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Abstract -- Here the method proposed in [13] for constructing minimal-length checking sequences
based on distinguishing sequences is improved. The improvement is based on optimizations of the state
recognition sequences and their use in constructing test segments. It is shown that the proposed
improvement further reduces the length of checking sequences produced from minimal, completely
specified, and deterministic finite state machines.
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1 INTRODUCTION

Finite state machines (FSMs) have been used to model many types of systems including control
circuits [11], pattern matching systems, machine learning systems, and communication protocols
[1, 4]. FSM based modelling techniques are aso often employed in defining the control structure
of a system specified using languages such as SDL [2], Estelle [3], and State Charts [7].
Principles of testing an implementation | of a system modelled as an FSM M can be found in
sequential circuit and switching system testing literature [5], where determining, under certain
assumptions, whether | is a correct implementation of M is referred to as a fault detection
experiment. This experiment consists of applying an input sequence (derived from M) to I,
observing the actual output sequence produced by | in response to the application of the input
sequence, and comparing the actual output sequence with the expected output sequence. The
applied input sequence and the expected output sequence form a checking sequence.

Given an FSM M, that models the required behaviour of an implementation I, it is common
to assume that | behaves like some unknown FSM (i.e., a "black box") with the same input and
output sets as M, and that the faultsin | do not increase the number of statesin | but may alter the
output and destinations of transitionsin|. A further common assumption is that M is minimal,
completely specified, and represented by a strongly connected digraph [8].

During the construction of a checking sequence from M, the following steps must be carried
out in order to verify the correct implementation of each state transition of M by I, (say, from
state 5 to state s under input X),

a) before the application of x, | must be transferred to the state recognized as state s,

b) the output produced by | in response to the application of x must be as specified in M,

c) the state reached by | after the application of x must be recognized as s..

Steps b) and c) are collectively called atest segment for the transition.



Clearly, a crucial part of testing the correct implementation of each transition is recognizing
the starting and terminating states of the transition. The recognition of a state of an FSM M can
be achieved by a distinguishing sequence which is an input sequence for which the output
sequence produced by M in response to this input sequence is different for each state of M [5]. It
is known that a distinguishing sequence may not exist for every minima FSM [5], and
determining the existence of a distinguishing sequence of an FSM is PSPACE-complete [9].
Nevertheless, based on distinguishing sequences, a variety of methods for the construction of
checking sequences have been proposed in the literature [5, 6, 8, 12, 13, 14]. An excellent survey
on testing FSMs is given by Lee and Yannakakis [10]. However, the particular problem of
constructing minimal length checking sequences remains open [6, 13].

This paper considers the problem of generating a minimal length checking sequence in the
presence of a distinguishing sequence and improves the work of Ural et al. [13] by modifying it
in two ways, each contributing to a reduction in the length of the checking sequence produced.
These two modifications are related to extending the definition and the use of a-sequences which
are state recognition sequences such that each a-sequence recognizes a subset of states of a given
FSM. Firstly, the notion of a-sequences [13] is extended to a’-sequences. The essential
difference between a-sequences and a’-sequences is that an a-sequence ax must end in a section
from within its own body while an a-sequence a’k can end in a section from within the body of
some other a’-sequence a’k. It is shown in this paper that a’-sequences have two main
advantages. a’-sequences may be shorter than a-sequences and the use of a’-sequences increases
the set of checking sequences over which optimization occurs.

A second improvement is the use of a’-sequences in forming test segments for some
transitions. Ural et al. form a test segment for each transition of the given FSM by appending
explicitly a distinguishing sequence at the end of the transition to verify the state reached by the
transition. Since an a’-sequence starts with a distinguishing sequence, its use in a checking
sequence for state recognition eliminates the need for the explicit use of distinguishing sequences
for state recognition and hence further reduces the length of the resulting checking sequence.

The rest of the paper is structured as follows. Section 2 provides an overview of related
material. Section 3 then describes the new approach, contrasting it with that in [13], applies both
approaches to an example, and compares these approaches. Section 4 gives the conclusions.

2 PRELIMINARIES

A finite state machine (FSM) isaquintuple M = (S X, Y, J, A), where Sis afinite set of states, X
isafinite set of inputs, Y isafinite set of outputs, Jis a state transition function that maps SxX to
S and A is an output function that maps SxX to Y. Functions d and A can be extended to take



input sequences in the normal way [13]. s; [ Sis considered asthe initial state of M. States s,
sUSi#j, aeequivalent if, for every input sequence | O X*, A(s, I) = A(s;, 1). M isminimal if
thereisno pair of states s, 5 0 S i # ], that are equivalent.

M can be represented by a digraph G = (V, E) where vertex set V ={w, Vo, ..., i} represents
the set Sof states of M, |§ = n, and an edge e = (v;, Vi; X/y) U E represents a transition from state
5 to state s with input x [J X and output y [J Y. Here v; and v are the head and tail of e, denoted
head(e) and tail(€), respectively and input/output (i/o pair) x/y is the label of e, denoted label(€).
A path P = (ng, ng; Xaly1)(ng, Ng; XolYo) ... (Nr-1, Nr; X-1/Yr-1), > 1, of Gisafinite sequence of (not
necessarily distinct) adjacent edges in E, where each node n, represents a vertex from V; ny and n,
are the head and tail of P, denoted head(P) and tail(P), respectively; and (Xi/y1)(%/y2) ... (Xr-1/Yr-1)
is the label of P, denoted label(P). For convenience, P will be represented by (ny, ny; 1/0) where
label (P) = 1/0 is the 10-sequence (Xa/y1) (X2/Y2) ... (Xr-1/Yr-1), input sequence | = (X1X ... Xr-1) iSsthe
input portion of 1/0, and output sequence O = (y1y2 ... Yr-1) IS the output portion of 1/O. G is
strongly connected if for al vi,v; OV, there is a path from v; to v;. The cost (or length) of an edge
is the number of i/o pairsin the label of the edge. The cost (or length) of path P is the sum of the
costs of edgesin P. The concatenation of two sequences (or paths) P and Q is denoted by PQ.

Digraph G’= (V' E) isasubgraphof G=(V,E) if V'O Vand E'J E. Digraph G=(V, E) is
symmetric if every vertex v [1V has the same number of edges from E entering it as leaving it. A
rural postman path (RPP) from v; to v, over E'J E in G = (V, E) is a path from v; to v; that
includes all edges of E”. A rural Chinese postman path (RCPP) from v; to vjover E'LJ Ein G =
(V, E) isaminimum-cost RPP. A tour is a path that starts and terminates at the same vertex. An
Euler tour of G = (V, E) isatour that contains every edge in E exactly once.

Consider aminimal FSM M = (S X, Y, J, A) represented by strongly connected digraph G =
(V, E). A transfer sequence T of M from state s to state 5 is the label of a path from s to 5. A
distinguishing sequence of M is an input sequence D for which the output sequence produced by
M inresponse to D identifies the state of M: for all s, 50 S i #J, A(s, D) # A(s;, D). Let ®(M) be
the set of FSMs that have at most n states and the same input and output sets as M and suppose
M* O ®(M). M and M* are equivalent if and only if for every statein M there is a corresponding
equivalent state in M*, and vice versa. A checking sequence of M is an 10-sequence 1/O starting
at a specific state of M that distinguishes M from any M* [0 ®(M) that is not equivalent to M.

Let D denote a distinguishing sequence of M and let an 10-sequence Q of M be the label of a
path P = (ng, n; Q) = (ng, n2; La)(N2, n3; L) ... (e, Nr; L) Of G (cf. Fig. 18). Hence, Q = L1 L> ...
Lrawherer > 1, Lj=x/y;, 1 <j <r-1. Itisshown in [13] that if every edge of G is verified in the
|O-sequence Q, then Q is a checking sequence of M that starts at v;.



In the following, we recall the definitions of recognition of a node n; of P in Q as some state of
M and verification of an edge e = (a, b; x/y) of G in Q givenin [13].

Definition 1 A node n; of P is d-recognized in Q as some state a of M if n; is the head of a
subpath of P whose label is an 10-sequence D/A(a, D).

Definition 2 Suppose that (ng, ni; T) and (n;, ni; T) are subpaths of P and D/A(a, D) is a prefix of
T, and thus nodes nq and n; are d-recognized in Q as state a of M. Suppose also that node n is d-
recognized in Q as some state a’of M. Then, node n; ist-recognized in Q as state a’of M.

Definition 3 Suppose that (ng, ni; T) and (n;, n; T) are subpaths of P such that nodes ng and n; are
either d-recognized or t-recognized in Q as some state a of M, and node n is either d-recognized
or t-recognized in Q as some state a’of M. Then, node n; ist-recognized in Q as state a’ of M.

If node n; of P is d-recognized or t-recognized in Q as some state a of M, then it is said to be
recognized as state a. A node of P issaid to berecognized if it isrecognized as some state a.

Definition 4 An edge e = (a, b; x/y) of G isverified in Q if there is a subpath (n;, ni+1; Xi/y;) of P
such that n; and nj+; are recognized in Q as states a and b of M, and x/y; =x/y.

Thus, for edge e to be verified in Q, it is sufficient for P to contain a subpath (n;, nj; (xD)/A(a,
xD)) with head((n;, nj; (xD)/A(a, xD))) recognized in Q as a.

Definition 5 The subpath (n;, nj; (xD)/A(a, xD)) of P used to verify eis called the test segment for
e

Figure 1 depicts the notions captured by the definitions above.
3 CHECKING SEQUENCE CONSTRUCTION

The problem studied in this paper is defined as follows. Given a strongly connected digraph G =
(V, E) representing a minimal FSM M with distinguishing sequence D, find a minimum-length
path P of G such that every edge of G is verified in label(P) = Q. By definition, for an edge e =
(a, b; xly) of G to be verified in label(P) = Q it is sufficient for the following conditions to be
satisfied: 1) P contains a test segment (n;, ny; (XD)/A(a, xD)) for €; and 2) head((ni, nj; (XD)/A(a,
xD))) is recognized in Q as state a of M. If condition 1) and 2) hold for every edge of G, then
every transition of M is verified in Q. Thus, Q is a checking sequence of M that starts at v,
(Theorem 1, [13]).

3.1 An Existing Solution
The proposed solution to this problem is an enhancement of the solution given in [13] where first

adigraph G’= (V’, E) is obtained by augmenting the given digraph G = (V, E), representing an
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verification, (f) test segment for edge e = (a, b; x/y)
FSM M, with a set of edges (E,) that recognize each state, and a set of edges (E.) that verifies
each transition. A checking sequence is then derived from G’ = (V’, E’) as the label of a path P
constructed by combining elements of these two sets of edges in a judicious manner [13]. The

enhancements to the solution in [13] will be given after the steps of the solution in [13] are
outlined as follows.



Edges in E, are constructed such that the label of each edge (an a-sequence) recognizes a
subset of the states of M and that each state of M is recognized at least once by the labels of the
edges in E,. The construction of E,is facilitated by forming a set of paths P4, ..., P4 of G where
each path Py induces an edge of E,whose label is label(Py) = a-sequence ai, 1< k< q. That is,

a) theset of vertices Vi O V covered by P, 1< k<q,is{V},v,..., vy };

b) the union of the VkisV; and

c) the label of P, a-sequence ai, is D/A(vf,D)T D/A(v;,D)T, ... D/A(vy ,D)T

D/A(vy,D)T, where for 1 < j < m,, T/ =(I1{/0) is a transfer sequence from

A(v5,D) to Vi, vy ., =V, and vy, isany member of V.

So, when Py, a path whose label is ak, 1 < k< q, is contained in the solution P of G then

a vi,1<j<m,isd-recognizedin o

b) S(v{,DI),1<j< m,isd-recognizedin a; and

c) tail(Py) isrecognizedin a.
The labels o, ..., ag of paths Py, ..., Pq form an a—set. From the elements of the a—set, a set of
transfer sequences, called T-set, is formed as a set of labels of subpaths Ry, ..., R, of paths Py, ...,
Pg, such that each element T; of T-set is label(R) where {R: i = 1, 2, ..., p}={(V},d(v},DI});
D/A(V,D)T): 1<ks<gand 1<j<mg}. Thus, head(R) is recognized in some oy because D is
applied to head(R)) and tail(R) is recognized in some ay becausetail(R) is d(v{, DI ) to which D
is applied. The set of paths P, ..., Pq and the set of subpaths Ry, ..., R, areincluded in G’as edges
in E, O E’and in Er O E’, respectively, in order to facilitate the recognition of vertices in the
label Q of the solution P. Moreover, atest segment for each edge of G isincluded in G’ as edges
in Ec O E’in order to verify every transition of M in label(P) = Q. Furthermore, two more sets of
edges are included in G’ as edges in E; [0 E’and in E” O E’to increase the connectivity of the
verticesin G,
Formally, G'= (V' E’) isobtained from G = (V, E) asfollows:
V'=vVOU’whereU’={vi: forevery vV} andE'=E0 E, O Ef O EcOE.OE",
E~{ (head(Py), (tail(Py)) % a): 1 <k < g}: for every a, (tail(Px)) “is recognized in a;
Er={(head(R), (tail(R)); Ti): 1 I <p}: for every R, (tail(R))’ isrecognized in some a;
Ec={ (v}, (Av, XD 1)) s (XD 1) A(vi, XD 1 ¥)): (i, vi; Xly) O £} (Avi, XD 1)) ”is recognized;
E={(v vi; &:viOV};
E”isasubset of {(v], vi; Xly): (v, vj; Xly) O E} such that G” = (U, E”) has no tour and G’is
strongly connected.

Once G’is formed, an RPP P’ of G’is found that contains all edgesin E, [ Ec. Since G’is
obtained from G, P’ represents a path P of G. It is proven in [13] that, for each edge of G, P



satisfies conditions 1) and 2) above, and thus Q = label (P) is a checking sequence of M that starts
a vi. In [13] an RPP P is found through two steps. First, the minimal symmetric augmentation
G” of (V’, E; E¢), that may be produced by adding edges from E’, is found. If G”, with its
isolated vertices removed, is connected, G” has an Euler tour and this forms P. Otherwise, a

heuristic is applied to make G ” connected and an Euler tour isformed. If G”is connected, P isan
RCPP over E, [ Ec [13].

3.2 The Proposed Enhancement
Our enhancements to the solution in [13] are based on modifying the definition of G,
Modification 1

The first modification is on the formation of the elements of the a—set. We observed that if the
final section of an a-sequence is not required, unlike in [13], to end in a section within its own
body, then the lengths of some a-sequences can be reduced which may reduce the overall length
of a checking sequence. We call an a-sequence that does not necessarily end in a section within
its own body an a’-sequence. The following is an outline of a procedure that constructs the a*-
sequence label(Py), 1 < k< q, called a’k as opposed to ai in [13], which can be used to form the
Py of G: Choose subsets Vi V (1 < k =) of V whose union isV and order the elementsin each
Vio giving Vi = {V{,v;,...,vs }, 1 < k < 0. Given a V,, obtain a% as. ak = D/A(v,D)T
D/A(V&,D)TS ... D/ A(VE ,D)TE D/AWY ,D)TY where T =(1%/0¥) is a (possibly empty)

k — kl kl . . .
ms = Vy » @d v, iscontained in any

Vi, 1sk’sqgandl<sw< m, .This definition differs from that, for a, in [13] in one important

k

transfer sequence from &(v}, D) to v,

forl<j<m,vV

way: unlike a, the final section of an a’k need not be contained in this a’ but could be contained
inany a’x. Thus, every aiisan a’k but the converseis not true.

Using the definition of a’, the set of labels a7, ..., a’y of paths Py, ..., P, called an a™—set,

can be formed. From the definition of a’, it follows that, given an a’,
a Vi, 1<j<my isd-recognizedin a4,

b) &v{,DI}), 1<j<m,isdrecognizedin a%, and

c) tail(Py) isrecognizedin some a’, 1 < k’<q.
Example 1

Consider the a—set and a™-set for FSM My, in Fig. 2, where D = aba and empty transfer
sequences are used in forming every ai and a’k. The a-set for Mg is{a, a»} where a;, the label
of P1= (S5, &5 1), isD/A(ss, D) D/IA(s;, D) D/A(s4, D) D/A(sy, D) DIA(s,, D) and o, the label of
P, = (s3, &; @), is D/IA(s3, D) D/IA(sy, D) D/IA(s,, D) D/A(S4, D) D/A(sy, D). The a-set for Mg is
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Fig. 2. FSM Mg represented by G = (V, E)

{a1, a2} where a1, thelabel of P1= (S5, &4; 1), iSDIA(Ss, D) D/A(s,, D) D/A(S4, D) D/A(s1, D)
D/A(s, D) and a’, the label of P% = (s3, S5 a%), is DIA(Ss, D) D/A(s1, D). It is observed that the
final section of a; (the application of D at s) is contained in @’ but not a’. Thus a is not an
a-sequence and the a-set contains 7 instances of D while the a-set contains 10 instances of D.
As we shall show later, the difference between a’kx and ax may have a significant impact on the
length of a checking sequence. 0

M odification 2

The second modification is in the formation of the elements of the subset Ec of E” and stems
from the following two observations. Since label(Py), 1 < k < q, starts with the application of D,
the head of Pyisrecognized and sincelabel(R) =T, 1 <i < p, startswith the application of D, the
head of R, is recognized. Thus, an a’k or T; can be used to verify the end state of a transition in
forming a test segment for that transition. These properties of ai or T; were not utilized in [13]
and their use will aso contribute to the reduction in the length of the checking sequence.

These two modifications give rise to the following changes in the definition of G'= (V/, E):

(2) replace al occurrences of ai by a’k

(2) replace Ecin [13] by Ec={(vi, vi; Xy): (v, vi; Xly) O £}

(3) diminate E and E,
(1) ensuresthat a’k is used rather than a; (2) stands for the test segments for all edges of G since
each edge in Ec terminates at a vertex in V and is to be followed by an edge leaving avertex in V
whose label is either an a’k or T;; and (3) eliminates a precautionary measure in the previous
definition of G’ = (V’, E’) in [13] to provide connectivity that is now guaranteed without these
edge sets. Since these changes do not ater the semantics of the definition of G’= (V’, E’), apath
P’of G’that contains all edgesin E, [ Ec isan RPP of G’over E, ] Ec. It isprovenin [13] that
this path isin fact apath P of G and for each edge of G, P of G satisfies the conditions 1) and 2).



Thus, it follows that the label Q of P is achecking sequence of M that starts at v;.
Example 2

Consider now the problem of generating a checking sequence for FSM Mg in Fig. 2 using the
agorithm from [13], the a-set { (1, a»} given earlier, and the test segmentsin Table 1.

Table 1 Edges of E.

(XD)/A(vi, XD) = Lij (Vi, Vi Lij)
(aD)/(xxyy) = L124 (V'1, Via; Liog)
(bD)/(yxyX) = L1 (V, V2, Laao)
(aD)/(xyyx) = Losp (V2, V21 Losp)
(bD)/(yxyX) = Lo (V2, V'2; Loo)
(@D)/(yxxy) = Laa (V'3, V11, Laar)
(bD)/(xyyx) = Lssp (V'3, V2, L3sp)
(aD)/(Xxxy) =Lgg (\/4, Vs, L441)
(bD)/(xyyx) = Lasz (V'a, V'o; Lasp)
(aD)/(yxyX) = Ls1 (V's, V'2; Ls1o)
(bD)/(yyxy) = Lsa1 (V's, V'1; Lsa1)

In Table 1 alabel of the form L represents a test segment, that ends at s, for atransition from s

to 5. Thisleads to the digraph shown in Fig. 3, in which the edges from E and E, (which are used
for connectivity) are not shown and dashed lines are used for the edges that are not in E, [1 Ec.

Fig. 3: G'=(V’, E’) with a-sequences

Here Eqis{(vs, Via; 1), (V3, V2, a2)} and Exis{(v1, V2, Ta), (V2, Vi; T2), (V3, V1; Ta), (Va, V35 Ta),
(vs, V%; Ts)}. The minimal symmetric augmentation, of the edge set E, [0 Ec of G, is how
produced: this is the smallest symmetric digraph G” that can be formed from E, [ Ec by adding
edges from G”. Digraph G” is shown in Fig. 4. Since G”, with its isolated vertices removed, is
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connected an Euler tour P of G” exists and the label of P forms a checking sequence [13].

Fig. 4: G”=(V”, E”) with a-sequences

This leads to the checking sequence, of length 92, represented by the following:
L112, Loag, Losp, T, Laaa, Laga, BIX, Lsaa, &/X, alX, au, bIX, Lsiz, &/X, bly, o, T, Lasy, To, b/X, bly,
Lasp, To, b/X, DIy, Laar

Consider now the use of the a-set { a1, a2} and the modification proposed in this paper.
The digraph G’ is shown in Fig. 5, in which all the edges except the edges in E, 0 Ec are

represented by dashed-lines. Herethe set E, is{(Vvs, V74; a), (V3, V%, )} and Erisas above.

Fig. 5: G'=(V’, E’) with a’-sequences
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Note that, as mentioned earlier, each edge from V represents an o’k or T; and thus a sequence
that recognizes itsinitial node. It follows that the inclusion, in a tour, of an edge e from Ec leads
to the inclusion of atest segment for e. Thus atour that includes every edge in Ec must include a
test segment for every transition. The minimal symmetric augmentation of the edge set E, [ Ec,
formed by adding edges from G, is G”whichisshown in Fig. 6. G”is connected and thus has an
Euler tour which leads to the following checking sequence, of length 61, and thus to a reduction
of one third in the checking sequence length:
bly, D/IA(s1,D), bly, D/A(s1,D), a/x, d'1, alx, D/IA(s4,D), a/x, D/A(s;,D), b/x, D/IA(s5,D), a/x, bly, a'»,
a/x, aly, D/A(s1,D), alx, bly, bix, D/IA(s5,D), a/x, bly, aly, D/A(s4,D) 0

Fig. 6: G”=(V”, E”) with a’-sequences
3.3 Comparison Between Two Approaches

First we note that the method proposed in this paper and that given in [13] involve solving the
RCPP for digraphs of the same order. They thus have the same algorithmic complexity. Then, we
compare the relative lengths of the sequences that are constructed by the two methods. For this,
we will first consider an infinite class of FSMs and focus on our claim that: a’-sets yield shorter
sequences than a-sets. It will transpire that the elements of this class have a™-sets that are
significantly smaller than the corresponding a-sets. This shows that the proposed improvements
are significant for arange of FSMs. After this analytical comparison, we will give the results of
an empirical study performed on the lengths of sequences that corroborates the analytical
comparison.
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The a-set and a’-set produced for an FSM M are defined by the digraph G'=(V, E") in which
E" = {head(R), tail(R); Ti}: each a-sequence and a’-sequence is formed from a path in G'.
Given G', derived from an FSM with n states, there is always an a’-set formed from no more
than 2n edges of G'. We will now consider a class of such digraphs, with n=2m, for which any
a-set is significantly larger than this. Given m, consider G, = (Vm, E,.) where Vi={V1, ..., Van}};
forali,1<i<m, thereisanedgein E; from v; t0 Vi+1 mogm; @nd for al i, m<i < 2m, thereisan
edgein E! fromv; to an element of {vi, ..., vi}. Thisisillustrated in Fig. 7. It is straightforward
to show that each G, may arise from areal FSM.

Vel

Vim+2
W}&m

Vom

Fig. 7: The digraph G|

Consider a minimal a-set that may be produced from G . Each viO{Vim1, ..., Vom} l€ads to
the inclusion of the a-sequence: an initia edge to some v;, the cycle back to v;, and one further
edge. Thus the a-set contains m sequences, each comprising of m + 2 edges from G, and so
O(n?) = O(n) edges from G, . As noted above, there are a-sets formed from O(n) edges of G .
Here such an a-set may be formed in the following way. Create one a-sequence a, in the form
of an edge from v to some v;, then the cycle followed by one further edge. For each vertex

Vill{Vms2, ..., Vom} there is a further a’-sequence generated from the path of length 2 from v,
since the second edge is contained in a; . Thus, if each edge from G, has cost at most ¢ (c = |D|)

then an a-set generated from G must have size of O(cn®) while there is an a’-set with size

O(cn). Further, the costs of the test segments is of O(c[X|n) and thus this difference, in the sizes
of the a-set and a-set, is significant and grows more significant as the number of states
increases. This class of examples also shows that in general a-sets have size O(cn?) while a-sets
have size O(cn). Moreover, since every a-set is an a’-set, any checking sequence allowed by the
method of [13] is allowed by the method proposed in this paper, that is reduction in the lengths
of checking sequences achieved by the method of [13] occurs over a larger set of checking
sequences when our modifications are applied.

In order to further investigate the differences in sizes of a-sets and a-sets, 10 digraphs
representing G’ were randomly generated for each FSM in the set of: FSMswith 10 states; FSMs
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with 20 states; FSMs with 30 states; and FSMs with 50 states. In each case the number of edges
used from G" was recorded. The results, which are summarized in Table 2, suggest that o’-sets
are significantly smaller than a-sets and that this difference increases as the number of states
increases. This observation is consistent with the analytical comparison given above.

Table 2 Mean sizes of randomly generated sets

N | Meansizeof a-set | Mean sizeof a’-set | Saving
10| 20.7 14.4 30%
20| 54.8 28.4 48%
30| 98.3 41.7 58%
50| 214.5 69.4 68%

4 CONCLUSIONS

This paper has introduced a method, for generating checking sequences, that enhances that given
in [13] in two ways. Firstly, the notion of a-sequences has been generalized to a’-sequences.
Essentially, an a-sequence ax must end in a section from within its own body while an a*-
sequence a’k can end in a section from within the body of some other a-sequence a’c. Thus,
while every a-sequence is an a-sequence, the converse is not the case. The use of a’-sequences,
as opposed to a-sequences, alows two main advantages. a’-sequences may be shorter than a-
sequences, and using a-sequences increases the set of checking sequences over which
optimization occurs.

The second improvement upon [13] is based upon the observation that an a’-sequence may
be used to check the fina state of a transition. This property is utilized, in the generation of
checking sequences, to allow overlap between the a’-sequences and the test segments. This
further contributes to a reduction in the length of the checking sequence.

The method given in this paper might be further enhanced in two ways. Firstly, the
connecting transitions might be chosen from the set of transitions of the given FSM M during
optimization, rather than being drawn from a cycle-free subset (E”) found prior to optimization.
This may be achieved by including a copy of each transition and relying upon properties of the
optimization algorithm, that starts with the production of a minimal symmetric augmentation,
that guarantee that the set chosen is cycle free. Secondly, prefixes of the distinguishing sequence
may be used to recognize states.
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