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Abstract Designers of fault-tolerant computer
systems need methodological and software
framework which would support their efforts in
analysis and optimization of new design solutions,
based on new and forthcoming hardware and
software technologies, embedded systems, in
particular These new and advanced technologies
- high-performance and self-reconfigurable
systems, nanotechnologies- lead to unprecedented
challenges. For example, often as a result of
transient faults, reconfigurations in FPGA-based
high-performance systems become unsafe.
Therefore, designers have to make decisions
concerning the systems' reliability at the various
design levels, and the performance and safety
abilities of the systems as well. Some timing
characteristics of possible failure detection and
recovery may be very important in the decision
making process.
In this paper a concept of principal pieces of such
framework will be considered. Namely, possible
tools matching the current state-of-the art of
mathematical modeling of self-recovering features
of the fault-tolerant Smart systems are considered.
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1. Introduction
Computing systems for many applications must
be fault-tolerant to be able to continue operating
despite limited failures of portions of their
hardware or software [4].
The fault-tolerant properties are provided by
using of various types of redundancy (time,
hardware, information) which may, in particular,
provide fault-tolerance via achieving the
phenomena self-healing, self-stabilization, selfreconfiguration [1,2,4].
Self-healing refers to the system’s ability to
detect failures in any of its components or

interaction protocols to correct them so that the
work is not interrupted. The mechanism of selfhealing enables the system to continue operating
properly on the event of the failure of some of its
components, to determine the errors and to
recover from them. For example, a concept of a
partially monotonic Finite State Machine (FSM),
where the transitions are computed by partially
monotonic Boolean functions is used to provide
self-healing properties. In particular, if we
consider a self-checking digital circuit design, the
different properties of logical functions may
provide self-healing properties of the circuit [1].
The self-healing notion can be very interested
for reliability modeling of embedded systems in
presence of transient faults .
The architecture that supports the self-healing
property of the FSM is a well-known selfchecking architecture [1], that uses output selfchecking checker.
In along with self-healing, self-stabilization
also belongs to important fault-tolerant computing
aspects. A system is said to be self-stabilizing, if
starting from any state, it is guaranteed that the
system will eventually reach a correct state
(convergence). Given that the system is in a
correct state, it is guaranteed that it will be stayed
in a correct state, provided that no further fault
happens (closure). For example, a distributed
algorithm A is self-stabilizing if, whatever the
initial configuration it starts from, it reaches
within a finite time a set L of “legal”
configurations, i.e, configurations satisfying a
desired property [5].
Mostly important numerical characteristics of
both these phenomena are the time for the
recovery from arbitrary state disruptions. For
example, if we explore a self-stabilizing
algorithm A, it may be the expected time of
reaching a set L of the legal configurations [5],
which are usually a subset of states or processes,
proper from some viewpoint of a target system
design [6].
For the FSM, it can be the average number of

clocks required for the FSM healing.
Forms of fault tolerance can be divided into
masking fault tolerance and non-masking fault
tolerance [2]. For non-masking fault tolerant
systems, the time of the fault detection is very
important attribute since it can help avoid a failure
if a fault-tolerance mechanism is available. One
may try to minimize the fault detection latency,
i.e., the difference between the first time the error
is activated and the first time it is detected.

Since, in general, both input data and faults
appear randomly, this time is a random value.
Therefore, the self-healing models should be
probabilistic ones. A natural mathematical model
of this phenomena is a random transition from one
state to another, thereby some states can be
amalgamated in "configurations" mentioned
above, which than consider as new states. The
semantics of this transitions may be considered in
terms of finite state machines( FSM) [6].
This formalism may be used for various
applications, from HW circuits (of sequential
automata) to a program implementation of
distributed algorithms, where interacted processes
of computation may be expressed as FSM.
Since in order to define the recovery time
of a system we should compare behavior of both
fault-free and faulty systems, we need a
mathematical model for such comparison, which
can be characterized as a model of expression of a
"coupling" conditions of the models. As for FSMbased models, both the direct product of both
automata and Kronecker forms are used in order
to define a probabilistic state of self-healing time
model [7, 8]. That is the model of the FSMs
product behavior under random input vectors is a
Markov chain, whose state space can be
constructed as a direct product of fault-free and
faulty state transitions, as well as Kronecker
product of the states. Another example of the
coupling is, a coupling of Markov chains method
as a way of such pairs modeling for a timing
characterization of self-stabilizing systems [5].
In this paper we consider mostly first
mathematical conception of model coupling for
fault detection latency analysis.
The paper is organized as follows. Section 2
describes the basic definitions and assumptions.
The latency distribution functions for faults in the
FSM are discussed in Section 3. Concludes are
presented in Section 4.
2. Principal requirements to the design tools
To predict and estimate timing characteristics of
fault-tolerance features at early steps of the design
process, designers need a set of tools to compute
some metrics at different design levels to guide
the process of fault-tolerant computer systems
design. These metrics should characterize self-

healing time, fault manifestation latency, selfstabilizing distributed algorithms, etc. Taking into
account that both logical and numericalprobabilistic tools are used by designers of faulttolerant systems, a theoretical-methodological
framework for coordination of these two aspects
should be developed. The tools should allow
designers to consider both permanent and
transient faults. For example, from the reliability
point of view, in the case of designing at the level
of finite state machine (FSM), for the permanent
faults it is reasonable to maximize the probability
of transition from a state, where the fault is in a
latent mode [1], that is where the presence of a
fault cannot be detected since a test vector
detecting the fault has not yet appeared at the
circuit’s inputs, to an erroneous mode. But for
transient faults it would be more reasonable to
maximize the probability of the FSM transition
from the latent mode to the fault-free mode. It is
clear that this transition in the fault free mode is a
self-healing of the FSM under transient fault
effect. Some corresponding Markov models are
considered.
As it mentioned above, the designers need
both the logical-algebraic (LA) and probabilistic
models-based interacted tools to support the faulttolerant system design. The logic-semantic
aspects of fault-tolerant computer systems design
are usually concerned with the use of various
abstractions in the modelling of the fault detection
and fault robustness properties. These aspects
deal, for example, with logical analysis for
detecting conditions of both temporary and
permanent fault effects, dependability and data
integrity, liveness, safety, synchronization, etc. In
particular, a concept of a partially monotonic
FSM, where the transitions are computed by
partially monotonic Boolean functions, is used to
provide self-healing properties, that is if we
consider a self-checking digital circuit design, the
different properties of logical functions may
provide self-healing properties of the circuit [1].
Therefore, the designers need a generalized model
of systems, represented in terms of interacting
processes and interacting FSMs, which should
provide the designers with possibilities of
choosing the design solution into all current suit
of fault-tolerant paradigms. Namely, it would be
desirable to have the models that will consider
every possible system's configuration and all
possible transitions between configurations. They
should provide the possibility to specify the target
systems in such way that all configurations
belonging to both fault-free/faulty classes would
be characterized by local predicates defined over
the states of the individual processes..
A relationship between LA and probabilistic
methods is reached by defining a Markov chain or
semi-Markov processes over the space of the

configurations and their transitions. The
numerical probabilistic Markov models of the
systems can be used on the state space, generated
by these models of a qualitative nature.
One very important area of research is the
development of adequate Markov models which,
in contrast to existing models, will allow for the
expression of fault-latency and self-healing
probabilistic characteristics in terms of the
characteristics of components of an FSM
composition (network). The tools should allow
the designer to
• calculate the transition probability
matrix for transitions due to a single step of
FSM.
• calculate the transition probability
matrix for transitions due to fault steps, and
then obtain a transition probability matrix
representing an appropriate Markov chain of a
product of fault-free and faulty FSMs.
In our model, as we mentioned above, we will
estimate the fault latency by comparing both faultfree and faulty FSMs, which is performed
implemented by a direct product of the two
version of FSMs, which firstly has been
considered in [7]. First of all, let us outline an
alternative approach that is not based explicitly on
the product of the two FSMs version. This
approach was studied in [9]. The main idea of the
approach is to divide the whole set of possible
trajectories of the Markov chain describing
behavior of the FSM in presence of a stuck-atfault, into two subsets. The first subset does not
contain trajectories manifesting a particular fault.
The second subset of trajectories includes the fault
manifesting states. Then, the probability of the
fault manifestation at the t-th step is equal to the
probability that the process moves along the
trajectories from the first subset over t-1 steps and
then, falls into the second subset at the t-th step.
Consequently, the fault is detected exactly at the tth step. The transition probability matrix of the
Markov chain is computed by the known
probabilities of input vectors and transition tables
of the FSM.
It is essentially, however, that using this method it
is possible to compute directly just the fault
cumulative distribution function but not latency
probability distribution of various errors, which
can be caused by the physical fault (Another
problem of this approach deals with some
difficulties of formal definition of the trajectories,
which can prevent suitable automation of the
computations.

3 FSM-base fault manifestation model
As it mentioned above, in order to define the time

of an observable event after a fault manifestation
we need to compare the behavior both fault-free
and faulty FSMs.
Let FSM be a Mealy machine, with the
state set {a1,…,an}, the input set ,xt,={x1(t),..xm(t)}
and the output set yt={y1(t),..yn(t)}. Functions δ
and λ are multiple-output Boolean functions
which are a relation between the (input state,
present state) pairs and the next states (δ), and
between the (input state, present state) pairs and
the output states (λ). Let the input words of the
FSM be a randomly generated test input vector
sequence. In this case there are two possible
general models to compare the behavior of the
fault-free and faulty FSM defined either in a
product of transition spaces of both FSMs or on
some pairs of states of Markov chains,
corresponding to random transitions of both
FSMs. We denote the first type as a “FSMs
product-based model”, while the latter we
consider as a coupling time for corresponding
Markov chains with a given states of initial state
distributions.

3.1 Fault-Free
Models

and

Faulty

Behavior

1. Fault model. Not specifying exactly all fault
models considered here, note, that we consider
any faults which are resulted in a change of the
FSM states (and, correspondingly, provoke an
error). So, principally they may be both
permanent (that remain in existence indefinitely if
no corrective action is taken), and transient ones
(that appear and disappear quickly). However, to
provide a complete analysis for transient fault, we
have to add the latency model by distributions of
the fault duration and faults occurrence while in
our analysis we assume that the probability of
occurrence of second fault during effect of the
first fault is negligibly small.
The
model [7] assumption is statistical
independence of random input vectors from one
time step to another, and that their probability
distribution is fixed so that, at any given time step,
input takes place with probability Prob(xk=1)=pk.

3.2 FSMs Product Model
To compute fault latency and fault manifestation,
both FSMs are considered as operating in parallel.
These functioning can be represented as a direct
product of both. The following assumptions are
stated for the FSMs product model:
1) The signals with the same input probabilities
distributions Pr(xi), i=1,..M are numbers of input
variables, are applied simultaneously to the both
faulty and fault–free FSMs. For example, the
transition from a1 to a2 in Table 1 has place with

the probability Pr(x2)(1-Pr(x3) since this is a
Boolean conjunction of the Boolean variables x2
and the negation of x3. Initial states of thy FSMs
are equal.
The product Ap of fault - free and faulty two
FSMs, is a table of all n2×n2 pairs of the FSMs
states, that
is:
Ap ={( si,sjf )}
(2)
where si is a state of the fault-free FSM, sjf is a
state of f –faulty FSM, i,j=1,…n.
Note that if FSM Ap it is not irreducible, the fault
step probability matrix Af may be transformed to
make its irreducible.
The stochastic behavior of the product of two
FSMs under independent random input vectors is
also the homogeneous Markov chain with the
state space X={ (S, Sf)∩ sA}, where sA is an
absorbing state of the Markov chain, which
corresponds to the state when the outputs of both
FSM become unequal. That is the state space of
the Markov chain of the FSM defined on the
n2×n2 pairs plus an absorbing state, corresponding
to lack of coincidence of the FSMs outputs at a
given pair of states, that is Y(sm,sn) ≠Y (spf, sqf ).
So, we may consider any errors in FSM behavior,
provoked by a fault f, as a such pair ( si,sjf ), and
also we may characterize the latency properties of
a FSM as a number of clocks between the moment
of hit in the state ( si,sjf ) of the product FSM and
the moment of its observation on its output. For
example, for the FSM Table 1, the pair (1,2)
means that fault-free FSM is in state 1 while
faulty one is in state 2. (The format of the table in
the figure 1 has produced by a software describing
below. Numbers 1,2 are indexes of states a1, a2. "
¯¯ " means all bits are 1s). Correspondingly,
(2,2) in the product FSM
transition (1,2)
(figure 1) means that the fault-free FSM transits
from state 1 to state 2 while the faulty one leaves
in state 2. Since the transitions of the product
FSM are determined by (time-and-space)
independent input random values, the product
FSM can be considered as a Markov chain. The
transition probabilities are computed by known
probabilities of input variables x1,…x7.. So, the
size of the transition matrix of the Markov chain
is (n2 +1)×(n2+1).
The transition probabilities matrix of the Markov
chain is
PTM={p(ai, aj)}
(3)
where ai,aj (i,j =1,..,n2+1) corresponding to the
states {sl, ,smf}, {sp,sqf }, l,m, p,q = 1,…n.



The latency Lf of a fault f may be represented as
Prob(Lf=k)=Prob(SAbs(t+k)/Sm(t))

Prob(Lf=k) ={pS,, Abs }k

(4)

where Sm(t) is a state (indexed m) of the
faulty FSM which where corrupted by the fault f
at the clock t (“fault manifestation at clock t”), k
is the number of clocks between the fault
manifestation and the fault detection, that is clock
of time when first Y(sm,sn)≠Y(spf, sqf), and
corresponding states are considered as an
“absorbing state”(SAbs(t+k)). The Markov chain
gets from a state s to its absorbing state (Abs) for
k clocks, that is the matrix entry (s, SAbs) of the kth power of the transition probability matrix (3).
This conditional probability allows to analyze
latency regarding to a specific state of the FSM.
To find the probability distribution function of the
fault latency Prob(Lf≤t) we should compute the
probabilities Prob(Lf =k), k=1,2,…, which are
defined by computing the state probability vector
P(k) for k-th step of the Markov chain transitions:
P(k) = P(0)(PTM)k

(5)

Table 1. The transition table of the FSM
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a1
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4,6
4,6
4,6

Figure 1. Product matrix of a FSM

where P(0) is n2+1-bit vector of initial states
probabilities
distributions,
thereby,
only
components {i,i}, i=1,…2n+1 can be non-zero,

because of assumption about equality of initial
states of faulty and fault-free FSMs.
3.3 Description of the software
The approach for computation of the probability
distribution function has been implemented as a
specific software. The input of the software is an
FSM description (like in the Table 1), as well as
set of stuck-at-faults description (it may be input,
memory, and outputs faults), which is used to
produce automatically corresponding Markov
chains both fault-free and faulty, and the Markov
chain of the product of these two FSMs. The
output of this program is:
- transition table of faulty FSM,
-probability transition tables of all the Markov
chains,
- probabilities to move from a pair ={( si, sjf )} to
the absorbing state for k steps (k=1,2..), which is
the probability distribution function of the error
(si,sjf) latency. This error is “the fault-free FSM is
in the state si, the actual faulty FSM is in the state
sjf and the outputs of both FSMs are different”.
As example, the figure 2 shows the probability
distribution function of the error (6,1 ) of FSM
described in table 2 caused by the stuck-at-fault
x4≡1 (marked as x4/1 on the picture).

The “testing mode” means that each of the
component FSMs of the network are tested by
entering working vectors to its input poles, but its
outputs are observed the only to detect a possible
faulty behavior not using their bits as an output of
the target FSM. The observations are performed
by a test monitor. The components are controlled
by a supervisor, which switches the modes. In
general, it is similar to well-known decomposition
techniques like [11].
To illustrate this possibility let us consider FSM It
would be highly desirable to model the FSM fault
latency in terms of each of the components
probabilistic characteristics, eventually, in
terms of probabilistic transition matrix of
corresponding Markov chains. Unfortunately, in
general, the state transitions of the components
are not Markovian ones since the transitions in
each of them depend not only on the independent
random inputs but also on transitions
Table 2. FSM transition table
am
a1

a2

a3

a4

a5

a6

Figure 2.Error latency probability distribution
function

3.4 Fault detection latency of the FSMs
NETWORK
Let a FSM C was decomposed unto a network of
its components FSMs C1,..,Ck in such a way, that
at each clock the only one of them is in a working
mode, that is, the output of the FSM is observable
and it is used as a functional output of the target
system, while others are in testing one under the
working input signals (that is in concurrent selftesting mode).
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in
either
components,
which
generate
corresponding signals for the predefined states
mentioned above. Therefore, the main problem is
to define the Markov model of this network (or
semi-Markov one; the only such models may be
used as a analytical tool for the probabilistic
modeling). Note that in [10] a FSM is
decomposed into a network of smaller component
FSMs, which describe the random transitions
from one mode to another. However, only one
component can be active in this decomposition
model, while others are waiting for their
activation, not being tested as above.
3.5 Markov Model
Component FSMs

of

Network

essential latency reduction due to the composition
, but the topic of the paper is not the methods of
the reduction but rather the methods of the latency
computation in a network of FSMs.
3.6 Kronecker Product-base Approach
Obviously, in general case the number of
possible states of the Markov chain can be
very large

of

Let us consider, like as in previous Section, a
states space of the fault-free and a faulty
decomposed FSM as Sp = {( Si,j,k (n),
Sfi,j,k(n))}, where, however, all these states
are a tuple of the components (both fault-free
and faulty) states:
Si,j,k (n)= { ai, aj , ak}n
( 6)
Sfi,j,k(n)= { aif, ajf, akf}n
where n is a clock number, the number of a
position in the tuples is the number of the
component (that is, 1,2, or 3), i =(i1,…iM),
j=(j1,…,jN,), k=(k1,…,kQ) are a numeration of
the states of components of both fault-free
and faulty network. Note, that we consider
the same faults that in the initial FSM (we do
not consider, say, a supervisor’s faults).
It may be shown, that the random transitions
in Sp under random inputs signals Xn on the
poles of the component FSMs may be
considered as a Markov chain with the
transition probabilities matrix like (2-3).
Since all outputs both of the working and the
tested components are observed, the latency
also can be modeled as a hit of the Markov
chain in an absorbing state, and this
absorbing state of the Markov chain is
defined relatively to all the outputs.
Figure 3 represents the fault latency probabilistic
distribution functions of FSM described by table
2, computed and FSM decomposed by the
technique mentioned below, when the fault x4≡1
is manifested in state a6 .
We can see some reduction of the latency due to
the decomposition. Although this reduction
seems not very significant, in some design
situations even such reduction may be reasonable.
Note, that the degree of latency reduction via
decomposition depends considerably of the
distribution of input signals, the transition
relationships, and the faults. We have some
simulation results, showing the possibility of

Figure 3. An example of error latency
reduction by a FSM decomposition
because we are forced to deal with the
combination of the tuples (6). So, the practical
way of the using of the Markov model is a
reducing of the state space. In general, it may be
achieved if there are unreachable states in the
product matrix, which should be avoided from the
consideration.
In general, the number of states of the component
network is ∏n(i). However, due to the transitions
obey the “synchronizing conditions” with some
predefined state, not all of these states must be
reachable. In general, such analysis deals with
constructing and analyzing of the states
reachability tree, which is used, for example, in
the area of circuits design verification on the base
of probabilistic Model-checking [12]. In general,
as it practices often in the area of using of
stochastic automata network (SAN) tools [12], it
would be attractive to use the Kronecker product
–based approach. This technique could provide
representing a large state space as a cross product
of small state spaces. However, since of the
transitions of all components are dependent due
to dependencies of input signals of each
components, we will have to consider the
products of pair of component’s matrices, that is
dimension of the problem will not be reduced.
Nevertheless, in some specific cases it is possible
to represent the decomposed product in more

compact way to accelerate the computations. As
example, let us consider the case when the BIST
techniques [3] is used. In this case, due to BIST
systems include a test pattern generator which
applies a sequence of test patterns to a circuit with
the BIST mechanism. Therefore, if the FSM has
such built-in mechanism, the components in test
mode can be tested by the embedded test
generator, while the component in working is
under corresponding working input vectors. Note
that the test vectors are applied to the normal
inputs of the components (there are not any
additional test inputs).
The main idea of such decomposition scheme
would be the optimization of testing process (e.g.,
enhancing fault coverage) thanks to use the input
test vectors generated in a specific way [3] which,
however, also can be modeled as random
sequences with known probabilistic distribution.
Again let us consider three-components
decompositions. In this case, the random
transitions into the components in the testing
mode can be considered as independent of the
transitions of working mode, but the transitions
are mutual dependent in two components in the
instance when takes place a change the modes of
the components (when transitions of a working
component reaches a predefined state of type a(l) .
Therefore, we may structurize the state space of
the overall components network, taking into
account that in each of clock, at least behavior of
one of components is independent of two other.
First of all, let us remark, that all transition
trajectories, which are generated by the
components FSM Si, i=1,2,3 in the working
modes will cover all transitions in the initial FSM
(table 2), that is, if we copy out sequentially all
transitions of FSMs when they are in the working
mode, it turns out that the transitions will coincide
with all transitions of the initial automaton. In
other words, it can be proved that the working
area of the decomposed FSM preserves the
behavior of the initial one.
It is possible to prove that the probability
transition matrix of the Markov chain describing
the product of overall of fault-free and faulty 3component networked FSMs can be represented
as

P=

P11P12 P13
P21 P22 P23
P31 P32 P33

(7)

where Pij, i,j =1,3, is a transition probability
matrix of a Markov chains corresponding the state
spaces of combinations of various pairs of faultfree/faulty components, namely:

P11 = A11⊗ B22 ⊗ B33
P22 = B11⊗ A22 ⊗ B33
P33 = B11⊗ B22 ⊗ A33

(8)

Aii, i=1,2,3, is the transition probability matrix of
the product of fault-free and faulty component i in
working mode, which expresses the probability,
that under fault f all transitions in the fault-free
component i in the working mode are resulted in
the same output that the faulty component, that is
probability of transitions pair {(si, sjf), (sk, smf)},
that means the transition of fault-free component
is si
sk while if the component is faulty, that
under the same input vector the transition will be
skf smf.
Note, that the states (sk, smf ) may belong to other
components, as in working mode a transition from
a transient state a(l) may lead to a state of any of
the three components (subsection 4.1).
Bii , j=1,2,3, is similar matrix of transition
probabilities of product fault-free and faulty
component j in testing mode inside this
component.
As for non-diagonal probabilities matrixes Pij ,
they are expressed in terms of some transition
probability matrixes Qij which represent the
probabilities, that following transitions are
resulted with some equal outputs of fault-free and
faulty components:
-the transitions of fault-free component i being in
the working mode in an inner state j1 caused by
transition in a predefined state of type a(l),
-the transition in the component j being in that
time in a testing mode in a state j2 to a state k2, in
this component,
- the transition of the corresponding faulty
components, taking into account, that predefined
state a(l) is equal for both fault-free and faulty
component i due to the principal assumption
mentioned above (Section 3) that initial states of
both fault-free and faulty FSMs are equal.
For example, the probability matrix




P12 = Q12 ⊗ B33



where Q12 is the probabilities of the following
pairs of transitions of {i1,j1, i2,j2} {k1,l1,k2,l2},
where
- i1 is the state of fault-free component 1 in the
working mode, j1 is the state of faulty component
1 in the working mode,
- i2, j2 are correspondingly the fault-free and faulty
component 2,
- k1=l1 is the predefined state in the component 1
(the state type a(l) ),
-k2 is the state of fault-free component 2 where
moved component 1 (correspondingly, 2 became
in the working mode),

- l2 is the state of the faulty component 2 to
which the faulty working component has moved
(becoming in this time in a testing mode), that is l2
is the state to which moved the j1),
The other transitions probabilities Pkm (P21,
P31, etc.) are computed also using the transition
probabilities Qkm of similar pairs of transitions,
taking into account the non-comminicavity of
Kronecker product [13]
The probability of k clocks latency Pr(L=k) can
be computed as :
Pr(L=k)= 1 - pkP µ (1)T
where pk = pk-1P is the state probability vector of
the network on k-th step, T means the 1-vector
transposition.
4. Conclusion, discussion and future work
In this paper we analyze a possibility to use some
probabilistic model of fault detection latency,
based on representation of FSM transitions as a
Markov chain, as a tool of self-testing systems
design. We consider both fault latency and error
latency characteristics. In this paper we analyze a
possibility to use well-known probabilistic models
of fault detection latency, based on representation
of FSM transitions as a Markov chain, as a tool of
self-testing systems decompositional design. They
are strongly related to the concept of the potential
and the real latencies, which are applicable for
self-checking systems [1]). The latency model that
has been used is based on both fault-free and
faulty FSMs transition tables. On the one hand,
this model is more precise in comparison with
others, and contains maximum possible
information (in terms of target FSM behavior)
about the latency. On the other hand, since the
computational complexity is quadratic on the
number of states, it may be very time-consuming,
especially for the analysis of the decomposed
FSM. In order to implement this approach for
rather large size state spaces, it is necessary to use
some advanced methods of search such sets of
unreachability, which, in fact, may require to
involve some additional search-in-trees tolls (e.g.,
BDD–based tools), which are used, for example,
in probabilistic Model-checking
[12]. Such
combination may be reasonable (at least, from an
economic point of view) if such tool are used for
target systems verification reasons. It would mean
inclusion the latency analysis into the general
roadmap of computer-aided design.
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