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A SIMPLE STUCK-AT-FAULTS DETECTION METHOD
IN DIGITAL COMBINATIONAL CIRCUITS. 11

This article proposes the improved method for detecting (diagnosing) stuck-at-faults (0/1) in PIPO-type digital
combinational circuits described by a system of logical functions. Compared to already known methods and algorithms,
the presented approach is characterized by a simpler implementation of the search for vectors of the test codes for
detection of such malfunctions at arbitrary points of a logic circuit with many outputs due to the usage of several simple
numerical set-theoretic operations and procedures. The given examples prove the advantages of the proposed method.
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Introduction

This article is a continuation of the work [1]. It is
related to the application of the method of de-
tection of stuck-at-faults (0/1) type, proposed by
the author, in digital combinational circuits of the
PIPO type described by the system of functions
FX) ={f,(X), £,(X), ... (X}, X ={x,x,, ... x }. In
general case, the system F(X) of complete fun-
ctions in the set-theoretic form is represented by
the system of perfect STFs {Y'},i=1,2, ..., s, of the
form [2]:

1 1
Yy ={my,mpy, . mlkl} >

1 1
Y2 ={m21,m22,..., mzkz} 5 (1)

where m,i=12,...,5j=12,.., (2”—ki) are nume-
rical minterms of the i-th function f, of the system (1).

The problem of finding the vectors of the test
codes in digital PIPO-type combinational devices
is complicated due to the fact that a fault of stuck-
at-faults (0/1) type can be common for several
functions of the system F(X) at the same time. Such
fault can be detected in two ways similarly to the
minimization of the system of functions [2]: 1) in-
dependently — if the detection method [1] is ap-
plied to each function separately, and the result is
evaluated by taking into account the common test
codes of the functions; 2) in a compatible way — if
the search for the test codes is performed simulta-
neously for the so-called system minterms [2] that
have system function indexes, and the result is
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evaluated on the basis of the test codes by taking
into account the function indexes. In the first case,
the search for the test codes is performed using the
minterms of the given system (1), and in the se-
cond case — using the system minterms that com-
poses the set

1 1
Yl,2,...,s = {msl’ msz’ o ms } > (2)

k

where m , m ..., m, are system minterms of the
given system F(X) and the index of the i-th system
minterm s.€{1, 2, ..., s}. In SOP, the elements of

the set le w111 be system conjuncterms of
the different ranks, accordingly. The positive and
negative sides of both approaches will be consid-
ered further on the examples for implementation
of the proposed method.

Known algorithms and methods for diagnosing
stuck-at-faults (0/1) type in such systems are mainly
based on an analytical approach (in particular,
using the Shannon function) and modeling of
the process of searching for test codes [3—19],
which limits their practical implementation espe-
cially as the increased number of system variables
and functions.

The article proposes a new method of detecting
(diagnosing) stuck-at-faults (0/1) in digital PIPO-
type combinational circuits, which is based on
the author’s improved numerical set-theoretic ap-
proach [1] characterized by a relatively simpler
practical implementation.

Theoretical Part

As stated in [1], the peculiarity of the method is
that the location and type of stuck-at-faults (s-a-0
or s-a-1) in an arbitrary combinational circuit is
determined using several simple ST operations on
the binary minterms of the given function f. The
search for a vector of the test codes determining
the location and type of damage at a certain circuit
level is performed for a conditionally damaged
function f. At the 0-level of the circuit the “failure”
vector is searched from the set of input variables,
and at higher levels — from the set of those varia-
bles that occur at the intersection of the conven-
tionally drawn (dashed) line with the signal trans-

mission lines in the circuit under study (see Fig.1,
2, 3 in [1]). In these sets, a stuck-at-faults (0/1)
“failure” is artificially created for each variable. At
the same time, if in the j-th binary position of the
i-th variable x, to 31mu1ate failure” of the s-a-0

type, i.e. x/0 (the operator :> replaces the value
of the variable x, from log 0 to log 1), then the

perfect STF Y will be transformed into STF Y,

17
and if in j-th binary position of the i-th variable x,

to simulate “failure” of type s-a-1, i.e. x/1 (the op-
1-50
erator = replaces the value of the variable x from

log 1 to log 0), then the perfect STF Y' will be
transformed into STF Yll o The perfect STF Y
and its «failured» variant are simplified in a poly-
nomial format due to the elimination of the iden-
tical pairs of elements in their set, forming the
so-called pseudoperfect STFs Y, /0 and Y,  , res-

pectively:

x/O :{Y Yo -1 12, (3)
1-
x/l :>{Y1 Y11—>o 12 (4)

On the sets Y 10 (3)and Y.

to construct the truth tables for ‘failured” func-
tions f, , and f, , in order to compare them with

the truth table of the given function f. Table 1 illus-

/1 (4), it is possible

Table 1
fai- Jai- Fayi-
“10” | x,x,x, | f

x/0 | x /1| x/0 | x,/1|x/0|x,/1
0 1000 | fi | L | filh|L] S|
oot f (i (S| A f | 4]
2010 f | LS| L L] LA
CHN IR R O I N I I A I A I S O
S RV PR I 0 O B PR I R B A
R ST I/ A IV P 3 R 2
6 | 110\ fo\ LS || K| K| F
A N O I I O O O A O A &

4 ISSN 2706-8145, CncreMn kepyBaHHA Ta KOMI'1oTepH, 2024, N° 1



A simple Stuck-at-faults Detection Method in Digital Combinational Circuits. IT

trates the case of an arbitrary function f(x, x,, x,)
as follows: if on some set of variables (tupl (x,, x,,
x,), x,€{0,1})) their values differ from each other,
ie. f,,. # f,where instead of a tilde (~) there can
be either a log. 0 or log.1, it means that this set is
the desired test code. For example (see Table 1),
(001) is a test code for fx ;1> because on this in-
put set at the output of the scheme we have f=r
but not f = f,, that is, here the value x =1 is false.

Similarly, for f, ,, the value x,=1 is false because

f,#f,, and for fx 1o false is x,=0, because f, # f,.

In [1], set- theoretic 1ntersect10n and difference
operations were used to determine the test codes.
We will show that the test codes, with the help of
which the place of failureat an arbitrary level of
separation and the fault of type stuck-at-faults —
s-a-0 or s-a-1 are determined in the studied sche-
me, can be obtained by a simpler procedure, com-
pared to [1]. It is due to the fact that the obtai-
ned minterms of pseudoperfect STFs Y 0 (3)and

1 (4) are then compared in polynomlal format
w1th the minterms of the perfect STF Y' of func-
tion f, formmg, as a result of the simplification of
their sets {Y - ,Y'}? | the desired sets of test codes:

Y;,./o C)lci/O 5)
Y! Chio
vl [G o
vl e

where Cx /0> C1 o and Cx 10> Cx 1 — sets of the

test codes, meaning , sets of sets of variables in
which the i-th variable x, of type s-a-0 (5), i.e.
x,/0, and s-a-1 (6), i.e. x,/1, is failured ; the super-
script in these sets indicates that as a result of the
failure there was a movement of one or another
minterm from the set Y! to the set Yx ,-» or from
the set Y° to the set Y

In order to 1llustrate the proposed approach, we
consider the example 1 from [1] for a function
flx,; x,, x,) that has a perfect STF Y' = {1, 5, 6, 7}.

Let the fault s-a-0 acts on the 0-level of the cir-
cuit, for example, at the input X, i.e. x /0. Then we
get a pseudoperfect STF (3), namely:

| 0-1{(001), (101, (L16), (L]
/0 771 (101), (107), (140), (L)

= {(001), 101)}'

To obtain a set of test codes for this case, we
apply the procedure (5):

v [ion, aon) °
vy [ 7 \iwon, g, a10), a1n)

%
= 0 >
{a10), @102,

where {(110), (111)}x ;0 — set of elements of test
codes CO 0 which as a result of failure x,/0 mo-
ved from set " to set Y? 10 and acquired the value
of log 0, that is indicated by the superscript (see
Table 1 in [1]). This means, that when acting on
the input of the scheme of codes (110) and (111),
at its output we will have f = 0 instead of f = 1,
which does not correspond to a perfect STF Y.

For the case of s-a-1 failure , for example, at the
input x,, i.e. x,/1, we obtain (4):

Yl

x2/1

1—>° (061), (161), (110), (111)] ?
(0071), 167), (100), (101)

= {(100), (101), (110), A1 D)}.

After applying the procedure (6), we will get the
desired test codes:

17 [1aoo), aer, are, ai) ®
y' [ |{001), 161), (110), (117}

1
(100},

O
(0017,

Here the minterm (100) has moved from the
set Y° to the set Y e and the mlnterm (001) has
moved from the set Y* to the set Y

We will place the determined vectors of the test
codes, that establish the type and place of fault of
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type stuck-at-faults (0/1), in a separate table, which
is a kind of table of possible errors in the consi-
dered circuit.

Practical Part

As mentioned above, in the studied scheme, that is
described by the system of the functions (1), the
test code vectors for the installation of the type
and location of the stuck-at-faults (0/1) failure can
be determined by two approaches: independently
of each system function separately or jointly for
the system in general. If in the first case the given
system F(X) of complete functions is considered as
asystem (1) of perfect STFs {Y'},i=1,2,...,s, then
in the second case it is considered as a set (2) of
system conjuncterms {Y '}, I=1,2, ..., s

Let us illustrate the proposed stuck-at-faults
(0/1) detection method on the presented examples.

Example 1. Determine the vectors of test codes
to detect possible fault of the stuck-at-faults (0/1)
type in the system of functions (borrowed from

(7, p. 87])

{fl = XXy VXXX

fo = %%, vV x,%,X;

implemented by the logic circuit and shown in
Fig. 1; for the comparison purpose, perform the
search of vectors using two approaches mentioned
above.

Solution. In the case of independent determi-
nation of the test codes, the given system F(X) =

X, X, X, (I)—level 1-level I2—level
[ [ [
b @c ELeN s
: o |u3 )
I U0
[ [ |
* : B
| | |
[ + } |
' =) =)D
z 5 2
T : @c : > | U5 |

Fig. 1

= {,(X), LX)}, X={x, x,, x Lb will be represented
by the system (1) of perfect STFs vLy)}:

Y ={01-), a1} ={(2,3), ")}
Y} ={10-), A1)} ={(4,5), ()}

and in the case of joint determination (2) — by the
set of system minterms Yll2 ={(2,3),, (4,5),,(7),, W
In the first case, we will form pseudoperfect STFs
x ,N (3) and (4) on the 0-level of the scheme for
each function of the given system, and on their
basis we will determine the vectors of the test co-
des — set (5) C1 _and set (6) CO . So, we obtain
the following sets for the function f

L 01[(010), (011), 141y 7
0 = 10), a1n), @y

{m , (017), (110), (HIS

(010), (011), (111)

R il 10};1 o
%)

B e [N R
1 = (010), (041), (011)

_ Jm, ¢ _
(010), (0+1), (1LH1) {Olo}xl/l ’

% ® (@
ﬁ{(()m),(ou),(m)} - {(010), (011), 11D}

. 1>0[(010), (011), 111)]®
162/ = (000), (001), (101)

{(000), (001), (010), (BTT), (101), mﬂ}@
=
(OTO) (0T (11T

_, }1(000), (00, (10D}, 5
)
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) 0-1{(010), (011), (1FT) ® /i 1-0 ((160), (101), (111) ®
0 = o1, (011, a1y | 2 = | (160), (1), (101)
(&)
j{m,m } :{@ 0 _ Jeenar 17 [2
(010), (041, (111) 15 0 (100), (10T), (111) {100}; ,
/i 150 (0109, (011), 111) | © . 0=1((100), (16T}, (LT) ?
10y = (010), (010), (110) - 2<xs/°>:>{(101),(leﬁm}
. {m,m,(uo),m}@i{{llO}im_ awoyaen  |° [@
{010) (01D (111) %) :’{m,;m,(m)} o,

Table 2 on the 0-level of the scheme contains the o
truth table of the given function f,, as well as the 140{(}0@7, (101), (111)}

1
truth tables of its “failured” variants flx1 s h i~ Y2(x3/1) = (1067, (100), (110)
and flx3 ,-» Where their values that are different

from the values of the function f, are highlighted ® ]

in bold. ! — (/1’605: (le/r)/’ (110),M} — {110})(3/1)
We put the defined test codes for the function (100); 1o 1); (H) )

f, in Table 3.
We get the following sets for the function f:

Table 2
L oot [aoeyaenain)© fi- | fme | i
YZ(xI/O) = (100, (161); (111) = «d0» | x,x,x, | f,
> > x/0 | x /1] x/0|x/1|x/0|x/1
@
)@ - © o {ooo|ololo|lo|1]|o0]o
(100), (101), (111) {(100), (101), (111)} 1 loo1t| o |o|lo|o|1]|0]oO
2 /o010 1 | 1]oflo]|1|1]1
o 3ot | 1|1 |1]of1]|1]1
. 1—>0{(100), (101), (111) } 4 [ 100 | 0 ojo0o]o0o]o0o|O0]|oO
20x,/1) = 5 (101 0[O0 |O0O|O]|1]O0]|O
! (000), (001), (011) 6 110 0 |10 |o0o O] 0|1
© 7 11| 1|1 |1]o|1]|0]1
{(000), (001), (011), {H60)(Foh)(H b
= =
100); (1o (111
( Table 3
{{ (000), (001), (01D}, , Stuckeat-fault | x/ -~ </
= )
& 010Y’
o s-a-0 (110)' 011 (111)’
v 0-1[(100), (101), (111) 111
= =
20219 77 (110), (111), (14T 000!
(1607, @01, (110), 1] ®  [{u10}t s-a-1 (010)" 001 (110)
| o0y 10D 111y o 101
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Table 4 for the function f, of the given system is
constructed by analogy with Table 2.

So, for the function f, we have test codes placed
in Table 5:

Comparing the data of Tables 3 and 5, it can be
noted that these data are consistent with the data
of Tables 2 and 4, respectively. For example, if
the code (010) is active at the input (see Tables 2
and 4), then at the outputs of the undamaged
circuit we have f,=1 and f,=0, instead, at this co-
de in the failured circuit we will have f,, , =0,
flx ,0 =0 and £,=0, as shown in Tables 3 and 5.

To determine the vectors of test codes in the
second case, we will consider the set (2) of system
minterms Y,!, =1{2,,3,,4,,5,,7,,}' (V5 ={0,,, 15,
2,,3,,4,,5,,6,, }%). Here, unlike the previous ca-
se, only those pairs of elements that have not only
the same values, but also the same indices will be

Table 4
f2x1/~ f2x2/~ f2x3/~
“10” | x, %%, |,
x/0 | x /1| x,/0 | x,/1]|x,/0]|x/1
0 000 0 0 1 0 0 0 0
1 001 0 0 1 0 0 0 0
2 010 0 0 0 0 0 0 0
3 011 0 0 1 0 0 0 0
4 100 1 0 1 1 0 1 1
5 101 1 0 1 1 1 1 1
6 110 0 0 0 1 0 0 1
7 111 1 0 1 1 1 0 1
Table 5
Stuck-at-fault x,/~ X/~ X,/ ~
100Y’
5-a-0 101 (110) (111)°
111
000)
s-a-1 001 (100)’ (110)'
011

simplified in the polynomial format. At the same
time, only the system minterms of the set Y1 , will
be eliminated from pairs of identical elements with
different function indices, since during the pro-
cedure (3) or (4) they have already been replaced
by the elements of the corresponding pseudoper-
fect STFs. We will cross out such elements with a
line with the opposite slope.

So, in the second case, the vectors of the test
codes on the 0-levels of the scheme are obtained
as follows:

@
g 02t [(010), (O11), (100)5 0
B2/ T (110),, (111),,(100)55- (1055 (1),

_, Jox0,, 01, a10), 1), ®:>
(0107, (041);, (100),, (101),, A4, ,

1110, A11), 1, 4
1100),, (101,19,

where the system minterm (111) , is eliminated
from consideration because it was replaced by the
element (111), of the pseudoperfect STF during
the procedure (3);

1
YIZ (x,/1)

1%meiwmxw%mwmxumz
(0107,,.(04T),, (000),, (001),, (011),
®
1,2
} .

R (000),, (001),, (011), , > >
(Olo)l’ml’ ElEE}Z’ Els]:}2’ E]:11)1,2

{(000),,(001),, (011), , }il/l

>

{(010),}5,
g = 2T 00 00D 25 ’
1265/0) 771 (0307, (O, (110),, (111),, (L1,

_ [wo05,, o1y, 10, (110, ? .
(010),, (011),, (160),, (16T}, , THH), ,

mm»uumbo
{(010),, (011), }x /0

8 ISSN 2706-8145, CncreMn kepyBaHHA Ta KOMI'1oTepH, 2024, N° 1



A simple Stuck-at-faults Detection Method in Digital Combinational Circuits. IT

- 1-0 [(010),, (011),,(160),, 2,(111)12
12651 = (000),, (001),, (160, , (1617,, (101),,

_, | (000),, (001}, (0303, (041);, (101) . (141, Q:
M , (031);, (100),, T6),, (L),

{(000),, (001),, (101)1,2}952 n
{(100), }x n

g [0, o, (100),, 161),, (141, , | °
1,2(x3/0) — (011),, (041);, (101),, (101),, (141), ,

{010),, (011}, (100),, (101) N
1> 1> 22 2
=
{(616)1’ (611)1’(166)2’ (161)2, (111)1,2}

)
= 0 >
(1,

. 1-0 ((010),, (011),, (1067, 101)2,(111)12
12(X3/1) ml, (010)1’W : (100)2, (110)1 ,

{fewHewﬂ%eHmm,mo)lz,m }@:
(O10),, (01 1), (100),, (10 1), (111),

. {{(110>1,2}x3,1 |
%)

Table 6 contains the truth tables of the given sys-
tem and its “failured” variants, where different from
f12 the values of the functions szX‘ fo> szX2 ,-» and
fi 2+, are highlighted in bold.

Table 7 summarizes the vectors of the test codes
for the functions of the given system, which are
consistent with the data of the corresponding Ta-
bles 3, 5 and 6.

It is possible to determine the vectors of the test
codes from Table 6 for system functions on the
0-level of the scheme as follows. Let, for example,
the code (010) acts on the circuit input. But at its
outputs, instead of f, = 1 and f, = 0, we have f, =
= f,= 0. Then two situations are possible here:
either s-a-1 failure occurs at the input x, i.e. x /1,
or s-a-0 failure occurs at the input x,, i.e. x,/0
(see the data in Tables 6 and 7).

Based on the above, we note that the second
way of determining the vectors of test codes, com-

pared to the first way, is shorter in terms of the al-
gorithm’ implementation steps.

Let us now consider the definition of the test
codes on the 1-level of the scheme (see Fig. 1).
It is represented by the system

{fl (21> 255 %3) =22, V7,2, X3

(2,2, x3) =212, V212, %, ,

where z, =X,, and z, =X,, and in set-theoretic
form — the system

Y} ={(10-), (001)}' =11, 4, 5}'
Y, ={(01-), (001} ={1,2,3}'

Table 6
f1,2x1/~ f1,2x2/~ f1,2x3/~
“10” | x,x,x, fL2
x/0 | x/1 | x/0 | x,/1 x3/0 x3/1
0 |ooojo| 0|1, |01 ]0]0O
1 |oor|ofo |1, ][0 |1 ]0]o0
2 (0101, |1, [0 |0 |1 |1 |1
3o(orn |1 |1 (1,0 1 |1 |1
4 [100|1, |0 |1, |1 |01 |1
5 0100, 0 |1, |1, [1,]1 |1
6 (11001, |0 |1, |00 |1,
7 1 1 1 11,2 11 11,2 12 112 0 1,2
Table 7
Stuck—at—fault X/~ X~ X~
mn 12
[100]0 (010]0
101 011
s-a-0 x/0 x/0 (111)
1 1 x3/0
(1101J (1102]
R PR IRty A
(010)x B (1oo)x M
1 1 1
s-a-1 000, 000, (“01,2))(3/1
001, 001,
ot ) fL101,)

ISSN 2706-8145, Control systems and computers, 2024, No. 1 9
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and the set of system minterms Yll2 ={(1),,,(2,3),5 Table 10

(4, 5)1}1. Tables 8 and 9 display test codes on the
1-level of the scheme for Yll2 , determined using Frazy- 2z~ EE
the procedures (3—6). 107 z 2,z | f,
We have a system of functions on the 2-level of 2/0 | z/1 1 2/0 | z/1 | x/0 | x/1
the scheme
0o {000 | 0|0 |1 |01, 1,
(24,2,,2:)=2,VZ '
{fffl( 32 %4 5) 3V 1joor | 1, [1,[1,|1, |1, 0]1
24y 24y 2:) =2,V Z
2 3 4 > 4 > 2 O 1 O 11,2 11,2 11,2 0 11,2 1,2 11,2
where z,=z x,, z,=x x,x,, z=x z,. In the set-theo- 300l L, b, L, L, L, L, L,
retic form, it is a system of perfect STFs {Y ', Y,'}: 4 1100 | 1 |0 |1 |1 |1,]1 |1,
5 1 0 1 11,2 12 11,2 1,2 11,2 11 11,2
Table 8 6 1 1 0 11,2 11,2 11,2 11 11,2 11,2 11,2
7 l 1 1 112 11,2 11,2 1,2 11,2 11,2 11,2
f1,221/~ f1,27,2/~ f1,2x3/N
“10”| z,z,x, | f,
z/0 | z/1]z/0|z/1|x/0|x,/1 Table 11
0 000 0 0 L 0 L 0 11»2 Stuck-at-fault 2/~ 2/ X /m
1 001 11,2 L, L L, L, 0 11,2 inf, } ! °
2 (0101, | L, |o0]0]|1]|1]L - - -
3 o1t | L, | L, o1, ||, (100);, o (010)@1/0 (001),_,,
4 [ 100 | 1, | O | L [ 1 |0 |1 |1 s-a-0 (101,) 011, (101,)
50100 [ 1, (1,1, |1, ][0 |1 |1 Pai 1o, ) Hzs/0
6 1100 |1, |0o|1|0]o0]o0 1
71111l o1, |01, |0]0]o0 ooo. | [000:; 000, \
s-a-1 ' 001 2
001, , L2 100, ,
721100 4/ x50
T bl 1.2 z4/1
able 9
Stuck—at—fault 2 2~ X~
mn 1,2 Table 12
0 (]
(100)? 010)2 “1g” s, f f f
1 1
s-a-0 101,, 011, (001)O
x5/
110, 110, 5/0 0 000 0 1 1
SRR
010\’ 100Y° 3 011 0 0 1
on z;/1 101 z,/1 1 4 100 0 0 0
1 2
sal 000, 000, ' (000,2).,, > 101 ! ! 0
ooy, ) 0L, ) 6 110 1 0 0
A i 7 111 1 0 0

10 ISSN 2706-8145, CncreMn kepyBaHHA Ta KOMIT'toTepH, 2024, N° 1
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Y = {(1--),(-1-)}' =1{2,3,4,5,6,7}'
Y, ={(-1-),(--1D} ={1,2,3,5,6,7}' ’

and a set of system minterms — Yll2 ={(1),, (2,3,
5,6, 7)1’2, (4)1}1. Tables 10 and 11, which are con-
structed similarly to Tables 6—9, contain all values
of test code vectors on the 2-level of the scheme.

Answer. The algorithm for determining the vec-
tors of the test codes for detecting stuck-at-faults
(0/1) failure in the system of functions based on a
set of system minterms {Yll}, I=1,2,...,sis short-
er in terms of implementation steps in comparison
to the algorithm based on the system of perfect
STFs {Yil}, i=1,2,...,5.

Example 2. Determine the vectors of test codes
for the detection of stuck-at-faults (0/1) failure in a
scheme that implements the system of functions
F(X) = {f,(X), £,(X), £,(X)}, X = {x,, x,, x,} on the
PLA, which is described by the truth table (see
Table 12) (borrowed from [20, p. 197]):

Solution. The given system F(X), X = {xl,xz, x3},
is represented by a system of perfect STFs

Y! =1{5,6,7}'
Y, ={0,5" ,
Y; ={0,1,3}'

and a set of system minterms Yll,z’3 ={0,3,15, 33,
515060, 71}

Since the given system must be implemented
on the PLA, it is important to ensure the optimal
complexity of such an implementation — the in-
formation capacity of the matrix structure of
the scheme [2]. It is determined by the minimal
number of (vertical and horizontal) lines of both
matrices. In a given system, the number of lines of
conjuncterms is equal to the number of system
minterms, that are six. They can be reduced to four

Y2300 =

0-level

X, - T_@

X Ay

x, - TD

2 Z, 23 2, l—level

h
£

Fig. 2 2

if the decoupling method [2] is applied to the gi-
ven system minterms:

S
Y, 5 ={000, ,001;,011;,101,,,110,,111,}' =

(0005 00— 01—y 10—, 11 114
=0-0,; 0-1, 0-1, 1-1, 1-0, 1-1 |=
-00,, -01, -11, -01,, =10, ~-11,

= {(000), 5, (0—1);, (101), ,, (11-), }".

In Fig. 2 is shown the implementation of the gi-
ven system on the PLA, taking into account the
optimal information capacity, where the following
designations of conjuncterm lines are introduced
on the 1-level of the scheme:

Z, = XX, X, 5= X X5, -

23 = XX, X5, 24 = XX,

According to (7), now we have the set of system
minterms: Yll,z,3 = {(0)2,3,(1,3)3,(5)1’2,(6,7)1}1 .

First, we determine the vectors of the test codes
on the 0-level of the scheme, applying the pro-
cedures (3—6) to the binary system minterms of
the set Y11’2)3:

(&)
X H{(OOO)M, (001)5, (011)3%17&}9)1—,%17\1} R

(100), 5, (101)5, (111); - FOH 5O D

. {000);55(001)55(611);, (100), 5, (101),, (111), ®:> {(100), ;, (101),, (111),}'
£000);35-(001)55-(01);, (101), ,, (110),, (M),

>

{110),}°
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Y,

150 [€000)5- (00155011, (101), ,, (110),, (111), |
23601 = | (060);5-(00155-(0H,, (001), ,, (010),, (011),

>

{(001)1,2, (010);, (011), -HO D5 (HO) (1D, F . {(001), ,,(010),, (011),}
(000), 5, (064)5, OHL) - AHOD 5> (HO) - (HH Dy {(000), ;)"

/i 221 [(000),.5, (001, OT1);, (10D) . 20y,, (111), |
123(6,/0) = (010), ,, (011),, (0415, (111), ,, (110),, (111,

{(Deﬂ’izs,wm,(010)23,M3,M12,(111)12} R {(010), 5, (111), ,}!
(060), 5, (007);, (01T);, (10T), ,, (110),, (1), {110),}° ’

1
Yl,2,3(x2/1)

120 {(060), 5, (00T);, (011);, (1071}, », (110),, (111),
(000, 5, (061)5, (001), (167], ,, (100),, (101),

. {M3,m3,(loo>l,<101)1,m071,1m51 }@: {(100),, (101),
(000), 5, (001);, (01T),, (164), ,, (110}, (1), {(000),,}’

1
Yl,2,3(x3/0)

0-11(000), 5400 H5-(015-(101) ,, (110),, @y, | ®
(001), 5, €061)55- (01155 (101)y ,, (111),, (AT),

. {@96)2,3, (001), 5, (110, (111, }@ . {(001),
(060), 5,1061);, (011)3, (101), ,, (140}, (11T), {011),, (101),,}°’

1
Y1,2,3(x3/1)

150 [ (0007, 5, (001),, (0115, (101), ,, (140, (111), |©
(060), 5, (000)5, (010)5, (100), ,, (110);, (110),

ﬁ{(ooog,goeﬁy(010)3,((04473,(100)1,2,&6191761%9)1%44%1} . {(000)5, (010)5, (100), ,}
(060), 5, (00T),, (OTT);, (HODy 5 (HHO)= 1), ) '

Table 13 contains the truth table of the given On the 1-level of the scheme (see Fig. 2), the
system and its “failured” variants on the 0-level of  vectors of the test codes of the given system will
the scheme, where the “failured” values fmel ,»  determine the conjuncterms (6) of the system of
fr25x,- and fi55, > due to stuck-at-faults (0/1) functions
function, are highlighted in bold.

The vectors of test codes determined on the

0-level of the scheme are placed in Table 14 — they Nz 223 2,) =23 v 2,
are sets of variables for the values of “failured” (215255 25, 24) = 2,V 25,
functions of the given system highlighted in bold fi(2), 2y, 23, 2,) =2,V 2,

in Table 13.
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which in set-theoretic form has the form Table 13
f123 I~ f123 /~ f123 I~
1= -1 - ! «q1 2 0% 593
le _{( 1 ))( 1)} 10 x1x2x3 f1,2,3
Y21 — {(1 o _)’(__ 1_)}1 XI/O Xl/l X2/0 X2/1 X3/0 X3/1
Y31 — {(1 _ _)’(_1_ _)}1 0 000 12?3 12’3 0 12’3 0 12’3 13
1 001 1L L1, s L L L
Hence the set of system conjuncterms is 2 {010 0 | 0|1 |1,] 0] 0]1L
3 (ot | 1, |1, |11, |01
Y5 =12 3,6,7,10,11,14,15) ,, 4 100 0 1 (0] 0|1 |01,
(1) 3) 5’ 7) 9)11)13’15)1’ 5 101 11,2 13 11,2 11,2 11 0 11,2
(8,9,10,11,12,13,14,15), 5, S e BT B N B R R
: 7 lrin | |y,
(4,5,6,7,12,13,14,15),}". ;
The vectors of the test codes of the given sytem ~ Table 14
on the 1-level are obtained after applying the Stuck-at-fault " " "

procedures (3—6) to the binary system minterms inf | 1 2 3
of the set Yll’z’3 :

o1y’
(110)0, | (10, ( )
Y, 5 ={(0001),, (0010), ,, (0011), ,, (0100);, 101 1o

s-a-0 1
(0101), 5, (0110), , 5, (0111), , 5, (1000), , 5, 100, 010, 1
101, L (0012,3)X3 "
(1001),, 5, (1010), , 5, (1011),, 5, (1100), ;, L 12 )
x,/0
(1101), 55, (1110), , 5, 1111);, 3}
(ooo)x B (ooo)xz B
For the illustrative purposes, we consider the 1 1
. 1 s-a-1 001, , 1 000,
definition of test codes only for the set Y; T ’ 100,
. L@l 010, 010,
since the test codes for Yiosc, - Yioace, oy on, ) 01,) 100,,)
Yll’m( 2,1~ are defined in a similar way:
(0001),, (0010), ,, (0011), ,, (0100)5, (0101), 5, (0110), , 5, (0111), , 5, ®
vyl 0_” 12,3 12,3 12,3 12,3 23 123 12,3 123
123(2/0) = (1001),, (1010), ,, (1011), ,, (1100)5, (1101), 55 Y T23>
12,3 12,3 12,3 12,3 2.3 123 123 12,3
®
, : : 12,3 1,2,3>
(1001),, (1010)1’2, (101 1)1,2, (1100),, (1101)1’3, 123> 123
= =
g 12 12 > 13 12,3 12,3

(1000)123>&GQJ~)123:(T6"1‘0~)1233 (TS‘LL)123, (mo‘)23’m123’ 6111531,2,3’ 61111}1,2,3

{(1001),, (1010), ,, (1011), 5, (1100), (1101), ,}
{(1000)}° ’
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@©
g 12° 12° 3 13’ 12,3 12,3
y! 1=0 (1000)1’2)3, (1001)1’2’3, (1010)1’2’3, (1011)1’2’3, (1100)2’3, (1101)1’2,3, (1110)1’2,3, (1111)1’2,3
L3/ g 12 12> 3 13 12,3 1,23
(0000)1’2’3, (0001)1’2’3, (0010)1’2’3, (001 1)1’2’3, (0100)2’3, (0101)1’2’3, (01 10)1’2’3 , (011 1)1’2’3
@
12,3 12,3 12,3 12,37 23 12,3° 12,37 1,2,3°
_, (000035, (0001) ., (0010, 5, (001D 5, 0100), 3, (010D 5, (DO, 5, (DT,
(0601),,(0610), ,, (0641), ,, (0100);, 10161), 5, (0140), , 5, (OHFT), , 5,
12,3° 12,3 12,3 12,3 23 12,3 12,3 12,3
{(0000),, 5, (0001), 5 5, (0010), , 5, (0011, , 5, (0100), 5, (0101), , ,}
@ ’
Table 15
fr232- fr232,- fr232,- fr232,-
“10” 22,22, fras
z,/0 z,/1 z./0 z,/1 z,/0 z,/1 z,/0 z,/1
0 0000 0 1, 1, 0 1, 0 1, 0 1,
1 0001 1 0 1,, 1 1, 1, 1, 0 1,
2 0010 1, 1, 1,, 1, 1,, 0 1, 1, 1,
3 0011 1, 0 1,, 1, 1,, 1, 1, 1, 1,
4 0100 1, 1 ,, 0 1, 1, 1,, L 1,
5 0101 1, 0 1,, 1, 1, 1, 1,, 1, 1,
6 0110 1,, 1, l,, 1, 1,, L 1, 1, 1,
7 0111 1, 1, 1,, 1, 1,, 1, L, 1, 1,
8 1000 1,, 0 1,, 1, 1, 1, 1, 1, 1,
9 1001 1,, L 1,, 1, L, 1, 1, 1, 1,
10 1010 Lo, 1, 1, 1, L, 1, 1, 1, 1,
11 1011 1,, 1, 1,, 1, 1, 1, 1, 1, 1,
12 1100 1, 1, 1, 1,, 1L, 1, 1,, L, 1,,
13 1101 1,, 1, 1,, 1, 1, 1, 1, 1, 1,,,
14 1110 1,, 1, L, 1, 1, 1, 1,, 1, 1,
15 1111 L, 1, L, 1, 1, L, 1, 1, 1,

14 ISSN 2706-8145, CncreMn kepyBaHHA Ta KOMIT'toTepH, 2024, N° 1



A simple Stuck-at-faults Detection Method in Digital Combinational Circuits. IT

Table 16
Stuck-at-fault in f1,2,3 z,/~ z,/~ z,/~ z,/~
0
(1000)21 o (0100)22 o (0010);, (0001)24 o
1

1001, otor, ' oo1r,

s-a-0 1010, , ! 1 .
1011 0110, 0110, 0101,

- 0111 0111
1100, 12 13 1101, 4 o
4
1o, ) 1100155 10 1H0,5)
1

0000
00011'“ 0000, 0000, , .
00101’2’3 0001, 5 0001, , 0000,

s-a-1 00111'2’3 0010, , 5 0100, , 5 0100, 5
01001’2’3 0011, 55 0101, 55 100,55 )

23 1000,5 ) 1100,,5 )

0101, i % =

Table 15 contains the truth table of the given
system, as well as the truth tables of its “failured”
variants, where their different values from the val-
ues of the given system are highlighted in bold.

Table 16 contains the vectors of test codes on the
1-level of the scheme determined from Table 15.

Answer. The vectors of test codes for detecting
stuck-at-faults (0/1) at any point of a circuit with
many outputs can be determined by both numeric
set-theoretic method and tabularly.

Conclusion

A new method of stuck-at-faults (0/1) at any point
of a digital PIPO-type combinational circuit de-
scribed by system of logic functions is proposed.
Algorithm for the compatible determination of vec-
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[IPOCTUI METOJI BUABJIEHHS HECITPABHOCTEN TUITY
STUCK-AT-FAULTS Y IM®POBVIX KOMBIHAIIIMHNX. CXEMAX. I

Beryn. st cTarTs € mpofoBKeHHsM paHilire ony6/IiKoBaHOI cTaTTi aBTOpa B HayKoBOoMY >XypHai “Control Systems
and Computers”. B OCHOBI CTaTTi /eXNUTh YIOCKOHAJIEHNII aBTOPOM YUC/IOBUIT T€OPETUKO-MHOXXUHHUIT METO[
BUSIB/ICHHsI (HiarHOCTYBAHHs) HecmpaBHOCTell Tumy stuck-at-faults (0/1), sikuit 3acTocoBaHo A0 uMppPOBUX
koMbiHaniitHux cxem Tumy PIPO, 10 OMMCYIOTHCS CUCTEMOIO JOTiKOBUX (DYHKIIIN. BMSHAYMTI BEKTOPY TECTOBUX
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KOJIiB /1 BUABJIEHHA MiCIA Ta TUITY IOUIKOIPKEHHA B TAKMX CXeMaX JIOBOJI CK/IaJJHO, OCKIIBKY Y JOCTiKYBaHii
cxeMi HOLIKOMKeHHA THNy stuck-at-faults (0/1) moxe OyTy CHiIbHMM iA KinbKoX QYHKIi cucTeMu. Y cTaTTi
[IOKa32aHO, I1[0 3 JBOX MOXK/TMBUX LIULIXiB BI3HAYEHH 11X BEKTOPIB — HE3a/IeXXHOTO i CyMiCHOTO — e()eKTUBHIIINM
LI0f0 KPOKIB peaiisalii aJrOpUTMy BUABJIEHH:A € ocTaHHIii. Ha BigmiHy Bij BifOMMX METOAIB i alropuTMiB
IIPOIIOHOBAHMII IifIXiJ BifPi3sHAETHCA MPOCTIILOI peajlisalli€ro MOUIYKY BEKTOPiB TECTOBMX KOJIB [JI BUABIECHHSA
HeCIpaBHOCTelt TUIy stuck-at-faults (0/1) y BOBUIBHMX TOYKAX JIOTIKOBOI cxeMu 3 6araTrbMa BUXOHAaMU 3aBISKY
3aCTOCYBAHHIO KiJIbKOX IPOCTUX YMCIOBUX TEOPETUKO-MHOXMHHMUX OTepalliil i mpouenyp.

MeTo10 CTATTi € 3aIIPONOHYBATY MPOCTUII IIOAIO peani3aliil YMCIOBUII TEOPETUKO-MHOKUHHNIL METOJ, BUAB-
JleHHA (RiarHOCTYBaHH:A) HeCIpaBHOCTeNl Tumy stuck-at-faults (0/1) y nudpoBux KoMmOiHaLifHUX cXeMax TUILY
PIPO, 1m0 onucyoTbcs CUCTEMOIO JIOTiKOBUX (DYHKIIIIL.

Meropmu. 3aIpoIIOHOBAHO YIOCKOHA/IEHNIT YMCIOBII TeOPeTHKO-MHOXIHHUI MeTOfl BUABJICHHA (fjiarHOCTY-
BAaHHsI) HeCIIpaBHOCTeI ity stuck-at-faults (0/1) y undposnx xombinariitHux cxemax tumy PIPO.

Pesynbprarn. [lepeBarn mpoIoHOBaHOIO METOAY IPOITIOCTPOBAHO HA IPUKIAfAX KOMOIHAIIHNX CXeM TUILY
PIPO, 110 OINCYIOTbCS CHCTEMOIO JIOTiKOBMX (YHKLiN. BusHaueHHsT BEKTOPIB TeCTOBUX KOZIB Y JOBUIbHIN TOUII
HOCIIIKYBaHOI CXeMJ BUKOHYETBCA MPOCTUMM YMCTOBMMMU TEOPETUKO-MHOKMHHVMM OIIEepallisiMU Ta MpoLefy-
pamu. HaBefieHi mpukmagyu 3acBifuyioTh IepeBaru IpoIOHOBAaHOTO METOHY.

Kniouogi cnosa: uugposi xombinauiiini cxemu muny PIPO, necnpasrocmi muny stuck-at-faults, sexmopu mecmosux
K00i8, HUCTIOBUTI MEOPEMUKO-MHONUHHULL MEMO0, onepauyii ma npouedypu.
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