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Abstract A formal model for generating checking sequences for finite state ma
chines is proposed. The model is based on the machine identification 
problem, which deals with determining the internals of an unknown ma
chine by performing experiments on it. This approach provides a formal 
framework which can be used to reason about properties of checking se
quences in general. Based on this model, a new method called the U-r 
method employing UIO sequences is developed. The method assumes 
that the specification machine possesses a compound distinguishing se
quence. The U'l'-method does not rely on the existence of the reset 
feature, and constructs checking sequences that can identify all faults 
of an implementation provided that the implementation has the same 
number of states as the specification. Empirical results are given to 
compare the U'l'-method with existing methods. These results show 
that the Urmethod generates shorter checking sequences than existing 
U-methods for most cases. 
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1. INTRODUCTION 
Conformance testing is the process of testing an implementation with 

respect to its specification. A specification of a system in diverse ar
eas can be modeled by a finite state machine (FSM). An FSM models 
the system as a set of transitions between states. Usually, the imple
mentation under test is treated as a black-box. A tester gives an input 
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sequence to a machine, and observes the produced output sequence. The 
applied input sequence is called a test sequence [9] [2] [3] or a checking 
sequence [6] [5] [15]. 

In this work, we deal with preset checking sequences for FSM specifi
cations. A preset checking sequence is constructed using the specification 
machine before the test. Usually, the process involves constructing an 
input sequence which verifies transitions of the implementation. This is 
achieved by bringing the implementation to a known state, applying a 
test input, verifying the output, and verifying that the implementation 
is in the expected state. This approach is called transition checking. 

Popular test generation methods include the D- [5] [11], W- [2] and U
methods [3] [11]. These methods utilize distinguishing sequences (DS), 
W-sets and unique input/output (UIO) sequences to verify the states of 
an implementation. The basic D- [11] and W-methods [2] assume the 
existence of reliable reset feature and provide guaranteed fault coverage, 
where methods given in [5] and [15] achieve the same goal without using 
the reset feature. The basic U-method [3] [11] also utilizes the reset 
feature, but cannot detect all faults of an implementation [14]. The UIO
v method [1] provides guaranteed fault coverage using the reset feature, 
by applying each UIO sequence to all the states of the implementation. 
The UIOG method [17] also provides guaranteed fault coverage without 
using the reset feature, by applying each UIO sequence to all states using 
an approach similar to locating sequences [6]. 

In this paper, we first develop a formal model for checking sequence 
generation based on the machine identification problem. The machine 
identification problem deals with determining the internals of an un
known machine by performing experiments on it [12]. This model is an 
extension of the ideas introduced in [6]. Then we develop a checking 
sequence generation method called the U7 -method using UIO sequences 
without using the reset feature. This method offers guaranteed fault cov
erage provided that the implementation has the same number of states 
as the specification. The applicability of the U7-method is limited to the 
class of machines having a compound DS [7]. 

The rest of the paper is organized as follows: Section 2 gives some 
basic definitions and the notation we use. Section 3 introduces our for
mal model for checking sequence generation. Section 4 presents the 
U7 -method. Section 5 provides empirical results and compares the U7 -

method with some of the existing methods. Section 6 gives the conclud
ing remarks. 



A New Approach To Checking Sequence Generation 393 

2. NOTATION AND BASIC DEFINITIONS 
A deterministic FSM is a6-tuple M = (QM, 'EJM, EoM, 8M, AM, qoM) 

where QM is the finite set of states, 'EJM is the input alphabet, EoM 
is the output alphabet, 8 M : Q M x E1 M -+ Q M is the state transition 
function, AM : QM x 'EIM-+ EoM is the output function and qoM E QM 
is the initial state. M is said to be completely specified if 8M and AM 
are total functions. 8 M ( q, x) = p and AM ( q, x) = y mean that the FSM 
M at state q makes a transition to state p with input x and produces the 
output y. We use the same notation to denote the transitive closures of 
these functions: 8M : QM x EjM -+ QM and AM : QM x EjM -+ EoM· 
We further extend 8 M to denote the forward image of a set of states 
under an input strings, i.e. for P QM, 8M(P,s) = {8M(q,s) [ q E P}. 
An FSM M is said to have the reset feature if there is a special input 
symbol reset such that for every state q E QM, 8M(q, reset)= qoM· The 
language of an FSM M is defined to be C(M) (EIM x EoM )* such 
that xjy E £(M) AM(qoM,x) = y. 

Two states q and p of an FSM M are said to be equivalent (or 
q = p) if for all s E EjM, AM(q, s) = AM(P, s). Let M and N be two 
machines with disjoint state sets and identical alphabets. q E QM is 
said to be equivalent to q' E QN if and only if AM(q,s) = AN(q',s) 
for all s E Ej M. N is said to be equivalent to M ( N = M) if and 
only if qoN = qoM· A machine M is said to be minimal if Vq,p E QM, 
q f. p-::::? q ¢. p. 

Let M be a minimal FSM. An input sequence d is called a distin
guishing sequence (DS) if no two states of M respond to d with iden
tical outputs. There may not exist a distinguishing sequence for every 
FSM [8]. An input sequence u is called a unique input-output se
quence (UIO sequence) for a state q if AM(q, u) f. AM(P, u) for all p f. q. 
Existence of UIO sequences are not guaranteed for every FSM [3]. The 
set U = { uq}qEQM is called a UIO suite for machine M where each 
Uq is a UIO sequence corresponding to the state q. A characterizing 
set or W-set is a set of input sequences for which the output sequences 
produced by M in response to the set of input sequences are different 
for each state of M. 

Define the function /:::;,M : 2QM x EjM-+ 22QM as 

P E /:::;.M(R, x) 3y E EoM (q E P q E Rand AM(q,x) = y) 

Intuitively, every P E /:::;,M(R, x) is the set of states in R that give the 
same output to x. A compound DS of a machine M is a set of input se
quences D having a common prefix s such that for each P E /:::;,M(QM, s), 
there is a sequence in D that distinguishes the states in P [7]. If d is a 
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DS for M, then { d} is a compound DS for M, but there exist machines 
having a compound DS but not a DS. 

An FSM M can also be viewed as an edge labeled directed graph 
G = (Vc, Ec) where Vc is the set of vertices corresponding to the set 
Q M of states and Ec is the set of edges corresponding to the set of 
transitions of M. Each edge e = (q,p, xjy) is a state transition from 
state q to state p with input symbol x and output symbol y. We let 
head( e)= p, tail( e)= q and label( e)= xjy. A walk is a finite sequence 
W =< vo, e1, V1, ... , ek, Vk > of vertices and edges such that, for 1 ::::;; 
i ::::;; k, tail(ei) = Vi-1 and head(ei) = Vi. We use tail(W) = vo and 
head(W) = Vk. The label of a walk W (label(W)) is the concatenation 
of labels of consecutive edges of W. G is called strongly connected if 
there exists a walk between every pair of vertices. 

3. A FORMAL MODEL FOR CHECKING 
SEQUENCE GENERATION 

In this section, we develop a formal model for checking sequence gen
eration based on the ideas discussed in [12] and [6]. First, we define 
checking sequences in terms of a machine identification function. Then, 
we introduce the abstract DS and abstract UIO concepts, which will 
be necessary to construct algorithms using the transition checking ap
proach. 

Let L:1 and I::o denote an input and output alphabet respectively. 
An abstract experiment x = yjz is an input/output string where 
y E I::j and z E I::0. Given an FSM M with x E .C(M), every prefix of 
y transfers M from qoM to a certain state. Define AM : I::j _, QM as 
AM(v) = 6M(qoM, v) where v::::;; y. A prefix of y is called an abstract 
state relative to X· We show the output string corresponding to an 
abstract state was Ox(w), i.e. Ox(w) is the prefix of z with IOx(w)l = 

lwl. 
Let <I>n be the set of equivalence classes of all deterministic FSMs 

having at most n states in their minimal machine, with L:1 and I::o as 
the common input and output alphabets respectively. Let [R] E <I>n 
represent the equivalence class of <I>n such that M E [R] M = 
R. The machine identification function In : (I:: I x I::o )* _, 2<I>n is 
defined as [M] E In(X) X E .C(M). 

Definition 1 For an abstract experiment x = y / z, y is called an ab
stract checking sequence relative to X if IIn(x)l = 1. 

Definition 2 If y is an abstract checking sequence relative to the ab
stract experiment x = y / z, then y is called a checking sequence for 
M where [M] E In(x). 
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Let X = y I z be an abstract experiment, v and w be two abstract 
states relative to X· 

Definition 3 v and w are called congruent relative to X (v w) if 
V[M] E In(X), AM(v) = AM(w). A set of abstract states C is called a 
congruent set relative to X if Vv, w E C, v w. 

The set of all maximal congruent sets associated with X is denoted by 
Cx· 

Definition 4 v and w are called incongruous relative to x (v w) 
ifV[M] E In(X), AM(v) ¢. AM(w). C1, C2 E Cx are called incongruous 
relative to x if and only if 3v E C1, wE C2 such that v w. 

Proposition 1 If v w, then v.s w.s for every input strings. 

The following example illustrates the congruence concept: Let x = 
a.b.a.a.b.alc.d.d.c.d.d be generated by a machine with two states (n = 2). 
The following can be deduced: 

• alc, a.b.alc.d.d =?- >w(qoM, a) = c and >w(8M(qoM, a.b), a) = d 
for all [M] E I2(x). So, qoM ¢. 8M(qoM, a.b) for all [M] E I2(x), 
hence E a.b. 

• Two different outputs are observed for the input symbol a. Since 
only two-state machines are considered, we conclude that the input 
a is a DS for all [M] E I2(x). Now consider the abstract states 
v1 = a.b and v2 = a.b.a.a.b. v1.alo1.d :=:; x and v2.alo2.d :=:; X· 
Then, states AM(vl) and AM(v2) respond with the same output 
to the DS for all [M] E I2(x). This implies that AM(vl) = AM(v2) 
for all [M] E I2(x). By definition, v1 v2. 

We extend the mapping A to congruent sets by letting AM(C) to 
denote AM(v), v E C. Now let v.a/ov.Oa- :=:; ylz for some input symbol 
a E EI, and let v E cl and v.a E c2 where cl, c2 E Cx. From this 
abstract experiment, we can conclude that 8M(AM(Cl),a) = AM(C2) 
and AM(AM(Cl), a)= o17 for all [M] E In(x). Based on this observation, 
we can define the abstract transition function and abstract output 
function relative to X = y I z as follows: 

8x(Cl, a)= C2 {===} 3v E C1, v.a E C2 

Ax(C1,a) = 0 17 {===} 3v E C1, v.alov.Da-:::; ylz 

Definition 5 The congruence machine relative to an abstract exper
iment X is defined to be Mx = (Cx, E1, Eo, 8x, Ax, Co) where Cx is the 
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set of all congruent sets relative to x, is the input alphabet, is the 
output alphabet, Ox is the abstract transition function, Ax is the abstract 
output function and Co E Cx is the congruent set containing the empty 
prefix. 

It should be noted that the congruence machine is not only defined 
relative to the abstract experiment x, but also to a specific instance of 
the identification function In as well. But, the number of states of the 
congruence machine can exceed n. Furthermore, there is no guarantee 
that the congruence machine will be completely specified. The following 
theorem sets the necessary and sufficient conditions for the completeness 
of the congruence machine. 

Theorem 1 Given an abstract experiment x = y I z and the identifica
tion function In, the congruence machine Mx is complete with ICxl ::; n 
if and only if y is an abstract checking sequence relative to x. 

Proof Assume that Mx is complete with ICxl ::; n. Then for any 
s E I;j, there exists a corresponding t E I;0 such that sit E £(Mx)· 
Observe that for some x = ylz, X E £(M) for all [M] E In(x). Then, 
sitE £(M) for all [M] E In(X), which means that AM(qoM,s) = t. So, 
for [M], [M'J E In(X), AM(qoM, s) = AM'(qoM', s), which implies that 
M = M'. Then, IIn(x)l = 1, and y is an abstract checking sequence 
relative to X· 

Now assume that y is an abstract checking sequence relative to X· 
Then, In(X) = {[M]} where M = Mx· By definition, IQMI ::; n, 
so ICxl ::; n. If M is not complete, then there exists M' such that 
C(M) C C(M'). Then, x E £(M'), which means that [M'] E In(x). 
This contradicts with the fact that IIn(x)l = 1, therefore M is com
plete. 

3.1 Abstract DS and Abstract UIO 

DS and UIO sequences can be used to recognize the states of an imple
mentation: If it is known that the implementation under test possesses 
the same DS (or UIO sequences) with the specification, then any two 
abstract states with identical outputs to the DS (UIO sequences) are 
congruent. 

Definition 6 A string s E is called an abstract distinguishing 
sequence relative to X = y I z if s is a distinguishing sequence for all 
[MJ E In(x). 

Proposition 2 For a given abstract experiment x = y I z and an input 
string s, if Cx contains n congruent sets { Cih=l, ... ,n that are pairwise 
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incongruous such that for j, k = 1, ... n, j f:. k {:=::::}- Ax ( Ci, s) f:. 
Ax(Ck, s), then s is an abstract distinguishing sequence relative to X· 

Intuitively, for an FSM M with a distinguishing sequences, if an input 
sequence y is constructed which applies s to every state of M, then 
the sequence s is an abstract distinguishing sequence for the abstract 
experiment y I AM ( qoM, Y). 

The similar argument can be applied to UIO sequences: 

Definition 7 A string u E I::j is called an abstract UIO sequence 
for an abstract state v relative to x = y I z if u is a UJ 0 sequence for the 
state bM(qoM,v) for all [M] E In(x). We also call u an abstract UJO 
sequence for a congruent set C if u is an abstract UJO sequence for an 
abstract state v E C. 

Proposition 3 Let x = y I z be an abstract experiment. A string u E I::j 
is an abstract UIO sequence for the congruent set C if there exist n 
congruent sets {Cih=l, ... ,n relative to x that are pairwise incongruous 
such that C = Ci for some i, 1 ::::; i ::::; n, and for 1 ::::; k ::::; n, k f:. i {=:::;> 

Ax(Ck,u) f:. Ax(Ci,u). 

4. AN ALGORITHM FOR CHECKING 
SEQUENCE GENERATION USING UIO 
SEQUENCES 

4.1 Motivation 
Several algorithms have been developed for generating checking se

quences using UIO sequences. The basic UIO method [16] [3] assumes 
the existence of the reset feature, and offers limited fault coverage. The 
UIO-v method [1] extends the basic UIO method by validating that the 
UIO sequences are correctly implemented by the implementation, there
fore providing guaranteed fault coverage. The validation is performed 
by applying each UIO sequence to every state. The UIOG method [17] 
provides guaranteed fault coverage without using the reset feature. This 
method validates that the UIO sequences are correctly implemented us
ing state and UIO verification subsequences. The UIOG method usually 
results in longer checking sequences than the other methods due to the 
structure of the verification subsequences. 

In this paper, we propose a new method called the Uy-method, which 
provides guaranteed fault coverage without using the reset feature. The 
method is developed based on the observation that if a UIO sequence uq 

corresponding to a state q is known to be valid for an implementation, uq 

can be used to obtain a reference point in the experiment: All abstract 
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states arrived after observing the output AM(q, uq) to the input uq are 
pairwise congruent. 

4.2 The U -Method 
The U1'-method generates a checking sequence of the form "(.a.{3. The 

"(-sequence verifies that the implementation correctly implements the 
UIO sequences that will be used to construct the rest of the checking 
sequence. The a-sequence recognizes the states arrived after applying 
a UIO sequence to its corresponding state. The {3-sequence verifies the 
transitions of the implementation [5]. 

The assumptions of the U1'-method are: 

1 The specification machine M is deterministic, minimal, completely 
specified and strongly connected, 

2 M has a UIO suite U which contains a UIO sequence for each 
state, 

3 The specification machine possesses at least one compound DS 
with some u E U being the common prefix, 

4 The implementation has the same number of states as the specifi
cation. 

4.2.1 Construction of the -y-sequence. The "(-sequence ap
plies each u E U to all states in QM. Consider a particular UIO sequence 
Uq E U corresponding to a state q E Q M. The sets P E !:lM ( Q M, Uq) 
contain states that give the same output to uq. The "(-sequence should be 
constructed such that for each P, at least IPI distinct states are applied 
the input sequence Uq. 

Definition 8 An input sequence d is called a restricted DS for the 
state set P QM if d distinguishes all the states in P. 

Lemma 1 If Dis a compound DS of M with u being the common prefix, 
there exists a restricted DS for each P E !:l M ( Q M, u) and 5 M ( P, u). 

Lemma 2 Let d be a restricted DS for 5M(P, u) where P E !:lM(QM, u). 
Also let x = y / z be an abstract experiment obtained from M by applying 
u.d to all q E P. Then u is applied to IPI pairwise incongruous abstract 
states relative to X. 

Lemma 3 Let D be a compound DS of M with the UIO sequence u 
being the common prefix. If y is an input sequence constructed such that 
for each P E !:lM(QM, u), all q E P are applied dp where dp E D is a 
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restricted DS for P, then u is an abstract UIO sequence for the abstract 
experiment y /AM ( @M, Y) · 

Following these properties, we have the first construction rule: For 
each u E U and for each P E f:J.M(QM,u), if oM(P,u) has a restricted 
DS dp, the ')'-sequence should contain applications of u.dp to all states 
in P. 

Definition 9 A set of input sequences Wp is called a restricted W
set for the state set P <:;;; QM if for every pair of states q, r in P, Wp 
contains an input sequence to distinguish q and r. 

Lemma 4 Let Ur be a UIO sequence for the state r of M. For some 
input sequence u, consider the state set P E f:J.M(QM,u). For each 
q E P, let tq denote a transfer sequence from oM ( r, Ur) to q. Construct 
an input sequence y such that r is applied Ur.tq.u and Ur.tq.w for all 
q E P and w E Wp where Wp is a restricted W-set for P. If Ur is an 
abstract UIO sequence for x = y /AM( qoM, y), then u is applied to IPI 
pairwise incongruous abstract states relative to X . 

The second construction rule is as follows: Let Ur be a UIO sequence, 
which is also the common prefix of a compound DS of M. For each u E U 
and for each P E f:J.M ( Q M, u), if oM ( P, u) does not have a restricted 
DS, the ')'-sequence should be constructed such that for each q E P, r is 
applied Ur.tq.U and Ur.tq.W where tq is a transfer sequence from 0M(r, Ur) 
to q and w E Wp. 

Table 1. The machine M1 

Present Next State, Output 
State x=O x=1 x=2 

A B, 1 D, 0 A, 1 
B A, 1 D, 0 A, 0 
c c, 0 B, 1 B, 0 
D c, 2 c, 2 B, 0 

As an example, consider the machine M1, whose state table is given 
in Table 1. Let U = {0.2, 0, 2}. The input sequence 0 is a UIO sequence 
for C and D. A and B respond with 1 to the input 0, and go to B 
and A respectively. 2 is a restricted DS for the set {A, B}, therefore if 
the ')'-sequence contains the input/output strings 0.2/1.0 (for A), 0.2/1.1 
(for B), 0/0 (for C) and 0/2 (for D), then 0 will be an abstract UIO 
sequence for the abstract experiment ')'/AM ( qoM, ')'). 

The input sequence 2 is a UIO sequence for A. The states C and 
D give the output 0 to the input 2, and go to B. C can be used as a 
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reference point: At any moment in the test, observing a 0/0 guarantees 
that the implementation was in a state equivalent to C before the appli
cation of 0. The set {2} is a restricted W-set for {C, D}, therefore the 
"Y-sequence should be constructed such that Cis applied 0.0/0.0 (which 
applies the sequence 0 to distinguish C from D), 0.1.1.0/0.1.0.2 (which 
brings the implementation to D by applying 1.1, and applies 0 to dis
tinguish D from C), 0.2/0.0 (which applies 2 to C), and 0.1.1.2/0.1.0.0 
(which brings the implementation to D by applying 1.1, and applies 2 
to D). 

As a result of the above discussion, we have the following algorithm: 

Algorithm 1 ("Y-sequence): Let u,. be the common prefix of a com
pound DS of M. Construct the graph G7 = (V, E U E') where V cor
responds to Q M, E corresponds to the transitions of M and E' is con
structed as follows: 

For each u E U 
For each P E b..M(QM,u) 

For each q E P 
if 8M(P, u) has a restricted DS d then 

(q, 8M(q, u.d), u.d) E E' 
else 

(r, 8M(r, u,..tq.u), u,..tq.u) E E', 
(r, 8M(r, u,..tq.w), u,..tq.w) E E' 
where tq E I;jM such that bM(r, u,..tq) = q and wE Wp 

The "Y-sequence is the input label of the walk on G7 which traverses 
all elements of E' at least once. 

Theorem 2 Let U be a UIO suite for machine M. Assume that M 
possesses a compound DS with u,. E U being the common prefix. If "Y is 
an input sequence generated by Algorithm 1, U is an abstract UIO suite 
for the abstract experiment "Y /AM ( @M, "Y). 

4.2.2 Construction of the a- and ,8-sequences. The a- and 
,6-sequences are constructed using the algorithms given in [5]. The a
sequence is used to recognize the state arrived after a UIO sequence 
is applied to its corresponding state. To construct the a-sequence each 
state q is applied Uq.Up where 8M(q, uq) = p. The ,6-sequence verifies each 
transition of the implementation. To construct the ,6-sequence each state 
q is applied a. Up when q is recognized, where a is an input symbol and 
8M(q, a) = p. The state q is recognized if it is arrived by the application 
of a UIO sequence to its corresponding state, or if it is arrived from a 
recognized state using only verified transitions. Since the ,6-sequence is 
concatenated to the a-sequence, the ,6-sequence starts from a recognized 
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state. In [5], it is shown that for completely specified and strongly 
connected machines, it is always possible to construct a ,@-sequence that 
verifies all the transitions. 

Theorem 3 Lets be an input sequence generated by the U'Y-method for 
a machine M. Then, s is an abstract checking sequence relative to the 
abstract experiment X = s /AM ( qoM, s). 

0.212.0 

Figure 1. G'Y for the machine M1 (only E' edges are shown) 

The G'Y graph for machine M1 is given in Figure 1. The segments of 
the checking sequence are: 

= 0.2.0.2.0.2.0.2.1.0.2.1.0.0.1.2.1.0.0.2.1.0.0.0.0.1.1.0.0.1.1.2.1.0.0.1.0 
a = 0.2.2.2.1.0.0.0 
,6 = 0.0.2.1.0.0.0.1.0.2.2.2.0.0.2.0.1.0.2.0.2.0.2.2.1.0.0.1.1.2.0.2.1.1.0 
The length of the resulting checking sequence is 80. 

5. COMPARISON WITH OTHER METHODS 
We performed experiments using randomly generated machines to 

compare the lengths of the checking sequences generated by different 
methods. We generated a total of 117000 random minimal machines 
having 3 to 15 states, and having 2 to 10 symbols in their alphabets. For 
each machine, we compared the lengths of checking sequences generated 
by the U-method, U'Y-method and UIOG method. We also generated 
checking sequences using Gonenc;'s method for machines with aDS. 

We excluded the machines that do not have a suitable compound DS 
to be used with the U'Y-method. We also excluded the machines for 
which computing a compound DS required a long time (IQI > 10 and 
I:EI < 5). As a result, we only used 94460 machines to generate checking 
sequences. 

For each machine M, we constructed a UIO suite U such that the 
use of the first construction rule is maximized. This choice gives shorter 
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1-sequences. Table 2 gives the average lengths of checking sequences 
generated by the U-method and U-y-method. 

Table 2. Average lengths of checking sequences generated by the U-method and the 
u,-method 

3 4 5 6 7 8 9 10 11 12 13 14 
2 lu 24 37 50 66 80 97 114 130 - - - -

37 61 109 143 209 261 348 399 - - - -
4 lu 45 65 86 109 134 159 184 209 236 - - -

39 64 96 128 164 199 241 279 330 - - -
6 lu 66 92 120 149 180 213 248 284 319 356 394 432 

51 74 103 135 174 214 253 296 337 378 422 465 
8 lu 88 121 156 192 229 267 308 350 393 438 484 531 

64 89 119 151 187 227 272 320 366 411 460 509 
10 lu 110 151 193 236 281 326 373 420 469 520 570 626 

lu-, 77 107 140 174 210 252 293 341 390 442 495 551 

These results show that the U-y-method developed in this work can 
generate checking sequences that are comparable in length with the 
checking sequences generated by the U-method, with guaranteed fault 
coverage. For machines with large state sets and small alphabets, the 
U-method generates shorter checking sequences. On the other hand, for 
machines with large alphabets, the U-y-method generates shorter check
ing sequences. 

We also generated checking sequences using the UIOG method [17]. 
For machines having a small number of states, the lengths of the check
ing sequences generated are similar to those obtained by the U-method 
and U-y-method. As the number of states increase, the length of the 
state verification sequences increase the order of several 
thousands for machines having more than 7 states. 

The U-method described in [9] generates checking sequences similar 
to the f)-sequence portion of the U-y-method. For certain cases, this 
method can generate significantly shorter checking sequences than the 
U-y-method, but does not provide guaranteed fault coverage. 

We also applied Gonen<;'s method to the machines possessing a DS 
[5]. When the UIO suite is constructed with the DS, the U-y-method is 
equivalent to Gonen<;'s method. For the purpose of this experiment, we 
used UIO suites that do not contain the DS. We observed that Gonen<;'s 
method generates shorter checking sequences than the U-y-method even 
if the UIO sequences are shorter than the DS. In fact, Goneng's method 
appears to be the most efficient method for larger machines having a 
DS, but it applicability is limited than that of the U-methods. 
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6. CONCLUSION 
In this paper we presented a new model for checking sequence gen

eration for FSMs. This model defines the checking sequence generation 
problem based on the machine identification problem. This approach 
can be used to formally reason about properties of checking sequence 
generation methods. 

Based on our model, we developed the U"Y-method. The U"Y-method 
generates relatively short checking sequences without relying on the reset 
feature. The checking sequences generated by the U"Y-method can detect 
all possible faults of an implementation provided that the implementa
tion has the same number of states as the specification. Unfortunately, 
U"Y-method is only applicable to a restricted class of FSMs-namely to 
those machines having a UIO sequence for each state, and possessing a 
compound DS with one of the UIO sequences being the common prefix. 

We also performed experiments to compare the U"Y-method with sev
eral other methods. We observed that the checking sequences generated 
by the U"Y-method are comparable to those generated by the U-method 
with improved fault coverage. The U"Y-method generates shorter check
ing sequences than the UIOG method, but the UIOG method is appli
cable to all machines having a UIO sequence for each state. 

As future work, we wish to improve the applicability of the U"Y
method. The U"Y-method relies on the existence of a compound DS to 
verify at least one of the UIO sequences, and then using it as a reference 
point. It is possible to verify one of the UIO sequences without using a 
compound DS, but the overhead is significant. We are working on effi
cient methods to verify one UIO sequence. We also have not dealt with 
the problem of selecting an appropriate UIO suite for the U"Y-method 
in depth. Efficient algorithms are needed to make the U"Y-method more 
practical. 
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