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Abstract - Comparing a single transition fault with a
single path delay fault, targeting (i.e., simulating or
generating a test for) a path delay fault is not more
complex than targeting a transition fault. However,
targeting a set of path delay faults is significantly more
complex than targeting a set of transition faults when
the goal is to consider the testable path delay faults
that are associated with the longest paths. The reason
is the large fraction of untestable path delay faults
among these faults. This complication is removed if
the requirement on the lengths of the paths is removed.
In this case, it is possible to use path delay faults
instead of transition faults as a basic delay fault model
for better coverage of small delay defects. This paper
studies the effects of using path delay faults as a basic
delay fault model instead of transition faults.

I. INTRODUCTION
Delay defects can be modeled by transition faults

[1] or by path delay faults [2]. Transition faults model the
case where the extra delay of a line is large such that pro-
pagating the effects of the defect to an output through a
path of any length will result in a faulty output value. Path
delay faults model the case where small extra delays,
corresponding to small delay defects, result in a faulty
output value when they are accumulated along a path. In
addition, detecting transition faults through the longest
paths [3]-[5] allows tests for transition faults to detect
smaller delay defects. Small delay defects are important to
detect since they are prevalent, and they are less likely to
be detected accidentally than large delay defects.

Among the longest paths of a circuit there are typi-
cally many paths that are untestable [6]-[12]. This com-
plicates test generation procedures that attempt to use the
longest paths. These procedures have to consider large
numbers of paths, many of which are untestable, in order
to find the longest testable paths. This includes the case
where path delay faults that are associated with the long-
est paths are targeted, as well as the case where transition
faults are detected through the longest paths. Therefore,
transition faults may be used as a basic delay fault model
for covering delay defects, and a set of carefully selected
������������������
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path delay faults may be used for additional coverage of
small delay defects on critical paths.

Path delay faults are considerably simpler to target
without the requirement to consider the longest paths. In
this case, the fraction of testable path delay faults is
higher, and testable faults are easier to find. Even without
considering the longest paths, path delay faults capture the
effects of small delay defects better than transition faults.
This is due to the use of propagation conditions for small
delay defects along a path in tests for path delay faults.
Therefore, for a basic test set that targets delay defects, it
is advantageous to consider path delay faults instead of
transition faults, and allow path delay faults that are asso-
ciated with shorter paths to be targeted. An interesting
result that is demonstrated in this paper is that a test set for
such a fault model sometimes yields a higher fault cover-
age than a test set for transition faults. Thus, the circuit
can be covered better with a test set for path delay faults.
For this discussion, the set of target faults is defined as
follows.

Let p = g 0−g 1− . . . −gL −1 denote a path of length L
with lines g 0, g 1, . . . , gL −1. For a 0 = 0 or 1, let p :a 0→a′ 0
denote the path delay fault that is associated with p and
the a 0→a′ 0 transition at its source g 0. When the a 0→a′ 0
transition is propagated through p , let the transition on
line gi be ai →a′i , for 0 ≤ i < L . With an even number of
inverters on the subpath between g 0 and gi , ai = a 0. With
an odd number of inverters, ai = a′ 0. The path delay fault
p :a 0→a′ 0 is said to cover the ai →a′i transition on gi , for
0 ≤ i < L . This transition is denoted by gi :ai →a′i .
Depending on the propagation conditions used for detect-
ing path delay faults, a test for p :a 0→a′ 0 may assign the
ai →a′i transition to line gi , or it may assign a pulse that
includes this transition. The transition is said to be
covered by the path delay fault since a defect that delays
the transition will increase the delay of the path, and such
a delay is the target of a test for the path delay fault.

To define a number of target faults that is equal to
the number of transition faults, the fault model considered
in this paper targets all the transitions in the circuit. A
transition is detected when a path delay fault that covers it
is detected. This is similar to the fault model considered
in [13], but with the important difference that the require-
ment in [13] is to use one of the longest paths that covers



every transition. Here, the path can be of any length. This
facilitates significantly the consideration of path delay
faults, and allows path delay faults to be used as a basic
delay fault model instead of transition faults.

The procedure described in this paper associates
with every transition g :a →a′ a set of path delay faults
Pn (g :a →a′ ), and requires that at least one of the path
delay faults in Pn (g :a →a′ ) would be detected. Here, n is
a parameter that determines the number of path delay
faults that are considered for every transition. The pro-
cedure increases n gradually. This allows it to find the
point where the fault coverage is sufficiently high using as
few path delay faults as possible for every transition. The
path delay fault coverage is computed as the percentage of
transitions such that at least one path delay fault from their
set is detected.

To study the relationships between using transition
faults and using path delay faults as targets for test gen-
eration, the test generation procedure described in this
paper is applied starting from a test set T for transition
faults. In this way, the results of test generation will
demonstrate the extent to which a transition fault test set
already detects path delay faults as defined here, and the
extent to which it needs to be augmented in order to
increase the path delay fault coverage. The procedure can
be applied with T = φ when the goal is to generate a path
delay fault test set without first generating transition fault
tests.

The procedure is separated into two parts as
described next. The first part performs path delay fault
simulation. As n is increased, more path delay faults are
considered for every transition, and the path delay fault
coverage increases even without generating additional
tests. However, experimental results show that the path
delay fault coverage saturates for a low value of n .

The second part of the procedure performs test gen-
eration for path delay faults. It considers every transition
g :a →a′ such that none of the path delay faults in
Pn (g :a →a′ ) is detected, and attempts to generate a test
for one of these path delay faults.

The paper is organized as follows. Section II
describes the derivation of a set of path delay faults
Pn (g :a →a′ ) for the transition g :a →a′ . Section III
describes the procedure for fault simulation and test gen-
eration. Section IV presents experimental results.

II. SETS OF PATH DELAY FAULTS
This section describes the construction of a set of

path delay faults Pn (g :a →a′ ) for a transition g :a →a′ .
For the discussion in this paper, the length of a path

is equal to the number of lines along the path. Let the
lengths of the paths that go through a line g be l 0, l 1, . . . ,
lN −1 such that l 0 < l 1 < . . . < lN −1. The set Pn (g :a →a′ )
contains all the path delay faults that cover g :a →a′ , and

are associated with paths of lengths l 0, l 1, . . . . The path
length is increased until Pn (g :a →a′ ) contains at least n
path delay faults.

In Section IV, the longest paths are considered for
comparison. Shortest paths were selected here since there
are more testable paths among the shortest paths. This
simplifies the test generation process and allows path
delay faults to replace transition faults as a basic delay
fault model.

To find Pn (g :a →a′ ), the procedure first marks
every line in the circuit that participates in a path, which
also includes g . For this purpose, the procedure marks
every line h such that there is a path from g to h . This is
done by traversing the circuit forward starting from g . In
addition, the procedure marks every line h such that there
is a path from h to g . This is done by traversing the cir-
cuit backward starting from g . For a line h , rch (h ) = 1 if
there is a path from h to g or from g to h , and rch (h ) = 0
if there is no such path. The set of lines with paths from
or to g is denoted by C . Thus, C = {h :rch (h )=1}.

Traversing the circuit backward starting from the
outputs, and using only lines from C , the procedure com-
putes the length of the shortest path from every line to an
output. The length of the shortest path from a line h to an
output is denoted by len (h ) (when the goal is to find the
longest paths, len (h ) is the length of the longest path from
h to an output).

For illustration, Figure 1 shows ISCAS-89 bench-
mark s 27. Line numbers are shown in square brackets.
The transition under consideration is 19:0→1. Following
the line numbers, Figure 1 shows the length of the shortest
path from h to an output for every line h ∈ C .

The procedure develops paths starting from the
inputs of the combinational logic. For every input h such
that rch (h ) = 1, the procedure initially includes in
Pn (g :a →a′ ) a partial path that consists only of h . The
procedure extends the paths in Pn (g :a →a′ ) iteratively by
adding one line to every path in every iteration. At an
arbitrary step of this process, let g 0−g 1− . . . −gm −1 be a
partial path in Pn (g :a →a′ ). The procedure extends the
path as follows.

If gm −1 is an output of the combinational logic, the
extension of the path is complete, and the path is not con-
sidered further. Otherwise, the path is replaced with the
following paths.

If gm −1 is a fanout stem with branches h 0, h 1, . . . ,
hk −1, the procedure defines H = {h 0,h 1, . . . ,hk −1}. If gm −1
is a gate input with output h 0, the procedure defines H =
{h 0}. For every hi ∈ H , if rch (hi ) = 1, the procedure
adds the path g 0−g 1− . . . −gm −1−hi to Pn (g :a →a′ ).

At the end of an iteration, the procedure associates
with every partial path p ∈ Pn (g :a →a′ ) its minimum
expected length. For p = g 0−g 1− . . . −gm −1, the minimum
expected length is m +len (gm −1). This can be seen from
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Figure 1. Path Lengths for s27

the fact that the path already includes m lines, and the
length of the shortest path from gm −1 to an output is
len (gm −1). Let the expected lengths for the paths in
Pn (g :a →a′ ) be le ,0, le ,1, . . . , le ,N −1, and suppose that
le ,0 < le ,1 < . . . < le ,N −1. The procedure keeps in
Pn (g :a →a′ ) the paths of lengths, le ,0, le ,1, . . . , le ,q −1,
where q is the smallest integer such that the number of
paths in Pn (g :a →a′ ) is at least n . It removes all the
other paths from Pn (g :a →a′ ).

After all the paths in Pn (g :a →a′ ) reach an output
of the combinational logic, the procedure defines path
delay faults by associating a transition with the first line of
every path. Let p = g 0−g 1− . . . −gL −1 be a path in
Pn (g :a →a′ ), and let gi = g . If the number of inverters on
the subpath between g 0 and g = gi is even, the procedure
associates with p the a →a′ transition. If the number of
inverters between g 0 and g = gi is odd, the procedure
associates with p the a′ →a transition.

For s 27 with n = 4 and 19:0→1 as the target transi-
tion, the procedure develops partial paths as shown in
Table I. The expected length of each partial path is shown
under column exp.

Initially, in iteration 0, the procedure finds the par-
tial paths 1, 4 and 6 as shown in the first part of Table I.
In iteration 1 the procedure extends the paths into 1-8, 4-
19, and 6-14 as shown in the second part of Table I. In
iterations 2, 3 and 4 the procedure extends the paths as
shown in Table I. The expected path lengths in iteration 4
are 5, 6, 7 and 9. There are four paths with expected
lengths 5, 6 and 7. The partial path 1-8-13-14-16, with
expected length 9, is removed.

In iteration 6 the procedure removes the partial
paths with expected length 8 from P 4(19:0→1). In itera-
tion 8 the procedure finds that all the paths have reached
an output. The final set of paths is as shown for iteration 7.
The expected path lengths are the actual path lengths.

All the paths include line 19, and the subpaths from
the sources of the paths to line 19 do not have any invert-
ers. The set of path delay faults for 19:0→1 associates the
0→1 transition with every path in the last part of Table I.

TABLE I. Example
iteration paths exp���������������������������������

0 1 9
4 5
6 7���������������������������������

1 1-8 9
4-19 5
6-14 7���������������������������������

2 1-8-13 9
4-19-20 5
6-14-16 7���������������������������������

3 1-8-13-14 9
4-19-20-21 5
6-14-16-19 7���������������������������������

4 1-8-13-14-16 9
4-19-20-21-22 6
4-19-20-21-23 6
4-19-20-21-24 5
6-14-16-19-20 7���������������������������������

5 4-19-20-21-22-25 6
4-19-20-21-23-26 6

4-19-20-21-24 5
6-14-16-19-20-21 7���������������������������������

6 4-19-20-21-22-25 6
4-19-20-21-23-26 6

4-19-20-21-24 5
6-14-16-19-20-21-22 8
6-14-16-19-20-21-23 8
6-14-16-19-20-21-24 7���������������������������������

7 4-19-20-21-22-25 6
4-19-20-21-23-26 6

4-19-20-21-24 5
6-14-16-19-20-21-24 7�
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Tests for path delay faults can be generated under
the robust or non-robust propagation conditions. The
non-robust propagation conditions can be classified as
weak or strong non-robust. The weak non-robust propa-
gation conditions are used in this paper. Under these con-
ditions, a fault is detected by a two-pattern test that creates
the required transition at the source of the path, and
assigns non-controlling values to off-path inputs during
the second pattern of the test. To increase the likelihood
that tests for path delay faults will detect transition faults
it is possible to use the strong non-robust propagation con-
ditions. These conditions require, in addition, a 0→1 or
1→0 transition on every line of the path.

III. PROCEDURE FOR FAULT
SIMULATION AND TEST GENERATION

This section describes the fault simulation and test
generation procedure that is used for studying the possibil-
ity of replacing transition faults with path delay faults as a
basic delay fault model. The overall flow of the procedure
is described in Subsection III.A. The fault simulation part
of the procedure is described in Subsection III.B. The test
generation part is described in Subsection III.C.

A. Overall Flow
The procedure is applied to a test set T that was

generated for transition faults. It is also possible to apply
the procedure with T = φ.



For every line g and every a ∈ {0,1}, the pro-
cedure initially includes the transition g :a →a′ in a set
denoted by F . The transition g :a →a′ will be removed
from F when one of the path delay faults that cover it is
detected. The path delay fault coverage is the percentage
of transitions such that one of the path delay faults that
cover them is detected.

The procedure is applied using increasing values of
the parameter n . As n is increased, the sets of path delay
faults Pn (g :a →a′ ) contain more path delay faults. There-
fore, both the fault simulation and the test generation parts
of the procedure have additional opportunities to increase
the path delay fault coverage.

For every value of n , fault simulation is carried out
first. If fault simulation increases the fault coverage by
less than a percentage denoted by Δ0, fault simulation is
followed by test generation. When T = φ, Δ0 = 100%
ensures that test generation always follows fault simula-
tion. The use of a lower value of Δ0 when T ≠ φ is based
on the following considerations.

For the lowest values of n , the path delay fault cov-
erage increases significantly simply by allowing more
path delay faults to be considered for every transition. For
higher values of n , fault simulation of increasing numbers
of path delay faults is not sufficient for increasing the fault
coverage, and test generation is carried out.

The procedure increases n until fault simulation and
test generation increase the path delay fault coverage by
less than a constant percentage denoted by Δ1. This is
taken as an indication that increasing n further is not
likely to affect the path delay fault coverage.

During fault simulation and test generation, the sets
of path delay faults Pn (g :a →a′ ) are not stored. Instead,
they are derived when they are needed. This avoids the
storage requirements of multiple subsets of path delay
faults. It is feasible since recomputing Pn (g :a →a′ )
requires only structural analysis of the circuit and its con-
tribution to the run time is negligible.

B. Fault Simulation
This subsection describes the fault simulation pro-

cedure for a given value of n .
For every transition g :a →a′ ∈ F , the fault simula-

tion procedure finds the set of path delay faults
Pn (g :a →a′ ). It then performs path delay fault simulation
of Pn (g :a →a′ ) under every test t ∈ T . Fault simulation
of a test t ∈ T proceeds as follows.

The procedure performs logic simulation of t . It
then considers the path delay faults in Pn (g :a →a′ ) by
order of increasing length. For every path delay fault, the
procedure compares the propagation conditions of the
fault to the values assigned by t . If all the propagation
conditions are satisfied, the procedure concludes that
g :a →a′ is detected, and it removes g :a →a′ from F

without considering additional path delay faults from
Pn (g :a →a′ ).

C. Test Generation
This subsection describes the test generation pro-

cedure for a given value of n .
For every g :a →a′ ∈ F , the procedure first per-

forms fault simulation of Pn (g :a →a′ ) in case one of the
tests that were added to T earlier already detects one of
the path delay faults from Pn (g :a →a′ ).

If none of the faults is detected, the test generation
procedure considers up to NTG of the path delay faults
from Pn (g :a →a′ ), for a constant NTG . This limit was
introduced in order to limit the computational effort of the
test generation procedure. If the number of path delay
faults in Pn (g :a →a′ ) is higher than NTG , the procedure
selects path delay faults for test generation randomly. It
stops when it detects the first path delay fault in
Pn (g :a →a′ ) or after considering NTG path delay faults.

Due to the selection of path delay faults, the pro-
cedure performs several iterations where it considers all
the transitions in F until no new fault is detected in an
iteration over all the faults in F .

For test compaction and in order to allow the con-
straints of test data compression to be accommodated, the
test generation procedure generates incompletely-
specified tests. Every time it generates a new test, it
attempts to merge it with one of the tests in T . Only if
merging is not possible, the procedure adds the test to T
as a new test.

Transition fault simulation is carried out every time
a test is updated or a new test is added to T . If T does not
detect all the detectable transition faults, the addition of
tests for path delay faults to T sometimes increases the
transition fault coverage.

IV. EXPERIMENTAL RESULTS
The procedure described in Section III was applied

to ISCAS-89, ITC-99 and IWLS-05 benchmark circuits.
The transition fault test set T includes both broad-

side and skewed-load tests. It is compacted by merging of
incompletely-specified tests. The tests are left
incompletely-specified, and new tests that are generated
for path delay faults may be merged with the transition
fault tests. Both broadside and skewed-load tests are gen-
erated for path delay faults.

The bound on the number of path delay faults is
assigned the values n = 1, 10, 20, 30, . . . , 1000. A fault
coverage increase of less than Δ0 = 1% causes test genera-
tion to follow fault simulation. A fault coverage increase
of less than Δ1 = 0.1% causes the procedure to terminate.
The number of path delay faults for which test generation
is attempted in every iteration is NTG = 10.



The procedure from Section III considers the shor-
test paths. To demonstrate the effects of considering the
longest paths, the procedure was modified to consider sub-
sets of path delay faults that are associated with the long-
est paths for every transition.

The results are shown in Tables II and III as fol-
lows. In Table II the procedure considers the longest
paths for several circuits. In Table III the procedure con-
siders the shorest paths. There are up to four rows for
every circuit corresponding to increasing values of n . In
the first row, the results of fault simulation are reported
for n = 1. In the next two rows, the results of fault simu-
lation and test generation are reported for the first value of
n where test generation was applied following fault simu-
lation. The last row corresponds to the last increase in
path delay fault coverage. There may be additional calls
to the test generation procedure that are not reported,
which increase the fault coverage and the number of tests
before the last increase in path delay fault coverage is
obtained. Every row shows the following information.

Column proc shows the procedure applied, and the
value of n . Path delay fault simulation has the entry
f sim.n under column type. Path delay fault test genera-
tion has the entry tgen.n under column type.

Column tests shows the number of tests in the test
set. Column f .c. shows the transition fault coverage and
the path delay fault coverage.

Column ave paths shows the average number of
path delay faults that are included in a set Pn (g :a →a′ ).
The last set computed for every transition is considered.
After a transition is removed from F , no additional sets of
path delay faults are computed for it, and the value of n
for the transition does not increase.

Column ave len shows the average length of a path
delay fault considering all the path delay faults in the last
computed sets Pn (g :a →a′ ), and considering the path
delay faults whose detection causes a transition to be
removed from F .

Column n.time shows information about the run
time of the procedure. Considering the initial transition
fault test set, let the run time for transition fault simulation
and path delay fault simulation using n = 1 be rt 0. The
run time of the procedure is divided by rt 0 to provide an
indication of the increase in computational effort as n is
increased and due to test generation.

Comparing the results in Table II with the results in
Table III it can be seen that the path delay fault coverage
is significantly lower for n = 1 when the longest paths are
considered. This is because large percentages of the long-
est paths are untestable, while large percentages of the
shortest paths are testable. As a result, the procedure for
the longest paths considers higher values of n and larger
subsets of path delay faults. Even with these values, it
achieves lower path delay fault coverage for the same ter-

TABLE II. Experimental Results (Longest Paths)

f.c. ave ave len
circuit proc tests trf pdf paths all det n.time�������������������������������������������������������������������������
s1196 fsim.1 238 100.00 45.53 1.84 11.97 11.97 1.00
s1196 fsim.60 238 100.00 89.92 11.34 18.30 15.18 4.55
s1196 tgen.60 294 100.00 99.29 14.73 19.18 15.96 5.52
s1196 tgen.70 295 100.00 99.37 14.77 19.19 15.96 5.64�������������������������������������������������������������������������
s1423 fsim.1 125 98.66 33.06 3.60 8.10 8.10 1.00
s1423 fsim.70 125 98.66 50.04 13.95 12.38 9.71 14.82
s1423 tgen.70 320 98.66 91.11 42.84 39.05 36.03 519.36
s1423 fsim.120 331 98.66 92.94 43.90 39.58 36.42 903.39�������������������������������������������������������������������������
b04 fsim.1 113 99.30 52.26 4.24 9.67 9.67 1.00
b04 fsim.50 113 99.30 82.88 9.43 12.37 11.01 6.08
b04 tgen.50 190 99.34 99.47 19.85 15.71 14.26 33.23
b04 tgen.60 191 99.34 99.51 19.87 15.72 14.27 37.69�������������������������������������������������������������������������
b05 fsim.1 168 93.60 24.22 4.94 13.26 13.26 1.00
b05 fsim.60 168 93.60 38.46 16.17 17.02 15.78 11.75
b05 tgen.60 293 94.24 60.58 56.52 27.21 26.06 313.38
b05 fsim.180 331 94.27 71.05 79.52 29.49 27.95 1168.35�������������������������������������������������������������������������
b07 fsim.1 107 96.45 48.59 4.87 10.45 10.45 1.00
b07 fsim.40 107 96.45 78.53 10.23 12.21 11.10 4.75
b07 tgen.40 173 97.22 93.63 17.08 15.35 14.16 41.33
b07 tgen.60 176 97.22 94.13 17.31 15.39 14.19 76.42�������������������������������������������������������������������������
b11 fsim.1 135 98.74 26.55 3.83 10.16 10.16 1.00
b11 fsim.60 135 98.74 45.34 21.68 15.84 14.48 15.89
b11 tgen.60 195 98.93 58.40 36.72 20.36 18.78 176.28
b11 fsim.190 215 98.93 68.06 60.18 22.83 20.84 658.11�������������������������������������������������������������������������
i2c fsim.1 55 97.13 63.71 3.56 11.59 11.59 1.00
i2c fsim.60 55 97.13 91.89 8.55 14.81 12.57 3.96
i2c tgen.60 97 98.25 98.67 10.99 15.55 13.25 21.91
i2c tgen.70 98 98.32 98.74 10.98 15.54 13.25 29.91�������������������������������������������������������������������������
pci_s_c fsim.1 95 71.80 28.87 6.79 15.15 15.15 1.00
pci_s_c fsim.80 95 71.80 66.22 21.96 20.60 16.85 9.63
pci_s_c tgen.80 283 84.93 95.67 28.77 21.33 17.17 26.30
pci_s_c fsim.100 286 84.96 95.92 28.91 21.34 17.17 34.78�
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mination condition. For a basic delay fault model that can
replace transition faults, it is important to avoid the
requirement to consider the longest paths.

In Table III, test generation for path delay faults
increases the path delay fault coverage significantly. For
all the circuits considered there are transitions for which
the corresponding transition fault cannot be detected, but
it is possible to detect a path delay fault that covers the
transition. For several circuits the path delay fault cover-
age is higher than the transition fault coverage. These
results are important since they imply an increase in the
coverage of delay defects when path delay faults are con-
sidered.

High path delay fault coverage is obtained in Table
III even with low values of n . For these values, a low
number of path delay faults is considered on the average
for every transition. For most of the circuits, this average
is lower than five.

Higher values of n are needed only for a small per-
centage of the transitions, and they do not increase the
average number of path delay faults per transition
significantly. Thus, by increasing n gradually, the pro-
cedure is able to find an appropriate value of n for every
transition such that Pn (g :a →a′ ) contains as few path
delay faults as possible.

Considering the number of tests that need to be
added to a transition fault test set in order to detect path
delay faults, the increase is typically manageable. It is
higher in cases where the path delay fault coverage



exceeds the transition fault coverage. For example, in the
case of b 14, the transition fault test set with 536 tests
achieves 83.55% transition fault coverage, and 1800 tests
are required for the path delay fault coverage to reach
92.33%, and exceed the transition fault coverage.

V. CONCLUDING REMARKS
This paper studied the possibility of using path

delay faults as a basic delay fault model instead of transi-
tion faults in order to improve the ability of a basic test set
for delay defects to detect small delay defects. For this
purpose, the paper associated a set of path delay faults
with every transition. The set included the path delay
faults that are associated with the n shortest paths. The
value of n was increased gradually in order to consider
the smallest possible number of path delay faults for every
transition. Experimental results indicated that the path
delay fault coverage can exceed the transition fault cover-
age. The possibility of covering more transitions provides
further motivation for targeting path delay faults instead
of transition faults.
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TABLE III. Experimental Results (Shortest Paths)

f.c. ave ave len
circuit proc tests trf pdf paths all det n.time����������������������������������������������������������������������������
s1196 fsim.1 238 100.00 80.48 1.53 8.21 8.21 1.00
s1196 fsim.20 238 100.00 95.40 3.12 9.51 9.17 1.44
s1196 tgen.20 280 100.00 99.50 3.56 9.89 9.38 2.12����������������������������������������������������������������������������
s1423 fsim.1 125 98.66 83.59 1.96 7.20 7.20 1.00
s1423 fsim.30 125 98.66 95.29 3.60 8.43 8.10 1.92
s1423 tgen.30 152 98.66 97.89 4.40 8.88 8.31 142.42����������������������������������������������������������������������������
s5378 fsim.1 346 97.86 78.90 3.81 13.26 13.26 1.00
s5378 fsim.30 346 97.86 96.16 5.63 14.50 14.17 2.07
s5378 tgen.30 403 97.87 98.23 6.12 14.65 14.28 10.37
s5378 fsim.40 403 97.87 98.27 6.13 14.65 14.28 10.48����������������������������������������������������������������������������
s9234 fsim.1 556 93.22 68.84 2.25 16.06 16.06 1.00
s9234 fsim.30 556 93.22 85.99 5.23 17.88 17.59 2.84
s9234 tgen.30 649 93.23 91.63 7.21 18.90 18.39 616.56
s9234 tgen.40 650 93.23 91.73 7.28 18.92 18.39 853.06����������������������������������������������������������������������������
s13207 fsim.1 543 96.80 82.23 2.15 13.78 13.78 1.00
s13207 fsim.30 543 96.80 94.09 4.15 15.67 15.25 3.42
s13207 tgen.30 628 96.81 97.10 4.81 16.15 15.64 10.93
s13207 tgen.60 632 96.81 97.55 5.13 16.24 15.73 18.59����������������������������������������������������������������������������
s15850 fsim.1 364 95.11 75.52 2.36 14.37 14.37 1.00
s15850 fsim.30 364 95.11 91.65 4.93 16.71 16.30 2.26
s15850 tgen.30 440 95.12 95.04 6.18 17.23 16.73 294.01
s15850 tgen.70 445 95.12 95.62 6.83 17.33 16.83 1897.23����������������������������������������������������������������������������
s35932 fsim.1 115 89.78 78.78 2.41 13.71 13.71 1.00
s35932 fsim.20 115 89.78 89.20 4.02 14.98 14.83 1.62
s35932 tgen.20 119 89.78 89.49 4.10 15.04 14.88 34.53
s35932 fsim.30 119 89.78 89.67 4.22 15.07 14.91 34.87����������������������������������������������������������������������������
s38417 fsim.1 453 99.56 79.48 3.13 13.18 13.18 1.00
s38417 fsim.40 453 99.56 92.88 6.53 14.72 14.59 3.35
s38417 tgen.40 662 99.59 98.95 9.48 15.54 15.32 141.84
s38417 fsim.50 662 99.59 99.02 9.53 15.55 15.33 141.95����������������������������������������������������������������������������
b04 fsim.1 113 99.30 93.54 5.07 8.43 8.43 1.00
b04 fsim.20 113 99.30 97.98 5.29 8.64 8.59 1.27
b04 tgen.20 119 99.34 99.96 5.39 8.71 8.65 3.93����������������������������������������������������������������������������
b05 fsim.1 168 93.60 68.87 3.70 9.30 9.30 1.00
b05 fsim.40 168 93.60 87.38 8.64 10.61 10.50 4.09
b05 tgen.40 223 94.27 91.16 10.63 10.96 10.79 167.74
b05 fsim.90 227 94.30 92.70 12.57 11.11 10.95 329.39����������������������������������������������������������������������������
b07 fsim.1 107 96.45 86.72 4.38 7.97 7.97 1.00
b07 fsim.30 107 96.45 95.00 5.60 8.44 8.37 1.83
b07 tgen.30 129 97.13 97.73 6.23 8.60 8.47 20.00����������������������������������������������������������������������������
b11 fsim.1 135 98.74 74.81 9.40 10.16 10.16 1.00
b11 fsim.40 135 98.74 94.03 13.39 11.44 11.28 2.67
b11 tgen.40 155 98.93 97.62 14.88 11.72 11.49 15.40
b11 fsim.70 156 98.93 98.11 15.24 11.76 11.52 25.33����������������������������������������������������������������������������
b14 fsim.1 536 83.55 56.87 21.34 10.34 10.34 1.00
b14 fsim.60 536 83.55 73.18 28.48 12.47 12.32 7.18
b14 tgen.60 1800 85.58 92.33 38.46 16.38 15.71 298.33
b14 fsim.80 1845 85.58 92.72 38.83 16.44 15.77 421.68����������������������������������������������������������������������������
aes_core fsim.1 269 99.99 61.46 2.46 13.32 13.32 1.00
aes_core fsim.30 269 99.99 98.15 7.51 15.89 15.23 1.57
aes_core tgen.30 845 99.99 100.00 8.07 16.05 15.36 47.00����������������������������������������������������������������������������
des_ar fsim.1 123 100.00 39.15 75.07 17.00 17.00 1.00
des_ar fsim.70 3422 100.00 99.92 101.49 20.36 20.16 640.38����������������������������������������������������������������������������
i2c fsim.1 55 97.13 82.54 2.15 7.03 7.03 1.00
i2c fsim.20 55 97.13 95.62 3.50 8.05 7.83 1.60
i2c tgen.20 92 98.39 98.95 3.75 8.26 7.98 14.85
i2c fsim.30 92 98.39 99.00 3.76 8.27 7.98 14.90����������������������������������������������������������������������������
pci_s_c fsim.1 95 71.80 51.12 2.25 7.67 7.67 1.00
pci_s_c fsim.40 95 71.80 69.38 6.32 9.45 9.09 3.30
pci_s_c tgen.40 280 84.70 95.38 12.05 12.00 9.97 14.87
pci_s_c tgen.70 287 84.86 95.86 12.24 12.03 10.00 26.08����������������������������������������������������������������������������
spi fsim.1 501 99.57 63.17 5.00 8.91 8.91 1.00
spi fsim.50 501 99.57 88.42 16.08 11.22 11.09 4.30
spi tgen.50 963 99.82 96.73 19.57 11.80 11.53 1145.20
spi tgen.60 968 99.82 96.82 19.67 11.81 11.54 1600.89����������������������������������������������������������������������������
syscdes fsim.1 79 99.98 47.30 3.02 9.36 9.36 1.00
syscdes fsim.100 79 99.98 91.90 34.78 14.93 14.66 40.94
syscdes tgen.100 384 99.98 99.98 42.30 15.65 15.20 1123.39����������������������������������������������������������������������������
wb_dma fsim.1 97 99.44 86.19 2.91 6.08 6.08 1.00
wb_dma fsim.20 97 99.44 94.97 3.96 6.93 6.72 1.75
wb_dma tgen.20 229 99.69 99.78 4.79 7.41 7.07 31.82
wb_dma fsim.30 229 99.69 99.80 4.80 7.41 7.07 31.85��
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