0.8528 | 42.9024 | 83.1159

S T LA e i B HAA A b b
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I T
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AL E RS EE, B TROR (1) B A AL

5 #it

AR SCAE S S e PR AL I A3 A 1 52 B 3 9 A
ARG AR P, 88 Aok e 0 AN T X S e A 0 T
PR RENE AR 31— P S BT A AR i A 0 T
PR HAROC ALY B X R SR A , 8 1 2ot TQEA
L, e — 7 o 3l T A I e 4 50 1QEA _IL. ffj KL%
KWL IQEA 1T 3ifiR 1 1QEA T 5y B A Jay i AR A ki
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3 AP RIS ARG P 8 1 T 8 LA
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