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Abstract

Traditionally, verification properties have been classi-
fied into safety and liveness properties. While this
taxonomy has an attractive simplicity and is useful for
identifying the appropriate analysis algorithm to use for
checking a property, determining whether a property is
safety, liveness, or neither can require significant math-
ematical insight on the part of the analyst. In this
paper, we present an alternative property taxonomy.
We argue that this taxonomy is a more natural classi-
fication of the kinds of questions that analysts want to
ask. Moreover, most classes in our taxonomy have a
known, direct mapping to the safety-liveness classifica-
tion, and thus the appropriate analysis algorithm can
be automatically determined.

1. Introduction

A number of finite state verification approaches are be-
ing developed. Some approaches are designed to check
fixed, general properties of software systems, such as
freedom from deadlock. Other approaches offer the flex-
ibility of specifying and checking application-specific
properties. Traditionally, properties have been classi-
fied into safety and liveness properties. In practice,
it is often important to know whether a given prop-
erty is a safety or liveness property, because several
finite state verification approaches use different analy-
sis algorithms for checking safety and liveness proper-
ties [6,7,11,13,18]. Determining whether a property is
safety, liveness, or neither, however, can require signif-
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icant mathematical insight on the part of the analyst.
In this paper, we present an alternative property tax-
onomy. We argue that this taxonomy is a more natu-
ral classification of the kinds of questions that analysts
want to ask (i.e., express as properties). Moreover, most
classes in our taxonomy have a known, direct mapping
to the safety-liveness classification, and thus the appro-
priate analysis algorithm within a verification approach
of choice can be automatically determined.

Intuitively, a safety property specifies that “bad things”
do not happen on all executions of a system and a live-
ness property specifies that “good things” eventually
happen on all executions of a system [14]. Unfortu-
nately, these intuitive definitions are often difficult to
use for distinguishing between safety and liveness prop-
erties. For example, a property specifying that a com-
munication socket must be created on all executions
of a system is a liveness property, which agrees with
the informal definition where the “good thing” is the
creation of a communication socket. However, a simi-
lar property stating that a communication socket must
be created before any disk access happens is a safety
property, even though we can still view creation of a
communication socket as a “good thing”.

Because informal definitions of safety and liveness are
unreliable, one has to use the precise definitions, given
in section 2.2. Using these definitions requires con-
structing proofs, which are often non-trivial. Carry-
ing out such proofs is human-intensive and error-prone.
In this paper, we propose a new property taxonomy for
which it is easy to assign a given property to one of sev-
eral property classes. Furthermore, many of these prop-
erty classes include only safety or only liveness proper-
ties, so if the given property belongs to one of these
classes, no proofs are required for determining whether
it is a safety or a liveness property.

Our property classification is described in terms of se-



quences of recognizable events in the system under
analysis. We distinguish between property specifica-
tions that describe finite, infinite, or both kinds of se-
quences of events. We also distinguish between prop-
erty specifications that must be checked on only finite,
only infinite, or all system executions. At present, it
is usually assumed that a property has to be checked
on all system executions. In some cases, however, an
analyst wants to specify sequences of events that hold
on only finite or only infinite executions. For example,
it does not make sense to check the property “all files
must be closed by the time a system terminates” on
infinite executions of a system or to check the property
“an unbounded number of files must not be open at the
same time” on finite executions. In cases where the an-
alyst is interested in checking a property on only finite
executions, the property has to be modified in such a
way that it always holds on all infinite executions and
vice versa. In contrast, with our proposed classification
scheme the analyst explicitily indicates if the property
is specifying finite, infinite or both finite and infinite
sequences as well as indicates if the property is to be
checked on finite, infinite, or all executions of the sys-
tem.

In the next section, we give some background on reason-
ing about software systems and give formal definitions
of safety and liveness properties. In Section 3 we offer
a critique of the safety-liveness taxonomy. Section 4
describes our proposed property classification. In Sec-
tion 5 we describe the relationship between our classi-
fication and the safety-liveness taxonomy by indicating
whether a class in our taxonomy contains only safety,
only liveness, or both kinds of properties. Finally, Sec-
tion 6 summarizes.

2. Background

In this section, we briefly introduce the two alterna-
tive ways of representing a software system’s behav-
iors, state-based and event-based and then introduce
the traditional classification of event-based properties
into safety and liveness.

2.1. Event-based and State-based Prop-
erties

The two popular ways of modeling systems are state-
based and event-based. With the former, the model en-
codes all possible states the system might be in during
execution. For a concurrent system, a system state may
include the program counters for each of the threads
of execution and the values for all program variables.
Properties for systems with state-based models usually
can be represented simply as sequences of state pred-
icates that must hold along sequences of transitions
between system states. We call such properties state-

based. With the event-based approach to modeling sys-
tems, the model encodes all event sequences that can be
observed during executions of the system. The events
used in these sequences represent some actions of the
system, where an action may represent some arbitrary
level of granularity. For example, both a variable as-
signment and a function call could be events. Actions
that are not of interest to the analyst usually are not
assigned corresponding events. Properties for systems
with event-based models are given in the form of sets of
sequences of events that characterize executions of the
model of the system. We call such properties event-
based.

Theoretically, translations between state-based and
event-based representations of systems and properties
are not difficult. For example, if a system is specified
as a set of sequences of its states, any such sequence
can be translated into a sequence of events, where each
event represents a transition from one state to another.
In the rest of this paper we only deal with event-based
models of systems and property specifications.

We assume that event-based properties use a subset of
the events that could occur along an execution of the
system under analysis. Throughout this paper, we use
the term event sequence or just sequence to refer to any
sequence of events and ezecution to refer to a sequence
of events observed on an execution of the software sys-
tem under analysis.

The alphabet of property P is denoted X (P) and rep-
resents the union of all events that could possibly occur
on a sequence accepted by P: A projection of an event
sequence s on an alphabet ¥ is the event sequence s’
obtained from s by removing all events not present in
Y. We use the notation s|s to denote projection of se-
quence s on alphabet ¥. For example, if a property
P only has events a and b in its alphabet, then for a
given system execution sequence (a, c,d,b, c,a) we find
its projection on X(P): (a,c,d,b,c,a)|sp) = (a,b,a)
and then check if the resulting sequence (a, b, a) would
be accepted by P. We write s € P to represent the
fact that sequence s is in the set of event sequences
of P. We say that a sequence s’ is accepted by prop-
erty P, denoting this s’ I P, if the projection of s’ on
the alphabet of P is in the set of sequences represented
by P. Thus, for the example above, (a,b,a) € P and
(a,c,d,b,c,a) - P.

Let E be the union of the alphabets for a set of prop-
erties for a particular software system. We use E* to
denote the set of all finite sequences of events from F

1»Execution of the software system under analysis” is actually
a trace or path through the event-based model of the system.
Each event sequence that could be observed during execution of
the system is represented by a trace through the model of that
system. For brevity, we refer to this simply as an execution.
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and E¥ to denote the set of all infinite sequences of
events from E. We assume that the empty sequence
A € E*. For convenience, we introduce a function
prefies : E¥ — 27 that, given an infinite sequence
o, returns all finite prefixes of o, including the empty
sequence A.

To use a uniform notation, many finite state verification
approaches replace each finite execution v of a system
with an infinite execution ¢ by adding infinitely many
instances of an empty event 7 to the end of v: o =
vTT.... For convenience, we assume that no non-empty
events can follow event 7, which means that 7 is used
only for representing system termination.

A property can be represented as a set of event se-
quences that must hold on all system executions. For
brevity, we use Pg to denote the set of all possible prop-
erties for set E. A property P holds for a system if and
only if all system executions satisfy P.

2.2. The Safety-Liveness Property Tax-
onomy

While the informal definition of safety and liveness
properties, given in the introduction, has intuitive ap-
peal, generally it is not precise enough to be used for
determining whether a given property is a safety or a
liveness property.

A concise definition of safety and liveness properties
based on topology says that a property is a safety prop-
erty if and only if it is closed and a liveness property if
and only if it is dense [3]. Equivalently, a safety prop-
erty is the one that is finitely refutable and a liveness
property is the one that is never finitely refutable [1,3].

In this section, we describe the safety-liveness taxonomy
proposed by Alpern and Schneider [3]>. The formal
definition of a safety property [3] is

P is a safety property iff
Vo € E“, 0/ P = (1)
(Fv € prefizes(o) : (Vo' € E¥,va’ I/ P))

This definition means that P is a safety property if ev-
ery infinite sequence of events that does not satisfy this
property contains a finite prefix such that no infinite
sequence obtained by adding an infinite suffix to this
finite prefix satisfies this property.

The formal definition of a liveness property [3] is

Set P is a liveness property iff

2
Vv e E*,(J0 € E¥ :vo F P) @

This definition means
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from the native property representation to the Biichi
automaton representation, to perform the split into two
Biichi automata, one for a safety property and another
for a liveness property, and to translate these two au-
tomata back to the native property representation. In
addition, this approach does not solve the problem of
specifying whether the property must hold on finite,
infinite, or all executions of the system.

3. Critique of the Safety-Liveness Taxon-
omy

The safety-liveness taxonomy has an attractive simplic-
ity, providing two fundamental classes of properties, so
that any property can be represented as a combina-
tion of two properties, one from each class. While it is
an elegant and theoretically useful classification, in our
opinion it has several important problems.

The first problem is terminology. Intuitively, the term
safety property implies that if an execution of a system
does not satisfy such property, it represents an unsafe
behavior of a system. While this may be true, safety
properties are not the only kind of property that spec-
ifies what it means for a software system to operate
safely. Beh y a xecimplf twos app errvtcetuf ter tem



events 7 to the end of all finite executions.

Our first classification criterion is based on what kinds
of execution sequences are represented by the property.
There are three obvious cases:

e property P contains only finite event se-
quences: Vs € P = s € E*,

e property P contains only infinite event se-
quences: Vs € P = s € E¥, and

e property P contains both finite and infinite
event sequences: Js;,50 € P = 51 € E* Asy €
E“.

Our second classification criterion is based on whether
the property refers to only finite, only infinite, or all
executions of the system. We use S to denote the set
of all execution sequences in the system. We recognize
three cases:

e The property is for finite execution se-
quences only: the property holds if Vs € S,s €
E* = sk P.

e The property is for infinite execution se-
quences only: the property holds if Vs € S,s €
E¥ = sk P.

e The property is for both finite and infinite
execution sequences: the property holds if Vs €
S=skP.

Intersecting the two criteria, we obtain nine property
classes. We refer to each property class by a tuple
(A, B), where A refers to the first criterion and B refers
to the second criterion. Thus, A € {inf, fin, both} and
B € {inf, fin, all}. Of these classes, class (inf, fin) is
empty, since it does not make sense to specify a finite
behavior with an infinite event sequence. For the same
reason, class (inf, all) is equivalent to class (inf,inf),
in the sense that any property from (inf,all) holds
for a system if and only if all executions in the sys-
tem are infinite. Also, class (both, fin) is equivalent to
class (fin, fin) in the sense that for any property Py
from class (both, fin) there exists property P» from class
(fin, fin) (obtained from P; by discarding all infinite
sequences) such that a system execution satisfies Py if
and only if it satisfies P,. Thus, we exclude classes
(inf, fin), (inf, all), and (both, fin) from our classifica-
tion as redundant. In the rest of this paper we refer to
the remaining six classes (fin, fin), (fin, inf), (fin, all),
(inf,inf), (both,inf), and (both,all) as our property
classification.

It is obvious that this property specification is com-
plete in the sense that any property specifying a be-
havior that must hold on all executions of a system be-
longs to one of the three classes (fin, all), (inf, all), and

(both, all). The additional granularity provided by our
second classification category is for added convenience
of specifying properties. The reader might wonder how
this trichotomy compares to the traditional safety, live-
ness, or both trichotomy used in the safety-liveness clas-
sification scheme. In the next section, we will explicitly
describe this relationship.

In the following, we briefly describe each of the six cate-
gories. For each category, we give an example property
that deals with opening and closing of files in a pro-
gram. For this example, the events of interest to the
properties correspond to calls to open and close file
primitives.

(fin, fin)

A property P from class (fin, fin) specifies a set of event
sequences of finite length and requires that all finite ex-
ecutions of the system are present in this set. This
means that we can construct property P’ that refers to
all system executions by including in the set of event se-
quences of P’ all event sequences of P and in addition
all infinite event sequences: P' = P U E¥. Property
P’ holds on all executions of a system if and only if
property P holds on all finite executions of this system.
An example from this category is a property specifying
that if a file is open at any point during the program
execution, it is closed by the time the program termi-
nates.

(fin, inf)

This is an interesting case, because in order for an
infinite execution sequence ¢ to satisfy property P
containing only finite event sequences, the projection
of ¢ on the alphabet of P must be finite. In other
words, ¢ must have a representation vo’, where v is
a finite prefix of ¢ and X(¢') N X(P) = §. For ex-
ample, if the property specifies that on infinite exe-
cutions of the system, events a and b alternate (but
not infinitely often), then an infinite system execution
abababababab... does not satisfy this property, be-
cause its projection on the alphabet of the property
{a, b} isinfinite. On the other hand, an infinite execu-
tion ababccccce. .. does satisfy this property, because
ababccccc. . .|{a, b} = abab, which is a finite sequence
on which each event a is followed by a b. Since prop-
erties from set (fin, inf) are not concerned with finite
executions of the system, for each such property P we
can construct property P’ € (fin, all) by including in
the set of event sequences of P’ all event sequences of P
and in addition all finite event sequences: P' = PU E*.
Property P’ holds on all execution of a system if and
only if property P holds on all infinite executions of this
system. An example from this category is a property
specifying that a file is never open for an infinite period



of time.

(fin, all)

A property P from this class can also be represented
as a conjunction of two properties P;, P>, where P; €
(fin, fin) and Py € (fin,inf), where both P; and P,
contain the same event sequences as P: P, = P, = P.
If v is a finite execution of the system, then it satisfies
P if it satisfies P;. If o is an infinite execution, then
it satisfies P if it satisfies P,. An example from this
category is a property specifying that a file is opened
and then closed exactly once on any execution of the
program.

(inf, inf)

A property P from class (inf,inf) specifies a set of
event sequences of infinite length and requires that all
infinite executions of the system are present in this set.
We can construct property P’ € (both, all) by includ-
ing in the set of event sequences of P’ all event se-
quences of P and in addition all finite event sequences:
P' = PU E*. Property P’ holds on all executions of a
system if and only if property P holds on all infinite ex-
ecutions of this system. An example from this category
is a property specifying that a file is opened infinitely
many times on all infinite executions of the system.

(both, inf)

Any property P from this class can also be represented
as a disjunction of two properties P, and P,, where
P, € (fin,inf) and Py € (inf,inf). In addition, we
can construct P’ € (both, all) by including in the set
of event sequences of P’ all event sequences of P and
in addition all finite event sequences: P’ = P U E*.
Property P' holds on all execution of a system if and
only if property P holds on all infinite executions of this
system. An example from this category is a property
specifying that on all infinite executions, a file has to
be opened and then closed at least once, but could be
opened and then closed an infinite number of times.

(both, all)

This is the most general of all classes. Any property
from this class can be represented as a disjunction of
two properties Py and P,, where P; € (fin, all) and P; €
(inf,inf), by setting P, = PN E* and P, = PN E¥.
An example from this category is a property specifying
that on all executions, the operations of opening and
closing a file strictly alternate, whether they occur a
finite or an infinite number of times.

4.1. QRE Property Specification Lan-
guage

As an example of a property specification language that
supports our property classification scheme, we describe
an extension we are developing for the Quantified Reg-
ular Expressions (QRE) language [10,19]. The QRE
language uses regular and w-regular expressions and
represents a convenient approach for specifying event
sequencing properties.

A QRE specification consists of three parts: alphabet,
reqular expressions, and modifier. The alphabet sim-
ply lists all events of interest to this property. Regular
expressions describe sequences of events of interest to
this property. Modifier specify if the event sequences
described by the regular expressions must hold on all
system executions or on no system executions. In our
extension, modifier is replaced by modifiers, which in
addition to the quantification, also indicate whether
this property must be checked for finite, for infinite,
or for both kinds of system executions.

At present, the alphabet is specified simply by listing
all events of interest to the property (in future, parame-
terization and aliases will be supported). The alphabet
must contain all events explicitly used in the regular ex-
pressions but may also contain additional events. We
explain the need for such additional events below when
discussing the regular expressions part of the QRE spec-
ifications.

If multiple regular expressions are present in a QRE,
the property is represented by a union of the sets of
event sequences that each of these regular expressions
specifies. Regular expressions are specified using an as-
sortment of traditional syntactic features for supporting
regular languages. Because of space constraints, we do
not describe all these features here. Importantly, one of
the features used in this language is complement. For
example, “any event in the alphabet, except events a
and b” may be represented in a QRE as [-a,b]. Thus,
an event c from the property alphabet may not appear
in the regular expression explicitly, although it is rep-
resented implicitly.

Regular expressions in the extended QRE notation may
be w-regular expressions, to indicate that a certain pat-
tern of events repeats infinitely often. We use the sym-
bol @ to represent such an infinite repetition. For exam-
ple, a@ specifies an infinite sequence aaaa... In some
cases, it is convenient to specify a certain pattern of
events that may or may not repeat infinitely often. For
example, an analyst may want to specify that events a
and b alternate, without restricting whether this repeti-
tion is finite or infinite.. We use the symbol # to specify
that the regular expression to which this symbol refers
repeats either 0 or more times or infinitely: <expr>#



{open_F, close_F}
(open_F; close_F); (open_F; close_F)#
all infinite

Figure 1: An example extended QRE specification

is equivalent to <expr>*|<expr>@, where <expr> is an
arbitrary regular expression and | is a logical “or” op-
erator.

Finally, modifiers in the extended QRE language are
preceded by one of two kinds of keywords. The first
specifies the quantification by indicating whether the
event sequences described by the regular expressions
must hold on all executions (keyword all) or no execu-
tions (keyword no) of the system. The second specifies
the execution by indicating by if only finite executions
(keyword finite), only infinite executions (keyword
infinite), or all possible executions (keyword both)
have to be compared to the event sequences described
by the regular expressions. Figure 1 shows a property
specifying that that file F has to be open and then closed
at least once, but could be open and then closed an in-
finite number of times, with open and close operations
strictly alternating.

A property specified in this extended QRE language
can be automatically classified into one of the cate-
gories of our classification scheme. Whether the prop-
erty should be checked on finite, infinite, or all execu-
tions in the system is specified explicitly and informa-
tion about whether only finite, only infinite, or both
kinds of event sequences are present in the property
specification can be derived from the regular expres-
sions. If none of the regular expressions contain sym-
bols @ or # then the property represents only finite
event sequences. If some regular expressions contain
symbols @ or #, then the structure of the regular ex-
pressions can be analyzed to determine whether or not
they may encode finite sequences in addition to infinite
sequences. For example, it is easy to see that the prop-
erty in Figure 1 belongs to class (both, inf). The use
of symbol # in the regular expression part indicates (in
this case) that the property contains both infinite and
finite sequences. The modifier infinite indicates that
the property refers to only infinite executions.

5. Relationship between the Proposed
Taxonomy and the Safety-Liveness
Taxonomy

In this section for each of the six classes from our classi-

fication we describe the part of the safety-liveness uni-
verse that it describes. For convenience, we denote the

set of all safety properties & and the set of all live-
ness properties £. The definitions of safety and live-
ness in Equations (1) and (2) assume that all execution
sequences in the system are infinite (with all finite exe-
cutions extended by an infinite number of empty events
7). To be able to use these definitions, we define a map-
ping InfProp that, given a property P specified in our
classification (e.g., where some event sequences may be
finite), returns a property P’ that deals with infinite
event sequences. P’ is equivalent to P in the following
sense:

VYVoeEY:0€eP=>0€cP
Yve E*:0 € P=vrr... € P’ 3)
P € (fin, fin) = (E“ \ {o|]r €0} C P’
P € ((fin,inf) U (inf, inf) U (both, inf)) = E* C P’

This means that for any property from our class
(fin, fin), the corresponding property in the safety-
liveness classification will accept any infinite sequence of
events (without added 7 events) and for any property in
our classification scheme that specifies an infinite execu-
tion, the corresponding property in the safety-liveness
classification scheme will accept all finite execution se-
quences.

Given a class C from our classification, for simplicity
we use notation like C' C S to show the relationship of
this class with the safety-liveness taxonomy. In reality,
it is the relationship of class C! = {P'|3P € C : P' =
InfProp(P)} that is considered, since classes C' and C'
are equivalent in the sense described by Equation (3).

(fin,fin) C S

First we prove (fin, fin) C S. Take any P € (fin, fin)
and let P’ = InfProp(P). The only event sequences o
that may not satisfy P’ are finite (see Equation (3))
and thus contain the empty event 7. According to the
definition of safety in Equation (1), we can pick a finite
sequence v to be the prefix of ¢ that ends with 7 and
so no infinite suffix ¢ can make the sequence vo’ into
a sequence that does not contain 7. vo' also does not
satisfy P’ since it contains prefix v that caused o not
to satisfy P'. Thus, P is a safety property.

Now we prove S € (fin, fin). To do that, it is sufficient
to show that there is a safety property that is not in
(fin, fin). For example, any safety property that does
not accept at least one infinite sequence is such a prop-
erty.

(fin,inf) C L

First, we prove (fin, inf) C L. Take any P € (fin, inf)
and let P’ = InfProp(P). Take any v € E* and let
o = 7.... Then vo € P’, because vo is a representation



of a finite sequence, and any finite sequence satisfies
a property from (fin, inf). By the definition in Equa-
tion (2), P' is a liveness property.

To prove that £ € (fin,inf), it is sufficient to show
that there is a liveness property that is not in (fin, inf).
For example, a liveness property requiring that on all
executions, event a happens infinitely often is not in
(fin, inf), because such a property contains infinite
event sequences.

EIPl,PQ,Pg,E(ﬁn,all):P1€S,P2€[,,
Py ¢ (SUL)

An example of P, is a property that accepts all se-
quences except those containing event a. VYo € EY¥ :
o & InfProp(P;) means that o contains event a. We
can write o in the form ¢ = vo', where v is a sequence
ending with a. This is the v from the definition of safety
in Equation (1).

An example of P, is a property that accepts all se-
quences except those that do not contain a. Take any
v € E*. If v contains a, then infinite sequence o from
the definition of liveness in Equation (2) can be any in-
finite sequence. If v does not contain a, then ¢ can be
any infinite sequence that contains a.

An example of P3; is a property that accepts all se-
quences that contain exactly one event a. P; € S be-
cause we can pick o to be any infinite sequence that
does not contain a (and thus does not satisfy P;). For
any finite prefix v of this sequence o we can take o’ to be
any infinite sequence that contains one event a. Then
vo' satisfies P3 and so Pz is not a safety property by
the definition in Equation (1). Pj is not a liveness prop-
erty either, because we can pick v from the definition
in Equation (2) to be a finite sequence that contains
two events a. No infinite sequence o exists such that
Vo € P3.

(inf,inf) C L

First we prove (inf,inf) C L. Take any P € (inf, inf)
and let P’ = InfProp(P). Take any v € E*. Let o be
any infinite sequence that starts with 7. Then vo € P’
because all finite sequences satisfy P'. By the definition
in Equation (2), P’ is a liveness property.

To prove £ € (inf,inf), let P be the property that
specifies that an infinite number of events a must hap-
pen. No finite sequence can satisfy this liveness prop-

erty, while any finite execution satisfies any property
from (inf, inf).

(both,inf) C L
The proof is identical to the proof for (inf, inf).

AP, P, P; € (bOth, all):P1 €S, PeL,
Py (SUL)

The proofs are identical to those for (fin, all).

Figure 2 represents the correspondence between our
property classification and the safety-liveness taxonomy
visually.

6. Conclusion

As shown in Section 5, class (fin,fin) contains only
safety properties and classes (fin,inf), (inf,inf), and
(both, inf) contain only liveness properties. This means
that if a given property falls into one of these four
classes, it is immediately clear whether it is a safety
or a liveness property. Classes (fin, all) and (both, all)
contain safety properties, liveness properties, and also
properties that are neither safety nor liveness. In gen-
eral, any property from class (fin, all) can be repre-
sented as a conjunction of two properties, one from
class (fin, fin), and another from class (fin, inf). For
example, a property specifying that event a happens
exactly once on all system executions (which is neither
a safety nor liveness property), can be represented as
a conjunction of two properties, one checking that a
happens exactly once on finite executions and another
checking that a happens exactly once on infinite execu-
tions. The first of these two properties belongs to class
(fin, fin) and the second belongs to class (fin, inf).

The case with class (both, all) is not as simple. Whether
or not such a property can be decomposed successfully
depends on whether we can decompose the represen-
tation of event sequences in the property into finite
sequences and infinite sequences. If we can, then the
property P is represented as the conjunction of two
properties, Py from class (fin, fin), and P, from class
(both, inf). (Thus, P; is a safety property and P, is a
liveness property.) For example, a property specifying
that on all executions of a system events a and b al-
ternate (but not specifying whether a finite or infinite
number of such events must be observed) is in class
(both, all). Tt can trivially be decomposed into a prop-
erty Py specifying that on all finite executions events a
and b alternate and a property P» specifying that on all
infinite executions events a and b alternate and either a
finite or an infinite number of such events is observed.
We believe that in practice, most properties from class
(both, all) are decomposable in a similar way.

Our classification scheme complements the property
specification patterns work [9]. Property specification
patterns map naturally occurring sequences of events,
such as “event a must follow event b, but only after
event ¢ happens” to formal specifications in a variety
of property specification formalisms. Each pattern can
be categorized as containing only finite, only infinite, or



liveness

neither

(a) The safety-liveness taxonomy

(both, all) (fin, all)

(b) Our classification, superim-
posed on the safety-liveness taxon-
omy

Figure 2: The correspondence between our property classification and the safety-liveness taxonomy

both kinds of event sequences, based on its formal rep-
resentation. Specification patterns could benefit, how-
ever, from an additional modifier that indicates whether
they should be checked on finite, infinite, or all execu-
tions of the system?®

To summarize, we have described a new property clas-
sification based on two simple characteristics of prop-
erties. One characteristic is whether the sequences of
events used in the property specification is finite, in-
finite, or both; and the other is whether the property
specifies behaviors that must (or must not) hold only
on finite, only on infinite, or on all executions of the
system. The proposed classification has a number of
advantages over the safety-liveness taxonomy. First,
it is relatively natural. In fact, we are extending the
FLAVERS finite state verification system to accept an
extended property specification notation that supports
our classification. Second, deciding which of the six
classes in our classification a given property belongs is
trivially derived from the specification of the property.
Finally, and most importantly, four out of six classes
in our classification contain properties that are either
only safety or only liveness properties, so there is no
need for proofs to determine which analysis algorithm
to apply. Another class contains properties that can
easily be decomposed into two properties, one a safety
and another a liveness property. For the final class, the
existence of a “nice” decomposition is not guaranteed,
but likely.

3Note that although the global absence pattern [9] “event T
does not happen” can be used to represent infinite executions,
it cannot be used in conjunction with patterns representing the
actual property that has to be checked on only infinite executions,
because at present the rules of composing several patterns are
very restricted.
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