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Abstract 
One of the most pervasive features of programming today is the concept of application events. At one 

level or another, nearly all applications can be said to be event-oriented. However, support for event 

orientation at a language level is still immature and incomplete. EventJava aims to remedy these 

deficiencies by providing a language and runtime framework built specifically for asynchronous event-

oriented programming. EventJava is an extension to the popular Java programming language, which 

allows new language constructs that support asynchronous interaction, distributed multicasting of 

events, and event correlation and predication. EventJava is an ongoing development originally 

conceived by Patrick Eugster and Jayaram K.R. 1 The first part of this paper mainly presents their work, 

while the second focuses on the contributions I have made. Much of the content of the first part is a 

reflection of their work, not mine; additionally, the running example is a modified version of one in their 

paper. 

 

Introduction 
Just as the idiom of the object has become standard in representing structured data, the idiom of the 

event is a very popular and useful abstraction of the interaction that occurs in applications. Events may 

represent interaction between humans and applications (e.g., the interrupt that is sent when the mouse 

is clicked, and the higher-level event which is received by the application if the cursor is over a button), 

between components of an application (e.g., the UI displaying the results of a background operation as a 

worker thread completes it), or between many nodes in a multi-party system (e.g., in a distributed 

computation). However, despite their popularity and widespread use, programming support for events 

is limited. Support for event-orientation is usually achieved by providing an application-specific publish-

subscribe interface, while the programmer manually hooks up the event publishers and subscribers. 

Even languages which do support the notion of events, such as C#2, do little more than provide a 

syntactic shortcut to the same behavior. 

EventJava aims to provide generic support for event-based interaction, by providing a variety of 

customizable features commonly found in event-based system. The language allows one-to-one 

(unicast) or one-to-many (multicast) interaction, provides automatic asynchrony for event sinks, 

supports anonymous interaction between sources and sinks, and allows for expressive and efficient 

event composition and correlation. These are implemented with several minimal and intuitive additions 

to the Java language syntax, and a flexible and customizable runtime. 

 



The EventJava Language 
This section presents the concepts used in the EventJava language. It provides a high-level overview of 

the constructs and principles of programming in EventJava. The exact syntax and semantics of the 

language are detailed later. 

Events 

An event is an abstract entity which indicates that some action has occurred in a program. The object 

which causes that action is the event source; the source also (typically) notifies all interested parties that 

the event has occurred. An object interested in an event is called a sink; it receives the event and 

(possibly) performs some action in response to it. The labels ‘source’ and ‘sink’ are simply roles an object 

may take on; the two sets are not necessarily disjoint, and sources and sinks may interact through 

conventional means as well. 

An event has attributes associated with it, indicating precisely what action or state change has occurred. 

In addition to explicit attributes, which are application-specific, an event may have implicit or context 

attributes which indicate environmental state at the point at which the event was sent. These attributes 

may include things such as the time the event was sent or the physical or logical location of the sender. 

Events are not defined by the application developer per se. They are implicitly defined by event 

methods, which are declared in event sink classes. The invocation of these methods, then, serves as the 

source of the event.  

 

 

Event Methods 

An event method both declares an event and marks the declaring class as an event sink for the event. An 

instance of the class which declares the event method will then receive events of the declared type; 

unlike traditional publish-subscribe methodologies, in EventJava sink instances will receive events 

automatically, without having to explicitly subscribe. Sink registration is discussed in further detail later. 

Syntactically, an event method is exactly the same as a Java method, with the return type of event. 

Several restrictions are also imposed for simplicity and ease of use in distributed environments. 

Specifically, event methods may not throw exceptions (to prevent the problem of multiple returns) and 

event arguments must be serializable. The arguments to the event method are the explicit attributes of 

interface StockEvents { 

    /** 

     * Sent when a stock price changes. 

     */ 

    event priceChange(String firm, float val, float open); 

    /** 

     * Sent when an analyst predicts a stock price. 

     */ 

    event forecast(String firm, float target); 

} 
Figure 1. An interface defining events related to stock trading 



the event, as described above. The contextual attributes are automatically provided to each event, so 

they need not be specified. 

The interface shown in Figure 1 defines two events, named priceChange and forecast. Classes 

which implement this interface may react to these events by giving the event declarations a body. This 

may be seen below in Figure 2, along with the features of predication and collections. 

Event Notification 

The event method declaration defines the event sink. An event source simply invokes the method to 

send the event. In the simplest case, this is the same as the current publish-subscribe model used in 

many applications today, where the source has a reference to an event sink (or collection of sinks) and 

invokes the method on each. For example, given an instance of the StockEvents interface (Figure 1) 

called s, an event source may notify the instance of a price change by calling s.priceChange(“IBM”, 

25.67, 25.00); This direct interaction between a source and a sink is referred to as unicast 

interaction. 

The real strength of EventJava, however, lies in broadcast interaction. The same source may notify all 

instances of StockEvents of the change by calling the event method as if it were static, as in 

StockEvents.priceChange(“IBM”, 25.67, 25.00); In this case, all live sink instances are given 

a chance to react to the event. Because of indirection through a communication substrate (detailed 

later), the event can be propagated to remote instances just as easily as to local instances. Thus, in 

EventJava event broadcasts are completely anonymous, and sources and sinks are entirely decoupled. 

 

Reacting To Events 

For a sink to react to an event, it simply needs to implement a body for the event method declaration 

(i.e., define a non-abstract event). If it does this, the body of the event method (termed the reaction) 

will be executed whenever the event is fired. Execution will occur asynchronously, in a separate thread 

from the source. However, this is again only the simplest case, and the utility of reactions may be 

increased through creating event collections and event predicates, as shown in Figure 2. 

An event collection is two or more events declared in the same statement, separated by a comma. This 

indicates that the events are related, and the reaction will only be run when an event of each type is 

received. Reactions may also define a predicate, a boolean expression which decides if a reaction is fired 

in response to a particular event. Predicates are particularly useful in correlating the two or more events 

of a collection, though they may also be used in single-event collections. 

class StockMonitor implements StockEvents { 

    event priceChange(String firm0, float val, float open), 

          forecast(String firm1, float target) {  

        when (firm0 == firm1 && priceChange > forecast && val >= target) 

    { 

        sell(firm0, priceChange.time); 

    } 

} 

Figure 2. Possible implementation of StockEvents, showing aggregation and predication. 



Figure 2 gives an example of an event reaction, using the features described above. It takes the two 

StockEvents events and puts them in a single collection. It then defines a predicate which, in English, 

says ‘Trigger this reaction when a forecast and a price change have been received for the same firm, 

when the price change occurred after the forecast, and when the new value of the stock is at least equal 

to the predicted value’. The expression priceChange > forecast actually compares the context of 

the two events; by default contexts are compared by their timestamps.  

These features allow for great expressiveness and flexibility when dealing with events. That they are 

built into the language makes them easier to use, and allows the compiler to create an efficient 

implementation.  

The EventJava Implementation 
The above sections describe the basics of the EventJava language. These were set down before I started 

work on the project. There was also a sketch of a possible transforming compiler and runtime, but these 

were not implemented. My primary focus this semester has been on creating these components; while I 

used the aforementioned sketch as a basis, I have had freedom for variation along the way. The 

remainder of the paper will describe the implementation Jayaram and I have created (and will continue 

to create, as it’s not totally complete). 

The EventJava Framework 

Before detailing the transformation process, it may be helpful to describe the runtime framework used 

by EventJava. Each element will only be covered briefly, but their use should become clearer when their 

place in the transformation process is described.  

 

 

The Event Class 

The Event class is a simple aggregation class that captures all the facets of an event: which class defines 

the event, the name of the event, the context of the event, and the arguments to one particular 

instance of the event. An Event instance is created as a wrapper whenever a source broadcasts (or 

unicasts) an event. The various classes of the framework then work with Events, instead of any 

particular application-defined element. 

class Event { 

    Class cls; 

    String name; 

    EventContext context; 

    Object[] args; 

} 

Figure 3. The Event class. 



 

The IEventSink interface 

Every class or interface which declares an event is tagged with the interface IEventSink.  This 

interface is implemented as part of the compilation process; it provides a standard way with which the 

EventJava framework can interact with event sinks. It defines three methods: $register is called on 

every sink when it’s created, which registers the object with the framework (so that the framework 

knows about it when it has an event to broadcast); $notify is called by the framework to have the 

sink to receive an event; and $react is called when it is determined that sufficient conditions have 

been met for a reaction to take place.  $notify and $react are called by the resolver and the matcher 

respectively, both described below. 

 

 

The Substrate and Resolver 

The substrate is responsible for communication within EventJava. All events travel through the 

substrate, whether they are unicast or broadcast, local or remote.  The substrate abstracts away from 

any particular communication protocol used, and allows event-based distributed applications to be 

written without regard to remote communication. The default substrate implementation uses JGroups3 

for group communication. 

The resolver is related to the substrate, but separate (such that implementations of either can be 

swapped out). When an event is received by the substrate, it passes it to the resolver. The resolver 

analyzes the event and forwards it to the appropriate event sinks. The default resolver uses an instance 

tracker helper class, which keeps track of event sink instances on a per-class basis, and automatically 

discards old instances by using weak references. 

 

interface ISubstrate { 

    boolean unicast(IEventSink sink, Event e); 

    boolean broadcast(Event e); 

    void receive(byte[] message); 

} 

interface IResolver { 

    void resolve(Event e); 

} 

Figure 5. The ISubstrate and IResolver interfaces. 

interface IEventSink { 

    void $register(); 

    void $notify(Event e); 

    void $react(String collection, Event... e); 

} 

Figure 4. The IEventSink interface. 



 

The Matcher 

The final piece of the EventJava framework is the matcher. Every sink is associated with a matcher; 

when the sink receives an event (via a call to $notify from the resolver), it simply delivers the event 

to the matcher and requests a match operation. The deliver method simply informs the matcher of 

the new event; match will compare all known events against all predicates defined by the sink. If any 

predicates are matched, the $react method of the sink is called, indicating the event collection and the 

events which were matched. $react then delegates to the programmer-defined reaction method, 

which is the body of the event declaration. The default matcher uses JESS4, a Java implementation of the 

well-known RETE rule-matching algorithm, to match predicates. 

 

Customizing the Framework 

The various aspects of the framework are accessed from the EventJavaCore class. This class has static 

methods which either return the other framework components, or interact with them in some way. All 

of the methods in the core delegate to an instance of EventJavaBehaviorDelegate. By providing a 

non-default instance of this class, clients can have complete control over the behavior of EventJava. 

They can plug in their own substrate, resolver, matcher, or change how reactions are executed. 

The EventJava Compiler 

The compiler of EventJava is built on the Polyglot5 extensible compiler framework, and the Java 1.5 

extension to Polyglot6. Polyglot differs from a traditional Java compiler in that it allows extensions to 

hook into the various phases of compilation, to create their own variation of the Java language. After 

the extension provides its own parser details and applies its semantics, the files are translated into basic 

Java (and from there to bytecode). 

class EventJavaCore { 

    static void initialize(EventJavaBehaviorDelegate del) {  } 

    static void react(IEventSink sink, String name, Runnable reaction) {  } 

    static void register(IEventSink sink) { }  

    static IResolver getResolver(Event e) { } 

    static IMatcher getMatcher(IEventSink sink) { } 

    static boolean broadcast(Event e) { } 

    static boolean unicast(IEventSink sink, Event e) { } 

} 

Figure 7. The EventJavaCore class 

interface IMatcher { 

    void deliver(Event e); 

    void match(); 

} 

Figure 6. The IMatcher interface 



 

EventJava Syntax 

As mentioned earlier, EventJava introduces a minimal amount of syntax to the Java language. The only 

new primitive introduced is the event declaration. Figure 8 shows the syntax for an event declaration; 

the non-terminals whose expansions are not shown are already defined in the Java Language 

Specification7. This is plugged in to the rest of the syntax by having EventDecl be a possible expansion 

of MemberDecl (defined in JLS). That is, an event declaration is considered a class member like a field, 

method, or constructor. 

Apart from the declaration side, no new syntax is required. Certain translation needs to occur within 

reaction method bodies, and on the source side, but this can be left until later. Directly after parsing, a 

series of custom passes are run that transform an event declaration into a set of methods and fields. 

Translating Predicates 

The first pass is the transformation of predicates. Since an external rules engine is used for predicate 

matching, the predicate is not transformed into Java but into a form appropriate for rule matching. This 

pass is incomplete at this point, as we are still figuring it out. For the initial implementation the 

predicate will be transformed directly into a JESS rule, though in the future this may be amended to 

allow easier matcher customization. In any case, this pass will either result in a second rule file, or a 

representation which is embedded in the sink class’s source code, which is used by the rule engine to 

create the matcher. 

Translating Notifiers 

After predicates are dealt with, a series of passes are executed which result in the event sink classes fully 

implementing the IEventSink interface, detailed above. The first pass adds the $notify method, 

and a method and field which are helpers to it. All sinks have the same notify method: it simply gets the 

matcher for the sink, lazily creating it if necessary, and delivers the event to the matcher. Then, a match 

operation is performed, which calls back for any reactions which need to be performed. Figure 9 shows 

the StockMonitor class from Figure 2 after notification translation. 

EventDecl: 

    {Modifier} [TypeParameters] event EventHeaders [EventPredicate] EventBody 

 

EventHeaders: 

    EventHeaders , Identifier FormalParameters 

    Identifier FormalParameters 

 

EventPredicate: 

    when ( Expression ) 

 

EventBody: 

    ; 

    MethodBody 

Figure 8. EventJava syntax additions (in the same format as the JLS) 



 

Translating Reactions 

After the notification methods are implemented, the reaction set of methods is created. For each event 

collection which defines a reaction, a method corresponding to that reaction is created. It is the same as 

the programmer-defined method, except that it is wrapped in a Runnable and executed 

asynchronously. Parameters are also modified to make them unambiguous. Additionally, the $react 

method from the IEventSink interface is implemented. This method simply serves as a switch table: if 

the reaction for an event collection ‘c’ is asked for, this method calls the method react$c(...). The 

same effect could be achieved using reflection, but this approach is used for performance reasons. 

 

Translating Registration 

The final portion of sink translation adds the $register method to the event sink class. This method 

isn’t worth showing, as all it does is call EventJavaCore.register(this). It also adds an instance 

initializer, which calls $register when the object is first created. Finally, it officially tags the sink class 

class StockMonitor implements StockEvents { 

    // ( ... event declaration ... ) 

    // ( ... notification stuff ... ) 

    public void $react(String c, Event... e) { 

        if (c.equals("priceChange$forecast")) 

            react$priceChange$forecast(e[0].context, 

                    (String)e[0].args[0], ...); 

    } 

    private void react$priceChange$forecast( 

            IEventContext priceChange$context, 

            String priceChange$firm, ...) { 

        Runnable r = new Runnable() { 

            public void run() { /* client code */ } 

        }; 

        EventJavaCore.react(this, "priceChange$forecast", r); 

    } 

} 

Figure 10. StockMonitor class after reaction translation 

class StockMonitor implements StockEvents { 

    // ( ... event declaration ... ) 

    private IMatcher $matcher; 

    private IMatcher $getMatcher() { 

        if ($matcher == null) 

            $matcher = EventJavaCore.getMatcher(this); 

        return $matcher; 

    } 

    public void $notify(Event e) { 

        IMatcher $matcher = $getMatcher(); 

        $matcher.deliver(e); 

        $matcher.match(); 

    } 

} 

Figure 9. StockMonitor class after notifier translation. 



as subtyping IEventSink. After registration translation, the event declaration syntax element can be 

fully discarded from the syntax tree. That is, at this point there is only pure Java code left in the 

program. However, there’s still a little more work to do. 

Translating Sources and Reaction Bodies 

The final step in the translation process occurs during disambiguation. This is the phase where the 

compiler decides if a reference to a variable ‘x’ is really a local reference, a parameter reference, or a 

field reference. It is at this point that the actual code inside reaction bodies is updated, and is the first 

(and last) time code involving event sources is modified. 

Reaction bodies are simply changed to reflect any modified parameter names from the reaction 

translation described above. Also, any references to an event name are changed to a reference to that 

event’s context parameter. For example, the reaction body in Figure 2, sell(firm0, 

priceChange.time), is updated to reflect the actual parameters, i.e., sell(priceChange$firm, 

priceChange$context.time). 

The translation on the source side is similarly simple. For every instance method call i.m(...), and 

static method call C.m(...), the compiler checks whether or not there really exists a method m. If not, 

it checks if there exists an event m instead. If such an event exists, the event is sent to the target through 

the substrate. Specifically, i.m(...) is translated to EventJavaCore.unicast(i, new 

Event(i.getClass(), “m”, new EventContext(), ...), and C.m(...) is translated to 

EventJavaCore.broadcast(C.class, “m”, new EventContext(), ...). This concludes the 

transformation process. At this point, the source tree consists only of compilable and runnable Java. 

 

Conclusion 
This paper has presented my CS497 experience in helping to implement EventJava, an extension of Java 

designed for generic event-based programming. Hopefully, a decent reference implementation will help 

spur further developments in the field of event-oriented language design, and EventJava in particular. 

For my own part, it was a rewarding experience and I have learned a great deal, both about the subject 

matter and about research in general. 
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