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This note corrects an error in the paper [1], which
studies the problem of the represention of multiple
faults in RAMs. Our main goal was to characterize
multiple faults composed of single faults taken from
the Thatte-Abraham fault model [2], that is the fault
model consisting of stuck-at, transition, and coupling
faults. While our results apply to a much larger class of
faults than multiple Thatte-Abraham faults, the class
of faults considered in our paper turns out to be too
large. The purpose of this note is to explain the error
and its correction.
First we give a brief description of the model used
in the paper. Suppose that two defects D and D 0 are
present in a RAM, and that automata M and M 0 represent D and D 0 , respectively. The simultaneous presence
of both defects is represented by another automaton
constructed from M and M 0 using an appropriate composition operation.
We model RAMs by component automata. A component automaton is a deterministic Mealy automaton M = (Q, X, Y, δ, λ), where Q has the following
special property. There exists an integer n > 0 and
n finite nonempty sets Q 1 , . . . , Q n such that Q ⊆
Q 1 × · · · × Q n . Thus each state q ∈ Q is an n-tuple
q = (q1 , . . . , qn ), where qi ∈ Q i for i = 1, . . . , n. A

component automaton is called binary if Q i ⊆ {0, 1}
for all i. We consider only binary component automata.
With the fault-free component automaton M we
associate a family of component automata M 0 =
(Q 0 , X, Y, δ 0 , λ0 ), called delta fault types of M, which
can differ from M in the state set, the transition function, and, trivially, the output function. The state set
Q 0 must be a subset of the state set Q of the fault-free
component automaton M. The transition function may
be arbitrary. The output function λ0 is the restriction of
λ to Q 0 × X .
A set Q 0 ⊆ {0, 1}n is called a subproduct if Q 0 =
Q 01 × · · · × Q 0n for some sets Q 01 , . . . , Q 0n ⊆ {0, 1}. A
delta fault type is called a subproduct fault type if its
state set is a subproduct.
Depending on the physical properties of the fault
model, two different composition operations ◦ and ¦
were introduced. For both operations the state set of the
double fault composed of the faults M 1 and M 2 with
state sets Q 1 and Q 2 , respectively, is the set Q 1 ∩ Q 2 .
The transition function of the double fault is defined by
Rule 1 for ¦ and Rule 2 for ◦. It turns out that there are
examples of delta fault types for which these rules are
inconsistent with the definition of the state set of the
double fault, as we now illustrate.
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Example 1. Let M 1 be the stuck-equal fault type, that
is, a faulty 2-cell RAM with state set Q 1 = {00, 11}
and a transition function in which a write to either cell
has the same effect on both cells, and the read operation
works correctly. Let M 2 be the pattern-sensitive fault
type with state set Q 2 = {00, 01, 10, 11}, in which the
write-1 operation to cell 1, w11 , fails when the state is 00.
All other operations perform correctly. According to
Rule 2 defining the ◦-composition of automata, the
state set of the double fault type M 1◦2 is Q 1◦2 = Q 1 ∩
Q 2 = {00, 11}. Rule 2 then involves a case distinction,
depending on whether the state set of the cell being
considered is a singleton or not. This is where the basic
error occurred. The jth component Q 1◦2
j of the state set
is not defined in [1], but would be naturally defined as
the set of all values appearing in cell j. In our example,
this set is {0, 1} for all j. Hence for δ 1◦2 (00, w11 ) only
the second case of the rule applies, and δ 1◦2 (00, w11 ) =
01. However, 01 is not in the state set of M 1◦2 .
This problem does not occur if the state set of every
fault type considered is a subproduct. Note that the
stuck-equal fault type is not a subproduct fault type.
The composition operation ◦ has already been defined
in [3], but only for subproduct automata. Hence the
difficulty described above did not appear. In [1] we
wanted to generalize the ◦-composition to the set of all
delta fault types, but this extension failed. To correct
the error, it suffices to add the subproduct condition to
every statement involving ◦ in [1].
There are similar difficulties with the ¦-composition.
They are not illustrated by the example above; hence
we give a second example.
Example 2. Let M 1 be a faulty 3-cell RAM with
state set Q 1 = {000, 001, 110}. Suppose that δ 1 (000,
w11 ) = 110; the other transitions are irrelevant to this
discussion and can be arbitrary. Let M 2 have the state
set Q 2 = {000, 001, 101, 110}, let δ 2 (000, w11 ) = 101,
and let the other transitions be arbitrary. Rule 1 involves

a case distinction, depending on whether the state set
of the cell being considered is a singleton or not. The
set of all values appearing in cell j is {0, 1} for all j.
Hence for δ 1¦2 (000, w11 ) only the second case of the
rule applies, and δ 1¦2 (000, w11 ) = 111. However, 111
is not in the state set of M 1¦2 .
As in the case of ◦, the correction to this problem is
provided by the addition of the subproduct condition
to all statements involving ¦ in [1].
The interested reader is referred to [4] where these
issues are further clarified, and where new characterizations of the multiple Thatte-Abraham fault types
are given. More specifically, we show the following
result:
Theorem 1. (a) A delta fault type is change-attemptactivated, pattern-insensitive, and a subproduct fault
type if and only if it is equivalent to a ◦-composition
of Thatte-Abraham fault types. (b) A delta fault type
is change-success-activated, pattern-insensitive, and a
subproduct fault type if and only if it is equivalent to a
¦-composition of Thatte-Abraham fault types.
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