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Abstract

UML sequence diagrams is a specification language that has proved it-
self to be of great value in system development. When put to applications
such as simulation, testing and other kinds of automated analysis there
is a need for formal semantics. Such methods of analysis are by nature
operational, and this motivates formalizing an operational semantics. We
present an operational semantics for UML sequence diagrams, which we
believe gives a solid starting point for developing methods for automated
analysis. The operational semantics can be proved to be sound and com-
plete with resect to to a denotational semantics for the same language. It
handles negative behavior as well as potential and mandatory choice. We
are not aware of any other operational semantics of this strength.

UML sequence diagrams [5] and their predecessor Message Sequence Charts
(MSC) [4] are specification languages that have proved themselves to be of great
practical value in system development. When sequence diagrams are used to
get a better understanding of the system through modeling, as system docu-
mentation or as a means of communication between stakeholders of the system,
it is important that the precise meaning of the diagrams are understood; in
other words, there is need for a well-defined semantics. Sequence diagrams may
also be put to further applications, such as simulation, testing and other kinds
of automated analysis. This further increase the need for a formalized seman-
tics; not only must the people that make and read diagrams have a common
understanding of their meaning, but also the makers of methods and tools for
analyzing the diagrams must share this understanding.

Methods of analysis like simulation and testing are in their nature opera-
tional; they are used for investigating what will happen when the system is
executing. When developing techniques for such analysis, we not only need
to understand the precise meaning of a specification, we also need to under-
stand precisely the executions that are specified. This motivates formalizing
an operational semantics. We present an operational semantics for UML se-
quence diagrams, which we believe gives a solid starting point for developing
such methods for analysis.

Sequence diagrams is a graphical specification language defined in the UML
2.0 standard [5]! for specifying interaction between communicating objects rep-
resented by lifelines. The standard defines the graphical notation, but also an

1In the UML standard, Interaction is used as the common name for diagrams specifying



abstract syntax for the diagrams. Hence the language has a well-defined syn-
tax. The semantics of sequence diagrams provided by the standard, however, is
informal and defined by the means of natural language. Most notably, this is a
trace based semantics: The semantics of a diagram is defined as a pair (p,n) of
sets of valid and invalid traces characterized by the diagram. p and n does not
need to by disjoint and the union of p and n need not exhaust the universe of
traces.

In [2,3] a denotational semantics for sequence diagrams is formalized, called
the STAIRS semantics. The STAIRS semantics is trace based and uses an
extended version of the basic semantic model from the UML standard. Instead
of a single pair (p,n) of valid and invalid traces, the semantic model of STAIRS
is a set of pairs {(p1,n1), (p2,12), -, (Pm,"m)}. A pair (p;,n;) is referred to
as interaction obligation. The word obligation is used in order to emphasize
that an implementation of a specification is required to fulfill every interaction
obligation of the specification. Our operational semantics can be proved to be
sound and complete with resect to this denotational semantics.

The operational semantics is defined by the means of a combination of two
transition systems, which we refer to as an execution system and a projection
system. The execution system is a transition system

[-,-]eBxD (1)

where B represents the set of all states of the communication medium and D the
set of all syntactically correct sequence diagrams. The execution system handles
the syntactical representation of the sequence diagram and the communication
medium, and is defined so that it allows for variations in the latter.

The projection system is a transition system

T(_,_,_) € P(L) x Bx D 2)

where P(L£) is the powerset of the set of all lifelines. The projection system is
used for finding enabled events at each stage of the execution and is defined
recursively in a way allowing fairness between the lifelines in the sequence dia-
gram. This system makes sure the partial order of events characterized by the
diagram is preserved and handles global choices, i.e., choices involving several
lifelines.

These two systems work together in such a way that for each step in the
execution, the execution system updates the projection system by passing on
the current state of the communication medium, and the projection system
updates the execution system by returning the state of the diagram after the
execution of the event.

We also formalize a meta level that encloses the execution system. This meta
level is necessary for distinguishing valid from invalid traces, and for distinguish-
ing between traces of different interaction obligations. Further it may be used
for defining different meta strategies that guide the execution. Examples of this
may be generating all traces or a specific number of random traces, generating
traces for a white box view or for a black box view. We have also, with the use
of a suitable meta-level, implemented the the test generation algorithm of [6]
on top of the operational semantics for the fragment of valid behavior.

interaction by sending and receiving of messages. Sequence diagrams are then one kind of
Interaction



We are not aware of any other operational semantics for sequence diagrams
as defined in UML 2.0. Several approaches approaches of defining semantics for
MSCs have been made, but with certain shortcomings. What these approaches
have in common is a lack of modifiability and extensibility, e.g., with respect
to the communication model, and a lack of possibility and freedom in defining
and formalizing the meta level. A further characteristic of these approaches is
that they all require a transformation from the textual syntax of MSC into the
formalism applied in the approach.

Our operational semantics for UML 2.0 sequence diagrams is simple and is
defined with extensibility and variation in mind. It does not involve any trans-
lation or transformation of the diagrams into other formalisms, which makes it
easy to use and understand. It is sound and complete with respect to a rea-
sonable denotational formalization of the UML standard, and have a formalized
meta level for defining execution strategies.

The operational semantics has been implemented with use of the rewrite lan-
guage Maude [1]. This implementation forms the basis of analysis tool currently
under development.
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