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Abstract. Triggered Message Sequence Charts (TMSCs) are a scenario-based
visual formalism for early stage requirements specifications of distributed sys-
tems. In this paper, we present a formal operational semantics for TMSCs that
allow the simulation of TMSC system descriptions, so that errors and inconsisten-
cies in specification may be detected early on. The semantics is defined in terms
of Structured Operational Semantics (SOS) rules that guide the step-wise execu-
tion of TMSC specifications. We also consider the equivalence of this semantics
and the TMSC denotational semantics that has been presented in previous work.

1 Introduction

Triggered Message Sequence Charts (TMSCs) have been proposed in [13] as an ex-
tension of the well-known visual formalism of Message Sequence Charts (MSCs) [1,
11]. Like MSCs, TMSCs describe system scenarios in terms of exchange of messages
and execution of local-actions that a set of processes (or instances) may engage in as
they execute. Unlike MSCs, however, TMSCs can specify conditional scenarios, which
represent requirements that constrain system behavior only when certain “triggering
behaviors”, are observed; and partial scenarios, which permit users to leave aspects of
system behavior unspecified. The theory is also equipped with a refinement ordering
(based on the must preorder of [8]) that determines when one specification is a “correct
elaboration of” another, by correctly adhering to prescriptive and conditional-scenario
constraints and properly “filling in”” unspecified behavior in partial scenarios [12].
TMSCs are thus well-suited for early-stage behavioral descriptions, which may be
subject to refinement and elaboration as design proceeds. Accordingly, practitioners
will find it useful to be able to simulate the behavior of TMSC-based system descrip-
tions. This will allow early detection of inconsistencies and aberrant scenarios, which
may otherwise be very expensive to fix once the system has been constructed. How-
ever, as evident in the technical development of [13], the formal semantics of TMSCs,
which translates TMSC specifications to acceptance trees [8], is declarative in nature:
it provides a precise definition of what the acceptance tree should be for a given TMSC



specification, without describing Zow it may be constructed step-by-step. Thus this se-
mantics does not allow ready simulation of TMSC specifications.

The goal of this paper is to present an alternative (but equivalent) semantics of
TMSCs, which is operational in nature. This semantics can serve as the basis for tool-
support, and help build executable models of TMSC specifications for early simulation.
The rest of the paper is organized as follows: in the next section, we introduce TMSCs
and the main ideas behind the acceptance tree semantic model. In Section 3, we explain
the operational behavior of single instances in a TMSC; this is then extended to enable
simulation of complete, single TMSCs. Section 4 outlines how the ideas may be ex-
tended to define the executable behavior of structured TMSC specifications. In Section
5, we discuss the equivalence of the declarative and operational semantics of TMSCs.
Section 6 considers tool support. Section 7 presents related work, while Section 8 con-
tains conclusions and directions for future research.

2 Background

Fig. 1. An Example TMSC

Triggered Message Sequence Charts: Graphically, we represent TMSCs as in Fig. 1.
There are two new features in the visual syntax of TMSCs when compared to traditional
MSCs. The first is the dashed horizontal line running through the instances, which par-
titions the sequence of events on an instance’s axis into two subsequences: the first,
located above the line, constitutes the instance’s trigger, and the second, below the line,
constitutes its action. This partition, in effect, forms the basis of a conditional scenario:
for each instance, the execution of the action is conditional on the occurrence of the
trigger. In other words, the behavior of the instance is constrained to its action only
when it has executed its trigger; otherwise, there are no restrictions. The second new
feature in a TMSC is the presence/absence of a small bar at the foot of each instance.
The presence of such a bar (as in instance /; in Fig 1) indicates that the instance cannot
proceed beyond this point in the TMSC, while the absence (as in instance /2) means
that the behavior of this instance beyond the TMSC is left unspecified i.e. there are
no constraints on its subsequent behavior. Such a scenario is thus partial, and may be
extended in future.
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ig. 2. The must preorder: L1 T L2

The TMSC in Fig.1 may be read as follows: “If I; sends a to I, then it should
receive b from Is and terminate; if I> receives a from I; and ¢ from I3, then it should
send b to I and d to I3, and its subsequent behavior is left unspecified; if I3 sends c to
I and receives d from I, then it should perform the local-action [a and terminate”.

Acceptance Trees: Acceptance trees and the must preorder arise in the theory of testing
of concurrent processes given in [8]. In this theory, tests, which may also be thought
of as processes that are capable of reporting “success”, interact with a process under
test. When processes and tests are nondeterministic, a process may be capable both of
passing and failing a test, depending on how nondeterministic choices are resolved. A
process must pass a test if, regardless of how such choices are made, the process passes
the test. One process refines another with respect to the must preorder if it must pass
every test that the less refined process must. We use an alternative characterization of
the must preorder that is given in terms of the processes themselves, rather than tests.
Specifically, the must pre-order may be characterized in terms of acceptance sets (that
are a measure of the non-determinism of a process) when the processes are given as
Labeled Transitions Systems (LTSs).

Definition 1. Let P = (P, E,—, p;) be a Labeled Transition System (LTS),where P
is a set of states, I a set of events, — C P X E X P the transition relation, and p; € P
the start state. Then, for p € P and w € E*. the following may be defined.

L(P) ={w € E* | Ip' € Pp; — p'} (Language)
Sp(p) = {a| I’ € Pp - p'} (Successors)
Acc(P,w) ={Sp(p') | p1 = p'} (Acceptance set)

We now define a saturation operator, sat, on acceptance sets. Let A C 2F: then
sat(.A) is the least set satisfying:

1. AC sat(A).
2. If Ay, As € sat(A) then Ay U A € sat(A).
3. If Ay, As € sat(A) and A C A C Ay, then A € sat(A).

The alternative characterization of C,,s; can now be given as follows [8].

Theorem 1. Let Py = (P, By, —1,p1,) and Py = (Ps, Eo, —9, p1,) be two LTSs,
and let E = Ey U Es. Then Py Ty Po iff for all w € E*, sat(Acc(Py,w)) 2
sat(Acc(Pa,w)).



Intuitively, Ps refines Py if it has “less nondeterminism.” This alternative characteri-
zation forms the basis for representing processes as acceptance trees [8], which map
sequences of events to acceptance sets.

Definition 2. Let & be a finite set of events. Then an acceptance tree 1" is a function in
& L
E* — 22 satisfying:

1. Foranyw € &%, sat(T'(w)) = T (w).
2. Foranyw,w € E*, if T'(w) = 0 then T'(w - w') = (.
3. Foranyw € E*, e € &, T(w - e) # 0 iff there exists A € T'(w) such that e € A.

We say that Ty O Ts if for all w € £*, T1(w) D To(w).

For any LTS P there is an immediate way to construct an acceptance tree T'[P]: T[P](w)
sat(Acc(P,w)). It immediately follows that Py Ty P2 if and only if T[P4] D T'[Ps].
For example, in Fig. 2, L1 Cug Lo because T[L1] D T[Lo].

3 Executing Single TMSCs

Having introduced TMSCs, let us now consider how they may be executed. The op-
erational behavior of single TMSCs will be described by Plotkin-style [7] Structured
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Operational Semantics (SOS) rules. A SOS rule of the form R. ———— denotes

a
p—p
a rule R which describes the operational behavior of a process p that can perform an
event a to evolve to p’ provided each predicate in the list [ is true. Since a TMSC con-
sists of a set of instances executing asynchronously, we begin by defining SOS rules to

model the operational behavior of individual instances in a TMSC.

Notational Convention We fix finite sets I, Ml and A as the set of all instances, message
types and local action names, respectively. We write R = {in(I, J,m) | I,J € I,m €
M} for the set of all receive events, and similarly define S = {out(l,J,m) | I,J €
I,m € M} as the set of all send events; in each case, I denotes the sender and .J the
receiver of message m. We use L. = {loc(1,¢) | I € I,¢{ € A} as the set of all local
actions. Our semantics also uses events of form end(I), where I € I, which instances
emit when they terminate, and “potential events” of form wait(r), where » € R, to
denote that an instance is capable of performing r once the corresponding send event
occurs. T and W denote the set of all end events and wait events respectively.

An instance in a TMSC M is initially specified by the term Ins(I, S, t, p, q), where
I is the name of the instance, S is the set of all events it may possibly perform, ¢
indicates if the instance terminates on performing its action or not (with t = “yes” if the
instance terminates, “no” otherwise), and p and ¢ are sequences of events that constitute
respectively, the trigger and action of I in M. In addition to the Ins form, I may also be
specified by three other instance terms in course of its execution:(i) it may assume the
form Nondet_ins(I, S), when its behavior is completely non-deterministic (e.g. when
the trigger has been violated, or I has performed the trigger, followed by the action, and
I is not required to terminate subsequently), (ii) it may be of the form T'erm_ins(I),
after it has terminated, or (iii) it may move to the form Restr_ins({e}, I;), (where only



event e is enabled, and I; is an instance term) from the Ins and Nondet_ins forms,
once it has non-deterministically chosen to perform event e, from the set of possible
events. As we will see, these instance forms are necessary to capture the evolution of
an instance in a conditional/partial scenario.

Table 1. Operational semantics for Instances

p # nil, e € possible_ev(S, me)
me : Ins(I,S,t,p,q) — Restr_ins({e}, Ins(I,S,t,p,q))

e = wait(r),r € me,p=r-p’

12.
me : Restr_ins({e}, Ins(I,S,t,p,q)) — Ins(I,S,t,p’,q)

I3 e =wait(r),r € me,p=1r"-p',r' £r

' me : Restr_ans({e}, Ins(I,S,t,p,q)) — Nondet_ins(I, S)
14 e = wait(r),r & me

. me : Restr_ins({e}, Ins(I,S,t,p,q)) — Restr_ins({e}, Ins(I,S,t,p,q))
15 ecRUSUL,p=c¢-p

' me : Restr_ans({e}, Ins(I,S,t,p,q)) — Ins(I,S,t,p',q)
16 ecRUSUL,p=¢ -p,e#¢

. me : Restr_ins({e}, Ins(I,S,t,p,q)) — Nondet_ins(I, S)
17 ecT

. me : Restr_ins({e}, Ins(I, S,t,p,q)) — Term_ins(I)
I8 e € possible_ev(S, me)

me : Nondet_ins(I,S) — Restr_ins({e}, Nondet_ins(I, S))

3.1 Operational Semantics for an Instance

We will now present SOS rules that govern the operational behavior of an instance in a
TMSC. These rules, defined in Tables 1 and 2, assume the existence of a message en-
vironment me which represents the set of enabled in events; an instance J may perform
an event in(I, J,m), only if in(I, J,m) € me. Thus me corresponds to messages that
have been sent but not yet received.

In I1 (Table 1), instance I begins in its initial state Ins(I, S, t,p, q), and as long as
its trigger has not been completely satisfied (i.e. p # nil), I may non-deterministically






7).
Istances.



|2}
<



two operators.












