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

Th is 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. Th e given examples prove the advantages of the proposed method.
Keywords: digital PIPO-type combinational circuits, stuck-at-faults detection, vectors of the test codes, numerical set-
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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 
F(X) = {f1(X), f2(X), …, f5(X)}, X  ={x1, x2, …, xn}. In 
general case, the system F(X) of complete fun-
ctions in the set-theoretic form is represented by 
the system of perfect STFs {Yi

1}, i = 1, 2, …, s, of the 
form [2]:
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where mij, i = 1,2, …, s, j = 1, 2, …, (2n−ki) are nume-
rical minterms of the i-th function fi 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 stu ck-
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 2

1 1
1,2,..., { , , ..., }

ks s s sY m m m=  ,  (2)

where 
1 2
, , ...,

ks s sm m m  are system minterms of the 
given system F(X), and the index of the i-th system 
minterm si{1, 2, …, s}. In SOP,  the elements of 
the set 1

1,2,...,sY  will 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 va riable. At 
the same time, if in the j-th binary po sition of the 
i-th variable xi to simulate “failure” of the s-a-0 
type, i.e. xi/0 (the operator 

0 1→
⇒  replaces the value 

of the variable xi from log 0 to log 1), then the 
perfect STF Y1 will be transformed into STF 1

0 1j j
Y → , 

and if in j-th binary position of the i-th variable xi 
to simulate “failure” of type s-a-1, i.e. xi/1 (the op-
erator 

1 0→
⇒  replaces the value of the va riable xi from 

log 1 to log 0), then the perfect STF Y1 will be 
transformed into STF 1

1 0j j
Y → . The perfect STF Y1 

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 1

/0ixY  and 1
/1ixY , res-

pectively:

 
0 1

1 1 1
/0 0 1{ , }

i j jxY Y Y
→

⊕
→⇒ , (3)

 
1 0

1 1 1
/1 1 0{ , }

i j jxY Y Y
→

⊕
→⇒ . (4)

On the sets 1
/0ixY  (3) and 1

/1ixY  (4), it is possible 
to construct the truth tables for “failured” func-
tions /0ixf  and /1ixf  in order to compare them with 
the truth table of the given function f. Table 1 illus-

Table 1

“10” x1 x2 x3 f
1/~xf

2 /~xf
3 /~xf

x1/0 x1/1 x2/0 x2/1 x3/0 x3/1

0
1
2
3
4
5
6
7

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
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trates the case of an arbitrary function f (x1, x2, x3) 
as follows: if on some set of variables (tupl x1, x2, 
x3, xi{0,1})) their values differ from each other, 
i.e. /~ixf 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 

1/1xf , because on this in-
put set at the output of the scheme we have f = f5, 
but not f = f1, that is, here the value x1=1 is false. 
Similarly, for 

2 /1xf  the value x2=1 is false, because 
f3  f1, and for 

3 /0xf  false is x3=0, because f0  f1.
In [1], set-theoretic intersection 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 1

/0ixY  (3) and 
1

/1ixY  (4) are then compared in polynomial format 
with the minterms of the perfect STF Y1 of func-
tion f, forming, as a result of the simplification of 
their sets 1 1

/~{ , }
ixY Y ⊕ , the desired sets of test codes:

 
11

/0/0
01

/0

ii

i

xx

x

CY

CY

⊕ ⎧⎧ ⎫⎪ ⎪ ⎪⇒⎨ ⎬ ⎨
⎪ ⎪ ⎪⎩ ⎭ ⎩

, (5)

 
11

/1/1
01

/1

ii

i

xx

x

CY

CY

⊕ ⎧⎧ ⎫⎪ ⎪ ⎪⇒⎨ ⎬ ⎨
⎪ ⎪ ⎪⎩ ⎭ ⎩

, (6)

where 1
/0ixC , 1

/1ixC  and 0
/0ixC , 0

/1ixC  — sets of the 
test codes, meaning , sets of sets of variables in 
which the i-th variable xi of type s-a-0 (5), i.e. 
xi /0, and s-a-1 (6), i.e. xi /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 Y1 to the set 0

/~ixY , or from 
the set Y0 to the set 1

/~ixY .
In order to illustrate the proposed approach, we 

consider the example 1 from [1] for a function 
f(x1, x2, x3) that has a perfect STF Y1 = {1, 5, 6, 7}1.

Let the fault s-a-0 acts on the 0-level of the cir-
cuit, for example, at the input x1, i.e. x1/0. Then we 
get a pseudoperfect STF (3), namely:

1

0 1
1

/0
(001), (101), (110), (111)
(101), (101), (110), (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭  
1{(001), (101)}⇒ . 

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

1

1
/0

1

{(001), (101)}
{(001), (101), (110), (111)}

xY

Y

⊕ ⊕⎧ ⎫ ⎧ ⎫⎪ ⎪ = ⇒⎨ ⎬ ⎨ ⎬
⎩ ⎭⎪ ⎪⎩ ⎭

1

0
/0{(110), (111)}x

∅⎧⎪⇒ ⎨
⎪⎩

,

where 
1

0
/0{(110),(111)}x  — set of elements of test 

codes 
1

0
/0xC , which as a result of failure x1/0 mo-

ved from set Y1 to set 
1

0
/0xY  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 Y1.

For the case of s-a-1 failure , for example, at the 
input x2, i.e. x2/1, we obtain (4):

2

1 0
1

/1
(001), (101), (110), (111)
(001), (101), (100), (101)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭
1{(100), (101), (110), (111)}⇒ .

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

2

1
/1

1

{(100), (101), (110), (111)}
{(001), (101), (110), (111)}

xY

Y

⊕ ⊕⎧ ⎫ ⎧ ⎫⎪ ⎪ = ⇒⎨ ⎬ ⎨ ⎬
⎩ ⎭⎪ ⎪⎩ ⎭

2

2

1
/1

0
/1

(100)

(001)
x

x

⎧⎪⇒ ⎨
⎪⎩

. 

Here the minterm (100) has moved from the 
set Y0 to the set 

2

1
/1xY , and the minterm (001) has 

moved from the set Y1 to the set 
2

0
/1xY .

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 con si-
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 
a system (1) of perfect STFs {Yi

1}, i = 1, 2, …, s, then 
in the second case it is considered as a set (2) of 
system conjuncterms {YI

1}, 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])

 1 1 2 1 2 3

2 1 2 1 2 3

f x x x x x
f x x x x x

= ∨⎧
⎨ = ∨⎩

 

implemented by the logic circuit and shown in 
Fig. 1; for the compa rison 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) = 

Fig. 1

= {f1(X), f2(X)}, X={x1, x2, x3}, will be represented 
by the system (1) of perfect STFs 1 1

1 2{ , }Y Y :

 
1 1 1

1
1 1 1
2

{(01 ), (111)} {(2,3), (7)}

{(10 ), (111)} {(4,5), (7)}

Y

Y

⎧ = − ≡⎪
⎨

= − ≡⎪⎩
, 

and in the ca se of joint determination (2) — by the 
set of system minterms 1 1

1,2 1 2 1,2{(2,3) , (4,5) , (7) }Y = .
In the first case, we will form pseudoperfect STFs 

1
/~ixY  (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) 1

/~ixC  and set (6) 0
/~ixC . So, we obtain 

the following sets for the function f1:

1

0 1
1

1( /0)
(010), (011), (111)
(110), (111), (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

1

1
/0(010), (011), (110), (111) {110}

(010), (011), (111)
x

⊕ ⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
∅⎩ ⎭ ⎪⎩

, 

1

1 0
1

1( /1)
(010), (011), (111)
(010), (011), (011)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

1

0
/1

(011), (111)
(010), (011), (111) {010}x

⊕ ∅⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
⎩ ⎭ ⎪⎩

;

2

0 1
1

1( /0)
(010), (011), (111)
(010), (011), (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

2

0
/0(010), (011), (111) {(010), (011), (111)}x

⊕ ∅⎧∅⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
⎩ ⎭ ⎪⎩

,

2

1 0
1

1( /1)
(010), (011), (111)
(000), (001), (101)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

(000), (001), (010), (011), (101), (111)
(010), (011), (111)

⊕⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

2

1
/1{(000), (001), (101)}x⎧⎪⇒ ⎨

∅⎪⎩

; 
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3

0 1
1

1( /0)
(010), (011), (111)
(011), (011), (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

3

0
/0

(010), (011)
(010), (011), (111) {111}x

⊕ ∅⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
⎩ ⎭ ⎪⎩

,

3

1 0
1

1( /1)
(010), (011), (111)
(010), (010), (110)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

3

1
/1(010), (011), (110), (111) {110}

(010), (011), (111)
x

⊕ ⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
∅⎩ ⎭ ⎪⎩

.

Table 2 on the 0-level of the scheme contains the 
truth table of the given function f1, as well as the 
truth tables of its “failured” variants 

11 /~xf , 
21 /~xf  

and 
31 /~xf , where their values that are different 

from the values of the function f1 are highlighted 
in bold. 

We put the defined test codes for the function 
f1 in Table 3. 

We get the following sets for the function f2:

1

0 1
1
2( /0)

(100), (101), (111)
(100), (101), (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

1

0
/0(100), (101), (111) {(100), (101), (111)}x

⊕ ∅⎧∅⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
⎩ ⎭ ⎪⎩

,

1

1 0
1
2( /1)

(100), (101), (111)
(000), (001), (011)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

(000), (001), (011), (100), (101), (111)
(100), (101), (111)

⊕⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

1

1
/1{(000), (001), (011)}x⎧⎪⇒ ⎨

∅⎪⎩
,

2

0 1
1
2( /0)

(100), (101), (111)
(110), (111), (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

2

1
/0(100), (101), (110), (111) {110}

(100), (101), (111)
x

⊕ ⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
∅⎩ ⎭ ⎪⎩

,

2

1 0
1
2( /1)

(100), (101), (111)
(100), (101), (101)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

2

0
/1

(101), (111)
(100), (101), (111) {100}x

⊕ ∅⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
⎩ ⎭ ⎪⎩

,

3

0 1
1
2( /0)

(100), (101), (111)
(101), (101), (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

3

0
/0

(100), (101)
(100), (101), (111) {111}x

⊕ ∅⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
⎩ ⎭ ⎪⎩

,
 

3

1 0
1
2( /1)

(100), (101), (111)
(100), (100), (110)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

3

1
/1(100), (101), (110), (111) {110}

(100), (101), (111)
x

⊕ ⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
∅⎩ ⎭ ⎪⎩

,

Table 2

«10» x1 x2 x3 f1

11 /~xf
21 /~xf

31 /~xf

x1/0 x1/1 x2/0 x2/1 x3/0 x3/1

0
1
2
3
4
5
6
7

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

0
0
1
1
0
0
0
1

0
0
1
1
0
0
1
1

0
0
0
1
0
0
0
1

0
0
0
0
0
0
0
0

1
1
1
1
0
1
0
1

0
0
1
1
0
0
0
0

0
0
1
1
0
0
1
1

Table 3

Stuck-at-fault x1/~ x2/~ x3/~

s-a-0 ( )1110

0
010
011
111

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

( )0111

s-a-1 ( )0010

1
000
001
101

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

( )1110
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Table 4 for the function f2 of the given system is 
constructed by analogy with Table 2.

So, for the function f2 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 da ta 
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 f1=1 and f2=0, instead, at this co-
de in the failured circuit we will have 

11 /1 0xf = , 

21 /0 0xf =  and f2=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 sys tem 
minterms 1 1

1,2 1 1 2 2 1,2{2 , 3 , 4 , 5 , 7 }Y =  ( 0
1,2 1,2 1,2{0 , 1 ,Y =

0
2 2 1 1 1,22 , 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 

simplified in the polynomial format. At the same 
time, only the system minterms of the set 1

1,2Y  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:

1

0 1 1 1 2 2 1,21
1,2( /0)

1 1 2 2 1,2

(010) , (011) , (100) , (101) , (111)
(110) , (111) , (100) , (101) , (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

1 1 1 1

1 1 2 2 1,2

(010) , (011) , (110) , (111)
(010) , (011) , (100) , (101) , (111)

⊕⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

1

1

1
1 1 /0

0
2 2 /0

{(110) , (111) }

{(100) , (101) }
x

x

⎧⎪⇒ ⎨
⎪⎩

,

where the system minterm (111)1,2 is eliminated 
from consideration because it was replaced by the 
element (111)1 of the pseudoperfect STF during 
the procedure (3);

1

1 0 1 1 2 2 1,21
1,2( /1)

1 1 2 2 1,2

(010) , (011) , (100) , (101) , (111)
(010) , (011) , (000) , (001) , (011)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

2 2 1,2 2 2 1,2

1 1 2 2 1,2

(000) , (001) , (011) , (100) , (101) , (111)
(010) , (011) , (100) , (101) , (111)

⊕⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

1

1

1
2 2 1,2 /1

0
1 /1

{(000) ,(001) , (011) }

{(010) }
x

x

⎧⎪⇒ ⎨
⎪⎩

, 

2

0 1 1 1 2 2 1,21
1,2( /0)

1 1 2 2 1,2

(010) , (011) , (100) , (101) , (111)
(010) , (011) , (110) , (111) , (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

2 2 2 2

1 1 2 2 1,2

(100) , (101) , (110) , (111)
(010) , (011) , (100) , (101) , (111)

⊕⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

2

2

1
2 2 /0

0
1 1 /0

{(110) , (111) }

{(010) , (011) }
x

x

⎧⎪⇒ ⎨
⎪⎩

,

Table 4

“10” x1 x2 x3 f2

12 /~xf
22 /~xf

32 /~xf

x1/0 x1/1 x2/0 x2/1 x3/0 x3/1

0
1
2
3
4
5
6
7

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

0
0
0
0
1
1
0
1

0
0
0
0
0
0
0
0

1
1
0
1
1
1
0
1

0
0
0
0
1
1
1
1

0
0
0
0
0
1
0
1

0
0
0
0
1
1
0
0

0
0
0
0
1
1
1
1

Table 5

Stuck-at-fault x1/~ x2/~ x3/~

s-a-0

0
100
101
111

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

( )1110 ( )0111

s-a-1

1
000
001
011

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

( )0100 ( )1110
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2

1 0 1 1 2 2 1,21
1,2( /1)

1 1 2 2 1,2

(010) , (011) , (100) , (101) , (111)
(000) , (001) , (100) , (101) , (101)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

1 1 1 1 1,2 1,2

1 1 2 2 1,2

(000) , (001) , (010) , (011) , (101) , (111)
(010) , (011) , (100) , (101) , (111)

⊕⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

2

2

1
1 1 1,2 /1

0
2 /1

{(000) , (001) , (101) }

{(100) }
x

x

⎧⎪⇒ ⎨
⎪⎩

,

3

0 1 1 1 2 2 1,21
1,2( /0)

1 1 2 2 1,2

(010) , (011) , (100) , (101) , (111)
(011) , (011) , (101) , (101) , (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

1 1 2 2

1 1 2 2 1,2

(010) , (011) , (100) , (101)
(010) , (011) ,(100) , (101) , (111)

⊕⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

3

0
1,2 /0{(111) }x

∅⎧⎪⇒ ⎨
⎪⎩

,

3

1 0 1 1 2 2 1,21
1,2( /1)

1 1 2 2 1,2

(010) , (011) , (100) , (101) , (111)
(010) , (010) , (100) , (100) , (110)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

1 1 2 2 1,2 1,2

1 1 2 2 1,2

(010) , (011) , (100) , (101) , (110) , (111)
(010) , (011) , (100) , (101) , (111)

⊕⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭

3

1
1,2 /1{(110) }x⎧⎪⇒ ⎨

∅⎪⎩
.

Table 6 contains the truth tables of the given sys-
tem and its “failured” variants, where different from 
f1,2 the values of the functions 

11,2 /~xf , 
21,2 /~xf , and 

31,2 /~xf  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 exam ple, 
the code (010) acts on the circuit input. But at its 
outputs, instead of f1 = 1 and f2 = 0, we have f1 =
= f2 = 0. Then two situations are possible here: 
either s-a-1 failure occurs at the input x1, i.e. x1/1, 
or s-a-0 fai lure occurs at the input x2, i.e. x2/0 
(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-

pa red to the first way, is shorter in terms of the al-
go rithm’ 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

1 1 2 3 1 2 1 2 3

2 1 2 3 1 2 1 2 3

( , , )
( , , )

f z z x z z z z x
f z z x z z z z x

= ∨⎧
⎨ = ∨⎩

, 

where 1 1z x= , and 2 2z x= , and in set-theoretic 
form — the system

 
1 1 1

1
1 1 1
2

{(10 ), (001)} {1, 4, 5}

{(01 ), (001)} {1, 2, 3}

Y

Y

⎧ = − ≡⎪
⎨

= − ≡⎪⎩
 

Table 6

“10” x1 x2 x3 f1,2

11,2 /~xf
21,2 /~xf

31,2 /~xf

x1/0 x1/1 x2/0 x2/1 x3/0 x3/1

0
1
2
3
4
5
6
7

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

0
0
11

11

12

12

0
11,2

0
0
11

11

0
0
11

11

12

12

0
11,2

12

12

0
11,2

0
0
0
0
12

12

12

12

11

11

11

11

0
11,2

0
11,2

0
0
11

11

12

12

0
0

0
0
11

11

12

12

11,2

11,2

Table 7

Stuck-at-fault 
in f1,2

x1/~ x2/~ x3/~

s-a-0 1

0

/0

100
101

x

⎛ ⎞
⎜ ⎟⎝ ⎠

1

1
1

1 /0

110
111

x

⎛ ⎞
⎜ ⎟⎝ ⎠

2

0

/0

010
011

x

⎛ ⎞
⎜ ⎟⎝ ⎠

2

1
2

2 /0

110
111

x

⎛ ⎞
⎜ ⎟⎝ ⎠

( )
3

0
/0111 x

s-a-1

( )
1

0
/1010 x

1

1
2

2

1,2 /1

000
001
011

x

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

( )
2

0
/1100 x

2

1
1

1

1,2 /1

000
001
101

x

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

( )
3

1
1,2 /1

110
x
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and the set of system minterms 1
1,2 1,2 2{(1) ,(2,3) ,Y =

1
1(4,5) } . Tables 8 and 9 display test codes on the 

1-level of the scheme for 1
1,2Y , determined using 

the procedures (3—6).
We have a system of functions on the 2-level of 

the scheme

 1 3 4 5 3 4

2 3 4 5 4 5

( , , )
( , , )

f z z z z z
f z z z z z

= ∨⎧
⎨ = ∨⎩

,

where z3=z1x2, z4=x1x2x3, z5=x1z2. In the set-theo-
re tic form, it is a system of perfect STFs {Y1

1, Y2
1}: 

Table 8

“10” z1 z2 x3 f1,2

11,2 /~zf
21,2 /~zf

31,2 /~xf

z1/0 z1/1 z2/0 z2/1 x3/0 x3/1

0
1
2
3
4
5
6
7

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

0
11,2

12

12

11

11

0
0

0
11,2

12

12

0
11,2

12

12

11

11

0
0
11

11

0
0

0
11,2

0
11,2

11

11

11

11

12

12

12

12

0
0
0
0

0
0
12

12

11

11

0
0

11,2

11,2

12

12

11

11

0
0

Table 9

Stuck-at-fault 
in f1,2

z1/~ z2/~ x3/~

s-a-0

1

0
/0(100)z

1

1
1,2

2

2 /0

101
110
111

z

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

2

0
/0(010)z

2

1
1,2

1

1 /0

011
110
111

z

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

( )
3

0
/0001 x

s-a-1 1

0

/1

010
011

z

⎛ ⎞
⎜ ⎟⎝ ⎠

1

1
1

1 /1

000
001

z

⎛ ⎞
⎜ ⎟⎝ ⎠

2

0

/1

100
101

z

⎛ ⎞
⎜ ⎟⎝ ⎠

2

1
2

2 /1

000
001

z

⎛ ⎞
⎜ ⎟⎝ ⎠

( )
3

1
1,2 /1

000
x

Table 10

“10” z3 z4 z5 f1,2

31,2 /~zf
41,2 /~zf

51,2 /~xf

z3/0 z3/1 z4/0 z4/1 x5/0 x5/1

0
1
2
3
4
5
6
7

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

0
12

11,2

11,2

11

11,2

11,2

11,2

0
12

11,2

11,2

0
12

11,2

11,2

11

11,2

11,2

11,2

11

11,2

11,2

11,2

0
12

0
12

11

11,2

11

11,2

11,2

11,2

11,2

11,2

11,2

11,2

11,2

11,2

0
0

11,2

11,2

11

11

11,2

11,2

12

12

11,2

11,2

11,2

11,2

11,2

11,2

Table 11

Stuck-at-fault 
in f1,2

z3/~ z4/~ x5/~

s-a-0
3

0
/0(100)z

( )
3

1
2 /0101

z

4

0
/0(010)z

4

1
2

1 /0

011
110

z

⎛ ⎞
⎜ ⎟⎝ ⎠

( )
5

0
/0001 x

( )
5

1
1 /0101

z

s-a-1
3

1
1

1,2 /1

000
001

z

⎛ ⎞
⎜ ⎟⎝ ⎠

4

1
1,2

1,2

1,2 /1

000
001
100

z

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠ 5

1
2

1,2 /1

000
100

x

⎛ ⎞
⎜ ⎟⎝ ⎠

Table 12

“10” x1 x2 x3 f1 f2 f3

0
1
2
3
4
5
6
7

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

0
0
0
0
0
1
1
1

1
0
0
0
0
1
0
0

1
1
0
1
0
0
0
0
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1 1 1
1
1 1 1
2

{(1 ),( 1 )} {2, 3, 4, 5, 6, 7}

{( 1 ),( 1)} {1, 2, 3, 5, 6, 7}

Y

Y

⎧ = − − − − ≡⎪
⎨

= − − − − ≡⎪⎩
, 

and a set of system minterms — 1
1,2 2{(1) , (2, 3,Y =

1
1,2 15, 6, 7) , (4) } . 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 {YI

1}, I = 1, 2, …, s is short-
er in terms of implementation steps in comparison 
to the algorithm based on the system of perfect 
STFs {Yi

1}, i = 1, 2, …, s.
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) = {f1(X), f2(X), f3(X)}, X = {x1, x2, x3} on the 
PLA, which is described by the truth table (see 
Tab le 12) (borrowed from [20, p. 197]):

Solution. The given system F(X), X = {x1,x2, x3}, 
is represented by a system of perfect STFs

1 1
1
1 1
2
1 1
3

{5,6,7}

{0,5}

{0,1,3}

Y

Y

Y

⎧ =
⎪⎪ =⎨
⎪ =⎪⎩

, 

and a set of system minterms 1
1,2,3 2,3 3 3{0 , 1 , 3 ,Y =

1
1,2 1 15 , 6 , 7 } .

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 

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

1 1
1,2,3 2,3 3 3 1,2 1 1{000 , 001 , 011 , 101 , 110 , 111 }

S
Y = ⇒

2,3 3 3 1,2 1 1

2,3 3 3 1,2 1 1

2,3 3 3 1,2 1 1

00 00 01 10 11 11
0 0 0 1 0 1 1 1 1 0 1 1

00 01 11 01 10 11

S
⎡ ⎤− − − − − −
⎢ ⎥

⇒ − − − − − − ⇒⎢ ⎥
⎢ ⎥− − − − − −⎣ ⎦

1
2,3 3 1,2 1{(000) , (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:

 1 1 2 3z x x x= , 2 1 3z x x= , 

 3 1 2 3z x x x= ,  4 1 2z x x= . 
(7)

According to (7), now we have the set of system 
minterms: 1 1

1,2,3 2,3 3 1,2 1{(0) ,(1,3) ,(5) ,(6,7) }Y = . 
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 1

1,2,3Y :

Fig. 2

1

0 1 2,3 3 3 1,2 1 11
1,2,3( /0)

2,3 3 3 1,2 1 1

(000) , (001) , (011) , (101) , (110) , (111)
(100) , (101) , (111) , (101) , (110) , (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭
1

2,3 3 3 2,3 3 3 2,3 3 3
0

2,3 3 3 1,2 1 1 1

(000) , (001) , (011) , (100) , (101) , (111) {(100) , (101) , (111) }
(000) , (001) , (011) , (101) , (110) , (111) {(110) }

⊕ ⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
⎩ ⎭ ⎪⎩

,
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1

1 0 2,3 3 3 1,2 1 11
1,2,3( /1)

2,3 3 3 1,2 1 1

(000) , (001) , (011) , (101) , (110) , (111)
(000) , (001) , (011) , (001) , (010) , (011)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭
1

1,2 1 1 1,2 1 1 1,2 1 1
0

2,3 3 3 1,2 1 1 2,3

(001) , (010) , (011) , (101) , (110) , (111) {(001) , (010) , (011) }
(000) , (001) , (011) , (101) , (110) , (111) {(000) }

⊕ ⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
⎩ ⎭ ⎪⎩

,

2

0 1 2,3 3 3 1,2 1 11
1,2,3( /0)

2,3 3 3 1,2 1 1

(000) , (001) , (011) , (101) , (110) , (111)
(010) , (011) , (011) , (111) , (110) , (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭
1

2,3 3 2,3 3 1,2 1,2 2,3 1,2
0

2,3 3 3 1,2 1 1 1

(000) , (001) , (010) , (011) , (101) , (111) {(010) , (111) }
(000) , (001) , (011) , (101) , (110) , (111) {(110) }

⊕ ⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
⎩ ⎭ ⎪⎩

,

2

1 0 2,3 3 3 1,2 1 11
1,2,3( /1)

2,3 3 3 1,2 1 1

(000) , (001) , (011) , (101) , (110) , (111)
(000) , (001) , (001) , (101) , (100) , (101)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭
1

3 3 1 1 1 1 1 1
0

2,3 3 3 1,2 1 1 2,3

(001) , (011) , (100) , (101) , (110) , (111) {(100) , (101) }
(000) , (001) , (011) , (101) , (110) , (111) {(000) }

⊕ ⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
⎩ ⎭ ⎪⎩

,

3

0 1 2,3 3 3 1,2 1 11
1,2,3( /0)

2,3 3 3 1,2 1 1

(000) , (001) , (011) , (101) , (110) , (111)
(001) , (001) , (011) , (101) , (111) , (111)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭
1

2,3 2,3 1 1 2,3
0

2,3 3 3 1,2 1 1 3 1,2

(000) , (001) , (110) , (111) {(001) }
(000) , (001) , (011) , (101) , (110) , (111) {(011) , (101) }

⊕ ⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
⎩ ⎭ ⎪⎩

,

3

1 0 2,3 3 3 1,2 1 11
1,2,3( /1)

2,3 3 3 1,2 1 1

(000) , (001) , (011) , (101) , (110) , (111)
(000) , (000) , (010) , (100) , (110) , (110)xY

⊕→ ⎧ ⎫
⇒ ⇒⎨ ⎬

⎩ ⎭
1

3 3 3 3 1,2 1,2 1 1 3 3 1,2
0

2,3 3 3 1,2 1 1

(000) , (001) , (010) , (011) , (100) , (101) , (110) , (111) {(000) , (010) , (100) }
(000) , (001) , (011) , (101) , (110) , (111) { }

⊕ ⎧⎧ ⎫ ⎪⇒ ⇒⎨ ⎬ ⎨
∅⎩ ⎭ ⎪⎩

.

Table 13 contains the truth table of the given 
system and its “failured” variants on the 0-level of 
the scheme, where the “failured” values 

11,2,3 /~xf , 

21,2,3 /~xf
 
and 

31,2,3 /~xf , due to stuck-at-faults (0/1) 
function, are highlighted in bold. 

The vectors of test codes determined on the 
0-level of the scheme are placed in Table 14 — they 
are sets of variables for the values of “failured” 
functions of the given system highlighted in bold 
in Table 13.

On the 1-level of the scheme (see Fig. 2), the 
vectors of the test codes of the given system will 
determine the conjuncterms (6) of the system of 
functions 

1 1 2 3 4 3 4

2 1 2 3 4 1 3

3 1 2 3 4 1 2

( , , , )
( , , , )
( , , , )

f z z z z z z
f z z z z z z
f z z z z z z

⎧ = ∨
⎪ = ∨⎨
⎪ = ∨⎩

, 
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which in set-theo retic form has the form

 

1 1
1
1 1
2
1 1
3

{( 1 ),( 1)}

{(1 ),( 1 )}

{(1 ),( 1 )}

Y

Y

Y

⎧ = − − − − − −
⎪⎪ = − − − − − −⎨
⎪ = − − − − − −⎪⎩

  

Hence the set of system conjuncterms is
1

1,2,3 1,2{(2, 3, 6, 7, 10, 11, 14, 15) ,Y =

1(1, 3, 5, 7, 9, 11, 13, 15) ,

2,3(8, 9, 10, 11, 12, 13, 14, 15) ,
1

3(4, 5, 6, 7, 12, 13, 14, 15) } .

The vectors of the test codes of the given sy tem 
on the 1-level are obtained after applying the 
procedures (3—6) to the binary system minterms 
of the set 1

1,2,3Y :

1
1,2,3 1 1,2 1,2 3{(0001) , (0010) , (0011) , (0100) ,Y =

1,3 1,2,3 1,2,3 1,2,3(0101) , (0110) , (0111) , (1000) ,

1,2,3 1,2,3 1,2,3 2,3(1001) , (1010) , (1011) , (1100) ,
1

1,2,3 1,2,3 1,2,3(1101) , (1110) , (1111) } .

For the illustrative purposes, we consider the 
definition of test codes only for the set 

1

1
1,2,3( /~)zY , 

since the test codes for 
2

1
1,2,3( /~)zY , 

3

1
1,2,3( /~)zY , 

4

1
1,2,3( /~)zY  are defined in a similar way:

Table 14  

Stuck-at-fault 
in f1,2,3

x1/~ x2/~ x3/~

s-a-0

1

0
1 /0(110 )x

1

1
2,3

3

3 /0

100
101
111

x

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

2

0
/0(110)x

2

1
2,3

1,2 /0

010
111

x

⎛ ⎞
⎜ ⎟⎝ ⎠

3

0

/0

011
101

x

⎛ ⎞
⎜ ⎟⎝ ⎠

( )
3

1
2,3 /0

001
x

s-a-1

( )
1

0
/1000 x

1

1
1,2

1

1 /1

001
010
011

x

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

( )
2

0
/1000 x

2

1
1

1 /1

100
101

x

⎛ ⎞
⎜ ⎟⎝ ⎠

3

1
3

3

1,2 /1

000
010
100

x

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

1

1 1,2 1,2 3 1,3 1,2,3 1,2,3
0 1 1,2,3 1,2,3 1,2,3 1,2,3 2,3 1,2,3 1,2,3 1,2,31

1,2,3( /0)
1 1,2

(0001) , (0010) , (0011) , (0100) , (0101) , (0110) , (0111) ,
(1000) , (1001) , (1010) , (1011) , (1100) , (1101) , (1110) , (1111)
(1001) , (1010) , (1zY

→
⇒

1,2 3 1,3 1,2,3 1,2,3

1,2,3 1,2,3 1,2,3 1,2,3 2,3 1,2,3 1,2,3 1,2,3

011) , (1100) , (1101) , (1110) , (1111) ,
(1000) , (1001) , (1010) , (1011) , (1100) , (1101) , (1110) , (1111)

⊕⎧ ⎫
⎪ ⎪
⎪ ⎪ ⇒⎨ ⎬
⎪ ⎪
⎪ ⎪⎩ ⎭

1 1,2 1,2 3 1,3 1,2,3 1,2,3

1 1,2 1,2 3 1,3 1,2,3 1,2,3

1 1,2 1,2 3 1,3 1,2,3

(0001) , (0010) , (0011) , (0100) , (0101) , (0110) , (0111) ,
(1001) , (1010) , (1011) , (1100) , (1101) , (1110) , (1111)
(0001) , (0010) , (0011) , (0100) , (0101) , (0110) , (0

⇒
1,2,3

1,2,3 1,2,3 1,2,3 1,2,3 2,3 1,2,3 1,2,3 1,2,3

111) ,
(1000) , (1001) , (1010) , (1011) , (1100) ,(1101) , (1110) , (1111)

⊕⎧ ⎫
⎪ ⎪
⎪ ⎪ ⇒⎨ ⎬
⎪ ⎪
⎪ ⎪⎩ ⎭

1
1 1,2 1,2 3 1,3

0

{(1001) , (1010) , (1011) , (1100) , (1101) }

{(1000)}

⎧⎪⇒ ⎨
⎪⎩

; 

Table 13

“10” x1 x2 x3 f1,2,3

11,2,3 /~xf
21,2,3 /~xf

31,2,3 /~xf

x1/0 x1/1 x2/0 x2/1 x3/0 x3/1

0
1
2
3
4
5
6
7

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

12,3

13

0
13

0
11,2

11

11

12,3

13

0
13

12,3

13

0
13

0
11,2

11

11

0
11,2

11

11

12,3

13

12,3

13

0
11,2

0
11,2

0
13

0
13

11

11

11

11

12,3

12,3

0
0
0
0
11

11

13

13

13

13

11,2

11,2

11

11
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1

1 1,2 1,2 3 1,3 1,2,3 1,2,3
1 0 1,2,3 1,2,3 1,2,3 1,2,3 2,3 1,2,3 1,2,3 1,2,31

1,2,3( /1)
1 1,2

(0001) , (0010) , (0011) , (0100) , (0101) , (0110) , (0111) ,
(1000) , (1001) , (1010) , (1011) , (1100) , (1101) , (1110) , (1111)
(0001) , (0010) , (0zY

→
⇒

1,2 3 1,3 1,2,3 1,2,3

1,2,3 1,2,3 1,2,3 1,2,3 2,3 1,2,3 1,2,3 1,2,3

011) , (0100) , (0101) , (0110) , (0111) ,
(0000) , (0001) , (0010) , (0011) , (0100) , (0101) , (0110) , (0111)

⊕⎧ ⎫
⎪ ⎪
⎪ ⎪ ⇒⎨ ⎬
⎪ ⎪
⎪ ⎪⎩ ⎭

1,2,3 1,2,3 1,2,3 1,2,3 2,3 1,2,3 1,2,3 1,2,3

1,2,3 1,2,3 1,2,3 1,2,3 2,3 1,2,3 1,2,3 1,2,3

1

(1000) , (1001) , (1010) , (1011) , (1100) , (1101) , (1110) , (1111) ,
(0000) , (0001) , (0010) , (0011) , (0100) , (0101) , (0110) , (0111)
(0001) ,(001

⇒
1,2 1,2 3 1,3 1,2,3 1,2,3

1,2,3 1,2,3 1,2,3 1,2,3 2,3 1,2,3 1,2,3 1,2,3

0) , (0011) , (0100) , (0101) , (0110) , (0111) ,
(1000) , (1001) , (1010) , (1011) , (1100) , (1101) , (1110) , (1111)

⊕⎧ ⎫
⎪ ⎪
⎪ ⎪ ⇒⎨ ⎬
⎪ ⎪
⎪ ⎪⎩ ⎭

1
1,2,3 1,2,3 1,2,3 1,2,3 2,3 1,2,3

0

{(0000) , (0001) , (0010) , (0011) , (0100) , (0101) }

{ }

⎧⎪⇒ ⎨
∅⎪⎩

.

Table 15

“10” z1z2z3z4 f1,2,3

11,2,3 /~zf
21,2,3 /~zf

31,2,3 /~zf
41,2,3 /~zf

z1/0 z1/1 z2/0 z2/1 z3/0 z3/1 z4/0 z4/1

  0
  1
  2
  3
  4
  5
  6 
  7
  8
  9
10
11
12
13
14
15

0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1

0
11

11,2

11,2

13

11,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

12,3

11,2,3

11,2,3

11,2,3

12

0
12

0
12

0
11,2

11,2

0
11

11,2

11,2

13

11,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

12,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

12,3

11,2,3

11,2,3

11,2,3

0
11

11,2

11,2

0
11

11,2

11,2

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

13

11,3

11,2,3

11,2,3

13

11,3

11,2,3

11,2,3

12,3

11,2,3

11,2,3

11,2,3

12,3

11,2,3

11,2,3

11,2,3

0
11

0
11

13

11,3

13

11,3

11,2,3

11,2,3

11,2,3

11,2,3

12,3

11,2,3

12,3

11,2,3

11,2

11,2

11,2

11,2

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

0
0
11,2

11,2

13

13

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

12,3

12,3

11,2,3

11,2,3

11

11

11,2

11,2

11,3

11,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3

11,2,3
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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-

Table 16

Stuck-at-fault in f1,2,3 z1/~ z2/~ z3/~ z4/~

s-a-0

1

0
/0(1000)z

1

1
1

1,2

1,2

3

1,3 /0

1001
1010
1011
1100
1101

z

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

2

0
/0(0100)z

2

1
1

1,2

1,2

1,2,3 /0

0101
0110
0111
1100

z

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

3

0
/0(0010)z

3

1
1

3

1,3

2,3 /0

0011
0110
0111
1110

z

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

4

0
/0(0001)z

4

1
3

2,3 /0

0101
1101

z

⎛ ⎞
⎜ ⎟⎝ ⎠

s-a-1

1

1
1,2,3

1,2,3

1,2,3

1,2,3

2,3

1,2,3 /1

0000
0001
0010
0011
0100
0101

z

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠ 2

1
3

1,3

1,2,3

1,2,3

2,3 /1

0000
0001
0010
0011
1000

z

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

3

1
1,2

1,2

1,2,3

1,2,3

1,2,3 /1

0000
0001
0100
0101
1100

z

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

4

1
1

1,3

1,2,3 /1

0000
0100
1100

z

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

tors of test codes, based on a set of system conjunc-
terms, differs in a smaller number of implementa-
tion steps in comparison with an independent al-
gorithm. The proposed stuck-at-faults (0/1) 
detection algorithm is simpler compared with 
other known algorithms in terms of the imple men-
tation complexity. It is due to the fact, that the 
procedures of finding the test codes, depending on 
the accepted assumption regarding the conditional 
malfunction of the studied circuit, are performed 
by simple replacement of log 0 on log 1 (3) or log 1 
on log 0 (4) in the binary system minterms of the 
functions of the given system. Therefore, the esti-
mation of the complexity of the proposed algo-
rithm does not belong to the NP class of power or 
exponential type.
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ПРОСТИЙ МЕТОД ВИЯВЛЕННЯ НЕСПРАВНОСТЕЙ ТИПУ 
STUCK-AT-FAULTS У ЦИФРОВИХ КОМБІНАЦІЙНИХ. СХЕМАХ. II

Вступ. Ця стаття є продовженням раніше опублікованої статті автора в науковому журналі “Control Systems 
and Computers”. В основі статті лежить удосконалений автором числовий теоретико-множинний метод 
виявлення (діагностування) несправностей типу stuck-at-faults (0/1), який застосовано до цифрових 
комбінаційних схем типу PIPO, що описуються системою логікових функцій. Визначити вектори тестових 
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кодів для виявлення місця та типу пошкодження в таких схемах доволі складно, оскільки у досліджуваній 
схемі пошкодження типу stuck-at-faults (0/1) може бути спільним для кількох функцій системи. У статті 
показано, що з двох можливих шляхів визначення цих векторів — незалежного і сумісного — ефективнішим 
щодо кроків реалізації алгоритму виявлення є останній. На відміну від відомих методів й алгоритмів 
пропонований підхід відрізняється простішою реалізацією пошуку векторів тестових кодів для виявлення 
несправностей типу stuck-at-faults (0/1) у довільних точках логікової схеми з багатьма виходами завдяки 
застосуванню кількох простих числових теоретико-множинних операцій і процедур.

Метою статті є запропонувати простий щодо реалізації числовий теоретико-множинний метод ви яв-
лення (діагностування) несправностей типу stuck-at-faults (0/1) у цифрових комбінаційних схемах типу 
PIPO, що описуються системою логікових функцій.

Методи. Запропоновано удосконалений числовий теоретико-множинний метод виявлення (діагнос ту-
вання) несправностей типу stuck-at-faults (0/1) у цифрових комбінаційних схемах типу PIPO.

Результати. Переваги пропонованого методу проілюстровано на прикладах комбінаційних схем типу 
PIPO, що описуються системою логікових функцій. Визначення векторів тестових кодів у довільній точці 
досліджуваної схеми виконується простими числовими теоретико-множинними операціями та про це ду-
рами. Наведені приклади засвідчують переваги пропонованого методу.
Ключові слова: цифрові комбінаційні схеми типу PIPO, несправності типу stuck-at-faults, вектори тестових 
кодів, числовий теоретико-множинний метод, операції та процедури.


