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Abstract

Rather recently object-oriented modeling languages,
tools, and methods attract the interest of embedded (real-
time) system developers. This is especially true if embedded
(real-time) system software has to cooperate with interac-
tive multimedia software, as it is more and more the case in
automotive systems. It is still an open question whether and
how the standard OO modeling language UML and its ac-
companying tools have to be adapted to the regarded appli-
cation domain. To contribute useful input for this discussion
we evaluated two popular CASE-tools, I-Logix Rhapsody®

and Rational Rose/RT®, that implement real-time UML ex-
tensions, by developing rapid prototypes of an air condition
controller.

1. Introduction

Embedded system software plays a role of rapidly in-
creasing importance for the automotive industry. Well-
known safety increasing functions like ABS (Anti-lock
Brake System), ETC (Electronic Track Control) and ESP
(Electronic Stability Program) are implemented in software.
Furthermore, an exploding number of comfort functions
and telematic functions are realized in software. They are
accompanied by more and more sophisticated user inter-
faces, thereby blurring the distinction between traditional
embedded system software with rather specific input and
output devices on the one hand and state-of-the-art PC soft-
ware user interfaces, which rely on keyboard, mouse and
(touch) screen as all-purpose input/output devices on the
other hand.

Therefore, the time is ripe for software engineering tech-
niques and tools, which support the integrated development
of traditional embedded system software and software com-
ponents with complex (multimedia) user interfaces. Such
software engineering techniques and tools should rely on

the object-oriented (OO) software paradigm for the follow-
ing reasons: (1) OO Programming languages are nowadays
more or less exclusively used for the construction of inter-
active user interfaces, (2) many recently developed standard
software analysis and design languages such as the Unified
Modeling Language (UML) [1] or the Specification and De-
scription Language (SDL) [2] and their accompanying tools
rely on the OO paradigm and (3) well-known software engi-
neering principles as information hiding by data abstraction
and reuse of software components by inheritance and gener-
icity are supported.

In the following we concentrate on the usage of UML di-
alects for modeling embedded real-time systems. UML is a
visual modeling language for specifying, visualizing, con-
structing and documenting software systems and business
processes. It was created in 1994 as fusion of the object-
oriented methods Booch [3], OMT [4] and OOSE [5]. The
UML specification defines a formal Object-oriented Anal-
ysis&Design metamodel, which includes diagram types for
static, behavioral, usage, and architectural aspects of soft-
ware systems. Different to its predecessors, the UML spec-
ification only specifies syntax and semantics of its notation,
but does not determine how to apply its elements within a
development process. Therefore, serveral different model-
ing methods ([6],[7], [8], [9]) use the UML notation and
additionally consider domain specific details.

While UML is well-suited for modeling software sys-
tems in general, it lacks support for some aspects important
to embedded real-time systems, e.g. modeling of timing
constraints, signals, and independent components. There-
fore, different proposals to extend the UML for modeling
real-time systems have been made. This is depicted in fig-
ure 1. The Object Management Group (OMG) proposes
to extend the UML by building UML “profiles” [10] that
contain the needed extensions. But this extension mecha-
nism is currently not part of the standard and it is still dis-
cussed how to realize it [11]. In parallel the leading CASE
tool vendors implement proprietary extensions to the UML.
Rational and Telelogic adapt UML for modeling embedded
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Figure 1. UML and dialects

real-time systems by combining it with the modeling lan-
guages from the real-time (ROOM) and telecommunication
domains (SDL), while I-Logix stays with Standard-UML,
but provides a very powerful implementation of statecharts.

This paper reflects our experiences with the OO de-
velopment of embedded (soft) real-time system software
using the two popular UML CASE tools Rhapsody® and
Rose/RT®. We will first introduce our running example in
Section 2, the heating system within an air condition con-
troller for a car. Using this example we will demonstrate
in Section 3 that Realtime UML as supported by the CASE
tool Rhapsody® [8] encourages a modeling style, where it
is difficult to isolate reusable software components both on
the modeling as well as on the implementation level.

Afterwards, we will compare the presented Realtime
UML model with two different UML/Realtime models,
which make use of the component-oriented UML exten-
sions supported by the CASE tool Rose/RT® [9] in Sec-
tion 4. The first presented UML/Realtime model is a naive
translation of the previously developed Rhapsody® model.
Despite of the now enforced component-oriented modeling
style it still fails to isolate different functional aspects of the
air condition controller such as its “normal” behavior and
its “exception handling” behavior from each other. This de-
ficiency is solved by the second model, which combines
UML/Realtime components (capsules) with a pipe/filter-
oriented modeling style.

While modeling the example we concentrated on evalu-
ating the following criteria: ease of use, conformity to the
UML standard [1], supported modeling styles, the ability to
express different types of behaviour, and support for sim-
ulation, definition of test cases and verification. By evalu-
ating the modeling style criterion we mean rating the suit-
ability of the tools to model in an object-oriented and/or
component-oriented style and evaluating the behaviour cri-
terion the level of support for modeling event-driven, time-
driven and data-driven behaviour.

Finally we summarize our experiences, present a short
table showing ratings of the criteria for Rhapsody® and
Rose/RT® and outline the area of our research activites in
the area of modeling embedded real-time systems in Sec-
tion 5.

2 The Running Example: An Air Condition

The controlling unit for an air condition is a sufficiently
complex embedded system for the evaluation of the pros
and cons of different software development methods and
their accompanying CASE tools.

An air condition has to stabilize temperature and humid-
ity within a closed room. Its main components are a cooling
system, a heating system, a humidity regulator and a fan. In
our (simplified) example we assume that our air condition
consists of a thermosthat, a temperature sensor, a heating
system and a cooling system. The heating system consists
of the standard heating system and an additional heating
system that is used to shorten the time needed to increase
the temperature within the car after starting.

Due to space limitations we cannot present the complete
models which realize all functions of the air condition con-
troller here. Therefore, we will focus our interest onto one
specific part of the air condition controller, its heating sys-
tem subcontroller.

Therefore, its requirements specification has about the
following form:

1. The heating system consists of two heating subsystems
and has two heating levels: level1 and level2. In level1
only the standard heating system is active, while in
level2 the additional heating system is active, too.

2. An incoming temp event changes the heating system’s
status from off to level1 and from start to level 2.

3. The heating system automatically changes its status
from level2 to level1 after 10 minutes.

4. The heating system automatically changes its status
from start to off after 10 minutes.

5. A number of exceptions (low/high voltage, ignition
key in status “cold”, ����� ) immediately cause tempo-
rary deactivations of the heating system.

6. As soon as there are no more exceptions, the heating
system continues operating on the selected level.

7. The heating system is switched off if the ignition key
stays in status “cold” for more than 5 min. or if it is
removed.



In the following we will present the three different mod-
els of the heating controller which make use of the different
UML dialects implemented by Rhapsody® and Rose/RT®.
In all cases, we will specify the regular behavior of the heat-
ing system, its treatment of so-called low-level exceptions
(causing temporary deactivations), and its treatment of so-
called high-level exceptions (causing a transition to status
off) as separate exchangeable submodels.

3 The Realtime UML Model of the Heating
System

I-Logix’s CASE-tool Rhapsody® implements an UML
dialect called Realtime UML, which contains Object-Model
diagrams for modeling the static system structure. Fig-
ure 2 depicts a model of the air condition controller. The
composite class AirConditionControl has composi-
tion relationships to the classes TemperatureSensor,
Thermostat, CoolingSystem and HeatingSys-
tem. Different to other class diagrams this is represented
by drawing the compartments within the area of the com-
posite class. Additionally, figure 2 shows that the classes
CoolingSystem and HeatingSystem send messages
to each other, in order to inform about their states (on, off),
because these two should not be active at the same time.

Unfortunately, figure 2 does not provide informations
about the communication between the composite class and
its compartments. As long as the context of the diagram
is missing, it also does not show relationships to the outer
world. Therefore, some important parts of the air condition
control’s functionality are hidden as long as the context is
not depicted in the same diagram, which complicates the
development of independent software components.

The outstanding property of Realtime UML is its rather
powerful variant of Harel’s state charts [8]. In contrast
to many other UML CASE-tools it supports and-states,
which are states with several concurrently executed sub-
charts. Therefore, it is quite tempting to realize the heat-
ing system subcontroller as one object with a complex state
chart. This state chart is depicted in Figure 3. It consists of
one and-state with three parallel subcharts. Thus the system
is in three states at the same time, one per subchart. These
subcharts specify the regular behavior of the controller as
well as its treatment of high- and low-priority exceptions.

The regular behavior subchart consists of four states
start, level1, level2, and off. Initially the system
is in the state start. An incoming temp event causes a
transition to level2 if state start is active and a transi-
tion to state level1 if state off is active. Furthermore,
the subchart contains transitions of the form tm(t). These
transitions fire whenever their source state is the active state
for t milliseconds. They realize the required transitions
from level2 to level1 after 10 min. and from start

AirConditionControl
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CoolingSystem

Dia(PDia pd)
Volt(PVolt pv)
KL(PKL kl)
Door(PDoor pd)

actualTemperature desiredTemperature

getActualTemperature() setDesiredTemperature(Temp t)

Volt(PVolt pv)
KL(PKL kl)
Motor(PBlock pb)
in(PHeatingControl hc)

HeatingSystem

Figure 2. Rhapsody class diagram of air con-
dition control

to off after 10 min. Incoming off events cause transi-
tions to the state off if the system is in state level1 or
level2.

The next subchart for high priority exceptions has three
states: okayHPrio is active if there is no high priority
exception, waitHPrio is active for 5 min. after the recog-
nition of a high priority exception, and offHPrio is ac-
tive whenever the heating system has to be switched off
completely. Currently, an event ignitionKeyCold sig-
nals the beginning of a high priority exception, whereas the
event ignitionKeyRadio signals its end. Furthermore,
the event ignitionKeyOff (raised by the removal of the
car’s ignition key) causes a transition to the state offH-
Prio, the subchart’s initial state.

The last parallel subchart of figure 3 handles all sorts of
low priority exceptions simultaneously. It contains the ini-
tial state okayLPrio, which is active when no exceptions
are signaled; its second state blockedLPrio is active if
at least one exception has been recognized. It uses a lo-
cal attribute (variable) i for keeping track of the number of
currently active exceptions.

The still missing coordination of the three subcharts
is realized as follows as part of the “regular behavior”
subchart: guards of the form [!(IS_IN(offHPrio)]
check whether the heating controller is not in state offH-
Prio. They prohibit transitions from state off to state
level1 or level2 after the heating system has been
switched off by the recognition of a high priority excep-
tion and before its reactivation by the ignition key’s signal
ignitionKeyRadio. Transitions which have the guard
IS_IN(offHPrio) as their label guarantee that the heat-
ing system is indeed switched off if required.
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Figure 3. Statechart for the heating system
controller

Temporary deactivations of the heating system caused
by low priority exceptions have to be handled differently.
They may not fire transitions which leave state level1 or
level2 for the following reason: if we would leave and
later on reenter state level2 then we would terminate and
restart the associated 10 min. timer. Therefore, we have to
realize level2 as complex or-state of the same form (see
figure 4 for the level2 state chart).

Whenever leveli is entered, its substate okay is ac-
tivated if the low priority subchart is in state okayL-
Prio. Otherwise its substate blocked is activated. This
is expressed by using condition connectors together with
the guards [IS_IN(okayLPrio)] and [else]. Addi-
tional transitions guarantee that the or-state’s active substate
changes appropriately, whenever the heating controller ob-
ject enters or leaves its substate okayLPrio1.

The presented Realtime UML model of the heating sys-
tem controller is rather compact and realizes all features re-
quired in Section 2. It even specifies the different functional
aspects of the controller as separate subcharts. Neverthe-
less, the constructed state chart has to be criticized from a
software engineer’s point of view. There are no well-defined
interfaces between the different subcharts of the parallel
and-state. Therefore, it would be unnecessarily difficult to
modify the exception handling behavior of the controller.
Any modification of one of the three subcharts requires a

1The actions which activate and deactivate indeed the heating system
have been omitted. They should be added as entry actions of the states
off, blocked, and okay, respectively
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[else]

C

Figure 4. Level2 state chart of the heating
controller model

careful inspection of all IS_IN predicates of its other sub-
chart.

Thus Rhapsody® ’s main advantage of having a very
powerful statechart implementation can become it’s biggest
disadvantage at the same time, because it encourages a
modeling style that often leads to models with a small num-
ber of objects with complex behaviour. Such objects are
usally not very well suited for building systems which are
easy to understand, change, and maintain. Additionally
Rhapsody® does not support a component-oriented model-
ing style and does not show the communciation with the
system context without having the context in the same di-
agram, because classes usally reference other classes di-
rectly. This again does not facilitate the work of designing
“good” software systems.

4 The UML/Realtime Model of the Heating
System

UMl/Realtime [9], the UML dialect of the CASE tool
Rational Rose/RT®[12], enforces a rather different model-
ing style than Rhapsody for the following two reasons: (1) it
supports a state chart variant without parallel and-states and
without any means to fire transitions whenever a specified
state becomes active or inactive. (2) It offers its users a new
diagram type inherited from the real-time object-oriented
modeling language ROOM [13]. These so-called structure
diagrams, introduced as a special variant of UML’s collab-
oration diagrams, support a component-oriented modeling
style.

Structure diagrams contain a new type of entities, the so-
called capsules. These capsules exchange a well-defined set
of signals via some explicitly depicted connections. Figure
5 shows a simplified structure diagram for our air condi-



tion controller. It shows the decomposition of the air con-
dition control into the five capsules temperatureSen-
sor, thermostat, heatingSystem, coolingSys-
tem and mainController. The capsule tempera-
tureSensor is an instance of class Temperature-
Sensor, which is shown by ”/heatingSystem :
HeatingSystem”. Correspondingly, temperature-
Sensor is an instance of class TemperatureSensor,
thermostat of class Thermostat and so on. We omit-
ted the (hardware) context in order to improve the readabil-
ity of the diagram. In the ”real”model we have additional
wrapper classes for the hardware components that influence
the function of the air condition, e.g. for ignition key and
door.

 / coolingSystem
 : CoolingSystem

 / mainController
 : Controller

 / thermostat
 : Thermostat

 / heatingSystem
 : HeatingSystem

 / temperatureSensor
 : TemperatureSensor
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Figure 5. Structure diagram of the air condi-
tion control

Any capsule has a number of ports, which may be used to
attach a connection to a port of a related capsule. Each port
has an assigned protocol definition. Protocol definitions
enumerate the signals which can be exchanged through
ports and can contain two different kinds of signals, in-
and out-signals. Normal ports—depicted as filled black
squares—receive the in-signals and send the out-signals of
their associated protocol definitions. Conjugated ports—
depicted as filled white squares—receive the out-signals
and send the in-signals of their associated protocol defini-
tions. Connections are possible, if a normal and conjugated
port have the same assigned protocol. An example are the
Block ports of the controller- and low- capsules in
figure 6. The normal Block port of capsule low is able
to send the signals on and off and the conjugated Block
port of capsule controller is able to receive them.

Capsules can have ports that are connected to more than
one port with the same associated protocol at the same time.
This is depicted by several overlapping (black or white)

squares, e.g. the in-port of capsule controller in fig-
ure 6 is connected to the outside of the heating system as
well as to the high capsule.

Kl15off,Kl15cold
KL15radio,KL15on

ok, low, high

 / high
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 / low
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 / controller
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cIgnitionKey
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temp, off
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cIgnitionKey
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Figure 6. Structure diagram for the heating
system control

Because Rose/RT® does not support state charts with
parallel AND-states like Rhapsody, we have to split the
model on the structural level. Thus, we created a structure
diagram with three capsules. One capsule realizes the reg-
ular behaviour of the heating system and the two other the
two levels of exception handling. The resulting model is
depicted in figure 6. It shows very clearly that the heating
system control has to process incoming (exception raising)
signals from the ignition key (port cIgnitionKey) and
the battery (port cVolt). It also receives the temperature
change events temp and off via the port with name in.

Each capsule has a corresponding statechart, which real-
izes its behaviour. The regular behavior statechart (9) con-
sists of four states start, level1, level2, and off.
An incoming temp event causes a transition to level1
if state off or level2 is active and to level2 if state
start is active.

Furthermore, the subchart contains transitions of the
form tm(t), which are depicted by the labels af-
ter10min. These transitions fire whenever their source
state is the active state for t milliseconds. They realize the
required transitions from start to off and from level2
to level1 after 10 min. The subchart’s initial state is
start.

Insofar the statechart is exactly the same as the first
statechart of figure 3. But instead of implicitly gener-
ated IS_IN(offHPrio state events it processes in.Off
events generated by the ExceptionH capsule and instead
of implicitly generated IS_IN(okayLPrio events it pro-
cesses block.on|off events. Finally, the structure dia-
gram shows that the ExtendedHeatingController



capsulet’s out port is used to control the actual heating
heating elements of the air condition.

The state charts of the two exception handling cap-
sules have exactly the same form as in figure 3 with one
one exception: explicit actions are added which send the
needed signals to the ExtendedheatingController
capsule.

Figure 7 shows the class diagram corresponding to the
structure diagram of figure 6. It repeats the fact that
the complex capsule HeatingSystem consists of three
subcapsules. In addition it reveals the fact that the Ex-
tendedHeatingController is a BasicHeating-
Controllerwith one additional port for blocking signals
from capsule ExceptionsH (the already existing port in
of the BasicHeatingController is used to accept
the additional ”switch off”signals from capsule Excep-
tionsL).

ExtendedHeatingController

Block

BasicHeatingController

in
out

ExceptionsH

KL
Block

ExceptionsL

Volt
KL
MotorState
Block

HeatingSystem

KL
Volt
Motor
in

controller

low

high

Figure 7. Class diagram of the heating con-
troller

Using inheritance allows us to define first a capsule with
the state chart shown in figure 8. This state chart realizes
the regular behavior of the heating system without any ex-
tensions for exception handling purposes. In a second step
we add the communication facilities by inheriting this state
chart in the ExtendedHeatingController capsule
and extending it appropriately.

The resulting state chart is depicted in figure 9. It refines
the two inherited states level1 and level2. If the sys-
tem enters state level1, it sends a signal L1 through port
out if and only if counter has the value 0. If the sys-
tem enters state level2, it sends a signal L2 through port
out. Furthermore, it adds two transitions counterPlus
and counterMinus that increment/decrement the newly
introduced counter.

In this way, it is possible to separate the different func-
tional aspects of the heating system controller. Neverthe-
less, we believe that the presented usage of inheritance for
this purpose is a kind of ”trick programming”. Therefore,
we developed another UML/Realtime model, which uses

off

level2 level1
after10min

Initial

off

off offtemp temp

start after10min

Figure 8. Statechart for the basic heating con-
troller

off

level2 level1
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Initial
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H* H*
counterPlus counterMinus

if (counter==0)
  send "level1"
else
  send off

if (counter==0)
  send "level2"
else
  send off

Figure 9. State chart for the extended heating
controller

a slightly different variant of the BasicHeatingCon-
troller, which uses a pattern oriented modeling style.
This resulting model is shown in figure 10.

The central element of the model is the BasicHeat-
ingController capsule. It understands the signals off
and temp at its port in. Figure 8 depicts the associated
statechart.It consists of the four states start, level1,
level2, and off. An incoming off event causes a tran-
sition to off, if the states level1 or level2 are ac-
tive. An incoming temp event causes a transition to state
level1, if state off is active and a transition to level2,
if state start is active. Furthermore, the statechart con-
tains two transitions after10min. They realize the re-
quired transitions from level2 to level1 respectively
from state start to state off after 10 minutes. The initial
state of the statechart is start.

The BasicHeatingController capsule is com-
bined with two additional filter capsules, which are respon-
sible for handling high and low level system exceptions,
as it is depicted in figure 10. The first filter capsule be-
longs to the class SignalFilter. The associated state-
chart is equivalent to the high level exception handling stat-
echart which is presented as second subchart in figure 3.
Within the filter chain, it (1) forwards all incoming signals
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 : DataFilter
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 : SignalFilter

Volt

KL

Motor

in

out

in

out

out

in
Block1

Block2

Block3

out

in

Block1
L1, L2, off

L1, L2, off

L1, L2, off

L1, L2, off

on, off

on, off

on, off

on, off

Figure 10. An UML/Realtime model with
pipe/filter pattern for the heating system

in state okayHPrio and waitHPrio, (2) produces one
additional off signal, whenever it enters state offHPrio,
and (3) consumes all incoming signals until it exits from
state offHPrio.

The statechart of the second filter of class DataFil-
ter, shown in figure 11, is more interesting. It han-
dles one separate boolean flag for each sort of exceptions.
This solution still works properly if the number of received
block � .On and block � .Off signals are not in balance
(which happened quite often, when we tested the first ver-
sions of our air condition controller model). All signals
received at port in are first stored in an internal attribute.
The single state’s entry action is then responsible for (1)
forwarding the received signal to the capsule’s out port if
all boolean flags are false, (2) sending the signal off to the
out port as soon as one of the boolean flags becomes true,
and (3) to resend the most recently received signal if the last
boolean flag changes its value back to false.

This UML/Realtime model with a signal and a data fil-
ter capsule is robust against additional on and off signals
received via its exception forwarding ports. It uses a ”pipe
and filter”software construction style to combine different
(reusable) behavioral aspects of one embedded system con-
troller. Furthermore, all needed software components com-
municate with each other via well-defined interfaces only.
The presented solution has in our opinion only one draw-
back2: the transition and state entry actions of the data filter
capsule are rather complex compared with the simple pur-
pose they have to fulfill.

2Please note that comparisons of different software models in this paper
disregard the size and the efficiency of the generated code.

normal

Initial

setBlock2

dataSignal

setBlock1

if (block1 || block2)
  tmpSignal = off;
else 
  tmpSignal = inSignal;

if (tmpSignal != outSignal) {
  outSignal = tmpSignal;
  send outSignal;  
}

Figure 11. The statechart of DataFilter cap-
sule for low level exceptions

Summarizing, we found the following advantages and
disadvantages of Rational Rose/RT®, while modeling our
example. It nicely supports the modeling of independent
components with clearly defined interfaces and therefore
supports modeling of product-lines or similar products by
first modeling the basic behavior and refining it afterwards.

Unfortunately Rose/RT does not ”really”merge UML
and ROOM elements, but demands a decision between
UML’s classes with synchronous operations and ROOM’s
capsules with asynchronous signals. Modeling of data-
flows, e.g. logical conditions for deactivating functions is
unnecessarily complex and difficult. Therefore, it is rather
complex and time consuming to apply some methodic ways
of modeling, like the ”pipe/filter”-pattern.

5 Summary

Within this paper we described the modeling of an em-
bedded system with soft real-time requirements with the
CASE-tools I-Logix Rhapsody® and Rational Rose/RT®.
Both tools implement parts of the Unified Modeling Lan-
guage [1] and some additional features in order to enhance
their suitability for modeling real-time systems.

While Rhapsody® implements a powerful variant of the
UML statecharts, Rose/RT® merges UML with the concepts
of ROOM [13], which is a method for object-oriented mod-
eling of real-time systems.

In table 1 we present a number of evaluation criteria and
our valuations for both tools. It can be seen from the table
that the most important differences between Rhapsody® and
Rose/RT® are:

• Rose/RT® is well suited for component-oriented mod-
eling, because it inherits the powerful method to re-
fine/redefine interfaces, simple operations and stat-
echarts from ROOM. Rhapsody® is not suited for
component-oriented modeling because classes directly
reference other classes.



Property Rhapsody® Rose/RT®

ease of use + 0

standard conform + 0

object-oriented + +

component-oriented - +

asynchronous signals + +

synchronous operations + 0

event-driven + +

time-driven 0/+ 0

data-driven - -

simulation + +

test definition - -

verification - -

Table 1. Comparison of Rhapsody® and
Rose/RT®

• The modeling language implemented by Rhapsody®

is a little easier to handle, mainly because it does not
contain an additional diagram type, like Rose/RT® ’s
structure diagrams. For the same reason Rhapsody’s
modeling language is nearer to the UML standard.

• The support of event-driven modeling of object behav-
ior is implemented in both tools in a similar quality.

• Rhapsody® has advantages when time aspects or data-
driven calculations need to be modeled, because it con-
tains the corresponding elements of the UML state-
charts, while Rose/RT does not.

Both tools encourage specific modeling styles caused
by their outstanding properties. While modeling with
Rhapsody® will quite often result in models with a small
number of objects with very complex behavior, modeling
with Rose/RT® requires a component-oriented modeling
style, leading to models that contain many capsules with
less complex behavior. Dependent on size and complexity
of the software system, this leads to either to complex mod-
els or to inappropriately high effort for modeling.

Therefore, an UML dialect that is well-suited for model-
ing embedded real-time systems of different size and com-
plexity needs to combine powerful statecharts, component-
oriented modeling and data-driven modeling of object be-
havior. We currently develop an extension to UML based
on existing proposals for component-oriented modeling [7]
and the introduction of data-flows to statecharts [14].
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