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Abstract—Given the test output from a defective digital
circuit, we identify one or more faulty signal nets that may
have caused the observed output results. Although we make
no assumption about the actual defect, our diagnosis is based
upon a dictionary pre-generated by simulating the test vectors
for their detection of collapsed single stuck-at and transition
faults at each primary output. First, novel three-stage candidate
filtering system and candidate ranking system are proposed to
reduce and rank candidate faults. A more balanced ranking
method compared to previous works and a ranking strategy
which combined both overall and per-test performance together
are used in these two systems. Then, the ranked candidate list
is expanded by uncollapsing faults. A rank for every candidate
net is calculated based on the number of top-ranked suspected
faults on it. Experiments were conducted by injecting multiple
stuck-at or transition delay faults on either single or double
nets in certain ISCAS85 circuit. When tests generated by
targeting single stuck-at and transition faults were used, our
diagnosis algorithm shows good diagnosability and resolution
in identifying single and double faulty nets.

Keywords-digital circuit testing; fault diagnosis; stuck-at
fault test; transition fault test.

I. INTRODUCTION

Due to increasing high logic density in modern VLSI
devices, usually in the early round of tape-out, chip man-
ufacturing suffers a relatively low yield which may be
economically unacceptable. Fault diagnosis is used to find
possible defect locations in a failing chip, called here as
circuit under diagnosis (CUD). A good logic level diagnosis
algorithm is very critical for reducing the time spent on
physical inspection and therefore lowering the total cost of
product development.

Net fault diagnosis is an important area in fault diagnosis.
A net means a metal wire in the circuit. Typically, net
problems can be divided into two groups: problems on nets
within the logic gates and problems on nets which connect
different logic gates. Due to the large routing area of modern
VLSI devices, compared with the nets within logic gates, the
routing interconnection nets are more vulnerable to certain
manufacturing defects. In this work, our objective is to locate
one or more interconnection nets with possible defects. One
of the most common defects that an interconnection net
may have is an “open”. Depending on whether the open
crack is narrow or wide, open defects can be divided into

two categories: weak open and hard open. Weak open only
causes a small increase in interconnection resistance and
does not completely block the current through the line.
Strong open causes a large increase in line resistance (usu-
ally larger than 1 GΩ). Weak open usually causes transition
delay problems in circuit. The modeling of a strong open is
complicated. There are three factors that may influence the
voltage level of the floating node [11]. First, the coupling
capacitors between the floating node and the supply and
ground. Second, the effects from surrounding lines. Third,
the drain voltage of the driven gates. From the results of
experimental comparison between open fault and stuck-at
fault conducted by Intel [12], we found that in most cases
the behavior of strong open defects still can be totally
or mostly explained by certain stuck-at fault. So in this
work, we propose a net fault diagnosis flow which is based
on multiple-stuck-at fault and multiple-transition fault. The
diagnosis algorithm in this work mainly includes three parts:

1) Pruning unrelated fault candidates by using a novel
fault candidate filtering system.

2) Ranking the remaining fault candidates by using a
novel ranking system.

3) Net candidate ranking according to the fault ranking
obtained from the fault ranking system.

The advantages of the proposed work compared with pre-
vious net diagnosis and multiple fault diagnosis works are
listed below:

1) Utilizing only single fault simulation, which avoids the
problems of an exponential search space in multiple-
fault-simulation-based work like [5], [7].

2) No requirement for the ability of testing pattern to
trigger single fault at a time.

3) A balanced candidate filtering system which can ef-
fectively reduce the number of fault candidates and to
some extent tolerate the non-stuck-at behavior caused
by open defects.

4) A candidate ranking system with high First Hit Rank
(FHR), diagnosis resolution and diagnosability.

5) Suitable for diagnosing multiple types of fault models.
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II. CANDIDATE FILTERING SYSTEM

The first stage of our proposed diagnosis algorithm is
a fault candidate filtering system which includes three
phases: Failing-Pattern-Index-Matching, Failing-Pattern-
Index-Matching with Erroneous-Primary-Outputs EPO-
hitting and EPO-matching.

Definition 1: The union of all the failing pattern index
from the single fault simulation of a fault candidate is
defined as the Detectable Pattern Set (DPS) of this fault
under the test. The union of all the failing pattern index of
the observed CUD response is defined as the Failing Pattern
Set (FPS) of the test. The shared part between DPS of a fault
candidate and FPS of CUD is called the Shared Pattern Set
(SPS) of this candidate.

In the first phase, we try to reduce number of suspected
fault candidates by matching the failing pattern index from
fault simulation of candidates with the CUD failing pattern
index. The process is based on Theorem 1. We assume that,
generally, for a certain fault, the greater the percentage of
SPS overlap onto DPS, higher is the chance that this fault
could be the real one in CUD. Equation 1 calculates this for
each fault. This percentage partially represents how much the
fault simulation behavior matches with the observed CUD
behavior. A threshold value is applied to prune the fault
candidates.

Theorem 1: If the CUD is a circuit with multiple faults
and we assume that all the multiple faults in the circuit will
not cancel (mask) each other under certain test pattern, then
the DPS of any one of the multiple faults in the circuit must
be a subset of FPS of the test. In other words, the SPS of
the fault candidate equals its DPS.

Count =
Number of patterns in SPS
Number of patterns in DPS

(1)

In the second phase, we prune the fault candidates by
examining their ability to ’hit’ the failing primary outputs
observed in CUD testing. The description of EPO-hitting is
shown in Definition 2. From Theorem 2, we can conclude
that more the Hit-Patterns in SPS, greater is the possibility
that the candidate exists in the circuit. So, another ratio de-
fined by Equation 2 is calculated for each fault. A threshold
value is then applied to prune out unlikely faults.

Definition 2: Under the same failed test pattern, if the
affected primary outputs of a candidate fault simulation
shares at least one common erroneous output with the faulty
response of CUD, then we say that this fault candidate can
’hit’ the EPO under this pattern and this pattern is called a
Hit-Pattern of this candidate.

Theorem 2: If CUD is a circuit with multiple faults and
we assume that there is no complete-canceling-effect among
these faults, then the number of Hit-Patterns of any one of
these faults in the circuit must be the same as the number
of its patterns in SPS.

Count =
Number of Hit-Patterns in SPS

Number of patterns in DPS
(2)

In phase three, we consider how primary outputs values
of candidate fault simulation match with the CUD response.
Several definitions help the understanding of this diagnosis
phase. The procedure is based on Theorem 3 stated later.
From this theorem we will conclude that, in general, the
more SPEPS (see Definition 3 below) overlaps onto PEPSF
of a fault candidate, greater is the possibility that this fault
is one among the multiple faults in CUD. Therefore, we
calculate a count for each fault based on this theorem. This
count is given by Equation 3. Similar to the first two phases,
we apply a threshold value to reduce the candidate set.

Definition 3: A Pattern-EPO-Pair (PEP) is a pair of
failing patten number and an EPO associated with it. PEP
could be used to represent either the faulty response of CUD
testing or the fault simulation results of fault candidates. The
union of all the PEPs from CUD testing is called PEP-Set-
of-CUD (PEPSC) and the union of the PEPs under all the
patterns in SPS of a fault candidate is called the PEP-Set-of-
Fault (PEPSF). The shared part of PEPSF of certain fault
candidate with PEPSC of CUD is called Shared-PEP-Set
(SPEPS) of this fault candidate.

Theorem 3: If the CUD is a circuit with multiple faults
and we assume that there is no masking effect among those
faults, then the PEPSF of a fault candidate obtained from
single fault simulation must be a subset of PEPSC of CUD
and the SPEPS of the fault candidate should equal to its
PEPSF.

Count =
Number of PEPs in SPEPS
Number of PEPs in PEPSF

(3)

There are several advantage of this candidate filtering
system compared with previous works. First we use a more
balanced strategy compared to [3], [10], [12] in assigning
count for each fault candidate. We use ratio-value counts in-
stead of a simple-matching counts in three phases. Compared
to those candidates with much more detection times in test,
previous counting methods can not assign a ’fair’ count to
each of those candidates that have much less detection times.
Second, unlike [1], [2], [4], [6], [8], [14] where methods
heavily rely on the single-fault-activation or constrained
primary output matching criteria, our matching criteria in
the third phase allow us to handle the situation in which a
test pattern activates multiple defects together and therefore
there is no requirement for the ability of the test set to trigger
one candidate at a time.

We use two measurements to judge whether the filtering
system can effectively filter out the faults that not on the
faulty nets. First is the reduction rate. The reduction rate is
a ratio value (transformed into percentage value) defined as
the number of abandoned faults during the candidate filtering
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Table I
THE RESULTS OF CANDIDATE FILTERING SYSTEM.

Circuit # of total faults Reduction Rate Survival Rate
C432 524 0.77 0.975
C880 942 0.97 0.96
C1355 1574 0.75 0.97
C1908 1879 0.85 0.95
C2670 2747 0.925 0.97
C3540 3428 0.95 0.965
C6288 7744 0.993 0.96
C7552 7419 0.992 0.96

process over total number of faults in the circuits. The higher
the value is, the less fault candidates that we need to handle
in later steps. The second is the survival rate. The survival
rate is a ratio value (transformed into percentage value)
defined as the number of remaining injected faults after
reduction process over the total number of injected faults.
The higher the value is, the less possible that we mistakenly
abandoned the injected faults through the filtering system.

In each step of our filtering system, we need to set a
threshold value to filter the out the faults not on the faulty
nets. We use a training system to automatically set the
threshold value with our assumption on fault density of the
circuit and expected survival rate target. First, if we assume
that the faulty effects caused by the net faults ”equals”
to four multiple stuck-at faults, then we inject 4 stuck-at
faults into the circuit. Then we set our survival rate target
to be 0.9, which means we can at least get 3.6 faults in
remained faults averagely. After that, we run the filtering
system and determine the threshold values from first step
to third step. All of three initial threshold values are 1. In
each run, we only change one threshold value from 1 to 0,
when the target survival rate is satisfied, then the threshold
value of that step is kept and the system goes on with the
next step. If the survival rate is lower than 0.9, the threshold
value of that step will be lowered by 0.05 and another run
will be performed. For each step, we injected 20 different
combinations of faults instead of only one combination into
the circuit and we calculate average survival rate under the
threshold value.

Experiments were conducted to show the effectiveness of
the filtering system. We assume that in each benchmark
circuit, there are probably four multiple faults and the
threshold values are set according to this fault density. Fifty
faulty circuits are randomly constructed for each benchmark
circuit and for each faulty circuit we randomly injected four
stuck-at faults. The results are shown in Table I. From the
results, we can see that our candidate filtering system can
effectively filter out the non-injected faults.

III. CANDIDATE RANKING SYSTEM

After the filtering stage of diagnosis, a relatively small
list of candidates is obtained. Now we need to rank the fault
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Figure 1. Candidate ranking system.

candidates and put the most suspicious faults at the top in
the candidate list. The ranking system is shown in Figure 1.

In order to have a better result from fault ranking, before
the actual ranking, we process the reduced candidate list by
grouping the undistinguished fault candidates together and
let one fault in the group represent all other the members.
Because the test sets we use in this work are from [15],
[16], which have high diagnosability, we directly process
the reduced list and group the undistinguished faults by
comparing the simulation results. For each group, we assume
that its members are functionally equivalent. Later, during
net diagnosis, we will recover (uncollapse) the fault list.

The key structure that we used to store the fault simulation
information and circuit response in our system is called
EPO-tree. A sample EPO-tree is shown in Figure 2. The
root of an EPO-tree is a failing pattern from the test of
CUD, shown as FP1 in the figure. The erroneous primary
outputs under this pattern are represented as the branches
of the root, e.g., PO1 and PO3 in the figure. The leaves on
each branch are the fault candidates that can cause the error
on the corresponding EPO in their single fault simulation.
A collection of EPO-trees that include all the information of
CUD test and the candidates simulation is called the Forest.
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Figure 2. An example of EPO-tree.

In our ranking system, there are two types of ’rank-
ing’ procedures. The first one is branch-ranking, which is
performed during each of first five steps. The other one
is final candidate ranking, which is performed after the
branch ranking. The first five steps will rank fault candidates
within each branch of every EPO-tree according to different
measurements. The branch ranking is a step-by-step process
and the measurement that we utilize in each step becomes
more constrained gradually. The reason why we do so is
that the ranking procedure in each step is based on the
results from previous step, in other words, the earlier the
measurement is taken, the more influence it will have on
the final results. As shown in Figure 1, in step one and
four, we make some assumptions based on the observations
in the experiments and the ranking of candidates are based
on these assumptions. In step two, three and five, we use
the three count values that we got from candidate reduction
stage as the measurements to rank the candidates. After
collecting the ranking information of all the EPO-trees, the
final candidate ranking procedure will be performed and a
ranked fault list will be given out. After setting a maximum
number of candidates, we finally got a list of fault candidates
which will be used in net diagnosis.

In the first step of branch-ranking, we rank the involved
fault candidates based on experimental Observation 1. We
assumed that when the failing outputs combinations are the
same under different failing patterns, if we can find shared
leaves among the corresponding branches of these EPO-
trees, then these shared leaves are more possible to be real
faults in CUD than others in the branch . Based on this
assumption, we developed a ranking method. We record the
total existing count of each leaf among the corresponding
branches, and then rank the leaves in each branch by
comparing their counts. As shown in Figure 3, we first put
the leaves into different groups according to the branches
they belong to. By counting the number of each leaf in the
group, we can rank each leaf in the corresponding branch.
When there are two candidates have the same count in the
same branch, we will give them the same rank, like f4 and f2
in group branch PO1 and f2 and f7 in branch PO3. It should
be noted that in this branch ranking step, only the EPO-
trees with same branch arrangements will be considered,
those EPO-trees with unique branch arrangements will not
be considered in this step.

Observation 1: The activation situations are sometimes
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Figure 3. A case of ranking procedure in Step 1.

similar under different test patterns, which means these
patterns can trigger same set of injected faults in the CUD
and the observed EPO combinations from the CUD are
the same. In other words, in the EPO-trees of these failing
patterns, the injected faults always exist in the shared leaves
of corresponding branches.

In step two, we used the count of Failing Pattern Index
Matching (FPIM), in step three and five we used the counts
of FPIM with EPO-hitting and EPO-matching, respectively
to preform the branch ranking. The ranking procedure is
similar as above. The difference is that no candidate would
get a better rank after ranking. Because all the candidates
in branch have already been ranked in previous steps, now
what we have to do is just rank the candidates within each
ranked groups by using the counts. Here the ‘group’ consists
of the candidates that had the same rank in previous ranking
steps.

In step four, we consider the number of leaves that each
candidate has in the EPO-tree. If several fault candidates still
have the same rank after the previous ranking steps, then we
assume that the ones with more leaves in the EPO-tree have
greater chance to be real faults in CUD, because it will be
a more effective diagnosis if fewer faults can explain the
observed effects. So we rank the leaves based on their total
number in the EPO-tree. This ranking procedure is similar
as before.

In the final ranking step, we collect the results from
branch-ranking and rank the fault candidates. A crucial
concept in our ranking system is termed Top-Single-Fault
(TSF). A Top-Single-Fault is a single fault that has top rank
in the branch. This kind of faults are the most likely fault
candidates. Because first we have applied many constrains
in the branch ranking procedure and this kind of faults held
the highest potential to be the real suspects compared to
other faults in the branch. Second, a TSF is the only fault
candidate in the top group of the branch, so there is no other
fault with the same potential. Through the experiments, we
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found that the TSFs have much higher chance to be the real
faults in CUD than other faults. Therefore, we treat TSFs
as the top candidates in our final fault list. Because branch
ranking includes several steps and the constraints we add
in each step become gradually tighter, the earlier a TSF is
found, greater is its suspicion level. From the Figure 1 we
see that TSF check is performed after the Forest is built
and each step in branch ranking checks if there is any new
TSF. Sometimes only the TSFs alone can not include all the
real faults in the CUD. Then we must include more fault
candidates beyond the TSFs in the final candidate list to
increase the diagnosability. Because for each fault candidate
there would be one top rank among all the branches on
which this fault exists, we use that top rank as the rank for
the fault that is not a TSF. When multiple faults share the
same rank, we use the counts from the candidate reduction
stage to break the tie.

An advantage of our ranking system is that a real fault
candidate does not have to show its potential in every branch
that it belongs to. We not only consider the overall matching
performance of the candidates, we also consider their per-
test performance. Every branch in each EPO-tree is unique.
Any fault candidate, no matter how many EPOs it interacted
with or was masked by other candidates, if it can show a
high potential even in one branch, then it is unique enough to
be one of our final candidates. Compared to previous per-
test diagnosis works which mainly relied on SLAT-based
methods [8], [9], we are not constrained to the SLAT ability
of test patterns.

We have performed multiple stuck-at faults diagnosis ex-
periments on four ISCAS85 benchmark circuits to show the
effectiveness of the fault reduction and ranking procedures
of our diagnosis method. The algorithm is programmed in
PYTHON language and the server we ran the experiments
on has a dual 1GHz CPU with 2 MB cache and 2GB RAM.
Before conducting diagnostic experiments, we constructed a
fault dictionary which includes the failing pattern index and
failing output index information of each fault in order to save
the time for fault simulation. For each benchmark circuit, we
randomly constructed 200 faulty circuits and for each faulty
circuit we randomly injected 1-4 stuck-at faults. The average
results are shown in Tables II and III. Diagnosability (Dia)
is defined as the percentage (range between 0 and 1.0) of the
injected faults that could be identified. First Hit Rank (FHR)
is defined as the first index of the injected fault in the ranked
fault list. It is used to measure how quickly we can find
an injected fault. Resolution (Res) is defined as percentage
(range between 0 and 1.0) of reported faults over the total
number of injected faults. Average diagnosis time (T) is also
shown in the table. From the experimental results we can
see that our method has very good diagnostic resolution
(Res) and First Hit Rank (FHR), which is very crucial in
net diagnosis. Compared to the work in [13], which utilized
both single and multiple faults simulation techniques in

Table II
DIAGNOSIS RESULTS FOR ONE AND TWO STUCK-AT FAULTS.

Circuit
One fault injected Two faults injected

Dia FHR Res T(s) Dia FHR Res T(s)
C2670 1.0 1.0 1.0 6.4 0.97 1.0 2.0 8
C3540 1.0 1.0 1.0 0.5 0.95 1.0 1.0 0.6
C6288 1.0 1.0 1.0 0.6 0.99 1.0 2.0 1
C7552 1.0 1.0 1.0 1.5 0.93 1.0 2.0 1.7

Table III
DIAGNOSIS RESULTS OF THREE AND FOUR STUCK-AT FAULTS.

Circuit
Three faults injected Four faults injected

Dia FHR Res T(s) Dia FHR Res T(s)
C2670 0.94 1.0 2.0 13 0.89 1.06 2.0 17
C3540 0.94 1.0 2.0 0.7 0.91 1.0 2.0 1.8
C6288 0.95 1.0 2.0 2.7 0.92 1.02 2.0 5.7
C7552 0.90 1.04 2.0 2.9 0.88 1.1 2.0 3.2

diagnosing multiple faults, our diagnosis results show greater
promise.

IV. NET DIAGNOSIS

From the netlist of the circuit, we can get the correspond-
ing net for each fault. Then each group of equivalent faults
can be transformed into a group of nets. Each net group still
has the same rank as the fault group that they are derived
from. A net’s ranking is based on the group’s rank it is in.
After that, we construct a net pool, which includes all the
net candidates in each rank group. The final net candidate
list includes two parts. The first part includes the nets which
we can find more than two members in the net pool, in other
words, there are more than two fault candidates that in the
final fault list can locate the net. The second part includes
the nets that can only be found once in the net pool. In both
parts of the net ranking list, the rank of each net depends
on the rank of the group that the net belongs to. If after
this, there are still certain nets that have the same rank, then
their number in the net pool is used to break the tie. The
reason why we use such ranking strategy is because our
previous work on diagnosing multiple faults has very good
FHR and resolution and we need to utilize this advantage in
net ranking.

Experiments are conducted to show the effectiveness of
our diagnosis algorithm. For each fault model and each
benchmark circuit, we randomly constructed 20-50 faulty
circuits. For each injected net fault, we randomly selected
2-4 fault sites which could be either the stem or branches
of the net. For stuck-at fault model, we injected one single
stuck-at fault on each fault site and for transition net fault
we injected a D-flip-flop on each fault site to produce the
transition delay behavior as shown in Figure 4. The average
experimental results of net fault diagnosis with stuck-at fault
model and transition fault model are given in Table IV and
Table V. Diagnosability (Dia), resolution (R), first-hit-rank
(FHR) and diagnosing time (T) are shown. The results show
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Figure 4. Transition fault injection.

Table IV
RESULTS OF NET DIAGNOSIS WITH STUCK-AT FAULT MODEL.

Cir
1 Net Fault 2 Net Faults

Dia FHR R T(s) Dia FHR R T(s)
C432 1.0 1.1 2.0 0.1 0.98 1.2 3.0 0.2
C880 1.0 1.1 2.0 0.1 1.0 1.1 3.0 0.1
C1355 0.98 2.0 3.0 1.0 0.75 2.6 5.0 16
C1908 0.92 1.4 3.0 7.5 0.86 1.3 3.0 13
C2670 0.98 1.4 3.0 7.4 0.95 1.14 4.0 12
C3540 0.98 1.04 3.0 0.5 0.96 1.1 3.0 0.7
C6288 0.98 1.1 3.0 3 0.9 1.06 3.0 4
C7552 0.96 1.1 3.0 3 0.9 1.2 3.0 11

that our diagnosis generally have very good diagnosability
and resolution.

V. CONCLUSION

Traditional gate faults are closely related to the fault
models and not necessarily to physical defects. Therefore,
from a practical viewpoint it makes sense to diagnose a
faulty net on a VLSI chip than to locate a ‘modeled’ fault.
In our work, we proposed a balanced fault filtering system
which can to some extent tolerate the non-stuck-at behaviors
caused by net faults. What’s more, we also proposed a
ranking system with a high FHR diagnosis resolution and
diagnosability on net fault diagnosis. Our use of stuck-at
and transition faults models is for a practical reason, i.e.,
availability of tools for test generation and fault simulation.
These models are used only for the possibility of analysis
they offer. In identifying faulty nets no assumption is made
about the actual fault on them except that those nets ‘may’
have caused the observed and simulated errors. In our
work, we used multiple stuck-at faults and transition faults
injection to construct the faulty circuits. In future work,
arbitrary defects such as bridges, opens, short, etc., should
be examined to evaluate the presented diagnosis algorithms.
Besides this, other simulation methods like back-tracing can
be used to increase the time efficiency of fault simulations.
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Table V
RESULTS OF NET DIAGNOSIS WITH TRANSITION FAULT MODEL.

Cir
1 Net Fault 2 Net Faults

Dia FHR R T(s) Dia FHR R T(s)
C432 1.0 1.05 2.0 0.48 0.9 1.2 3.0 0.7
C880 0.9 1.2 2.0 0.8 0.8 1.3 3.0 2.3
C1355 1.0 1.0 1.0 0.9 0.86 1.3 3.0 13
C1908 0.96 1.2 2.0 7.2 0.93 1.4 3.0 35
C2670 1.0 1.16 2.0 0.9 0.97 1.06 2.0 4.6
C3540 0.98 1.2 2.0 1.7 0.95 1.1 2.0 2.3
C6288 1.0 1.08 2.0 2.8 0.92 1.3 2.0 2.8
C7552 0.98 1.3 2.0 7.5 0.96 1.08 2.0 13.1

REFERENCES

[1] T. Bartenstein, D. Heaberlin, L. Huisman, , and D. Sliwinski,
“Diagnosing Combinational Logic Designs Using the Single
Location at-a-Time (SLAT) Paradigm,” in Proc. International
Test Conf., 2001, pp. 287–296.

[2] B. Benware, C. Schuermyer, S. Ranganathan, R. Madge,
P. Krishnamurthy, N. Tamarapali, K.-H. Tsai, and J. Rajski,
“Impact of Multiple-Detect Test Patterns on Product Quality,”
in Proc. International Test Conf., 2003, pp. 1031–1040.

[3] K. De and A. Gunda, “Failure Analysis for Full-Scan Cir-
cuits,” in Proc. International Test Conf., 1995, pp. 636–645.

[4] S. Y. Huang, “On Improving the Accuracy of Multiple Defect
Diagnosis,” in Proc. 19th IEEE VLSI Test Symp., 2001, pp.
34–39.

[5] S. Y. Huang and K. T. Cheng, “ErrorTracer: Design Error
Diagnosis Based on Fault Simulation Techniques,” IEEE
Trans. Computer-Aided Design, vol. 18, no. 9, pp. 1341–1352,
Sept. 1999.

[6] L. M. Huisman, “Diagnosing Arbitrary Defects in Logic
Designs Using Single Location at a Time (SLAT),” IEEE
Trans. Computer-Aided Design, vol. 23, no. 1, pp. 91–101,
Jan. 2004.

[7] S. Kundu, S. Chattopadhyay, I. Sengupta, and R. Kapur,
“Multiple Fault Diagnosis Based on Multiple Fault Simulation
Using Particle Swarm Optimization,” in Proc. 24th Interna-
tional Conf. VLSI Design, Jan. 2011, pp. 364–369.

[8] D. B. Lavo, I. Hartanto, and T. Larrabee, “Multiplets, Model,
and the Search for Meaning: Improving Per-Test Fault Diag-
nosis,” in Proc. International Test Conf., 2002, pp. 250–259.

[9] C. Liu, “An Efficient Method for Improving the Quality
of Per-Test Fault Diagnosis,” in Proc. International Conf.
Computer Aided Design, Nov. 2004, pp. 648–651.

[10] D. Nayak and D. M. H. Walker, “Simulation-Based Design
Error Diagnosis and Correction in Combinational Digital
Circuits,” in Proc. 17th IEEE VLSI Test Symp., Apr. 1999,
pp. 70–78.

[11] J. Segura and C. F. Hawkins, CMOS Electronics: How It
Works, How It Fails. Wiley-IEEE, 2004.

[12] S. Venkataraman and S. B. Drummonds, “Poirot: Applications
of a Logic Fault Diagnosis Tool,” IEEE Design & Test of
Computers, vol. 18, no. 1, pp. 19–29, Jan. 2001.

[13] Z. Wang, M. Marek-Sadowska, and J. Rajski, “Analysis
and Methodology for Multiple-Fault Diagnosis,” IEEE Trans.
Computer-Aided Design, vol. 25, no. 3, pp. 558–576, Mar.
2006.

[14] Z. Wang, K. H. Tsai, M. Marek-Sadowska, and J. Rajski, “An
Efficient and Effective Methodology on the Multiple Fault
Diagnosis,” in Proc. International Test Conf., 2003, pp. 329–
338.

[15] Y. Zhang and V. D. Agrawal, “A Diagnostic Test Generation
System,” in Proc. International Test Conf., 2010, pp. 1–9.

[16] Y. Zhang and V. D. Agrawal, “Reduced Complexity Test
Generation Algorithms for Transition Fault Diagnosis,” in
Proc. International Conf. Computer Design, 2011, pp. 96–
101.

226


