(415562- S?;7r-\l9c> | i[:’ Pi%f7'—zzs¢a;;1‘ .:1_)/::>‘=

—

D represest o/, Frolty Curocit-

Fact/ﬁ"aa‘pg mul?éple Pcd“/\ Sens fﬁ%cd‘w.—,
Four valved q,/geé"« ?O, l, 535 ?

betheJ N dC(‘or"é(q.\(Q (,4):7[}\ ’/U/ed

07[: Beolean ﬂ‘[j?b""\

MO T AND ' OR
o ﬁ- o 1 D D 0 1. D D
I O 0 ol o 0 0 0 0 1 D| D
- 1l ol1|{D|D 1 1 1 1 1
pD D |
5 P D ol D| D] O D| D 1 D 1
5l o| D| o | D D| D 1 1| D

(a) (b

Figure 2.15

1, 4
2 0/0 ’/o ,/
=Dl D
D o/'



PAYL’
PJJM\ S@hé“f"l%o{?l?o,\ /DrcCQ/U"Q %Wb(
‘ﬁ/mw/:?:ea( 1vito D—a/go-—??‘/\,y,

| 'Ca'\ é.e proyrqmmed

! Eha—élés '7Le‘5‘7l ﬂénér—oi%/o'\ ‘Fa,,-\
Mo r-£€ COm/o/ex 7Ca.u/7L /noa/e/g

0»"\0( /"‘0/06'—(90\7(/0.»\ %Aréag/v
ore Cﬁf'}ﬂleX e/emerd\g

[ F;f S-a 7%»//7£S ar\d (9@7&9 < [’e""e*ﬁl\g
ho’7l [»ea//y necessar)x)

’ IS A a{?orl?‘ém
s o e 7 we// a,/ways

Sfind o ~fesT- S one exrs?‘s).

Cué[Cd/ ﬂ/jeéra_
77‘./62 “/‘y’ﬂes 070 cobes (JS@[.



O 3

(1) For a circuit element E which realizes the combinational function f,
' the primitive* cubes (pc) of f are a typical representation of the
prime implicants of f and 7. These cubes concisely represent the
logical behavior of E.
Consider a logic element E, shown in Figure 2.16(a), which realizes the
combinational function f shown in Figure 2.16(b). The prime implicants
of f are X,X; and x,, and the prime implicants of f are ¥,x, and x,%,.

X1
x /
2| o |4t | |
X33 1 1 1
(a) 1] 1 :l n
1 2 3 4 | |
X2 '
0 X 0 1 prime implicants
AU x 1 x 1 of f (b)
X 0 1 0 prime imglicants
PY 1 0 x o of f
(c)

Figure 2.16

*The term primitive is used to denote minimal input conditions required to pro-
duce a desired output.
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(2) A primitive D-cube of a logic fault (pdcf) o in a logic element E
specifies the minimal input conditions which must be applied to E in
order to produce an error signal (D or D) at the output of E. These
input conditions can be determined from the primitive cubes of f,
the normal function realized by E, and f., the function realized by the
faulty circuit as follows: An input condition produces a faulty output
D(D) if it is contained in a prime implicant of f(f) and also- contained
in a prime implicant of fu(f«). We denote the set of prime implicants
of f(f) as Bi(B,) and the prime implicants of fu(fs) as a,(a). The
primitive D-cubes of the fault which result in output D can be
obtained by intersecting the inputs of each cube in «, with those for
each cube in B,. The primitive D-cubes of a fault a resulting in output
D can be obtained by intersecting cubes in o, and 8.

For the logic element defined in Figure 2.16 and the faulty function fa
defined in Figure 2.17(a),(b), the primitive D cubes of the fault are shown
in Figure 2.17(c). ‘

x 1 2 3 4
e X 0 0 1 prime implicants
1 1 * X 1 1 1 of fa
1 1 ] Xs X 1 0 0 prime implicants
Qo <
| X 0 1 0 of fa
X (b)
f
“ 1 2 3 4
(a)
0 1 0 D n
x 1 0 pfhne
1 0 0 D) pna
(c)

Figure 2.17
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Primitive D-cubes of a fault may also be produced for logic blocks with
several outputs as illustrated in the following example. :

Example 2.6: Consider the circuit of Figure 2.18(a) and the input bridg €
fault which creates the AND of the shorted signals. Part (b) of the figure
specifies the primitive cubes of the normal and faulty circuit. The primitive
D cubes of the fault result from the intersection of an a cube and 8 cube
which differ in at least one output. In this case the two D-cubes result frovm

a b A4 B
0 0 0 o0
: : ; ‘: (1) 2 (l) Primitive cubes of circuit (8)
1 1 1 1
(a) 0 x 0 0

X 0 0 0 } Primitive cubes of faulty circuit (a)
1

-
—
(=

0 1 0 D Primitive.D cub !
1 o D o rimitive D cubes of the fault
(b)
Figure 2.18

the intersection of the normal cube 0101 with the faulty cube X000 and
from the intersection of 1010 with 0X00. o
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(3) The propagation D-cubes of a logic element E specify minimal input

‘conditions to the logic element which are required to propagate an
error signal on an input( or inputs) to the putput of that element. Let
the logical behavior of E be defined by two.sets of f)timitive cubes
Bo and B, which result in O and 1 outputs from E respectively. In
order to propagate an error on an input line r, the other inputs must
be defined so that if » = O the resulting cube is in B, and if r = 1
the resulting cube is in B,, or vice versa. Such cubes can be derived
by either (1) intersecting cubes in 8, with r = 0 and B, with r = 1
(ignoring the rth position), resulting in D or D on both r and the
output, or by (2) intersecting cubes in B, with r = 1 and B, with
r = 0, resulting in D on r and D on the output or D on r and D on
the output. Note that propagation D-cubes always occur in pairs

which differ only in that all D components have complementary
values.



X, [ X3

X, ; £ Ler [
X

3 1 1 1

(a) —
1|1 :l"‘
2 3 4

B:

—~N—

.

0 X 0 1 prime implicants =
X 1 x 1 of f (b)
X 0 1 o0 prime imglicants

1 0 x 0 of f

(c)
Figure 2.16

Consider the propagation of an error on line 1 through the logic element
de.ﬁned in Figure 2.16. The propagation D-cubes can be derived from the
primitive cubes of Figure 2.16(c) by intersecting cubes in 8, for which line
1 has the value 1 with those cubes’in 8, for which line 1 has the value 0.
This results in the following propagation D-cubes:

1 2 3 4
D 0 0 D
D 0 0 D

There are no cubes in B, for which line 1 has the value 0. Propagation
D-cubes for multiple input faults can be similarly derived as illustrated in
the following example.

Example 2.7: Consider the propagation of error signals D and D on input
lines 1 and 2 respectively for the logic element of Figure 2.16. Intersecting
the cubes of B, with 0 or X and 1 or X in positions 1 and 2 with cubes in
B, with 1 or X in position 1 and O or X in position 2 we obtain the follow-
ing propagation D-cube from the intersection of the second cube in 8, with
the second cube in B,.

1 2 3 4

D D 0 D

Note that the intersected cubes must not be differently specified in any of
the positions corresponding to nonfaulty lines. a
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Figure 2.19 shows the primitive cubes, primitive D-cubes of all stuck
<Faults, and propagation D-cubes for a 3-input NAND gate with input lines

1 2 3 4 1 2 3 4 Fault 1 2 3 4
0 X X 1 0 X X D 4sa0 D 1 1 D
X 0 X 1 X 0 X D 4sa0 1 D i D
X X 0 1 X X 0 D 4sa0 1 1 D D
T 1 1 0 & 1 1 1 D 4sal D D 1 1_5'
D 1 1 D 1sal D 1 D D

(2) 1 D 1 D 2sal 1 D DD

1 1 D D 3sal D p D D

(b) (c)

Figure 2.19 (a) Primitive cubes (b) Primitive D-cubes of faults (c) Propagation
D-cubes for NAND gate

1, 2, 3 and output line 4. Additional propagation D-cubes can be obtained
by complementing the D’s and D’s in the cubes shown.
~ Having defined primitive cubes, primitive D-cubes of a fault, and propa-
gation D-cubes we can now specify a test generation procedure which can
be shown to be algorithmic in the sense that it will derive a test for any
“logical fault, if such a test exists. [24]
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Example 2.8: For the circuit of Figure 2.21(a) and the fault G, s-a-0, the
table of Figure 2.21(b) lists the primitive D-cube of the fault and the primi-
tive cubes of gates G,Gs,G4,G5,Gs. Checking implication we determine
that the primitive D-cube of the fault does not imply any other circuit signal
values since only G, has a primitive cube with line 1 or 2 specified to value

H-E G
9
J G.
10 L
G
6 /3

. 1 2 3 4 5 6 7 8 9 10 11 12 13
Primitive D-cube of fault { 1 1 D
0 X X 1
X 0 X 1
Primitive cubes of G, x X 0 1
l 1 1 1 0 -
1 X 1
Primitive cubes of G, X 1 1
0 0 O
’ X ) 0
Primitive cubes of Gs 0 X 0
» 1 1 1
0 X 0
Primitive cubes of G, X 0 0
1 1 1
. 1 X
Primitive cubes of G X 1 1
0 o
(v)
" Figure 2.21

1 2 3 4 S5 6 7 8 9 10 11 12 13

Initial test cube tc®

Propagation D-cube
of G

Test cube after D-drive
through G, tct

implication

Propagation D-cube D 1 D
of Gs

Test cube after D-drive 1 1 1 1 D 0 D 1 D

{
{
{
Test cube after {
{
{

through Gs tc*

Figure 2.22



1 and that cube also has on lines 3 and 4 signals specified to value 1. At
this stage the D-frontier, 4,, consists only of gate G,. The relevent propa-
gation D-cube of G is shown in Figure 2.22 (row 2), and row 4 of this table
shows the test cube after the D-drive through G,.

Performing implication at this stage results in specifying lines 4 and 5
to have value 1 since line 6 has value 0. At this stage the D-frontier is
A, = {G5,Gs}. The relevant propagation D-cube of G; and the test cube
after the D-drive through G are shown in Figure 2.22, rows 5 and 6. Line

~ justification of the 1 signal in position 10 results in the specification of
line 8 (or 9) to have value 1. o :

Note that backtracking may be required in line justification. If line
justification leads to an inconsistency, we backtrack and consider the next
alternative in the current D-frontier 4;. After exhausting all alternatives in
this set we would backtrack to the previous D-frontier 4;., and perhaps
eventually to consideration of another primitive D-cube of the fault.
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Consider the circuit of

the pdcf b = 1, ¢ o 1 Figure 2.23 and the fault e s-a-0. We first select

which results in ¢ = D. We now have a choice of

}:@Jl’[’ € S-a-o %

Select pdcf

~
~

' ) S~ Srép /
Jib=/ Jrc=/ D:i D:m 7.¢ —_ lee
P N '\\ &— Tmp
T osteithen N Doy s
N "lve
Jed=l . D:k I:h=1/

* (b)
Figure 2.23

several subproblems to solve which can be represented by the tree of
Figure 2.23(b), where J refers to line justification, D to D-Drive and I to
implication. Implications are nof considered to be problems, and are indi-

vy dotrecl [ineg
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