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A NEW METHOD FOR GENERATING TEST CODES

TO DETECT MULTIPLE STUCK-AT-FAULTS
IN COMBINATIONAL CIRCUITS. Part 2

The article is devoted to a new method of generating test codes to detect multiple stuck-at-faults
(0/1) type damages in digital combinational PIPO-circuits, which is based on the artificial
introduction of non-essential variables and the application of the procedure of g-partition
of the system minterms of a given system of functions. Due to the use of the numerical
set-theoretic approach, the proposed method differs from the known ones in a relatively
simpler practical implementation to detect stuck-at-faults (0/1) type damages both at one
point and simultaneously at several points simultaneously of the studied circuit.

Keywords: combinational PIPO-circuit, single and multiple stuck-at-faults (0/1) type damages,
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Introduction

The method of generating test codes for detecting multiple stuck-at-faults
(0/1) in combinational circuits, proposed in the previous article (Part 1), is
of particularly practical importance for digital microelectronics. In digital
devices of the PIPO type that are described by the system of functions
FX)={f,(X), L,(X),... f.(X)}, X=1{x;,x,,...,x,} , and compared to devices
of the PISO type, the interconnectedness of system functions makes the
detection of multiple stuck-at faults (0/1) considerably more difficult
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than detecting a single one. Multiple damage of the stuck-at-faults (0/1)
type in the studied circuit manifests itself as the simultaneous appearance
of an arbitrary combination of faults s-a-0 and s-a-1 at any of its points,
and therefore, the detected damage in any one function can simultaneous-
ly occur in other functions of the system. Therefore, the usage of the search
for such damage in logic networks that are based on single fault methods
and the determination of the code test vectors does not provide a reliable
result for the diagnosis of digital devices of the PIPO type.

A number of analytical and heuristic methods (path sensitizing,
Equivalent-Normal-Form (ENF) method, Karnaugh map and tabular
method, the ENF K-map method, the Boolean difference method, the
SPOOF and ILP method and Genetic Algorithm method) that have ap-
peared in the literature over the past decades is presented in [3]. There
are also methods for diagnosing multiple stuck-at-faults in combina-
tional circuits that work on the basis of modeling single faults with the
procedure of repeated addition and elimination of faults [4-6] and on the
analytical approach basis [7-14]. However, these methods have restrictive
assumptions about the final result and they are quite complex and
time-consuming in terms of finding test code vectors. Moreover, the pro-
posed structural approaches additionally complicate the correction of
design errors and impose certain practical limitations in the process of
detecting multiple damage in combinational PIPO-circuits.

The paper considers a method for generating test code vectors to de-
termine the location and of stuck-at-faults (0/1) type of single and multi-
ple faults in combinational PIPO-circuits. It is based on the artificial intro-
duction of one or more non-essential variables into the studied circuit and
the application of the well-known procedure of g-partition [15, 16] of the
system minterms of a given system of Boolean functions.

Theoretical Part

To determine the location and type of multiple stuck-at-faults (0/1) in
combinational circuits described by a system of Boolean functions [2], the
generation of test code vectors is performed using the same algorithm as
for a single function f (Part 1), but taking into account that the objects of
operations and procedures will now be system minterms m, ,m_,...,m, of
theset Y, _={m, ,m_,..m } withindices s, €{1,2,..,s} of functions of
the given system F(X), the total number gf which is equal to sx2".

The g-partition procedure (operator =) is performed over the system
minterms m,,m,_,..,m, of a given system F(X) for an arbitrary literal
mask {l, I, ol |15 1, ---lﬁq}, where I e{X,,x,} and the dash | is the
g-partition symbol. As a result, a set of partitioned system minterms is
formed, which consist of system subminterms of the (n — g)-class and
g-class. As noted in Part 1, binary subminterms of the (n — g)-class are
chosen to introduce “non-essential” variables. Therefore, the simplifica-
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tion of the set of partitioned system minterms is performed first by the pro-
V]
cedure of “right union” (operator =) and then (if necessary) by the pro-

cedure of “left union” (operator :|>) Then, “non-essential” variables will
be introduced for any partition mask provided that the values of the sys-
tem subminterms of the (n—g)-class form the complete set E;, where
r=1,2,..,(n—1) is the number of introduced “non-essential” Varlables.
Therefore, to introduce one (r=1) “non-essential” variable x; into the
system F(X), it is necessary to impose a literal mask {I, | I, ---I; } onthe
set of system minterms Mg M. M and to obtain (after the simplifi-
cation procedure) two subsets (E} =2) of partitioned system minterms
{0, 110,15} and {1, |l I, ---I, }. The latter, similarly as in [2], will

form pseudo-perfect STFs Y, , , and Y, , after introducing into the

values of their subminterms of the (n — g)-class (here 1-class) log 1 (x / 0),
forming {(0,, , 1)1 [, 15 .} and log O (x, / 1), forrmng{(Ol DI R

and applymg the concatenation procedure (operator :>) The elements
of the pseudo-perfect STFs Yl(x s0) and YS (/1 Of the “damaged” system
F(X) are then combined with the system minterms of the perfect STF Y, of
the given system F(X) in a polynomial format, where a 51mpl1f1cat10n
procedure is performed by eliminating pairs of elements that have the
same values and the same function indices, as well as by eliminating
those elements of the perfect STF Y.' that have a pair with the same value
but different indices. After that, the test code vectors in the case of single
stuck-at-faults (0/1) type damages will be formed in the form (4) and (5)
(Part 1).

In the case of introducing of two (r=2) “non-essential” variables x,
and x;, that is necessary to determine the desired vectors for multiple dam-
age at two points of the circuit, the algorithm is implemented in a similar
way, starting with the imposition of a literal mask {, I, |, I, -1, '} on
the set of system minterms of the given system F(X). At the same time,

in order to form four pseudo-perfect STFs Y. (i, /00) 7 YS1 (3, /01) st(xixj J10) 7

-1

Y;(xlxj 1+ 1t 1s necessary to introduce certain logical Values from the set
{00, 01, 10, 11} into the values of their subminterms of the (1 — g)-class (here
of 2-class) so that the complete set E; =4 is formed there and so on.

We also note, that similarly to the previous article (Part 1), when
| Y [>| Y?|, it is appropriate to execute all procedures and operations ta-
king into account the set Y?, as well as that the operations of combining
and simplifying the elements of the pseudo-perfect STF Yf ,~ and the
elements of the perfect STF Y will now be performed in the inverse

polynomial format; in particular, in the case of one “non-essential” va-
0 (]
riable x; this is the set { x(;/ N} . In order to determine the vectors of test

S

codes of the form (4) and (5) in this simplified set (Part 1), it is necessary to
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perform certain operations on the elements of these sets, taking into ac-
count the priority of the elements of the pseudo-perfect STF Y, ,_ over the
elements of the perfect STF Y. To implement the proposed approach
the initial requirement is to cancel first all the function indices in
the elements of the set Y, that is, to form a set of elements without in-

dices Y”. Next, it is necessary to perform procedural transformations

0
Yxi/N

on the elements of the sets {YO* into vectors of test codes of the form (4)

and Y” > C°

1
-C )~

and (5) Y e

o/~ that is, to perform transformations
{qu YC {Cx-/~ Y—C
" =4 " (where = is the transformation operator), according to
Y° e
the following rule:

1) move the elements of the set without indices Y into the set Cx Jm s
writing down all the indices s of the glven system F(X);

2) move the elements of the set Yx ,~ that have all the indices s of the
given system F(X) to the set C, ,_ by Canceling all their indices, and move
the elements of the set Yxo /-~ with indices s'<s to the set Cx /~ with in-
dices s—s'. -

Thus, the procedure for converting (operator = ) a set from the in-
verse polynomial format into a set of vectors of test codes of the form (4)
and (5) (see Part 1) looks like this (using the example of one “non-essen-

tial” variable x,):
Y—C x
{} frvsftn .
Y C. 0

x,/1 71720 | Y
: . 2
{ } {w {csﬂ ®

The transformation procedures (1) and (2) are illustrated by an example:

100, ,,101, ? {100, ,,101,}° v-c {000, ,,001, ,,101,,110, , ¥
= = .
000, ,,001,,110, {000,001,110}°  |{100}°
It is obvious that procedures (1) and (2) will be performed in the same

way for a larger number of “non-essential” variables, taking into account
the elements of the sets of indices of the functions of the given system.

Practical Part

Let us consider the proposed method of generating and determining test
code vectors based on the introduction of one or more “non-essential”
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Fig. 1

variables for detecting multiple stuck-at-fault (0/1) type faults on exam-
ples of circuits described by a system of functions.

Example 1. Determine test code vectors for detecting single and mul-
tiple stuck-at-fault (0/1) type faults at different points on the 0-, 1-
and 2-levels of the circuit shown in Fig. 1 (the circuit is borrowed from
[2,17, p. 87]).

Solution. The scheme in Fig. 1 is described by a system of functions

Xy, Xy, X)) = XX VXXX
{fl( 1% %3) 727U to which corresponds a system of perfect

fo(X1,%,,%5) = X, X, V X,2,Xy
Y! = {(01-), (1) =(2,3,7)'
Y, ={(10-),(111)}' ={4,5,7}'
Y}, ={010,,011,,100,,101,,111, ,}".

To detect stuck-at-fault (0/1) type “damages” at individual points of
the circuit, at the O-level of the circuit, we perform a 2-partition of the
system minterms of the set Y},

STFs {Y,',Y,} { and a set of system minterms

P2

Yf,Z = {0101,0111,1002,1012,1111,2}1 =
{llllzls} = {(O | 10111)11(1 | 0021012/111,2)}1

p
={LILL}= {(O|10/11)2r(1|001r011/111,2)}1 .
{lallllz} = {(O | 011/102 )r(l | 011 r102/111,2)}1

From here we define the vectors of test codes at the O-level of the
scheme, introducing into the studied scheme the “non-essential” variables
x,, X, and x,. As mentioned above, after the procedure of concatenation of
the partitioned system minterms, the next procedure is the simplification
in the polynomial format of the combined sets - pseudo-perfect STF
Y11,2(X‘_ ,» and perfect STF Y!,. It is performed by eliminating pairs of
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elements with the same values and indices, as well as elements of perfect
STF Y/, having the same values but different indices, compared to the
elements of the set Y}, ., (we will denote them by a dash with the
opposite slope). Therefore, the required vectors for the “non-essential”
variable x, are obtained as follows:

Yiae o = (((0,1)]10,11),}' ={(010,011,110,111), }* =

0105611 ,110,,111, ° [{110,,111,)*
= = ,
016;611;,100,,101,, 14, , {100,,101,}°

Yl

1,2

{0002 ,001,,011, ,,30605731047-H1 1, }@ {000,,001,,011, 2}1
= = 0 0
010,,0H, ,—}992—,1-912—,1—1—}1,2 {010, }

o =1(0,1)]00,,01,,11, ,} =5{000,,001,,011, ,,100,,101,, 111, ,}' =

for “non-essential” variables x, and x, we get the same vectors as in
([2] Table 7):
; B {110,,111,}" | _ {000,,001,,101, ,}' .
1,2(x, /0) {0101’0111}0 4 1,2(x, /1) {1002}0 4

e i {110,,}'
1,2(x5/0) {1111,2}0’ 1,2(x3/1) {@}0

To determine the vectors of test codes with simultaneous “damage” at
two points of O-level of the scheme, we apply the 1-partition of the system
minterms of the set Y, ,:

Pl

Y}, ={010,,011,,100,,101,,111, ,}' =
LI} =1(0012),(01]0,1),,(10]0,1), ,(11]1), .}
={{LL |L,}=1{(00,01]1),,(10]0),,(11]0,,1,,)}*  ;

{LL|L}=1{(00,01|1),,(10]0),,(11]0,,1, ,)}'

Vs = ((00,01,10,11) | 2} {2} =

1,2
%) ° |iey
= = 07
010,,011,,100,,101,,111, , {010,,011,,100,,101,,111, ,}

Yl],Z(x1x2/01) ={(00,01,10,11)| 0’1)1}1 =

i7;{(000,001,010,011,100,101,110,111)1}1 =
8 ISSN 3083-6573. Incpopmayinini mexronoeii ma cucmemu. 2025. No 3 (3)
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{{0001,0011,1001,1011,1101,1111 J

{0001,0011 010-01%,100,,101,,110,,111, }@
= =

=
{2)°

4

Ylaee o = ((00,01,10,11)|0,1),}! =
=5{(000,001,010,011,100,101,110,111),}* =
000,,001,,010,,011,,3100;,36%;,110,,111,]°

:'{moi,ml,ﬂfeez—,m}z,mm } -
{000,,001,,010,,011,,110,,111,}"
{{@}0 ’

Yiaem =1((00,01,10,11)[ 1), .} ={(001,011,101,111), ,}' =

001,,,011,,,101, ,, 141, @:> {001, ,,011, ,,101, ,}*
= ;
010,,0%,,100,,161, 14T, , {010,,100,}°

con

Y11,2(x1x3/00,01) =1{((00,01,10,11) | 1), }' ={(010,011,110,111),}' =

[©]
011,110,111, } . {{1101,1111}1

= 7
761%,,100,,101,, 14, , {100,,101,}°

Y11,2(x1x3/10) ={((00,01,10,11)| 0),}' g{(OOO,OOl,lOO,lOl)Z}1 =

000,,001, 10055161, ®:> {000,,001,}!
010,,011,,1605;161;,111, , {010,,011,,111,,}*"

on

Y!, m ={(00,01,10,11)]0,,1,,}' =
{000,,001,,010, ,,011, ,,100,,101,,110, ,,111, ,}' =
000,,001,,010, ,,011, , /4665516%,,110, , AT, , |°
:{mm%—wa—ﬂﬁr } -
{000,,001,,010, ,,011, ,,110, ,}*
{{@}0 ’

Yll,Z(x2x3/00,01) ={((00,01,10,11) | 1), }' C:0;{(100,101,110,111)2}1 =

100,,101;,110,,111, ¢ _ {110,,111,}!
010,011, 4605161, , 14, , {010,,011,}°

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 3 9
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Ylllz(wdw) ={((00,01,10,11) | 0),}' g{(OOO,001,()10,011)1}1 =

000,,001,616.5611, ¢ R {000,,001,}!
910,761 ,100,,101,,111, , {100,,101,,111,,,}*"

Yll,Z(x2x3/11) ={(00,01,10,11) | 01/11,2}1 =
25{000,,001,,010,,011,,100, ,,101, ,,110, ,,111, ,}' =

&)
0001,0011,9}91—,9&1,1001,2,1011,2,1101,2,1/1{1,2} .
1/ 1 ITGQ*z ITG‘Lz rml,z
R {000, ,001,,100, ,,101, ,,110, ,}'
(2)° '

Table 1 contains test code vectors for detecting possible stuck-at-fault

(0/1) type damages at two points of the O-level of the circuit.

Table 1
Stuck-at-fault in f, , X, X,/ ~~ Xy 2/~ Xy X3/~
010, )’
011
00 1001 110,)" (100, Y’ 110, (010,
s 2 111, ) |101, 111, \o11,
101, , ,
111,
000, '
001,
1 0 1 0
o1 100, (1101) (1002] (1102) (0101)
S-a-!
101, 11, ) {101, 111,) o1,
110,
111,
000, \'
001
2 010, ) 100, )’
0102 1 1
s-a-10 011 (0002) 011, (ooolj 101,
2
110, o01,) (111, oo1, ) (111,
111,
1 1
000, 000,
001, )’ 001, 001,
s-a-11 011,, | (010,Y 010, , 100, ,
101,, ) {100, 011, , 101, ,
’ 110, , 110, ,

10
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Similarly, we define the vectors of test codes on the 1-level of the sche-
24,25 ,X3) = 212y V 21 Z,X
me (see Fig. 1) for the system of functions {fl( 11%20%) e
fo(21,20,%5) = 212, V 212,

where z, =X, and z, =x,, to which corresponds the system of perfect STFs
v yh Y11 :{(10_)/(001)}1
VY] = ((01-),(001)}
or Y}, ={000, ,,010,,011,,100,,101,,110, ,,111, ,}°.

and hence Y;, ={001, ,,010,,011,,100,,101, }'

As aresult of the 2-partition of the system minterms of the set Y;,, we
obtain the following sets:

PZ

Y}, ={001, ,,010,,011,,100,,101, }' =

{L|LL}=1{(0]01,,,10,,11,),(1] 001,011)}1
= {lzlllls}:{(o|011,21101/111)/(1|002/012)}1 .

{lsllllz} = {(0 | 012,101 )1(1 | 001,2/0121101)}1

Let’s define the vectors of test codes for the “non-essential” variable z,:

Y11,2<z1/0) ={(0,1)|01,,,10,,11,}' C:U’;{OOL,Z,0102,0112,10112,1102,1112}1 =

7

_, [00tr0305701, 101,110,111, ®:> {101, ,,110,,111,}*
00%5,610,,01%,,100,, 161, {100, }°

Yll,Z(zl/l) ={(0,1)|00,,01,}' 2{0001,0011,1001,1011}1 =

000, ,001,,10010% ® [{ooo,,001,}*
= = .
064, ,,010,,011, ,100510%, {010,,011,}°

The test code vectors for z,, as well as for the remaining “non-essen-
tial” variables z, and x,, are the same as in (in [2] Table 9), namely:

1,2(z/0) 7 T2z /1) T

) {011,,,110,,111,}* _,  [{000,,001,}"
{010,)° {100,,101,}°"

(% v {000, ,}"
1,2(x3/0) — {0011,2}0’ 1,2(x3/1) — {@}0 '

In the case of simultaneous “damage” of the stuck-at-fault type (0/1)
at two points of the 1-level scheme of test code vectors, we retain after
1-split the system minters of the set:

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 3 11
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Yll,z = {0011,2,0102,0112,1001 ,1011}1 =
{LL|L,}={(00]1,,),(01]0,,1,),(10|0,,1,),(11| D)}
{l1l3 | lz} = {(OO | 12)/(01 | 01,2/12 ),(10,11 | 01)}1
{lzlz|ll} = {(00 | 11 )/(01 | 01,2/11 ),(10,11 | 02)}1

Yll,Z(zlzz/m) ={(00,01,10,11)|1,,}' g{OOle,0111,2,1()11,2,1111,2}1 =

oet, ,,011,,,101,,,111,, @:> {011,,,101,,,111,,}"
001, ,,010,,0%,,100,, 16, {010,,100,}°

con

Yll,Z(zlzz/Ol) ={(00,01,10,11)| 02/12}1 =
g{0002,0012,0102,0112,1002,1012,1102,1112}1 =

{0002,0012,91924,91%2,1002,1012,1102,1112}@
= =
061, ,,616;7611;, 160, , 101,

{000,,001,,100,,101,,110,,111,}'

@)’ ’
Y112(z 510 =1(00,01,10,11)[ 0,1, } :>

g{oool,0011,0101,0111,1001,1011,1101,1111}1 =

0001,0011,0101,0111,}991,49%1,1101,1111}@
=
12,030, , 04, 1007164

_, Jto00,,,001,,010,,011,,110, 111,
{2)°

Y112(z 2,/11) ={(00,01,10 11)|®} {@} =

@ ° ey
= = 0 ;
oo1, ,,010,,011,,100,,101, {001, ,,010,,011,,100,,101,}
Yll 22y, /00) = ={(00,01,10,11)|1, '= {0102,0112,1102,1112}1 =
®
- 57041,,110,,111, . {1102,1112}1
001, , /616;;61t,,100,,101, {0011’2,1001,1011}O
Y112(z x5 /01) ={(00,01,10, 11)|01 27 } =

2;{0001,2,0011’2,0102,0112,1001,2,1011,2,1102,1112}1 =
12 ISSN 3083-6573. Incpopmayinini mexronoeii ma cucmemu. 2025. No 3 (3)
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@
_, [000,,/0047610;703,100, 5,101, 110,111, *
001, ,,010,,011,,100,, 161,
_, J{000,;,100,,,101, 110, 111, !
{2)°
Ylan o = 1(00,01,10,11)[0,} ={000,,001,,100,,101,}' =

1,2

000,,001, /100-16%, ® [{o00,,001,}"
= = ;
001, ,,010,,011,;106,161, {010,,011,}°

y! ={(00,01,10,11)|1,} ={100,,101,,110,,111,}" =

1,2(zpx3 /00) —

—16%,,110,,111, ®:> {110,,111,}
001, ,,010,,011,,466;,16%, {001, ,,010,,011,}*’

Y11,2(zzx3/01) ={(00,01,10,11)| 01,2/11}1 =

24000, ,,001, ,,010, ,,011, ,,100,,101,,110,,111, }' =
{ooou,0011,2,0101,2,0111,2 ,100-,101,,110, ,1111}@
= =

/091/1,2 /MO\Z /61\1\2 7 1991 7 1811
{000, ,,010, ,,011, ,,110,,111,}!
{2)° '
Yﬁz(%/w,ll) ={(00,01,10,11)| 02}l i’;{0002,0012,0102,0112}1 =

000,,001, ,0105,0%%, @: {000,,001,}"
,7616556%1,,100, 101, {100,,101,}*"

The determined vectors of test codes at 1-level to detect “damages” at
two points of the circuit simultaneously, obtained by introducing two

fi(z1,2,,%5)

are pre-
fz(Zl,Zz,x3)/ P

non-essential variables of the system of functions {

sented in Table 2.
At the 2-level of the scheme (see Fig. 1) we have a system of functions

fi(23,24,25) =23 v 2, - - .
, where z,=Xx,, z, =x,X,X;, z;=Xx,X,, to which
fa(23,24,25) = 2,V 25

1 41 Yy ={(1--),(-1-)}'
corresponds the system of perfect STFs {Y],Y,}

. Yy ={(-1-), (=1}
as well as the sets of system minterms

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 3 13
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Y}, ={001,,010, ,,011, ,,100,,101, ,,110, ,,111, ,}" or ¥, ={000, ,,001,,100,}".
Since |Y,, )| Y, |, then on the 2-level of the scheme it is advisable to
apply the perfect STF Y/, .

Over the system minterms of the set

procedure:

From here we define the vectors of test codes at individual points

of the 2-level scheme taking into account the transformation procedure
Y—C

(operator = ):

YO

1,27

we perform the 2-partition

» {L, ILL}={(0]00, ,,01,),(1]00,)}’
Y10,2 = {0001,21001111002}0 = {lz | l1l3} = {(0 | 001,21011 1102 )1(1 | Q)}O .
{L;1LL,}={(0100, ,,10,),(1]00,)}"

Yl(fz(ZS/O) ={(0,1)| 00, ,,01,}* ={000, ,,001,,100, ,,101,}° =

000570061 ,100, ,,101, ° {100, 2,1011}O Y-C {1012}1
= ’ ’ = 0 = 0
0005700, 100, {2} {100}
Table 2
f1,2 Xy X,/ ~~ Xy Xy ~~ Xy Xy ~~
011)' 010’ 001, , 001, ,
s-a-00 101 ,(1002) 110)' | 100, 110)' | 010,
11),, ! 1), 101, 1), \o11,
000"
001 000,, ' 000,, '
100 100, , 010, ,
s-a-01 101 101,, 011,,
110 11(1)2 11;)1
1), 111, 111,
000
001 000" 000"
10 010 001 X 001 5
S-a-
011 010\’ 100Y’
110 011 ), 101 ),
111),
0
001, , 000" 000"
[on), [on).
s-a-11 011, . .
100 (010) (100]
101, 011), 101),
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Yoz, = {(0,1)]00,}° ={000,,100,}" =

000,100, ®  [{000,}° v~c [{000,,001, ,}’
= = = .
064, ,,001,,160, {001)° (@)°

4

Ys0.. 0 ={(0,1)]00, ,,01,,10,}° =5{000, ,,001,,010, ,,011,,100,,110,}° =

= =
1,27 17 2

_, {010,011, 110, v-c [{011,, 110, !
{@)° {010}

Y10,2(z4/1) ={(0,1)] o) ={2)" =

) ° iz v-c {{000, ,,001, ,,100, ,}'
= = = y
000, ,,001,,100, {000,001,100}° (D)

Y10,2(25/0) ={(0,1)| 001,2,102}0 g{OOOm,001112,1002,1012}0 =
000, ,,001, ,,100,,101,1°  [{001,,,101,}° v-c [{101,}*

= = = o
000, ,,001, 160, (2)° {001}

Y10,2(25/1) ={(0,1)[00, }O 2{0001 ,001, }O =
000, 001, ® [4000,}° v-c [{000,,100, ,}'
= = .
060, ,,00T,,100, {100}° (@)°

Table 3 contains the truth table of a given system of functions at
2-level of the scheme and its “damaged” variants in the case of stuck-at-

Table 3
ﬁ,223/~ .fl,224/~ fl,225/N
«10» 232,25 fl,z

z,/0 z/1 z,/0 z,/1 z,/0 z/1
0 000 0 0 1, 0 1, 0 1,
1 001 1, 1, 1, 1, 1, 0 1,
2 010 1, 1, 1, 0 1, 1, 1,
3 011 1, 1, 1, 1, 1, 1, 1,
4 100 1, 0 1, 1, 1, 1, 1,,
5 101 11 1, 1 1 L, 1, 1y
6 110 1, 1, 1, 1 1, 1, 1,
7 111 1, 1, 1, 1, 1, 1, 1,
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faults (0/1) at one point, caused by the introduction of one specific
“non-essential” variable, where the values of the “damaged” functions
fions~r frs,~- @and fi, ., which differ from the values of the fun-
ctions f,, of the given system, are highlighted in bold.

This table also illustrates how the proposed method “works” in the
event of damage at a single point on the 2-level of the studied circuit,
which is shown in Fig. 1. For example, if at the input code (0,1,0), both
outputs of the circuit are observed to be log. 0, at the input code ¢0,1,1)
we have log 1 only at the output f,, and at the input code (1,1,0) we have
log 1 only at the output f,, then this indicates that the circuit has damage
at a point z, of the stuck-at-faults type z, /0 (the 6th column in Table 3).

In the case of “damage” stuck-at-faults (0/1) on the 2-level at two
points of the scheme, we perform the procedure of 1-partition of the sys-
tem minterms of the set Y, :

o |{hk 1B} =1{(0010,,,1,),(01,112),(10] 0,)}°
> ={000, ,,001,,100,}° =4 {L1,|1,} ={(00]0,,),(01]0,),(10]0,),(11| Z)}" .
{L1;11}={(00]0, ,,1,),(01]0,),(10,11| @)}’

The vectors of test codes in the case of introducing two “non-essential”
variables are obtained as follows:

Y, 2 00) = 1(00,01,10,11) [0, ,, 1, 1 =

{000, ,,001,,010, ,,011,,100, ,,101,,110, ,,111,}* =

{ﬂeﬂmﬂe-l-l ,010, ,,011,,100, ,,101,,110, ,,111, F”
=

{{0101,2,0111,1001,2,1011,1101,2,1111}0 Hc{{o112,1012,1112 }
=

()0 {010,100,110}°
®
YO 1,10,11
1,2(252, /01,11) ={(00,01,10, )|®} :>{®} {0001,2,0011,1002} =
{®}0 YoC {0001,210011,2/1001,2}1
= = 7
{000,001,100}0 {@}O

Yse.. oy = 1(00,01,10,11)] 0,}° ={000,,010,,100,,110,}° =

000,,010, ,1@02,1102 {000,,010,,110,}" v-c {000, ,001, ,,010,,110,}"
= = s
060, ,,001,, {001}° (@)’
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Y, 200y = {(00,01,10, 11)|012} {0001,2,0011,2,1001,2,1011,2}O =

006, ,,001, ,,100, ,,101, ,]° . {0011,2,1001,2,1011,2}0v;c (@)
:> 7
060, ,,061,,160, () {001,100,101}°

Y2 o =1(00,01,10,11)| 0, }° =5{000,,001,,100, 101, }° =

{ooo1 ,001,,100,,101, }@ . {{0011,1001,1011 10 y;c{{omz,moz,lmz}l
=
060, , 00T, , 160, {2)° {2)°

7

YPaie.. oy = 1(00,01,10,11)|0,}° =5{000,,001,,100,,101,}° =

7

000,,001,,100,,101,]1°  {{000,,001,,101,}’ v~c [{000,,001,,101,}"
= o = o
12,061,160, {©} {2}

con

@D
Y°, 00,01,10,11 a)°
1,2(z325/11) {( ) | ®} { } = {0001210011 ,1002} -

. (@) e {000, ,,001, ,,100, ,}'
{000,001,100}° ~ |{@)° '

con

Y, 22,2 00) = 1(00,01,10,11) |0, ,, 1 -

{000, ,,001, ,,010, ,,011, ,,100,,101,,110,,111,}" =

{9601 ,,001,,,010, ,,011, ,,160,,101,,110,,111, }“3
=
000, ,,001,,160,

{0011,2,0101,2,0111,2,1012,1102,1112}0y;c {101,,110,,111,}"
{@)° {001,010,011}°

Yseor i = {(00,01,10,11)|0,}° ={000,,001,,010,,011,}° =

000, ,007T,,010,,011,° . {0001,010],011]}05 {000,,010,,011,,100, ,}'
=
060, ,,001,,100, {100}° (@)°

7

Y102(z425/10 11) ={(00,01,10, 11)|®} :>{ } =

% =k v-c [{000, ,,001, ,,100, ,}'
= = = .
000, ,,001,,100, {000,001,100}0 {@}0
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0-level 1-level
X1 Xy X3 X4 : :
| |
| &1 1
l i U1 pat—— h
| I {u—
| |
l . f
| & | U4
T |
' I
Fig. 2
Table 4
Stuck-at-fault in f, , X3,/ ~~ X35/ ~~ X5/ ~~
011 (010Y 001 Y 101Y (001Y
s-a-00 101 | | 100 100 110 | | o010
111 ] |110 101 111 | (o011
J
000 ) 001} 000, Y
01 001 100 010,
o 100 101 011,
2 2 1001,2
000, Y | 1
000 000
001, ,
s-a-10 o0, 001 001
! 101 | 100 | ,
110, :
000 ) 000 ) 000 )
s-a-11 001 001 001
100 ) , 100 ) , 100 ) ,

Table 4 contains vectors of test codes determined by the proposed
method for the case of stuck-at-fault (0/1) type “damages” at arbitrary
two points of the 2-level of the circuit.

Example 2. Determine the vectors of test codes to detect multiple
stuck-at-faults (0/1) type in the logic circuit shown in Fig. 2, which im-
plements the system of functions (the circuit is borrowed from [18, p.217]).

Solution. In the set-theoretic format, the given system

fa (g, 20,35, 2,) =X, XX,

Faxq,%5,25,%,) = X2,
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corresponds to a system of perfect STFs
LY =t6,7,12,13,14,15)"
0% {Y; ={0,2,4,6,7,8,10,12,14,15}"
which can also be represented by a set of system minterms

Y11,2 = {02 ’22 ’42 ’61,2’71,2 ’82 ’102 ’121,2’131 ’141,2 ’151,2 }1

or

Yl(iz = {01’11,2’21’31,2’41’51,2’81’91,2’101’111,2’132}0 .

Since both sets have the same power, we will use the set Y, to solve the
problem at the 0-level of the scheme.

First, we define vectors of test codes for detecting stuck-at-fault (0/1)
damage at separate points on the 0-level of the circuit (Fig. 2), introducing
one “non-essential” variable into the given system. To do this, we use the
procedure of 3-partition to system minters of the set Y, ,:

Y;1, ={0000, 0010, ,0100,,0110, ,,0111, ,,1000,,1010,,1100, ,,1101,,1110, ,, 1111, ,}1 5
{1, 1,11, } ={(0]000,,010,,100,,110, ,,111, ,),(1]000,,010,,100, ,,101,,110, ,,111, ,)}"

# |{L,]1,1,1,} ={0]000,,010,,100,,110,),(1] 000,010, ,,011, ,,100, ,,101,,110, ,, 111, ,)}*

VL) ={0] 000,,010,,100,,110, ,,111,),(1]000,,010, ,,011, ,,100,,110, ,, 111, ,)}*

{L,| LL,L,} ={0]000,,001,,010,,011, ,,100,,101,,110, ,, 111, ,),(1| 011, ,,110,, 111, , )}*

For the introduced “non-essential” variable x;, we obtain the following
vectors of test codes:

con

Y 5, 0 = {(0,1)]000,,010,,100,,110, ,,111, ,}' =

25{0000,,,0010,,0100,,0110, ,,0111, ,,1000,,1010,,1100,,1110, ,,1111, ,}' =

@
. {9@9@2—,9@4@2—,@)au-}@z—,9apfgrom—uu—lwy1,2,@@@2,w2,11002,ﬂ1+1ate)171+1ﬂ13f1,2 } .
0000,0010,,01000110 0414510005100, 1106, ,, 1101, 4310541
{1100,}'
= ’
{1101,}°
Yy =1(0,1)]000,,010,,100, ,,101,,110, 5,111, ,}' =

{0000,,0010,,0100, ,,0101,,0110, ,,0111, ,,1000,,1010,,1100, ,,1101,,1110, ,, 1111, ,}' =

N 9999799}95'01001,2 '01011' 1,27 1,27 27 27 1,27 17 1,27 1,2 }® N
27 2"61—695’ 1,27 1,27 27 27 1,27 17 1,27 1,2
{0100, ,,0101,}"
{{@}o
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Performing similar procedures and operations on the system minterms
of the set Y, ,, after the introducing of “non-essential” variables x,,x,,x,,
we obtain the following vectors of test codes:

Yoo {{01102,11002,11102}1
14(Xp 0’
{0111, ,,,1101,,1111, ,}

{0010, ,,0011, ,,1000, ,,1001,,1010, ,,1011, , }'

Y11,2(x2/1) = {{@}0 ,

7

o (0110, 1111}, {0100, ,,0101, ,,1101, , }*
12(x,/0) = (0111, 17 r Yo ) = ()
1,2

) {0001,,0011,,0101,,1001,,1011,,1101, ,}'
1,2(x,/0) {@}0

) {1100,}"
#2649 7 {0000,,,0010,,0100,,1000,, 1010,

The test code vectors obtained at the O-level of the scheme are listed in
Table 5.

By introducing two “non-essential” variables at the 0O-level of the
scheme, we will be able to determine the stuck-at-fault damage (0/1) in
it at two of its points and the values of the test code vectors. To do this, we
will apply the 2-partition procedure to the system minterms of the set ¥;';:

Table 5
Stuck-at-faultin f,, x,/~ X/~ x5/~ x,/~
1
0110, 0001,
1 1100, 0110, 1 0011,
S-a-!
(1101, )’ 0111, Y o1g 1001,
1101, (0111, ,) 1011,
1111, , 1101, ,
0010, , } (1100, )’
0011 0
0100, , | 10001'2 0100,, .
sa-l 1,2 1,2 0101, 0010,
0101, 1001, 1101 0100,
1010 12
12 1000,
1011, , 1010,
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Y,!, ={0000,,0010,,0100,,0110, ,,0111, ,,1000,,1010,,1100, ,,1101,,1110, ,, 1111, ,}' =

[{1,1, | 1,1,} ={(00] 00,,10,),(01] 00,10, ,,11, ,),(10] 00,,10,),(11] 00, ,,01,,10, ,, 11, ,)}*
{LL,| LL,} =1(00]00,,10,),(01]00,,10, ,,11, ,),(10] 00,,10, ,,11,),(11] 00,,10, ,, 11, ,)}*
= |{L,1,| L} ={(00] 00, ,01,,10,,11, ,),(01| 11, ,),(10]00,,01,,10, ,, 11, ,), (11|101,1112)}1 ¥
{LL,] L1,} =10000,,10,),(0100,,10,),(10{00,,10, ,,11,),(11[00, , 01, ,,10, ,,11, , )}’ -
{LL,| L} ={00]00,,01,,10,,11,),(01|@),(10]00,,01, ,,10, ,, 11, ,),(11] 011/2,101,11172)}1
{11, LL,} ={00]00,,01,,10,,11, ,),(01|11,),(10]00,,01, ,,10,,11, ,),(11| 01, ,, 11, ,)}!

[{1,1, | 1,1,} ={(00,10]00,,10,),(01| 00,,10, , 11, ,),(11]00, ,,01,,10, ,,11, ,)}’

{LLy| L,L,} ={(00]00,,10,),(01,11] 00,,10, ,,11, ,),(10| 00,,10, ,,11,)}*

v [{LL] LL} ={(00]00,,01,,10,,11,,),(01 11, ,),(10]00,,01,,10, ,,11, ,),(11] 10,11, ,)}*

AN {00,0100,,10,),(10]00,,10, ,,11,),(11] 00, ,,01, ,,10, ,,11, ,)}"
}
>}

{L1,|,1,}={00100,,01,,10,,11,),(01|@),(10| 00,,01, ,,10, ,,11, ,),(11]01, ,,10,,11, ,)}!
{1, L1,} ={00]00,,01,,10,,11, ,),(01]11, ),(10100,,01, ,,10,,11, ,),(11]01, ,,11, ,)}'

Using the example of introducing “non-essential” variables x, and x,,
which reflects the literal mask {I,/, |L,l,}, we will show the procedure for
determining test code vectors for the stuck-at-fault (0/1) damage case at
any two points on the O-level of the scheme:

Yllz (%,x,/00,10) ={(00,01,10,11)|00,,10, }

=5{0000,,0010,,0100,,0110,,1000,,1010,,1100,,1110,}" =

{eeeez—,ee}(az—,e}eei,onoz 10005,1610;,1100,,1110, }@
= =
00005,00105,6100; 0110, ,, 0111, , 40005, 101051100; ,, 1101, 71446, ,, 1111,

{0110,,1100,,1110,}!
4
{0111, ,,1101,,1111, ,}°

Y11,2(x1x2/01) ={(00,01,10,11)|00,,10, 5,11, ,}' =

£{0000,,0010, ,,0011, ,,0100,,0110, ,,0111, ,,1000,,1010, ,,1011, ,,1100,,1110, ,1111, ,}' =

{geeez,00101,2,00111,2 761005,6116,,61115,10005, 1010, ,,1011, ,,1100, ;051 , F’
= =
0066, ;00165 610061101 776111571006, /10165, 1106, 1101, , 1416, 57411, ,

_, Jt0010,,,0011, ,,1010, ., 1011, ,,1100,}"
{1101,}°
Y sen s =1(00,01,10,11) 00, ,,01,,10, ,, 11, ,}" =

210000, ,,0001,,0010, ,,0011, ,,0100, ,,0101,, 0110, ,,0111, ,,
1000, ,,1001,,1010, ,,1011, ,,1100, ,,1101,,1110, ,1111, ,} =
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[©]

0000, ,,0001,,0010, ,,0011, ,,0100, ,,0101, 644664 ,, 1000, ,, 1001,
= 1010, ,,1011, ,, 4100, 5,410% 11105111, , =
0060,,0016; 6100, 01105,0111, , 1600, 1610, 4100, 541011104,

{0000, ,,0001,,0010, ,,0011, ,,0100, ,,0101,,1000, ,,1001,,1010, ,, 1011, , }*
= .
{2’

The vectors of test codes for the remaining pairs of introduced “non-
essential” variables, namely (x,,x,), {(x,,x;), {(x,,x,) and (x;,x,), are
easily determined in a similar way, but not given here due to the cum-
bersomeness of the notation.

To determine the vectors of test codes in the case of three introduced
“non-essential” variables at the 0-level of the scheme, which, according to
the proposed method, allow to recognize the type and location of damage
simultaneously at three points of the studied scheme, we apply the
1-partition procedure to the system minterms of the set Y, ,:

Y}, ={0000,,0010,,0100,,0110, ,,0111, ,,1000,,1010,,1100, ,,1101,,1110, ,, 1111, ,}' =
{hhl 1L} =
NILEAR S
=
{LLL 1L} =
{LLl 1L} =

{(000,001,010,100,10110,),(011,1110, ,, 1, ,),(110]0, 1)}’
{(000,10010,,1,),(001,101|@),(010|0,,1, ,),(0111, ,),(110{0; ,, 1, ,),(111]0,, 1, ,)}* 1o
{(000]0,,1,),(001|@),(010,100,110}0,,1, ,),(011,111|1, ), (101| 1, )}’ -
{000,010|0,,1,),(001,011|@),(1000,,1, ,),(101]1,),(110,1110, ,, 1, ,)}*

Let us show the procedure for determining test code vectors using the
example of introducing three “non-essential” variables x,, x, and x,, by
using a literal mask {L,L,1, |1,}:

Yﬁz(x]xzx3 J000,001,010,100,101) = {(000,001,010,011,100,101,110,111) | 0,}' =

=5{0000,,,0010,,0100,,0110,,1000,,1010,,1100,,1110,}" =

{99992—,991-9—0}0%,01102,-1-666—}61-6-2, 5,1100,,1110, F
= =
ﬂ@ﬁez—,ﬁﬁﬁ)z—,ﬁﬂﬁz,ﬁﬂeiz,OHll/z ;10665 1610; 2,‘116‘912,11011 ,‘1‘1-1-65’2 ,11111/2

{0110,,1100,,1110,}*
{0111, ,,1101,,1111,,}°

con

Yf’z(xlxzxg/m,m) ={(000,001,010,011,100,101,110,111) | 0, ,, 1, , V=

={0000, ,,0001, ,,0010, ,,0011, ,, 0100, ,,0101, ,,0110, ,,0111, ,,1000, ,,
1001, ,,1010, ,,1011, ,,1100, ,,1101, ,,1110, ,,1111, ,}' =

0000, ,,0001, ,,0010, ,,0011, ,,0100, ,,0101, , ;6436;5,0%4, ,,1000, ,,1001, ,,|°
= 1010, ,,1011, ,,1168, ,,1101, , #4105+, | =
00005, 001050100, ,0110,5,011%, ,, 1000, 1610, ,1160, ,, 1164, 1116, 5,111 ,
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7

. {{00001,2,00011/2,00101/2,00111/2,01001/2,010112,10001/2,10011,2 ,1010, ,,1011, ,,1101, ,}*
{2y’

Y en oy = 1(000,001,010,011,100,101,110,111) |0, ,, 1, }* ={0000, ,,0001,,0010, ,,0011,,
0100, ,,0101,,0110, ,,0111,,1000, ,,1001,,1010, ,,1011,,1100, ,,1101,,1110, ,, 1111, } =

@

0000, ,,0001,,0010, ,,0011,,0100, ,,0101, 0416, ,,0111,,1000, ,,1001,,
= 1010, ,,1011, 44005 4H104,4430; ,, 1111, =
7,00165, 01065, 0110, , ;011 , /1600, 1010571100, 7 110171116; , /11y,

{{00001,2,00011,00101,2,00111,01001,2,01011,01111,10001,2,10011,10101,2,10111,11111}1
{2y '

Introducing in a similar way the remaining “non-essential” variables
for (x,,x,,x,), (x;,%;,x,) and (x,,x,,x,), we obtain vectors of test codes,
which are not given here due to the cumbersomeness of the notation.

At the 1-level of the scheme in Fig. 2, we have a system of functions

{fl(gllgzlga):£2 —

, where g, :xl_x2 , 8§ =X,X;, & =X, . In the set-theo-
f>(81,82,83) = 8285

retic format, the given system corresponds to the system of perfect STFs

1y )Y ={0--)(-0-)} ={0,1,2,3,4,5)
i, .} 1 ) ; ,»as well as the sets of system
YZ :{(_O_)I(__O)} :{011/2/4/5/6}

minterms Y,, ={0,,,1,,,2,,,3,,4,,,5,,,6,}' and Y/, ={3,,6,,7, ,}". Since
1Y, [ Y/, |, itis advisable to use the set of system minterms Y/, at 1-level
of the scheme.

We define the vectors of test codes at individual points of the 1-level of
the scheme by applying the 2-partition of the system minterms of the set Y, ,:

, {ll | 1213} = {(O | 112)/(1 | 101r111,2)}0
Y10,2 = {0112,1101/1111,2}0 = {lz |l1l3} = {(O | ),(1 | 012,101,111,2)}0 ’
{l3 | lll2} = {(O | 11, )/(1 | 012/111,2)}0

Y0y 0 =1(0,1)11,)° ={011,,111,)° =
_, e 111, ®:> {1112}°v;c {110, ,,111,}"
o, 110,714, , {110}° (@)° '

Ylo,Z(gl/l) ={(0,1)| 101,111,2}0 2;{0101,0111,2,1101,1111,2}O =

010,011, , 440444, |° . {010,,011, ,}° e [{010,)'

= 7
A, {2)° {o11)°
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%) @
Y? 0,1)| @)°
12(5,/0) =1(0,1) | }:>{ }${0112,1101,1111,2} =
- (@)° e {011,,,110,,,111, ,}'
{011,110,111}° ~ |{@}° '
Yl‘fz(gz 1 ={(0,1)]01,,10,,11, ,}° 211{0012,0112,1001,1101,1011,2,1111,2}0 =

:0012 T, ,100,,140,,101, ,, 4T, , F
- =
27 17 1,2

{001,,100,,101, ,}° ¥-c [{001,,100,}"
= =
(D) {101)°

7

Yoo 0 ={(0,1) 11,10 5{110,,111,}° =
_ [pop 1, @: (111,)° e [{011, , 111, )"
011,,1407, {011)° (@) '

Yﬂzm ) =10,1)] 01,,11, ,}°={010,,011,,110, ,,111, ,}° =

010,041,110, , 131, , | _ [{010,,110,,}°v-c [{010,}"
2 10, 1 {2y’ {110}°

To determine the vectors of test codes in the case of stuck-at-fault
(0/1) damage at two points on the 1-level of the circuit, we apply the
procedure of 1-partition of the system minterms of the set Yy, :

{(00,1012),(01]1,),(11]0,,1, ,)}°
{(0012),(01]1,),(10]1,),(11] 1, ,)}" .
{(00,01]2),(10]1,),(11]0,,1, ,)}"

, {LL, |15}
Y/, ={011,,110,,111, ,}* ={LL | ,,}
{LL 1}

Thus, we obtain the vectors of test codes at two “damaged” points on
the 1-level of the scheme:

®

%
Vg ={00.0L101D)|2) (@) = {011 110,111 }
27 17 1,2

{@)° 7€ {011, 5,110, 5,111, )
{011,110,111)° ~ |{2)°

7
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Y {(00,01,10,11)| 1,1’ ={001,,011,,101,,111,}° =

2($182/01) =
001,,0t,,101,,111,]°
:{Mz,llol, N } -
. {{0012,1012,1112}0 Y;c{{oml,1011,1101,2,1111}1,
{110}° (@)

con

Y {(00,01,10,11)|0,,1,,}°=

1.2(8182/11) ~

{000,001, ,,010,,011, ,,100,,101, ,,110,,111, ,}* =

{0001,0011,2,0101,0111,2,1001,1011,2 110,111 F
= =
\Gﬂi’iiel/ 1:111,2

. {0001,0011,2,0101,0111,2,1001,1011,2}0v;c {000,,010,,100,}*
{2)° {001,011,101}°

Y? {(00,01,10,11)| 2}’ {2}’ =

/2(8185/00) =

%) ° [y v-c [{011,,,110, ,,111, ,}"
= = = .
011,,110,,111, , {011,110,111)° (D)

4

Y2000 = {(00,01,10,11) 1,1 5{010,,011,,110,, 111, }° =
010,,04;,110,,111, F) . {{0102,1102,1112}0 y;c{{mo1 ,110,,111,}"
2 1 B, {2y {2y

4

Y? ={(00,01,10,11)|1,}° ={010,,011,,110,,111,}° =

1,2(8183/10

. {0101,0111 40,111, F . {{0101,0111,1111 10 Y;/c{{0102,0112,1112}1
011, 110, 141, (@) {2}

4

con

Y, , =1(00,01,10,11) | 11,2}0 :>{0101,2,0111/2,1101,2,1111,2}0 =

(8183 /11

010, ,,011, ,,110, ,, 131, , F’
=
o, 130y, 1M,

N {0101,2/0111,2r1101,2}0Y;}C {Q}l .
(D)° {010,011,110}°
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Y2 gp5, o0,y =1(00,01,10,11) | 2)° ={2)" =
g{@}o:> % ®: {@}0 Y;C {0111,2,1101,2,1111/2}1
011,,110,,111, , {011,110,111})°  [{@}°
Y 0,0010) = {(00,01,10,11) [ 1,}° 25{100,,101,,110,,111,}° =
100,101, 140,111, |
=
011,,136; 14, ,
{100,,101,,111,}° v-c [{011, ,,100,,101,,111,}"
= = ,
{011)° {2y
Y10,2(gzgs/11) ={(00,01,10,11)[0,,1,,}" =

25{000,,001,,010,,011,,100, ,,101, ,,110, ,,111, ,}’ =
{0002,0012,0102 L01T,,100, ,,101, ,,110, ,, 141, , }‘9
= =

031, 190, , 131, ,
. {0002,0012,0102,1001,2,1011,2,1101,2}0Y;c {000,,001,,010,}"
(@)° {100,101,110}°
Table 6
Stuck-at-fault in f, , 818/~~ 818/~~ 885/~
011, ) 011, ) 011, )
s-a-00 110, , 110, , 110, ,
111, 111, 111, ,
001, Y
1011 010, ] 011, 1
s-a-01 1101 110, 110, ,
1111’2 111, 111,
1
011,, )
011, ) 010, } 2
' 100
s-a-10 110,, 011, 2
' 101,
111 111
12 2 111,
000, ) (001Y 010\ 000, } (100Y
s-a-11 010, | ,| 011 011 001, |,|101
100, | | 101 110 010, | {110
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Table 6 contains vectors of test codes to detect stuck-at-faults at
arbitrary two points on the 1-level of the circuit.

Conclusion

A new method of generating test code vectors for determining the location
and type of stuck-at-faults (0/1) of single and multiple faults in com-
binational PIPO circuits is proposed. It is based on the artificial introduc-
tion of one or more non-essential variables into the studied circuit and the
application of the procedure of g-partition of system minterms of a given
system of Boolean functions. Compared to known methods and algo-
rithms, the proposed method is characterized by a relatively simpler im-
plementation and reliability of the final results of practical diagnostics
without the use of additional tools and restrictions. The examples given in
the article of determining the location and type of stuck-at-faults (0/1) of
single and multiple damages illustrate the effectiveness of the proposed
method.
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HOBUI METO[, TEHEPYBAHHSI TECTOBVX KOZIIB
JUT BVISIBIIEHHS MHOXKVHHVIX TTOINKOIPKEHD STUCK-AT-FAULTS
Y KOMBIHALIIMTHMX CXEMAX. YacTuHa 2

Beryn. [liarHocTyBaTy MHOXWMHHI HeclipaBHOCTI stuck-at-faults (0/1) y mmudpposux
cxemax Tuiy PIPO 3HauHO cKjlajHilre, HDX y mpuctposx Tuiy PISO (vactmza 1).
@DyHKIII cucTeMy IlepeBaXXHO B3a€MOIIOB'sI3aHi MiX coDOIO, a OTXe, BUsBJIeHe
TIOIIKO/PKEHHS B SIKiVICh OHIN (PYHKIIIT cXeMV MOXKe IeperaTycs iHMmX PyHKII
CYICTEMV, IIIO OIVICY€ POOOTY IOCIIKyBaHOT cxeMM. BinmosinHo, MeTomny reHepyBaH-
HS TeCTOBMX KOIiB Ha OCHOBi OOMHOYHMX HeCIIPaBHOCTEN He IIPAIlIOIOTh I CXeM
Ty PIPO, a Ti MeTogu ™ aJropuUTMM HiarHOCTMKM, IO BUKOPVUCTOBYIOTbH
MOJIeJIIOBaHHS OJIMHOYHVX HecIIpaBHOCTeV, YCKIIa/THeHi JI0/IaTKOBMMI IPOIiely paMy,
He JalOTh HaJiHOrO pes3yJIbTaTy. AHaJIOTiYHUV BUCHOBOK IIPO IIeBHI ITpaKTWYHI
OOMEXXeHHSI MOXKHA TaKOX 3poOWTM 1 [0 aHaITMUYHMX IIIXOmiB A0 O3B SI3aHHSI
3a3Ha4eHoI IIpobiIeM BUSBIIEHHS MHOXXMHHWX HeclpaBHocTewn stuck-at-faults (0/1)
y nudposux cxemax Tuny PIPO.

Mera crarTi. 3aniponoHyBaTV MeTO] FeHepyBaHHS BEKTOPIiB TECTOBVIX KOMIB VI
BUSIBJICHHS SIK OVIHOYHMX, TaK i MHOXKMHHVX HOIIKOIDKeHb Tuily stuck-at-faults (0/1)
y KoMOiHaniHux mpuctposx tmiry PIPO, sikuy HOPiBHSIHO 3 BiJOMVMIM MeTOJIaMU 11
IrOpUTMaMI MOXe 3a0e3IreuyBaTyi JOCTOBIPHI pe3yJIbTaTyl 3 JOIIOMOIOI0 peaIi3ariii
IPOCTMX OIepalliii i IIporenyp.

MeTtoam. 3anporoHOBaHWMII METOJ, TeHepYBaHHS TECTOBUX KOIIB IPYHTY€EThCA
Ha YMCJIOBOMY TeOPeTMKO-MHOXKMHHOMY IIAXOHi [0 peasisaliil Bcix omeparin i
HpoIelyp, a caMe: IITYYHOI'O BIIPOBa/PKeHHs Y OyJIOBUIT IPOCTIp 3a7aHol CUCTeMN
nopaux dynkuin  F(X), X={x,,x,,..,x,}, M0 ommucye poOOTy HAOCIi/KyBaHOT
PIPO-cxemu, opHOI abo Oinpiie (mo n — 1) HeicTOTHMX 3MIHHMX Ta 3aCTOCYBaHHI
TIPOTIEY PU -PO3OUTTS IO CUCTEMHVX MiHTEPMIB 3 ypaxyBaHHSIM iHeKciB PyHKITiT
3astaHol cucremu F(X).
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PesynpraTit. 3aBISKM 3aCTOCYBaHHIO IIPOLIEAYPU §-pO3OUTTS CMCTEMHMX MiH-
TepMiB BIIPOBa/)KeHHS «HEICTOTHMX» 3MiHHMX y OyJIOBWV IIPOCTip 3a1aHoI crcTe-
MM 3a0esIedye BWSABJIEHHS BCIX MOXJIMBUX SK OAMHOYHMX, TaK i MHOXMHHVIX
HOIIKO/DKeHb Ty stuck-at-faults (0/1) y mocmimKysaHin cxeMi. YHaCTZOK LIOTO
dopmyroTecst 2" (r=1,2,..,n—1) mceBmomockoHammx TM® «IIOMIKOMKeHO»
cucremu F(X), Ha mincrasi sSkvx miciist BUKOHAHHS IIPOCTVIX ONeparliii CIIPOIIeHHS
OJIeP>KYIOThCS IITyKaHi BEKTOPY TeCTOBIMX KOJIiB, 3 JIOITOMOTOIO SIKVX MOXKHA BU3HAUNUTU
B CXeMi $K MiCIle IIOIIKOPKeHHS], TaK 1 TUII OOVMHOYHOIO Ta MHOXMHHOIO stuck-at-
faults (0/1) IOMIKOKEHHS.

BucHOBKM. 3amporioHOBaHO HOBUV MeTOJ TeHepyBaHHS BEKTOPIB TeCTOBMIX
KOMiB I BU3HA4YeHHs MicIid i tuny stuck-at-faults (0/1) opmrHoOUHMX i MHOXMHHMX
HOIIKOKeHb Y KoMOiHaniHmx PIPO-cxeMax, 110 IPYHTYETHCS Ha IITYYHOMY BIIPO-
Ba/DKeHHI B JIOC/TIKYBaHy cxeMy OHO1 i OijIbITie HeiCTOTHMX 3MiHHMX Ta 3aCTOCyBaHHi
HpOLeNypU §-PO30UTTS CUCTEMHMX MIHTEPMIB 3ajaHOI crcTeM OyJIOBUX (PYHKIIIVL.
ITopiBHAHO 3 BiTOMVMMI METOJIaMM Ta aJlfOPUTMaMM MeTOf, Biflpi3HAETHCSA BiITHOCHO
OPOCTIIIOKD peaIi3alliclo Ta HANiVHICTIO OTPVMAaHMX OCTaTOYHMX pe3yJIbTaTiB
HPaKTWYHOI AiarHOCTMKM 0e3 3acToCyBaHHS HONATKOBMX 3acobiB Ta oOMeXeHb.
Hasepieni B cTaTTi mpuKIagy BUsHaYeHHs MicIis i Ty stuck-at-faults (0/1) omyHouHMX
i MHOXXVMHHMX IIOIIKO/IKeHb UTIOCTPYIOTh e(peKTMBHICTh IIPOIIOHOBAHOTO METOTY.

Karouobi caoba: xombinayitina PIPO-cxema, 00uHouHe ma MHOXKUHHE NOUKOOXKEHHA MUny
stuck-at-faults (0/1), npoyedypa g-po3dummsa cucmeMHUx MiHmepmi6, HeicmomHi 3MiHHi,
Bexmop mecmoBux k00ib.
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