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Abstract

Feature-oriented software architecture is a way of organizing code around the
features that the program provides instead of the program’s objects and components. In
the development of a feature-oriented software system, the developers, supplied with a
set of features, select and organize features to construct the desired system. This
approach, by better aligning the implementation of a system with the external view of
users, is believed to have many potential benefits such as feature reuse and easy
maintenance. However, there are challenges in the formal verification of feature-oriented
systems: first, the product may grow very large and complicated. As a result, it’s
intractable to apply the traditional formal verification techniques such as model checking
on such systems directly; second, since the number of feature-oriented products the
developers can build is exponential in the number of features available, there may be
redundant verification work if doing verification on each product. For example,
developers may have shared specifications on different products built from the same set
of features and hence doing verification on these features many times is really
unnecessary. All these drive the need for modular verifications for feature-oriented

architectures.

Assume-guarantee reasoning as a modular verification technique is believed to be an
effective solution. In this thesis, I compare two verification methods of this category on

feature-oriented systems and analyze the results. Based on their pros and cons, I propose
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a new modular model checking method to accomplish verification for sequential feature
compositions with cyclic connections between the features. This method first builds an
abstract finite state machine, which summarizes the information related to checking the
property/specification from the concrete feature design, and then applies a revised CTL
model checker to decide whether the system design can preserve the property or not.

Proofs of the soundness of my method are also given in this thesis.

Keywords: verification, model checking, assume-guarantee reasoning, feature-oriented

software development, modular verification.
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Chapter 1

Introduction

In recent years, there is growing research for software products built from features
[8][10][11][12]. Features are functional units that implement some customer requirements.
For instance, encryption, auto-reply, forwarding are all features in an email system and
they all implement some customer requirements of the system. The size of a feature can
be arbitrary: it can be as small as a single class that s sufficient for the implementation of
a requirement and can be as large as thousands of lines of programs across distributed

systems.

In contrast to the traditional object-oriented and component-based software
development, in the feature-oriented approach, developers implement the system core
infrastructure into a special component called the base. Each feature is implemented as a
separate module. Then the developers build up the composed system called a product in a
product line manner by plugging features chosen from the series of features available into
the base [9]. Figure 1 shows an example of feature-oriented email system development.

This email product is composed of the base and two features, compose and encryption.



A set of features:

N

base

vz

Compose | |Encryption| | Sign | |SetAccount| | Forward | [Auto-reply
—+ base
Compose | »| Encryption

Figure 1: A feature-oriented system design example

The base implements the basic functionality of starting the system and mailing an email out.

Since features are extracted from the customers side, the feature-oriented software
architecture really aligns the software implementation with the external view of
customers instead of the traditional designs about objects and components from
programmers. Feature-oriented methodology is believed to have many potential benefits
such as feature reuse and easy maintenance [9]. For example, the encryption feature in
Figure 1 may be frequently used in the development of many systems such as Intrusion
Detection Systems, Web-based systems, and Network Management systems, etc.

Maintaining feature-oriented software by adding and removing features from a product is

also relatively easy.



1.1 A formal model of features

In this section, I will define a formal model of the feature-oriented architecture for

my thesis.

Although the design and the implementation of a feature could be arbitrary, I assume
that all features can be described by Finite State Machines (FSM). Such FSM can either
be given by the designers [15] or be extracted from code [16]. There are also other

restrictions on the structures of the FSM in this thesis.

Definition 1: A feature is a finite state machine that satisfies the following structural

conditions:

1. Each FSM has a unique initial state to start up the system
2. No terminal state in the FSM has a successor.

3. Each state in the FSM can reach some terminal state by some number of steps.

Figure 2 shows a legal FSM of a feature in my thesis:

Each state is
reachable to a
term state

Figure 2: feature example



The base is a special element in constructing a feature-oriented system that
implements the core functionalities (the basic email sending functionality in an email
system for example) of a system. The specialty of the base in my research comes from its

structure.

Definition 2: The base is a finite state machine that satisfies the following structural

conditions:

1. All structural requirements of the FSM of a feature
2. The initial state init is not reachable from any distinguished state init (to which

other features will have transitions), as shown in figure 3.

The base Features

k{j% =
—_

Figure 3: the base structure and its connection with other features

The purpose of the structural requirement in (2) is to avoid data leakage across

multiple runs of system, which will be discussed in Section 2.1.



The state variables in the FSM of both features and the base are propositions
capturing either data or control. A data proposition represents some attribute of an object
that can persist in multiple system states and a control proposition refers to an external
user input or decision that drives the feature. For example, in an email system, the truth of
a data proposition encrypted describes the state of an email after it gets encrypted; at
some point of the email system execution, the system may wait for the user decision to
choose the next path to be executed, the proposition used to represent the user decision is

a control proposition.

Given a set of features and the base, they are combined into a product. Since both
features and the base can be expressed by FSM, from the architectural level, a product is
built by adding edges between some states of these FSM. How the features and the base

are connected is defined as follows:

Definition 3: Feature connections are the connection relationships between features
and the base where
1) There may be connections from the terminal state of any F; to the initial state of
any Fj;
2) There may be connections from some state s; in the base to the initial state of any
feature and from the terminal state of any feature to some state s> in the base, but

the initial state of the base is not reachable from s,.



Note that this definition allows all kinds of connections between features such as
linear chain, branches and cycles. More restrictively, this thesis requires that the features
and the base are hooked up by adding edges between the terminal states of a feature and

the initial states of its successors.

Definition 4: A product can be defined inductively as follows:

1. The base is a product
2. Connecting new features into the current product according to the rules in

Definition 3 also constructs a product.

Figure 4 gives an intuitive picture about how a product is constructed. The base is the
starting place and a set of features F1, F2 F5 are inserted into the product. F4, F5 and
the base are organized into a linear chain. F1 has two braches with one flowing into F2
and the other into F4. Circular connections are also possible, as reflected by the edges

between F2 and F4.

—sibase—| F1 [— F2 |— == F3
A lT r A
F4

v
n
&)

h 4

Figure 4: how to build a product from features and the base



1.2 Challenges for feature-oriented software verification

Formal verification, which establishes properties of system designs using formal
logic, rather than just incomplete testing, is believed to be a good approach to prove the
software systems are free of certain defects and behave as expected. Unfortunately the
traditional verification algorithms cannot be applied into feature-oriented software
development directly for two reasons: first, the product may grow very large and have
such a huge amount of states to be checked that makes the verification work intractable;
second, verifying each product individually may cause redundant verification work.
Remember that there may be an exponential number of products built in the number of
features [3]. As a result, it s highly possible for users to share specifications on different
products built from the same set of features and hence doing verification on these features

many times is really unnecessary.

In order to solve these problems, we want a verification technique that [3][4]

1. analyzes individual features in isolation
2. does minimum checks on the whole product at the composition time

3. requires little user interactions

This goal and the problem context suggest a modular model checking method to

conquer the verification problems for feature-oriented architectures. While there is a



preliminary approach that satisfies these goals [3], it doesnt support as rich a set of

feature-oriented designs as I would like.

1.2.1 Model checking

Model checking, as an efficient and practical verification method, has been used
widely [1]. This method can consume a finite state machine model and a temporal logic
formula and decide whether the formula is satisfied in the model. The temporal formula is

typically expressed in the logics CTL [1] or LTL [2].

The most popular model checker is based on CTL. In the CTL model checking
method, the system model is an FSM, in which each state s is originally labeled with a
state variable set to hold all propositions that are true at s. The property is written as a
CTL formula, which is the combination of atomic propositions, logical connectives and
temporal operators. The logical connectives refer to and, or and negation and the
temporal operators include AGf, AXf, AFf, A[f U f |, EGf, EXf, EFf, E[f U f ] where f and
f are both CTL formulas. The operators have the informal meanings described below; the

formal semantics appears in [1].

1. AGfmeans fshould be true globally in all paths from the current state.
2. AXfmeans fshould be true at all next states of the current state.
3. AFfmeans fshould be true finally in all paths from the current state.

4. A[fUf] means fshould be true until f is true in all paths from the current state.



5. EGf means f should be true globally in one of the paths from the current state.

6. EXfmeans f should be true at one of the next states of the current state.

7. EFfmeans fshould be true finally in one of the paths from the current state.

8. E[fU f ] means fshould be true until f is true in one of the paths from the current

state.

Here, the true and false value of a formula f, both atomic and non-atomic, describes
some state of system executions. For example, a formula AG (composed-> AF encrypted
N EF sent) states that whenever an email gets composed, it should always be finally

encrypted for data protection and there exists a path in the system to send the email out.

Figure 5 outlines how a CTL model checker works. It first calls a function, denoted
here as TMC(FSM, f ), to label the FSM with each sub-formula f* of the property f. This
process actually calls another function, denoted as TMC_help(s, f), to label each state s
at which f is a true with (f , true). These pairs (f , true) are kept in a state label set and all
missing sub-formulas of f are then false at s. A CTL model checker processes the
sub-formulas from smallest to largest based on the semantics of the logical and temporal
operators, so that all pieces of a sub-formula are labeled before the states are labeled with
the sub-formula. Eventually CTL model checker can determine whether f is true at this
FSM by checking if fis labeled at the initial state. Note that a formula holds on the FSM

if it labels the initial state.



Each state is
marked with a
state variable set

Each state is
marked with a
state variable set&
a state label set

Figure 5: How does CTL model checker work?

The solid line means “there exists such an edge”
while the dashed line means “there may or may not exist such an edge”

1.2.2 Modular verification & assume-guarantee reasoning

Modular verification divides the software systems into small modules, proves
properties of each module then infers properties of the whole system from properties of
the modules. Depending on the interaction between the components, the traditional model
checking algorithm might not support modular verification. First, one module may not
contain sufficient information to reach an authoritative conclusion. For example, suppose
we want to verify a property "Whenever f; is true, f> is always true finally" (or AG (f; ->

AF f>) in CTL) on a module labeled with f; but not f>, we can’t conclude this property is
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true until we find "f, is always true finally" (or AF f; in CTL) is satisfied in the other
modules. Second, even if one individual module can satisfy the properties, the whole
system after composition may still have the chance to violate them because modules may
share variables. A straightforward example is "f should always be globally true" (or AG f)
on a module where f is globally true and this module is composed with another module
where f is globally false. Hence, verifying individual modules against properties is
inconclusive. We therefore need to develop methodologies for verifying properties on
modules that are open (contain only partial information) and reaching a system-wide

conclusion without costly composition.

Since the modules are open due to the lack of complete information to verify the
properties, instead of solidly returning true or false, it’s natural to partially analyze the
properties on them and push all remaining inconclusive tasks to other modules. In other
words, we want to annotate modules with constraints or assumptions that can guarantee
the property holds on one module, and then push those constraints to other modules for
further checking. If these constraints or assumptions can be satisfied by some other

modules thatll be composed with the current one, the property holds on this module.

Here s a standard formula expression of such assume-guarantee reasoning:

Env =/ Sys,fI=f
Sys [[Env[=/
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The notation Env |=f (read "Env satisfies f ") means that the property f is true of the
environment Env (such as determined by the model checker). Any property on the left
side of |= (as in Sys, f |=f) is taken as an assumption during the verification. The symbol
I means parallel composition. Briefly, this formula says if the environment can satisfy a
formula f', and the system can satisfy f under the assumption of f’, then the parallel
composition of the system and its environment can satisfy f. Put in the feature-oriented
context, the system would refer to the single feature under analysis, the environment is
made up of all other features in a product and the formula is the property to be verified.

Unfortunately, this formula doesn t quite work for features because they are composed

sequentially.

The soundness of this formula has been proven [14] under parallel composition and
the key issue is how fto find a proper f . The problem of determining an f also exits in a
feature-based context. The majority of the current methods [5] [6] [7] expect the users to
supply an f and only a few [3][4] derive the assumptions automatically. The drawback of
relying on users for assumptions is fairly obvious: it s hard for users to find such an f by

manual analysis and users are error-prone.

My thesis starts from investigating the current advances in modular verification
methods that generate assumptions automatically. Among the various methods available,
we are particularly interested in the constraint-based open system verification method

developed by Blundell, etc. [3] and the assumption generation method for software

12



component verification by Giannakopoulou, etc. [4] because they are the main two that
derive the assumptions automatically. The former is targeted at verifying sequentially
composed features, while the latter aims at verifying components that are composed in
parallel. Blundell’s method is based on model checking algorithm on state-based
automata, while Giannakopoulou’s method adopts the composition of Labeled Transition
Systems (LTS) automata, an action-based model. Both approaches have automated
process to derive assumptions on components/features for assume-guarantee reasoning. I
will also investigate these two methods for their suitability for verifying realistic

feature-oriented systems.

After that, I will analyze the pros and cons of both methods and develop a method
that handles a richer set of feature-oriented designs than current approaches, while
drawing on the strengths of each of these techniques. Besides, I will outline the proof of

the soundness of my method.

Therefore, this thesis is organized as follows: Chapter 2 presents my comparison and
analysis of the two methods; Chapter 3 presents my own methods with examples; Chapter
4 presents the soundness proof of my method; Chapter 5 summarizes my thesis results

and points out the future work.
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Chapter 2

Comparison and analysis of two existing
methods

In this chapter, I will run case studies to compare Blundell s and Giannakopoulou s
methods for generating assumptions on components that preserve specific properties and
the two methods work on totally different domains with Blundell s method for sequential
compositions and Giannakopoulou s for concurrent world. The comparison is meaningful

because "sequential" can be viewed as a special case of "concurrent".

execution execution execution execution
. W ...... #
execution execution execution execution

startF1| |startF2  startF2 J'startFB

Figure 6: Sequential composition VS. concurrent composition
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Let s consider the special case shown in Figure 6. Suppose we have a bunch of
components C; C;. They run in the following ways: C; runs first and after termination,
it releases a signal to trigger C, for execution. After that, C; just waits for other
components to trigger it. So does C, C; ;. In this example, the sequentially composed

components run in a way that has the basic characteristic of concurrency.

Since "sequential” is a special case for "concurrent", I am interested in whether
Giannakopoulou’s method gives us more functionalities than Blundell’s and whether I can
uncover some new issues for verifying sequential systems from trying to reuse algorithms
from verifying parallel systems. Finding answers to them and proposing new ideas to
improve techniques for sequential cases motivate the case studies and analysis in this

chapter.

2.1 Constraint-Based Open System Verification for Product Line

Blundell s method is designed specifically for feature-oriented software architectures.
His work in particular addresses the problem of reasoning about features when some of
the propositions needed for reasoning are defined in other features (this is the open

system issue referred to earlier).

15



. base F1 F2

An example system in Blundell's method
property : AG & = AG (composed->AF encrypted)

Figure 7:

The simple system in Figure 7 is such an example: after the email system starts up at
the base, an email gets composed in the second state of F1, then encrypted in the second
state of F2 and finally mailed out in the base and the system then halts. Obviously, F1 is
open in terms of the property (denoted as pty in later discussion), because encrypted is

unknown to it.

Blundell s method also defines the feature connections. The difference between his
definition and my definition 3 is that his doesn t allow cyclic feature connections but
mine does. His method also defines another term data environment that indicates the
up-to-date values of data propositions that occur inside a feature. A data environment is

constructed for each terminal state of a feature.

Blundell s method aims at analyzing individual features and then composing all
partial information to get results on the product. The first phase of his method analyzes
individual features to build up data environments and generates sufficient constraints for
property preservation based on such data environments. These constraints, including both

propositions for the preceding features and temporal formula for the following features,
16



are parameterized over the information, i.e., those unknown propositions, that make
features open.

The data environment for the terminal state, denoted as st, of F1 in the Figure 7 is
{composed, true} and the constraints for the F1 again pty is (pty_st * (encrypted v
(lencrypted ™ (AF encrypted)_st))). The first part of the constraints comes from the
requirement that pry is expected to hold system-wide. The second part includes two
pieces: 1) encrypted and 2) lencrypted ™ AF encrypted. This comes from the fact that
encrypted is unknown to F1, so all of its possible valuations, together with corresponding
temporal formulas, are listed in the constraints. Here, the value of encrypted is the
propositional constraint for the preceding features and AF encrypted, when encrypted is
false, is the temporal constraint for the following features. The data environment for the
terminal state, denoted as st , of F2 is {encrypted, true} and the constraint is (pty_st ),

because (AF encrypted) is true at st regardless the value of composed.

The second phase of Blundell s method discharges the constraints upon composition
of features into a product to establish system-wide properties. At this phase, the set of
features and the order in which they are composed have been fixed. Then the values of
both kinds of constraints can be decided in this phase.

In order to discharge the propositional constraints, Blundell s method first propagates
the data environments, in which a data environment of a feature will be integrated with

those data environments from the preceding features. If the current feature is not the first

17



one in the composition, it will take over the data environment from the feature(s) right
before it; otherwise, it will inherit a data environment with all data propositions set to be
false as initial values. This is because data propositions are used to describe attributes of
objects, their default values should be false. For example, the proposition encrypted

should be false by default unless the email gets explicitly encrypted.

The propagation of data environment could be very complicated when there are
multiple paths. Figure 8 lists five possible cases for composing data environment under

multiple paths. For simplicity, the examples in this figure only have two paths.

.\.
D O

IR TN
o T @Y T @

Figure 8: data environment under multiple paths

Let s denote the state where multiple paths converge as s. In case (1), since s assigns
false to ¢, then ¢ should be false at s because it s the up-to-date value; in case (2),
both paths pass the same value true of ¢ to s, hence no matter which path gets executed,
¢ is always true at s; in case (3), the two paths pass different values of ¢ to s, so the

value of ¢ ats depends on which path will be executed and I use a special symbol - to

18



mean this value could be either true or false; in case (4) and (5), there exists a path in

which ¢ is not assigned any value. Hence, ¢ isregarded as false in that path.

Remember that although Figure 8 only talks about propagating propositions across

states, the same rules also work for propagation of data environment among features.

Assume we set F1 to be the first feature and F2 the second and the last in the
composition. Following these rules, the updated data environment for F1 is {(composed,
true), (encrypted, false)} and that for F2 is {(composed, true), (encrypted, true)}. At the
base, both composed and encrypted are also known to be true. As a result of propagating
data environments, all of the propositions that were unknown when the individual
features were analyzed now have known values. Thus the only remaining unknown ones
are temporal. The constraint for sz in F1 becomes (pty_st » (AF encrypted)_st) and the

constraint for st in F2 remains unchanged.

Note that in Chapter 1, the definition of the base requires that its states where there
are edges coming from the features cannot transit to the initial state of the base. If this is
violated, then the data propositions that describe the attributes of the current object would
be propagated to the next run of the system to describe another object. That s how data
leakage across multiple system runs happens. For example, if this problem happens and
the proposition encrypted is propagated to the initial state of the base, then when the

email system starts up again, an email would become encrypted before it actually gets

19



encrypted, which is obviously a mistake.

For the temporal constraints, since all information about the product is available,
Blundell s method is able to completely discharge these constraints to reach a
system-wide conclusion. The constraint (pty_st ) for F2 becomes true since F2 is the last
feature in composition and it preserves the property. As a result, the constraint (pty_st "
(AF encrypted)_st) for F1 will be discharged by the values of pty_st and (AF

encrypted)_st from the initial state of F2.

A major shortcoming of this method is that it cant handle circular feature
compositions. For example, in Figure 9, pty is a property in the form of AGf that expects f
to hold globally on all paths from the initial state of F1. Obviously, the value of pty can t
be decided by F1 individually and F1 expects to get the value of pty from F2, the
remaining feature of the product. But in order to decide the value of ptry, F2 must also
look at F1. As a result, neither F1 nor F2 are able to get the desired value of pty to make

conclusion. That s why Blundell s method avoids this situation by not allowing cycles.

CSy{AFencrypted * pty} and CS{pty}

pty

F1 pty F2

Figure 9: Blundell’'s method can’t handle circular feature composition
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2.2 Assumption Generation for Software Component

Verification

Giannakopoulou’s work is targeted at analyzing the behavioral properties of complex
systems at the architectural level. In this context, the software architecture of a system is
described by a set of components, the structure that interconnects these components and
the connectors that describe how components interact [4]. At the architectural level, the
components interact with one another via message communications and service
invocations. These messages and invocations are modeled as actions or events, and
component behavior, as well as the properties, is modeled in terms of these actions and

events.

Giannakopoulou s method chooses Labeled Transition Systems (LTS) [4] to be the
description language for interactive components and the desired properties in a
concurrent system. The differences between LTS automata and Finite State Machines

come from the special characteristics of the former. In LTS automata:

1. Transitions occur on events (actions) and not on every step
2. Machines synchronize on common events

3. Each state in it is accepting

The actions in Giannakopoulou s world are divided into external actions and internal

actions. External actions are those expected to drive the component from outside, such as

21



user inputs and the signals/messages from other components; internal actions are actions
that the component itself takes and they may or may not be observable by other
components. Giannakopoulou s method allows users to specify external actions and

internal actions by a special hiding operator \ .

Basically, Giannakopoulou s method first builds an automaton in LTS semantics for
the property and traps all missing transitions into an error state, which means any
unspecified event trace violates this property. Then she synchronizes the behaviors of the
component automaton and the property automaton according to the pre-defined
transitions based on the automata alphabet. She then eliminates the internal actions and
minimizes the resulting automaton to generate an assumption automaton, if there s any,
which describes exactly those environments in which the component satisfies its required
property. The final assumption automaton is also a property with both desired and

undesired traces defined for the environment to follow.

Figures 10-12 are an example to show how this method works. Basically, in this
email system (figure 10), users can start composing an email, input the address where the
email will be sent and then set the subject of the email. Composel, inputAddr and
setSubject are actions to denote these three steps. (Note that Composel is used to avoid

conflict with Compose, a reserved keyword in LTSA.)

22



4 | TSA - SElts . - 101 x|

File Edit Check Build Window Help Options

B [=|Q &%= @]~ =] & i comwose =l et 6| e 44
Eait | Output [ Draw |
SYSTEM e composel inprt £ ddr
FROPERTY | €2
ICOMPOSED

> SYSTEM

~

'

v

A

setSubiject

Figure 10: a system in Giannakopoulou’s method where compose and setSubject are

internal and inputAddr external.
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Figure 11: a property in Giannakopoulou’s method where setSubject is internal and

inputAddr and mail external.

23



This property automaton in Figure 11 requires the composed email system to follow
the action trace inputAddr -> setSubject -> mail. According to that, the environment
finishes the inputAddr action, then the system asks users for an email subject to
accomplish the setSubject action, and finally the environment mails out the email. Any

trace other than this one will be regards as violation of the desired property.

Figure 12 shows the final assumption automata generated for this example.

inputAddr

Figure 12: the generated assumption automata for Giannakopoulou's method

*All external actions will be preserved in the composed automaton
«all internal actions are finally eliminated

In Figure 12, all internal actions are already eliminated and there are only external
actions left in the generated assumption automata, because Giannakopoulou’s method
only generates assumptions for the external environment. As Figure 12 shows, this
method eventually defines the cycle inputAddr->mail-> inputAddr as the legal traces for

the environment to follow, which means the environment has to produce the two actions
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with inputAddr before mail infinitely often to make the property hold on the composed
system. It s worthwhile pointing out that this method, due to the use of automaton
determinization algorithm [2] in generating final assumption automata, has the potential
bottleneck of exponentially increasing complexity. Hence, this method may suffer from

the notorious state explosion problem.

2.3 Analysis of the fundamental elements of the two methods

Software verification is simply applying verification methods to check systems
against properties. There are three elements involved: systems, properties to be verified
and the methodologies adopted. We analyze and compare Blundells and
Giannakopoulou’s methods from these three aspects to build up the foundation for

comparison.

2.3.1 System models
Giannakopoulou’s system models are concurrent event-based automata (called

Labeled Transition Systems) while Blundell’s are sequentially composed FSM.

2.3.1.1 Different definition of open systems
Giannakopoulou’s definition is based on the alphabet of external and internal actions

from the system and the property. Users can specify a series of internal actions that will
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be hidden and eliminated finally and every action that s not specified is an external one.
Specifically, the external action set includes:

1) Each action in the system that doesn t get hidden.

2) Each action in the property that the system doesn t know about (it s assumed that
all internal actions in the property should occur in the system).

The standard of deciding the openness of a system is if the external action set is not
empty. For a system with an empty set of external actions, the system is closed and her
method produces nothing for the environment.

As a comparison, Blundell s definition is based on those propositions in the property
that are unknown to the system and the existence of future features. His method will take
the system as an open one as long as at least one of the following holds:

1) There exists some proposition in the property that doesn t show up in the current

feature.

2) The verification on the composed system is not finished and there are more
features to be checked after the current one. (Blundell s method assumes the
system is composed of a series of features sequentially).

In Blundell s method, users can specify whether the current feature is the last one in

the composed system. If it s not, then it assumes there are other features to be composed
and hence Blundell s method still takes the system as open , a different view with

Giannakopoulou s.
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2.3.1.2 State variables: support for persistence

In state-based automata like Blundell s, each state is labeled with a set of variables or
propositions. Given an arbitrary proposition, Blundell s method allows users to specify
whether it s a control proposition or a data proposition. The values of data propositions
persist until they get assigned new values again but the values of control propositions do
not persist (they are true only in states that explicitly designate them as true). Blundell s
method maintains an external control list for each feature and sets every element in the
list false because of the sequential composition: since at any time instance, only one
feature can be in its execution phase and as a result, all controls for other features must be
false.

In contrast, Giannakopoulous method uses actions/events to characterize
information about system transitions and whenever an action is set true, all other actions

become false automatically. So, no action is persistent in her method.

2.3.1.3 Drawbacks of the two models

I have stated some structural requirement of features and the base in their definitions
in Chapter 1. In addition, Blundell’s method also restricts the connections between
features to form a directed acyclic graph (DAG) of features (i.e. no cycles), but such a

restriction is outside the scope of Giannakopoulou s model.

There s also a drawback in Giannakopoulou s system model. Her method assumes
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that an action can be released by either the system internally or the environment
externally but not both. Those actions that get specified as internal will be eventually
eliminated and those external actions will be left in the final assumption automaton, if
there s any. However, this assumption is not practical and causes two problems.

First, in real software systems, both the system and its environment can release
actions based on their need for executions and they may be free to perform the same
actions. For example, if we want to verify the property (G (F mail)) on a system with two
branches, one of which has mail action in it, but the other not. In this case, we have to
specify mail action as internal and it won t show up in the assumption automaton or we
may even get FALSE from Giannakopoulou s tool. This is not correct. If the environment
after that branch without mail performs this action, the property still holds on the
composed system, but this cannot be captured by her method.

Second, since both the system and the environment can release actions based on their
executions, there may be conflicts arising: in the composed system, which action, from
the component or the environment, should the system accept and transit? Here s an

example:
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Figure 13: A system to show the action priority problem. The actions here are both internal.

The email system in Figure 13 only performs two simple tasks, represented by two

actions composel and send as the transition guards, that allow the users to compose an

email first and then send it out.

The property automaton in Figure 14 requires that the two actions send and mail

must be performed as an infinite sequence send->mail->send
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Figure 14: property automaton to show the action priority problem. Here, send is internal

and mail external.

Figure 15: composed automaton to show the action priority problem.
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