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Abstract— A logic diagnosis procedure provides information
about the defects that are present in a faulty unit as a set of
candidate faults. To obtain smaller, and more accurate, sets of
candidate faults, a diagnostic test generation procedure produces
a test set that distinguishes fault pairs. This paper observes
that large sets of candidate faults are obtained when multiple
defects are present in a faulty unit, even if a diagnostic test
set is used for logic diagnosis. This points to the possibility
that fault pairs do not provide a complete set of targets for
diagnostic test generation. The paper analyzes the conditions
that cause a large set of candidate faults to be formed under a
particular logic diagnosis procedure, and suggests new targets for
diagnostic test generation. Experimental results for benchmark
circuits demonstrate that a diagnostic test set can be improved
by adding diagnostic tests for the new targets.

Index Terms— Diagnostic test generation, logic diagnosis, can-
didate faults, transition faults.

I. INTRODUCTION

The goal of logic diagnosis is to provide information about
the defects that are present in a faulty unit after it had produced
a faulty output response to a test set [1]-[16]. The defect
information is represented as a set of candidate faults that point
to the locations of the defects in the faulty unit. To obtain
additional information about the defect locations and types,
physical failure analysis may be carried out considering the
sites of the candidate faults. The set of candidate faults should
be as small as possible to facilitate physical failure analysis.

A two-phase logic diagnosis process is commonly used for
reducing the complexity of logic diagnosis [17]. Such a logic
diagnosis process applies the same test set to all the units in
the first phase. The test set is typically a fault detection test
set. Using the same fault detection test set for all the units
simplifies the test application process in the first phase. For
a faulty unit that produced a faulty output response in the
first phase, logic diagnosis is carried out to produce a set of
candidate faults. The second phase is applied to faulty units
with large sets of candidate faults. In this phase, a diagnostic
test set [17]-[36] is computed, and applied to the selected
faulty units. The extended output response of the faulty unit
is used by the logic diagnosis procedure to produce a smaller,
and more accurate, set of candidate faults. Physical failure
analysis is applied to faulty units with sufficiently small sets
of candidate faults.

Diagnostic test generation is applied to pairs of faults [17]-
[36]. A diagnostic test for a pair of faults (fo, f1) distinguishes
the faults by causing the circuit to produce different output
responses for fy and fi. When a pair of faults is distinguished,
the logic diagnosis procedure can decide to include only one
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of the faults in the set of candidate faults. This allows it to
produce a smaller set of candidate faults.

With a two-phase logic diagnosis process, diagnostic test
generation is carried out only for fault pairs that appear
together in large sets of candidate faults [17], [35], [36].
Alternatively, it is possible to apply diagnostic test generation
to all the fault pairs that are not distinguished by the fault
detection test set [18]-[34]. This allows the diagnostic test
set to be generated before logic diagnosis is carried out for
any faulty unit. The diagnostic test set is larger in this case,
and the computational effort for diagnostic test generation is
larger. However, it provides all the diagnostic tests that may
be produced based on fault pairs.

This paper observes that, even if a diagnostic test set is
used for logic diagnosis, large sets of candidate faults may be
obtained when certain multiple defects are present in a faulty
unit. A multiple defect consists of two or more single defects
that are present in the faulty unit together. Multiple defects
of high multiplicities are likely to occur in new technologies.
Although the defect multiplicities decrease as the technology
matures, the density of devices and the small feature sizes
make it common for multiple defects to occur even in mature
technologies. When several defects are present in a faulty
unit together, their effects may interact. The resulting output
response may match that of a fault in a location that is not
actually faulty. As a result, the logic diagnosis procedure may
include more faults than necessary in the set of candidate
faults. The occurrence of large sets of candidate faults in
the presence of some multiple defects was demonstrated in
[37]-[39]. The experiments in [39] are carried out using a
commercial logic diagnosis tool.

The fact that a large set of candidate faults can be obtained
even under a diagnostic test set points to the possibility that
indistinguished fault pairs do not provide a complete set of
targets for diagnostic test generation. The goal of this paper
is to analyze the conditions that cause a large set of candidate
faults to be formed, and suggest new targets for diagnostic test
generation. With the new targets, additional diagnostic tests are
generated, and the logic diagnosis procedure yields smaller
sets of candidate faults. Consequently, the accuracy of logic
diagnosis is improved.

The analysis in this paper is performed with respect to
a particular logic diagnosis procedure [15]. The procedure
belongs to a class of logic diagnosis procedures that use a set
of modeled faults F'. By applying fault simulation to F’, they
assign a score to every fault in F. The faults are ranked based
on their scores, and the ranked list of faults is used for defining
a set of candidate faults. The defect diagnosis procedures from
[11, [2], [71, [9], [11], [13] and [15], as well as commercial
tools, belong to this class of procedures. Although the analysis
in this paper is performed with the logic diagnosis procedure



from [15], the approach developed based on it is applicable to
any logic diagnosis procedure from this class. To support this
argument it is important to note that an approach related to the
selection of diagnostic tests (different from the one considered
in this paper) is shown in [37]-[39] to be applicable to different
logic diagnosis procedures.

Diagnostic test generation for the new diagnostic targets
starts from an initial test set. For the experiments in this
paper, the initial test set is one of three test sets. (1) A
diagnostic test set Tg;q4 that was generated by targeting the
indistinguished fault pairs of a fault detection test set. New
targets for diagnostic test generation are computed based on
T4iag, and new diagnostic tests are generated based on these
targets. The use of Tyq4 as an initial test set is important
for demonstrating that the new targets are needed even if
diagnostic test generation has already been carried out based
on fault pairs. (2) Instead of a diagnostic test set, an n-
detection test set is also useful for diagnosis (although not
as effective as a diagnostic test set). A ten-detection test set
T104et is considered in this paper. (3) It is also possible to
apply the new targets and diagnostic test generation procedure
starting from a fault detection test set, and avoid the need to
perform diagnostic test generation based on fault pairs, or n-
detection test generation. A fault detection test set T'rge; is
used as an initial test set to demonstrate this case.

For the experiments in this paper, a simulation framework
is used for computing multiple defects with large sets of
candidate faults. In a real environment, it is possible to use
real defects with large sets of candidate faults. The diagnostic
test generation procedure requires knowledge of the defect that
is present in the circuit. This information is readily available in
a simulation environment. Two sets of experimental results are
used for demonstrating that diagnostic tests generated based
on certain known defects are useful for other defects as well.

The paper is organized as follows. Section II describes the
simulation framework that yields multiple defects with large
sets of candidate faults. Section III suggests new targets for di-
agnostic test generation based on large sets of candidate faults.
Section IV describes the diagnostic test generation procedure
for the new targets. Experimental results of diagnostic test
generation are presented in Section V.

II. LARGE SETS OF CANDIDATE FAULTS

This section describes a simulation setup where large sets
of candidate faults are produced. The setup consists of an
iterative procedure that selects multiple defects for simulation,
and applies a logic diagnosis procedure to them. Defects that
produce large sets of candidate faults are stored in a set D.
The notation used for a defect D; is summarized in Table I.

In the simulation environment used in this paper, a set
of faults F' is used as a source for defects. A defect D, of
multiplicity m; > 2 is obtained by selecting m; faults from F'
randomly, and including them in D;. The only constraint on
the selected faults is that D; should not include two faults on
the same line. For example, with transition faults, D; does not
include both the rising and falling transition on the same line.
Such faults are detected by different tests, and their effects

TABLE I
NOTATION
symbol | meaning
D; defect
m; multiplicity, or number of single faults in D;
C; set of candidate faults for D;
&i |Ci|/|Dil, referred to as excess

Vi CiND;
oi(t) quality metric for a diagnostic test targeting D;

o number of diagnostic test generation attempts for D;
ts initial test set

ind index of a defect
mult multiplicity of the defect

tests number of tests
att number of diagnostic test generation attempts

cand number of candidates
excess | value of the excess
resol value of the diagnostic resolution
prec value of the diagnostic precision
diag number of times logic diagnosis is applied
dtg number of times diagnostic test generation is applied
TABLE II
EXAMPLE SET OF DEFECTS
i | D; Ci &i
0 266 712 12 71 266 712 763 25
1 252 737 123 252 683 716 737 2.5
2 232 271 361 64 120 193 232 255 271 361 2.333
3 155 363 366 93 142 155 251 357 363 366 2.333
4 | 69334551761 10 14 69 73 264 334 551 758 761 2.25

do not interact to create output responses that are difficult to
diagnose.

After D; is obtained, a logic diagnosis procedure is applied
to compute a set of candidate faults C;. Logic diagnosis
is carried out by the procedure from [15]. The set C; is
considered to be large if |C;| > 2|D;|, i.e., C; contains more
than twice the number of defects present in the faulty unit.
In this case, D; is stored in D. The faults in D; are removed
from F' to ensure that they are not used for defining additional
defects. This keeps the defects in D disjoint, and ensures that
the results are not biased by a particular fault that appears
repeatedly as a defect.

The selection of defects is performed with increasing defect
multiplicity, 2 < p < 7. For every value of u, 10(u — 1)
defects of multiplicity p are defined, and defects that produce
large sets of candidate faults are stored in D. The selection of
defects terminates after obtaining 20 defects with large sets of
candidate faults.

Suppose that this process yields a set of N < 20 defects,
D = {Dy,Dy,....,Dn_1}. The corresponding sets of can-
didate faults are Cy, C1, ..., Cn_1, with |C;| > 2|D;| for
0 <4 < N. The ratio |C;|/|D;| is referred to as the excess,
and denoted by &;.

An example of a set D for benchmark circuit s382 is
shown in Table II. The circuit has 764 transition faults that
are included in the set F'. The first five defects from D are
shown in Table II. For every defect D;, Table II shows the
indices of the faults included in D;, the indices of the faults
included in C;, and the excess &;.

Other parameters that are used for measuring the effective-



ness of logic diagnosis are the following. The resolution is
defined as |C; N D;|/|C;|. This is the fraction of candidate
faults that identify defects from D; correctly. The precision is
defined as |C; N D;|/|D;|. This is the fraction of defects from
D; that are included in the set of candidate faults. The number
of candidate faults |C;|, and the excess &;, are considered in
this paper to be more important than the other parameters since
a large set of candidate faults prevents physical failure analysis
from being carried out.

The logic diagnosis procedure from [15] is effective in
diagnosing multiple defects, including ones with high mul-
tiplicities. It follows the lines of the procedure from [2], and
uses a set F' of modeled faults to define sets of candidate
faults. Given a defect D; with a response R(D;), the procedure
computes the output response R(f;) for every fault f; € F.
By comparing R(f;) with R(D;), the procedure computes a
score s(f;) for f;. The score is equal to the number of bits
where R(f;) is equal to R(D;). A higher score makes it more
likely that f; is present in the faulty unit. Mismatches between
R(f;) and R(D;) do not reduce the score since multiple
defects result in large numbers of mismatches that do not
add diagnostic information when logic diagnosis is based on
single faults. Considering every output value separately, the
procedure includes in C; the faults from F' with the highest
scores that produce the same output value as D;. This ensures
that all the output values of D, are explained by candidate
faults with the highest scores, and contributes to the accuracy
of diagnosis.

The set F' for the experiments in this paper consists of
transition faults. The fault detection test set T'qc; and the ten-
detection test set Thpg4e¢ are compact test sets for transition
faults that consist of broadside and skewed-load tests. The
diagnostic test set Tgy;q4 is produced by the diagnostic test
generation procedure described in [29]. This procedure starts
from a fault detection test set that consists of broadside and
skewed-load tests. The procedure adds broadside and skewed-
load tests to distinguish fault pairs that are not distinguished
by the fault detection test set. The use of both broadside and
skewed-load tests ensures that the test sets detect as many
faults as possible, and distinguish as many fault pairs as
possible, under the constraints of standard-scan.

III. NEW TARGETS FOR DIAGNOSTIC TEST GENERATION

This section analyzes the situation where a large set of
candidate faults C; is obtained for a defect D;, and suggests
a new target for diagnostic test generation based on D; and
C;. The test set used for logic diagnosis is denoted by 7', and
can be Tgiag, T10det> OF Tpdet-

Let V; = C; N D; consist of the candidate faults in C; that
are part of the defect D;. Let X; = C; — D, consist of the
candidate faults in C; that are not part of the defect D;. These
faults are referred to as extra candidate faults. The reason an
extra candidate fault f; € X is included in C; is that its score
is at least as high as those of the faults in V;. To allow the
logic diagnosis procedure to exclude f; from Cj, the score
of f; needs to be lower than the scores of the faults in V.
This can be accomplished by adding a new diagnostic test. In

general, the diagnostic test needs to have smaller contributions
to the scores of the faults in X; compared with the ones in
Vi.

Based on this discussion, a new target for diagnostic test
generation is defined based on D; and C; as follows. For an
arbitrary test ¢, let the output response of the defect D; be
R(t,D;). For a fault f; € F, let the output response to t
be R(t, f;). The number of bits where R(t, f;) is equal to
R(t, D;) is denoted by s(¢, f;). This is also the contribution of
t to the score of f; if it is added to T'. The target for diagnostic
test generation is to generate a test ¢ such that s(¢, f;) is as
high as possible for a fault f; € V;, and as low as possible
for a fault f; € X;. To capture both targets, the quality of ¢
as a diagnostic test is measured by the parameter

oi(t) = 2 As(t, f5) = f3 € Viy = 2 {s(t, /) : i € Xi}

The new target for diagnostic test generation is to generate
a test ¢ for which o;(t) is as high as possible.

This target for diagnostic test generation is different from
the target used in [17]-[36], where the goal is to distinguish
fault pairs. Even if fault pairs from C; are distinguished, the
scores may not change in a way that will allow the logic
diagnosis procedure to reduce the number of extra candidate
faults. The new target addresses the scores of individual faults
without considering fault pairs.

It is also interesting to note that using fault pairs from C;
creates |C;|(|C;| — 1)/2 target fault pairs. Only one target is
defined for C; based on o;(¢). Several tests may be generated
for C; by recomputing o;(t) as T, C; and X; change.

IV. NEW DIAGNOSTIC TEST GENERATION PROCEDURE

This section describes the generation of diagnostic tests for
the new diagnostic targets defined in Section III. The goal is
to complement a given test set, 7. The new diagnostic test
generation procedure is illustrated by Figure 1.

A. Target Defects

The procedure from Figure 1 considers the defects produced
by the simulation framework from Section II one by one.

For a constant A, the procedure performs diagnostic test
generation for a defect D; € D up to A times, or until §; =1
is obtained. Every time an attempt is made to generate a new
diagnostic test for D;, the procedure increments a variable «;
by one. After «; reaches A, D; is not targeted again. The
constant A = 30 is used in this paper. It is divided as follows.

An attempt to generate a diagnostic test ¢ for D; starts by
initializing ¢ to be equal to one of the tests from T'. The test
used for initialization of ¢ is selected randomly, but with the
following constraints.

A test that detects D; is more likely to yield a diagnostic
test for D;. Therefore, the constant A is divided into A; and
Ag such that A; > Ap. For initialization of ¢ in different
attempts, the procedure uses up to A; tests that detect D;,
and up to Ay tests that do not detect D;. The constants used
for the experiments are A; = 20 and Ay = 10.



obtain a defect D; with &; > 2;
assign o; =0

'

generate a test ¢ to increase o;();
increment o;

'

o,(t) is increased?

‘yes

addtto T

'

call the logic diagnosis procedure with
T and D;; let the new set of candidate
faults be C7"

'

i <ICi?

no

yes ‘no

remove ¢ from T’

'

&i>1land o; < A?

yes no

Fig. 1. Diagnostic test generation procedure

B. Generating a New Diagnostic Test

To generate a new diagnostic test ¢ for D;, the procedure
described in this section initializes ¢ such that it is equal to
one of the tests in 7'. It then attempts to increase o;(t) by
modifying ¢ using a simulation-based process.

As an alternative to this process, a deterministic test gen-
eration procedure can be modified to target a high value of
0;(t) by adjusting the output values obtained under the faults
in V; and X;. A simulation-based procedure is preferred in this
paper because of its worst-case polynomial time complexity.

After initialization of ¢, the procedure computes o;(t). It
then attempts to increase o;(t) by complementing bits of ¢
one at a time in a random order. Let the test t* be obtained
by complementing bit b. The procedure computes o;(t°). If
oi(t*) > o4(t), the procedure accepts the complementation
of bit b. In this case it assigns ¢t = t* and o;(t) = o;(t*).
Otherwise, it discards ¢°.

The procedure considers every bit of ¢ three times before it
accepts ¢ as a new diagnostic test.

The computational complexity of generating a test is de-
termined as follows. Every time the test is modified, the
procedure performs fault simulation of the faults in C; in
order to recompute o;(t). This is typically a small subset of
all the possible faults in F'. For a circuit with Np; primary
inputs and Ngy state variables, the number of bits in a test
is O(Np; + Ngy). This is also the number of modified tests
that the procedure computes.

C. Evaluating a New Diagnostic Test

Diagnostic test generation is based only on the metric o;(¢).
Consequently, it is not guaranteed that adding ¢ to 7" will
reduce the number of candidate faults for D;. Therefore, the
procedure needs to evaluate ¢ and decide whether or not to
include it in 7. This proceeds as follows.

After a new test ¢ is generated for D;, the procedure adds
t to T temporarily. It then calls the logic diagnosis procedure
with T" and D; to compute a new set of candidate faults, C]**".
For ¢ to be considered effective, it is required that the number
of candidate faults would be reduced, or |CP**| < |C;|. If
this condition is not satisfied, the procedure removes ¢ from
T. Otherwise, ¢t remains in 7' permanently.

V. EXPERIMENTAL RESULTS

The diagnostic test generation procedure from Figure 1 is
applied to benchmark circuits. Table headers for the tables in-
cluded in this section are summarized in Table I and explained
below.

A. Diagnostic Test Generation

The results using the diagnostic test set Tz;44 as an initial
test set are shown in Tables III and IV. The number of
diagnostic tests that the procedure from Figure 1 adds to the
initial test set is denoted by Ar. The circuits in Tables III and
IV are arranged by increasing value of Arp.

The results using the ten-detection test set Tjpge; as an
initial test set are shown in Table V. Circuits from Table III are
considered, for which the lowest numbers of tests are added
to the diagnostic test set Tg;q4.

The results using the fault detection test set Trq.; as an
initial test set are shown in Tables VI-IX.

The procedure from Figure 1 is run to completion for the cir-
cuits in Tables III-VIII. Accordingly, Tables III-VIII describe
every defect with a large set of candidate faults for which
diagnostic test generation reduces the excess. In addition, it
describes the last defect with a large set of candidate faults
that the framework from Section II produces, whether or not
new diagnostic tests are produced for it. A single row for a
defect indicates that no new diagnostic tests are produced.

As the procedure generates more diagnostic tests, it becomes
more difficult to find defects with large sets of candidate faults.
Only the first such defects are reported for the circuits in Table
IX.

It is important to describe the defects with large sets of can-
didate faults individually since averages hide the differences
between them as well as the improvements achieved for them.

For every defect, the first (second) row shows information
obtained before (after) diagnostic test generation is carried out
for the defect.

After the circuit name, column ts shows whether Ti;.4 (1),
T1odet (2), or Ttger (0) is used as an initial test set. Column
ind shows the index 7 of a defect D;. Column mult shows its
multiplicity m,;. Column tests shows the number of tests in
the test set. Column att shows the number of attempts «; to
generate a diagnostic test. The number of attempts starts from
zero for every defect.



TABLE III
INITIAL DIAGNOSTIC TEST SET, A < 10

TABLE 1V
INITIAL DIAGNOSTIC TEST SET, A1 > 10

circuit | ts | ind mult | tests | att | cand excess resol prec | diag dtg circuit | ts]|ind mult | tests | att | cand excess resol prec | diag dtg
507 [1] 2 6 [136]0] 14 2333 0429 1.000] 207 60 steppermotordrive | 1| 3 5 | 87 | 0] 13 2.600 0385 1.000] 181 90
2c [1[ 4 7 [253]0] 15 2143 0467 1.000] 421 120 Steppefmotmjf}‘fe } i 2 Sg (6) }; g-égg g»;‘g; }-ggg gé 19260
steppermotordrive . .. .
sasc [1[ 1 7 [I35]0] 28 4000 025 1000]221 30 steggermotordrive 114 5 |o1|18] 10 2000 0500 1.000| 271 138
b04 ‘1‘ r 7 ‘ 139 ‘ 0‘ 15 2.143 0.400 0-857‘ 246 30 steppermotordrive | 1| 6 6 | Ol | 0 | I8 3.000 0278 0.833] 336 180
b04 1] 7 |[140) 1] 9 128 0.667 0857 247 31 steppermotordrive | 1| 6 6 | 93 |26| 14 2333 0.357 0.833| 436 206
simple_spi ‘ 1 ‘ 0 6 ‘203 ‘ 0 ‘ 31 5.167 0.194 1.000‘ 35 0 steppermotordrive | I | 8 6 | 93 | 0 | 17 2.833 0235 0.667]| 524 240
simple_spi 1]0o 6 [204]| 6| 30 5000 0200 1.000]| 146 6 steppermotordrive [ 1 | 8 6 | 94 [10| 16 2.667 0.188 0.500| 541 250
pci_spoci_ctrl 1 13 5 203 0 14 2.800 0.357 1.000 565 390 steppermotordr%ve 1 9 6 94 0 14 2.333 0.429 1.000| 581 270
peispocictd | 113 5 | 204 | 28| 13 2600 0385 1.000| 604 418  _Steppermotordrive | 1|9 6 | 96 |8 | 11 1833 0.545 1.000j 595 278
pci_spoci_ctrl 1 14 5 204 0 21 4200 0.238 1.000 609 420 steppermotordr%ve 1] 14 7 96 0 16 2286 0.312 0.714] 907 420
peispocictrd | 1|14 5 | 205 | 1 18 3.600 0278 1.000| 610 421 steppermotordrwe 114 7 97 [30| 14 2.000 0.357 0.714| 956 450
pci_spoci_ctrl 1 19 5 205 0 15 3.000 0.267 0.800 869 570 steppermotordr}ve 1[15 7 97 0 16 2.286 0.375 0.857| 961 450
= — T T steppermotordrive | 1 [ 15 7 | 99 [ 4| 12 1714 0583 1.000| 967 454
$526 1|1 3 [124]27] 6 2000 0500 1.000| 89 57  b03 11 4119101 9 2250 0444 1.000| 115 30
536 T3 a0 1T 2750 0364 10001 1685 90 b05 1|1 4 |191|2] 8 2000 0500 1.000| 118 32
5526 1|3 4 [125]24] 10 2500 0400 1.000| 203 114  b03 Lfz 5 19100 11 2200 0455 1.000 181 60
5526 T[8 6 |125|0] 15 2500 0400 1000 438 235 003 112 5 |1215] 9 1800 055 1.000) 188 65
$526 118 6 [126] 1| 13 2167 0462 1.000| 439 236  b03 Tp3 5 192107 20 4000 0.200 0.8001 208 90
5526 T[ 117 | 126 0] 18 2571 0389 1.000] 641 325 Egg } ; 2 }gg 3(? }; ;-%2(7’ g;‘é; }-ggg igi ﬁg
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$382 1|1 3|67 ]3| 5 1667 0600 1.000| 63 33 bll 1|6 6 |195|18| 10 1.667 0.600 1.000| 458 196
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$382 1|15 7 | 71 |17] 18 2571 038 1.000| 978 467  bll 110 7 |202|22]| 15 2.143 0467 1.000| 730 320
382 T]16 7 | 71 | 0] 15 2.143 0467 1000|1002 480  bll T[11 7 |202[0| 17 2429 0412 1.000]| 751 328
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08 12 4 112014l 2 1000 0750 0750 62 50 bil T[12 7 |203[0| 19 2714 0316 0857] 822 358
08 T3 4 [129]0] 12 3000 0250 0.750] 71 50 s1423 ]2 4 [169]0] O 2250 0444 1000| 44 54
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b03 117 5 |134]6]| 10 2000 0400 0.800| 277 160  s1423 1|4 6 |175]|7] 16 2667 0375 1.000| 216 121
508 T[1l 7 | 134 0| 16 2286 0375 0857] 578 274  s1423 1[5 6 |175]0] 24 4.000 0250 1.000| 266 144
b08 1|11 7 |135|22] 15 2143 0400 0857 | 621 296  s1423 1|5 6 |183]26| 11 1.833 0.545 1.000| 308 170
b03 T]12 7 |135]0]| 19 2714 0316 0857 | 649 304  s1423 1] 6 6 |183]0] 13 2167 0462 1.000| 320 174
503 T o 4 1 7T 10 10 23500 0400 10001 35 0 1423 1|7 6 |185|10| 14 2333 0429 1.000| 407 214
b03 o 4173120 8 2000 0500 1000| 83 29 1423 T8 6 |18 ] 0| 14 2333 0429 1.000| 449 234
503 T35 15 o 1T 2300 04355 1000 137 30 1423 1|8 6 |186|16]| 13 2167 0462 1.000| 476 250
03 111 5175 116] o 1800 0556 1.000| 155 46 s1423 T19 6 |186]0] 20 3.333 0300 1.000]| 507 264
503 5 175 1o 18 257 0333 0857 245 60 1423 1l9 6 |189|23| 16 2667 0312 0833|550 287
b03 12 717 16l 17 2429 0353 0857 254 66 s1423 T110 7 | 1890 17 2429 0294 0.714] 575 294
503 T3 176 To T 2% 374 019 07141 352 90 1423 110 7 |191|5] 15 2143 0400 0.857| 583 299
b03 P 7 79 li1] 21 3000 0238 0714 371 101 s1423 TI11 7 |91 0] 19 2714 0368 1.000]| 633 324
1423 111 7 |193|6]| 11 1571 0636 1.000| 643 330
s1423 T/12 7 |193[0| 16 228 0438 1.000| 692 354
1423 112 7 |196|22]| 12 1714 0583 1.000| 719 376
s1423 T|14 7 |196| 0| 16 228 0438 1.000]| 835 414

Column cand shows the number of candidate faults in C;.
Column excess shows the excess &;. Columns resol and prec
show the resolution and precision for D;, respectively.

Column diag shows the total number of times logic di-
agnosis is applied to one defect, and column dtg shows the
total number of times diagnostic test generation is applied
to produce one test. These parameters are cumulative, and
measure the computational effort. The runtime for computing

a diagnostic test using the procedure from Figure 1 is compa-
rable to the runtime for computing a diagnostic test targeting
a fault pair using the procedure from [29]. The number of
fault pairs that need to be targeted in [29] is typically in the
hundreds or thousands, significantly larger than the numbers



TABLE V
INITIAL TEN-DETECTION TEST SET

circuit | ts | ind mult | tests | att | cand excess resol prec | diag dtg

TABLE VI
INITIAL FAULT DETECTION TEST SET, s5378, s9234 AND b14

circuit | ts | ind mult | tests | att | cand excess resol prec | diag dtg

b07 [2[ 3 5 [603 [0 [ IT 2200 0364 0800 220 90 s5378 [0 3 2 [229] 0 13 6500 0.154 1.000] 110 73
b07 [2] 3 5 | 604 | 1| 10 2000 0400 0.800| 221 91 $5378 |0 3 2 | 2303 | 2 1.000 1.000 1.000| 111 76
b07 |2 4 5 [604 [0 [ 1T 2200 0455 1.000| 278 120 $5378 |0 7 3 [230| 0| 9 3000 0333 1.000]| 262 166
b07 2] 4 5 | 606 |15] 9 1.800 0.556 1.000 | 302 135 $5378 | 0| 7 3 | 232]20] 6 2000 0500 1.000]|274 186
b07 [2] 6 5 [606 [0 18 3.600 0278 1.000[ 393 180 $5378 | 0| 8 3 |232| 0| 16 5333 0.188 1.000| 289 196
b07 |26 5 | 607 | 4| 17 3400 0.294 1.000| 400 184 $5378 | 0| 8 3 | 235|25| 13 4333 0231 1.000| 306 221
b07 [2] 8 5 [607 [0 [ I5 3000 0267 0800 521 240 $5378 |0 | 18 4 [235] 0 | 12 3.000 0333 1.000]| 733 491
b07 |28 5 [ 608 |2 | 14 2800 0286 0.800| 524 242 $5378 | 0| 18 4 | 236 |10 | 10 2500 0.400 1.000| 750 501
b07 |2 11 6 [ 608 | 0| 14 2333 0429 1.000]| 739 330 $5378 |0 | 19 4 [ 236 ] 0| 9 2250 0444 1.000]| 787 521
b07 [2]11 6 | 609 | 8| 11 1.833 0545 1.000| 754 338 $378 | 0|19 4 | 237 |3 | 7 1750 0571 1.000| 790 524
b07 | 2|14 6 | 609 | 0 | 13 2167 0462 1.000| 913 420 S 0T 035 152 0 5 ¢35 0155 1000 B2 201
b07 |2]14 6 | 610 |10 12 2000 0500 1.000| 932 430 04 lol1o 3 | 35| 5| 18 6000 0167 1000|297 296
b07 2|19 7 | 610 | 0| 15 2.143 0400 0857 | 1264 570 9 o T3 135 0 10 3333 0300 1000 334 321
04 2] 1 4 [413 [ 0] 9 2250 0444 1.000] 93 30 $9234 |0 |11 3 | 346 |18| 9  3.000 0333 1.000| 337 339
b04 2| 1 4 | 417 |20 5 1250 0.800 1.000| 119 50 s9234 [0 | 13 3 | 346 | 0 | 14 4667 0214 1.000]| 385 381
b04 |2 2 4 |47 | 0| 13 3250 0308 1.000| 135 60 $9234 |0 13 3 | 348 |13| 8 2667 0375 1.000| 387 394
b04 2|2 4 | 418 |16] 12 3000 0.333 1.000 | 166 76 $9234 [0 | 14 3 [348| 0| 8 2667 0375 1.000]| 388 398
b04 |2 6 6 | 418 | 0| 34 5667 0.147 0833 | 452 180 $9234 |0 14 3 | 349 |14| 6 2000 0500 1.000| 395 412
b04 2| 6 6 | 421 |26] 30 5000 0.167 0.833 | 501 206 $9234 [0 17 3 [349] 0| 10 3333 0300 1.000]| 455 473
b04 |2 7 7 | 421 | 0] 21 3000 0333 1.000| 559 210 $9234 [0 17 3 |350 | 2| 9 3000 0333 1.000|458 475
b04 | 2| 7 7 | 424 |12] 18 2571 0.389 1.000| 580 222 $9234 [0 19 3 [350| 0 | 13 4333 0231 1.000]| 508 533
b04 |2 8 7 | 424 | 0| 15 2143 0467 1.000| 619 240 $9234 |0 19 3 |351|16] 7 2333 0429 1.000| 519 549
b04 2| 8 7 | 426 | 6| 13 1857 0538 1.000| 627 246 T4 0T 0 2 115810 21 10300 0095 1001 20
$526 [2] 9 4 [ 700 0] 17 4250 0.235 1.000| 319 270 bl4 |0 0 2 |184| 1| 20 10000 0.100 1.000| 3 1
$526 |29 4 | 701 | 1] 16 4000 0250 1.000| 320 271 bl [0 2 3 | 1840 7 2333 0429 1.000] 85 53
$526 | 2|10 4 | 701 | 0| 14 3500 0.214 0.750 | 384 300 bl4 0|2 3 |185|5| 4 1333 0500 0.667]| 90 58
$526 | 2|10 4 | 703 [15] 12 3.000 0250 0.750 | 412 315 bld | 0| 3 4 |185] 0| 12 3000 0333 1.000] 153 83
$526 | 2|14 5 | 703 | 0| 12 2400 0417 1.000 | 581 420 bl4 |0|3 4 |187]16] 7 1750 0571 1.000| 173 99
$526 | 2|14 5 | 704 | 5| 7 1400 0714 1.000 | 586 425 b4 0| 5 5 | 187 ] 0| 37 7400 0.135 1.000]| 277 143
$526 | 2|15 5 | 704 [ 0| 16 3200 0312 1.000 | 622 450 bl4 0|5 5 | 18|29 36 7.200 0.139 1.000| 326 172
$526 | 2|15 5 | 705 | 2| 15 3.000 0333 1.000| 625 452 bid | 0| 6 5 | 188 | 0 | I11 22200 0.045 1.000]| 331 173
$526 | 2|19 6 | 705 | 0| 15 2500 0400 1.000 | 8/0 570 bl4 |06 5 [192]|26] 35 7.000 0.114 0.800| 357 199
s953 |2 4 6 [1038] 0 I3 2167 0462 1.000] 309 120 bld 109 5 11920 40 8000 0.125 1.000| 452 263
953 [ 2] 4 6 1103927 11 1.833 0.545 1.000| 350 147 bl4 0] 9 5 194 |16 | 38  7.600 0.132 1.000 | 468 279
953 |21 5 6 |1039] 0 | 13 2.167 0.462 1.000] 363 150 bl4 0|10 5 194 |1 0 [ 40 8.000 0.125 1.000| 486 293
953 [ 2] 5 6 | 1040 |21 ] 12 2.000 0.500 1.000| 392 171 bl4 0|10 5 197 23| 26 5200 0.192 1.000| 511 316
953 | 2| 7 7 1040 | 0 | 24 3.429 0.292 1.000 | 466 210 bl4 0] 11 5 197 | 0 | 11 2200 0.455 1.000| 521 323
953 [ 2] 7 7 | 1042 22] 21  3.000 0286 0.857| 508 232 bl4 0] 11 5 198 |17 | 10  2.000 0.500 1.000| 530 340
5953 2] 8 7 10421 0 [ 23 3286 0217 0.714| 532 240 bl4 0] 12 6 198 | 0 | 38 6333 0.158 1.000 | 547 353
$953 |2 8 7 |1043| 9| 22 3143 0227 0714 549 249 bl4 0]12 6 |201 |11] 9 1500 0556 0.833] 564 364
953 | 2] 9 7 1043 ] 0 | 16 2286 0.375 0.857]| 594 270 b14 0|14 6 |[201 [0 19 3167 0.263 0.833| 677 413
$953 |29 7 |1044| 1| 12 1714 0417 0714 595 271 bl4 0]14 6 |202|26) 7 1167 0714 0833|712 439
s953 |2 | 11 7 |1044] 0 | 15 2.143 0467 1.000| 720 330 b4 10115 6 [202|0] 13 2167 0385 0833]722 443
s953 (2|11 7 |1045] 6 | 14 2.000 0500 1.000| 729 336 bl4 015 6 |203|7 | 8 1333 0500 0.667) 735 450
s953 | 2|12 7 |1045] 0| 16 2286 0438 1.000] 758 360 bi4 10116 6 [203|0] 20 3500 0.190 0.667]783 473
D09 2] I 5 | 2960 12 2400 0417 LO000| 121 30 bl4 JOJ16 6 1205]23] 18 3000 0222 0667827 496
voo 1211 5 157 1171 11 2200 0455 1000 150 47 b4 | 0|17 7 [205]| 0| 46 6571 0.152 1.000| 859 503

bl4 |0|17 7 |206|3 | 45 6429 0.156 1.000| 862 506
09 | 2] 2 6 [297 | 0| 13 2167 0385 0833] 205 60
bo 1202 6 | 2081 1| 12 2000 0417 0833 206 61 bld | 0|18 7 |[206] 0| 16 228 0375 0857|912 533

bl4 0|18 7 |208|25| 13 1.857 0462 0.857|958 558
09 | 2| 3 6 |298 | 0| 14 2333 0357 0833] 265 90

bld | 0|19 7 [208] 0| 18 2571 0278 0.714| 969 563
b9 213 6 |29 2| 13 2167 0385 0833| 268 92 bl4 | 0|19 7 |209|13| 17 2429 0294 0714|994 576
B09 | 2|10 7 [299 | 0| 16 2286 0312 0.714| 746 300 : : :
b09 2|10 7 | 300 | 2| 15 2143 0333 0.714| 749 302
$382 [2] 6 5 [ 339 0] 11 2200 0455 1.000| 408 180
:gzg ; 166 g ;ig (7) }(5) ;:?2(3) 8:22(7) }:888 1%415 }ég large sets of candidate faults are obtained. Defects with low
508 1210 2 1554101 5 23500 0400 10001 9 0 multiplicities are sufficient for creating large sets of candidate
b08 2] 0 2 |55 )1) 2 1000 1000 1.000] 10 1 faults. Moreover, the procedure from Figure 1 is able to
b08 | 2| 3 3 | 555 | 0| 7 2333 0429 1.000] 142 61 .. . . .
b8 |21 3 3 {557 0271 3 1000 1000 1.000| 184 88 generate additional diagnostic tests that yield reduced sets of
b08 | 2| 5 4 [557 ] 0] 10 2500 0400 1.000] 270 118 candidates faults.
Egz ; g 2 ggz (9) 199 gfgg g:g?g }:ggg igé ;(2); In addition to reducing the number of candidate faults,
b8 12| 8 6 |55 | 1| 18 3000 0333 1.000| 477 209 the new diagnostic tests reduce the excess, and increase the
b08 |2| 8 6 | 560 [20] 17 23833 0353 1.000| 510 228 . . . .
w05 12T T30 0T 15 215 046 1000 566233 resolution. The precision typically remains the same. A loss
b08 |29 7 |561 |4 ] 14 2000 0500 1.000| 571 242 of precision is possible when the number of candidate faults
b08 | 2|10 7 | 561 | 0| 16 228 0375 0.857| 620 268 . : : :
ws 12110 7 132|115 2143 0100 0857| 621 260 is reduced since the intersection between the defect and the
B0S | 2|13 7 | 562 | 0] 15 2143 0400 0857 821 358 set of candidate faults may decrease together with the number

of diagnostic test generation attempts in Tables ITI-IX.

The following points can be seen from Tables III-IX. Even
when the initial test set is a diagnostic test set that targets
all the indistinguished fault pairs of a fault detection test set,

of candidate faults. Nevertheless, there are also cases where
the precision increases. The precision is allowed to change in
order to support a reduction in the number of candidate faults
and the excess, which are considered to be more important as
discussed earlier.

The procedure typically finds defects with large excess



TABLE VII
INITIAL FAULT DETECTION TEST SET, des_area AND spi

circuit excess resol

ts | ind mult | tests | att | cand prec | diag dtg

des_area [ 0 | 1 3 123 | 0 8 2.667 0.375 1.000| 77 30
des_area | 0| 1 3 125 | 4 4 1.333 0.750 1.000| 81 34
des_area | 0 | 2 3 125 | 0 8 2.667 0.375 1.000| 98 48
des_area | 0| 2 3 127 | 2 5 1.667 0.600 1.000 | 100 50
des_area [ 0 | 3 5 127 | 0 11 2200 0.455 1.000| 145 62
des_area | 0| 3 5 129 | 3 7 1.400 0.714 1.000 | 149 65
des_area [ 0 | 4 5 129 | 0 | 12 2.400 0.417 1.000 | 202 92
des_area | 0 | 4 5 131 | 2 9 1.800 0.556 1.000 | 204 94
des_area [ 0 | 5 5 131 | 0 | 14 2800 0.357 1.000| 276 122
des_area [ 0| 5 5 133 | 5 12 2400 0417 1.000 | 284 127
des_area [ 0 | 7 5 133 1 0 | 11 2200 0.364 0.800 | 404 182
des_area | 0| 7 5 135 | 9 6 1.200 0.667 0.800 | 408 191
des_area [ 0 | 8 6 1351 0 [ 14 2333 0.429 1.000 | 475 212
des_area | 0| 8 6 139 | 11 7 1.167 0.857 1.000 | 493 223
des_area [ 0 | 9 6 139 | 0 [ 13 2167 0.462 1.000 | 529 242
des_area [ 0| 9 6 141 | 7 9 1.500 0.667 1.000 | 541 249
descarea [ 0 | 10 6 141 |1 0 [ 15 2500 0.400 1.000 | 574 272
desarea [ 0| 10 6 145 | 11 7 1.167 0.857 1.000 | 588 283
des_area | 0 | 11 6 145 | 0 13 2167 0.462 1.000 | 623 302
des_area | 0 | 11 6 147 [ 15| 11 1.833 0.545 1.000 | 651 317
descarea [ 0| 12 6 147 | 0 14 2333 0.429 1.000 | 662 332
desarea [ 0| 12 6 149 | 2 10 1.667 0.600 1.000 | 664 334
des_area [ 0 | 13 7 149 | 0 17 2429 0353 0.857 | 713 359
des_area | 0 | 13 7 151 [ 14| 15 2143 0.333 0.714 | 739 373
desarea [ 0 | 14 7 151 | 0 19 2714 0.368 1.000 | 790 389
desarea [ 0| 14 7 152 |28 | 18 2571 0.389 1.000 | 845 417
des_area [ 0 | 15 7 152 0| 20 2.857 0.350 1.000 [ 852 419
des_area | 0 | 15 7 154 | 4 | 17 2429 0412 1.000 | 858 423
spi 0| 0 2 |513]0 8 4.000 0.250 1.000 [ 3 0

spi 0] 0 2 | 5141 6 3.000 0.333 1.000| 4 1

spi 0] 1 2 | 51410 7 3.500 0.286 1.000| 12 16
spi 0] 1 2 | 516 |10 3 1.500 0.667 1.000 | 14 26
spi 0] 2 3 516 | O 8 2.667 0375 1.000| 18 29
spi 0] 2 3 517 | 2 5 1.667 0.600 1.000 | 21 31

spi 0| 4 3 517 1 0 [ 10 3.333 0300 1.000| 77 89
spi 0| 4 3 518 | 7 9 3.000 0.333 1.000]| 8 96
spi 0] 6 4 |51810 9 2.250 0.444 1.000 | 206 149
spi 0] 6 4 15198 8 2.000 0.500 1.000 | 221 157
spi 0] 7 5 5191 0 11 2200 0.455 1.000| 279 179
spi 0] 7 5 520 | 4 9 1.800 0.556 1.000 | 286 183
spi 0] 9 5 520 | O 14 2.800 0.357 1.000 | 351 239
spi 0] 9 5 521 | 5 9 1.800 0.556 1.000 | 360 244
spi 011 5 5211 0 13 2.600 0.385 1.000 | 470 299
spi 0] 11 5 522 | 13| 9 1.800 0.556 1.000 | 489 312
spi of12 5 52210 122400 0.417 1.000 | 494 329
spi 0|12 5 523 22| 10 2.000 0.500 1.000 | 531 351
spi 0113 5 523 1 0 14 2.800 0.357 1.000 | 546 359
spi 0] 13 5 524 |10 | 11 2200 0.455 1.000 | 557 369
spi 0|14 6 |524|0 | 13 2167 0462 1.000| 598 389
spi 0|14 6 |525|4 | 11 1.833 0.545 1.000| 605 393
spi 0|14 6 |526] 8 10 1.667 0.600 1.000| 610 397
spi 0{16 6 [526 [0 19 3.167 0.316 1.000 | 689 449
spi 0|16 6 |531 |21 10 1.667 0.500 0.833| 714 470
spi 0117 6 | 5310 13 2167 0462 1.000| 728 479
spi 0117 6 |532]8 10 1.667 0.600 1.000 | 741 487
spi 01 18 6 |532]0 1 26 4333 0.192 0.833| 778 509
spi 0] 18 6 | 534 (22| 8 1.333 0.625 0.833 | 820 531
spi 0119 6 |53 |0 13 2167 0.462 1.000 | 836 539
spi 0119 6 |535 (25| 11 1.833 0.545 1.000 | 875 564

among the first defects it considers. Afterwards, even if the
defects have an excess larger than two, the excess is smaller
than for the first defects. This is significant since the later
defects have higher multiplicities, and therefore, are likely to
produce larger sets of candidate faults. The generation of new
diagnostic tests counters this trend and ensures that smaller
excess is obtained for defects with higher multiplicities.

The number of tests is increased to support the derivation
of smaller sets of candidate faults. The increase starting from
a diagnostic test set for fault pairs is typically smaller than
10%. Starting from a fault detection test set, the number of
tests remains significantly lower than the number of tests in a

TABLE VIII
INITIAL FAULT DETECTION TEST SET, systemcdes, systemaes AND
wb_dma

circuit | ts | ind mult | tests | att | cand excess resol prec | diag dig
systemcdes [ 0 | O 2 79 10 6 3.000 0.333 1.000 5 0
systemcdes [ 0 | O 2 80 2 2 1.000 1.000 1.000 8 2
systemcdes | 0 | 1 3 80 | O 8 2.667 0.375 1.000 [ 17 2
systemcdes | 0 | 1 3 82 | 4 3 1.000 1.000 1.000 | 19 6
systemcdes [ 0 | 2 4 82 | 0 9 2.250 0.444 1.000 [ 53 6
systemcdes | 0 | 2 4 84 | 18 6 1.500 0.667 1.000 | 83 24
systemcdes [ 0 | 3 4 84 | 0 9 2.250 0.444 1.000 [ 105 36
systemcdes | 0 | 3 4 85 1 8 2.000 0.500 1.000 | 106 37
systemcdes | 0 | 4 4 85 0 11 2.750 0.364 1.000 | 162 66
systemcdes | 0 | 4 4 87 8 6 1.500 0.667 1.000 [ 176 74
systemcdes [ 0 | 6 5 87 | 0 11 2200 0.455 1.000 [ 286 126
systemcdes [ 0 | 6 5 88 7 10 2.000 0.500 1.000| 299 133
systemcdes | 0 | 7 5 88 0 13 2.600 0.385 1.000 [ 355 156
systemcdes | 0 | 7 5 89 3 6 1.200 0.833 1.000 [ 360 159
systemcdes [ 0 | 9 5 89 | 0 11 2200 0.455 1.000 [ 465 216
systemcdes [ 0 | 9 5 90 1 8 1.600 0.625 1.000 | 466 217
systemcdes | 0 | 10 5 9 | 0 11 2.200 0.455 1.000 [ 508 246
systemcdes | 0 | 10 5 92 | 4 6 1.200 0.833 1.000 | 512 250
systemcdes | 0 | 11 6 92 |10 17 2.833 0.294 0.833 [ 554 276
systemcdes | 0 | 11 6 95 6 10 1.667 0.500 0.833 | 563 282
systemcdes | 0 | 12 6 95 0 13 2.167 0.462 1.000 [ 618 306
systemcdes | 0 | 12 6 97 | 10| 10 1.667 0.600 1.000 | 630 316
systemcdes | 0 | 13 6 97 0 14 2333 0.429 1.000 | 668 336
systemcdes | 0 | 13 6 99 3 11 1.833 0.545 1.000 | 672 339
systemcdes | 0 | 14 6 9 | 0 13 2.167 0.462 1.000 [ 725 366
systemcdes | 0 | 14 6 100 | 1 11 1.833 0.545 1.000 | 726 367
systemcdes | 0 | 15 6 100 | O 18 3.000 0.333 1.000 [ 761 396
systemcdes | 0 | 15 6 102 | 15| 15 2.500 0.400 1.000 | 789 411
systemcdes | 0 | 16 7 102 | 0 19 2.714 0.368 1.000 [ 835 426
systemcdes | 0 | 16 7 106 [ 15| 15 2.143  0.467 1.000 | 861 441
systemcdes | 0 | 17 7 106 | O 15 2.143  0.467 1.000 [ 898 456
systemcdes | 0 | 17 7 107 | 2 14 2.000 0.500 1.000| 901 458
systemcdes | 0 | 18 7 107 | O 18 2.571 0.389 1.000 [ 959 486
systemcdes | 0 | 18 7 109 [ 19| 16 2286 0.438 1.000| 995 505
systemcdes | 0 | 19 7 109 | O 16 2286 0.438 1.000 | 1025 516
systemcdes | 0 | 19 7 111 [ 27| 14 2.000 0.500 1.000 | 1077 543
systemcaes | 0 | O 3 166 | O 9 3.000 0.333 1.000 | 19 0
systemcaes | 0 | O 3 167 | 1 3 1.000 1.000 1.000| 20 1
systemcaes | 0 | 1 4 167 | O 13 3.250 0.308 1.000 | 41 1
systemcaes | 0 | 1 4 168 | 2 11 2750 0.364 1.000 [ 44 3
systemcaes | 0 | 2 7 168 | 0 18 2.571 0.389 1.000 [ 229 31
systemcaes | 0 | 2 7 170 | 25| 15 2.143 0.467 1.000 | 277 56
systemcaes | 0 | 3 7 170 | O 21 3.000 0.333 1.000 [ 312 61
wbdma [O] I 4 [I85]0 | O 2250 0444 1000] 58 30
wb_dma 0] 1 4 186 | 16 7 1.750  0.571 1.000 [ 81 46
wb_dma 0] 2 4 186 | O 14 3500 0.286 1.000 | 87 60
wb_dma 0] 2 4 187 | 25 9 2250 0.444 1.000 [ 120 85
wb_dma 0] 4 5 187 | 0 14 2.800 0.357 1.000 | 202 120
wb_dma 0] 4 5 188 [ 10| 13 2.600 0.385 1.000 [ 219 130
wb_dma 0] 6 5 188 [ O 11 2200 0.455 1.000 [ 309 180
wb_dma 0] 6 5 189 | 4 10 2.000 0.500 1.000]| 316 184
wb_dma 0] 7 5 189 [ O 11 2200 0.455 1.000 [ 374 210
wb_dma 0] 7 5 191 | 26 7 1.400 0.714 1.000 | 402 236
wb_dma 0] 9 6 191 [ O 13 2.167 0.462 1.000 [ 472 270
wb_dma 0] 9 6 193 | 8 11 1.833 0.545 1.000 | 480 278
wb_dma 0] 12 7 193 [ O 18 2.571 0.389 1.000 [ 703 360

diagnostic test set that targets fault pairs.

It is possible to continue considering additional defects, and
generating additional diagnostic tests. However, the benefit
from targeting additional defects decreases as more diagnostic
tests are available.

B. New Defects

The results from the previous section indicate that it be-
comes more difficult to find defects with large sets of candidate
faults as the procedure from Figure 1 generates more diagnos-
tic tests. This indicates that the tests are useful for defects other
than the ones targeted for diagnostic test generation. More
direct evidence of this is given in this section.



TABLE IX
INITIAL FAULT DETECTION TEST SET, FIRST DEFECTS

TABLE X
INITIAL DIAGNOSTIC TEST SET, NEW DEFECTS

circuit | ts | ind mult | tests | att | cand excess resol prec | diag dtg circuit ts |ind mult | tests | att | cand excess resol prec
s13207 JO] I 2 [468] 0] 1T 5500 0.182 1.000] 40 30 bll 1p24 7 18710 31 4429 0161 0.714
$13207 | 0] 1 2 | 469 [11| 10 5000 0200 1.000| 49 41 bll 1+124 7 1203]0] 23 3.28 0217 0.714
s13207 |0 | 3 2 | 469 | 0| 15 7500 0.133 1.000] 102 90 bll L)1y 7 11870 ) 23 3286 0261 0857
s13207 0] 3 2 |471]21| 6 3000 0333 1.000] 104 111 bll +]19 7 |203)0] 21 3000 028 0857
s13207 |0 | 4 2 |471] 0| 12 6000 0.167 1.000 | 108 111 steppermotordrive | 1 | 11 7 | 87 1 0 | 22 3.143 0318 1.000
s13207 |0 | 4 2 |472|30| 11 5500 0.182 1.000 | 129 141 steppermotordrive | 1+ | 11 7 | 99 | 0 | 18 2.571 0.333 0.857
513207 [0] 9 3 |42 ] 0| 14 4667 0214 1.000| 320 261 bll 1120 7 118710} 20 2857 0200 0.571
s13207 [0 9 3 | 473 |24| 13 4333 0231 1.000| 337 285 b1l 14120 7 2030 ] 15 2143 0267 0571
15850 ‘0‘ 6 3 ‘379 ‘ 0‘ 14 4667 0214 1.000] 172 163 :}ﬁg 11+ g ; }gg 8 }g %;‘1‘ 8'322 }'888
s15850 [0 6 3 | 380 | 1| 13 4333 0231 1.000| 173 164 : : :

bl5 00 3 [320]0] 7 2333 0429 1.000] 30 0 Eg§ 11+ % ; Zé 8 }3 %:E;t 8;2?;‘ }:888
b15 0] 0 3 |32]12] 5 1667 0600 1.000| 34 12 504 T o0 7 T390 19 274 0365 1000
bl5 0f 1 5 32210 11 2.200 0.364 0.800 | 90 30 b04 1+ 0 7 140 | 0 18 2571 0.389 1.000
b15 0|1 5 |323]2] 10 2000 0400 0.800| 93 32 508 T 7 T80 19 274 036 0557
bl5 02 5 |323[0] 11 2200 0455 1.000] 166 60 08 1+l 9o 7 113500l 9 128 0556 0714
bl5 02 5 |324]4] 10 2000 0500 1.000]| 171 64 pCi_spoci_ctrl T |17 5 |203] 0| 19 3800 0211 0.800
b5 013 5 |32470] 19 3800 0263 1.000 211 90 pei_spoci_ctrl 14|17 5 [205| 0] 18 3600 0222 0.800
b15 03 5 |325|6]| 16 3200 0312 1.000| 222 96 13 T3 5 1160 70 13 3600 0278 1000
b15 04 5 |325[0] 12 2400 0417 1.000| 271 120 <1423 +1 3 5 1196] 0! 11 2200 0455 1.000
b15 0|4 5 |326|3]| 10 2000 0500 1.000]| 274 123 ST353 T (16010 177 2429 0412 1.000
b15 05 6 |326[0] 17 2833 0353 1.000|293 150 <1423 w111 7 1196l 0l 14 2000 0500 1.000
b15 0|5 6 |328]|8]| 10 1667 0600 1.000]| 307 158 508 T35 6 1810 177 253 0235 0667
bl5 0] 6 6 328 | O 17 2.833 0.353 1.000 | 352 180 b08 1+] 5 6 135 ] 0 16 2667 0250 0.667
b15 0| 6 6 |331|30] 14 2333 0429 1.000| 407 210 i1 10 6 18710 177 23533 0294 0833
bl5 0] 7 7 331 | 0 17 2429 0.412 1.000 | 432 210 bll +/110 6 20310 13 2.167 0385 0.833
b15 07 7 |332]|3]| 15 2143 0400 0857|435 213 505 707 119010 16 2286 0438 1.000
bl5 0 8 7 332 | 0 18 2.571 0.389 1.000 | 486 240 b05 1+ 10 7 203 | 0 13 1.857 0.538 1.000
b15 08 7 |335]|9]| 14 2000 0500 1.000|497 249 508 T2 7 13810 16 2286 0438 1.000
20 00 2 [266]0] 9 4500 0222 1.000] 1 0 b08 1+[12 7 1350 15 2143 0467 1.000
20 0] 0 2 |268[20] 4 2000 0.500 1.000| 15 20 b1l T[15 6 |[187| 0| 16 2667 0312 0.833
20 0 1 2 |268]0] 5 2500 0400 1.000| 20 30 bll 1+[15 6 |203| 0| 15 2500 0333 0833
20 0|1 2 |269]5]| 3 1500 0667 1.000]| 29 35 b1l T |18 7 |187] 0| 16 228 0438 1.000
20 0 4 4 [269]0] 27 6750 0.148 1.000 | 182 120 b1l 1+ 18 7 |203| 0| 15 2143 0467 1.000
20 0| 4 4 |270|14] 5 1250 0600 0.750 | 209 134 $526 T |14 6 |123]0| 15 2500 0400 1.000
520 0[5 6 |270[0] 50 8333 0.120 1.000| 261 150 $526 1+ 14 6 | 126 0| 14 2333 0429 1.000
20 0|5 6 | 2719|435 7167 0140 1.000 | 274 159 505 T[11 7 |[190| 0] 15 2143 0467 1.000
520 06 6 |271 0] 13 2167 0462 1.000| 314 180 b05 1+ 11 7 |203| 0| 13 1857 0538 1.000
20 0|6 6 |272]|10] 12 2000 0.500 1.000 | 331 190 509 T3 7 | 680 15 2143 0467 1.000
520 07 6 |272[0] 41 6833 0.146 1.000| 363 210 b09 1+ 3 7 |72 [0] 14 2000 0500 1.000
b20 0|7 6 |274|11| 6 1.000 0833 0833|377 221 b1l T 123 7 |187 |0 15 2143 0400 0.857
20 0 8 7 |2/4]|0] 20 2857 0350 1.000] 422 221 bll 1+[23 7 |203| 0| 14 2000 0429 0.857
20 08 7 |275]|18| 14 2000 0.500 1.000 | 443 239

20 09 7 |275]0] 19 2714 0368 1.000] 457 251

20 09 7 |276]|16] 8 1.143 0750 0.857 | 482 267

aescore [ 0] 0 2 [285]0] 5 2500 0400 1.000] 5 O From Table X it can be seen that T}j;44+ results in reduced
aescore [0 0 2 |286|3 | 4 2000 0500 1.000| 6 3 . .
oo T T3 T To T 5 566 0375 To00 2013 sets' of c'andldat'e faults for df:fects that were not considered
aescore | 0| I 3 |287 |2 | 7 2333 0429 1.000| 27 14 during diagnostic test generation.

acscore | 0| 2 3 | 287 | 0| 8 2667 0375 1.000]| 46 27

aescore |0 2 3 |289 13| 3  1.000 1.000 1.000| 64 40

v80 0] 2 5 [706] 0] 11 2200 0455 1.000] 152 54 VI. CONCLUDING REMARKS

tv80 o2 5 |707|3]| 9 180 0556 1.000]| 157 57

v80 0[3 5 [707[0] 13 2600 0385 1.000]| 194 84 This paper observed that large sets of candidate faults are
v80 0|3 5 |708|16] 12 2400 0417 1.000 | 209 100 biained wh ltiple defect i fault i
30 o4 5 To08 10 12 2400 04T 1000 230 114 obtained when multiple defects are present in a faulty unit,
tv80 0|4 5 |710]|13| 10 2000 0500 1.000| 238 127 even if a diagnostic test set is used for logic diagnosis. The

For the experiment in this section, two test sets are con-
sidered for the circuits from Tables III and IV, the diagnostic
test set Ty;q49, and the extended diagnostic test set obtained
by applying the procedure from Figure 1 starting from Ty;q.
The resulting test set is denoted by Tiiqg+4. Tqiag 1s used as a
starting point since it is the most suitable for logic diagnosis,
and the most difficult to improve.

Up to 100 new defects are computed using the procedure
from Section II, and logic diagnosis is applied using T'g;qg,
followed by Tii.g+ to narrow down the set of candidate
faults obtained with Ty;4. The defects with the largest sets
of candidate faults across all the circuits, for which the set of
candidate faults is reduced, are reported in Table X.

paper analyzed the conditions that cause a large set of can-
didate faults to be formed under a logic diagnosis procedure
that uses fault simulation to assign scores to modeled faults.
Based on this analysis, the paper suggested new targets for
diagnostic test generation. The targets are different from the
indistinguished fault pairs typically targeted by diagnostic test
generation procedures. Experimental results for benchmark
circuits demonstrated that a diagnostic test set can be improved
by adding tests for the new diagnostic targets.
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