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A b s t r a e t In t h i s PaP e r, ht e e n e r gy fu n c t i o n s fo r h az a r d
一

fr e e d e lay t e s tin g ar e Per s e nt e d
,

ht u s th e Pr o b l e m

o f R R T (er s tr ie te d or b u s t t e s)t g e n e

art i o n fo r d e lay af u lt s b e e o m e s an e n e gr y m in im i z at i o n P r o b l e m
.
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imP
r o v e d g e n e t i e a l g o r lt ll n l fo r R R T g e n e

art i o n 15 g i v e n
.

hT i s a
glo
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by
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.

hT
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e们笼e t iv e
.
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e
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L o g ie a l d e fe e t s a r e t e s t e d b y a PP l y i n g t e s t s fo r s t u e k
一

at
一

伪 u l t s
.

S o m e d e fe e t s d o n o t a

俄
e t t h e l o g i e a l

fu
n e t i o n ,

b ut a

价
e t t h e s P e e d o f a g a t e

.

T h e s e af i lu er s a r e e a 1l e d d e 1ay af u 1t s
.

T h e g o a 1 o f d e lay af u 1t t e s t i n g

15 t o m ak e s u r e t h at a l o g i e a l e i r e u i t m e e t s t im i n g s P e e i if e at i o n a n d o P e

art
e s e o rr e e t l y at t h e d e s i r e d e l o e k

r at 已

D e l即 afu lt s a r e d e s e r ib e d u s i n g ht e g at e d e l即 af u一t s m o d e一o r p at h d e la y 几 u l t s nr o d e一[ l
,

2]
.

T h e of r m e r

a s s u m e s i s o l at e d af i lu r e s at d is t i n e t g at e s ,

w h i l e t h e l at e r a s s u m e s d i st r i b u t e d fa i lu r e s a l o n g a Pat h
.

I t 15

b e l i e v e d t h at P at h d e lay fa u lt s m o d e l 15 a b e tt e r rn o d e l fo r t e s ti n g
, s i n e e i t e o n s id e r s e u m u l at iv e P r o P a g at i o n

d e lay s o f g at e s a l o n g t h e Pa t h w h i e h d i er e t l今
,

d e t e mr in e t h e e i r c u i t P e r fo rm an c e
.

T h e u s u a l m e t h o d t o d e t e e t

d e lay fa u lt s 15 t o a PP ly a n i n Put v e e t o r VI t o t h e e i r e u i t a t t im e ot
.

A ft e r a l ! s i g n a l s i n t h e e i r e u it h a v e b e e n

s t a b i l i z e d
, a s e e o n d i n Put v e e t o r 玖 15 a PP l i e d at t im e t l ,

s u e h a r i s i n g o r fa l li n g t r a n s it i o n 15 P r o Pag at e d

fr o m t h e in Put o f t h e P at h
, a l o n g t h e t e s t e d P at h

,

t o t h e o ut Put o f t h e Pat h
.

B y s a m P l i n g t h e P at h o u t Put at

t im e tZ
,

w h e r e (t2一 t l) 15 t h e P r e 一 s P e e i if e d s i g n a l P r o Pag at i o n d e lay t h r o u g h t h e e i r e u i t
, o n e e a n a s e e rt a i n t h e

e x is t e n e e o r n o n 一 e x i s t e n e e o f a d e l a y fa u l t
.

F o r a d e lay fa u lt
,

i d e a l t e s t Patt
e rn d o e s n o t c a r e ab o u t a n y

a r b it r a yr g at e d e lay, w h i e h 15 k n o w n a s R T ( r o b u s t t e s t )
.

A n o th e r t e s t 15 N R T ( n o n一 r o b u s t t e s t )
,

w h i c h e a n

d e t e e t th e d e lay fa u l t i n t h e t a嗯 e t P a th i f t h e a rr iv a l t im e s o f a l l o
作 Pat h i n Put s ar e n o t l at e ( i

.

e
.

n o t fa u lyt )
.

I n e e rt a i n e a s e s , s t a t ie a n d d y n a m i e h a z a r d o n o 体 Pat h i n P u t s e a n i n v a l i d at e d e lay t e s t s
.

oT i l l u s t r at e

t h e h a z a dr m a k e t e s t i n v a lid
, e o n s i d e r a af l l i n g t r a n s i ti o n d e lay af u l t o n P at h b

一
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W h e n
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,
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, s i g n a l 已 m ay b e o e e u r a s t at i e h a z a r d

,

th u s s i g n a l f

w o u ld o e e u r a d y n a m i c h a z a r d
.

In t h i s e a s e ,
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.

5 0 w e m u s t e o n s id e r w h e t h e r t h e r e e x i s t

r a e e a n d h a z a r d w h e n a PP ly i n g t e s t v e e t o r s ,

t h u s R T e a n b e e la s s i if e d a s g e n e r a l r o b u s t t e s t ( GRT ) a n d

h a z a r d
一

fr e e r o b u s t t e s t ( H FRT )
.

T h e
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,
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a n d g u a r an t e e s a s i n g le

一

P a t h

P r o P a g at io n a l o n g t h e t e s t e d P a t h
,

15

i m P o rt a n t i n t h e d ia g n o s is o f d e lay

afu lt [3 ]
.
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.
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l e a r n in g a b il it y, P a r a l l e l P r o e e s s i n g a b i l iyt a n d n o n li n e a r i t y, th u s

u s i n g P a r a l l e l P r o e e s s i n g a b i l iyt o f n e u r a l n e tw o r k t o d e a l w i t h

t h e P r o b l e m o f T P G h a d e a u s e d e x t e n s i v e i n t e r e s t s o f m a n y

r e s e a r e h e r s
.
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,

C h a k r a
dh

a r e t a l
.

P r e s e n t e d P r im i t iv e g at e ’ s

H o p朽e一d n e u r a 一 n e tw o汰 m o d e 一5 14]
.

u s i n g t h e s e m o d e l s
,

t h e

P r o b l e m o f T P G b e c o m e s a n e n e电 y m i n im i z at i o n P r o b l e m
.

T h i s

…曰
。

公F 19 2 T h e A N D g at e , 5 tur th t a b l e

m e t h o d h a d a e q u i r e d s at i s fy sn g r e s u lt s l习
.

B a s e d o n t h is p r i n e i p ! e
,

w e e o n s tr u e t e n e屯y 几 n e t so n s 伪 r h a z a r d
-

fr e e d e l a y t e s t in g
.

I n t h e P r o e e s s o f u s i n g t h e s e fo n e t i o n s t o g e n e r at e R R1飞w e P r e s e n t a n im P r o v e d g e n e t i c

a lg o r i t hm w h i e h m o d i if e s t h e s i z e o f P o P u l at i o n t o a c e e l e r at e e o n v e gr e
.

B e e a u s e t h i s m e t h o d e a n b e

P ar a l le l i z e d
,

i t 15 o f P o s it i v e s ig n i朽e a n e e
.

1 E n e r
gy F u n ict o n s fo r H az a r d- fer

e D el ay eT s it n g G e n e r a it o n

W e i l lu s t r at e t h e d e r iv a t i o n o f t h e e n e电 y fu n e t i o n
fo

r a n A N D g a t e
.

E n e电 y fo
n e t io n s fo r t h e o t h e r

P r im i t iv e g at e s c a n b e d e r iv e d fr o nr th e A N D g a t e e n e电 y fu n e t i o n
.

F o r a d i g i t a l e i r e u i t
,

w h e n a P P l y i n g a P a i r o f v e e t o r s ( Vl
,
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k i n d s o f w va
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.
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,
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,
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.

3 o f t h e R e .f 【7 ])
.

W e m u s t a v o i d o c c u rr i n g h a z a r d i n t h e

e i r c u i t t o m a k e s u r e t h e R
RT 15 v a l i d

.

F o r t h e A N D g at e ,

i f a P a i r o f i n P u t v e e t o r s i s ( 0 1
,

1 0 ) o r ( 10
,
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,

t h e

o u t Pu t o f t h e AN D g a t e P r o b ab ly o e e u rr s s t a t i e h a z ar d
,

w h e n t h i s s t at i e h a z a r d e o n t i n u e s t o Por Pag at e i n t h e

e ir e u i t
,

t h e d y n a m i c h a z a r d w i l l o c e u .r 5 0 w e m u s t va o i d u s i n g (0 1
,

10 ) o r ( 10
,

0 1) a s t h e in Put v e e t o r s
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r

t h e A N D g at e w h e n a PP l y i n g R RT
.

In t h e P r o c e d u r e o f t e s t i n g
,

t h e if r s t i n Put v e e t o r VI 15 ap P l i e d at t im e .ot
a ft e r t h e s i g n a l s i n t h e c i r e u i t

h a v e b e e n s t ab i l iz e d
,

t h e s e e o n d i n P ut VZ 15 a PP l i e d at t i m e r l
.

T h e r e fo r e ,

fo
r t h e A N D g at e i n e i r e u i t u n d e r

t e s t
,

t h e i n Put s a l , b一 a n d i t s o u t P ut e l m e e t t h e t r u t h t ab l e a s s h o w n i n F i g
.
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.

W h e n t h e e i r e u i t d o e s n o t o e c u r h a z a r d d u r i n g t h e t im e fr o m r一t o tZ
,

i f t h e r e i s n
’

t a n y d e lay fa u lt at t h e

A N D g at e ’ 5 i n P u t s a n d i t s o u t P u t
,

t h e s t a b i l i z e d s ig n a l v a lu e s a Z ,

b Z a n d e Z w i l l a ls o m e e t t h i s turt h t a b l e
.

O t h e

wr i s e , a Z ,

b Z , e Z w i l l n o t m e e t t h i s t ur th t a b l e
.

5 0 ,

w e e an e o n s t r u e t t h e A N D gat e , 5 e n e嗯 y fu n e t io n fo r

d e lay t e s t i n g a s
fo l lo w s

E
’

~
= E l + E Z + E ;

( 1)

Wh e r e E r 15 t h e e n e电 y fo n c t i o n d u r in g t h e t im e fr o m 10 t o t l
,

w h e n t h e i n p u t s a n d o u t p u t rn e e t t h e t r ut h t a b l e

a s s h o w n i n F ig
.

2 d u r i n g t h e t i m e ,

E I= 0
.

O t h e r w i s e ,

E I> 0
.

凡 15 t h e r e s t r a in e o n d it io n ,

w h e n a P a i r o f i n Pu t

v e c t o r s a r e n o t (0 1
,

10 ) o r ( 10
,

0 1)
,

凡= 0
.

O t h e r w i s e ,

刀户 0
.

凡 15 t h e e n e嗯 y ft u l c t i o n d u r i n g t h e t im e fr o m r z

t o 气 w h e n t h e r e 15 n o d e l即 af u l t a t t h e A N D g a t e
, 5 i n p u t s a n d i t s o u t p u t

,

i f t h e s i g n a l v a l u e s a Z ,

b: a n d c Z

m e e t t h e t r u t h t a b l e a s s h o w n i n F i g
.

2
,

凡= 0
.

O th e

wr is e ,

凡> 0
.

E
I = a ; b

; + e l 一 2 a lb
l e l

(2 )

E
: = a l

b
l a Z

b
Z + a Zb Za l

b
l

( 3 )

E 3 = a Z
b Z + e Z一 Z a Z

b
Ze : ( 4 )

W e e a n v e r i fy t h at E I ,

凡
,

凡
s at i s fy t h e a b o v e d i s c u s s i o n , s o n e w A N D g a t e

, s e n e gr y fu n e t i o n e an b e

w r l t t e n a s fo l l o w s

E
, 人刊 D = a l

b一+ e l 一 Z a l
b
一e l + a lb za Zb Z +

a Z
b

Z a lb
一+ a Z

b Z + c Z 一 2 a 2
b

2 e 2
( 5 )

F r o m t h e n e w A N D g at e e n e飞 y fo n e t io n ,

w e e a n d e r iv e o t h e r P r im i t i v e g at e s e 了l e电 y fu n e t i o n s
.

A s a n
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e x a m P l e o f t h e N A N D g a t e
,

w h e n w e in v e rt t h e o u t P u t o f a n A N D g at e ,

w e o b t a i n a N A N D g at e
.

T h e r e fo r e ,

i f w e r e P l a e e e l , c Z i n th e A N D g at e e n e嗯 y fu n e t i o n ( 6 ) b y e l ,
e Z , r e s P e e t iv e l y

,

w e c a n g e t t h e e n e gr y

fo
n e t i o n fo r N A N D g at e

E
, N A卜 。 二 a 一b

一+ e
一 Z a l

b
l e z + a l

b
l a Z

b
Z +

a Z
b

Z a lb 一+ a Zb Z + e Z 一 2 a 2b 2 e 2

E n e gr y fu n e t i o n fo r t h e o t h e r P r im i t iv e g a t e s e a n b e d e r i v e d s i m i l a r ly a s
fo l l o w s

E
, o R = a l

b
l + e l 一 Z a 一b

l e 一+ a l
b

, a Z
b

Z

a Z
b

Z a 一b
l + a Z

b
Z + e Z 一 2 a 2b 2 e 2

E
, N o R = a :

b
: + e一 Z a l

b
l e , + a l

b
l a Z

b
Z +

a Z
b

Z a ,
b

; + a Z
b

Z + e Z一 2 a 2 b
2 e 2

E
, B u

倪
r = a 一 + c

一 Za le 一+ a Z + e Z 一 2 a 2 c 2

E
,

瀚
T = a 一+ e ; 一 Za 心一 + a Z + c Z 一 2 a 2 e 2

B a s e d o n t h e a bo v e e n e gr y fu n e t i o n s ,

w e e a n m a k e t h e P r o b l e m o f R RT g e n e r at i o n b e a n

m i n im iz at i o n P r o b l e m
.

I n t h e n e x t s e c t i o n ,

w e u s e g e n e t i e a l g o r i t h m t o m i n im i z e e n e电 y fu
n e t i o n

.

(6 )

(7 )

( 8 )

( 9 )

( 10 )

e n e gr y

2 G e n e r a it o n o f D eI a y eT s it n g B a s e d o n G e n
iet

e
lA g o r 1t h m

F o r r e s t r ic t e d r o b u s t t e s t ( R RT )
,

i t m u s t g u a r a n t e e a s i n g l e
一

P a t h P r o Pag at i o n a l o n g t e s t e d P at h
, 5 0 w e

m o d i fy th e s e n s it i z a t io n e o n d i t i o n a s s h o w n i n t h e F ig
.

6 o f t h e R e .f [ 7 1 a s t h e s i n g l e P at h s e n s i t i z a t io n

e o n d i t i o n a s s h o w n i n T a b l e 1
.

oT
e o m b i n e t h e s in g l e

p a t h 、 e n s it sz a t so 。 。 。 n d st i o 。 w it h t h。 h a z a r d
一

介e 。 d e一即 」丝竺匕芝些竺些竺竺坐巨坐型些些
t e s , s, 19 e n e电又 w 。 g e t t h。 。 lg o r i th m 。 f R盯 fo

r 。 p a t

一
一一竺坐业鲤竺些` 一

d e l即 俗 t ,一t a s 角一l o w s :

—
一

—
一少些些一一一型些旦一

1) R e p la c e e V e卿 g at e in t h e e i r e u i t b y i t s e n e堪

一
D o r N AND

x !

=x
2一 l x !

歌
2一 1

fu cn iot
n

. ~

一卫旦望二型旦几 币烹 :熬
. 1 .1 -1 .. 111 111 111 111

鼎羔羔
~ 一

2 ) C o n s t r u c t e n e屯 y fu n e t i o n
fo

r t h e e i r e u it
.

I t 15 t h e

3 ) D e r i v e o
作 P a th i n P u t v a l u e s b y u s i n g aT b le 1

.

4 ) 5 im P l i fy
e n e gr y fu

n c t i o n b y s u b s t i t ut i n g o -ff Pat h

5 ) M i n im i z e e n e gr y fo
n e t i o n

.

I f th e m i n i m u m 15 0
,

fo r t h e P at h d e l a y af u lt
.

s u m m a t io n o f i n d i v i d u a l g at e e n e屯 y fu n e t i o n
.

i n Put v a l u e s
·

w e o bt a i n a R RT
.

O t h e r w i s e , n o R R T 15 P o s s ib l e

S e t in i t ial P o P u lat io n

G e n e t i e a l g o r i th m s a r e e v o l u t i o n a yr a lg o r i t hm s t h at m im i e

t h e w ay n at u r e im P r o v e s t h e e h ar a e t e r i s t i c s o f li v i n g b e i n g s
.

T h e s e a l g o r i th m s a r e a b l e t o P r o v id e r o b u s t s e a r e h i n e o m P l e x

P r o b l e m s P a c e a n d b e P a r a l l e l P r o e e s s e d
.

T h e r e fo r e ,

t h e y h va
e

l o n g b e e n u s e d a s a P o s s ib l e s o lut i o n
fo

r m a n y s e a r c h a n d

o P t im i z at i o n P r o b l e m s , s P e e i a l ly fo
r t e s t g e n e r at i o n u s i n g e n e笔 y

fo
n c t i o n s w h o s e v a r i a b le s a r e o n ly { 1

,

0 }
.

F o r t h e g e n e t i c a l g o r i th m s , e v e yr s o l u t i o n ( i n d i v i d u a l ) 15

r e P r e s e n t e d a s a s t r i n g (c h r o m o s o m e ) o f e l e m e n t s (g e n e s ) a n d 15

a s s i g n e d a 6 t n e s s v a l u e b a s e d o n t h e v a l u e g i v e n b y t h e 朽t n e s s F ig 3

fo
n e t l o n

.

T ll e if t n e s s
fo

n c t i o n m e a s u r e s h o w e l o s e t h e i n d iv ld u a l

15 t o th e o P t im u m s o l u t i o n
.

A s e t o f t h e i n d i v id u a l s c o n s t i t u t e s a

g e n e r a t i o n t o t h e n e x t t h r o u g h t h e c r e a t i o n o f n e w i n d i v id u a l s a n d t h e

EEE v a lu a t e e a e h i n d iv id u a】】
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面向时滞测试生成的改进遗传算法
*
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[摘要 ] 在提出的无冒险的时滞刚试能量函数的基础上
,

对传统的遗传算法进行了改进
,

即在搜索中

根据进化程度对群体尺寸进行调整来加速收敛
,

用于时滞测试生成
。

实验证明该方法是一种较有发展前

途的算法
。
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