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Abstract

Design-for-testability (DFT) for synchronous sequential
circuits causes redundant faults in the original circuit to be
detectable in the circuit with DFT logic. It has been
argued that such faults should not be detected in order to
avoid reducing the yield unnecessarily. One way to deal
with such faults is to mask (or ignore) their fault effects
when they appear on the circuit outputs, without masking
the detection of faults that need to be detected. To investi-
gate the extent to which this can be accomplished, we
describe a procedure for masking the effects of redundant
faults of the original circuit under a given test set gen-
erated for the circuit with DFT logic. The procedure
attempts to maximize the number of redundant faults that
are masked while minimizing (or holding to zero) the
number of other masked faults.

1. Introduction

The complexity of test generation for synchronous
sequential  circuits requires that design-for-testability
(DFT) techniques be used to facilitate test generation
[1]-[12]. Scan [1], [2] is the most popular DFT technique
for synchronous sequentia circuits. It has been noted
repeatedly that redundant faults in the original circuit
before DFT insertion become detectable after DFT inser-
tion. The question that arises then is whether such faults
should be detected, thus potentially reducing the yield,
even though they do not affect the circuit functionality.

To facilitate the discussion of thisissue, let F be the
set of faults detectable in the circuit with DFT (in the case
of full scan, these are the detectable faults in the combina-
tional logic of the circuit). Considering the original circuit
without DFT, the set of faults F is partitioned into two
subsets: (1) The subset of detectable faults Fop in the ori-
gina circuit. More generally, the set Foy contains the
faults that can affect the functionality of the original cir-
cuit. Using the classification of [13], this set may include
some undetectable faults that are not redundant. (2) The
subset of redundant faults Fog, which contains all the
faults whose effect on the functionality of the original cir-
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cuit can be neglected. The exact definition of Fop and
For s not important for our discussion. What isimportant
is that the faults in Fop should be detected, while for the
faults in For one may argue that they should not be
detected in order not to reduce the yield unnecessarily. In
addition it is important to note that although the complex-
ity of identifying redundant faults in synchronous sequen-
tia circuits is high, there are efficient procedures that can
identify large subsets of these faults [14], [15].
Throughout the discussion we will use the fact that
F = Fop UFor isthe set of detectable faults in the circuit
with DFT.

There are many reasons why faults in Fog (i.e,
faults that do not affect the functionality of the origina
circuit but are detectable in the circuit with DFT) should
be detected. When a redundant fault is present in the cir-
cuit, it may cause a detectable fault to be missed by atest
set designed under the single fault assumption [16]. More-
over, an undetectable fault may become detectable in the
presence of a redundant fault and affect circuit functional-
ity [16].

In spite of these reasons, the argument that faults in
For should not be allowed to reduce the yield is a valid
one. In the industry, for high volume chips, some of the
chips that fail specific structural tests are subjected to
functional tests and are accepted as good if they pass the
functional tests. This step is called yield recovery.
Developing tests that avoid or minimize unnecessary yield
reduction as proposed here may help reduce the need for
functional tests, which are expensive to develop and
require expensive testers for test application.

When considering the issue of detecting faults in
For due to the insertion of DFT logic, it is important to
note that test generation is normally carried out for the cir-
cuit with DFT under the set of target faults F. Evenif the
faultsin For are excluded from F, resulting in the set of
target faults F—For = Fop, faults out of For may be
accidentally detected in the circuit with DFT (we demon-
strate this point later). A possible solution is to modify
the test generation process so as to ensure that faults in
For are not accidentally detected by any test generated
for faults in Fop . However, it is possible that every test
for afault f O Fop would also detect afault f [ Fog,
making it impossible to avoid the detection of f 0 Fgg
unless f 0 Fgp isleft undetected. Moreover, atest gen-



eration process that avoids detection of faultsin Fog may
be too complex, defeating the purpose of inserting DFT
logic. A solution discussed next is shown to be simple and
effective. The proposed method is used for stuck-at faults.
However, it is applicable to other fault models such as
transition faults, path delay faults, and so on.

Suppose that atest set T is generated for the circuit
with DFT to detect the set of faults F (or Fop). We
denote by R the complete response of the fault free circuit
with DFT to the test set T. To keep the discussion
independent of the DFT logic, we consider R as a one-
dimensional array, and denote position i of R by RJi].
For a circuit with Ny outputs included in a single scan
chain, every Ng consecutive bitsin R form an output vec-
tor corresponding to a different test, and R[i] is the value
of output (i mod Ng) under test (i divNg) (where mod is
the modulo operation and div is integer division). Similar
relationships can be written for other scan configurations
or DFT approaches.

In the presence of afault f, the faulty circuit with
DFT produces a response denoted by R;. The response
R; is given as a one-dimensional array similar to R. We
denote by | (f ) the set of positions where Ry is different
from R. We have I (f)= {iy(f)iy(f), - ixq)(F)} if
RIT#Re[i] fori =iq(f)i(f), - ike(F)

Let f O Fgg. It is possible to ensure that f will
not be detected by the test set T if the circuit response at
positions i 1(f ),i o(f), - -+ ,i(s)(f) is masked, or ignored.
Masking or ignoring output values in positions given by
I (f) can affect the set of faults detectable in the original
circuit, Fop, in one of several ways.

(D) If every fault f O Fgp can be detected in at least one
position of the output response which isnotin I (f), i.e,
I(f)-I(f)Zzpforevery f O Fqp, itispossible to ignore
positions | (f ) of the output response without losing the
detection of any fault in Fop. In this case, it is possible to
guarantee that f 0 Fog will not be detected without any
lossin fault coverage with respect to Fop .

(2) If there exists a fault f O Fgop that can only be
detected in positions which are also included in | (f ), i.e.,
I (f)-1(f)=q, by ignoring positions | (f) of the output
response we will lose the detection of f 0 Fgp. Thus, we
need to decide in this case whether we prefer to detect f
together with f , or to lose the detection of f while mask-
ing the detection of f .

We develop in Section 2 a procedure for selecting
positions that will be ignored or masked so as to minimize
the number of detected faultsin Fqg. If it is acceptable to
reduce the number of detected faultsin Fgp, then the pro-
posed procedure can also be used for maximizing the
number of detected faults in Fop while simultaneously
minimizing the number of detected faults in Foz. Using
this procedure, we study in Section 3 the range of options
related to the detection of faultsin Fog and Fop. Two of
the important points we consider are the following. (1)
The solution where all the faults in Fop are detected and
as many faults in Fog as possible are masked. (2) The
solution where all the faults in Fog are masked. In Sec-

tion 4 we discuss how fault dominance relations can deter-
mine whether or not the detection of afault in Fogz can be
masked without masking the detection of afault in Fqp .

It should be mentioned that masking selected posi-
tions in test responses is aready used for ignoring posi-
tions where the response of the fault free circuit is
unknown. Here we use masking of selected positions of
test responses in which the value of the fault free response
is known in order to avoid detection of faults which
should not be detected. Thus, the proposed method fits
well with the existing test application practices.

The proposed procedure accepts a given test set. It
is also possible to apply the proposed procedure during
test generation to select positions that will be masked for a
given test as soon as the test is generated. In thiscaseiit is
possible to avoid marking as detected faults in Fop that
are detected on masked positions, and generate different
tests for such faults.

2. Masking procedure

In this section we describe a procedure for selecting posi-
tions in the output response of a circuit that will be
masked in order to avoid the detection of faults in Fgg.
We first give an example. We then describe the general
procedure.

2.1. Example

We consider a circuit with two outputs, three tests and
nine faults that are detectable in the circuit with DFT. The
faults are denoted f, - - - ,f g Since we have three tests
and two output values for each test (corresponding to the
two circuit outputs), the output response R consists of six
positions numbered O, - - - ,5. By performing fault simula-
tion with fault dropping, we identify for every fault f the
first position of the output response where it is detected.
This position corresponds to the first index i where
R[i]#Rs[i]. We show this information in Table 1 by
placing an x in row f; column i when f; is detected on
R[i] (.e, R[i]ZRI[i]. We assume that
Foo ={fo - .fg and F'OR ={f,fg. For thefaultsin
For, We need all the positions of the output response
where they are detected. We obtain this information by
performing fault simulation without fault dropping only
for these faults. We mark the additional positions where
these faults are detected by entering y’s in the appropriate
positions of Table 1.

Table 1: Fault detection information

0 1|2 3|4 5

Foo fo | X

fi]x

fy X

fi X

fa X

fg X

fg X
For fo]x y

fg X |y




To ensure that f; 0 Fog is not detected, we need
to mask R[0] and R[2]. This may prevent us from detect-
ing o, f1and f g if these faults cannot be detected at any
other position of R. Suppose that by simulating f ,, f ; and
f 5 again, we find that f ; can be detected on R[3], f ; can
be detected on R[4], and f 5 can be detected on R[5]. In
this case, we can accept the masking of R[0] and R[2]
without losing the detection of any fault in Fop. Note that
we only need to resimulate f o, f ; and f 5. Moreover, they
can be simulated with fault dropping as long as we ignore
detections on R[0] and R[2]. The new detection informa-
tion after masking R[0] and R[2] is shown in Table 2.

Table 2: Fault detection information
after masking R[0] and R[2]
0 1]2 3|4
X

5

FOD
X

x

FOR

—h —h| —h —h —h —h —h —h —h
0 N O O~ W N P O

X

Next, we consider fg 0 Fogr assuming that R[Q]
and R[2] are dready masked. To ensure that this fault is
not detected, we need to mask R[1]. The affected faults
aref,, f;and f ,. We simulate these faults ignoring detec-
tions on R[0], R[1] and R[2]. Suppose that f , and f 5 are
detected on R[4], but f , is not detected on any other posi-
tion. In this case, we can accept the masking of R[1] (in
addition to R[0] and R[2]) if we accept to lose the detec-
tion of onefaultin Fgp .

2.2. Notation

We aready introduced the notation R for the one-
dimensional response of the fault free circuit, Ry for the
one-dimensional response of the faulty circuit in the pres-
ence of a fault f, and I(f) for the positions where
RII]1ZRi]-

We define the masking array M, which determines
the positions of the output response that will be masked or
ignored. We have M[i]=1 if RJ[i] is ignored, and
MIi] =0 otherwise. Ignoring or masking R[i] implies
that R[i] # R [i] is not used for detecting f. The array
M can be stored on a tester to indicate which positions of
the output response should be ignored.

If f issimulated with fault dropping under a mask-
ing array M, we denote by i 44 (f ) thefirst position where
f is detected. This is the lowest value of i where
R[iI1#Ri[i]andM[i] =0.

2.3. Procedure

The proposed procedure for determining the array M is

described next and given formally below as Procedure 1.
The procedure uses a test set T that detects the set

of faults F in the circuit with DFT when M is the all-0

array. In the first step of Procedure 1 we initialize M to
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the al-0 array. We then perform fault simulation with
fault dropping to find the first position i44(f) where
every fault f O F isdetected.

Procedure 1 performs several passes over the set of
faults For. In Pass P, it dlows at most P faultsin Fgp to
be undetected due to masking of faultsin Fog. In Pass 0,
all the faults in Fop must continue to be detected, and
masking is not allowed to cause any fault in Fop to be
undetected. The value of P isincreased by one at the end
of a pass. Thus, we find a solution where al the faults in
Fop continue to be detected, then a solution where al but
one of the faults in Fgp continue to be detected, and so
on.

To check whether the detection of f [0 Fog can be
avoided in Pass P, f isfirst simulated without fault drop-
ping tofind I (f ). Procedure 1 setsM' =M and tentatively
sets M[i] =1 for every i O I(f). For every f O F, if
i1ge (f) O I(f), Procedure 1 simulates f again in an
attempt to find an index i such that R[i] #Ry[i] and
M[i] =0. If no such index can be found for afault f , we
set iq9q(f)=u. The number of faults f O Fgp for
which i3 (f)=u is denoted by Ngpu(f). If
Nopm () £ P, the number of undetected faults in Fop is
acceptable for Pass P. In this case, the detection of f is
avoided and the new array M is accepted. Otherwise, M’
is restored into M and f O For remains detected. |f
i e (F ) =u for afault f O Fog other than f then detec-
tion of f is avoided without having to consder f expli-
citly.

The following shortcuts are implemented in Pro-
cedure 1. Suppose that in PassP nofault f O Fog can be
masked. This implies that Ngpyu(f)> P for every
f O For. Let NSy be the smallest value of Nopy ()
obtained for any f 0O F‘RR Then no fault f O Fgr can
be masked until P = N3y Instead of incrementing P by
one, we increment P to NJby, at the end of such a pass.
This shortcut is not applied if afault f O Fog is masked
in Pass P. The reason is that the value of Nopy (f) for a
fault f considered before f may hot be correct after f is
masked. Therefore, if at least one fault is masked in Pass
P weincrement P by one at the end of the pass.

For every f O For, We initialize Nopy (f ) to zero
at the beginning of Procedure 1, and we update it every
time f is considered and a new value is available. We
note that Nopy (f ) can never go down as more and more
output values are masked during Procedure 1. Therefore,
if the current value of Ngpy (f) available for a fault
f O Fogr is such that Nopy (f ) > P, there is no need to
consider fault f in Pass P. This allows us to avoid con-
sideration of faults in certain passes of Procedure 1 if
these faults are guaranteed to remain detected at the end
of the pass.

Procedure 1: Masking output values
(1) LetT bethe given test set that detects the set of faults F
in the circuit with DFT. Set M[i] =0 for every position

i of the output response. Perform fault simulation with

fault dropping of the faults in F under T in the circuit

with DFT and find for every fault f O F the first posi-



tion i44¢ (f ) Where it is detected by T. Set Nopw (f) =0
forevery f 0O Fog.

(2 SetP=0.
(3) Forevery f O Fog ifiyge(f)=0and Nopy (f)<P:
@ St M =M. For eey fOF, set

1" 10et (F) = 1106 ().
Perform fault simulation without fault dropping of
f tofind I (f).
SetM[i]=1foreveryi O I(f).
For every fault f O F such that M i (f)] =1,
perform fault simulation with fault dropping of f ,
avoiding detection on positionsi where M[i] = 1,
and update gy (f) (iggq(f)=u if f is not
detected, otherwise i,44(f) 20 is an unmasked
position where f is detected). A
Update the number Nopy (f) of faults f O Fop
such that i 44 (f ) = U.
If Nopy (F) > P: .

Set M=M'. For every f OF, set

i 1get () = 1" 1e (F)-
If any fault f 0O Fgr was masked is pass P, set
P =P+L ,
Elseset P = NJpy = min{ Nopy (f ):f O Fog,i 1ge (F )20}
If there is a least one fault f O Fogr such that
i 10e (f)20goto Step 3.
Procedure 1 requires the following fault simulation
effort. (1) Fault simulation with fault dropping of F in
Step 1. (2) Fault simulation without fault dropping for
some of the faults in Fog to determine | (f ) in Step 3(b)
of every pass. In the worst case, al the faults in Fog will
be simulated without fault dropping. In practice, if mask-
ing of afault f O Fog results in the masking of another
fault f O Fog, fault simulation without fault dropping is
avoided for f. In addition, if Nopy(f)> P, f is not
simulated in Pass P. It is also possible to compute | (f)
once for every f O Fgg and store it to avoid having to
recompute it. (3) Fault simulation with fault dropping of
faults for which the positions where they are first detected
are masked. In the worst case, all the faults will be simu-
lated with fault dropping in every pass. In practice, only a
small subset of the faultsis simulated in every pass.

(b)

(©
(d)

()
(f)

4

©)

3. Experimental results

We applied Procedure 1 to ISCAS-89 and ITC-99 bench-
mark circuits. For the set of faults F we use the set of
faults detectable assuming full scan. For Fop we use the
faults detectable assuming that the synchronous sequential
circuit can be reset to the al-0 state. The remaining faults
in F are included in the set Fog. It should be noted that
the faults, which are undetectable assuming the al-0 ini-
tial state, are also undetectable assuming an unknown ini-
tial state. For s35932 we obtain Fog = ¢ and we do not
consider thiscircuit.

For the test set T we initialy use a conventional,
compacted test set that detects all the faultsin F (i.e., all
the detectable faults of the full scan circuit). Later we will
consider other types of test sets in order to demonstrate
the effects of the test set on the results.
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In Table 3 we show the following parameters for
every circuit using a conventional, compacted test set.

The number of testsin T, denoted by N;.

The number of output values obtained under T,
denoted by Ngy. For a circuit with Ny outputs,

The numbers of faultsin F, Fop and Fog, denoted
by Ne, Nop and Npg, respectively.

For several passes P of Procedure 1 (shown in
separate columns under %M ,NORD ,NODM) we show
the following parameters.

The percentage of masked output values, denoted
by %M .

The number of faults in Fog that are still detected
(i.e, faultsf O Fgr withiqgg (f) = 0), denoted by Nogp -

The number of faults in Fop that are masked (i.e.,
faults f O Fop with i44(f)=Uu), denoted by Ngpy -
This number represents the loss in detection of faults in
Fop » Which should be detected.

The first column under %M ,NORD ,NODM always
corresponds to 0% masking, resulting in Nogp = Nor and
Nopm =0. Inthiscase, dl the faultsin Fop as well as al
the faults in Fog are detected. The second column under
%M ,NORD ,NODM aways corresponds to Pass P =0
where Ngpy = 0, but as many of the faults as possible out
of For are masked. This column corresponds to the case
where Procedure 1 masks the detection of a maximal
number of faults in Fog without losing the detection of
any fault in Fop. The third column corresponds to the
first Pass P 2 1 that allows us to mask additional faultsin
For at the cost of masking faultsin Fop . The last column
corresponds to Ngogp =0. In this case, al the faults in
For are masked. There may be other results for values of
P =1, which are omitted.

For example, for s298, Fog contains 35 faults. In
Pass P =0, we mask the detection of 32 of these faults
without losing the detection of any fault in Fop by mask-
ing 8.75% of the output values in R. The result is
Norp =3 faults in Fog that continue to be detected. No
originaly detected faults in Fgop are masked, i.e,
Nopm =0. InPassP =1, at the cost of masking one fault
out of Fop, the number of detected faults in Fog is
reduced to one. The percentage of masked output valuesis
9.38%. In Pass P =2, at the cost of masking two faults
out of Fop, @l the faultsin Fog are masked. The percen-
tage of masked output valuesis 9.58%.

The second column under %M ,NORD ,NODM in
Table 3 demonstrates that large numbers of faults in Fog
can be masked while still detecting al the faults in Fgp .
The tradeoff between the number of masked faultsin Fog
and the number of masked faults in Foy is aso demon-
strated by Table 3. For severa circuits (5953 and s1196) it
is possible to mask all the faults in Fog without masking
any faultin Fop .

The run time of Procedure 1 in seconds on a Sun
U8B0 Workstation is shown in Table 4. Our implementa-
tion of Procedure 1 does not use some of the speedup



techniques included in the description of the procedure.
The most notable technique missing from our implemen-
tation is the observation that only a fault f such that
i 19t () is masked needs to be simulated. Nevertheless,
the run timeis reasonable for all the circuits considered.

If Procedure 1 is applied using a non-compacted
test set, we may be able to mask more faults in Fqg
without masking any faultsin Fop . Thisis due to the fact
that a non-compacted test set tends to detect fewer faults
with each test, and as a result, it is easier to mask a fault
without masking any other fault. Similarly, an n-detection
test set for n > 1 will provide more tests for every fault
and it is likely to alow us to mask faults while leaving
unmasked output values to detect other faults, which
should not be masked. We show the results of Procedure
1 using compacted 10-detection test sets in Table 5. We
only consider several circuits where the conventional
compacted test set required large numbers of faultsin Fop
to be masked in order to mask all the faultsin Fog.

From Tables 5 it can be seen that 10-detection test
sets are effective in alowing faults in Fog to be masked
without masking faults in Fop. For example, in the case
of s1423, it is possible to mask al the faults in Fqg
without masking any fault in Fop. Other circuits for
which 10-detection test sets alowed all the faults in Fog
to be masked without masking any fault in Fop are s344,
$382, s820 and s1488.

All the test sets considered so far are generated for
al the faults in F, including the faults in Fop and the
faults in For. Next, we consider test sets generated by
targeting only the faults in Fop. Such test sets detect
faults in Fog only due to accidental detection by some
tests generated for faultsin Fon. The results for such test
sets are shown in Tables 6 and demonstrate the following
points. (1) Accidental detections cause faultsin Fog to be
detected even though only faults in Fop are targeted.
However, fewer faults out of Fog are detected than when
dl the faultsin F are targeted. (2) Since fewer faults are
detected out of Fog, fewer values need to be masked in
order to prevent their detection. As a result, it is possible
to mask all the faultsin Fog while masking fewer faultsin

FOD .

4. Fault dominancerelations

A fault f , is said to dominate afault f 4 if every test that
detects f, also detects f, on the same primary outputs.
Note that this definition is different from the conventional
definition [16] as it requires that the faults be detected on
the same outputs. If f, dominates f ;, then masking of f,
will imply masking of f ;.

We are interested in fault dominance relations
where f, 00 Fog and f; O Fgp. If f, dominates f,
f, 0 Fog and f1 O Fgp, then when we mask f , we will
also mask f ;. Thus, dominance relations can provide the
following lower bounds. (1) A lower bound on the
number of faults in Fop that will be masked when mask-
ing a given fault f, O Fgg. This is the number of faults
in Fop that are dominated by f,. (2) A lower bound on

871

the number of faults in Fop that will be masked when
masking all the faultsin Fggr. Thisis the number of faults
in Fop that are dominated by at least one fault in Fog.

Dominance relations as defined here are available
for some of the circuits considered here. Based on these
dominance relations we found that faultsin Fop are never
dominated by faults in Fog for these circuits. Thus,
theoreticaly, it is possible to derive a test set where it will
be possible to mask all the faults in For without masking
any faultsin Fgop . Our experiments with 10-detection test
sets confirm this point.

5. Concluding remarks

It has been argued that a redundant fault that becomes
detectable due to the insertion of DFT logic should not be
detected in order to prevent unnecessary yield loss. One
way to deal with redundant faults that become detectable
due to DFT logic is to mask their fault effects that reach
an output. This should be done as much as possible
without masking the fault effects of faults that need to be
detected. To investigate the extent to which this can be
accomplished, we described a procedure for masking the
effects of redundant faults under a given test set. The pro-
cedure attempts to maximize the number of redundant
faults that are masked while minimizing the number of
other masked faults. Several points were of particular
interest in this study. (1) The point where al the origi-
nally detectable faults are detected and as many originally
redundant faults as possible are masked. (2) The point
where all the originally redundant faults are masked. The
proposed procedure allowed us to explore the range of
options between these two points.
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Table 3: Results using conventional compact test sets

circuit NT NOV NF NOD NOR | %M,NORD,NODM

s298 24 480 308 273 35 0.00,35,0 8.75,3,0 9.33,1,1 9.58,0,2

s344 15 390 342 335 7 0.00,7,0 231,10 5.38,04

s382 25 675 399 379 20 0.00,20,0 844,10 9.48,0,4

400 24 648 415 395 20 0.00,20,0 7.56,1,0 8.18,0,2

s526 50 1350 554 466 88 0.00,88,0 | 10.81,11,0 111191 12.15,0,13

s641 22 946 467 408 59 0.00,59,0 | 10.68,12,0 | 10.78,10,1 13.42,0,12

s820 %4 2256 850 815 35 0.00,35,0 1.64,2,0 1.68,0,1

s953 76 3952 1079 1069 10 0.00,10,0 0.68,0,0

s1196 136 4352 1242 1239 3 0.00,3,0 0.16,0,0

s1423 26 2054 1501 1468 33 0.00,33,0 2.738,0 32161 4.48,0,12

s1488 101 2525 1486 1446 40 0.00,40,0 202,20 21411 2.18,0,2

s5378 100 22800 4563 3697 866 | 0.00,866,0 | 21.57,69,0 | 21.70,66,1 | 24.43,0,122

b03 43 1462 452 336 116 | 0.00,116,0 | 30.44,11,0 30.71,9,1 32.56,0,10

b04 97 7178 1344 1171 173 | 0.00,173,0 17.68,1,0 17.72,0,1

b09 44 1276 420 343 7 0.00,77,0 | 19.12,10,0 19.67,7,1 20.61,0,11

b10 82 1886 512 471 41 0.00,41,0 8.48,4,0 8.75,3,1 9.65,0,5

b11 107 3852 1078 999 79 0.00,79,0 14.54,7,0 14.64,6,1 15.89,0,12

b14 275 82775 8936 8797 139 | 0.00,139,0 9.37,20 9.38,0,3

b20 510 263160 20797 20501 296 | 0.00,296,0 10.96,1,0 10.96,0,1

Table5: Results using 10-detection test sets

circuit | NT NOV NF  NOD NOR | %M,NORD,NODM

s526 493 13311 554 466 88 0.00,88,0 13.13,1,0 13.24,0,1

s641 212 9116 467 408 59 0.00,59,0 13.57,4,0 13.76,2,1 13.87,0,2
s1423 233 18407 1501 1468 33 0.00,33,0 6.54,0,0

s5378 989 225492 4563 3697 866 | 0.00,866,0 | 23.09,18,0 | 23.18,17,1 | 23.53,0,20

Table 6: Resultstargeting only Fy

circuit NT NOV NF NOD NOR | %M,NORD,NODM

s298 32 640 290 273 17 | 0.00,17,0 | 3.12,00

s344 35 910 342 335 7 0.00,7,0 | 297,00

s382 42 1134 393 379 14 | 0.00,14,0 | 441,10 | 556,0,2

400 48 1296 412 395 17 | 0.00,17,0 | 4.01,1,0 | 47104

s526 67 1809 527 466 61 | 0.00,61,0 | 6.252,0 | 630,11 | 6.47,0,2
s641 69 2967 453 408 45 | 0.00,45,0 | 8.09,3,0 | 88311 | 8.86,03
s820 139 3336 826 815 11 | 0.00,11,0 | 0.36,0,0

s953 117 6084 1073 1069 4 0.00,4,0 | 0.15,1,0 | 0.30,0,1

s1196 197 6304 1242 1239 3 0.00,30 | 0.16,0,0
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