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Abstract The mnon-determinism inherent in
event-driven systems encompassing both networked
applications and interactive applications, makes
these applications difficult to develop and maintain,
despite the availability of powerful libraries. One
reason for this is the so-called inversion of control
needed to dispatch events to listener objects provided
by the application. In this paper we will argue that
event-handling with listener objects leads to prob-
lems in the applications that may be avoided by re-
sorting to blocking calls and to active objects. The
latter concepts provide a uniform approach to robust
event-handling, both with respect to the registration
and (de)activation of listener objects, as well as the
dispatching of events to blocking operations. We
will llustrate our approach by discussing how to
develop a graphical user interface for an applica-
tion that must access a remote database. We will
also indicate that as a benefit, from a software en-
gineering perspective, our approach leads to a more
modular approach to event-based systems and a bet-
ter insight in the flow of control between listeners,
network accesses and the application.
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I. INTRODUCTION

HE majority of applications fall within the

class of event-driven systems, encompass-
ing both networked applications and interac-
tive applications with a graphical user inter-
face. The non-determinism inherent in such
systems makes these applications difficult to
develop and maintain, despite the availability
of powerful libraries. The problem is aggra-
vated when multi-threading is needed, for ex-
ample to service multiple clients or preventing
the application to block when accessing a re-
mote resource.
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In this paper we propose an approach to
event-handling based on active objects and ren-
dezvous. The structure of the paper is as fol-
lows. In section II, we will reconsider the var-
ious way event-handling is approached, and
we will indicate the problems that may occur
with respect to modular code development and
multi-threading. In section III, we will provide
a brief description of an extension of Java that
supports active objects and synchronous com-
munication by rendezvous. In section IV, we
will provide an example that illustrates how
synchronous communication allows a more di-
rect approach to event-handling. In section VI,
we will present some related work. In section
V, we will discuss the benefits of our approach
from a software engineering perspective, and in
section VII, we will draw some conclusions.

II. EVENT HANDLING RECONSIDERED

Event-driven computation underlies many
applications, ranging from graphical user in-
terfaces to systems for discrete event simula-
tion and business process modeling. An im-
portant characteristic of event-driven compu-
tation is that control is relinquished to a library
that waits for events to occur. Each event is
then dispatched to the application by invok-
ing a handler function or a handler object for
appropriate action. When we reconsider how
events may be handled, we can distinguish be-
tween:

« event loops — explicit dispatching on type of event
o callback functions — implicit (table-based) dis-
patching
o listener objects — callback on objects with hook
methods

Event loops are typically the most primitive
way to deal with events. Within an event loop



an explicit dispatch on the type of the event is
needed to invoke the appropriate application
code.

Callback functions are a significant improve-
ment over plain event loops. The dispatch-
ing is implicit, based on an association be-
tween a callback function and the type of event.
Note that this approach is more modular and
new callback functions may easily be associated
with the events.

Listener objects, as for example used in the
Java AWT and Swing GUI libraries, may be
regarded as an extension of callback functions,
providing an object and a hook method that is
invoked on the occurrence of an event. Since
listener objects can maintain state in-between
(hook) method invocations, listener objects are
strictly more powerful then callback functions
that must rely on ad hoc mechanisms to take
the history of event occurrences into account.

The Reactor pattern, described in [1], pro-
vides a good example of an approach to han-
dling a multitude of events. Operationally,
the Reactor approach amounts to the follow-
ing steps:

1. register handlers for particular event types

2. start event loop and dispatch incoming events
3. for each event, locate handler and invoke hook
method

4. within handler, take action based on state and
event information

Characteristic for both callback functions and
listener objects is an inversion of control,
namely the application code must wait for in-
vocations by the (event) dispatching mecha-
nism. Although this is definitely an improve-
ment over the explicit dispatching in basic
event loops, it induces an additional complex-
ity with regard to the program structure.

For example, when we implement a drawing
application that enables the program to draw
objects on a screen, "mouse button pressed”
and "mouse button moved” events are dele-
gated to a handler (or listener) that decides,
based on the type of the event and its current
state, what actions to take. Typically we may
distinguish between two states, a state where
no object is being drawn and a state where
the object is being drawn, the transitions be-

tween the states being triggered with the clicks
on the mouse. Dependent on the state the lis-
tener may sometimes ignore events. For exam-
ple button moves are only meaningful when an
object is being drawn.

Even in a listener object as simple as the
drawing object sketched above, an explicit
branching on both object state and event type
is necessary. This seems to be inherent in an
approach based on listeners.

In server applications it is evident that we
may wish to introduce multi-threading to serve
multiple clients. However, the need for multi-
threading may also occur on the client side, for
example when the client must access a remote
database: since the network connections may
be unreliable, we do not wish to block the en-
tire application while waiting for an answer.
With listeners, multi-threading must be intro-
duced in an ad hoc fashion, by creating threads
when reacting to an event.

In the following, we will propose an approach
based on active objects, which supports multi-
threading in a natural and robust way. Our
approach, based on an extension of Java, de-
scribed in the next section, also reduces the
need for explicit branching on state and event
type, since the invocation of listeners does not
need the inversion of control, thanks to the se-
mantics of rendezvous communication.

III. SYNCHRONOUS OBJECT CALLS

The solution presented in this paper rests on
a concept of synchronous calls developed at the
EPFL [2], [3]. These calls can be introduced
into any object oriented language. They could
be treated by hand, but we have extended a
C++ and a Java compiler to handle them in a
controlled manner.

A. general case

Synchronous calls are executed between ac-
tive objects, i.e., objects that have a distin-
guished method run executed on a thread at-
tached to each object. Let us consider the two
classes defined below. It is assumed that the
objects instantiated from these classes are pro-
vided with threads on which their methods run
can be executed :



class A {
public void run () {
for (5;5) {
x = objB.meth(); (D
System.out.println(x);
}
}
}
class B {
String s;

public String meth() { return s; }
public void run () {
for (5;) {
// produce a new string in s
accept meth; (2)
}
}
}
A objA
B objB

new AQ);
new BQ);

The call objB.meth() from objA (1) is
blocked as long as 0bjB has not executed the
statement accept meth (2). objB is also blocked
on its accept statement if 0bjA is not calling at
the time objB arrives at its accept. The call
from o0bjA to objB creates thus a rendezvous
between these two objects, which is a stan-
dard communication means, like the one de-
fined by CCS [4] for example. The implemen-
tation of this synchronization relies on a kernel
that blocks its users until it finds a matching
call-accept pair.

Blocking calls are natural: when a method
returns, the data are available and /or the oper-
ation is finished. However, they require a way
to handle non-determinist event occurrences.
Our proposal introduces the select statement
explained in the following for that purpose.

class A {
public void myMeth() {...}
public void run () {
for (;;) {
select {
case
x = textField.getText();
System.out.println(x);
case
button.pressed();
System.out.println("pressed");
case
accept myMeth;
}

}
}
}

Note that this statement is different from
Ada’s select: unlike Ada’s, it may contain both
calls and accepts. The meaning of our state-
ment is the following. When the program ar-
rives at the select statement, it communicates
to the kernel the calls and the accepts it is ready
to execute and it waits for the kernel to find a
complementary call or accept. As soon as one
is available, the number of the case selected by
the kernel is returned to the program and the
program executes that case.

B. Application to events

The approach described above can easily be
extended to handle the communications be-
tween threads and listeners, as illustrated by
the following example.

class SButton extends Jbutton {
public void pressed() {}; // blocking
addActionListener(new ActionListener () {
public void actionPerformed
(ActionEvent e) {
accept pressed;
}
b
}

Class SButton is a JButton, but it contains a
blocking method named pressed. This method
has no parameters nor code, one just uses its
name to identify the synchronization. A call to
method pressed is blocked until the button is
clicked on the window and the statement accept
pressed is executed in the listener (which needs
some extra code included by the compiler or
by hand). This accept must be handled in a
particular way, because it is called by the GUI
thread and may thus not be blocking. The ker-
nel just registers the fact that method pressed
is ready to be executed, without blocking the
thread that accepts the method. On the other
hand, the call to pressed from the user thread
is blocked exactly in the same way as with an
accept located on a user thread. SButton could
be stored in a library and used in all applica-
tions without any modification.



Using such a set of synchronous buttons is
straightforward:

class User {

SButton buttonOK = new SButton("OK"),

buttonNOK = new SButton("NOK");

public void run () {
for (;;) {
// display a question
select {
case
buttonOK.pressed();
// handle 0K response
case
buttonNOK.pressed();
// handle Not OK response
}
}
}
}

This program is very clear, because the FSM
(finite state machine) it represents can be ex-
tracted easily. It cannot be called by any event
that it is not ready to handle. The developer
need not be aware of the concept of listeners
or events to write or understand the program.
Except for the statements that place the but-
tons in a window, the source code above is com-
plete and ready to be compiled with a compiler
that understands the select statement. Hand
coding that statement is simple, even simpler
than what is proposed in JCSP (Java CSP, see
section VI and [5]).

IV. EXAMPLE: NON-BLOCKING GUI
APPLICATION

This section describes an example of a pro-
gram that needs to handle several events in a
particular order, and compares the implemen-
tation with listeners and with the concept of
synchronous calls described above.

The purpose of the program is to wait for a
button click that indicates which element the
user wants to draw and then to draw a rub-
ber band on a particular drawing area in order
to get the two end points of a line segment,
respectively the points defining an arc.

A. Version based on listeners

We first show the construction of a standard
program. According to what is proposed in the
frame of Swing, for example, the method that
handles the events is registered in a listener at-
tached to the button and in another listener at-
tached to the mouse object. It is thus called by
all events produced by the clicks on the mouse
whenever the cursor is in the drawing area. De-
pending on what has already occurred, differ-
ent events must be handled, in various man-
ner, or ignored. One could add and remove
the listeners during the execution to have only
the expected events call the method, but that
would be very complicated. It is much simpler

to ignore the unexpected events.
Here is a possible version of the source code.

public void run(AWTEvent mev){
switch (state) {
case start: // program start
if (mev.getSource()==segmentButton){
grArea.setXORMode () ;
state = segl;
} else
if (mev.getSource()==arcButton){
grArea.setX0RMode () ;
state = arcil;
}
return;
case segl: // get the first point
if ((mev.getSource()==grAreaMouse)
&(mev.getID(Q)
==MouseEvent . MOUSE_PRESSED) ) {
pl = ((MouseEvent)mev) .getPoint();
p3 = pl;
state = seg2;
}
return;
case seg2: // handle the rubber band
if (mev.getSource()==grAreaMouse))
if (mev.getID()
==MouseEvent . MOUSE_DRAGGED) {
// erase previous line
grArea.drawLine(pl,p3);
// draw new position
grArea.drawLine(pl,p2);
p3=p2;
} else if (mev.getID()
==MouseEvent . MOUSE_RELEASED)
state = seg3;

Variable state memorizes the next point of



execution. segmentButton is the button that
triggers the drawing of a segment, grArea-
Mouse represents the source of the mouse
events and grArea, the graphical area where
the drawing must be done.

In the start state, the method waits for an
event either from the button that asks the ed-
itor to draw a segment or from the one that
requires an arc. When the first of these events
has occurred, the XOR graphical mode is set to
draw the rubber band, variable state is set to
the next state and the method returns to the
system. The next time it is called, the method
jumps to case segl, where it checks if the in-
coming event indicates that the mouse has been
pressed. In that state, it ignores the other
events, such as MOUSE_MOVED. When event
MOUSE_PRESSED occurs, the point where the
cursor lies is read from the event, and vari-
able state is set to the next state, which waits
for the occurrence of the MOUSE_DRAGGED
event. And so on.

If the operations defined in other objects also
require the reading of the mouse events, they
can register their listeners too. All objects just
have more events to ignore.

Notice that the switch statement presented
above is used to provide a systematic way to
split a program at all locations where an event
must be waited for.

B. Solution based on rendezvous

The solution based on rendezvous makes it
possible to store the code that draws a seg-
ment and the one that draws an arc in different
methods which clarifies much the code source.
The first part below just decides if the user
wants to draw a segment or an arc.

public void run() {
for (;;) {
select {
case
segmentButton.pressed();
// call the corresponding method
drawMySegment () ;
case
arcButton.pressed();
drawMyArc();
}

Method drawMySegment listed below shows
how to draw the rubber band and then the
definitive line. It runs on the thread carrying
out method run above. grAreaMouse.pressed()
and grAreaMouse.dragged() are assumed to be
blocking methods that are executed only when
the mouse button is pressed or dragged.

public void drawMySegment() {
boolean moving;
grArea.setXORMode (Color.white) ;
pl = grAreaMouse.pressed();
p3 = pil; // initialize p3
// handle rubber band
for (moving=true;moving;) {
select {
case
p2 = grMouse.dragged() ;
grArea.drawLine(pl,p3);
grArea.drawLine(pl,p2);
p3 = p2; // remember last point
case
p2 = .grMouse.released();
grArea.drawLine(pl,p3);
grArea.setPaintMode();
grArea.drawLine(pl,p2);
moving = false;
}
}
}

Replacing that code by a code that uses lis-
teners directly could be done systematically,
but is not an easy task if it must be done with-
out a tool.

V. SOFTWARE ENGINEERING PERSPECTIVES

Non-determinism is an essential ingredient of
event-based system. From a software engineer-
ing perspective, the problem is not to suppress
this non-determinism, but to develop modular
and robust code, which may easily be main-
tained and extended when the application re-
quirements change.

Explicit switch statements are rightfully
called a maintenance nightmare, and are con-
sequently made obsolete by the inheritance
mechanism that is characteristic of object-
oriented technology, [6]. As we have argued
in section II, listener objects may be regarded
as another way to suppress explicit dispatch-
ing. However, there is a price to pay, namely



we need to accept an inversion of control. Al-
though listeners make a modular approach pos-
sible, i.e., an indefinite number of listeners may
be created and registered to deal with events,
it is not always easy to get insight in the flow of
control, i.e., to know in which order the events
activate the various parts of the program. This
problem is aggravated by the need to do ex-
plicit branching both on the state of the lis-
tener object and on the type of the event.

Our approach, described in the previous sec-
tions, actually obviates the inversion of con-
trol, owing to the semantics of active ob-
jects and synchronous communication by ren-
dezvous. As a consequence, it becomes eas-
ier to analyze the flow of control and the pat-
terns of activity displayed by the program in
response to events.

Figures 1 and 2 allow us to highlight the im-
provement that can be expected from our ap-
proach. In figure 1, a program state is rep-
resented by a set of elementary states of the
GUI elements and a transition is defined by
the enable/disable actions executed within the
methods called by the listeners. However, there
are many means for doing this, and these en-
sable/disable actions can be stored in any or-
der in the source code, making it very difficult
for a developer to analyze them, and impossi-
ble for a tool to recover the FSM that speci-
fies the behavior of the application by reverse
engineering. On the other hand, in figure 2,
the program states are clearly defined at all its
locations. So are the transitions between the

listeners

GUI library

Application program

~

instantiated from alibrary coded by the developer

Fig. 1. Program structure with listeners

states.

Synchronous calls provide an additional ben-
efit: they make it very easy to react to the
network events (termination of remote method
invocation or arrival of a message). In figure 2,
the program has two pending calls in the last
state : the left transition waits for a cancel but-
ton and the right one checks if the network ac-
cess is terminated. If the network is congested,
the user can click the button and the program
can then call a method that aborts the network
transmission, without relying to new threads or
extra concurrency gimmicks.

VI. RELATED WORK

Our approach is related to JCSP, a Java ex-
tension based on CSP (Concurrent Sequential
Processes). However, JSP uses channels for
communication by rendezvous, whereas we use
synchronous method calls. Channels require
explicit data coding, hence our approach fits
in more naturally with an object paradigm,
where communication between objects is stat-
ically characterized by method interfaces.

Our select statement is close to Ada’s one.
However, Ada does not allow calls in its se-
lect statements, which makes it impossible to
handle the GUI without callbacks. An Ada
program can determine when it accepts the
calls, which is already an improvement, but the
GUI must be told which entry must be called
by each event, an indication that may change
while the program is running.

listeners

GUI library

Application program

\—/_/\/_\—/\_//_\/\/

instantiated from alibrary coded by the developer

Fig. 2. Program structure with rendezvous



Our proposal of active objects should also be
compared with the concept of Actors [7]. An
Actor is an object that may acquire threads.
Instead of blocking a method in the way we
propose, the caller of an Actor’s method de-
posits the parameters of its call (method name
and parameters) in a queue and the Actor’s
thread gets the calls one after the other, when
it has the time to do it. The caller is not
blocked at once, but only when it uses the re-
sult returned by the method (wait by necessi-
ties). This approach makes it very difficult to
identify program states and it is still not pos-
sible to read two buttons in parallel. Actually,
that would require a possibility to read either
one of two variables, depending on which one
gets its content first.

VII. CONCLUSION

This paper has presented an approach to
event-handling based on active objects and
synchronous communication. This approach
is particularly well suited to the development
of interactive applications relying on graphical
user interfaces and network communications.
In the example, we have shown that our ap-
proach allows a more direct way of intercept-
ing events, which leads to a significant simpli-
fication of the code. Also the flow of control

becomes easier to understand, since the use of
synchronous communication obviates the need
for an inversion of control as is characteristic
for GUI libraries using listener objects to deal
with events.
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