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Abstract Statecharts is a well-known specification language for modeling system 
behavior. Its intuitive graphical appeal for specifying hierarchical, con
current state machines conceals the difficulties in formalizing its seman
tics. The causes are in Statecharts' two-level semantics when demanding 
compositionality, as is necessary in order to obtain easy comprehensi
bility and modularity of system specifications. This paper suggests a 
compositional approach for formalizing the Statecharts semantics di
rectly on sequences of micro steps using labeled transition systems as 
semantical domain. Though we consider causality, global consistency, 
as well as the synchrony hypothesis, our approach results in a very short 
and concise semantics definition of Statecharts. 

Keywords: Statecharts, operational semantics, compositionality 

1. INTRODUCTION 
Statecharts is a visual language widely accepted for specifying the 

behavior of reactive and embedded systems [4). It constitutes an es
sential part of many well-known object-oriented specification notations 
like UML [2) and ROOM [19). The Statecharts language extends tradi
tional finite-state machines by concepts of hierarchy and concurrency. 
Hierarchy is achieved by embedding one Statechart in a state of an
other Statechart - resulting in an Or-state. Concurrency is supported 
by a complex Statechart (an And-state) composed of several simultane
ously active sub-Statecharts communicating with each other via a sort of 
broadcasting mechanism. Furthermore, in addition to traditional finite
state machines the Statecharts language allows transitions labeled by 
pairs of events, where the first component is referred to as trigger and 
may include negated events, and the second component is referred to as 
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action. Intuitively, if the environment offers the positive events in the 
trigger, but not the negated ones, then the transition is triggered and 
can be executed, thereby performing a so-called micro step and gener
ating the events contained in the action which in turn can trigger new 
transitions while disabling others. When this chain reaction comes to a 
halt, one execution step - also referred to as a macro step - is complete. 

On the one hand the Statecharts language has been proven very suc
cessful for specification purposes due to its intuitive syntax and seman
tics, on the other hand precisely defining its semantics has been a long
term challenge. Many proposals for defining the Statecharts semantics 
[3,5,6,9,10,11,12,14,17,18,20,21] have emerged [22, 7]. Semantical 
intricacies arise if the following wishful properties - Statecharts specific 
as well as quite general semantic ones - shall be simultaneously achieved 
by the Statecharts semantics to be defined: 

• synchrony hypothesis 
This hypothesis [1] requires that the reaction time of a system is 
short in comparison with the environment, i.e. the system reacts 
to an input, before the environment sends the next input. 

• causality principle 
Causality holds ifthere exists a (causal) ordering among the tran
sitions of a macro step such that each transition t of the macro 
step is triggered by the events which are offered by the environ
ment or which are generated by transitions occuring before t in 
that ordering. 

• global consistency 
Global consistency requires that every transition of a macro step 
should not only be enabled by the events generated in previous 
micro steps of this macro step, but by the events generated in all 
micro steps of this macro step. 

• compositionality 
Compositionality ensures that the semantics of a Statechart is only 
defined in terms of the semantics of its components. This general 
semantic property provides essential means supporting develop
ment and verification in a structural way. 

Several Statecharts semantics definitions circumvent difficulties by ig
noring some of these properties or by only having defined the semantics 
in an informal way. Other approaches combine these properties, but 
at the expense of resulting in quite a lengthy and complex Statecharts 
semantics definition. 
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Therefore it is the aim of this paper to define a Statecharts semantics 
which offers all of the aforementioned features, but which nevertheless 
is as concise and easily comprehensible as possible. 

We present an operational Statecharts semantics of minimal length 
directly defined on sequences of micro steps. We use labelled transition 
systems as the semantic domain and SOS rules (Structured Operational 
Semantics [16]) in order to achieve a compositional semantics. 

The remainder of this paper is organized as follows. The next section 
offers a brief introduction to Statecharts and the way their semantics 
are traditionally defined. In Section 3 we present our definition of State
charts semantics. Related work is considered in Section 4, while Section 5 
provides our conclusions. 

2. TRADITIONAL STATECHARTS 
In this section we present the syntax and traditional semantics of 

Statecharts. As the starting point for our new semantics definition we 
define Statecharts terms, which constitute a textual notation providing 
the abstract syntax of (visual) Statecharts. Then we briefly describe our 
reference semantics. The presentation of syntax and semantics is sup
ported by an example, which we will later consider again for illustrating 
our new semantics definition. 

2.1. SYNTAX 

Example. Consider the Statechart in Fig. 1. It consists of an 
And-state, labeled by nl, which denotes the parallel composition of the 
two Statecharts labeled by n2 and n3, both of which are Or-states, i.e. 
both describe a sequential state machine. Or-state n2 is further refined 
by Or-state n4 and basic state n5 which are connected via transitions 
tl and t2. Label c of tl specifies that tl is triggered by c, i.e., by the 
occurence of event c. Or-state n4 is further refined by basic states ns 
and ng, connected by transition t4 with label a A -,c specifying that t4 is 
triggered if event a occurs, but not event c. Or-state n3 consists of two 
basic states n6 and n7 connected via transition t3 with label alc, so that 
upon occurence of event a transition t3 can execute thereby generating 
event c. 

Statecharts Terms. Statecharts is a visual language. However, for 
our purposes it is convenient to represent Statecharts not visually but 
by terms. This is also done in related work [9, 12, 20], and our approach 
closely follows the one described by Maggiolo-Schettini et al. [12]. For-
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Figure 1 Statechart Example 

mally, let N be a countable set of names for Statecharts states, T be a 
countable set of names for Statecharts transitions, and II be a countable 
set of Statecharts events. Moreover, we associate with every event e E II 
its negated counterpart ,e. We also lift negation to negated events by 
defining "e =df e. Furthermore, we write ,I for {,e leE I}. Then, 
the set SC of Statecharts terms is defined to be the least set satisfying 
the following rules. 

1 Basic state: If n EN, then 8 = [n] is a Statecharts term. 

2 Or-state: If n E N, 81, ... ,8k are Statecharts terms for k > 0, 
p = {I,. .. ,k}, I E p, and T TR =df T x p x x 2n x p, then 
8 = [n : (81, ... ,8k)j lj T] is a Statecharts term. Here, 81, ... ,8k 

are the sub-states of 8, T is the set of transitions between these 
states, 81 is the default state of 8, and 81 is the currently active 
sub-state of 8. 

3 And-state: If n E Nand 81, ... ,8k are Statecharts terms for 
k > 0, then s = [n: (81, ... ,Sk)] is a Statecharts term. Here, 
S1, .•• ,Sk are the (parallel) sub-states of 8. 

Wedefineroot(s) =dfn. Ifi = (t,i,I,O,j) E TisatransitionofOr-state 
[n: (SI, ••• ,sk)jljT], then we define name(i) =df t, source(i) =df 8i, 

trg(i) =df I, act(i) =df 0, and target(i) =df 8j. trg(i) is called the 
trigger part and act( i) is called the action part of i. Furthermore, we 
define trg+ (i) =df trg( i) n II and trg- (i) =df trg( i) n ,II. 

We assume the following for SC: (i) all state names and transition 
names are mutually disjoint, (ii) no transition t produces an event that 
contradicts its trigger, i.e., trg(t) n -,act(t) = 0, and (iii) no transition 
t produces an event that is included in its trigger, i.e., trg(t) n act(t) = 
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0. As a consequence of (i), states and transitions in Statecharts terms 
are uniquely referred to by their name. For convenience, we sometimes 
identify a Statecharts state s and a transition t with its name root(s) and 
name(t), respectively. Furthermore, let trans(s) be the set of transitions 
within a Statecharts term s. 

The Statecharts term corresponding to the Statechart example pre
sented in Fig. 1 is term S1, which is defined as follows. 

S1 = [n1 : (S2, S3)] 
S3 = [n3 : ([n6], [n7])j Ij {i3}] 
i1 = (t1,5,{c},0,4) 

= (t3,6,{a},{c},7) 

S2 = [n2 : (S4, [n5])j Ij {it, i2}] 
84 = [n4 : ([ns], [n9])j Ij {id] 
i2 = (t2,4,{a,...,b},0,5) 
i4 = (t4,8,{a,...,c},0,9) 

The Statecharts variant considered here does not include all "features" 
present in some other variants. In particular, we prohibit interlevel 
transitions and - only for space limitations - do not treat the history 
mechanism. 

2.2. TRADITIONAL SEMANTICS 
In this section, we sketch the semantics of Statecharts terms adopted 

from Maggiolo-Schettini, Peron, and Tini [12] which will serve for us as 
a reference semantics and which is a slight variant of the "traditional" 
Statecharts semantics, as proposed by Pnueli and Shalev [17].1 

As mentioned before, a Statechart s reacts to the arrival of some 
external events by triggering enabled micro steps, possibly in a chain
reaction-like manner, thereby performing a macro step. More precisely, 
a macro step comprises a maximal set of micro steps, or transitions, that 

• are triggered by events which are either offered by the environment 
or generated by other micro steps of the same macro step, 

• are mutually consistent, 

• are mutually compatible, 

• are relevant, and 

• obey the principle of causality. 

The Statecharts principle of global consistency, which prohibits an 
event to be present and absent in the same macro step, is subsumed by 
the notions of triggered and compatible. 

IThe variation was motivated by the fact that Pnueli and Shalev's step-construction proce
dure - which will be presented in the following - can fail. 
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Figure 2 Step-construction algorithm 

procedure step-construction(s, E); 
var T:= 0; 
while T C enabled(s, E, T) do 

choose t E enabled(s,E,T) \ T; 
T:=TU{t} 

od; 
return T 

Now, we briefly introduce these notions. Let sESe, t E trans(s), T 
trans(s), and E II. 

Transition t is consistent with all transitions in T, denoted by t E 
consistent(s, T), if t is not in the same parallel component as any transi
tion in T. Transition t is compatible to all transitions in T, denoted by 
t E compatible(s, T), if no event produced by t appears negated in the 
trigger of a transition in T. Transition t is relevant for Statechart term 
s, denoted by t E relevant(s), if the source state of t is currently active. 
Transition t is triggered by event set E, denoted by t E triggered(s, E), if 
the positive, but not the negative trigger events of t are in E. Finally, we 
say that transition t is enabled in s with respect to event set E and transi
tion set T, ift E enabled(s, E, T), where enabled(s, E, T) =df relevant(s)n 
consistent(s, T) n triggered(s, E U UtETact(t)) n compatible(s, T). 

Observe that the maximality of each macro step implements the syn
chrony hypothesis of Statecharts. 

Macro Step. Function enabled constitutes the essential means to 
define a macro step. Unfortunately, for given Statechart s and event set 
E a solution T* of equation T = enabled(s, E, T) need not constitute 
a macro step, since causality is neglected here. However, Maggiolo
Schettini et al. [12] provide an operational approach for causally justi
fying the triggering of each transition of a macro step using the nonde
terministic step-construction algorithm presented in Fig. 2. 

Given Statecharts term s and set E of events, step-construction(s, E) 
nondeterministically computes one macro step, i.e. a set of transitions, 
out of the set of all possible macros steps. For event set I offered by the 
environment and set T of transitions computed by step-construction(s, I), 

1 
the Statecharts term s may evolve in a single macro step s s' to 
Statecharts term s', thereby executing the transitions in T and producing 
the events 0 =df UtET act(t). 

In the following we consider some macro steps of our Statechart exam
ple from Fig. 1. For convenience, we abbreviate a Statechart term by its 
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active basic states - e.g. writing (ns, n6) for term Sl defined before. Let 
II = {a, b, c} and assume that the environment only offers event a. Then 

{a} 

transition t4 can execute resulting in macro step (ns, n6) (ng, n6). 
Note that though transition t3 is also triggered, it can not be executed 
together with t4 in the same macro step, because this would violate 
global consistency, since t3 would generate event c whose negative con
terpart -,c is contained in the trigger of t4' But t2 and t3 can execute 
in the same macro step, since both are triggered by event a and since 

{a} 

global consistency is fulfilled resulting in macro step (ns, n6) {ct (n5, n7)' 
Note, that the execution of t3 alone does not constitute a valid macro 
step in the considered situation, because a macro step has to be maxi
mal. However, if the environment offers the event set {a, b} or {a, b, c}, 
then t3 constitutes a complete macro step. 

3. NEW SEMANTICS DEFINITION 
3.1. AIM 

We aim at the development of the definition of a Statecharts semantics 
which satisfies the following properties: 

• general properties (i.e. not specific for the Statecharts language): 
The semantics shall be formal, as concise as possible, comprehen
sible, modular, and easily modifiable. These properties suggest to 
define a compositional semantics. 

• Statecharts specific properties: The semantics shall fulfill causal
ity, the synchrony hypothesis, and global consistency, as already 
provided by our (non-compositional) reference semantics. 

3.2. APPROACH 
We directly define the semantics on sequences of micro steps. This 

is in contrast to our other approaches [10, 11 J, where we defined a fine
grained semantics on single micro steps. Due to the direct approach a 
very concise Statecharts semantics results. We use labelled transition 
systems (LTS) as the semantic domain, where LTS-states model Stat
echart terms and LTS-transitions model sequences of Statechart micro 
steps. Considering micro step sequences - which may not be of maxi
mal length - instead of macro steps is a prerequisite to achieve a com
positional semantics, because a non-maximal micro step sequence of a 
Statecharts term s constitutes a potential macro step (or parts thereof) 
of an And-state with sub-state s. 



342 M. von der Beeck 

Our semantics combines causality and synchrony on the macro step 
level, and meets compositionality on the level of micro step sequences. 
In contrast to the work of Maggiolo-Schettini et al. [12] and Uselton and 
Smolka [20] our semantics gets along with quite simple labels. 

Note that due to a result of Huizing and Gerth [7] it is impossible to 
define a single-level LTS semantics that combines causality, synchrony, 
and compositionality on the level of macro steps if the labels are simply 
pairs of event sets in the style "trigger/action". 

3.3. FORMAL SEMANTICS DEFINITION 
Let L TS be the set of labeled transition systems. Then the semantics 

[s] of a Statecharts term S E SC is given by the labeled transition system 
(SC,2Il x TIl X 2Il x 27 ,--+,s) E LTS, where 

• SC is the set of states, 

• 2Il x 2--.Il X 2Il x 27 the set of labels, 

• SC X (2Il X TIl X 2Il x 27) x SC the transition relation, and 

• S the start state. 

For the sake of simplicity, we abbreviate (s, ([+, [-,0, L), Sf) E--+ 
(I+ r) 

by s ' ) L Sf. We say that Statechart term s may change with label 
o 

(I+, [-,0) to Statechart term Sf, where sand s' are called the source and 
the target states of this transition, respectively, and [+ and [- are called 
the positive and negative input part of the label, respectively, whereas 
o is called the output part of the label. 2 If we are not interested in the 

(1+ 1-) (I+ r) 
target state, we write s ' ) L instead of 3s'. s ' ) L Sf and say 

o 0 

that Statechart s may engage in a transition labeled with ([+, [-,0). We 
define (S1.oo. ,Sk)[lo-.s'l =df (Sl,oo. ,Sl-l,S',S/+l,oo, ,Sk) for 1 S; 1 S; k 
and Sf ESC, and define S =df (S1. ... , Sk)' We write s - t --+ s' instead 
of (source(t) = s /\ target(t) = Sf) for t E TR and s, Sf E Sc. 

Furthermore, we need function default: SC --+ SC which for a given 
Statecharts term s sets the default state of every Or-state Sf within s to 
the currently active sub-state of s'. 

default([n]) =df [n] 
default([n: (Sl, •.. , Sk); l; T]) =df [n : (default(sl)' S2, •.. , Sk); 1; T] 
default([n: (S1.'" , Sk)]) =df [n : (default(st}, ... , default(sk))] 

2Here we ignore the set L of transition names, because L is not necessary for the semantics 
definition itself. L is only used to compute macro steps out of the semantics. 
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Transition relation is now defined by Table 1 using SOS rules. 
Due to space limitations we use the rule formats 

premise 
conclusion 

premise 
as well as name I' {side condition}. 

conc uszon 
(side condition) 

Table 1 SOS rules 

(tr,+(t).trg (t)) _ 
[n: s;i;T] [n' s 'l'T] act(t) {n.m.(t)} . [, ..... d.f.ult(s, )1' , 

t E T, ) 
8i - t - 81 

( (1+1-)) 
'r:ImEM:sm 1\ ('r:Ii,jEM:(---,InnOj = 0) 

Om 

U (11+(1)\ (1"[./ 0/(j) ). U I;;') 
lEN J=l mEM ['] 

U Lm n: S 
U Om mEM 

[n : S1 
mEM 

( M K = {I, ... ,k}, N = {I, ... ,IMI}, ) 
f : N -+ M bijection, 'r:Ip E K \ M: = 8 p 

Explanation of the SOS rules: 

• OR-l (Statechart transition execution) 
This rule describes the execution of a Statechart transition t E T of 
an Or-state [n: s; i; TJ. It defines that the Or-state with currently 
active sub-state Si may change with label (trg+(t), trg-(t), act(t)) 
to Or-state [n : S[I ..... def.Ult(81)]; I; T] with currently active sub-state Sl, 

if t E T, source(t) = Si, and target(t) = Sl. The definition of 
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the transition label is motivated as follows: In order to execute 
the trigger, all positive events trg+(t) in trg(t) must be offered by 
the environment, and all negative events trg-(t) in trg(t) must be 
absent. Then t can execute by offering the output act(t). 

• OR-2 (Propagation of a change of a sub-state) 
If Statechart term 81 (with l E {I, ... , k}) may change with label 
(/+,1-,0) to Statechart term then Or-state [n: s; l; T] with 
currently active sub-state 81 may change with the same label to 
Or-state [n: -?rIHS:]; l; T] with currently active sub-state 81' 

• AND (Synchronization of parallel states) 
This rule defines a sort of synchronization between (parallel) sub
states of an And-state. More concretely, AND defines for all such 
sub-states 8 m of And-state [n: Sj, which may engage in a tran
sition, the interaction between 8 m and the other sub-states 8j 

of [n : Sj, where 1 j k, j # m. (Remember that S =df 

(81, ... ,8kl.) If M {I, ... ,k}, such that 

1 for all mE M sub-state 8 m may change with label I;;", Om) 
to sub-state and 

2 the global consistency condition 'Vi, j EM: (-.In n OJ = 0 
is fulfilled, 

then And-state [n: Sj may change to And-state [n : Si], where 
'Vp E K \ M: = 8p . 

The label of this state change is justified as follows: 

- To explain the definition of the positive input part, we con
sider every parallel component 81(1) of [n : Sj separately for 
lEN (or equivalently for every f(l) E M).3 11<1) is the 
set of positive events which have to be offered by the envi
ronment as a precondition for the state change from 81(/) to 
8f(/) if no events have been generated within the correspond
ing sequence of micro steps. But since we can assume that 
the state change from 81(1) to 8f(l) is the l-th state change, 
i.e. the l-th micro step, within the micro step sequence from 
[n : Sj to [n : Sil, we can further assume that exactly all the 
state changes from 81(;) to 8f(j) for j E {I, ... ,l - I} have 

3Note, that we use the bijection 1 : {I, ... ,1M!} -t M in order to express an ordering of 
micro step executions within a sequence of micro steps which is independent of the order of 
substates 8 m in [n: SJ for (1 S m S k). 
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already taken place in this micro step sequence. Due to these 
state changes the set 0l(j) of events has been generated, 
before a possible state change from s 1(1) to sl(l) occurs. Tak
ing these generated events into account, the set of positive 
events which still have to be provided by the environment, 
so that the state change from s 1(1) to sl(!) can occur, is the 

set 1tcl) \ 0 l(j))· Thus the positive input part for the 
micro step sequence, i.e. for the state change from [n : S1 to 

[n : Si], is given by the set UIEN (1tc!) \ 0 I(i)) ). 

- The negative input part and the output part are simply given 
by the union of all I;;" and Om for m EM, respectively. 

Rule AND reveals that our semantics is defined on the granularity 
of micro step sequences instead of on a single micro step. 

We define a notion of macro step for our semantics as follows: 

1 
Macro Step. Let s, S' ESC, I, 0 II. Then: s =:l S' if and only if 

(31+ II,I- --.II,L T(s (l+,r\L S' 1\1+ 11\ (--.1-) n1 = 0)) 1\ 
o 

(Jjj+, 6 II, j- --.II, L T (s (1+ :1- \ L 1\ j+ 1 1\ (--.j-) n 1 = 0 1\ 
0 

L L)) 
In this case we say that Statechart term s may perform a macro step 

with input I and output 0 to Statechart term S'. 
This macro step definition employs the information about the set L of 

Statechart transitions executed if a (semantical) transition s (I+,r)L s' 
o 

takes place by requiring that L must be maximal. Thus a macro step 
consists of a maximal number of micro steps, whereas the AND-rule of 
our Statecharts semantics allows micro step sequences of non-maximal 
length. Therefore the semantics considers all potential macro steps 
which can arise if the considered Statechart is put in parallel with an
other Statechart context. This approach realizes a compositional State
charts semantics on sequences of micro steps. But note that as soon as 
macro steps are computed, i.e. when maximality of micro step sequences 
is required, compositionality is lost. 

To sum up, our semantics approaches the combination of causality, 
synchrony, and compositionality by satisfying the first two properties on 
the macro step level and by approaching macro step compositionality 
due to the semantics' compositionality on micro step sequences. 



346 M. von der Beeck 

ac 

Figure 3 Semantics for the Statechart Example from Fig. 1 

Figure 4 Macro Steps for the Statechart Example from Fig. 1 

3.4. EXAMPLE 
Consider again our Statecharts example from Fig. 1. Its semantics, i.e. 

a labeled transition system, and the possible macro steps are graphically 
represented as state transition diagrams in Fig. 3 and Fig. 4.4 For 

{a} {a} 

example, the macro steps (ns, n6) (ng, n6) and (ns, n6) {t (n5, n7 ) 
already considered before can be found in Fig. 4, where we represent a 

I 

macro step ... ? . .. by writing I to the left of or above, whereas 0 to 
the right of or below the arrow. Furthermore, we write e.g. ab instead 
of {a, b}. Different possibilities for I at the same arrow are separated by 
",". Therefore, the arrow from (ns, n6) to (n5, n7) also represents macro 

{ae} 

step (ns, n6) (n5, n7). Note, that we have skipped empty output sets. 
e} 

4 A Statecharts term is again abbreviated by its active basic states. 
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The above-mentioned macro steps from (ns, n6) to (ns, n7) both result 
ti th . al t .. ( ) ({a},{ ( ) h' h b rom e semantIc ransItIon ns, n6 ) ns, n7 , w IC can e 

{c} 

found in Fig. 3. A semantical transition is represented analogously to a 
macro step, but both - positive and negative - input parts occur to the 
left of or above the arrow, where e.g. an input ({a}, {...,b}) is abbrevi
ated by a,...,b and an input ({a}, 0) is abbreviated by a. The semantical 
transition considered before results from one of the following two se-

• ({a},e) ({a},{ 
quences of mIcros steps: (ns,n6) ---? (ns,n7) ) (ns,n7) and 

{c} e 
({a},e) 

(ns,n6) ) (ns,n6) ---? (ns,n7). o {c} 

3.5. EQUIVALENCE OF SEMANTICS 
We can now formalize our intuition of the semantic relation between 

the traditional Statecharts semantics from Section 2.2 and our State
charts semantics from Section 3.3 by relating their corresponding macro 
step notions as follows: 

J J 

Vs,s' ESC, VI, 0 n: 8=;:8' if and only if s'7s'. 

4. RELATED WORK 
We compare work concerning the formal semantics of Statecharts and 

quite similiar languages along the three semantic dimensions of State
charts: causality, synchrony (hypothesis), and compositionality. Huizing 
and Gerth [7] have been the first considering these three properties si
multaneously. 

The starting point is provided by Harel et al. [6] developing a formal 
Statecharts semantics satisfying causality and synchrony, but ignoring 
compositionality. Subsequent work of Pnueli and Shalev [17] follows the 
same approach, but also considers global consistency. 

In order to achieve synchrony and compositionality, some work ne
glects causality. So Scholz [18] uses streams as semantic domain resulting 
in a very concise, but non-causal fixed point semantics. Maraninchi [13] 
presents A7yos, a language with a visual appeal very similar to Stat
echarts and a solid algebraic foundation. However, its compositional 
semantics - defined via SOS-rules as labelled transition systems - signif
icantly differs from classical Statecharts semantics. For example, Argos 
is deterministic, abstracts from "non-causal" specifications, and allows 
a sequential component to fire more than once within a macro step. 
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Combining causality and compositionality, but at the expense of syn
chrony, has been the motivation for Mikk et al. [14J as well as Damm 
et al. [3J. However, in these cases one can not argue that they ignored 
synchrony, because they started from the Statecharts variant used in 
the STATEMATE tool [5J. In this variant an event generated within a 
macro step will not be sensed in the same, but the next macro step. The 
work of Latella et al. [8J as well as Pal tor and Lilius [15J formalizes the 
semantics of UML-Statecharts [2J - the latter ignoring compositionality. 
Also UML-Statecharts do not fulfill the synchrony hypothesis. 

From our point of view, the most interesting work concerns formal
izing Statecharts semantics combining all three dimensions - causality, 
synchrony, and compositionality. Here, two classes can be distinguished: 

The first class is based on a process algebra approach. At first the 
Statecharts language is embedded in a process algebra, for which then 
a structured operational semantics based on labelled transition systems 
is defined. Uselton and Smolka [21J and Levi [9J follow this approach 
by explicitly defining a causality relation on events and event sets, re
spectively. In our earlier work [11 J we also present a process algebra 
approach, but do so without an explicitly defined causal ordering. 

The second class is characterized by a "direct" approach defining 
an operational Statecharts semantics using labelled transition systems. 
Uselton and Smolka [20J again require a causality relation on events, 
whereas Maggiolo-Schettini et al. [12J use labels consisting of four-tuples 
which include complex and intricate information about causal orderings, 
global consistency, and negated events. Our present work also fits into 
this class. But in contrast to the previous work [20J and [12J, our se
mantics does without an explicit causality relation and, moreover, is very 
concise. 

5. CONCL USIONS 
The definition of a formal semantics for the Statecharts language has 

been a long-term challenge. A considerable number of proposals has 
been developed which differ in the Statecharts syntax to be supported 
and the set of semantical properties to be fulfilled. 

We have presented a formal operational Statecharts semantics defi
nition which combines causality and synchrony on the macro step level 
with compositionality on the level of micro step sequences. The essential 
additional property of this semantics definition is provided by its very 
conciseness. 
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