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Abstract

Live Sequence Charts (LSCs) is a scenario-based language
for modeling object-based reactive systems with liveness
properties. A tool called the Play-Engine allows users to
create LSC requirements using a point-and-click interface
and generate executable traces using features called play-
out and smart play-out. Finite executable trace fragments
called super-steps are generated by smart play-out in re-
sponse to user inputs. Each super-step is guaranteed not to
violate the LSC requirements, provided one exists. How-
ever, non-violation is not guaranteed beyond each individual
super-step. In this work, we demonstrate a powerful exten-
sion to smart play-out which produces only traces that are
guaranteed not to violate the LSC requirements, provided
the requirements are realizable. Using this method, we may
synthesize correct executable programs directly from LSC
requirements.

Categories and Subject Descriptors D.2.1 [Sofiware En-
gineering|: Requirements/specifications—languages, tools;
D.2.2 [Software Engineering]: Design tools and techniques—
object-oriented design methods; D.2.4 [Software Engineer-
ing]: Software/program verification—formal methods.

General Terms Design, languages, verification.

1. Introduction

Live Sequence Charts (LSCs) [2] is a formal requirements
language that is well-suited to the design of liveness-enriched
reactive systems. LSCs provides a visual method for rep-
resenting reactive behavior, which can enhance both read-
ability and human understanding. A tool called the Play-
Engine [5] provides the ability to create and execute LSC
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requirements in software. A method called the play-in/play-
out approach was also described in [5]. Play-in provides an
intuitive method to capture requirements using a graphical
representation of the system, while play-out executes the
scenarios in a way that gives a feeling of running an imple-
mentation of the system.

A Play-Engine feature called smart play-out is introduced
in [4]. The user plays the role of the environment by injecting
an input event and then smart play-out discovers a non-
violating super-step (i.e., series of output events), provided
one exists. Smart play-out is naive in choosing among a set
of correct super-step candidates, and furthermore does not
analyze beyond one super-step. A poor super-step choice can
lead to a state from which no further super-step exists—a
violation of the LSC requirements.

We have created an algorithm for deciding the realizabil-
ity of LSC requirements (i.e., deciding the existence of a sys-
tem which can guarantee non-violation.) If answered in the
affirmative, we can construct a strategy for achieving only
non-violating behaviors. These results may be used to syn-
thesize non-violating executable systems directly from LSC
requirements. We have implemented these results as an ex-
tension to the Play-Engine using a rich subset of the LSC
language already supported by smart play-out [4].

2. Main Results

Our extension to smart play-out works in the following way.
The user first creates LSC requirements using play-in. The
requirements are then transformed automatically into a fi-
nite discrete transition system called a game structure [6, 3].
A realizability decision procedure determines if the system
can satisfy the LSC requirements regardless of environment
inputs. If the requirements are realizable, a controller is ex-
tracted [6, 1]. From this point, the user interacts with the
Play-Engine in the same way as smart play-out—by inject-
ing input events and observing the generated responses. In-
stead of choosing a response for a given input arbitrarily
among the correct super-steps like smart play-out, we uti-
lize the synthesized controller to identify responses which
are guaranteed not to result in future violations.



Realizability checking and controller extraction follow a
game-theoretic approach in which two players, an environ-
ment and a system, compete to satisfy opposite goals. The
system attempts to satisfy a winning condition (given as a
temporal logic formula), which characterizes the LSC live-
ness properties—namely, that the main chart of every univer-
sal LSC in the requirements is inactive (or, closed) infinitely
often. The environment’s goal is to steer the game away from
the winning condition, which amounts finding paths through
which any main chart remains open forever. The system wins
the game if it can satisfy the winning condition regardless of
the environment’s actions.

3. Example
User LSC1
% Tree Noise
< . Wake\ >

s

N s

make

User LSC2
% Tree Noise
/2 e E -~ _\
/
/ , mak\e
\
/’ SYNC ‘\
/ :l \
\ !
‘\ fall !
1
‘\ SYNC /
!
\ /
\\ sleep !
FALSE
[ [ [

Figure 1. LSC Requirements

The LSC requirements of Fig. 1 consists of two universal
LSCs in which an environment (i.e., User) interacts with
a system (i.e., instances Tree, Noise). LSCI1 states that
whenever the user wakes, a tree must fall and a noise must
be made, in any order. LSC2 is an anti-scenario which speci-
fies that the noise followed by the tree falling followed by the
User sleeping, is not an allowable behavior. While not par-
ticularly interesting by themselves, these LSCs when inter-
acting together produce somewhat more interesting behav-
ior.
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We wish to determine if these requirements are realizable.
Consider the executable trace prefix, wake, fall, make.
The prechart of LSC1 is satisfied when wake occurs and
the occurrence of fall and make satisfy the main chart,
causing it to close. The same sequence never satisfies the
prechart LSC2. Subsequently, the main chart of LSC2 re-
mains closed throughout the execution of the trace prefix.
After this sequence, the super-step is complete. If the envi-
ronment were to execute either wake or sleep as the next
input, no violation would occur.

Now consider the trace prefix wake, make, fall. As
can be seen, this trace once again satisfies LSC1. The same
prefix will cause the prechart of LSC2 to progress midway
and await the environment message sleep. After this se-
quence, the super-step is complete and the system is ready to
accept new inputs. However, if the environment now chooses
to execute sleep, the LSC requirements are violated since
the execution will remain forever in the false condition of
LSC2.

We observe that the above specification is realizable: the
system can avoid violation by always choosing the super-
step £all, make in response to the environment input
wake. Our smart play-out extension affirmatively decides
the realizability and constructs a controller which disallows
the super-step sequence make, fall from occurring in re-
sponse to wake by eliminating game structure transitions.
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