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Abstract
For a scan design with multiple scan chains, we say that a
scan chain is random-testable if it is possible to achieve
complete fault coverage for the circuit (i.e., detect all the
detectable circuit faults) when the scan chain is driven
from a source of pseudo-random values for the complete
test application process. Similarly, a periodic-testable scan
chain can be driven from a source that produces a periodic
sequence for the complete test application process. Both
pseudo-random and periodic sources are simple to imple-
ment on-chip. By identifying scan chains that can be
driven from pseudo-random and periodic sources and
driving them from the appropriate on-chip sources, we
reduce the number of scan chains that need to be driven
from an external tester. In this way, we reduce the number
of scan inputs that a tester needs to control and the amount
of test data that the external tester needs to store and apply
to the circuit. Existing test data compression techniques
can be used to further reduce the test data volume.

1. Introduction
The use of multiple scan chains for a scan design helps
reduce the test application time compared to the case
where a single scan chain is used. To reduce the test data
volume as well, several techniques have been proposed to
make the number of scan elements appear to the external
tester to be smaller than it actually is. The methods of
[1]-[9] drive NCH internal scan chains of the design
through a smaller number NEXT of external inputs. To the
external tester, the design appears to have a smaller
number of scan chains, and the test data volume required
to drive them is reduced. Internally, the NEXT -bit vectors
applied to the external inputs are expanded into NCH -bit
vectors driving the NCH internal scan chains. The method
of [10] drives the scan chain of the design from a shorter
virtual scan chain. To the external tester, the design
appears to have a shorter scan chain, and the test data
volume required to drive it is reduced. Internally, the
values loaded into the shorter virtual scan chain are
expanded into vectors that drive the full-length scan chain
�����������������������������������
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of the design. Other methods of expanding a small amount
of deterministic test data into a complete test set (one that
detects all the detectable circuit faults) were described in
[11]-[16]. In [17], test data compression is achieved by
using the scan chains of one circuit to expand encoded
tests for another circuit.

A different approach to the reduction of test data
volume is to use a combination of deterministic and
pseudo-random values [9], [18]-[21]. Pseudo-random
values can be produced by an LFSR . In [20], the scan
chains of a design are partitioned into two subsets in a
round-robin fashion. For a given partition, one set of scan
chains is driven by pseudo-random patterns and the other
set of scan chains is driven with deterministic values. The
partitions are changed to allow every scan chain to be
driven from both types of sources.

Further reductions in test data volume as well as the
number of scan inputs that an external tester needs to con-
trol can be obtained by classifying the scan chains per-
manently into several categories and driving each one
from an appropriate source of test data. The sources do
not have to be limited to pseudo-random or deterministic,
as we show below. In this work, we distinguish between
three classes of scan chains defined as follows.
Definition 1: We say that a scan chain ch is
random −testable if it is possible to achieve complete
fault coverage for the circuit (i.e., detect all the detectable
circuit faults) when ch is driven from a source of pseudo-
random values for the complete test application process
(which consists of a limited number of clock cycles).
Definition 2: We say that a scan chain ch is
periodic −testable if it is possible to achieve complete
fault coverage for the circuit when ch is driven from a
source that produces a periodic sequence for the complete
test application process (which consists of a limited
number of clock cycles).

Both random-testable scan chains and periodic-
testable scan chains can be driven from simple on-chip
sources. Specifically, an LFSR can be used for random-
testable scan chains, and finite-state machines producing
periodic sequences can be used for periodic-testable scan
chains. Thus, an external tester does not need to provide
test data for such scan chains. We limit the number of
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clock cycles for which a random-testable or periodic-
testable scan chain is driven from its source in order to
control the test application time, as discussed later.

We point out that other types of scan chains with
simple on-chip sources, in addition to random-testable and
periodic-testable scan chains, may also exist. We only
consider these two types in this work.
Definition 3: A deterministic −testable scan chain ch is
one which is not random-testable and not periodic-
testable.

To achieve complete fault coverage, a
deterministic-testable scan chain is driven with deter-
ministic values supplied by an external tester. Thus, the
external tester needs to provide test data only for
deterministic-testable scan chains. The smaller their
number, the smaller the amount of test data required.
After identifying deterministic-testable scan chains,
further compression of test data can be obtained by using
any one of the techniques presented in [1]-[21].

To use random-testable and periodic-testable scan
chains for reducing the test data volume, it is necessary to
identify sets of scan chains that are random-testable or
periodic-testable simultaneously , i.e., all the scan chains
that are not deterministic-testable should be driven from
their appropriate sources simultaneously. The following
definition addresses this issue.
Definition 4: Scan chains chr 1,chr 2, . . . ,chrk are
random-testable and scan chains chp 1,chp 2, . . . ,chpm are
periodic-testable simultaneously if it is possible to
achieve complete fault coverage for the circuit when the
scan chains chr 1,chr 2, . . . ,chrk are driven from sources of
pseudo-random values and the scan chains
chp 1,chp 2, . . . ,chpm are driven from sources that produce
periodic sequences for a limited number of clock cycles.

In finding scan chains that are random-testable or
periodic-testable simultaneously, it is possible to limit the
number of clock cycles for which the chains are driven
from their test data sources such that the test application
time would be the same as that of a compact deterministic
test set, which is applied in full through an external tester.
However, this restriction on test application time does not
allow us to take full advantage of random-testable or
periodic-testable scan chains. We use a parameter M to
denote the increase in test application time that can be
tolerated in order to maximize the fault coverage achiev-
able by random and periodic values. Even when M > 1,
we ensure that the input test data volume does not
increase for the deterministic-testable scan chains by
applying to them the values included in a compact deter-
ministic test set repeatedly. Thus, the tester needs to store
only one copy of a deterministic component which is
applied repeatedly while using different values from the
random and periodic on-chip sources.

We conduct experiments on benchmark circuits and
find that there are non-trivial numbers of random-testable
and periodic-testable scan chains in these circuits when
multiple scan chains are used for them. A block diagram
of the proposed method is shown in Figure 1. In Figure 1
we show a circuit with k random-testable scan chains
driven from a source of pseudo-random patterns, m
periodic-testable scan chains driven from a source that
produces periodic sequences, and n deterministic-testable
scan chains. The deterministic-testable scan chains can be
driven directly from external inputs, or through a
decompresser . The latter option is shown in Figure 1.
Here, the n deterministic-testable scan chains are driven
from NEXT < n external inputs through a decompresser.
The decompresser translates an NEXT -bit vector applied
from an external source into an n -bit vector which is then
shifted in through the deterministic-testable scan chains.

random
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source

decomp-
resser

chr 1

. . .
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. . .
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chd 1

. . .
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E 1
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Figure 1: Circuit configuration
We describe a procedure for finding scan chains

that are random-testable or periodic-testable simultane-
ously in Section 2. In Section 3 we present experimental
results to demonstrate the numbers of deterministic-
testable scan chains in benchmark circuits. In Section 4
we demonstrate the use of the proposed definitions
together with other compression techniques. Section 5
concludes the paper.

2. Identifying random-testable and periodic-
testable scan chains
We identify scan chains that are random-testable or
periodic-testable simultaneously by using a test set T
based on a compact deterministic test set T 0 for the cir-
cuit. We first discuss the partitioning of flip-flops into scan
chains and the construction of T . We then describe the
classification of scan chains. We illustrate the procedure
by considering ISCAS-89 benchmark circuit s27.
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2.1. Preliminaries
When we consider benchmark circuits, we assume that all
the inputs of the combinational logic of the circuit are
driven from scan chains. Thus, we do not distinguish
between primary inputs and pseudo-inputs. We assume
that the order of the flip-flops in the scan chains is identi-
cal to the order by which the inputs they drive appear in
the circuit description. To partition NI inputs into NCH

scan chains, we place approximately equal numbers of
consecutive inputs in consecutive scan chains. Thus, to
partition inputs x 0,x 1, . . . ,x 7 into three scan chains, we
place x 0,x 1 in the first scan chain, x 2,x 3,x 4 in the second
scan chain, and x 5,x 6,x 7 in the third scan chain. We
denote the i th scan chain by chi and the number of flip-
flops included in chi by Li . We also use chi to denote the
set of inputs driven by chi , chi = {xi 1,xi 1+1, . . . ,xi 1+L

i
−1}.

For illustration, we consider s 27, which has seven
inputs. We assume that the inputs are divided into four
scan chains, ch 0 = {x 0}, ch 1 = {x 1,x 2}, ch 2 = {x 3,x 4} and
ch 3 = {x 5,x 6}. A compact deterministic test set T 0 for
s 27 is shown in Table 1. We denote by F 0 the set of
faults detected by T 0. The set F 0 is the set of target faults
we use.

Table 1: Test set T 0 for s 27

x 0 x 1 x 2 x 3 x 4 x 5 x 6� �����������������������������������������������������������
0 0 0 0 0 1 1
1 0 0 1 0 1 0
0 1 0 0 1 1 0
0 1 1 1 0 0 1
1 1 0 1 0 1 1
1 0 1 0 0 0 0

�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�

To identify random-testable and periodic-testable
scan chains, we define a test set T that consists of M
copies of T 0, where M is a constant that determines the
test application time. With M = 1, we apply to the circuit
a test set of the same size as T 0, except that some of the
scan chains may be driven from random or periodic
sources. With M > 1, we apply to the circuit a test set
whose size is M times the size of T 0. The scan chains
classified as random-testable or periodic-testable are
driven from the appropriate sources. The remaining,
deterministic-testable scan chains assume their original
values under T 0 (repeated M times). There is no increase
in test data volume due to the use of M > 1 since the same
values are applied to the deterministic-testable scan chains
repeatedly as demonstrated below.

We identify random-testable and period-testable
scan chains by replacing values in T with random values
or values obtained from a periodic source. One of the
approaches used in [20] in order to generate hybrid tests
was to replace values in deterministic tests by random
values. The main difference between our approach and the
one in [20] is that in [20] different scan chains are allowed

to assume random values under different tests. In our
approach, we require that a random-testable scan chain
would assume random values for the complete test appli-
cation process, under the complete test set T . In addition,
we also consider periodic-testable scan chains and we
allow other types of scan chains to be considered.

To illustrate the identification of random-testable
and periodic-testable scan chains, we use s 27 with M = 3.
The test set T is shown in Table 2 under column T . Using
T , we first identify random-testable scan chains as
described next.
Table 2: Finding random-testable scan chains for s 27

T ch0
x 0 x 1x 2 x 3x 4 x 5x 6 x 0 x 1x 2 x 3x 4 x 5x 6�������������������������������������������������������������������������������������������
0 00 00 11 0 00 00 11
1 00 10 10 1 00 10 10
0 10 01 10 1 10 01 10
0 11 10 01 0 11 10 01
1 10 10 11 0 10 10 11
1 01 00 00 1 01 00 00�������������������������������������������������������������������������������������������
0 00 00 11 1 00 00 11
1 00 10 10 0 00 10 10
0 10 01 10 0 10 01 10
0 11 10 01 0 11 10 01
1 10 10 11 0 10 10 11
1 01 00 00 1 01 00 00�������������������������������������������������������������������������������������������
0 00 00 11 0 00 00 11
1 00 10 10 1 00 10 10
0 10 01 10 0 10 01 10
0 11 10 01 1 11 10 01
1 10 10 11 1 10 10 11
1 01 00 00 1 01 00 00

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

ch1
x 0 x 1x 2 x 3x 4 x 5x 6� �����������������������������������������
0 01 00 11
1 00 10 10
1 11 01 10
0 11 10 01
0 00 10 11
1 01 00 00� �����������������������������������������
1 11 00 11
0 10 10 10
0 11 01 10
0 01 10 01
0 00 10 11
1 10 00 00� �����������������������������������������
0 11 00 11
1 10 10 10
0 10 01 10
1 01 10 01
1 01 10 11
1 00 00 00

2.2. Random-testable scan chains
To check whether ch 0 = {x 0} of s 27 is random-testable,
we replace the values of x 0 in T by random values. The
resulting test set is shown in Table 2 under column ch0.
We fault simulate the faults in F 0 under the new test set
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T . We find that all the faults are detected. Therefore, we
conclude that ch 0 is random-testable, and we leave the
random values on ch 0 in T .

Next, we consider ch 1 = {x 1,x 2}. Replacing the
values of x 1 and x 2 in T by random values, we obtain the
new test set T shown in Table 2 under column ch1. We
fault simulate the faults in F 0 under the new test set T .
We find that all the faults are detected. Therefore, we con-
clude that ch 1 is random-testable, and we leave the ran-
dom values on ch 1 in T . Moreover, we find at this point
that ch 0 and ch 1 are random-testable simultaneously,
since we assign random values to both ch 0 and ch 1 simul-
taneously.

After replacing ch 2 = {x 3,x 4} with random values
we find that one fault remains undetected, and we there-
fore conclude that ch 2 is not random-testable simultane-
ously with ch 0 and ch 1. We restore the original values of
x 3,x 4. After replacing ch 3 = {x 5,x 6} with random values
we find that all the faults in F 0 are detected. We conclude
that ch 3 is random-testable simultaneously with ch 0 and
ch 1, and we leave the random values on ch 3.

Procedure 1 below summarizes the search for
random-testable scan chains. We use several techniques
to speed up the fault simulation process in Procedure 1.
These are described in Subsection 2.4.
Procedure 1: Finding random-testable scan chains
(1) Let T 0 be a compact test set for the circuit. Let T 0

detect the set of faults F 0. Define a test set T where
T 0 is included M times.

(2) For every scan chain chi :
(a) Replace the values of chi in T by pseudo-

random values.
(b) Fault simulate F 0 under T . If any fault is left

undetected, restore the original values of chi .
Procedure 1 finds scan chains that are random-

testable simultaneously since it leaves the random values
in T for every scan chain identified as random-testable.

In our implementation of Procedure 1 we use
software-generated random values. In hardware an LFSR
should be used instead.

2.3. Periodic-testable scan chains
We use a preselected set of finite-state machines to pro-
duce periodic sequences, which may be used for driving
periodic-testable scan chains. We first describe the finite-
state machines, and then describe how they are used in the
identification of periodic-testable scan chains.

We consider finite-state machines with two, three
and four states to produce periodic sequences with periods
of two, three and four. For a sequence α of n bits,
2 ≤ n ≤ 4, the finite-state machine denoted by PM α has n
states, and it produces the periodic sequence αα . . . . For

example, we show in Table 3 the finite-state machine
PM 101. This machine produces the periodic sequence
101101101 . . . starting from state A . For n = 2 we con-
sider α = 01 and 10. For n = 3 we consider α = 001, 010,
. . . , 110. For n = 4 we consider α = 0001, 0010, . . . ,

1110. In this way, we avoid the all-0 and the all-1
sequences that are not expected to allow all the faults to
be detected.

Table 3: The machine PM 101

PS NS,z� �����������������
A B,1
B C,0
C A,1

�
�
�
�
�

When PM α is used for driving a scan chain, its
operation is synchronized with the scan clock. Thus, every
time the scan chain is shifted, the next bit of the sequence
αα . . . is shifted in. For example, if PM 101 shown in
Table 3 drives a scan chain of length five, the first vector
scanned in (after five scan clock cycles) is 10110, the
second vector scanned in (after five additional scan clock
cycles) is 11011, and so on.

To check whether a scan chain chi of length Li is
periodic-testable, we replace the values of chi in T with
the periodic sequence produced by PM α, for every
sequence α listed above. We accept the first sequence α
that allows T to detect all the faults in F 0. For example,
for s 27, after identifying random-testable scan chains, we
are left with ch 2 = {x 3,x 4} which is not random-testable.
When we consider α = 001, we obtain on x 3x 4 the values
shown in Table 4 (the remaining inputs have been
replaced by random values). This test set detects all the
faults in F 0. We conclude that ch 2 is periodic-testable
using the sequence 001. The other scan chains are simul-
taneously random-testable.
Table 4: Finding periodic-testable scan chains for s 27

x 0 x 1x 2 x 3x 4 x 5x 6� �����������������������������������������
0 01 00 10
1 00 10 00
1 11 01 00
0 11 00 11
0 00 10 01
1 01 01 00� �����������������������������������������
1 11 00 10
0 10 10 00
0 11 01 11
0 01 00 10
0 00 10 00
1 10 01 10� �����������������������������������������
0 11 00 10
1 10 10 01
0 10 01 10
1 01 00 10
1 01 10 00
1 00 01 10
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Procedure 2 below summarizes the search for
periodic-testable scan chains. The techniques described in
Subsection 2.4 are used for speeding up the fault simula-
tion process in Procedure 2.
Procedure 2: Finding periodic-testable scan chains
(1) Let T be the test set obtained after applying Pro-

cedure 1. For every scan chain chi which was not
found to be random-testable by Procedure 1:

For every sequence α:
(a) Replace the values of chi in T with

values produced by PM α.
(b) Fault simulate F 0 under T . If any

fault is left undetected, restore the ori-
ginal values of chi . Else, accept the
current values of chi and do not con-
sider additional sequences α for chi .

2.4. Fault simulation effort
We use several techniques to reduce the fault simulation
effort in Procedures 1 and 2.

We simulate the faults in F 0 under a test set T one
at a time, and stop the simulation process as soon as a
fault f ∈ F 0 is found, which is not detected by T . A sin-
gle undetected fault is sufficient to reject a scan chain as a
random-testable or periodic-testable scan chain. By stop-
ping the simulation process as soon as such a fault is
identified, we avoid the need to simulate the remaining
faults.

We associate with every fault f ∈ F 0 the number
of times simulation of T stopped because f remained
undetected. We denote this number by nf ail (f ). Initially,
nf ail (f ) = 0 for every f ∈ F 0. When we simulate a new
test set T , we simulate faults with high values of nf ail (f )
first. Such faults are more likely to remain undetected by
T , and the simulation process will stop as soon as an
undetected fault is identified. If f is identified as
undetected, we set nf ail (f ) = nf ail (f )+1.

We also associate with every fault f the index of
the test in the previous test set T that detected f . We
denote this index by t det(f ). When we simulate f under a
new test set T , we first check whether test t det(f ) in the
new test set T detects f . In many cases, this test contin-
ues to detect the fault, and we can avoid simulating f
under any additional tests.

3. Experimental results
We applied Procedure 1 followed by Procedure 2 to
ISCAS-89 and ITC-99 benchmark circuits. As test sets T 0
for ISCAS-89 benchmark circuits we used compact test
sets produced by the procedure from [22]. For ITC-99
benchmark circuits we used compact test sets selected out
of 100,000 random vectors. We used M = 1, 10 and 100.
We consider numbers of internal scan chains that are

powers of two, i.e., NCH = 1,2,4, . . . . In addition we con-
sider the case where the number of scan chains is equal to
the number of circuit inputs. While this is not a practical
scan configuration, it provides information about the
numbers of inputs that are random-testable and periodic-
testable, i.e., the numbers of inputs that can be assigned
random or periodic values while still achieving complete
fault coverage for the circuit with a limited number of
tests. When we divide the circuit inputs into NCH scan
chains, we include approximately equal numbers of con-
secutive inputs in each scan chain. Thus, for a circuit with
NI inputs, we include either � NI /NCH� or � NI /NCH� inputs
in each scan chain. We use the order by which the inputs
are given in the circuit description to determine the order
of the inputs in the scan chains. Thus, we do not attempt
any scan chain reordering. The results are shown in
Tables 5-12 in the following format.

Under column chn we show the number of scan
chains, NCH . For each value of M , we show under
column random the number of random-testable scan
chains and the fraction of random-testable scan chains.
Under column periodic we show the number of periodic-
testable scan chains and the fraction of periodic-testable
scan chains. Under column determ we show the number
of deterministic-testable scan chains and the fraction of
deterministic-testable scan chains.

We do not report on very small numbers of scan
chains for which no random-testable or periodic-testable
scan chains are obtained. For s35932 and b14 with
M = 100, the single scan chain obtained when NCH = 1 is
random-testable. This implies that all the inputs can be
replaced by random values. Therefore, for any number of
scan chains, all the scan chains are random-testable. We
do not consider larger values of NCH in these cases.

The fraction of scan chains shown in Tables 5-12 is
approximately equal to the fraction of inputs assigned
each type of values. Therefore, the fraction of
deterministic-testable scan chains is also the relative
amount of test data that needs to be loaded from an exter-
nal tester after eliminating the test data for the random-
testable and the periodic-testable scan chains. It can be
seen from Tables 5-12 that significant reductions in the
amount of test data can be achieved in this way. As may
be expected, larger values of M yield larger numbers of
random-testable and periodic-testable scan chains, and
larger reductions in test data volume.

Further reductions can be obtained by dividing
deterministic-testable scan chains into subchains and iden-
tifying random-testable and periodic-testable subchains
within the deterministic-testable scan chains.

To provide an indication of the run time of Pro-
cedures 1 and 2, we show in Table 13 the following infor-
mation regarding the run time for s38417 with M = 10.
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We denote the run time required to check whether a single
scan chain (NCH = 1) is random-testable by RT 0. We then
normalize the run time of Procedures 1 and 2 to this run
time. The results are shown in Table 13 for the values of
NCH considered in Table 10.

4. Use with other compression techniques
In this section, we consider the case where the
deterministic-testable scan chains of a circuit are driven
from NEXT external inputs through a decompresser, as
shown in Figure 1.

We can determine an upper bound on NEXT for the
benchmark circuits considered in Section 3 based on the
test sets T obtained for these circuits, as follows.

The test set T we consider is based on M repetitions
of a test set T 0. Considering only the deterministic-
testable scan chains, they assume M repetitions of the
same scan vectors, which are derived based on T 0. We
denote by V the set of scan vectors obtained for the
deterministic-testable scan chains based on T 0. The
number of external inputs required to encode the scan
vectors in V is at most � log2 | V |� [8].

We note that the set of scan vectors V is potentially
smaller than the set of scan vectors that would have been
obtained if all the scan chains had been deterministic-
testable. Thus, the identification of random-testable and
periodic-testable scan chains contributes to a reduction in
the number of external inputs. Furthermore, the
identification of random-testable and periodic-testable
scan chains contributes to a reduction in the number of
decompresser outputs in Figure 1, which reduces the
decompresser size. Further reductions in the number of
scan vectors and the number of external inputs NEXT can
be obtained by using the procedure of [8]; however, we
ignore such reductions here.

We report the upper bound on the number of exter-
nal inputs NEXT for benchmark circuits in Tables 14-21.
We consider the case where M = 10. We consider
numbers of scan chains NCH that are powers of two as
before. We exclude the small numbers of scan chains for
which no random-testable or periodic-testable scan chains
are obtained. We also exclude the two highest values of
NCH that result in very short scan chains (the cases
excluded are the one where NCH is equal to the number of
circuit inputs and each scan chain is of length one, and the
case where NCH is the power of two closest to the number
of circuit inputs where the scan chains are of lengths one
and two). For every number of scan chains considered,
we show in Tables 14-21 the number of deterministic-
testable scan chains that remain after applying Procedure
1 followed by Procedure 2, and the fraction of
deterministic-testable scan chains (these are repeated from
Tables 5-12). We then show the number of scan vectors in

V , and the upper bound on the number of external inputs
NEXT = � log2 | V |� . We also show the fraction NEXT /NCH .

From Tables 14-21 it can be seen that additional
compression (in the form of a reduction in the number of
external test inputs) can be achieved by driving the
deterministic-testable scan chains through a
decompresser. For example, for s38417 with 256 scan
chains, if the deterministic-testable scan chains are driven
directly from external inputs, the test data volume
compression obtained is 144/256=0.56 (which is a factor
of 256/144 = 1.78). If a decompresser is used to drive the
deterministic-testable scan chains, the test data is
compressed by a factor of 256/10 or 25.6. Additional data
compression can be achieved by using other known tech-
niques to derive a more efficient decompresser.

5. Concluding remarks
We defined random-testable and periodic-testable scan
chains. A scan chain is random-testable if it is possible to
achieve complete fault coverage for the circuit when the
scan chain is driven from a source of pseudo-random
values for a limited number of clock cycles. A scan chain
is periodic-testable if it is possible to achieve complete
fault coverage for the circuit when the scan chain is driven
from a source that produces a periodic sequence for a lim-
ited number of clock cycles. For random-testable and
periodic-testable scan chains, test data can be generated
on-chip using simple sources, and there is no need to drive
them from an external tester. In this way, it is possible to
reduce the amount of test data that the external tester
needs to store and apply to the circuit. For the remaining,
deterministic-testable, scan chains that do require external
test data, existing compression techniques can be used to
further reduce the test data volume.

We identified random-testable and periodic-testable
scan chains using a given compact deterministic test set
T 0. We duplicated T 0 M times to obtain a test set T . To
say that a scan chain is random-testable (or periodic-
testable), we required that it would be possible to replace
its values under T by pseudo-random values (or a periodic
sequence). The results presented demonstrated that the
larger the value of M , the more random-testable and
periodic-testable scan chains are obtained. The amount of
test data does not increase with M since the same values
are applied to the deterministic-testable scan chains M
times under T . Thus, there is a tradeoff between test
application time and test data volume.
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Table 5: s5378 (214 inputs, 100 tests)

M=1
chn random periodic determ�����������������������������������������������������������������������������
16 0 0.00 1 0.06 15 0.94
32 2 0.06 1 0.03 29 0.91
64 8 0.12 4 0.06 52 0.81

128 28 0.22 19 0.15 81 0.63
214 63 0.29 54 0.25 97 0.45

��
�
�
�
�
�
�

��
�
�
�
�
�

��
�
�
�
�
�

M=10
chn random periodic determ� �����������������������������������������������������������������������������

8 2 0.25 0 0.00 6 0.75
16 6 0.38 0 0.00 10 0.62
32 17 0.53 0 0.00 15 0.47
64 35 0.55 1 0.02 28 0.44

128 84 0.66 10 0.08 34 0.27
214 148 0.69 32 0.15 34 0.16
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M=100
chn random periodic determ�����������������������������������������������������������������������������

4 2 0.50 0 0.00 2 0.50
8 6 0.75 0 0.00 2 0.25

16 13 0.81 0 0.00 3 0.19
32 26 0.81 1 0.03 5 0.16
64 57 0.89 1 0.02 6 0.09

128 116 0.91 5 0.04 7 0.05
214 191 0.89 17 0.08 6 0.03
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Table 6: s9234 (247 inputs, 111 tests)

M=1
chn random periodic determ� �����������������������������������������������������������������������������
32 1 0.03 1 0.03 30 0.94
64 4 0.06 3 0.05 57 0.89

128 21 0.16 11 0.09 96 0.75
247 62 0.25 26 0.11 159 0.64
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M=10
chn random periodic determ�������������������������������������������������������������������������������
16 1 0.06 0 0.00 15 0.94
32 9 0.28 0 0.00 23 0.72
64 25 0.39 0 0.00 39 0.61

128 51 0.40 8 0.06 69 0.54
247 122 0.49 24 0.10 101 0.41
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M=100
chn random periodic determ� �����������������������������������������������������������������������������
16 6 0.38 0 0.00 10 0.62
32 17 0.53 0 0.00 15 0.47
64 33 0.52 0 0.00 31 0.48

128 71 0.55 3 0.02 54 0.42
247 149 0.60 25 0.10 73 0.30
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Table 7: s13207 (700 inputs, 235 tests)

M=1
chn random periodic determ� �������������������������������������������������������������������������������
32 1 0.03 1 0.03 30 0.94
64 6 0.09 7 0.11 51 0.80

128 14 0.11 14 0.11 100 0.78
256 65 0.25 49 0.19 142 0.55
512 205 0.40 114 0.22 193 0.38
700 336 0.48 179 0.26 185 0.26
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M=10
chn random periodic determ� �����������������������������������������������������������������������������

4 1 0.25 0 0.00 3 0.75
8 2 0.25 0 0.00 6 0.75

16 4 0.25 1 0.06 11 0.69
32 13 0.41 2 0.06 17 0.53
64 38 0.59 3 0.05 23 0.36

128 81 0.63 6 0.05 41 0.32
256 187 0.73 17 0.07 52 0.20
512 383 0.75 41 0.08 88 0.17
700 547 0.78 54 0.08 99 0.14
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M=100
chn random periodic determ� �����������������������������������������������������������������������������

4 1 0.25 0 0.00 3 0.75
8 3 0.38 0 0.00 5 0.62

16 8 0.50 0 0.00 8 0.50
32 22 0.69 0 0.00 10 0.31
64 50 0.78 2 0.03 12 0.19

128 107 0.84 5 0.04 16 0.12
256 218 0.85 14 0.05 24 0.09
512 445 0.87 43 0.08 24 0.05
700 623 0.89 52 0.07 25 0.04

��
�
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

Table 8: s15850 (611 inputs, 97 tests)

M=1
chn random periodic determ� �������������������������������������������������������������������������������
32 1 0.03 0 0.00 31 0.97
64 4 0.06 6 0.09 54 0.84

128 20 0.16 11 0.09 97 0.76
256 60 0.23 22 0.09 174 0.68
512 167 0.33 96 0.19 249 0.49
611 202 0.33 122 0.20 287 0.47
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M=10
chn random periodic determ�������������������������������������������������������������������������������
16 1 0.06 0 0.00 15 0.94
32 7 0.22 1 0.03 24 0.75
64 24 0.38 1 0.02 39 0.61

128 65 0.51 6 0.05 57 0.45
256 136 0.53 18 0.07 102 0.40
512 313 0.61 47 0.09 152 0.30
611 375 0.61 52 0.09 184 0.30
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M=100
chn random periodic determ�������������������������������������������������������������������������������
16 5 0.31 0 0.00 11 0.69
32 15 0.47 0 0.00 17 0.53
64 36 0.56 0 0.00 28 0.44

128 86 0.67 2 0.02 40 0.31
256 182 0.71 10 0.04 64 0.25
512 391 0.76 29 0.06 92 0.18
611 458 0.75 40 0.07 113 0.18
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Table 9: s35932 (1763 inputs, 12 tests)

M=1
chn random periodic determ� �����������������������������������������������������������������������������������

64 0 0.00 1 0.02 63 0.98
128 0 0.00 8 0.06 120 0.94
256 0 0.00 27 0.11 229 0.89
512 1 0.00 92 0.18 419 0.82

1024 96 0.09 395 0.39 533 0.52
1763 257 0.15 1107 0.63 399 0.23
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M=10
chn random periodic determ� �������������������������������������������������������������������������������

2 1 0.50 0 0.00 1 0.50
4 3 0.75 0 0.00 1 0.25
8 6 0.75 0 0.00 2 0.25

16 14 0.88 1 0.06 1 0.06
32 28 0.88 2 0.06 2 0.06
64 57 0.89 3 0.05 4 0.06

128 121 0.95 6 0.05 1 0.01
256 251 0.98 4 0.02 1 0.00
512 511 1.00 1 0.00 0 0.00

1024 1023 1.00 1 0.00 0 0.00
1763 1762 1.00 1 0.00 0 0.00
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M=100
chn random periodic determ� ���������������������������������������������������������������������

1 1 1.00 0 0.00 0 0.00
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Table 10: s38417 (1664 inputs, 87 tests)

M=1
chn random periodic determ� ���������������������������������������������������������������������������������

64 2 0.03 0 0.00 62 0.97
128 7 0.05 4 0.03 117 0.91
256 22 0.09 12 0.05 222 0.87
512 78 0.15 41 0.08 393 0.77

1024 284 0.28 123 0.12 617 0.60
1664 556 0.33 211 0.13 897 0.54
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M=10
chn random periodic determ� ���������������������������������������������������������������������������������

64 7 0.11 1 0.02 56 0.88
128 35 0.27 8 0.06 85 0.66
256 92 0.36 20 0.08 144 0.56
512 227 0.44 42 0.08 243 0.47

1024 537 0.52 76 0.07 411 0.40
1664 933 0.56 159 0.10 572 0.34
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M=100
chn random periodic determ� �����������������������������������������������������������������������������������

16 1 0.06 0 0.00 15 0.94
32 6 0.19 0 0.00 26 0.81
64 23 0.36 1 0.02 40 0.62

128 65 0.51 1 0.01 62 0.48
256 147 0.57 3 0.01 106 0.41
512 311 0.61 23 0.04 178 0.35

1024 673 0.66 76 0.07 275 0.27
1664 1134 0.68 191 0.11 339 0.20

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

Table 11: b14 (280 inputs, 194 tests)

M=1
chn random periodic determ� �����������������������������������������������������������������������������
16 1 0.06 2 0.12 13 0.81
32 3 0.09 5 0.16 24 0.75
64 14 0.22 13 0.20 37 0.58

128 56 0.44 26 0.20 46 0.36
256 151 0.59 52 0.20 53 0.21
280 171 0.61 56 0.20 53 0.19
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M=10
chn random periodic determ� �����������������������������������������������������������������������������

8 1 0.12 0 0.00 7 0.88
16 6 0.38 0 0.00 10 0.62
32 16 0.50 2 0.06 14 0.44
64 35 0.55 8 0.12 21 0.33

128 92 0.72 17 0.13 19 0.15
256 201 0.79 29 0.11 26 0.10
280 225 0.80 29 0.10 26 0.09
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M=100
chn random periodic determ� ���������������������������������������������������������������������

1 1 1.00 0 0.00 0 0.00
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Table 12: b20 (527 inputs, 335 tests)

M=1
chn random periodic determ�������������������������������������������������������������������������������
64 6 0.09 3 0.05 55 0.86

128 26 0.20 15 0.12 87 0.68
256 96 0.38 37 0.14 123 0.48
512 273 0.53 81 0.16 158 0.31
527 281 0.53 83 0.16 163 0.31
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M=10
chn random periodic determ� �����������������������������������������������������������������������������
16 1 0.06 0 0.00 15 0.94
32 4 0.12 2 0.06 26 0.81
64 22 0.34 3 0.05 39 0.61

128 61 0.48 12 0.09 55 0.43
256 150 0.59 29 0.11 77 0.30
512 367 0.72 52 0.10 93 0.18
527 378 0.72 57 0.11 92 0.17
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M=100
chn random periodic determ� �����������������������������������������������������������������������������

8 2 0.25 0 0.00 6 0.75
16 5 0.31 0 0.00 11 0.69
32 9 0.28 2 0.06 21 0.66
64 32 0.50 7 0.11 25 0.39

128 76 0.59 18 0.14 34 0.27
256 168 0.66 48 0.19 40 0.16
512 408 0.80 58 0.11 46 0.09
527 421 0.80 60 0.11 46 0.09
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Table 13: Normalized run time for s38417

chn Proc.1 Proc.2�����������������������������������������
16 3.23 4.03
32 5.94 7.17
64 12.86 13.40

128 25.48 28.46
256 52.17 59.10
512 106.44 91.96

1024 212.88 155.81
1664 345.80 233.04
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Table 14: s5378 with compression (214 inputs, 100 tests)

chn determ vectors external�����������������������������������������������������������������������
8 6 0.75 64 6 0.75

16 10 0.62 648 10 0.62
32 15 0.47 640 10 0.31
64 28 0.44 377 9 0.14
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Table 15: s9234 with compression (247 inputs, 111 tests)

chn determ vectors external�����������������������������������������������������������������������
16 15 0.94 1396 11 0.69
32 23 0.72 884 10 0.31
64 39 0.61 444 9 0.14
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Table 16: s13207 with compression (700 inputs, 235 tests)

chn determ vectors external�����������������������������������������������������������������������
4 3 0.75 8 3 0.75
8 6 0.75 64 6 0.75

16 11 0.69 1507 11 0.69
32 17 0.53 3674 12 0.38
64 23 0.36 2296 12 0.19

128 41 0.32 1238 11 0.09
256 52 0.20 705 10 0.04

��
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�

Table 17: s15850 with compression (611 inputs, 97 tests)

chn determ vectors external� �����������������������������������������������������������������������
16 15 0.94 2755 12 0.75
32 24 0.75 1829 11 0.34
64 39 0.61 960 10 0.16

128 57 0.45 485 9 0.07
256 102 0.40 291 9 0.04
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Table 18: s35932 with compression (1763 inputs, 12 tests)

chn determ vectors external� ���������������������������������������������������������������������
2 1 0.50 2 1 0.50
4 1 0.25 2 1 0.25
8 2 0.25 4 2 0.25

16 1 0.06 2 1 0.06
32 2 0.06 4 2 0.06
64 4 0.06 16 4 0.06

128 1 0.01 1 1 0.01
256 1 0.00 2 1 0.00
512 0 0.00 0 0 0.00
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Table 19: s38417 with compression (1664 inputs, 87 tests)

chn determ vectors external� �����������������������������������������������������������������������
64 56 0.88 2262 12 0.19

128 85 0.66 1131 11 0.09
256 144 0.56 609 10 0.04
512 243 0.47 348 9 0.02
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Table 20: b14 with compression (280 inputs, 194 tests)

chn determ vectors external�����������������������������������������������������������������������
8 7 0.88 128 7 0.88

16 10 0.62 986 10 0.62
32 14 0.44 1612 11 0.34
64 21 0.33 853 10 0.16

128 19 0.15 388 9 0.07
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Table 21: b20 with compression (527 inputs, 335 tests)

chn determ vectors external�����������������������������������������������������������������������
16 15 0.94 9132 14 0.88
32 26 0.81 5338 13 0.41
64 39 0.61 2749 12 0.19

128 55 0.43 1510 11 0.09
256 77 0.30 740 10 0.04
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