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As the demand on Computer-Aided Testing Systems (CATS)--Automatic Test Pattern Generation (ATPG) and
logic and fault simulations as well as testability analysismincreases and the choice becomes more varied, a need
to compare the merits of the different systems emerges. Benchmark circuits are used to carry out the comparisons.

In this paper, criteria for selecting the benchmark circuits are discussed. These criteria are partly based on the
results of experiments carried out to characterize CATS. The focus is particularly on Automatic Test Pattern
Generators. The preliminary results show that there is no general agreement on how: 1) fault collapsing is
performed, and 2) fault coverage is calculated. In addition, the performance of the ATPGs depends on the circuit
representation, topology and size as well as the algorithm. In order to compare the performance of the ATPGs
as the circuit under test increases in complexity, it is important to use regular structures that consist of replication
of medium size circuits. Practical considerations involved in benchmarking are also examined. Emphasis is on
the transfer of circuits between different CATS systems and the use of EDIF as a neutral exchange language.
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ith increased device density on a chip, testing
cost has become a major proportion of total

system development cost. This proportion "has in-
creased from 10% in the mid seventies to 25-50%
today" [7]. The increase in testing cost is expected
to continue due to the fact that many problems are
still encountered with present testing techniques [45].
In the development of test sets as well as in verifi-
cation of the design for testability techniques, com-
puter-aided design and test equipment have become
indispensable. In this paper, the software tools which
are generally used in testing--Automatic test pattern
generators (ATPG), logic and fault simulators as well
as testability analysis programs--will be referred to
as Computer-Aided Testing Systems (CATS).
As the demand on CATS systems increases and

the choices become more varied, it is rather impor-
tant to compare the merits of different systems.
Twenty-nine systems were reported in a survey con-
ducted by HH&B on behalf of the Navy [39]. Not
all of these were equipped with ATPGs. Only a few
of these systems survived the fierce competition
among developers and were listed in a later survey
[47] which reported over 45 systems.

In this paper, no attempt to benchmark systems
(in the sense of ranking the systems) will be given.
Rather, the intent is to present an approach for the
quantification of the attributes of CATS systems for
the sake of selecting benchmark circuits. First, the
role of benchmarking in other fields will be briefly
examined in order to gain more insight about the
selection of the benchmark circuits. Then the differ-
ent functions of a CADS will be reviewed in order
to abstract attributes that need to be assessed.
We present some experimental results that will

help in the characterization of CATS components.
The focus is particularly on Automatic Test Pattern
Generators, although many of the results can also
be applied to fault simulators. First, the different
functions of a CATS system are reviewed in order
to abstract the attributes that need to be assessed.
The experiments are carried out using three CATS
systems and several benchmark circuits. They help
assessing" 1) different approaches to fault coverage
and collapsing, 2) the behavior of ATPGs--length
of the test set and generation time--with different
circuit complexity and topology. Criteria for select-
ing benchmark circuits are then examined. The last
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section of the paper deals with practical considera-
tions in exchanging benchmark circuits among dif-
ferent systems.

THE ROLE OF BENCHMARKING

The use of benchmark units to assess products is a
well-established practice. Computer programs with
specific attributes have been used to evaluate the
execution speed of different computers since the
early days of computer use [22]. Subsequent efforts
in benchmarking computers [4], [17], [20], [41], [51]
resulted in the following conclusions: 1) it is not pos-
sible to develop one program that includes all the
parameters that need to be measured, and 2) as com-
puter technology and software techniques change,
different benchmark programs would need to be de-
veloped to reflect these changes. Special benchmarks
have been devised to evaluate workstations [27],
their graphics capabilities [9] and the correctness of
floating point operations [24]. Benchmarks can even
be tailored to assess a particular operating system
such as UNIX [3].

In the digital design and testing community, some
circuits have been used as test cases by researchers
to demonstrate their methods. The infamous 181
ALU has been used by many researchers [31], [32],
[23] as well as by commercial systems [2]. In a study
on minimization techniques of PLAs, 56 benchmark
circuits were used [8]. In logic synthesis, several
suites of benchmarks have been announced [10],
[11].
At the 1985 International Symposium on Circuits

and Systems (ISCAS) a set of 10 combinational cir-
cuits were proposed [10] to demonstrate test pattern
generation by several researchers. As soon as these
circuits were made public they became very popular
and were used in many studies [1], [16], [38], [42],
[43], [44], [50], [49]. Sequential benchmark circuits
were proposed subsequently, ISCAS 89 [11].
Another indication that benchmark circuits are

needed in digital testingin 1979, a report on bench-
marking CATS was published by the Navy [39]. Al-
most ten years later, the issue was again discussed
by Greer [21], and a whole session was devoted to
the same topic at COMPCON Spring 88 [14], [18],
[29], and 1988 International Test Conference [35].

COMPuTER-AIDED TESTING SYSTEMS

In general, any CATS consists of some combination
of the following components: 1) Schematic capture,

2) Timing verification, 3) Logic simulation, 4) Fault
simulation, 5) Testability measures, and 6) ATPG.
Most of these programs require a large computer

to run efficiently. However, realizing the need to
decrease testing cost, the vendors ported their pro-
grams (and sometimes a version of these programs)
on smaller computers, mostly IBM AT or IBM RT,
HP 320 or Microvax. This, of course, comes at the
expense of the speed of the mainframes. Some of
this loss in speed is compensated by the use of hard-
ware accelerators for these programs which have
been developed in order to increase their throughput
[5]. CATS can thus be hosted on a variety of hard-
ware configurations. The main interest is to evaluate
the capability of the systems to handle digital testing
problems. This does not suggest that the generation
time is not important but that if a microcomputer-
based system is selected, a trade off between speed
and cost will be made. The graphics of a workstation
is an important feature since it might facilitate the
entry of the circuit description. However, it does not
affect the quality of the test generation algorithm.
The effectiveness of fault simulators and ATPGs

are dependent on the strategy of simulation and test
pattern generation as well as the circuit size and com-
plexity. They are also dependent on several common
attributes: circuit representation, fault handling
modeling, representation, collapsing and dropping.
These attributes will be discussed in the subsequent
sections of this paper.

CIRCUIT REPRESENTATION

Accurate modeling of the circuit is an essential factor
for proper simulation. There are different parame-
ters that determine circuit modeling. The compo-
nents of the circuit can be modeled on the functional,
gate or switch level as illustrated in Figure 1. On the
functional level, the behavior of the component is
described by the outputs in terms of the inputs with-
out necessarily specifying any details of the internal
structure of the component. The gate level may be
considered as a functional description in which all
components are elementary gatesAND, OR, and
inverters. It is also possible to have a hierarchical
structure where any of the components are described
on the functional level. Representing a circuit at the
gate-level is more suitable for small circuits. Func-
tional-level representation reduces computational
complexity. The curves in Figure 2 show simulations
on the gate level and the functional level [39]. Be-
yond a certain gate count, the functional represen-
tation is more efficient.
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FIGURE Circuit Level Representations.

However, the use of the functional model does not
allow evaluation of the internal nodes of the func-
tional blocks. In evaluating these two types of rep-
resentation, a trade off between the speed of com-
putation and the need for accessing the internal
nodes has to be made. If the circuit is amenable to
segmentation for pseudo-exhaustive testing [31],
[32], then exhaustive testing of the functional parts

Gate Level

Functional Level

FIGURE 2

GateCount

Comparing Gate and Functional Representations.

can be achieved. Mixed level (gate and functional)
representation is available in some simulators. How
this hybrid representation compares with the other
representations is still an open question. When bridg-
ing faults in CMOS circuits are studied [33], switch-
level representation might be necessary. Another
important issue in modeling ICs and circuit repre-
sentation is special constructs such as tristate, bidi-
rectional pins and wired logic. All other conditions
being the same, if in one simulator these constructs
are handled implicitly, and in another they are han-
dled by "workaround" techniques, a comparison of
the two systems can be considered "fair."

Circuit entry in the system is greatly facilitated by
the number of pre-coded primitives and ICs. The
size and diversity of the library is another factor to
be measured. It is possible to compare libraries by
simple counts of the entries. However, depending on
the type of the individual units in the library, it is
important to make some equivalent gate counts. For
example, it is expected that a unit such as an ALU
be assigned an equivalent count higher than a simple
flip-flop. In addition, it is also important to count
unique types of ICs. That is, the SN74163, a mod 16
binary counter, may have several logic family ver-
sions. This is a good practice, yet the count of unique
ICs is also crucial for diversified modeling.
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In the remaining sections of this paper, the pre-
sentation will focus on CATS in which: 1) circuit
representation is on the gate level, and 2) only single
stuck-at faults are considered. Fault modeling, col-
lapsing and coverage will be examined first. Then the
performance of the ATPGs will be analyzed using
three CATS which are referred to as systems A, B,
and C. They run respectively on an Apollo DN550,
a Microvax and a Sun 3/160. It is important to rei-
terate that the intent is not on ranking these systems
but on using them as vehicles to formulate guidelines
and recommendations for the selection of appropri-
ate benchmark circuits.

FAULT MODELING AND COVERAGE

Fault Modeling

The stuck-at fault is the most widely used fault
model. Although it is recommended [19] to consider
up to 6 simultaneous faults, none of the commercial
CATS attempts to detect multiple faults. Fault col-
lapsing and fault dropping are other issues that affect
the performance of the simulator. According to this
latter technique, once the fault is detected it is
dropped from the fault list and no further attempts
will be made to detect it with other patterns. This is
a disadvantage if, for example, the detectability pro-
file for a circuit is to be constructed [28]. Yet, fault
dropping could save simulation time and memory
requirements.

Fault Collapsing

For single stuck-at faults, generating afault list seems
to be a straightforward technique. The process in-

volves grouping the faults in categories (usually
called faultclasses). Then a representative fault from
each category is selected to form a fault list that is
used in fault simulation and test pattern generation.
However, formation of the fault list is not imple-
mented the same way by the different CATS. Figure
3 shows sites where both stuck-at zero and stuck-at
one faults were injected by the three different CATS,
A, B and C.
However, for fanout free outputs, the SA faults

are duplicated as illustrated in Figure 3(a), where the
SA fault at the output of gate 9 and the open-to fault
at the input of gate 11 are the same fault. To include
faults on the branches without duplicating faults on
the fanout free outputs, special workaround tech-
niques have to be used for systems B and C, two
categories of stuck-at faults are distinguished. The
first category includes Stuck-At faults (SA) on the
primary inputs and on the outputs of each gate. Thus,
in case of fanout, every stem and its branches are
considered as one net. The second category of SA
faults are known as open-to faults. This is defined as
a broken wire that is held high (open-to-l) or low
(open-to-0) depending on the technology of the cir-
cuit. An open fault affects the gates downstream of
it but neither the stem nor the other branches are
affected. The simulators allow the use of either op-
tion or both. When both are used, stuck-at faults on
the branches can be included in the fault list. This is
the case for the output of gate 8 in Figure 3(a). How-
ever, for fan-out free outputs, the SA faults are du-
plicated as illustrated in Figure 3(a), where the SA
fault at the output of gate 9 and the open-to fault at
the input of gate 11 are the same fault. To include
faults on the branches without duplicating faults on
the fan-out free outputs, special work around tech-
niques have to be used in the case of system B, but
can be easily implemented for system C.

1
3 6 1

10 3

4 8 7
11

5 (a) 9
(b)

/ stuck-at X open-to
FIGURE 3 Circuit C17: Stuck-At and Open-To Faults: (a) Systems B and C, (b) System A.
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Reference

TABLE
Faults and Fault Classes

System B System C

SA Open Both SA Open

lines 17 11 12 23 11 12
faults 34 22 24 45 22 24
fault classes 22 16 06 22 16 22

Both

17
34
22

System A

18
36
20

System A considers faults on all inputs and all
outputs of each gate, even if the output is input to
only one other gate at it is the case for nodes 6 and
9 in Figure 3(b). Thus this technique leads to dupli-
cation of the same fault within some fault classes.
Also, primary inputs that fanout are dropped when
fault collapsing is performed. This practice is only
acceptable if no reconverging fanout occurs. The
number of faults and fault classes for the circuit
shown in Figure 3 are listed in Table I together with
the corresponding published data [10] indicated as
reference in the table. The total number of faults
according to system A is 36 when it cannot exceed
34. Also, the number of fault classes has decreased
to 20 because the primary input 3, which has fanout,
was removed from the fault list under the assumption
that it is dominated by the branches. Another indi-
cation of the great divergence in the way fault lists
are formed is given in Table II [36].
Here, the number of faults considered by the same

commercial CATS and some researchers are tabu-
lated for the 10 combinational circuits announced at
ISCAS 85. For any of the circuits, there is a wide
range of faults considered by the different references.
It is evident that there is a need of standardization
of the fault list compilation or a means to find equiv-
alence between the different approaches of collaps-
ing the faults.

Fault Coverage

The fault coverage is defined as the ratio of detected
faults to the total number of faults. The difference
in fault collapsing affects the fault coverage. Systems
B and C give the fault coverage, Te, for all faults
considered, but system A calculates the coverage,
Tc, for the fault classes. In order to appreciate the
discrepancies between Te and Tc, the two coverages
will be calculated using the data from system A which
is listed in the rightmost column of Table I.

If only one fault class is not detected, then T
19/20 0.95. The number of faults per class varies
from 1 to 4. The corresponding values of Tv are then
35/36 0.97 and 32/36 0.89. For a fair compar-
ison of the performances of the different simulators,
a unified fault coverage has to be used.

EVALUATING ATPGS

Test pattern generators are usually based on a certain
fault model and a certain level of circuit represen-
tation. The stuck-at fault model is the most com-
monly used model. Although this fault model can be
applied for a circuit description on the switch as well

Circuit

TABLE II
Test Pattern Generation: ISCAS Circuits

System A System B Murakami Takamatsu Rosales

C432 494 282 434 524
C499 1092 430 758 758
C880 850 537 942 942
C1355 1508 846 1574 1574
C1908 1813 1300 1876 1876
C2670 2485 1818 2521 2747
C3540 3336 2285 3422 3428
C5315 5100 3356 5314 5350

Murakami et. al. ISCAS 85, p. 678
Takamatsu et. al. ISCAS 85, p. 682
Rosales et. al. ISCAS 85, p. 66t

738
1126
1578
2230
2935
4691
5708
8708
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as on the gate levels, it is usually used with the latter
circuit representation.

Given a stuck-at fault model and a gate level rep-
resentation, there are several approaches to test pat-
tern generation" exhaustive, pseudo-exhaustive, ran-
dom, pseudo-random, and deterministic. It is possible
to combine more than one approach. For example,
an ATPG may start with a random test set and switch
to an algorithm test to generate patterns for those
faults which were not detected by the random test
set. The complexity of the algorithm will affect the
speed of pattern generation. However, this speed is
not the only factor determining the performance of
the ATPG. The length of the test set and its effec-
tiveness (fault coverage) in detecting the faults are
also important factors. Hence, it is useful to for-
mulate a relation among the length of the test set,
its fault coverage, and its generation time in order
to compare different ATPGs. Toward this end, some
experiments are performed using the ATPGs of the
commercial systems A, B and C to generate patterns
for the ISCAS 85 suite as well as other circuits.

Experiment I The speed of operation is affected by
the level of circuit representation, the number of
states, the fault model as well as the strategy of fault
or test pattern generation. For example, in order to
assess the performance of an ATPG, test sets for
circuits of different sizes (line count) are generated
and their lengths and generation times are plotted
versus the gate count or the number of faults. An
experiment was carried out using System A’s ATPG
to generate test sets for some of the ISCAS 85 circuits
[10]. The results of this experiment are given in Table
III, where the number of nets (the number associated
with the circuit’s name), the gate count, the fault
classes, the test length, the test generation time and
the fault coverage are listed. The change in test
length and generation time with the number of wires
is shown in Figure 4. These results indicate that there
is no correlation between the number of patterns

TABLE III
Test Set Length and Generation Time: ISCAS Circuits

Circuit Gate Fault Test Set Generation Fault*
Name Count Classes Length Time Coverage

C432 160 494 89 14.00 99.00
C499 202 1092 106 165.33 94.00
C880 383 850 67 8.50 100.00
C1355 546 1508 78 470.60 94.13
C1908 880 1813 151 48.22 99.88
C2670 1193 2485 144 246.00 98.01
C3540 1669 3336 199 312.31 99.63
C5315 2307 5100 159 207.30 99.46

*Based on detectable faults only.
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FIGURE 4 Test Length and Generation Time for System A.

generated and the size of the circuit. Also, no cor-
relation exists with the number of fault classes. The
test generation time depends neither on the number
of fault classes nor on the test length.
The experiment has also been carried out on sys-

tem B. The generation times for the two systems A
and B are plotted in Figure 5(a). Both curves are
normalized to the time registered for the smallest
circuit, C432. System B seems to have a better per-
formance. The longest generation time does not ex-
ceed 20 times that of the smallest circuit. However,
as indicated in Figure 5(b), the fault coverage of
system A is better than that of system B for all circuits
except C499.

Since for a given system, the same algorithm is
used on all circuits, the profiles shown in Figures 4
and 5 reflect mostly the characteristics of the circuits
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FIGURE 5 Comparison of Systems A and B (a) Test Generation
Time, (b) Fault Coverage.

used in the experiments. For example, circuit C1355
is functionally equivalent to circuit C499 except that
all XOR gates in the latter circuit are expanded into
4 NAND gates in the former [10]. In system B, for
which the XOR function is represented as a gate,
the number of faults for C499 is expected to be
smaller than for C1355. However, this is not the case
for system A which does not include among its prim-
itives an XOR gate. Hence, each XOR is expanded
into AND and OR and inverter gates. The result
obtained so far confirms that the performance of
ATPGs depends on the circuits’ topology and size as
well as the algorithm. It is necessary to relate the
performance to the fault coverage which measures
the effectiveness of the test set generated. The gen-
eration per fault detected may be considered as the
cost per fault. However, an ATPG can attain a cer-
tain fault coverage using random patterns and hence
for the same cost per fault the test length may be
excessively long. A relation that also includes the
number of test patterns generated is now under in-
vestigation.

3 4 4

74C85

74C85 4 4

74C85

FIGURE 6 Cascaded 4-Bit Comparators.

Experiment II In order to minimize the effect of
the circuit in evaluating the performance of an
ATPG, replication of a certain circuit is used to ob-
tain larger circuits. For example several 4-bit com-
parators (National Semiconductor’s 74C85) have
been cascaded, as shown in Figure 6, to form larger
comparators [37].

In this experiment, the fault classes are assumed
to be proportional to the size of the circuits. By rep-
licating the same structure to form larger circuits, the
curve representing the test generation time versus
the circuit size characterizes the ATPG itself. Plots
of the test length and the generation time for system
A are shown in Figure 7. In contrast to Figures 4
and 5, here the curves are monotonically increasing
functions of the number of faults.
The experiment for the comparators was repeated

for balanced parity trees with primary inputs varying
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400
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200

100

m- length- time

0 20 40 60 80

pairs

300

200

100

FIGURE 7 Test Pattern Generation for Comparator Circuits.
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from 4 to 64. The test generation times for the com-
parators (and the parity trees) on systems A and C
are shown in Figure 8. The values are normalized to
the generation time for the smallest circuit (a 4-pairs
comparator and a 4-input parity tree). In order to
emphasize the difference between the two curves for
the small size circuits, a logarithmic scale is used.
The curves for the comparators indicate that the

two ATPGs behave exponentially but the rate of
increase is higher for system C than for system A.
For the parity trees, however, the curve for system
A rises at a higher rate than that for system C. The
different behavior of the two systems can be ex-
plained as follows" system C generates only 4 pat-
terns for any size parity tree (a correct optimum test
set [6]) while for system A, the number of test pat-
terns increases with increased input pairs.
The behavior of systems C and A for the two types

of circuits is shown in Figure 9. In this case the time
is plotted versus the fault classes. It is clear that for

0 20 40 60 80

pairs

3

(a) Comparators

Parity trees

1000 2OO0

Fault Class

(b) Parity Trees

FIGURE 8 Test Generation Times on Systems A and C.
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(b) Systems A and C

FIGURE 9 Test Generation Times for the Comparators and
Parity Trees.

system A, handling XOR gates is a problem. This
explains why the two circuits that contain XOR con-
structs, namely C499 and C1355, need longer test
generation time. The observations made in this sec-
tion help formulating preference in selecting the
benchmark circuits and raise some practical consid-
erations in benchmarking CATS.

BENCHMARK CIRCUITS

The several experiments described in earlier sections
lead to the following recommendations regarding the
approach in evaluating and comparing ATPGs as
well as the selections of benchmark circuits.
The fault coverage is an important parameter to

be used as a measure of the capabilities of the ATPG
to generate a complete test set. The fault coverage
may be measured in terms of the faults classes or the
individual faults. Hence, the same measure needs to
be used. However, since there is no uniform way to
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generate fault lists, the fault coverage comparison is
not meaningful. A starting point for comparing the
fault coverage is then to have the same fault list.

Different ATPGs do not use the same test pattern
generation algorithm and they do not handle differ-
ent circuit constructs in the same fashion. For ex-
ample the handling of XOR trees by system A is
more efficient than by system B. But the reverse is
true when the comparators are used. Hence, a va-
riety of circuits types need to be available to allow
comparison of the different aspects of the ATPGs.

In evaluating the performances of the ATPGs as
the circuit complexity increases (number of lines), it
is evident the diversity of the ISCAS 85 benchmarks
did not permit an assessment of the performances.
However, when circuits consisted of replication of
the same construct, each ATPG was represented by
a characteristic curve. Such curves for different
ATPGs can be easily compared.

Finally, there is the inclusion of different special
circuit constructs: tristate, bidirectional, transmis-
sion gates and special design for test constructs such
as scan path or self-checking circuits. Ideally, the
profile of a benchmark circuit should include the
characteristics listed in Table IV.
There are some suites of benchmark circuits that

have been announced, among them are ISCAS 85
[10], ISCAS 89 [11], HLS 89 [52]. To complement
these suites, benchmarks regular circuits that are
formed by cascading MSI-size of circuits have been
developed [40]. This last suite consists of compara-
tors, parity trees, ALUs, funnel shifters, counters,
and other circuits.

TABLE IV
Characteristics of Benchmark Circuits

Combinational
Type Versus Sequential

Technology
Number of

Fanout
Fanin:
Special Structures:

Bipolar, CMOS, etc
Gate
States
Primary inputs
Primary outputs
Lines
Average and maximum
Average and maximum

Tristate
Transmission gate
Scan path

standardization of data exchange essential. Many
vendors have been adopting and supporting standard
neutral languages or formats such as VHDL [46] and
EDIF [13], among others [12], [48]. It is thus natural
to explore the possibility of exchanging the circuit
descriptions through these intermediate languages.
This is illustrated in Figure 11. Here each system is
both a source and a target. It is then mandatory to
have a translator from each system’s language to the
neutral language, a writer, and vice versa, a reader
[13]. Thus only 2n translators would be sufficient for
full communication among the systems.

Circuit description may be entered in the CATS
either in a netlist form or in a schematic form. In
either case, the circuit may be modeled at the switch,
gate or functional level. A netlist may be considered
as a schematic without graphical symbols to represent

PRACTICAL CONSIDERATIONS

When benchmark circuits are selected to exercise the
different functions of the CATS, it is important to
facilitate the transfer of the circuits from one system
to another. Each of these systems has its own circuit
description language (or schematic capture), it is thus
necessary to transfer the circuit descriptions to dif-
ferent systems. It is always possible to enter the
benchmark circuits in one system, the Source System,
SS, and write several translators to convert the cir-
cuits to the languages of other systems, Target Sys-
tems (TS). This type of exchange is illustrated in
Figure 10, where n 1 translators are needed but
there is no flexibility in passing from the TS systems
to SS. For each system to swap data with all others,
n(n 1) translators are needed. The problem of
moving data among different systems has made the

TS1

TS2

SS

SS Source System
TS Target System TSn

FIGURE 10 Translation from a Source System (SS) to Many
Target Systems (TS).
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DTS1

DTSn

DTS5

DTS2
Reader

DTS3

Writer DTS4

FIGURE 11 Neutral Language with Several Writers and Read-
ers.

the functional units or the gates. However, other
properties (orientation, names, size of fonts) asso-
ciated with the graphical symbols make the transla-
tions of schematics more complex than netlists.
The circuits may be described via VHDL or EDIF.

VHDL which is an ADA-like language is better
suited for high level behavioral description [48].
While EDIF, a LISP-like language, can migrate net-
list descriptions to schematic designs directly [i4].
Both languages can be used in simulation modeling
[251.

In this study, EDIF was selected as the neutral
language because of the following reasons. First, this
standard has been initiated and supported by the
industry. At the 26th Design Automation Confer-
ence several vendors collaborated and exchanged a
circuit in EDIF format and displayed it on their cor-
responding systems [30]. Also, a netlist in EDIF can
easily be put into a schematic form and vice versa.
The translation of the NSF 89 benchmarks into EDIF
is reported at EDIF World 89 [26].

SUMMARY AND CONCLUSIONS

Computer-Aided Testing Systems as computer soft-
ware packages need to be assessed and compared.
As benchmark programs are,written to evaluate com-
puters, digital circuits need to be selected to evaluate
testing systems. Like computer systems, CATS re-
quire several types of benchmarks, since no single
benchmark can suffice to measure all attributes of a
system.
The focus in this study was on Automatic Test

Pattern Generators although many of the results can
also be applied to fault simulators. Experiments were
carried out using three CATS and several benchmark
circuits. Only combinational circuits were consid-

ered. Further investigation will make use of sequen-
tial circuits for which test pattern generation presents
more complexity [34]. The preliminary results show
that there is no general agreement on how: 1) fault
collapsing is performed, and 2) fault coverage is cal-
culated. Hence in comparing ATPGs, a unified fault
list and fault coverage need to be used. In addition,
the performance of the ATPGs is a function of the
circuit representation and size as well as the test gen-
eration algorithm. In order to compare the perform-
ance of the ATPGs as the circuit under test increases
in complexity, it is important to use regular structures
that consist of replication of medium size circuits.
Practical considerations involved in benchmarking
are also examined. Emphasis is on the transfer of
circuits between different CATS and the use of EDIF
as a neutral exchange language.
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