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Abstract

UML state machines provide an operational view of the
behavior of software systems. However, properties of the ex-
ecution history of state machines cannot be expressed mod-
ularly. This often leads to model elements addressing the
same concern scattered all over the machine. We present an
initial approach to aspect-oriented state machines, which
show considerably better modularity in designs of history
dependent behavior than normal UML state machines.

1 Introduction

Aspect-oriented Software Development (AOSD [7])
aims at achieving a clear separation of concerns in the entire
process of software development. In particular, in the de-
sign phase, aspect-oriented modeling could help to increase
the modularity of software models and thus make them less
error-prone and better maintainable (see e.g. [5, 19]). Sepa-
rating concerns of GUI and business logic, content and ac-
cess control etc. in software design would be no less advan-
tageous than in program code. However, aspects are not yet
sufficiently supported in models. There still does not exist
a general purpose aspect-oriented modeling language. This
makes it difficult, if not impossible, for software designers
to understand, specify, document their systems and commu-
nicate in aspects.

The Unified Modeling Language (UML) is the lingua
franca in object-oriented software analysis and design. It
provides, among others, state machines as an operational
view of the behavior of software systems. However, state
machines are not aspect-oriented. Their execution seman-
tics as described in the UML specification [15] considers
state machines as memoryless automata: state transitions
fired by an event are determined only by the state of the sys-
tem at the time point the event is dispatched. Properties of
the execution history thus cannot be expressed modularly.
Instead, the modeler has to keep track of the execution by
programming with additional variables. The resulting “pro-
gram”, even though addressing one concern, is often scat-

tered all over the state machine.
We propose an initial approach to aspect-oriented state

machines. We extend the execution semantics of UML state
machines to make these history-aware. Aspect-oriented
state machines thus allow the modeler to specify alternative
behavior in dependence of the execution history modularly.

The rest of this paper is organized as follows: We give
a brief overview of UML state machines in Sect. 2 and
show their deficiency in the support of modeling history-
dependent behavior in Sect. 3. An initial definition of
history-based aspect-oriented state machines is given in
Sect. 4. Related work is discussed in Sect. 5. Finally, we
conclude by outlining some future work.

2 UML State Machines

The following overview of UML state machines and the
automated teller machine (ATM) example used are both
adapted from [3].

Figure 1 shows the state machine of an ATM. It verifies a
bank card and the PIN. Money is dispensed if both of them
are valid, otherwise, our ATM simply gets idle again.
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Figure 1. State machine for an ATM

A state machine consists of a finite set of states and a
finite set of transitions between states. States may be sim-
ple (such as Idle and DispenseMoney) or composite (such
as Verifying); a concurrent composite state contains sev-
eral other composite states, called orthogonal regions of the



1 executeStateMachine(SM ) ≡
2 activeStates ← initActiveStates(SM )
3 while SM .Evt 6= φ do
4 e← dequeue(SM .Evt)
5 ET ← {t ∈ SM .T | enabled(t)}
6 foreach t ∈ ET do
7 activeStates ← activeStates \ {t .src}
8 runAction(t .action)
9 activeStates ← activeStates ∪ {t .target}

10 od
11 od

Figure 2. Simplified execution schema of UML
state machines

concurrent state and separated by dashed lines. Moreover,
fork and join (pseudo-)states, shown as bars, synchronize
several transitions to and from orthogonal regions; junction
(pseudo-)states, represented as filled circles, chain together
multiple transitions. States and pseudostates are also called
statevertexes. When a statevertex is contained in a compos-
ite state, we say it is a subvertex of its container. The re-
lationship subvertex-container is a 1:n-association, thus the
statevertex hierarchy of a state machine forms a tree struc-
ture, with a composite state top as root, representing the
entire machine. Transitions between states are triggered by
events. Transitions may also be guarded by conditions and
specify actions to be executed or events to be emitted when
the transition is fired. For example, the transition from the
state Idle to the fork pseudostate requires signal verifyPIN
to be present; the transition branch from VerifyingCard to
CardValid requires the guard cardValid to be true.

The actual state of a state machine is given by its ac-
tive state configuration and its event queue. The active state
configuration of a state machine is the set of currently ac-
tive states. In particular, when a (simple or composite) state
is active, so is its container, too. An active state configura-
tion thus is also a tree. When a concurrent composite state
is active, so is also each of its regions. If a non-concurrent
composite state is active, then exactly one of its substates is
also active.

The execution of a state machine consists in changing its
active state configuration in dependence of the active state
configuration and the first element in the event queue. We
call the change from one active state configuration to an-
other an execution step. Given a state machine SM , let
SM.S be its set of states, SM .T the set of its transitions,
and SM .Evt its event queue. For each t ∈ SM .T we write
t.src ∈ SM .S and t.target ∈ SM .S for the source and tar-
get state of t, resp. Let Act be some set of actions of the sys-
tem, t may be associated with some t.action ∈ Act , which
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Figure 3. Limiting authentication failures in
UML state machines: scattered design

is executed when t takes place. Besides, if t is guarded by
any condition we denote it as t.guard . The execution of SM
as specified in the UML specification is sketched in Fig. 2
(This is a very abstract view, for a detailed formal semantics
see [11]). The function initActiveState calculates the first
active state configuration; dequeue returns the first element
of a queue and removes it; runAction executes an action.
The value of enabled(t) is true iff t.src ∈ activeStates
and t.guard , if any, is satisfied. Note that this algorithm
only keeps track of the current one active state configura-
tion. The execution history is simply forgotten.

3 Insufficient Modularity of UML State Ma-
chines

Due to their historylessness UML state machines are of-
ten insufficiently modular. In particular, the necessity of
keeping track of the execution history by means of addi-
tional variables may lead to model elements addressing the
same concern scattered all over the state machine.

A useful feature of an ATM may be limiting how many
times in a row an invalid PIN may be inputed. When the
upper limit maxTries is reached, the ATM should make the
card invalid. Once the valid PIN is inputed, the previous
failed tries are forgotten.

Figure 3 extends the UML state machine shown in Fig. 1
to model this feature: besides an additional variable tries,
which is needed as a counter and has to be initialized with
0 when the card is created, two actions must be introduced,
one for incrementing tries when the input is wrong, the other
for resetting tries when the input is right. Moreover, the
transition from the join point after CardValid must be split
into two for the cases of whether the limit is reached or
not. It is obviously unsatisfactory that adding such a simple
feature to the original state machine causes modifications
almost everywhere in it.



4 Aspect-Oriented State Machines

We introduce aspect-orientation to state machines to
solve such problems. An aspect has an advice and a point-
cut: The advice specifies an alternative behavior for the
state machine; the pointcut defines when to run the advice.

The pointcut contains a pattern consisting of states from
the base state machine and (normal or double) arrows or-
dering the states linearly. The execution history matches
the pattern if the depicted states were active in the execu-
tion history in the same order. Direct precedence is de-
picted by normal arrows →, indirect precedence by aster-
isked arrows ∗−→. Multiple appearances may be abbreviated
by multiplication operators (*). Boolean operators ∧ and ∨
are used for conjunctions and disjunctions, resp. A point-
cut must have a type of before or after. An “after” pointcut
is said to be satisfied if the execution history matches the
pattern after an execution step while it did not before this
execution step. A “before” pointcut is satisfied if the cur-
rent execution history does not match the pattern but would
match it after the next execution step (of the base state ma-
chine, ignoring the aspect).

The advice has the form of a state machine. During exe-
cution, an aspect-oriented state machine checks before and
after each execution step if its before and after pointcut is
satisfied, respectively, and executes the advice accordingly.
The next execution step is not made until the execution of
the advice is finished i.e. a final pseudostate is reached. We
require that in the advice there be at least one final pseu-
dostate and at least one transition leaving each statevertex
except the finals.

The execution schema of a state machine SM and
an aspect Asp with pointcut Asp.pointcut and advice
Asp.advice is sketched in Fig. 4, which is a simple ex-
tension of the execution schema given in Fig. 2. We write
Asp.pointcut .type for the type of the pointcut. In this ex-
ecution schema, we use an additional variable history to
store the active state configurations and update it after each
execution step in line 16. The value of history is used in
beforeSatisfied (line 8) and afterSatisfied (line 18) to check
if the value of the before and after pointcut is satisfied, re-
spectively, and if the advice should be run.

Figure 5 shows an aspect for solving the problem de-
scribed in Sect. 3. The after pointcut is satisfied when the
state PINIncorrect ( PINInCorrect ) has already been active maxTries
times (maxTries *) and (∧) it never happened (0 *) in the ex-
ecution history that before PINIncorrect gets active again the
state PINCorrect is active ( PINIncorrect PINCorrect PINIncorrect* * ). The
advice sets, when executed, cardValid to be false, before the
execution of the base state machine is resumed. This way,
we model the feature of limiting failed verifications modu-
larly at a dedicated place.

Although helpful in modularizing the design of history

1 executeAOStateMachine(SM , Asp) ≡
2 history ← 〈〉
3 activeStates ← initActiveStates(SM )
4 while SM .Evt 6= φ do
5 e← dequeue(SM .Evt)
6 ET ← {t ∈ T | enabled(t)}
7 if Asp.pointcut .type = before
8 ∧ beforeSatisfied(Asp.pointcut , history)
9 then executeStateMachine(Asp.Advice)

10 fi
11 foreach t ∈ ET do
12 activeStates ← activeStates \ {t .src}
13 runAction(tr .action)
14 activeStates ← activeStates ∪ {t .target}
15 od
16 history ← append(history , activeStates)
17 if Asp.pointcut .type = after
18 ∧ afterSatisfied(Asp.pointcut , history)
19 then executeStateMachine(Asp.Advice)
20 fi
21 od

Figure 4. Simplified execution schema of
aspect-oriented state machines
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Figure 5. Limiting authentication failures in
an aspect
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dependent behavior, aspects do not have to be dynamic. In
fact, static, history independent aspects are simply special
cases of dynamic, history-based aspects, where the pointcut
is not dependent of the entire execution history, but only the
last state of it.

Figure 6 gives an example. This aspect extends the ATM
with the feature of waiting for the user to input the de-
sired amount of money after successful verification, check-
ing if the account is covered and, if not, stopping dispens-
ing money. The before pointcut is satisfied when the state
DispenseMoney is about to become active and it will then be
the last state in the execution history (visualized by the cir-
cle ◦ in the state). Note that when a final pseudostate named
n is reached, the execution of the advice is terminated, and
the state with the name n in the base model gets active. The
transition of the else branch thus makes our ATM idle again
and prevents DispenseMoney from getting active. Static as-
pects like this may be used to specify model transformations
in the context of Model Driven Architecture (MDA).

5 Related Work

Dynamic aspect-oriented programming is an active re-
search field. Advantages of JAsCo [18], Object Teams [9]
etc. over languages with no or only limited support for dy-
namic aspects like AspectJ [10] are getting visible (cf. [8]).
Our history-based aspects are reminiscent of the trace-based
aspects in Arachne [6].

On the level of software design, however, aspect-
oriented modeling is still in its infancy. Most existing work
(see e.g. [4, 1, 16]) focuses rather on representing aspect-
oriented programs in models than making modeling lan-
guages aspect-oriented. Altisen et. al [2] both model reac-
tive programs and define aspects with Mealy automata. Due
to the acceptance of the UML as well as the more “user-
friendly” pointcut syntax our approach seems to be better
applicable as a modeling language. Aspect-Oriented State-
chart Framework (AOSF [13]) weaves several independent
state machines into one concurrent composite state. In com-
parison to our approach, AOSF supports only static aspects.
Besides, our advice in the form of a state machine is also
more powerful.

Existing join point selection approaches such as [17]
may be used in our approach, if extended by quantification
over execution history of state machines.

6 Conclusions and Future Work

We have given an initial design of aspect-oriented state
machines, which help to design history dependent behavior
modularly.

Currently, our aspect-oriented state machines consider
only the changes of the active state configuration. An ex-

tension to including also variables is straight-forward and
expected to be useful. Moreover, it may be also interesting
to include quantification over previous transitions. We in-
tend to investigate the usefulness of such extensions in case
studies.

The advice can be made more powerful too. In particu-
lar, it would be desirable to refer to previous active states.
This would e.g. facilitate to model modularly roll backs in
transactional applications.

An important issue of future work is model verification.
We plan to extend the UML state machine model checker
Hugo/RT1 [12] to check aspect-oriented state machines.
However, model checking requires a formal semantics. We
are now working on an operational semantics of our aspect-
oriented state machines.

Finally, code generation in an aspect-oriented program-
ming language and introducing aspect-orientation into other
UML diagrams are also planed.
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